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INTRODUCTION

he history of the world, overflowing with epics and adventures, was

shaken in the mid-eighteenth century when a civilizational earthquake

occurred in Europe through the first Industrial Revolution, which came
to modify the life of human beings in their personal, family, social, economic,
and political environments, forever. Since that first scientific revolution, human
beings have not known what rest is.

At the beginning of the nineteenth century, as a result of this change in life,
the world's population expanded rapidly, reaching the figure of one billion
people. Economic output soared; what would be a new economic order of the
world was born; in the same way, the first registration of income distribution
followed one another, based on a new era of the globalization of manufacturing
and trade, facilitated by technology.

From the middle of the eighteenth century and throughout the nineteenth
and twentieth centuries, the majority of the population learned to live with the
fascination of the innovations that dazzled them day by day, in combination with
the fear of a present and future which they did not fully understand without
knowledge of where such a future might lead.

As an example of the above, at the 1900 World's Fair in Paris, visitors walked
dazzled through the long corridors of the Trocadero Gardens to the Eiffel Tower,
contemplating with great amazement the wireless telegraph, the most powerful
telescope in the world, the first escalator, the cinematograph, automobiles,
the latest photographic lenses, typewriters, large cranes, increasingly powerful
steam engines, and an endless number of inventions that led some of the visitors
to express that the world moved so fast that one would get dizzy, agitated in a
whirlwind of progress’.

1 Frieden Jeffry, Capitalismo Global, p. 85.
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However, of all the inventions of the fair, electricity was presented through a
Palace of Electricity, appearing as the star of the exhibition to the amazement
of visitors from different countries around the world, with people falling in
love with it, believing that electricity would come to cure all their ills, with
the new diseases of progress ultimately being religion, the scourge of the
twentieth century?.

Almost three centuries after these revelations of science and technology
produced by human beings, the current of change continues to flow relentlessly,
manifesting itself in a thousand ways through the different stages of the First,
Second, Third, and Fourth Industrial Revolutions, where innovation has been
happening continually.

With the passage of time, far from tempering the speed of these changes,
in the 60s and 70s, under the dictatorship of Moore's and Koomey's laws, these
technological changes acquired a speed of their own that generated the birth
of a new stage of superior attributes that became what we now know as the First
Digital Revolution.

Victim of its own overflow, technology is causing a train wreck between the
Fourth Industrial Revolution that has not yet concluded, and the installation of
the First Digital Revolution which is beginning to be born, with characteristics
different from its predecessors.

The Industrial Revolution and the Digital Revolution are part of the same
trend of humanity; a dialectic of talent that improves itself without limit. They
are two civilizational expressions that cannot be explained without each other.

They are also part of a process of cultural transformation, restless learning that
appeared initially in England in 1750 and that remains unbridled in the twenty-
first century. It is knowledge that first became magic in the transformation of
goods, of atoms, and then flew towards the more sophisticated knowledge of
algorithms and genes.

It took about a century and a half for Arnold J. Tonybee to define these in a
famous lecture given at Oxford in 1886 and for industrial society to realize that it
was at a stellar moment in civilization.

In the face of the Digital Revolution, the society of the third decade of the
twenty-first century cannot wait so long to comprehensively and responsibly
address the advantages and probable threats that the new Digital Revolution
brings; in the same way, it should not minimize the strength and disruption of

2 Idem. p. 86.
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this new course of scientific development, which, empowered by its experience
of the last centuries, today appears more robust and challenging, demanding
that human beings live up to their own inventions.

The digital revolution, digital transformation, and its shining star, artificial
intelligence, are not accidental events that have appeared without having been
announced.

However, given its high impact and disruption at the beginning of this new
digital era in the 215t century, it seems that we have been taken by surprise and
that we lack a sufficient explanation to attest to its arrival, its nature, its benefits
and its challenges.

The experiences and amazement of the last few centuries seem not to have
been enough to prepare us.

A candid fascination runs through different societies, which look curiously, as
people did in the case of electricity in the nineteenth century, wanting to touch,
to see, to meet this new star character of human civilization, which, despite
the recentness of its arrival, has managed to capture the monopoly of societal
admiration at the moment.

As occurred at the World's Fair, entire legions of new followers are gradually
approaching digital keyboards to admire the light that comes from the first
responses as chatbots begin to interact with human beings.

From the simplest to the most profound, today’s society looks out over the
Mimir Spring to try to find through its waters, wisdom, wealth, the future, the
solution to its problems, or the triviality of everyday life.

As it did in the past, like at a sacred sanctuary, 21t century society is gradually
beginning to cross itself before a new altar of humanity that is quickly being
installed in its daily life, profoundly transforming its person, its family, and all its
social, political, and economic events.

In 1956, John McCarthy enlightened us by identifying this new stage of knowle-
dge as artificial intelligence. Norbert Wiener, Claude Shannon, Alan Turing, and
many others also contributed to the emergence of this new tool.

However, it was with the appearance of the first Chat GPT in 2022 and other
chatbots when it really became known that there is already a new star in the sky
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which can interact at all levels of the human being, and that its potential not
only has changed the industrial paradigm, but also has a technological power
that could take humanity to the most stellar scenarios in its passage through the
world. It could also mean humanity’s extinction, or worse, its insignificance.

The early work on its identity is unclear. With our initial posturing, we move
from fascination to fear and from fear to the fascination of the unknown, seeking
to arrive at a platform of digital development which benefits the majority of the
world's population.

In the context of Al's diffuse take-off, global society is just beginning a great
debate on the scope of its dimensions, the nature of its behavior, the limits of
its content, the commitment of its depositaries, and the regulations that must
arise to guarantee its administration for the service of human beings so that
Al's appearance does not accelerate inequalities, does not contribute to climate
risk, etc. and so, in essence, it can remain a tool that will contribute to the better
development of humanity and that its scope of freedom is guaranteed.

V.

The main objective of this work, convened by the Institute for Industrial
Development and Digital Transformation (INADI) and Research Legal Institute
(1)) from UNAM, with the participation of more than 20 specialists from nine
countries, is to contribute to these first efforts to learn about artificial intelligence,
which has appeared in the middle of the third decade of the 215t century with all
its potential and in all its magnificence, and demands all disciplines of knowledge
to make an effort to try to start a new project of humanity.

Under this banner, this work consists of six chapters, acknowledging in
advance that due to the dimension of the subject, it is impossible to generate
in a single editorial effort, the knowledge to cover most of the issues this raises.

However, this work also does not shy away from the opportunity to explore
some of the most important aspects related to Al, with the idea that essays by
specialists from a multidisciplinary and transversal vision contained in this work,
can help outline the general lines of the topic.

Thus, in Chapter |, with the title of, “Artificial Intelligence: Towards a new
era of humanity”, this book tries to make clear its position of being in front of a
stellar subject of study, which will be defining a new era for humanity. In Chapter
ll, under the title of, “"General Lines of a New Knowledge”, this work seeks to
offer an identification, trajectory, and classification of artificial intelligence in its
first take-off stage of the Digital Era. Chapter lll looks at economics and seeks to

15
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participate in the identification of new possibilities for economic and industrial
growth that are already emerging from the Digital Era and artificial intelligence,
which already comprise 25% of the world’s economy. Chapter IV addresses the
complicated issue of the regulation of artificial intelligence through a series of
essays whose contents illustrate the general lines of a broad debate that is just
beginning, which very urgently needs to be resolved. Given its global nature,
Chapter V explores the ways in which some of the world’s most important
economies are understanding the subject. Finally, Chapter VI, shows a small
approximation of what artificial intelligence is already generating in the matter
of new potentials in supervision and public security.

| am grateful for the professional and enthusiastic participation of all the
specialists who kindly agreed to participate in the academic project presented
in this book.

V.

Artificial intelligence is becoming stellar and omnipresent. The contours of its
geography present no limits. It has risen from its scientific platform at high speed,
orbiting in parallels that threaten to move away from human understanding.

Despite arriving at the beginning of a great disruption in the global,
economic, social, and political environment of the century, the force of its arrival
not only threatens to displace attention from these changes, but also to absorb
and define them.

It is evident that a single branch of human knowledge will not suffice to
explain Al. Its technological, social, economic, and political implications will
require the participation of all disciplines of knowledge. In this sense, artificial
intelligence is awaiting multidisciplinary reflections from philosophy, sociology,
law, international relations, psychology, economics, politics, etc., where together,
all contribute to discovering the genome of the phenomenon.

The great advances and benefits that artificial intelligence can represent for
humanity are being detailed extensively and humanity will not give them up for
a better world.

However, since its launch, different voices have also begun to emerge that
warn of the dangers and threats that a misunderstanding, mismanagement,
or dehumanized appropriation of the tool would represent, not only for the
sustainable and equitable development of today’s society, but also for the most
precious thing that humanity possesses: its freedom.
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The future that comes hand in hand with artificial intelligence is not a debate
that can be summarized between technophiles and Luddites; surely it is much
more than that.

It should be, among other things, the possibility of correctly guiding the use
of Al, the best tool achieved by human beings, so that its use participates in
the construction of a more just and sustainable world in the twenty-first century.

> ARTURO OROPEZA GARCIA

17






Thus, at this turning point, we face the challenge of choosing between

a future of unparalleled possibilities or one of unimaginable dangers.
The fate of humanity hangs by a thread, and the decisions we make in the
coming years and decades will determine whether we rise to meet these
technologies or, instead, fall victim to their dangers. Yet in this moment
of uncertainty, one thing is certain: the era of advanced technology has
arrived, and we must be prepared to confront the challenges it brings.

(This text was written by an artificial intelligence).
Mustafa Suleyman, The Coming Wave, 2024
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LIBERALISM,
DEMOCRACY, AND
ARTIFICIAL INTELLIGENCE:
THE CHALLENGES
Ol- FREEDOM

SUMMARY:

I. Introduction. Il. Sick democracy? lll. Exhausted Liberalism? IV. Liberalism,
democracy, and algorithms. V. Towards a digital utopia. VI. Of Datalogies and
Dystopias. VII. Regulate or not to regulate? That's the question. VIIl. General
reflections. IX. Bibliography

> ARTURO OROPEZA GARCIA
President of the Institute for Industrial Development and Digital Transformation (INADI)
and National Researcher at the Institute of Legal Research (I1J) of UNAM
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I. INTRODUCTION

ince the end of the twentieth century and throughout the present
5 century, a clamor that has been increasing in intensity and bewilder-

ment has been occupying the concern of specialists, politicians, and
society in general.

The feeling that something is not right in Western politics has crossed the line
of what is tolerable in many countries. There are many voices and movements
that, in the midst of this concern, have begun the search for the causes of a sick
democracy.

From different platforms, there is talk of The Twilight of Democracy (Apple-
baum. 2021); How Democracies Die (Levitsky and Ziblatt, 2019); The Fall and
Rise of Democracy (Stasavage, 2021); A Theory of Complex Democracy (In-
nerarity, 2024); The Edge of Chaos (Moyo, 2018); The People vs. Democracy
(Mounk, 2018). And many others tell us about a growing disease (deficit, reces-
sion, exhaustion, etc.) of the Western society of our time.

Another group of specialists do not limit themselves to only drawing attention
to a democratic deficit. Broadening our gaze, they tell us about Liberalism and
its Discontents (Fukuyama, 2023), The Crisis of Democratic Capitalism (Wolf,
2023), Post-capitalism (Mason,2015); The rise and fall of the neoliberal order
(Gerstle, 2022), A World After Liberalism (Rose, 2021); [Wounded liberalism] El
liberalismo herido (Lassalle, 2021), etc., emphasizing that the political problem
of the twenty-first century is not limited to a deficit of democracy, but that
the political disease of Western society escalates towards the philosophical,
political, economic, and social explanatory model that guided it and gave it
direction for almost three centuries.
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On the other hand, in a small bibliography that is beginning to emerge,
authors, such as Suleyman (The Coming Wave, 2023), Lassalle, (Cyberleviathan,
2020), Zuboff, (The Age of Surveillance Capitalism, 2019), Acemoglu and
Johnson (Power and Progress, 2024), Susskind (The Digital Republic, 2022),
Noah (21 Lessons for the 21t Century, 2018), Sadin (Artificial Intelligence or
the Challenge of the Century, 2023), Crawford (Atlas of Al, 2021) and others,
begin the construction of a more pressing analysis of the new difficulties
that are being added to the democratic disease and the crisis of liberalism

1

in the face of the possible emergence of an “infocracy” (Byung-Chul Han)',
a "cyberleviathan” (Lassalle), a “capitalism of surveillance” (Zuboff), etc., which,
like a thousand-headed jellyfish, through its digital vine, is gradually covering
the political, economic, and social life of the human being.

The challenges are not easy. Along with the usual endemic diseases and
the recent ones of the late twentieth and early twenty-first centuries, typical
of a socio-political process in permanent correction, a powerful digital force
is emerging disruptively which questions today's political litigation, while at
the same time, calls on global society to reflect on the emergence of the new
technological era that, among its many manifestations, presents the possibility
of politically disappearing the exercise of democracy and democratic society
that contains it in the medium-term future, which is closer than people suppose.

Below are some general reflections on the subject.

Il. SICK DEMOCRACY?

On the horizon of human history, despite its recognized importance today,
democracy appeared as a socio-political phenomenon of a new type, since in
1800 there still was no country that complied with democratic imperatives. One
hundred years later, in 1900, there were only 12 nations that were classified as
democratic, with only one of them, New Zealand, having universal suffrage. It

1 We call the “information regime” the form of a domain in which information and its
processing by algorithms and artificial intelligence decisively determine social, economic,
and political processes. Unlike the regime of discipline, bodies and energies are not
exploited, but information and data are. The decisive factor in gaining power is now, not
the possession of the means of production, but rather, access to information, which is used
for psychopolitical surveillance and the prognosis and control of behavior. The information
regime is coupled with information capitalism, which, today, becomes a capitalism of
surveillance which degrades people to the condition of data and consumer livestock. (Han,
Byung-Chul (2022), Infocracia, Penguin Random House, Mexico, p.9.)

23
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was during the twentieth century, that is, barely 100 years ago, that democracy
began to participate more actively in the political and social life of the West.
In 1922, the number of democracies had risen to 24 nations, and in 1989, this
had doubled to 48 countries, reaching to be part of the political reality of
approximately half of the countries in the world by 2016 (97)2.

FIGURE Global Trends in Governance models

100
90
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10

Number of Countries

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

Democracies Anocracies Autocracies

SOURCE: Center for Systemic Peace, Polity IV data.

Despite this apparent success, it is argued that since the beginning of the
century, no less than 25 democracies have failed around the world, and as
an example of what Europe, itself, suffers, these include Russia, Turkey, and
Hungary?.

Freedom House, for its part, reports that there have been 16 consecutive
years of decline in freedoms; and that to date, 80% of the world's population
lives in authoritarian or only partially free countries®.

A study published in 2020 concluded that democratic citizenship amounted
to one billion nine hundred million people, of which just over 2% lived in nations
where 75% of their citizens were satisfied with their democracy. 21% lived in
nations where one half to three-quarters were satisfied; and 57%, or the majority,

2 Wolf, Martin (2024), La crisis del capitalismo democratico, Arial, p.66.
3 Luce, Edward (2017), The Retreat of Western Liberalism, Atlantic Monthly Press, p.12.
Y Stiglitz, Joseph (2024), The Road to Freedom, Norton Company, p.1.
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lived in countries where only 25 to 50% were satisfied with living in a democracy.
The rest of the 20% lived with 25% or less democratic satisfaction®.

According to Foa and Mounk, during the last three decades trust in political
institutions, such as parliaments or courts, has drastically decreased in Western
democracies. Voter turnout and trust in political parties have also declined;
voters are increasingly inclined to extreme movements that vote for populist
candidates or support anti-system parties, showing a sharp deterioration of
Western democracy®.

This feeling has been accompanied by an idea of defeat, of a move away
from the proposal of a growing, shared, and sustainable standard of living, the
creation of good jobs, equal opportunities, better security, greater economic
and political freedom that would reduce inequalities and which would have
greater control over large economic concentrations through a State that would
provide what is necessary.

There is no doubt that democracy is sick. Where there is still no agreement is
in the main nature of its suffering, and hence, the effort is to reconstruct social
scaffoldings that have rusted with the passage of time.

Rose, for example, does not hesitate to point out that we live in a post-neo-
liberal moment and his underlying reasons are located in the loss of individual
freedom, in the excessive participation of the government, and in the ques-
tioning of the market. It also speaks of a great disagreement on issues of race,
religion, economics, and political strategy, adding the aspects of immigration,
democratic change, economic growth, the collapse of religious authority, fem-
inism, marriage equality, racial justice, multiculturalism, etc’.

Under a more economistic vision where it is assumed that economic growth
is the best adhesive of liberal democracy, Luce bases the political crisis on the
economic stagnation suffered by the middle classes, whom he points out as the
main victims of the bad economic performance since the 90's, causing what in
France has been called the appearance of the moyenne coaches (the affected
middle classes); in England this is known as, the left behind, and in America, the
squeezed middle; grouping all of these under the term, precariat. He recognizes
that modernity has reduced the poverty of humanity, but reiterates that the
middle class, between half and two thirds, has been sacrificed®.

5 Wolf, Martin (2024), Op. Cit. p. 71.

6 Ibid., p. 70.

7 Rose, Matthew (2021), A World After Liberalism, Yale, pp. 2-4.
8 Luce, Edward (2017), Op. Cit., pp.12-13.
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Mounk also presents a series of considerations based on the idea of the
indissolubility between democracy and liberalism, where the weakening of one
of their assumptions means the thinning or breaking of the other. He agrees that
the economic component is the main cause of Western democratic weakness;
arguing that citizens enjoyed a rapid increase in their standard of living after the
Great Depression and until the 1980s, where, for example, from 1935 to 1960,
the income of a typical American household doubled, and from 1960 to 1985,
when it doubled again.

Secondly, he places the racial or ethnic component, which in the face of the
freezing of the economic rise of the middle classes, has translated into the fear
of losing social hierarchy, which is generating a Western rebellion against ethnic
and cultural pluralism.

However, since that date, the average income in North America and Europe
stagnated, creating a zero-sum idea, in which any economic disruption is borne
by the middle class.

As a third factor of the democratic crisis and only in a referential way, he
includes the rise of the Internet as one of the factors of instability, separating the
distance between the center from the periphery?’.

Fromdiverse positions, itseemsthatthe degree of concern aboutthe democratic
malady is inversely proportional to the degree of agreement there may be on the
central issues may be weakening it. This, thereby, is generating a multiplicity of
ailments, possibly all real, but which hinder the progress of democratic debate,
provoking a broad-based horizon of discussion that leads to the adoption of
partial solutions which have not helped much to improve its operation.

At the same time, what can be seen from the above is a series of atomized
ailments, typical of a Western society of demand, whose incessant requests,
rather than the actual causes for its problems, distance itself from their possi-
ble solutions.

The feeling is growing, says Lassalle, that liberal democracy is a failed model,
that the world'’s leading states have not restored security, and that cognitive
capitalism has not brought well-being for all in the context of a society exhausted
and resigned to adversity. The old dilemma of security or freedom is now
sharpened and even exacerbated to where the conflict is now between order or
chaos where liberal democracy has lost strength in the face of the postmodern
depths of an ungovernable society.

9 Mounk, Yascha (2018), El pueblo contra la democracia, Espasa, pp.22-24.
10 Lassalle, José Maria (2021), El liberalismo herido, Arpa, pp.12-13.
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There is an overflowing concern for resolving the democratic milieu that does
not work well for most Western societies with respect to a series of ailments
that, to a greater or lesser extent, have been accumulating since the birth of
liberalism but the debate has neglected to reach the very heart of the liberal
order, which deserves an exhaustive review.

. EXIHAUSTED LIBERALISM?

The final part of the seventeenth to eighteenth centuries signified a stellar
moment in Western history, where a cosmogony of a liberal nature appeared
simultaneously together with the First Industrial Revolution; together these
changed the experience of being human forever.

Before the eighteenth century, despite pre-modern epics, human experience
had been a long plain where what anyone did anywhere had little general impact
on the world's population.

FIGURE 2 World GDP per capita (0-2000)
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FIGURE 3 Evolution of the world population (1500-2050)
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It was the industrial revolution that allowed the birth of world trade, manufac-
turing, increases in competitiveness, the multiplication of innovation, the grow-
th of the world economy, and especially, the discovery of a scientific and tech-
nological potential that marveled the world of its time through its inventions.

On the other hand, the appearance of lucid and enlightened thought led by
Locke, Hobbes, Rousseau, Smith, among many others, created broader reflection
so that their proposals of social contract, freedom, rule of law, human rights,
and the market, among other things, had the virtue of leading and supporting
industrial and technological innovation, which found in liberalism an explanation
of life that gave these meaning and direction.

The liberalism of the eighteenth century became a summation of the prin-
ciple lines of thought that since Greek times had tried to dignify being hu-
man in society. Liberalism’s proposals for the creation of a modern state, of
social community based on law and freedom, gave rise to a general theory
of development that was imposed in most Western countries on the liberals’
own terms.
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Throughout these last centuries of liberalism, different trends have emerged:
social liberalism, libertarianism, neoliberalism, etc. However, classical liberalism,
Fukuyama adds, is a great umbrella under which a wide range of political
positions are sheltered that coincide in terms of the fundamental importance of
the equality of individual rights, law, and freedom™.

From its birth, with industrial technological innovation, liberalism was com-
mitted to a utopian version of a free society where the majority of its members
deserve progress through the organization of the Rule of Law based on the will
of the majority in a liberal democracy.

The powerful force of liberal thought served as a touchstone of economic
liberalism which became a constant for the majority of Western nations of the
time, countries which were implementing capitalistic manufacturing, an emer-
ging powerful secondary sector that rapidly displaced the agricultural economy.

This economic liberalism, with its own contradictions and excesses, inten-
sely experienced the social adjustments that were appearing in the second
part of the nineteenth century and that exploded in the first half of the twen-
tieth century.

After this convulsive stage of political, economic, and social rearrangement,
from 1950 onwards, the West experienced a second very successful stage where
global trade had growth rates of approximately 7.4% per year on average and
its economy’s growth rate as a whole was 5% per year on average until the mid-
70s (Ocampo, 2017). With this, the world was able to demonstrate to itself that
global trade and economic development could harmoniously coexist with, in an
important manner, the improvement in the social conditions of the people who
made possible the progress of industry and manufacturing in the world.

However, the crises that occurred in the 70s stopped the advancement of
these achievements. In the context of the increase of conflicts about oil, raw
materials, and food, among other things, these crises opened the door for
the introduction of economic currents such as neoliberalism, which in line with
its postulates, expelled the State from its responsibility as the orchestrator of
economic development, condemning it to the role of witness to economic events.

Margaret Thatcher in England, Ronald Reagan in the United States, and
others in most Western countries and their periphery, under various adaptations,
oriented their economic strategies towards the neoliberal lines dictated
by Washington's consensus, which, like a miraculous recipe, was offered to

N Oropeza, Arturo. (2024), Hacia una nueva visién del desarrollo industrial digital en México,
p.39.
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countries for them to get out of the trap of underdevelopment to reach the
average income level of developed countries.

Since the late 1970s, Fukuyama acknowledges, economic liberalism has
evolved into what is now called neoliberalism, which dramatically increased
economic inequality and led to devastating financial crises that have hurt
ordinary people far more than the wealthy elites in many countries around the
world. This inequality, the same author adds, is the basis of the progressive
argument against liberalism and the associated capitalist system. This inequality,
this disenchantment with economic liberalism has evolved in recent decades,
generating demands from both the right and the left, asking that this doctrine
be replaced at the root by a different system'.

Despite the fact that there is a generalized idea of the failure of neoliberalism,
the debate on its origin continues in a recycling of philias and phobias in relation
to the role that the State should have in economic development.

The successors of Thatcher and Regan who appear in this new debate in-
clude Meloni of Italy, Milei in Argentina, etc., the latter, who on his last trip to
Europe, declared that “La justicia social es aberrante (Social justice is aberrant)”,
“el control de capitales es inmoral (Capital controls are immoral)”, and “los im-
puestos a empresarios son un robo (Taxes on businessmen are theft)” (El Pais,
May 18, 2024).

In contrast to authors who recognize the failure of economic neoliberalism,
such as Mazzucato, Rodrik, Fukuyama, himself, etc., there are authors such
as Easterly, Couchrane, McCloskey, among others, who continue to defend
the neoliberal current. McCloskey, for example, while criticizing Mazzucato's
ideas about an entrepreneurial state, adds that governments tend to make
stupid decisions and that genuine innovation emerges best in a free-market
environment and that governments should not take a central role in running the
economy. Easterly reiterates these positions by invoking Adam Smith, pointing
out that economic development is based on free trade and the free market.

The costs of the mistakes made in this battle for development have gradually
been recognized by Western political leaders, such as in the case of Macron
(France) when he declared that “French deindustrialization is one of the causes
of our misfortune;” in the case of the United States, when Biden talked about
the country's industrial oblivion™, and in the case of Trump, when he paranoidly
attacks the world to recover an alleged stolen development.

12 Ibid., pp.40-41.
13 Ibid., p.42.
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The economic failure of the neoliberal model is recognized in the face of
the dissatisfaction of the West's middle and working classes. But also, with the
geopolitical and economic competition which compares the West's performance
to the successful rise of China and the East Asian region, we should now add
the appearance of a new digital capitalism committed to neoliberal economics’
same essential lines.

After almost three centuries of being presented as a virtuous and convincing
account of Western cosmogony, liberalism, through its different manifestations
and schools, now faces one of the most important challenges in the history of
humanity, ranging from the possibility of rethinking itself through its original
concepts and values, to the point of its own disappearance.

Liberals, Noah points out, do not yet understand how history deviated from
its predestined path and lack an alternative prism to help them interpret reality'™.

In a vision that does not hesitate to draw complex scenarios for liberal
society, Innerarity argues that we understand very little of our time; that we don't
understand how this society works; nor what our possibilities of action within it
are. It is argued that the simplification of some analyses come from the lack of
updating of political concepts that were conceived in an era of relative social
and political simplicity, before the great social conflicts within societies that
inaugurated the contemporary world, and which did not yet understand about
current cultural, political, and technological pluralism™.

Democracy and liberalism, categories that were born together over time,
also jointly face political, social, economic, and technological changes which
have presented themselves without foreshadowing, and Western societies
find themselves devoid of the instruments which would allow them to propose
solutions to preserve the essential elements of liberalism, such as economic
development, security, and freedom, itself.

A belief in the end of history, supported by the fall of the Soviet communist
narrative in 1991, led to a complacency of belief that liberalism would rise
throughout the world as a universal truth that would lead humanity to progress
and stability.

The West forgot that liberalism, like any narrative that is the product of social
construction, depends on remedies that need to be opportunely injected into
it for its subsistence.

14 Noah, Yuval (2018), 21 lecciones para el siglo XXI, Debate, p.23.
15 Innenarity, Daniel (2020), Una teoria de la democracia compleja. Gobernar el siglo XXI,
Gutenberg, p.13.

31



32

>[1] LIBERALISM, DEMOCRACY, AND ARTIFICIAL INTELLIGENCE: THE CHALLENGES OF ...

The hasty appearance of its neoliberal aspect in the 80s destroyed part of its
balances and postulates, causing an increase in economic disparities between
the different social segments, both in central Western democracies and in their
peripheral countries.

In this regard, Zuboff tells us about a collision that has occurred after deca-
des of a neoliberal market economy regime, between the historical processes of
individualization that make up our experience as autonomous beings in which
the awareness of our own personal worth and our needs for autonomous indivi-
dual self-determination have been systematically boycotted by the other'.

The focus of this essay is the failure of neoliberalism, with an orientation to
the economy which includes the dogma of non-regulation, which distances the
State from its responsibility to be the orchestrator of development, leading to a
decrease in the State's power, which is taken over by private market forces to the
detriment of the checks and balances that were always thought of as the State
or its Rule of Law.

To this weakness of Western neoliberalism should be added the untimely
arrival of the First Digital Revolution, which had been forcefully foretold since
the first decade of the 215t century. As Noah pointed out, with its arrival, this
latest revolution has demonstrated that Western society was not prepared to
administer a change of such dimensions, which is putting liberalism against the
wall, and endangering its very survival.

In the dogmatic line of neoliberalism, which developed in the last half century,
the idea of a powerful market and a weak state has prevailed. Along with this
emerged a new data market led by Big Tech, which during its birth found an
environment of total permissiveness without adequate regulatory frameworks.
Perhaps, more importantly, this new digital market has formed without having
considered and formulated, as the liberal philosophers of the seventeenth and
eighteenth centuries did, the original questions of what we want to accomplish
as a society with the new digital civilization, and what place we want to give to
the human being throughout the present century and into the future.

Lassalle asserts that “[under this panorama, society has become ungovern-
able, as the neoliberal imperative, assumed by the cognitive capitalism of the
large digital platforms and big data, dissolves more and more of the consensual
bases of civic and contractualistic rationality of Lockean liberalism, leading us
to a pure form of algorithmic domination without contestation or dissidence.]

16 Zuboff, Shoshana (2020), La era del capitalismo de la vigilancia, Paidds, pp.34-35.
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Bajo este panorama la sociedad se ha hecho ingobernable, pues el imperativo
neoliberal asumido por el capitalismo cognitivo de las grandes plataformas
y los datos disuelve méas y mas las bases consensuales de racionalidad civica y
contractualista del liberalismo de estirpe lockeana y nos aboca a una forma
pura de dominacién algoritmica sin contestacién ni disidencia”".

IV. LIBERALISM, DEMOCRACY
AND ALGORITHMS

Since the end of the last century, global society as a whole, propelled by the logic
of its own narratives, has been facing a civilizational disruption caused by the
technological advance of the First Digital Revolution which, like its predecessor,
the First Industrial Revolution, comes challenging everything known, questioning
each societal structure and, once again, confronting humanity with a changing
sense of its future.

The subjugation caused today by countless digital technologies which are
changing the lives of human beings with dizzying speed, is only comparable to
the commotion caused to society around 1750 by the appearance of industrial
innovation.

In the West, we are facing the emergence of a new digital era, of new digital
power, which, through the force of the algorithm, threatens with amazement,
and promotes the civilizational advance of humanity, along with controlling
its destiny.

The Digital Revolution is many things. It is a digital transformation of the
intangible, of bytes and genes. It includes the arrival of new 5G technology with
its speed accelerators and latencies in milliseconds; with an increase in the data
rate to high gigabytes per second; with broadband thousands of times faster,
etc. which, when translated into innovation, accelerators, overflows into cloud
computing, data centers, big data, the Internet of Things, robotics, cyberse-
curity, biotechnology, etc. And as the pinnacle of this geometric development,
artificial intelligence now is positioned for the evolution and destruction of its
own creators.

Artificial intelligence as a name and concept is not new. As early as 1956,
John McCarthy coined the name and developed the first artificial intelligence
programming language. In 1950, the first computer was manufactured that

17 Lassalle, José Maria (2021), Op. Cit, p.22.
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allowed the game of chess to be played between humans and machines; in
64-66, Eliza was the first Chatbot to simulate a conversation between humans
and machines; in 1997, the supercomputer Deep Blue defeated the world chess
champion, Gary Kasparov, as a premonition of what artificial intelligence is now
becoming; and in 2016, Alpha Go defeated the world champion of that specialty
with unpredictable moves that denoted the success of digital intelligence
systems (Vanguardia 2020).

In terms of investments, artificial intelligence will reach $200 billion by 2025
and is expected to scale to $2 trillion by 2030, estimating that generative Al
systems and applications alone will produce $7 trillion in revenue by 2030®.

The fascination and horror caused by artificial intelligence today has come
a long way since its military origins, where, since the end of World War Il, the
Pentagon had been economically and technologically supporting most of the
innovation that was on the market".

Artificial intelligence is reaching a first stage of maturity, thanks to its
technical improvement and the accumulation of data that has been produced
on social networks, which have allowed it to scale in information and power,
causing a division of society between those who euphorically find the outcome
of a digital future that they do not know, exciting, and a Luddite society, afraid
of not knowing what is coming next.

The owners of the new weapons of digital power, such as Mark Zuckerberg,
the owner of Meta, defend whatever new technology comes to change the
nature of things, claiming there are always people who worry about such changes
and want to return to the past. Likewise, entrepreneurs in the sector say that
most people’s fears about artificial intelligence are exaggerated, if not totally
unfounded, and that people won't cease being afraid of it until such technology
is completely incorporated into people’s daily lives?.

Others, like Lassalle, leading the radical line of the current who warn of an
enormous threat to humanity in the face of the management of an artificial
intelligence without regulation, indicate:

“(One figure stands out on the horizon of uncertainties, discomforts, and

fears which accompanies the beginning of the 21t century. It is for now a

18 Ldépez-Portillo, José Ramdn; Blog Nexos, July 2024, p.29.

19 American artificial intelligence agencies, Crawford points out, have been the old gatekeepers
of big data, and through large defense research projects, they have been the main drivers of
artificial intelligence since the early 1950s. (Crawford, Kate (2021), Atlas of Al, Yale. p.184).

20 Acemoglu, Daron and Johnson, Simon (2023), Power and Progress, Public Affairs, p. 373.
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silhouette to be defined. An image that still does not accurately reflect its
contours but that projects a concern in the environment that prevents us from
facing it. Its appearance betrays a vigorous uplift movement, which raises it
above the surface of the events that accompany us throughout the passage

of the new millennium.

Enveloped by a breath of boundless energy, its form acquires titanic volumes
in which the granite nakedness of a new expression of power is sensed. With
its gestures, the political reign of a world devoid of citizenship, without rights
or freedom, is announced. An era that will witness the extinction of liberal
democracy. That will establish a mythical era in the manner of those imagined
by Hesiod, made of surveillance and silicon, inhabited by a race of humans
subject to order and security. A world of fibre optics and 5G technology,
dominated by a post-human vision, which will overflow and marginalise the
concept we have had of man from classical Greece to the present day.) Una
figura destaca sobre el horizonte de incertidumbres, malestares y miedos
que acomparfia el comienzo del siglo XXI. Se trata por ahora de una silueta
por definir. Una imagen que todavia no refleja con exactitud sus contornos
pero que proyecta una inquietud en el ambiente que nos previene frente
a ella. Su aparicién delata un movimiento de alzada vigorosa, que lo eleva
sobre la superficie de los acontecimientos que nos acomparfian a lo largo del

trénsito del nuevo milenio.

Envuelta por un aliento de energia sin limites, su forma va adquirien-
do volimenes titénicos en los que se presiente la desnudez granitica de
una nueva expresion de poder. Con sus gestos se anuncia el reinado po-
litico de un mundo desprovisto de ciudadania, sin derechos ni libertad.
Una época que asistird a la extincién de la democracia liberal. Que ins-
taurard una era mitica a la manera de las que imaginé Hesiodo, hecha
de vigilancia y silicio, habitada por una raza de humanos sometidos al or-
den y a la seguridad. Un mundo de fibra éptica y tecnologia 5G, domina-
do por una visién poshumana, que desbordard y marginard el concepto

que hemos tenido del hombre desde la Grecia clasica a nuestros dias”?'.

21 Lassalle, José Maria (2019), Ciberleviatan, Arpa, pp. 17-18.
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Geeks and Luddites; technophiles and technophobes, are divided by the
arrival of an Al where the former see it as the holy grail that will solve all
the world's problems, while the other group appreciates it as an enormous
challenge that, as already pointed out, threatens not only the liberal and
democratic system, but also attacks the work and way of life of the human
being, condemning it to insignificance.

At this point, it would be worth remembering Suleyman when he warned
against falling into the trap of aversion to pessimism, which arises when one
feels overwhelmed by the fear of facing realities that could be dire, and so, looks
the other way?.

It is in this environment of amazement and fear that the greatest threat that
has been attempted against the freedom of the human being and, therefore,
of its institutions such as democracy and liberalism, itself, has been sneaking in
without much fuss.

Protected by the infinite democratic debate, digital reality advances faster
than people realize, silently entering the will of today’s society while society
discusses an endless agenda where all kinds of issues of an economic, political,
and social nature appear.

Seminars and multiple debates are opened on whetherrestoring the economy
can improve democracy; if, by modifying once again the antiquated nature of
its forms, democracy can be improved; whether, including or not including the
issues of a number of minorities, we could arrive at a better stage of political
freedoms, etc., while seasoned political opportunists, warning of the anarchy
of the moment, offer an infinite number of improvements that they will not be
able to fulfill, and are building various forms of populism from both the right and
the left, which in the first instance, present themselves as the winners, gaining
because of all the bewilderment.

However, beyond the origin of each of the rights that are intended to be clai-
med in order to have a better democracy; at the same time, a darkness has been
advancing that is gradually creeping into hundreds of millions of human beings;
a panoptic world disguised as a utopia that is progressively diminishing both the
spheres of freedom of the human being and the strength of the Western State.

22 Suleyman, Mustafa (2024), The Wave That Is Coming, Debate, p. 22.
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V. TOWARDS A DIGITAL UTORPIA

The beginning of the construction of digital power in its political version is re-
cent and has occurred together with the advancement of its own development
and evolution witnessed throughout this century.

Although the appearance of Microsoft (1975), Apple (1976), Nvidia (1993),
Amazon (1994), Google (1998), Alibaba (1999), Tesla (2003), Facebook (2004),
etc., come from the last third of the last century, the speed of their changes have
quickly led them to unfold into new technologies that have changed the logic
and meaning of their businesses.

For the Industrial Revolution to go from its first stage to what was called the
Second Industrial Revolution, which was identified with the birth of Fordism,
150 years had to pass. In the case of the Digital Revolution, the trigger of
artificial intelligence, as the epitome of its innovation, has occurred in a space of
approximately six decades.

The tyranny of Moore’s Law and the forcefulness of Koomey's Law in the
twentieth century, which have been proven in the real world, indicate that
humanity would lower digital costs every 18 months while increasing its speed
and storage potentials; together with Kurzweil's Law of Accelerated Returns,
which predicts that by 2050 artificial intelligence will develop in such a way that
the computing capacity of computers will exceed by more than a thousand times
the computing capacity of a human brain, these have led us to the third decade
of the century to live scenarios that we would never have imagined.

The speed of these results has surprised everyone. From the owners of the
technology companies themselves, to the various analysts, and of course to the
neglected State that, preoccupied with a story and a problem typical of the last
century, does not quite know about the new structures of a civilizational change
that threatens to transform what is known.

In the case of the United States, which has always been a leader in digital
progress as a result of post-war scientific and technological advances, aware
of its importance in geopolitical and economic confrontation, it has to date
maintained a monopoly on digital innovation in strategic partnership with
its private sector. China, Russia, Israel, and other countries have also made
significant progress in what Crawford calls the artificial intelligence war.

However, the success obtained by these technology companies has been of
such magnitude that their power has led them to become true economic giants
by market capitalization, where Apple ($3.33 trillion USD), Microsoft ($3.11 trillion
USD), NVIDIA ($2.81 trillion USD), Alphabet ($2.03 trillion USD), and Amazon

37



38

>[1] LIBERALISM, DEMOCRACY, AND ARTIFICIAL INTELLIGENCE: THE CHALLENGES OF ...

($1.88 trillion USD) present themselves today as the five largest companies in
the world?.

This new digital economic power has led to these companies being more
economically powerful than countries such as Spain, Brazil, Australia, Russia,
etc., and they exceed each of these countries in economic value.

Digital business was strongly born at the end of the twentieth century, and
the speed of its dividends has earned them new economic-political power.
These dividends arise from the power of digital innovation that places them on
a monopoly plane with respect to other economic actors in the world. In the
case of Windows, for example, it controls 73% of the global market for computer
operating systems; in terms of operating systems for cell phones, Android also
dominates 73% of the world market; in the use of data cloud storage, Amazon
(AWS), Microsoft (Azure) and Google (Cloud), control 70% of the world market?.

Internet business by its very nature was born successful. Since its inception, it
was received with great expectations and its technological innovations have been
celebrated by the global society as a whole. However, the biggest change effected
with the inception of digital business is the enormous compilation of data that was
taking place as a natural result of the use of different technology devices, which
by 2021 already accumulated an estimated number of 1900 billion websites?®.

The appearance of the first social networks led to the belief, as Hillary Clinton
pointed out in 2010, that these were the new pillars of world democracy. One of
the leaders of the Egyptian protests of the so-called Arab Spring, Wael Ghonim,
also commented that he would like to meet with Mark Zuckerberg to personally
thank him for the participation of these networks in these movements, which
mostly beganthrough Facebook, adding that if you wanted to liberate oppressed
societies, you should just provide them with the Internet?.

However, this first idea of freedom multiplied through the Internet as an
instrument for liberation, has gradually been changing in the face of other
types of experiences that have also been presented on the horizon of digital
technology.

23 State Counter, El Pais, July 27, 2024.

24 Market Cap. El Pais, July 27, 2024.

25 As for artificial intelligence, it began its training with hand-labeled data, as in the case of
ChatGPT 2, with 1500 million parameters. Thanks to the accumulation of data, by 2023,
without labeling the data by hand, the Inflection Al application already had 540 billion
parameters. In the case of Alibaba, it is said that it already has 10 trillion parameters.

26 Acemoglu, Daron and Johnson, Simon (2023), Op. Cit, p. 342.
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The Myanmar case of 2010-2017, as one of the first events where the disinfor-
mation spread over the Internet, exacerbated a racial sentiment against a small
Muslim sect of the Rohingya, led to a social problem that has been classified
as genocide. In this event, it was evident that this tragedy had been fomented
by social networks and that even within these, crimes were organized through
the Facebook platform. Given these facts, the only thing the platform dared
to comment on regarding the massacre was that it agreed that it should have
done more to prevent it?.

Such examples, which begin to show the other side of the technological
phenomenon, are expanding in the face of the growth and power of social
platforms and are rapidly moving away from their potential to promote freedom
in favor of democracy and are getting closer to a world of directed or assisted
freedoms which are emerging from the power of the platforms themselves.

In 2018, Sri Lanka continued Myanmar's precedent through hate speech
against Muslims. In 2020 in India, assassination events and destruction of mos-
ques against the Rohingya Muslim sect also occurred.

The world was able to get a clearer idea of what digital power was beginning
to represent when the company Cambridge Analytics publicly acknowledged,
together with Mark Zuckerberg, the owner of Facebook, that it had improperly
bought the information of more than 50 million users of that social network in
the United States for political and commercial purposes, affecting among other
things, the elections where President Trump emerged as the winner.

From that moment on, it was clear that a world of surveillance of social data
was opening up, that powerful people had found an ideal means to disseminate
false facts in a faster, deeper, and more general way than the truth, itself, could
disseminate in different categories of information. It also has been possible
to establish that social networks are now the primary source of information in
the United States and that 70% of what people read is being sent in a directed
manner by these social media platforms and that out of 100 publications
or recommendations that were made on Twitter, Facebook, etc., most have
contained misinformation or conspiracy theories?®.

It wasn't just the unstoppable speed of gathering hundreds of millions of
users on social media that began to whet the appetite of big tech companies,
which began to see their millions turn into trillions of dollars with great speed.
The impact has been to see how, in such a short time, they acquired a huge

27 Ibid., pp. 356 and 357.
28 |bid., p. 359.
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archive of personal data that they had not contemplated and that now represents
great informational power for each of them.

In this sense, the transition from the Internet to data and then to artificial
intelligence was a dialectic of information which has been turned to pure profit
and has now become a political-economic power of great dimensions for Big
Tech companies.

Larry Page and Sergey Brin were some of the leading specialists who found
the best combination to combine technology with human data, creating the al-
gorithms that were able to successfully link the two categories. Ultimately, as
Acemoglu points out, how the algorithm calculates results is secondary, the im-
portant breakthrough is that Page and Brin devised a way to use human knowle-
dge and ideas by improving a key task of the machine: ranking search results?.

The monetization of data, which gave birth to this new business model
provides the possibility of building true digital power. This arose at the time
when Google initiated the logarithmic innovation of commodifying this new
data technology through the important concept of targeted digital ads, which
came to revolutionize the very progress and trends that, until that moment, had
been tracking the First Digital Revolution.

That is why in 1998 and even in 2000, as Acemoglu commented, almost no
one had a clear idea about what big data and artificial intelligence were. The
new association between algorithms and data, translated into the expansion of
targeted ads became a self-generating and continuing explosion of data which
has served as a laboratory for the perfection of a generative artificial intelligence
that can technically assimilate the history of humanity in half a day and today is
able to generate what was previously considered impossible.

Acemoglu adds that we could not understand the political imbalance that
social networks would cause if we did not add the excessive economic incentives
based on targeted ads, which derived from the digital potential to optimize the
tastes, ranks, faces, likes, and now, even the future of global society®.

This whole event involving the phenomenon of digital data is evolving, as
Zuboff indicates, into a new surveillance capitalism that emerges from the power
that Big Tech is accumulating very rapidly®’, which surpassing the traditional

29 Ibid., p. 365
30 Ibid., p. 371.
31 Facebook (or Meta, as it's now known) and Google (or Alphabet, as it's now known), have
little in terms of physical facilities, but have great systems and processes for collecting,
storing, and processing data to connect people to knowledge, analytics, and each other.
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ambitions of capitalism, now claims dominion over human, social, and political

territories that extend far beyond the conventional realm of private enterprise

or the market in an overthrow of the sovereignty of the people. This constitutes
a dangerous drift towards the deconsolidation of democracy that currently
threatens the liberal systems of the West®2.

Surveillance, lies, disinformation, the manipulation and expropriation of the
will,

the induction of economic, political, and social desire, and digitally created

unemployment®®, are the doors that open to infinity in the face of this new
impulse of digital change.

32
33

They are natural global monopolies, not in the traditional multinational sense of having
large physical plants scattered around the world, but in dominating markets where
customers benefit from being globally connected. It is their complex networks of people and
information, not their physical infrastructure, which competitors cannot replicate or replace
(Mayer, Colin (2024), Capitalism and Crisis. How to fix them, Oxford, p.8).

Zuboff, Shoshana (2020), Op. Cit. p. 38.

*"Sooner or later”, says Skidelsky, “we're going to be out of jobs” (Carr, Nicholas, Trapped.
How Machines Take Over Our Lives, 2014, p.47). The issue is not new, it was born together
with the generalized threat of unemployment that arose from the First Industrial Revolution,
when the first machines came to replace much of the physical work in the fields and
workshops at the same time that millions of jobs were created in the new manufacturing
industry and its services. In the nineteenth century, David Ricardo (1817) foresaw that a
better distribution of work through machines would shift human activity towards science
and art. Douglas Haberler and others acknowledged the possibility of digital unemployment
but added that it would be automatically compensated. (Acemoglu, Daron, (2023), Op.

Cit. pp. 434-435). In 1930, Keynes warned that “we were afflicted” by a new disease of
which some readers may not have heard the name, but of which they will hear much in the
years to come, namely “technological unemployment”. On the other hand, Difazio, Rifkin,
Brynjolfsson, McAfee, Spence, etc., in recent decades have been taking up the subject with
new arguments. McAfee, for example, shows how technology has been rapidly increasing
U.S. productivity, along with corporate profits, while the total number of jobs in the country
has barely grown. Spence adds, “The replacement of traditional manual jobs with machines
and robots is a strong, permanent trend that may be accelerating manufacturing and
logistics, while computer networks replace administrative jobs in information processing”.
On the subject, Krugman adds that intelligent machines will be able to increase GDP, but at
the same time, they will reduce the demand for people, including intelligent people while
most of the profits will go to the owners of the robots, that is, Big Tech. (Carr, Nicholas,
p.40-45). Rifkin, in his classic book “The End of Work”, in addition to denouncing a global
unemployment of 800 million human beings, added that “millions of workers have already
been eliminated from economic processes and different specific types of employment have
been reduced in importance or restructured or have disappeared”. (Rifkin, Jeremy (1996),
The End of Work, Grupo Planeta, p.17).
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VI. OFF DATAOLOGIES AND DYSTORIAS

Since Aristotle’s zoon politikon, each of the societies of his time started from the
consideration of a human being as the center of a society that in different ways
had to be built for humanity’s well-being and happiness.

It is true that in many stages of its history, human beings have failed to
achieve these goals, but their longing for freedom and a better life have always
been present along this path.

In this last stage, which has been a mixture of liberalism and the Industrial
Revolution, the repeated search for freedom and well-being have been the main
drivers in the political construction of a rule of law defined through democratic
participation with the idea of an industrial society that felt that the progress that
had come, would last forever.

This utopia of freedom and progress faces a crucial moment in which a new
cosmogony without authors, but with the solid argument of facts, for the first
time in the history of humanity, seeks to penetrate the sphere of freedom of the
human being, whatever it may have been, and is gradually influencing ideas,
tastes, amusements, preferences, values, jobs and the vision of the future,
through an assisted freedom that, little by little, comes to tell people what their
behavior should be and what their role should be in a new society of surveillance.

In this sense, it seems that the role of the human being is beginning to
be reduced primarily to a user-customer equation, where through people’s
own data, their social, political, and economic behavior are surveilled, they
are misinformed, lied to, manipulated, caused to change their behavior and
preferences, and even become unemployed. In the end, they are placed in a
state of uncertainty and deculturation that risks turning humanity into a state of
robotization or anxiety, or worse, of insignificance.

In the background, rather than a human being, recognized for his/her
values and defects, people are being considered as raw material of the new
mechanism of digital production, which offers people to the market as just
another commodity to be consumed for economic, commercial, political, and
social purposes.
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FIGURE 4 Percentage of countries in each region
that have adopted surveillance through Al
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In the synthesis of this equation, what is generated is a new type of economic,
political, and social power where, in the markets of human data, buyers acquire
profiles, photos, behaviors, audios, thoughts, beliefs, tastes, etc., which, like the
new inputs of a new digital production project, are already being used to in-
crease product sales and the profits of companies, to shape social and political
behaviors, and even worse, to inhibit the political expectations that were created
over centuries of civilization.

This new parasitic reality that feeds on the behavior of the human being,
directly threatens the existence and power of the State, itself, and, consequently,
of its democracy and freedom through the expropriation of the human will.

Zuboff says that as competition intensifies, surveillance capitalists learn
that it is not enough to extract human experiences. The most predictive stock
of raw materials are those that come from intervening in our experience to
shape our behavior in such a way as to favor the commercial results intended
by these capitalists.

For this reason, Big Tech designs new algorithms to influence human behavior
and, in turn, modifies it, while the means of production are subordinated to new
and more complex means of behavioral modification3*.

34 Ibidem, p.36.
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This new power, Zuboff continues, aspires to organize, stimulate, and refine
society so that it reaches an analogous social confluence in which group pres-
sure and computational certainty replace politics and democracy, and thus,
both the felt reality and the social function of an individualized existence are
extinguished®.

We are not their customers, we are their products, says Noah, in the framework
of a race for data that has already begun on the part of the Big Techs such as
Google, Facebook, Microsoft, Baidu, etc., which first capture our attention by
providing us with information, services, and fun for free, and then, resell our
attention to advertisers. The real deal is to accumulate an immense amount of
data about us, which is worth more than any advertising revenue®.

This data has been expropriated without our consent through various me-
chanisms that have reached a high level of cynicism and impunity, as has been
demonstrated in the case of Cambridge Analytica, where it was accepted wi-
thout any negative consequence that the data that had been entrusted to Face-
book was collected by third parties and used to manipulate elections in various
parts of the world. These and other examples have been attesting to the impu-
nity in the handling and manipulation of social media data.

Recently (2024), just to briefly enunciate this trend, it was shown that Elon
Musk changed the data configuration of his X platform without warning to allow
his new artificial intelligence model, called Grok, to be trained with all the tweets
sent to the network, without users knowing or giving their permission. After that,
he used this same platform to have a 2-hour interview with candidate Trump in
an abusive exercise of a digital entrepreneur manipulating the political future of
the United States®.

As can be seen with great transparency, as of January 2025, the alliance of
political power with digital power has been evidenced through the Musk-Trump
binomial.

This new digital or surveillance capitalism can be perceived as an unscrupulous
project that ignores the rule of law, appropriates what is alien, expropriating the
attributes of the human being, of people’s individuality in the configuration of a
new digital universe that begins to move in its own orbit, time, space, and interests.

Although along different lines, it seems that this new digital capitalism ad-
heres to the slogans of the nineteenth century when it was pointed out that

35 |bidem, p.37.
36 Noah, Yuval (2018), Op. Cit. 100 and 101.
37 ElPais, August 07, 2024.
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Science discovers. The industry applies, and man joins in*, a philosophy that
asks human beings to surrender totally to the interests of Big Tech.

Why this impunity? Why this lack of regulation and control on such a trans-
cendental issue for human beings?

VII. REGULATE OR NOT REGULATED?
THAT'S THE QUESTION!

Neoliberalism, as already mentioned, has been the main breeding ground for the
arrival of a limitless digital revolution that has taken advantage of the weakness
of Western states that were slimmed down and confined to their minimum
expression by a theory that believes that the market encompasses everything.

Within this idea of non-regulation, especially in the United States, the digital
revolution in its different expressions has been advancing rapidly, without
Western society having taken due note, and suddenly, in the third decade of
the 21t century, the West finds itself facing a scenario in which it has gone from
being the director of the play, to becoming a weak supporting actor where it
does not even know what the play is called, nor does it know what the theme of
the play is, and it certainly does not guess what its outcome or ending will be.

The incredible speed of digitalization, where now artificial intelligence chips
are improved and trained every 24 hours, creates a scenario of madness where
the weak state does not know exactly what is happening.

At the same time, the owners of digital power have spread the belief that this
movement is inevitable and anyone who opposes it is an anachronistic Luddite
who is opposing a dazzling future, which, without telling us what that future will
be, digital power is creating and spreading more everywhere every day.

Under the neoliberal criteria, it is argued that less regulation corresponds
to greater digital power, as well as an unstoppable growth of technological
innovation that should not be touched by any State because to do so would
be stopping the future of artificial intelligence, with a consequent gap being
created in global geopolitical competition.

At the same time, the modern State lacks the knowledge and instruments
necessary to understand and manage all the innovation that is overflowing
every day without any limitation. This has led to the paradox of not being able
to regulate what is happening today because what happened last year was not

38 Zuboff, Shoshana (2020), Op. Cit., p. 31.
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regulated, which limits the State in regulating what will be done next week; to
this is added the unstoppable production of digital novelties in the world, with
new chips, nanotechnologies, 5G technology, broadbands, etc., and different
versions of artificial intelligence that come to market without having been
evaluated by any authority and whose implications or effects on individuals or
the social aggregate are not known, creating a waterfall of data that not only
suffocates any attempt at regulation, but which also impacts the balance and
stability of social groups¥.

Italso takes advantage of the fact that this debate is still installed in a private or
non-private data point; whether they should be paid or not. In this reductionism,
they have renounced generating a moment of reflection that should go to the
center of what this new digital revolution represents: Such reflection could be
carried out by philosophers, historians, politicians, economists, lawyers, etc.,
who not only should decide whether personal data can be violated with impunity
or not, but their carrying out such reflections might also lead to the beginning
of a new narrative of broad cultural dimensions in which human beings can
foresee with a certain degree of rationality what is happening, what the risks and
advantages of artificial intelligence are, and what decisions must be made, not
only by a person or a country, but by humanity, which is called upon to translate
its great advances in science and technology into victory or benefit, without
losing freedom or meaning in life.

39 In this regard, Sadin points out that “The second factor that favors this incessant extension
originates in the fact that current industrial production does not respect a series of phases
that, until recently, were marked by various forms of indeterminacy within the searches,
or by the acceptance of failure as a risk inherent to the elaboration of any prototype, or
even because of the requirement of having to carry out multiple and meticulous quality
tests - which we see are increasingly needed. Today, the rhythm marks the almost absence
of a time lapse between the conception and marketing of the products, themselves. The
pressure of competition and the primacy of immediate returns after any investment prohibit
any latency, any concerted assessment of the value and relevance of products. Research
and development units must prove without delay and without pause that they represent
access to new benefits. Here we are, at the time of “innovation cycles”, which are always
closer to each other to the extent that they favour a dynamic of permanent enthusiasm and
are invested by the combined dogmas of growth and the increase of the supposed comfort
of people (which, for the good of society, must never stop growing). [Sadin, Eric. (2023).
(Artificial Intelligence or the Challenge of the Century. Anatomy of a radical antihumanism)
La inteligencia artificial o el desafio del siglo. Anatomia de un antihumanismo radical, Caja
Negra, pp. 22-23].
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What can be seen is that in the middle of such a crisis in liberal debate, global
society does not quite understand that its new role in history presents a wide
epistemological disadvantage, trying to start a new narrative at the height of a
scientific and technological level that has been reached through ten thousand
years of history.

It should be said, on the other hand, that to date, the various attempts to
regulate this new digital wave have been limited. As is known, Europe has re-
gistered the greatest progress in this matter, as well as experiencing an intense
debate in which Europe is being pressured that its new digital regulation is the
reason for its technological backwardness, which is being presented as a war-
ning to other potential regulators around the world. For example, the European
Union’s Personal Data Protection Regulation (GDPR) of 2018 has not been as suc-
cessful as expected due to its lack of a clear idea of what is protected, the lack of
understanding as to what extent personal data can be used against oneself; or
what constantly happens, that the different data networks provide indirect per-
sonal information from the social life of each of the users, which has resulted in
this regulation affecting small companies more strongly, while only tangentially
affecting large monopolies such as Google, Facebook, and Microsoft.

In the case of artificial intelligence, in 2024, the European Union approved
a law on the matter (Al Law), which since its initiation, has generated strong
controversy once again with the belief that its regulation limits the production
of European innovations; and on the other side, critics of surveillance capitalism
claim that the content of its law is weak, and its scope, too limited. As Max
Von Thun, director for Europe at the Open Markets Institute, put it, “there
are significant loopholes in the law for public authorities” and “relatively weak
regulation of the largest grassroots models which pose the greatest harms*.

Notwithstanding the above, the European Union's regulatory platform, made
up of more than four laws on the subject, stands as an obligatory reference for
other nations in the world.

As for the United States, the cradle of neoliberal policy, and the home country
of the largest digital companies in the world, since 1995, these companies have
been safeguarding their interests, proposing in 1995 the closure of the North
American Office of Technological Assets (OTA), a multidisciplinary group that
had tried to give transparency and control to technological advances, which had
been operating since 1972. Similarly, in 1998, section 230 of the Communications

YO Euronews, 18 March 2024.
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and Decency Act established broad protection for Internet platforms against
any attempt to regulate the content stored on such platforms, where it was
stipulated that “no provider or user of interactive computer services shall
be treated as the publisher or communicator of any information provided by
another provider of the content of the information”*.

This free market criterion in favor of large technology companies in the Uni-
ted States was recently ratified by the Supreme Court of the United States on
July 1, 2024, when it determined through a ruling that the owners of social plat-
forms could not be regulated externally, so only self-regulation of their content
was appropriate®.

Since Trump's arrival in power, this trend has been clearly generalized by
issuing the following executive orders:

¢ Executive Order on Freedom of Expression

Trump issued an executive order titled, “Restoring Free Speech and Ending

Federal Censorship”, which claims that the Biden Administration “trampled

on free speech rights by censoring Americans’ speech on online platfor-

ms”, under the guise of combating erroneous information and the spread
of misinformation. The order directs the Attorney General to investigate
federal policies of the past four years and recommend appropriate correc-
tive actions.

e Memorandum to limit new regulations

In a memo titled “Regulatory Freeze Pending Review”, it directs all executive

agencies not to propose new rules until they are reviewed and approved by a

department head, which could curb digital and Al regulation.

¢ Executive Order on Postponing TikTok Ban

Titled “"Application of the Act to Protect Americans from Apps Controlled

by Foreign Adversaries to TikTok", it effectively delayed the U.S. ban on the

Chinese short-form video app TikTok by 75 days.

Similarly, it is worth noting that Musk, Zuckerberg, and other large digital
consortiums abandoned the use of independent fact-checkers on platforms
such as Facebook, Instagram, X, etc., replacing them with a system of “commu-
nity notes”. This decision has raised concerns about the increase in misinfor-
mation, since instead of having professionals verifying the veracity of content,
they now depend on the evaluation of the users, themselves; a mechanism

W Acemoglu, Daron, (2023) Op. Cit. p. 412.
Y2 El Pais, 01 July 2024.



ARTURO OROPEZA GARCIA

that can be easily manipulated by organized campaigns, political interests,
and fake accounts®.

VIIl. GENERAL REFLECTIONS

It is evident that we are passengers in a stellar era in the history of humanity.

From whatever perspective one chooses, and with whatever depth one sees,
a first common insight could be that the arrival of the Digital Revolution invites
humanity to rethink ourselves as a human society within the framework of our
history, with all our strengths, but also with our weaknesses.

With this in mind, to overstress awareness of the importance of moment in
which we are living, would be nothing more than to try to place oneself as close
as possible to a phenomenon of stellar dimensions that is already changing
the personal, family, social, and political life of humanity in a disruptive and
unintelligible way.

The appearance of warning speeches that are beginning to be written this
century are all the more valuable in the absence of a bibliography that sufficiently
explains the appearance of this digital phenomenon which lacks a coherent
narrative.

Throughout this short essay, what we have tried to underline is that, along with
the arrival of a new digital era, a weakness has appeared in the liberal narrative,
a narrative which, until the last century, had been strong enough for Western
society to use in debating the different forms of its identity and progress.

The neoliberal model, which has pushed for the disappearance or slimming
down of the State for nearly half a century, has led to a breakdown of its liberal
legacy, creating social dissatisfaction and a power vacuum which have benefited
of the owners of the Digital Age the most.

As we have been robbed of the liberal platform which gave us direction and
meaning, various voices are appearing in the geopolitical, economic, and social
fields who are trying to call on the public square to debate these issues.

Of course, along with these voices of alarm, a very powerful current led by
the monopolies of technology, themselves, protected by the great lights that
emanate from artificial intelligence, lead a parade of a great army: the world
population without a flag, without a story, and without clear objectives, leading
humanity towards a dystopian utopia which is not possible to envision today.

Y3 El Pais, January 12, 2025.

49



50

>[1] LIBERALISM, DEMOCRACY, AND ARTIFICIAL INTELLIGENCE: THE CHALLENGES OF ...

Authors such as Kai-Fu Lee, Bostrom, Floridi, Tegmark, Schmidt, etc., excite
us with their harangues about an artificial intelligence that is to date, already
bearing great fruit.

The brilliance that emanates from these achievements of the human intellect,
concretized by the first stages of artificial intelligence has become food for, (of-
ten an addiction of) a part of society that, without qualms, is seduced by digital
innovations and excited by that future of immortality, eternal old age, physi-
cal perfection, and happiness; they fall into a datological condition that moves
them to an assisted freedom where they gradually lose their ability to decide.

On the other hand, authors such as Byung-Chul Han, Lassalle, Zuboff,
Suleyman, Acemoglu, Johnson, Susskind, Noah, and others have appeared who,
trying to move away from digital fascination, have placed themselves in a critical
position with respect to the owners of technological progress, denouncing that
humanity has been wasting a lot of time, time which it needs to make good
decisions regarding digital regulation for the benefit of humanity’s future.

Authors such as Lassalle tell us of technopower that already undermines
the foundations of equality and liberal democracy by promoting an algorithmic
structure of society that is influencing the exercise of human freedom without
public debate or legality. In the same manner, he is warning us of the arrival
of a cyber-leviathan in march that will overcome democratic processes without
violence if something is not done in time. He adds that when citizens admit that
they have ceased to be the subject of natural sovereignty and without resistance,
they will fall into a cyberpopulism of social networks. In this new digital order,
people will dissolve into a cognitive proletariat that will adopt the role of mass
consumer of technological connectivity*.

These concepts, which are at the least, very audacious for a skeptical public,
are based, among other reasons, on the exercise of a neoliberalism that always
dreamed of the disappearance of the State, and that its possible extinction now
through a new digital power does not appear reprehensible to many; and this is
even alluding to some, such as is the case of hip-evangelical technologists such
as the founder of PayPal and venture capitalist, Peter Thiel.

Mustafa Suleyman, co-founder of Deepmind, one of the leading companies
in artificial intelligence on an international scale, and despite being one of the
great promoters of this movement, has recently said that the technology which
has emerged from artificial intelligence is not just another invention within

YY Lassalle, José Maria (2019), Op. Cit. pp. 95-120.
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the wide range of scientific achievements that human beings have achieved
throughout their history. “We urgently need indisputable answers on how to
contain and control the coming wave, on how it can be possible to maintain
the safeguards and possibilities of the democratic nation state” —although he
acknowledges that for now, no one has such a plan®.

Acemoglu commented that, unfortunately, democracy is not compatible
with the new illusionary scenarios of artificial intelligence managed by big tech
companies; on the contrary, that they are opposite in terms of the management
of freedom vs the algorithmic will of artificial intelligence and big tech’s interests,
which weaken democracy when it is most needed*.

Susskind raises awareness of this new digital power, pointing out that it
lacks objectivity and is not morally neutral; that it is political in nature and that,
given its novelty, it does not reside in government palaces or parliaments, but
operates outside the channels of traditional politics, desecrating freedom and
deteriorating democracy, guided by a powerful group /force that cannot be
attributed to a single corporation or person®.

Zuboff adds that surveillance capitalism is not a technology, but rather a
logic that permeates technology and puts it into action. And he makes clear the
sentiment of many authors that it is surveillance capitalism, and not technology,
that puts a price on subjugation and impotence by shaping people’s behavior
to favor the commercial (and now political) outcomes favored by surveillance
capitalists, thereby weakening politics and democracy*.

Noah declares that “in its current form, democracy will not survive the fusion
of biotechnology and infotechnology. Either it successfully reinvents itself in a
radically new way, or humans will end up living in digital dictatorships".

* OFF CONTAINMENT AND OTHER REMEDIES

The advance of digital power is already notorious in the economic field given
the size that large technology companies have attained. In political matters,
digital power is being manifest by the increasingly irreverent interventions of
tech CEOs in various political processes through their sale of customer data for

Y5 Suleyman, Mustafa (2024), Op. Cit. p. 26.

Y6 Daron and Johnson, Simon (2023), Op. Cit. pp. 372-380.

Y7 Susskind, Jamie (2022), The Digital Republic, Pegasus, pp. 4-5.
U8 Zuboff, Shoshana (2020), Op Cit., p. 30.

49 Noah, Yuval (2018), Op. Cit. p. 89.
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purposes of political persuasion and manipulation, not only in the United States,
but in other parts of the world. On the social side, their accumulation of data
from billions of human beings today is so tremendous that if these data were on
CDs, they could go around the world 222 times.

To this, one must add the process already underway, based on this data: an
artificial intelligence, machine learning scheme that works 24/7 to improve its
generative capabilities for all the processes it has been tasked with, in various
fields of humanity, whether military economic, healthcare, urban, social, infra-
structure, synthetic biology, space, etc.

The dilemma on thisissue is not easy. At this point, opinions are divided. There
are those who point out that the current inertia is dominated by a world without
digital regulation that favors the 5 to 10 companies in the United States and
around the world which control this digital power. Others point out that digital
development is already immersed in a geopolitical war over the advancement
and control of artificial intelligence. As Russian President Vladimir Putin stated,
"Whoever controls artificial intelligence controls the world”.

Considering this opinion in the context of two wars that are currently taking
place worldwide in Ukraine and Palestine, makes it a credible argument which
becomes stronger if one adds the movement to retake Eurasian power, as seen
in the open clash for world leadership that the United States and China have
been sustaining since 2016.

As the two great leaders of artificial intelligence, any consideration for
managing the advance of this new digital power will have to involve a geopolitical
agreement between the two nations that currently hold ?0% of the world'’s
artificial intelligence power.

FIGURE 4 Race for Al leadership

Today Estimated five years from now
China 5:5 US Internet Al China 6:4 US
China 1:9 US Bussiness Al China 3:7 US
China 6:4 US Perception Al China 8:2 US
China1:9 US Autonomous Al China 5:5 US

The balance of capabilities between the united States and China across the
four waves of Al, currently and estimated for five years in the future

FUENTE: Al Superpowers, Kai Fu - Lee p. 136
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Despite this fact, as indicated in previous paragraphs, given the magnitude
of what the subject represents for the present and future of humanity, it would
be desirable to have as broad a dialogue as possible, so that the different pers-
pectives with which the human being is viewed today, as understood through
philosophical, historical, legal, psychological, economic, social, political, and
ecological concerns, among others, will bring rigorous and serious reflection,
beyond fascination and fear, on how to use this great advance in artificial intelli-
gence for the benefit of most of humanity®°.

Similarly, itwouldbe desirable to arrive ata series of generalrecommendations
that could motivate the commitment of nations to manage, regulate, and channel
artificial intelligence positively.

At this point, the concern of some scientists and specialists arise, knowing
in advance the enormous difficulty that this represents. However, as Suleyman
summarizes it, "At first glance, containment (of artificial intelligence) is not
possible, but for the good of all, it is imperative that it is"".

In this negative is an a priori of something that the majority does not see as
possible to achieve due to its geopolitical and economic implications, and there
lies the challenge for the world society of the third decade of the twenty-first cen-
tury, so that in a moment of clarity, there could be an opportunity to transcend
towards a future of lucidity within the framework of the First Digital Revolution.

Countless alternatives appear within the reach of global society that could
contribute to the construction of a digital liberalism. The implementation of new
global, regional, or national agreements could apply remedial measures.

Included in such options are alternatives, such as attending to market in-
centives, inhibiting surveillance policies; slowing down technological unemplo-
yment; paying for the use of consented data; controlling the big Techs; slowing
down automation; investing in workers; recovering state power; providing data

50 The advent of Al, with its ability to learn and process information in ways that human
reason alone cannot, may produce breakthroughs on questions that have proven beyond
our ability to answer; but success will raise new questions. Human intelligence and
artificial intelligence are being found and applied to activities at the national, continental,
and even global levels. Understanding this transition and developing a guiding ethic for
it will require the commitment and insight of many elements of society: scientists and
strategists, statesmen and philosophers, clergy and executives, CEOs and entrepreneurs.
This commitment must be made both within and between nations. Now is the time to
define both our association with artificial intelligence and the reality that will result from it
(Kissinger, Henry, 2021, The age of A.l. And our human future, USA, p. 226.)

51 Suleyman, Mustafa (2024), Op. Cit., p. 28.
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protection; legislating on content liability; taxing digital ads; providing digital
education and technology sharing; having courts specializing in digital techno-
logy and legislation, and countless other measures which, instead of leading us
to a cyberleviathan, could lead us to a Digital Republic where freedom, demo-
cracy, and the rule of law are somehow preserved under new concepts which will
allow a 21 century digital civilization to develop.

The theme of the new digital era is an open story where the future of
humanity and the human species, responsible for its destiny, need to begin to
be debated, consciously or not.

There are multiple antecedents, but no previous scenarios confronted us like
the one we now face.

In the coming days, in the coming years, we will have to decide between
stardom or insignificance.

IX. BIBLIOGRAPPHY

Acemoglu, Daron y Johnson, Simon (2023), “Power and Progress”, Public Affairs.
USED.

Carr, Nicholas (2014), Trapped How Machines Take Over Our Lives, Taurus.

Crawford, Kate (2021), Atlas of Al, Yale. USED

El Pais, July 01 2024.

El Pais, August 07, 2024.

El Pais, January 12, 2025.

Euronews, 18 March 2024.

International Monetary Fund, GDP- World Per Capita (0-2000)

Han, Byung-Chul (2022), Infocracy, Penguin Random House, Mexico.

Innenarity, Daniel (2020), (A Theory of Complex Democracy Governing the
Twenty-First Century) Una teoria de la democracia compleja Gobernar el si-
glo XXI, Gutenberg. Barcelona.

Kissinger, Henry, 2021, The Age of A.l. and our Human Future, USA.

Lassalle, José Maria (2019), Cyberleviathan, Harp. Barcelona.

Lassalle, José Maria (2021), (Wounded Liberalism) El liberalismo herido, Arpa.
Barcelona

Lee, Kai-Fu (2018), Al Superpowers: China, Silicon Valley, and the New World
Order, Harper Business, USA.

Lépez Portillo, José Ramon; Nexos Blog, July 2024.

Luce, Edward (2017), The retreat of Western Liberalism, Atlantic Monthly Press.
USA.



ARTURO OROPEZA GARCIA

Market Cap. El Pais, July 27, 2024.

Mayer, Colin (2024), Capitalism and Crisis. How to fix them, Oxford. United
Kingdom.

Mounk, Yascha (2018), (The People Against Democracy) El pueblo contra la de-
mocracia, Espasa. Spain

Noah, Yuval (2018), (21 lessons for the 215t century) “21 lecciones para el siglo
XXI", Debate. Mexico.

Oropeza, Arturo (2024), (Towards a New Vision of Digital Industrial Development
in Mexico) Hacia una nueva vision del desarrollo industrial digital en México,
Instituto para el Desarrollo Industrial y la Transformacién Digital. Mexico.

Research Gate - Evolution of the world population (1500-2050)

Rifkin, Jeremy (1996), (The End of Work) El fin del trabajo, Grupo Planeta.

Rose, Matthew (2021), A world after liberalism, Yale. USED.

Sadin, Eric. (2023) (Artificial Intelligence or the Challenge of the Century.
Anatomy of a radical antihumanism) La inteligencia artificial o el desafio del
siglo. Anatomia de un antihumanismo radical, Caja negra. Buenos Aires.

State Counter, El Pais, July 27, 2024.

Stiglitz, Joseph (2024), The road to freedom, Norton Company, USA.

Suleyman, Mustafa (2024), (The Wave That Is Coming) La ola que viene. Debate.
Mexico

Susskind, Jamie (2022), The Digital Republic, Pegasus. USED.

Vanguadia, Dossier (2020).

Vanguard 2020

Wolf, Martin (2024), (The Crisis of Democratic Capitalism) La crisis del capitalis-
mo democrético, Arial. Mexico

Zuboff, Shoshana (2020), The Era of Surveillance Capitalism) La era del capitalis-
mo de la vigilancia, Paidds. Mexico.

55



56

ARTIFICIAL INTELLIGENCE
GOVERNANCE:
TOWAIRRDS A NEW ERA
Ol-F RESIPONSIBILITY AND
THE COMMON GOOD

CONTENT:

I. Introduction Il. Measuring the Exponential Progress of Al Development
Ill. Al as a Human Product: Neutrality, Development, and Driving Forces
IV. How Is the Impact of Al Perceived? V. Socioeconomic Impact of Al
VI. The Need for International Collaboration VII. Challenges to International
Collaboration VIII. The Path Forward

> JOSE RAMON LOPEZ-PORTILLO ROMANO

Ph.D. in Political Science from the University of Oxford, co-founder of
the Center for Mexican Studies. He has served as Deputy Secretary of
State in Mexico, as well as Permanent Representative and Independent
Chairperson of the FAO Council. Mexican scholar, diplomat,
entrepreneur, and public servant.



JOSE RAMON LOPEZ-PORTILLO ROMANO

I. INTRODUCTION

umanity stands at the threshold of a technological transformation, a

new techno-economic paradigm that could redefine civilisation itself.

The rapid emergence of general-purpose artificial intelligence (Al),
which can perform a wide variety of tasks, represents not just another phase in
technological evolution but the beginning of a new era. Unlike past revolutions
that expanded human physical capabilities, Al promises to extend —and possibly
surpass— human cognitive capabilities in virtually every domain of knowledge
and action.

The trajectory of Al development has been marked by exponential growth,
characterised by breakthroughs in areas such as scientific reasoning, program-
ming, and autonomous decision-making. These systems have demonstrated
increasingly sophisticated capabilities, able to plan and execute complex tasks
independently. The expanding accessibility of Al, driven by falling computa-
tional costs, has made it an integral part of modern life. However, this progress
is accompanied by profound uncertainties and risks that must be addressed
with deliberate foresight.

The stakes in this transition are immense. As a researcher of scientific-
technological advancement and Al, | analysed these topics in depth in my
book, ‘La Gran Transicién: riesgos y oportunidades del cambio tecnolégico
exponencial’ (The Great Transition: Risks and Opportunities of Exponential
Technological Change), and | have continued this work, first at the United
Nations as an advisor to the Secretary-General for the Technology Facilitation
Mechanism, and now as one of the independent experts for the State of the
Science of Advanced Al Safety Report, presented in Paris in January 2025.
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The opportunities presented by Al are matched with existential challenges,
evidenced by current harms such as bias, privacy violations, and sophisticated
forms of deception. More concerning are the potential future risks: disruption in
labour markets, security threats driven by Al capabilities, and the challenge of
maintaining human oversight of autonomous systems.

Experts remain divided on the timeline and scope of Al's trajectory. Some
foresee significant challenges to public safety within a few years, while others
predict these issues will emerge over several decades. This uncertainty reflects
the gaps in our current understanding and risk management frameworks.
Despite the intensification of global dialogue, materialised in the Al Safety
Summits (held in the United Kingdom, South Korea, and France), our ability to
predict and explain Al behaviour remains remarkably limited.

This uncertainty poses a formidable challenge for policymakers and society
as a whole. Decision-makers must carefully weigh the potential benefits of Al
against risks that are still poorly understood, often under pressure and with
limited information. The dilemma between proactive regulation and a more
cautious, evidence-gathering approach has begun to materialize into concrete
actions. The entry into force of the European Union’s Al Act, the world’s first
comprehensive regulatory framework, marks a turning point, although the
debate over the optimal pace and scope of regulation persists globally. To close
this gap, adaptive and forward-looking governance is critical.

It is important to emphasize that nothing about the future of Al is prede-
termined. The path forward encompasses possibilities ranging from extraor-
dinary progress to profound risks. The final direction will depend on society's
collective decisions and the governance frameworks in place. Navigating this
uncertainty effectively —harnessing the benefits of Al while mitigating its risks—
requires fostering an informed public discourse and implementing responsive,
evidence-based policies in coordinated collaboration. Thoroughly understand-
ing the problems and challenges that Al poses is an indispensable foundation
for finding solutions.

IIl. MEASURING THE EXIPONENTIAL
PROGRESS OFF AlI'S ADVANCE

The advance of artificial intelligence (Al) has transformed our world in ways that
were unimaginable just a few decades ago, offering revolutionary solutions to
complex problems and redefining entire sectors of society. However, alongside
these extraordinary achievements come profound concerns about the inherent
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risks and the challenges of sustainability and control that accompany this rapidly
evolving technology.

The development of Al has captured global attention, promising unprece-
dented breakthroughs while generating deep-seated concerns. Evaluating its
present capabilities and evolutionary characteristics requires a multidimensio-
nal approach that reflects the complexity of its progress and the foundations
upon which it is built. Although the advance of Al has been described as ex-
ponential, it is crucial to recognise that this progress may be built on unstable
foundations. Current Al systems, inspired by the architecture of the human
brain, have yet to replicate its efficient and elegant design. This failure of re-
plication is not only a technical challenge but also has significant implications
for energy consumption.

While the human brain can perform up to a quadrillion operations per second
on just 20 watts of power, modern supercomputers require energy inputs
hundreds of thousands or millions of times greater to perform comparable tasks.
This disparity in energy consumption and architecture highlights a significant
disconnect in the efficiency and sustainability of Al systems, raising profound
questions about human compatibility and the sustainability of its development.

To put it in perspective, data centres and Al systems currently consume a
significant portion of global electricity, with projections from the International
Energy Agency suggesting this demand could double by 2026, matching the
consumption of countries like Japan. Beyond electricity, the consumption of
fresh water for cooling data centres has become a hidden sustainability crisis.
It is estimated that training a single large Al model can consume hundreds of
thousands of litres of water, placing immense pressure on local water resources.
This energy and water inefficiency not only poses technical challenges but also
has profound environmental and geopolitical implications, becoming a critical
factor in the accelerating race for Al supremacy.

The development of complex reasoning, problem-solving, and decision-
making capabilities is another measurable reflection of Al's progress. These
advances, once considered exclusive to human cognition, are now replicated
and, in some cases, surpassed by Al models, suggesting improvements in the
creation of ever more sophisticated algorithms.

The performance of Al, measured in operations per second, illustrates its
evolution from limited models to robust, high-functioning systems. But the
resilience of these systems in the face of imperfect or incomplete information is
equally crucial. The ability to make decisions under uncertainty is an indicator of
their adaptability, but it also implies risks of prioritising capabilities that could
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compromise reliability. Furthermore, the adaptability of Al systems, defined as
the ability to modify their behaviour in response to new data or tasks, adds to
their complexity, which underscores the need for continuous evaluations and an
effective oversight framework.

However, beyond adaptability, the true test of Al is its ability to withstand
threats and maintain its operational integrity. The current competitive landscape,
driven by market pressures and geopolitical ambitions, often prioritises rapid
deployment over safety and sophistication. This race for Al supremacy, in which
time and speed outweigh the rigour of evaluation, could unleash unprecedented
harms that surpass our capacity for understanding and control.

The expanding scope of Al in cultural, political, organisational, social, and
economic sectors is an outstanding metric of its impact. Al is becoming an
integral part of decision-making processes, operational strategies, and policy
implementation, reshaping how societies function at both micro and macro
levels. However, this transformative capacity also brings with it the problem of
alignment, a central challenge that becomes increasingly vital as the advance
of General-Purpose Al tends to be uncontainable. As Al systems become
more powerful and autonomous, it is imperative to ensure that their actions
and decisions are aligned with the values, objectives, and survival of human
civilisation. The integration of Al into these sectors has been made possible by
the development of complex reasoning and decision-making capabilities.

The traditional approach to Al, which relies on programming machines to
achieve specific objectives, presents significant risks to humanity. These systems,
by strictly following instructions, can behave in ways that do not align with human
interests. This problem is aggravated by the appearance of “hallucinations” in
the models and the possibility of losing control over them, which highlights the
need for a more prudent approach.

Various events illustrate these cases. Even the latest frontier models, in the
class of GPT-40 or Claude 3, continue to exhibit this unpredictable behaviour.
A notable case in 2024 was the launch of Google's ‘Al Overviews’ feature, which
provided incorrect and dangerous answers, ranging from recommending the
use of glue on food to fabricating historical information. This demonstrated that
even the most advanced companies struggle to control this phenomenon at
scale. This problem of 'hallucinations’ extends to critical systems, from machine
translation with contextual errors that could have serious consequences in
diplomacy or medicine, to diagnostic systems that generate erroneous results.

In the case of loss of control, a notable example occurred during the de-
velopment of autonomous vehicles, where a car in test-driving mode failed to
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correctly detect a moving object due to an image classification error, resulting in
an accident. These events underscore the challenges of maintaining complete
control in high-stakes situations. In the financial realm, trading algorithms have
acted unpredictably, making rapid decisions and triggering sudden market cras-
hes (such as the 2010 “flash crash”). These types of incidents demonstrate how
Al can behave in ways that exceed human expectations, resulting in significant
economic consequences. Certain Al models used for medical diagnosis have
presented “hallucinations” by identifying erroneous patterns in X-ray images,
generating incorrect diagnoses. Similarly, security and defence systems acting
without sufficient human supervision "hallucinate” by misinterpreting surveillan-
ce data or threats. This could trigger unwanted reactions and conflicts.

As Al becomes more sophisticated, one of the greatest challenges it faces is
the lack of transparency in its decision-making processes, commonly referred to
as the "black box’ phenomenon. Complex models, such as those based on deep
neural networks, operate in ways that are opaque even to their own developers.
This lack of explainability can erode public trust and hinder the implementation
of Al in critical sectors such as medicine, justice, and security. For example, an
Al algorithm used to assess loan eligibility may deny an application without
its developers being able to clearly explain why it reached that decision. This
opacity not only poses problems of trust but also impedes the detection of
biases and errors that could lead to unfair or discriminatory decisions.

To address this problem, Explainable Al (XAl) techniques are being deve-
loped to make the internal processes of models more understandable. These
techniques include approaches like breaking down complex decisions into sim-
pler steps and creating complementary models that explain the behaviour of
the main systems. Transparency and explainability are essential to ensure that
Al systems operate fairly and that users and regulators can effectively evaluate
them, thereby guaranteeing an ethical and trustworthy use of the technology.
This need has become even more pressing with the entry into force of regulatory
frameworks, such as the EU Al Act, which legally requires levels of transparency
and explainability for systems considered high-risk.

Prof. Stuart Russell emphasises that the evolution of Al must be oriented
towards a design where systems maintain an inherent uncertainty about their
objectives. This uncertainty must be based on the recognition that human
preferences are complex, dynamic, and difficult to comprehend and articulate
fully. To ensure that Al develops in a manner compatible with human interests,
he proposes that it is crucial for these systems to actively seek guidance and
feedback from humans when making decisions. Al systems must be designed to
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operate in a controlled and altruistic manner, constantly seeking human direction
and being willing to cede control or be shut down if necessary to protect human
values and objectives. In this way, a collaboration is fostered in which Al acts as
an extension of human will, ensuring that technological advances are beneficial
and do not pose a threat.

The containment of Al systems emerges as a critical architectural weakness
thathasreceived insufficientattention, as argued by Mustafa Suleyman. Mastering
this challenge requires a thorough investigation into the cognitive characteristics
of the systems, encompassing both clearly identifiable problems and those that
remain unknown. This includes not only addressing problems we can currently
visualise but also those we recognise but cannot fully comprehend, as well as the
vast domains of uncertainty that remain beyond our knowledge. One strategy
for achieving this form of controlled Al is to impose physical constraints.

Prof. Max Tegmark and others propose a proactive approach to Al safety, ar-
guing for the importance of physically limiting Al systems. This involves desig-
ning Al systems (hardware) that have inherently limited capabilities and cannot
cause harm to humans or the environment. By imposing physical constraints
on Al, such as restricting its access to critical infrastructure or limiting its ability
to interact with the physical world, we can mitigate the risks associated with
superintelligent Al. This approach, while challenging, is considered essential to
ensure that Al remains a beneficial tool for humanity.

The robustness and security of Al its ability to withstand adversarial attacks,
and the effective foresight and containment of its misuse by malicious and
criminal actors —as seen in the proliferation of hyper-realistic disinformation
campaigns during electoral processes or in the development of autonomous
malware and phishing attacks— are crucial in a context where Al systems are
gaining ever more autonomy. Ensuring operational integrity and resilience to
external threats is a priority, and Al governance must be comprehensive and
aligned with human rights principles and with goals such as the United Nations’
Sustainable Development Goals (SDGs). This strategy must be adaptable
to different contexts and capable of evolving, addressing both current and
unknown problems, and ensuring that Al systems maintain their adherence to
human values.

Hence, the need for interdisciplinary collaboration that includes scientists,
engineers, ethicists, and policymakers is imperative. Only through a
collaborative effort and strategic management can we harness the benefits of
Al while mitigating its risks, ensuring that this technology contributes positively
to human progress and the sustainability of the planet.
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. Al AS A HUMAN PRODUCT:
NEUTRALITY, DEVELOPMENT,
AND DRIVING FORCES

Avrtificial intelligence is inherently a human creation, shaped by the intentions
and designs of its developers. At its core, it is conceived as an inert tool, neither
inherently beneficial nor harmful. However, this viewpoint has become more
complex; by being trained on society’s language and data, these systems
inevitably inherit and can amplify the biases and cultural values inherent in that
information, calling their supposed neutrality into question. The ethical design
and alignment of Al rest entirely in human hands, which underscores that it
should not be anthropomorphised or attributed with independent will. Instead,
Al should be seen as an interconnected system of distributed, interactive, and
evolving components, exhibiting complex, fractal-like structures that function
at various scales.

The rapid advancement of Al is closely tied to socioeconomic and political
progress, driven by the urgent need to address global crises such as climate
change, pandemics, and poverty. This need has catalysed significant investments
and fostered international collaboration, promoting the development of new
governance strategies to maximise the social benefits of Al. The strategic
push among major global powers —notably the United States and China,
with the European Union and the United Kingdom seeking their positioning—
is accelerating even further. This race has been joined by new actors with
significant ambitions, such as the United Arab Emirates and Saudi Arabia,
which are making massive investments in computational power to ensure their
digital sovereignty. This rivalry stimulates substantial investments, positioning
technological progress as an essential geopolitical lever.

Corporate participation has also been a significant driving force, as compa-
nies invest heavily in Al to secure competitive advantages, enter new markets,
and drive innovation. Financial and intellectual resources have been concen-
trated in regions with robust research ecosystems and strong science, tech-
nology, engineering, and mathematics (STEM) education programs. In this
context, the open-source movement has democratized access to advanced
tools, but, more importantly, a fundamental tension that defines the current
ecosystem has emerged: the competition between the ‘closed’ or proprietary
models from giants like Google, OpenAl, and Anthropic, and the powerful
‘open-source’ models driven by actors like Meta and the European Mistral Al.
This duality accelerates innovation but also fuels a critical debate on safety,
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the concentration of power, and the risks of uncontrolled proliferation of ad-
vanced capabilities.

Governments play a crucial role in shaping Al's trajectory. Through funding
for research and development, support for startups, and the establishment of
regulatory frameworks, they influence the responsible development of Al. The
vast and growing availability of data from diverse sources supports the creation
of sophisticated models, while advances in computational power, characterised
by greater efficiency, facilitate the training of ever-larger systems. However,
far from decreasing, the total cost to train a frontier model has soared into the
hundreds of millions of dollars, creating an economic barrier that concentrates
development power in the hands of a handful of corporations and nation-states.
Cloud computing has also transformed access to these capabilities, simplifying
Al development across different sectors and democratising its use for less
intensive tasks.

AsAlbecomesmore potent, itis essentialtoincorporate ethical considerations
into its design. This demands collaboration between ethicists, technologists,
and social scientists to ensure alignment with human rights and social values.
Addressing the challenges of alignment and containment becomes increasingly
critical as Al systems grow in complexity, raising questions about their ability
to remain under human control and fulfil human-centric objectives. These
concerns frame the discussions on architectural challenges and unintended
consequences that could impact safety and governance.

While immediate drivers, such as geopolitical competition and corporate
initiatives, fuel the rapid development of Al, recognising the long-term risks is
equally crucial. The potential existential threats and unintended consequences
of highly autonomous systems underscore the need for adaptable regulatory
frameworks that can evolve in response to technological advances. Al holds the
promise of addressing significant global challenges, but it also runs the risk of
exacerbating existing inequalities if its benefits are not distributed equitably.

The development and deployment of Al cannot be left solely to market
forces. While markets drive innovation, they often do so without sufficient
consideration for public well-being, a sustainable environment, or long-term
catastrophic risks. National governments, regional bodies, and international
cooperation are essential to create a balanced framework that ensures Al serves
the common good and aligns with the objectives of sustainable and inclusive
global development.



JOSE RAMON LOPEZ-PORTILLO ROMANO

IV. HOW IS THE IMIPACT OIF Al
PERCEIVED?

The exploration of Al's potential capabilities and impact has generated
diverse perspectives on its socioeconomic and political implications. Debates
surrounding the timeline for achieving Artificial General Intelligence (AGI),
capable ofsurpassinghumanintelligence and dexterity, highlight thisuncertainty,
with some experts sceptical of its short-term feasibility and others seeing it as an
imminent reality. This range of views reflects the broader uncertainty surrounding
Al's trajectory and its potential to have a profound influence on society.
Consolidating perspectives on Al's social impact underscores the importance
of examining both immediate and long-term consequences, informing adaptive
policies that balance technological benefits with risks.

The impact of artificial intelligence on the global economy is manifested
through unprecedented technological growth. The last decade has witnessed
an exponential increase in the computational power dedicated to training
large language models (LLMs), with an estimated ten-billion-fold increase. This
extraordinary evolution is the product of the convergence of multiple factors:
the refinement of algorithms, the proliferation of specialised hardware like GPUs
and TPUs, and the democratisation of access to cloud computing resources. The
trajectory of this development suggests a next generation of Al systems that
could surpass human cognitive capabilities in various domains.

Economic projections reflect the magnitude of this technological trans-
formation. Goldman Sachs anticipates that generative Al applications could
contribute up to $7 trillion in economic value over the next decade, while the
comprehensive impact of Al across various industrial sectors could reach $14
trillion. This economic potential is already materializing in substantial invest-
ments: in 2024, global investment in Al, primarily private, reached a record
figure of over $250 billion according to reports like the Stanford Al Index, and
growth is projected to continue at a similar pace in 2025, driven by the race in
generative Al.

Thetransformationistangibly evidentin critical sectors such asdrugdiscovery,
where companies like Isomorphic Labs are already designing new medicines
with Al, and in logistics, where Al-based optimisation is redefining global supply
chains. This sectoral penetration reinforces Al's role as a fundamental catalyst
for contemporary economic growth and technological innovation.

Discussions about the potential impact of Al reveal both optimistic and
pessimistic views, highlighting the complex duality of its outcomes.
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THE OPTIMISTS

Optimists believe that Al can drive technological progress and contribute to
addressing pressing global problems, including poverty, hunger, disease,
environmental challenges, violence, inequality, and resource scarcity. Real-world
examples, such as the revolutionary AlphaFold 3 model from Google DeepMind,
which can now predict the structure and interaction of nearly all biological
molecules and is dramatically accelerating the discovery of new drugs, illustrate
how Al can be a powerful tool to support sustainable development and align
with the Sustainable Development Goals (SDGs).

The development of Al is heavily dependent on globally sourced raw
materials, from critical minerals essential for hardware to diverse datasets used
in model training. This global nature not only concentrates power and wealth
in certain regions but also carries significant geopolitical and geo-economic
implications. Ensuring equitable access to and distribution of these resources is
essential for fostering global stability and preventing monopolistic control over
Al technologies.

It is anticipated that the integration of Al into various sectors will enhance
productivity by automating cognitive and physical tasks, particularly those
that are repetitive or dangerous. Examples include Al-powered robotics in
manufacturing and data processing systems in service industries, which have
already demonstrated productivity improvements. This shift has the potential to
free up human labour for more creative and meaningful endeavours, fostering
general well-being and reshaping job roles.

Optimists envision a future where Al contributes to greater equality in
opportunity and security, fostering an environment where hyper-connectivity
and intelligent digitalisation promote creativity and collaboration across various
sectors and communities. Furthermore, advances in ethical alignment, human
compatibility, and control of Al systems are expected to enhance collective well-
being and lay the groundwork for sustained social progress.

THE PESSIMISTS

However, the pessimistic perspective presents a stark contrast, warning of
significant risks and challenges that could accompany the continued evolution
of Al. Critics argue that technological progress may stagnate, failing to address
or resolve the pressing crises facing humanity, such as climate change and
sociopolitical turmoil. Some suggest that sociopolitical structures, rather than
the availability of advanced technologies, will play a decisive role in preventing
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or exacerbating environmental collapse. For example, the failure to implement
effective governance measures could undermine technological solutions, leaving
economic and ecological problems unresolved. The growing complexity of Al
systems also raises concerns about potential errors, unintended consequences,
andinsurmountable challenges, such as mass unemployment due to automation,
extreme socioeconomic inequality, and structural economic deflation.

Pessimists also highlight the risks associated with hyper-connectivity, inclu-
ding increased vulnerability to cyberattacks and the erosion of privacy and in-
dividual freedoms. The use of Al in sophisticated cyber operations, including
the development of autonomous agents capable of independently executing
cyberattacks, has already shown how vulnerabilities can be exploited, posing
serious threats to national and global security. Furthermore, the potential for Al
to be harnessed for political manipulation, a risk already observed through the
use of 'deepfakes’ and automated disinformation campaigns in recent electoral
contests, could fuel the rise of populism and digital authoritarianism, potentia-
lly leading to conditions of technological totalitarianism from which society mi-
ght struggle to break free. In such a scenario, the pervasive reach and influence
of Al could contribute to an environment where centralised control becomes
inescapable, and individuals lose agency over their lives.

Balancing the optimistic and pessimistic perspectives underscores the signi-
ficant uncertainty surrounding the future of Al. This dual perspective reinforces
the need for a comprehensive and adaptive approach to guide Al development
—one that maximises social benefits while maintaining vigilance against poten-
tial risks. An integrated approach necessitates robust and flexible governance
frameworks that can respond promptly to technological advancements and en-
sure alignment with human values and collective well-being. Such frameworks
should facilitate international cooperation, promote equitable access to the
benefits of Al, and address social challenges to foster a balanced and inclusive
impact. For this, a better understanding and monitoring of the international
and social impact of Al is needed.

V. THE SOCIOECONOMIC IMIPACT OI-F Al

The transformative influence of Al on the socioeconomic, political, and cultural
fabric of contemporary societies transcends national borders and social
strata, catalysing an unprecedented technological revolution. Its capacity to
democratize access to essential services and generate innovative solutions
is fundamentally reshaping the way societies address their most pressing
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challenges. The versatility of Al enables the development of adaptive solutions
that respond to the specific needs of different communities, from medical
diagnostic systems that extend healthcare to remote regions to educational
platforms that personalise learning according to individual capabilities. This
technological democratisation not only optimises the delivery of essential
services but also catalyses a process of social transformation that promises
to reduce historical disparities in access to resources and opportunities
fundamental for human development.

The transformative potential of Al is set to reshape the global political, eco-
nomic, and cultural landscape at an unprecedented pace, introducing both
opportunities and challenges. While it promises significant gains in productivi-
ty and innovations that could drive social progress, its multifaceted impact on
the labour market presents critical challenges, including job displacement and
skill obsolescence driven by automation. The deployment of Al across sectors,
such as manufacturing and services, has already altered labour structures, par-
ticularly for workers in routine or repetitive roles. To address these disruptions,
comprehensive policies that promote social inclusion, equal opportunity, and
robust social safety nets are crucial. Strategic investments in lifelong learning
and skill development initiatives will be crucial to help the workforce transition
to Al-complementary roles, mitigate potential inequalities, and foster a more
equitable distribution of benefits.

Numerous studies and reports from prestigious organisations such as the
World Economic Forum, the IMF, and PwC have indicated that a significant
portion of jobs, particularly those involving cognitive tasks, are at risk of being
automated due to Al. These studies often highlight the potential impact on
advanced economies with a highly skilled workforce.

For example, an IMF analysis from early 2025 reiterates that around 40% of
global jobs are exposedto Al. Still, it places anew emphasis on how Al willaugment
productivity in complementary roles, sharpening the divide between those who
adopt it and those who do not. Similarly, the “2025 Al Jobs Barometer” from
PwC highlights that while automation risks persist, new job categories focused
on the interaction, supervision, and maintenance of Al systems are emerging.

However, many studies argue that diverse economies may be better
positioned to leverage the productivity gains from Al, emphasising the
importance of international cooperation to ensure an equitable distribution of
benefits and manage disruptions effectively. While emerging and developing
economies may experience less immediate job displacement, their limited
infrastructure and resources hinder their ability to leverage Al advancements
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fully. This disparity risks exacerbating the digital and economic divide between
nations, underscoring the importance of global initiatives that support
technological adoption and capacity-building efforts to foster balanced and
inclusive progress worldwide.

Despite the global nature of Al's impact, significant gaps in representation
persist within international discussions on Al governance. Many regions, parti-
cularly in the Global South, remain excluded from these critical conversations
and negotiations, despite the fact that the outcomes significantly impact their
societies. This lack of equitable representation means that the perspectives of
diverse cultural, social, and economic contexts are often overlooked, potentially
reinforcing existing inequalities and limiting the inclusivity of Al policies. Ensu-
ring that these voices play a significant role in shaping Al governance is essential
for creating frameworks that are fair, comprehensive, and truly global.

One of the main barriersto Al developmentin many parts of the world is access
to high-performance computing resources. Of the top 100 high-performance
computing clusters capable of training large Al models, none are hosted in a
developing country. This stark disparity underscores the challenges developing
nations face in harnessing the full potential of Al. Addressing this divide requires
innovative approaches such as supporting distributed and federated models of
Al development. These models enable the collaborative training of Al across
multiple, less powerful computing systems, allowing for broader participation
and reducing dependence on high-cost, centralised infrastructure. By fostering
these distributed approaches, the global Al ecosystem can become more
inclusive, supporting equitable technological progress and closing the gap
for regions that lack access to necessary computational power. In response,
multilateral initiatives such as the UN's ‘Al for Good' have emerged, aiming to
democratise access, although the structural gap remains.

Overlooking the social effects of Al and neglecting efforts to close the digital
divide could exacerbate income and wealth disparities, affecting workers across
all income levels. However, when harnessed effectively, Al has the potential
to complement human skills, boosting productivity and fostering innovation
among those equipped to navigate and utilise these technologies.

A critical, but often overlooked, issue in Al development is the presence of
“missing data” -regions and communities that are underrepresented or not
represented at all in global datasets. This lack of representation can significantly
impact Al's ability to serve diverse populations in an equitable manner. For
example, Al models trained primarily on data from dominant languages and
cultures often fail to accurately understand or process content from less-
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represented linguistic and cultural groups. This omission not only perpetuates
biases within Al systems but also limits the accessibility and benefits of Al for
underrepresented communities. The failure to incorporate diverse data sources
is a missed opportunity to effectively and inclusively leverage Al's potential
in addressing local challenges. Addressing this requires targeted efforts to
incorporate data from diverse regions, promote linguistic variety in training
data, and build Al systems that are culturally aware and adaptable. Only then
can the global community ensure that Al serves all segments of society fairly and
inclusively. This is one of the reasons behind the push towards ‘Al sovereignty,’
where nations and regions are developing their own language models to ensure
their cultures, languages, and local contexts are represented in the digital future.

The United Nations’' 2030 Agenda for Sustainable Development, with its 17
Sustainable Development Goals (SDGs), provides a comprehensive framework
that can guide the development, deployment, and use of Al. By aligning Al
investments with global development priorities, stakeholders can leverage the
technology’s potential to address pressing challenges like poverty, hunger,
health disparities, and environmental sustainability. However, without a com-
prehensive and inclusive approach to Al governance, this potential may not be
realised, and the deployment of Al could inadvertently exacerbate existing in-
equalities and biases. Targeted investments in Al that prioritise sustainable de-
velopment can help close gaps in resources, talent, and infrastructure, driving
equitable progress towards the SDGs. Such an approach highlights the impor-
tance of fostering collaboration among governments, industry, academia, and
civil society to ensure that Al development serves as a force for inclusive
and sustainable global progress.

Educational initiatives that equip diverse segments of society with Al literacy
and management skills are crucial for levelling the playing field. For example,
government —funded programs that focus on Al training for middle- and low-
income workers can be instrumental in reducing inequality. Such programs
help individuals leverage Al for productivity gains, thereby reducing the risk of
exacerbated economic disparities.

The impact of Al on economic inequality depends significantly on whether
individuals experience job displacement or can leverage Al to boost productivi-
ty. Reports, such as those from the International Monetary Fund (IMF), suggest
that higher-paid workers may see disproportionate income gains due to com-
plementarity with Al, potentially increasing labour income inequality. To address
this, policy discussions and think tanks could explore strategies for the equita-
ble distribution of Al's benefits, emphasising education and training programs
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tailored to different skill levels and age groups. Initiatives like Germany's dual
education system, which integrates vocational training with formal education,
could serve as a model for other nations.

National approaches to defining Al property rights and implementing
redistributive fiscal policies will be decisive in shaping Al's influence on the
distribution of income and wealth. If Al significantly enhances specific jobs, the
increased demand for skilled labour could counteract the effects of automation,
potentially stabilising or even improving income distribution. This highlights
the importance of policy workshops and debates focused on Al property rights
and fiscal strategies aimed at formulating inclusive economic policies. Global
organisations, such as the United Nations, the UK's Department for Science,
Innovation and Technology (DSIT) initiative, which has convened semi-annual
summits worldwide on Al safety, and the OECD, could take the lead in facilitating
these discussions to ensure widespread consensus and implementation.

The readiness to adopt and benefit from Al varies notably by education
level and age. Workers with university degrees and younger individuals are
typically more adaptable and likely to transition to Al-complementary roles.
Conversely, workers without post-secondary education and older individuals
may face increasing susceptibility to Al-induced changes. Targeted mentorship
and lifelong learning programs for these vulnerable groups can help mitigate
risks and promote a more inclusive transition to an Al-enhanced economy.
For example, public-private partnerships and other less burdensome versions
of the state’s role, which sponsor reskilling initiatives, can play a critical role in
supporting these transitions.

The disparity in the adoption and benefits of Al across countries underscores
the need to invest in digital infrastructure, human capital, technological
innovation, and adaptable legal frameworks. Indices such as the University of
Oxford’s Government Al Readiness Index and the IMF’s Al Preparedness Index
indicate that both advanced and emerging economies need to prioritise Al
integration while fostering a regulatory environment that allows for growth.
International conferences and collaborative research initiatives focused on
sharing best practices in digital infrastructure and Al policy can help reduce
disparities and foster uniform advancement across regions. Examples of
successful collaborations include partnerships in Southeast Asia that pool
resources to build Al capabilities in less developed nations.

The key elements for effective Al adoption include sustained investment in
education, fostering inclusive experiences in science, technology, engineering,
and mathematics, and promoting labour and capital mobility. Legal frameworks
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that accommodate new digital business models are also essential. Developing
a digitally skilled workforce, supported by foundational infrastructure and
innovation, is critical for all economies. Equally important are social safety
nets and reskilling programs for workers at risk of job displacement due to Al
advancements, which ensure inclusivity and prevent further inequality. Proposing
global partnerships and funding mechanisms to support these key elements can
help ensure that the benefits of Al are widely accessible.

A delay in adapting to the rapid progress of Al could lead to social instability
and insecurity. Implementing universal basic services and considering measures
such as Universal Basic Income (UBI) may be essential to reducing the gap
between different social groups and ensuring equitable participation in the
Al-driven future. Organising global dialogues on innovative social support
systems, such as UBI, could provide a platform to explore and pilot approaches
that mitigate the socioeconomic impacts of Al, supporting a more stable and
inclusive transition. For example, ongoing experiments with UBI and other forms
of social safety nets in various parts of the world, from Kenya to cities in the
United States, have shown potential benefits in reducing economic insecurity.

The series of Al Safety Summits, from Bletchley Park to Seoul and Paris, in
which | have participated, served as a stark reminder of the urgency to collaborate
on addressing architectural challenges, the numerous social impacts of Al, and
regulatory governance, before we face a potential dystopian future of our own
making. Only through coordinated collaboration, rooted in ethical principles
and a shared vision for humanity, can we harness the power of Al to benefit
everyone. The coming years will be crucial in shaping this path, demanding
immediate, collective, and informed action from governments, international
bodies, corporations, and civil society. This is why international collaboration
and the establishment of a global and adaptable regulatory system that
encompasses all countries are vital.

VI. THE NEED FOR INTERNATIONAL
COLLABORATION

The governance of Al necessitates a comprehensive and global approach
that encompasses political, economic, social, ethical, human rights, technical,
and environmental aspects. This comprehensive approach would enable the
transformation of the current fragmented mosaic of initiatives, which have so
far proven ineffective and counterproductive, into a coherent and interoperable
system.Based oninternational law and aligned with the Sustainable Development
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Goals (SDGs), this strategy must be adaptable to different contexts and capable
of evolving over time.

The rapid development of Al has led to the emergence of numerous standards
adopted by international organisations such as the International Telecommunica-
tion Union (ITU), the International Organisation for Standardisation (ISO), the In-
ternational Electrotechnical Commission (IEC), and the Institute of Electrical and
Electronics Engineers (IEEE). While this international proliferation, and its national
and even local echoes, have helped create fundamental guidelines, they have
also resulted in a fragmented landscape without a common language or unified
framework. The absence of agreed-upon definitions for key concepts like fair-
ness, safety, and transparency further complicates cohesive governance efforts,
leading to discrepancies between narrowly defined technical standards and tho-
se intended to incorporate broader ethical principles. It is precisely this gap that
initiatives like the Al Safety Summit series and the UN's Al Advisory Body seek
to begin closing by fostering a shared understanding of risks and opportunities.

One of the most immediate benefits of international cooperation in Al
governance is the pooling of expertise and resources. Countries with advanced
Al capabilities can share knowledge, technical standards, and best practices
with nations that may lack the same technological infrastructure or experience.
This exchange not only accelerates innovation but also lays the groundwork for
ethical and technical standards that benefit all parties involved. For example,
joint research initiatives and cross-border educational programs can help
developing nations build competencies in Al, fostering a more balanced global
technological landscape.

Consistent international standards can simplify the deployment of Al tech-
nologies and reduce regulatory friction for multinational corporations. Harmo-
nised regulations ensure that Al applications adhere to shared ethical guideli-
nes and safety protocols, minimising the risk of harmful or unethical practices.
This alignment also supports businesses by providing a clearer framework wi-
thin which they can operate, reducing compliance costs and fostering econo-
mic growth.

The global nature of Al's potential risks, such as autonomous weapons
or advanced cyberattacks, necessitates immediate and effective collective
action. International cooperation allows for the development of joint protocols
to manage Al-related crises and reinforces global security by preventing the
misuse of Al technologies. Shared data on Al vulnerabilities and coordinated
efforts to address them can help countries stay ahead of emerging threats and
intercept and neutralise malicious actors.
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Collaborative governance frameworks promote transparency and accoun-
tability, both of which are crucial for fostering public trust. Joint policies that
reflect shared human values encourage citizens to see Al advancements as
aligned with their interests. The public perception of Al's legitimacy and safety
improves when policies are informed by a range of global perspectives and in-
clude checks against bias and unintended consequences.

While a lack of coordination has characterised the governance of Al, historic
steps have been taken to overcome this disjointed approach. The adoption by
consensus of the first UN General Assembly Resolution on Al in March 2024
marked a milestone, establishing an initial global agreement on the need
to guide the technology’s development in a safe, secure, and human rights-
aligned manner. Although this does not eliminate fragmentation, it represents
a fundamental starting point for more cohesive global governance. This effort
is complemented by the work of the multi-stakeholder Al Advisory Body, which
was created to offer concrete recommendations to help structure international
cooperation and align the various initiatives within the UN system, seeking to
transform disconnected regimes into an interoperable framework.

VII. CHALLENGES OIFF INTERNATIONAL
COLLABORATION

Achieving convergence among the major global powers presents substantial
challenges due to divergent political structures and regulatory philosophies.
These differences have materialized into concrete policies: the United States,
through its Executive Order on Al, has adopted a pro-innovation approach
based on standards and risk management; the EU, with its pioneering Al Act,
has established a legal framework based on rights and risk classification; and
China, with its measures for generative Al services, integrates state control and
direct supervision to align the technology with national security and values.
These differences can create friction and hinder efforts to agree on shared
principles for Al governance.

The strategic value of Al as a tool for achieving an economic and military
advantage amplifies the competition among major powers. This rivalry can lead
to protectionist or exclusive policies that prioritise national interests over global
collaboration. For example, the escalation of export controls on advanced
semiconductors by the United States towards China, aimed at limiting the
development of frontier Al, is a clear example of how technological competition
can impede open dialogue and data sharing. Without mechanisms to alleviate
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these tensions, cooperative frameworks risk being undermined by mutual
distrust and geopolitical agendas.

International cooperation must also address the disparities between
technologically advanced nations and those still developing their Al capabilities.
Without targeted support, less-developed nations may find themselves unable
to participate meaningfully in governance discussions, widening the global
technological gap. This imbalance could result in regulations that fail to account
for diverse economic and cultural contexts, further marginalizing certain regions.

Even when consensus is reached, implementing and enforcing international
regulations can be difficult. Each country’s legal and political system affects
how agreements are integrated into national laws. Furthermore, monitoring
and ensuring compliance with international standards require resources and
coordinated oversight, which can be difficult to maintain over time.

Global Al governance must go beyond agreements and principles and focus
on viable implementation. Ensuring that global commitments translate into
tangible outcomes is crucial for significant progress. This includes initiatives for
capacity building, particularly in regions with limited access to Al resources, and
support for small and medium-sized enterprises (SMEs) so they can compete
and innovate effectively. Without effective measures that translate policy into
practice, global governance risks becoming a purely ceremonial exercise,
devoid of real impact.

VIl. THE IPATH FORWAIRD

International collaboration is crucial for developing a global framework that
regulates Al by aligning it with human values and safety standards. Although
organisations like the UN and the OECD can facilitate dialogue and establish
common principles, regulatory convergence among major powers faces
challenges due to their different political structures and strategic interests.
Even so, the consensus adoption of the first UN resolution on Al and the joint
declarations from the Al Safety Summits demonstrate that it is possible to find
common ground on fundamental principles such as safety, reliability, and the
need for human-centric governance. Nevertheless, this cooperation is essential
to ensure an equitable distribution of Al's benefits and a collective management
of its risks, allowing the technology to serve the common good of humanity.
Understanding these driving forces and challenges is essential for assessing
the opportunities and risks associated with Al. Ignoring these dynamics poses
significant threats to the responsible development of Al, including problems
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related to participation and the equitable distribution of benefits. Continuous
scientific research and interdisciplinary efforts are vital to ensure that Al tech-
nologies remain compatible with human rights, social values, and the broader
goal of advancing human well-being. Closing the technological and policy gaps
through proactive governance and international cooperation will ultimately de-
termine whether Al serves as a powerful tool for human progress or a source of
profound social challenges.

The guide for forming new international Al governance institutions must be
based on principles that recognise the broader context in which Al operates.
These include acknowledging that Al governance does not occur in a vacuum
and must be aligned with existing international law, particularly international
human rights law. This alignment ensures that the development and deployment
of Al promote human dignity, fairness, and the protection of fundamental rights.

ADAPTIVE REGULATORY GOVERNANCE OF Al: TOWARDS
A COMPATIBLE, CONTAINED, AND ALIGNED FUTURE

The exponential pace of Al development has outstripped the capacity of
traditional regulatory frameworks, creating a significant challenge for effective
governance. As mentioned before, the current landscape is characterised by
the entry into force of the first regulatory frameworks, such as the EU Al Act, and
the proliferation of divergent national approaches, alongside critiques of the
difficulty of keeping pace with the technology. This complex environment has
led to confusion, stagnation, and elevated risk. Overcoming these challenges
requires an adaptive and resilient approach to governance —one that evolves
in tandem with Al, aligning technological advancements with societal priorities
and values.

Al has the potential to strengthen human rights, well-being, and social
functions. This potential underscores the importance of a governance approach
that is proactive, evidence-based, and responsive. Science and interdisciplinary
expertise must drive this regulatory evolution, aiming to create a governance
framework that balances risk management, regulation, investment, and
innovation. Such a framework must foster intelligent and adaptive measures.
The primary mechanism for this is the regulatory sandbox,” actively promoted
by countries like the United Kingdom, which allows companies to innovate
under the supervision of regulators to ensure new applications are safe before
their mass deployment. This permits incentives for business investment and
innovation while maintaining a rigorous ethical foundation. Existing efforts, such
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asthe European Union’s Al Act, demonstrate attempts to establish classifications
and frameworks for high-risk Al, and they may constitute a starting point for
future global adaptation.

Effective Al governance requires striking a balance between risk mitiga-
tion and fostering innovation. This balance requires a regulatory approach
that encourages investment and entrepreneurship while upholding global
principles, such as those outlined in the Charter of the United Nations and the
Universal Declaration of Human Rights. However, this task is complicated by
the varied regulatory strategies of major global actors mentioned earlier. The
unique political, economic, and cultural priorities of each region contribute to
a competitive environment that challenges cohesive international collabora-
tion in Al governance.

The current state of Al governance bears parallels to aspects of the Cold War
concept of “mutually assured destruction” (MAD), yet with distinct characteristics
and implications. Al has the potential to devastate human civilisation, like the
use of nuclear weapons. However, unlike nuclear technology, Al is an evolving
cognitive force, capable of self-improvement and the development of complex,
opaque systems that could potentially escape human control. This introduces
a new concept, a “path to assured destruction” (PAD), where the uncontrolled
development of Al poses imminent existential risks. These risks include the
creation of autonomous weaponry with unpredictable consequences, making
global cooperation essential. Recent efforts, crystallised in the consensus
resolution of the UN General Assembly and in the joint declarations from the
Al Safety Summits, provide valuable frameworks and political momentum
for forging universal principles. However, these need to be translated into
enforceable standards through global agreements.

Progressing towards the compatibility, containment, and alignment of Al
requires a commitment to universal principles that guide the development of
adaptive governance. Ensuringthatthe developmentofartificialsuperintelligence
(ASI) moves forward only with incontrovertible evidence of its controllability and
benefits for human survival is a key component. This involves comprehensive
risk assessments and the implementation of safeguards that prioritise the well-
being of humanity. It is also essential to integrate public engagement and
transparency into governance efforts, fostering trust and ensuring that diverse
societal perspectives shape policy.

Fostering Al innovation must occur within frameworks of human oversight and
legal accountability, ensuring that the decisions and actions of Al systems are
always attributable to human operators. This approach supports transparency
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and safeguards against unethical, negligent, or harmful practices in the
development and use of Al, enforcing strict guidelines and legal consequences
for violators. Examples of this include regulatory sandboxes that allow for the
confirmation and controlled growth of Al applications, facilitating the fostering
and steering of innovation while monitoring potential risks. Combating digital
information theft and unethical practices also requires robust cybersecurity
measures, clear legal frameworks, and international cooperation to protect
individual and collective digital rights.

To foster trust and accountability, the role of Al in content creation must be
governed by clear guidelines that ensure Al-generated content is identifiable.
On this front, technical solutions have emerged, such as the C2PA (Coalition for
Content Provenance and Authenticity) standard, a multi-stakeholder initiative
that aims to create a verifiable ‘content credential’ allowing the origin and mo-
difications of an image or video to be tracked. This includes preventing Al from
impersonating individuals or organisations without explicit, informed consent,
thereby safeguarding identity and authenticity. A global dialogue is needed
to negotiate with Al corporations, urging them to allocate a portion of their
profits towards enforcing standards, mitigating socioeconomic impacts, and
supporting affected communities. Initiatives like public-private partnerships
and stakeholder dialogues can facilitate such agreements and promote coo-
perative progress.

Promoting the responsible use of Al in addressing public safety, human
rights, and intellectual property rights is crucial, as is ensuring alignment with
social values and legal norms. The establishment of mechanisms to monitor,
intervene, and prosecute those who misuse Al for hostile or negligent purposes
reinforces legal and ethical standards. Likewise, clarifying and enforcing legal
liability and accountability concerning Al's actions ensures that clear guidelines
exist for redress and compensation when necessary. Public engagement,
through consultations and participatory decision-making, can help shape these
policies to reflect societal values and concerns.

The universal adoption of these principles aims to foster a balanced approach
to Al development, minimizing existential risks while prioritizing human
safety and encouraging ethical practices. This approach seeks to encourage
innovation while addressing the potential challenges associated with advanced
Al technologies. By building a flexible and adaptive governance system rooted
in international cooperation and ethical oversight, societies can harness Al's
potential for widespread benefit while protecting against its risks. The path
ahead requires an unwavering commitment from governments, the private
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sector, and civil society to create a future where Al advances human well-being
without compromising safety or ethical standards.

TOWARDS AN ADAPTIVE REGULATORY GOVERNANCE
SYSTEM

While institutional and regulatory adaptability progresses incrementally, te-
chnological change —especially in General-Purpose Artificial Intelligence—ad-
vances at an exponential pace. This growing disparity underscores the urgent
need for innovative governance approaches that can evolve in parallel with the
rapid development of Al. Without adaptive and responsive regulatory systems,
the gap between the pace of technological evolution and regulatory oversight
will continue to widen, reducing the effectiveness of strategic and organisatio-
nal management. This mismatch presents a critical challenge that must be ad-
dressed to prevent regulatory obsolescence and safeguard societal interests.

The pressing need for an adaptive regulatory system that can respond in
real-time to the incessant emergence of new Al technologies is becoming
increasingly apparent. If governance structures remain static or only advance
gradually, they risk becoming obsolete at an accelerated rate, which could lead
to unforeseen consequences with potentially significant global implications. It is
unlikely that traditional, human-driven regulatory frameworks currently in force
will keep pace with the exponential growth of Al and related technologies. This
delay means that well-intentioned reforms and ethical guidelines may become
ineffective, or even counterproductive, if they cannot adapt quickly enough to
the changing landscape.

Technological synergies could play a fundamental role in overcoming these
challenges. Emerging technologies, such as blockchain, machine learning, and
advanced data analytics, offer powerful tools to enhance adaptive governance.
For example, blockchain can provide transparency and traceability in regulatory
processes, while Al-powered monitoring systems can flag non-compliance in
real-time. This is already happening in the financial sector, where regulators
use Al-based ‘RegTech’ to supervise markets on a large scale, enabling faster
corrective actions and ensuring adherence to regulations. These tools could
contribute to building a responsive governance system capable of continuous
monitoring and rapid adaptation to new developments.

However, implementing an adaptive governance system presents significant
challenges. Resistance from established institutions, which may be reluctant to
overhaul traditional regulatory practices, is a common obstacle. Furthermore,
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the costs associated with continuously updating and maintaining an adaptive
framework can be considerable, posing budgetary and logistical concerns for
many governments and organisations. Another pressing issue is the risk of re-
gulatory capture, where powerful technology companies exert undue influence
over the regulatory process to shape outcomes that favour their interests. Ad-
dressing these challenges requires a balanced approach that ensures the in-
tegrity and impartiality of governance structures while fostering collaboration
between the public and private sectors.

To manage and contain the development and deployment of Al in a safe,
ethical, and responsible manner, there is an urgent need for a regulatory go-
vernance system that is dynamic, flexible, and highly adaptable. Such a system
must be capable of evolving in step with technological advances. The develo-
pment of this governance system must involve global participation, leveraging
contributions from governments, private companies, academic institutions, civil
society, and the general public. This inclusive approach ensures that the system
is transparent, accountable, and characterised by precise mechanisms for mo-
nitoring, feedback, and modification. Versatility is crucial for responding effecti-
vely to rapid and often unpredictable technological changes.

In alignment with these principles, any regulatory body or system designed
to manage the strategic oversight of Al must fulfil essential roles. First, it
must continuously monitor and guide the development and implementation
of emerging Al technologies to maintain an ongoing understanding of their
potential impacts and risks. Second, the regulatory process must be efficient,
reliable, and inclusive, ensuring that all relevant stakeholders are involved and
represented. Third, this system must be empowered to block the progression
of Al technologies that pose significant risks or could lead to adverse
outcomes, thus acting as a safeguard for public well-being. Finally, fostering
global engagement and cooperation is crucial for sharing knowledge, aligning
standards, and leveraging collective expertise to mitigate risks and maximise
shared benefits.

For the regulatory governance structure to effectively oversee Al develop-
ment, it must exhibit the flexibility to adapt to rapid and unpredictable changes.
A successful strategy would ensure that regulatory oversight does not stifle in-
novation but instead fosters an environment where technological growth aligns
with ethical principles and serves the global public interest. Achieving this ba-
lance requires a collaborative approach, where diverse voices contribute to the
decision-making process, ensuring that outcomes are equitable and that the be-
nefits of technological progress are shared among countries and across society.
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Developing such a governance system will require integrating digital tools
and Al to support and drive adaptive regulatory practices. The system must
be capable of performing real-time data analysis, scenario planning, and
dynamic policy adjustment to maintain its relevance. Furthermore, international
cooperation must be prioritised to create standardised regulations that are
flexible enough to accommodate different regional and cultural contexts while
upholding fundamental principles that protect human rights and promote the
ethical use of Al.

To address inconsistencies and close the gap between different Al standards,
a coordinating body is needed. This function could be assumed by a new
‘clearing house’ under the UN or evolve from the nascent global network of
Al Safety Institutes, thereby giving it a formal mandate to align technical and
ethical standards. This body would bring together expertise from international
scientific panels, national and international standards organisations, technology
companies, and civil society representatives.

Such a platform could help align technical and ethical standards globally,
ensuring that Al governance is coherent, comprehensive, and grounded in
shared values. A unified approach to Al standardisation would not only simplify
governance but also support equitable and transparent development. The
participation of diverse stakeholders in this process is crucial for promoting
trust and accountability. By acting as a clearing house, the UN could facilitate
the alignment of existing standards and create a common understanding that
supports both technical excellence and ethical responsibility.

The next step involves solidifying these frameworks through pilot programs,
cross-border agreements, and adaptive legislation that can be adjusted as new
data and outcomes emerge. This will require commitment from all stakeholders
and an acknowledgement of the complexity involved in adapting governance.
Only by adopting such measures can the global community navigate the
challenges posed by Al, ensuring its development continues to benefit humanity
without undermining social values or safety.

A major obstacle is moving beyond the geopolitical competition and mutual
distrust among technological powers, which aggravate their differences. It is
vital to agree on confidence-building measures and international cooperation.
Despite the difficulties, opportunities exist for incremental progress through
collaboration in areas of common interest, such as Al safety and ethics. The role
of international platforms, such as the United Nations, the Al Safety Summit
series, and the OECD, is crucial for facilitating dialogue and establishing
shared standards.
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To move forward, Al governance must be flexible, adaptive, and human-
centric, with principles of transparency and accountability that reinforce public
trust. The inclusion of developing countries from the so-called Global South,
along with the implementation of effective monitoring mechanisms, will
ensure that the benefits of Al are distributed equitably, thereby preventing the
exacerbation of global inequalities and their associated negative impacts on
worldwide insecurity and uncertainty. A collaborative approach, integrating
governments, the private sector, academia, and civil society, is crucial to
achieving governance that strikes a balance between innovation and safety in
the context of accelerated technological evolution. Everyone should be able to
contribute to, participate in, and benefit from these efforts.

An inevitable conclusion is that, if humanity does not unite to prevent the
catastrophic risks of an uncontrolled Al, such as the proliferation of autonomous
weapons, the accelerated design of new pandemics, or the loss of control over
self-improving systems, it will irremediably face existential perils that could
condemn the new era in human history to an existential catastrophe.

THE NEED FOR AN AI-BACKED ADAPRPTIVE REGULATORY
GOVERNANCE SYSTEM

Given the growing challenges and risks of the advancement of artificial
intelligence (Al), an Al-backed adaptive governance system that can effectively
manage its development and evolution is indispensable. The integration of
Al into governance extends beyond traditional oversight, providing tools that
enable a dynamic response to a constantly evolving technological environment.
Adopting adaptive frameworks ensures that regulatory measures can keep pace
with Al, mitigating risks and maximising benefits.

Al can transform the adaptability of regulatory frameworks by offering agile,
data-driven responses. By analysing large volumes of information, such as
economicindicators and social trends, Al systems can identify emerging patterns
and shifts in public sentiment or market conditions. This predictive capability is
invaluable for updating policies and regulations, ensuring their relevance and
effectiveness. For example, Al-powered compliance tools are used in financial
markets to detect irregularities and manage risks in real-time, improving the
responsiveness of regulators.

In the realm of legal analysis, Al can evaluate existing normative frameworks,
identify inconsistencies, and suggest updates to harmonise regulations across
differentregions. By simulating the impact of new regulations under hypothetical
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scenarios, Al helps to reveal gaps in legal structures and facilitates a proactive
approach to legislative adaptation. Furthermore, Al systems can assist in
drafting legal documents aligned with current laws and precedents, ensuring
coherence and precision.

Al's monitoring capability is equally essential in overseeing compliance
across industries. By detecting patterns of non-compliance and identifying
problematic areas, Al enables regulatory bodies to act proactively. This op-
timises the allocation of resources, allowing regulators to focus on strategic
decision-making. A practical and imminent case is that of the new European
Union Al Office. To effectively oversee compliance with the Al Act across the
vast European single market —excluding the purely military sphere, which falls
outside its mandate— this body will inevitably require the use of automated
and intelligent supervisory tools as described here.

Al can also provide insights into public sentiment by analysing social media
and online discourse. By identifying trends and concerns, policymakers can
adjust regulations to align them with societal expectations and improve the
representativeness of policies. This real-time feedback loop reinforces trans-
parency and public trust, ensuring that policies evolve in sync with the needs
of citizens.

However, to ensure that Al operates fairly and without bias, it is fundamental
to implement regular audits and updates. This includes the use of diverse
data and the application of bias-detection algorithms to ensure equitable
standards. Precise mechanisms for interpreting Al-generated decisions must be
established, with final responsibility remaining in the hands of human decision-
makers. Al must be a supportive tool, not a substitute, thereby guaranteeing
accountability and alignment with democratic values and human rights.

The adoption of Al in governance faces challenges, such as resistance
from institutions and policymakers who may fear a lack of transparency or job
displacement. To overcome these barriers, it is necessary to communicate the
benefits of Al, implement pilot programs, and offer training to demonstrate its
value in regulatory management.

The commitment to ethical principles is non-negotiable in the integration of
Al. Transparency, fairness, and accountability must guide the evolution of these
systems. Periodic evaluations and adaptation to technological advances are
crucial to prevent the obsolescence of Al in governance. An Al-backed adaptive
governance approach can also influence international cooperation, serving as a
model for regulatory agreements and promoting the global standardisation of
policies.

83



84

>[2] ARTIFICIAL INTELLIGENCE GOVERNANCE: TOWARDS A NEW ERA OF RESPONSIBILITY ...

International organisations like the International Atomic Energy Agency
and the International Thermonuclear Experimental Reactor have shown that
it is possible to manage complex technologies with authorised mandates and
inclusive decision-making. These examples can inspire similar approaches in Al
governance, as reflected in the growing proposals to create an ‘International
Artificial Intelligence Agency’ (IAIA) with a mandate andinspection capabilities
similar to those of the IAEA, provided that the Global South is included in the
processes to ensure equitable representation.

Al's ability to support an adaptive regulatory system that evolves at the pace
of technology can empower governance structures, foster mutual trust and
serve as a benchmark for unified global standards.

The cost of not implementing an adaptive regulatory governance system is
high: an uncontrolled technological race, a widening of the digital divide, and
the erosion of public trust. It is essential to establish universal principles that
prioritise human rights, safety, and well-being, along with flexible regulatory
frameworks that guide the development of Al towards the common good.
Ultimately, learning to govern such a powerful technology with the help of the
technology itself may be the defining challenge, and the greatest opportunity,
for governance in the 215t century.
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I. INTRODUCTION

tthe threshold of the 21t century, artificial intelligence (Al) not only

redefines the boundaries of technology but also bursts into the

very core of social organization: democracy. Defined by Russell and
Norvig as “the construction of agents that act appropriately in their environ-
ment” (Russell and Norvig 2021, 22), Al has transcended its origins in machine
learning to become a pivotal actor in political processes, from moderating on-
line debates to predicting electoral behaviors. However, this integration is not
univocal. As Jungherr notes, “the consequences of current Al are more specific
to democracy than the broad speculations about AGI capabilities imply” (Jun-
gherr 2023, 1). Thus, a synergistic and confrontational relationship emerges: the
former, where Al amplifies the collective voice and optimizes governance; the
latter, where it threatens to undermine equity and individual autonomy.

The present article is structured into four main sections. First, the conceptual
foundations of Al and democracy are outlined, drawing on 20 key bibliographic
sources to contextualize the debate. Second, the synergistic dimension is
analyzed, illustrated with textual citations from empirical studies. Third, the
confrontational aspects are explored in depth, highlighting ethical and political
risks. Finally, recommendations are proposed for a democratic governance of Al.
This interdisciplinary approach, integrating political philosophy, data science,
and constitutional law, seeks not only to diagnose but also to guide toward a
future where technology serves the common good.

The relevance of this topic is undeniable. In 2025, with global elections
influenced by generative tools like ChatGPT, the question is no longer whether
Al will affect democracy, but how to mitigate its adverse impacts while
harnessing its benefits. As the UNESCO warns in its Recommendation on the
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Ethics of Artificial Intelligence, “the impacts of Al on political life are direct and
multifaceted” (UNESCO 2021, 5). This work, therefore, contributes to that urgent
call for critical reflection.

II. CONCEPTUAL FOUNDATIONS

A. DEFINITION AND EVOLUTION OF Al IN DEMOCRATIC
CONTEXTS

Al, in its narrow form (narrow Al), focuses on specific tasks such as natural lan-
guage processing or predictive analysis, distinguishing itself from the hypo-
thetical artificial general intelligence (AGI). Nilsson describes it as “the quality
that enables an entity to function appropriately and with foresight in its envi-
ronment” (Nilsson 2010, 8). In the democratic sphere, this evolution has been
accelerated by big data and machine learning, enabling everything from perso-
nalized electoral campaigns to the simulation of legislative scenarios.

Historically, the intersection of Al and democracy dates back to the 1960s
with cybernetics, but it exploded in the 2010s with scandals such as Cambridge
Analytica. Donahoe and Metzger argue that “Al poses substantial threats to
democratic values” (Donahoe and Metzger 2019, 115), while Ojo et al. highlight
its potential to “improve the quality of public services” (Ojo et al. 2019, 45). This
conceptual duality is the axis of our exploration.

B. DEMOCRACY IN THE DIGITAL ERA:
THEORETICAL FRAMEWORKS

Democracy, according to Dahl, entails “effective participation, equality in
voting, and adult inclusion” (Dahl 1989, 221). In the digital era, these pillars are
transformed: participation expands through online platforms, but equality is
threatened by biased algorithms. Bibliographically, works such as Weapons of
Math Destruction by O'Neil illustrate how data increase inequality (O'Neil 2016).
Therefore, the central question is not whether technology shapes democracy,
but how it does so and under what conditions it can do so legitimately.

One of the deepest analyses of this intersection comes from the Spanish
political philosopher Daniel Innerarity. In his article “The Impact of Artificial
Intelligence on Democracy”, published in the Revista de las Cortes Generales,
Innerarity posits that Al is not merely a technical instrument but a new space of
power that redefines popular sovereignty:
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“Artificial intelligence does not only transform the means of politics but
reconfigures the conditions of possibility for democratic deliberation. By
processing massive data, Al can anticipate preferences, simulate consensuses,
and, in some cases, substitute human judgment. This poses a paradox: can a
machine be more democratic than citizens?” (Innerarity 2020, 89)' 2.

Innerarity identifies three structural tensions:
1. Algorithmic opacity vs. democratic transparency;
2. The speed of Al vs. deliberative slowness;
3. Extreme personalization vs. the general interest.

In his analysis, Al is not neutral: “Algorithms do not merely reflect preferences
but produce them” (Innerarity 2020, 92)3. This argument resonates with Cathy
O'Neil, who in Weapons of Math Destruction warns that predictive models
reinforce preexisting inequalities: “"Algorithms are opinions embedded in code”
(O'Neil 2016, 23)*.

On the other hand, Héléne Landemore offers an optimistic yet conditioned
perspective. In her work for the IMF, she argues that Al can be a catalyst for open
democracy if designed with deliberative principles:

“Generative Al could maximize deliberation by processing millions of citizen

inputs in real time, creating a new democratic Renaissance based on collective

intelligence” (Landemore 2023, 31)5.

However, Landemore qualifies: this possibility only materializes if mechanisms
for participatory governance of algorithmic design are implemented. Without
them, Al becomes a tool of technological elites.

Mathias Risse, from the Kennedy School, introduces a historical dimension.
In his discussion paper, he argues that Al is not the first technology to challenge

1 Innerarity, Daniel. 2020. “El impacto de la inteligencia artificial en la democracia”. Revista de

las Cortes Generales 109: 89.

2 Innerarity, Daniel. 2020. “El impacto de la inteligencia artificial en la democracia”. Revista de
las Cortes Generales 109: 89.

3 Ibid., p.92.

Y O’'Neil, Cathy. 2016. Weapons of Math Destruction: How Big Data Increases Inequality and
Threatens Democracy. New York: Broadway Books, p.23.

5 Héléne Landemore, “Fostering More Inclusive Democracy with Al”, Finance & Development
60, no. 4 (2023): 30.
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democracy —the printing press, radio, and television did so before— but it is the
first to operate on a global scale and in real time:
“Al is not a natural ally of democracy; it requires active design, political will,
and robust institutional frameworks” (Risse 2021, 12)°.

Risse proposes an analytical framework based on three axes:
e State capacity (can the state regulate Al without being captured by it?);
e Societal capacity (do citizens have the skills to participate in the algorithmic
era?);
® Epistemic capacity (how is collective knowledge constructed in a machine-
mediated environment?).

This approach is complemented by the work of Paul Nemitz, former principal
advisor to the European Commission, who in Philosophical Transactions of the
Royal Society defends that constitutional democracy must prevail over the logic
of the algorithmic market:

“The opacity of Al violates the basic democratic requirements of accountability

and public control” (Nemitz 2018, 8)’.

Nemitz advocates for digital constitutionalism, where fundamental rights
(privacy, freedom of expression, non-discrimination) apply directly to Al
systems. In the Latin American context, Fernando Filgueiras analyzes how Al in
public administration can strengthen or weaken democracy depending on its
implementation. In his study for CLAD, he concludes:

“Al can optimize public services, but only if subjected to principles of

democratic governance: transparency, auditing, and citizen participation”

(Filgueiras 2022, 28)8.

Filgueiras documents cases in Brazil where Al systems for allocating social
resources reduced corruption by 18% but also generated digital exclusion in
rural communities.

6 Risse, Mathias, “Artificial Intelligence and the Past, Present, and Future of Democracy”. Carr
Center Discussion Paper. Cambridge, MA: Harvard Kennedy School (2021): 12.

7 Nemitz, Paul, “Constitutional Democracy and Technology in the Age of Artificial
Intelligence”. Philosophical Transactions of the Royal Society A 376 (2133), 2018: 8.

8 Filgueiras, Fernando. 2022. “Al in Public Administration: Governance Challenges”. Revista
del CLAD Reforma y Democracia, no. 79: 28.
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Finally, Frank Pasquale in The Black Box Society introduces the concept of
algocracy: a regime where real power resides in those who control data and
algorithms, not in elected representatives. Pasquale warns:

“The black-box society threatens to replace representative democracy with

an opaque technocracy” (Pasquale 2015, 200)°.

This theoretical framework —combining Innerarity, Landemore, Risse, Nemitz,
Filgueiras, and Pasquale- allows us to understand digital democracy not as
a technical system but as a space of normative conflict between algorithmic
efficiency and political legitimacy.

. THE SYNERGISTIC DIMENSION:
OPRPPORTUNITIES OIF Al FOR DEMOCRACY

A. IMPROVEMENT OF PARTICIPATION AND
CITIZEN DELIBERATION

The synergy between Al and democracy is primarily manifested in the ampli-
fication of the citizen voice. Landemore proposes that Al can “strengthen de-
mocratic institutions if it ensures that citizens’ voices are heard” (Landemore
2023, 28)'°. A paradigmatic example is OpenAl’'s “Democratic Inputs to Al” pro-
gram, which funds algorithms for human deliberation, enabling the processing
of massive contributions in public consultations. In experiments such as the
Conference on the Future of Europe, where 700,000 citizens debated reforms,
Al facilitated the synthesis of diverse opinions, reducing human biases in data
aggregation (OECD 2020, 15).

“Al can improve democracy through algorithms that foster inclusive delibe-

ration, subsidizing teams working on transparency” (Landemore 2023, 30)".

This aligns with Ojo et al., who document how Al in public services “fosters
citizen trust by predicting needs accurately” (Ojo et al. 2019, 48)"2. In Latin
America, cases such as the Chilean constituent process (2020-2022) used Al

9 Pasquale, Frank, The Black Box Society: The Secret Algorithms That Control Money and
Information. Cambridge, MA: Harvard University Press, 2015: 200.
10 Hélene Landemore, op. cit., p.28.
N Ibid, p.30.
12 Adelaoye Ojo et al., “Enhancing Democratic Health through Al”, Government Information
Quarterly 36, no. 3 (2019): 48.
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tools to map regional preferences, increasing the representation of marginalized
groups. For instance, the “Escucha Digital” system processed 2.4 million citizen
contributions, identifying 147 common demands with an 87% match to the
Convention’s final proposals (CEPAL 2023, 45)'.

B. OPTIMIZATION OF GOVERNMENTAL PROCESSES

Another synergistic pillar is administrative efficiency. Dwivedi et al. argue that
"Al drives economic opportunities and strengthens democratic health” (Dwivedi
et al. 2021, 105)™. In Estonia, Al-driven e-government has reduced bureaucracy
by 30%, enabling secure online voting (Filgueiras 2022, 25)."

“Some studies recognize that the expansion of Al can improve democra-

tic health by optimizing public services and generating trust” (Duberry

2022, 436)".

This optimization extends to crisis prediction: Al models in the EU have anti-
cipated disinformation outbreaks, allowing early interventions (UNESCO 2021,
10)%. In Latin American contexts, Vazquez-Barrio and Salazar highlight how Al
in journalism “combats disinformation, strengthening public opinion” (Véz-
quez-Barrio and Salazar 2023, 99)". A study in Colombia showed that electoral
chatbots increased youth participation by 22% (Guerrero-Solé and Pérez-Alta-
ble 2025, 150).

13 CEPAL, Inteligencia Artificial y Gobernanza Democratica en América Latina (Santiago:
CEPAL, 2023), 45.

14 Yogesh K. Dwivedi et al., “Fostering Citizen Trust with Al”, International Journal of
Information Management 58 (2021): 105.

15 Jérémy Duberry, “Artificial Intelligence and Democracy: Risks and Promises”, Internet Policy
Review 28, no. 4 (2022): 436.

16 UNESCO, Recommendation on the Ethics of Artificial Intelligence (Paris: UNESCO, 2021),
10.

17 Tamara Vazquez-Barrio & ldoia Salazar Garcia, eds., Inteligencia artificial, periodismo y
democracia (Valencia: Tirant lo Blanch, 2023), 99.

18 Frederic Guerrero-Solé and Laura Pérez-Altable, eds., La democracia en riesgo (Barcelona:
UOC, 2025), 150.
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C. INCLUSION AND EQUITY: TOWARD A POSITIVE
ALGORITHMIC DEMOCRACY

Al can democratize access to political knowledge. Risse suggests that “with

active design, Al serves democratic purposes” (Risse 2021, 14)”. In India, Al

platforms translate parliamentary debates in real time into 22 official languages,

reaching 300 million non-Hindi speakers (Summerfield et al. 2025, 1238)%.
“Generative Al could maximize deliberation by processing massive inputs,
creating a new democratic Renaissance” (Landemore 2023, 31)*'.

However, this synergy requires ethical safeguards, as proposed in the “pu-
blic interest Al” framework (Jungherr 2023, 5)?2. In Colombia, the “Voto Infor-
mado” chatbot increased youth participation in 2023 local elections by 22%,
according to a University of the Andes study (Guerrero-Solé and Pérez-Altable
2025, 150)23. These results suggest that deepening technological tools and Al
applications has political implications, such as in electoral participation levels.

IV. THE CONFRONTATIONAL DIMENSION:
RISKS AND CHALLENGES

A. DISINFORMATION AND ELECTORAL MANIPULATION

The confrontation arises with the proliferation of deepfakes and hoaxes. Kreps
and Kriner warn: “Al threatens democracy by flooding media with confusion for
voters and officials” (Kreps and Kriner 2023, 124)?*. In the 2024 U.S. elections,
generative Al created fake videos that polarized the electorate (Journal of
Democracy 2024, 5)%.

19 Risse, Mathias, op. cit., p.14.
20 Christopher Summerfield et al., “The Impact of Advanced Al Systems on Democracy”,
Nature Human Behaviour 9 (2025): 1238.
21 Héléne Landemore, op. cit., p.31.
22 Andreas Jungherr, “Artificial Intelligence and Democracy”, Social Media + Society 9, no. 2
(2023): 5.
23 Frederic Guerrero-Solé and Laura Pérez-Altable, eds., op. cit., p.150.
24 Sarah Kreps and Douglas Kriner, “How Al Threatens Democracy”, Journal of Democracy 34,
no. 1(2023): 124.
25 Artificial Intelligence and Democracy”, Journal of Democracy, January 2024, 5.
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“Malicious actors use Al to manipulate perceptions and disrupt electoral
processes” (Summerfield et al. 2025, 1240)%.

In Latin America, the 2021 Ecuadorian case illustrates how machine lear-
ning-driven political spots on TikTok amplified populist ideologies (Innerarity
2020, 95)%.

Disinformation and electoral manipulation represent a profound confronta-
tional dimension of artificial intelligence in democratic processes, where gene-
rative tools enable the mass production of deepfakes and tailored propaganda
that erode voter discernment. Empirical evidence from the 2024 U.S. elections
reveals that Al-synthesized videos garnered millions of views, systematically po-
larizing public discourse. In Latin America, machine-learning-driven microtarge-
ting on platforms like TikTok has amplified populist narratives, as documented in
Ecuador's 2021 campaign (Innerarity 2020, 95)%. Such practices not only distort
electoral integrity but also necessitate robust regulatory frameworks to safe-
guard deliberative autonomy. Ultimately, unchecked algorithmic manipulation
risks transforming democratic competition into a theater of simulated realities.

B. POLARIZATION AND EROSION OF TRUST

Recommendation algorithms foster echo chambers. O'Neil denounces: “Big
data increase inequality and threaten democracy” (O'Neil 2016, 120). In Brazil,
Al on social networks exacerbated polarization during the 2016 impeachment
(Zidouemba 2025, 10)3°.
“Al erodes trust by creating epistemic bubbles where truth is lost in fiction”
(Risse 2021, 18)3".

EU studies show a 40% increase in institutional distrust attributable to al-
gorithmic biases (Nemitz 2018, 8)%2. Polarization and the erosion of institutional

26 Summerfield et al., op. cit., p.1240.

27 Innerarity, Daniel, op. cit., p.95.

28 Loc. cit.

29 O'Neil, Cathy, op. cit., p.120.

30 Marie-Thérese Zidouemba, “Governance and Artificial Intelligence”, Discover Artificial
Intelligence 5, no. 1 (2025): 10.

31 Risse, Mathias, op. cit., p.18.

32 Paul Nemitz, “Constitutional Democracy and Technology”, Philosophical Transactions of the

Royal Society A 376, no. 2133 (2018): 8.
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trust constitute a critical confrontational axis in the interplay between artificial
intelligence and democracy, as algorithmic recommendation systems systema-
tically reinforce epistemic silos and amplify affective divides. In Brazil's 2016 im-
peachment crisis, Al-curated social media feeds exacerbated societal cleava-
ges, deepening distrust in public institutions. European studies further reveal a
40% surge in institutional skepticism attributable to perceived algorithmic bias.
This erosion of trust not only undermines civic cohesion but also weakens the
legitimacy of democratic governance. Consequently, mitigating polarization
demands transparent algorithmic design and mandatory bias audits to restore
public confidence.

C. SURVEILLANCE AND INEQUALITY:
TOWARD AN ALGOCRACY

The confrontation culminates in surveillance. Wright ed. (2019) analyzes how

China uses Al for repression, exporting models to democracies (Wright 2019,

50)33. In Europe, the GDPR fights this, but gaps persist (Pasquale 2015, 200)34.
“The opacity of Al violates democratic requirements, turning it into a propa-
ganda tool” (Peyron 2024, 5)%.

In Mexico, biometric electoral systems have been criticized for exclusion
risks (Davila Cortés 2025, 170)%*. However, political inequity and algorithmic
power emerge as central confrontational forces in the Al-democracy nexus,
wherein opaque decision-making systems concentrate authority among data
controllers, marginalizing underrepresented groups and distorting democratic
representation. This power asymmetry not only entrenches privilege but also
violates democratic equality. Addressing algorithmic inequity thus requires en-
forceable data inclusion mandates and citizen oversight to redistribute techno-
logical authority.

33 Nicholas D. Wright, ed., Artificial Intelligence, China, Russia, and the Global Order (Maxwell
AFB: Air University Press, 2019), 50.

34 Pasquale, Frank, op. cit., p.200.

35 Léana Peyron, “Inteligencia artificial: ;una amenaza para nuestras democracias?” MundoSur,
February 2024, 5.

36 lan Eric Davila Cortés, “Los derechos politico-electorales en México”, Revista de Derecho
Politico, no. 123 (2025): 170.
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V. TOWARD A DEMOCRATIC
GOVERNANCE O Al

A. GLOBAL REGULATORY FRAMEWORKS

UNESCO proposes “ethical governance to mitigate negative impacts” (UNESCO
2021, 15)¥. The EU Al Act classifies electoral systems as “high risk” (Garcia Mar-
cos 2023, 50)%8. Key recommendations include: 1) Mandatory human audits;
2) Co-design with citizens; 3) Focus on algorithmic equity.
Al governance requires a multilevel approach. UNESCO establishes in its
2021 Recommendation a universal ethical framework:
“States must ensure that Al systems respect human rights, cultural diversity,
and the environment, with special attention to their impact on democracy”
(UNESCO 2021, 15)%*.

This document, adopted by 193 countries, proposes 10 guiding principles,
including transparency, accountability, and public participation.

The European Union has advanced with the Al Act (2024), the world's first
comprehensive legislation. It classifies Al systems into four risk levels: The
European Union has advanced decisively with the Al Act (2024), establishing
the world's first comprehensive regulatory framework for artificial intelligence
and classifying systems into four risk levels to balance innovation with demo-
cratic safeguards. Unacceptable risk systems —such as subliminal manipula-
tion and social scoring— are outright prohibited; high-risk applications like
public facial recognition and electoral Al mandate rigorous impact assess-
ments and independent audits; limited-risk tools including chatbots require
transparency disclosures; while minimal-risk systems like spam filters face no
obligations. This graduated approach ensures that systems influencing de-
mocratic processes undergo stringent oversight, with mandatory traceability
of training data and human oversight requirements. By prioritizing electoral
integrity and citizen rights, the Al Act sets a global benchmark for responsible
algorithmic governance.

The Al Act requires high-risk systems to be audited by independent third
parties and training data to be traceable (European Commission 2024, 22).

37 UNESCO, Recommendation, 15.

38 Julian Garcia Marcos, “Inteligencia artificial”, in Marco normativo de la UE, ed. Eloy Velasco
Nufiez (Madrid: Editorial La Ley, 2023), 50.

39 UNESCO, op. cit.,15.
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In Latin America, the Model Al Law for Latin America and the Caribbean
(CEPAL, 2025) proposes a regional approach based on:
1. Digital sovereignty
2. Personal data protection
3. Digital inclusion
Y. Training in algorithmic literacy

This model, inspired by the European GDPR but adapted to local realities,
has been adopted as pilot law by Chile and Uruguay (CEPAL 2025, 78)%.

B. NATIONAL STRATEGIES

In Latin America, integrating Al into civic education is suggested (Vazquez-Ba-
rrio and Salazar 2023, 150)#. Civic education emerges as a cornerstone of natio-
nal strategies to regulate artificial intelligence in its relationship with democra-
cy, equipping citizens with the critical competencies to engage meaningfully
in algorithmic governance and counter systemic risks. Finland’s inclusion of
algorithmic bias, data privacy, and source verification in its national curriculum
has enabled 94% of 15-year-olds to identify deepfakes, fostering informed civic
participation. By cultivating algorithmic literacy, such initiatives empower indi-
viduals to audit public Al systems, challenge disinformation, and demand trans-
parency from both state and corporate actors. This educational foundation not
only mitigates polarization and manipulation but also transforms passive users
into active co-designers of democratic technology. Without widespread civic
education, regulatory frameworks risk remaining elite-driven and disconnected
from public needs. Thus, integrating Al ethics into compulsory schooling is es-
sential for sustaining democratic legitimacy in the digital era.

“Strengthening democratic institutions and democratizing Al is key” (Gue-

rrero-Solé and Pérez-Altable 2025, 200)42.

Below are some of the most representative local initiatives:
A. Estonia: Leading Digital Democracy

Estonia operates 99% of its public services online. Its X-Road system enables
secure interoperability between state databases, with Al for fraud detection. In
2023, it prevented €42 million in diversions.

4O CEPAL, op. cit,,
W Vazquez-Barrio and Salazar, op. cit., p. 150.
Y2 Guerrero-Solé and Pérez-Altable, op. cit., p.200.
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B. Brazil: Challenges and Lessons

The “Gov.Br” program uses Al to simplify procedures but faces criticism for
digital exclusion: 30% of the rural population lacks internet access.
C. India: Scale and Diversity

The Aadhaar system (1.3 billion biometric identities) uses Al for social
subsidies but has been criticized for identification errors affecting 10 million
beneficiaries.

C. FUTURE: SYNERGISTIC BALANCE. PARTICIPATORY
GOVERNANCE

With political will, Al can catalyze a “new Renaissance” (Landemore 2023, 32)%3.
The future of artificial intelligence and democracy hinges on achieving a sy-
nergistic balance through participatory governance, where citizens actively
co-design, audit, and oversee algorithmic systems to ensure they serve collec-
tive deliberation rather than elite control. By embedding democratic principles
—transparency, accountability, and equity— into the algorithmic infrastructure,
societies can catalyze the new democratic forms. This participatory paradigm
transforms Al from a disruptive force into a deliberative enhancer, strengthe-
ning institutional trust and civic agency. Ultimately, only through co-governed
technology can democracies navigate the digital era without sacrificing sove-
reignty to code. The path forward is not technological determinism, but demo-
cratic intentionality.
e Citizen Audits of Algorithms
Proposed by AlgorithmWatch and adopted in Amsterdam: citizen panels
review public algorithms every 6 months. In 2024, they identified gender
biases in a housing allocation system.
¢ Algorithmic Co-Design
The “vTaiwan” project allows citizens to collaborate with engineers in
designing digital policies. In 2023, it generated ride-sharing regulation with
87% citizen approval.
e Algorithmic Civic Education
Finland includes in its national curriculum (from primary school) concepts
such as algorithmic bias, data privacy, and source verification. In 2025, 94% of
15-year-old students could identify deepfakes (OECD PISA 2025).

Y3 Landemore, op. cit., p.32.
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® Toward Digital Constitutionalism
Paul Nemitz proposes three pillars:
i. Supremacy of law over code
ii. Separation of powers in the digital era (legislative, executive, judicial +
independent Al authority)
iii. Fundamental rights applicable to algorithms
“Democracy cannot survive if algorithmic power is not subordinated to the
popular will expressed through law” (Nemitz 2018, 14).

VI. CONCLUSION

The Al-democracy relationship is a tapestry of synergies and confrontations
that demands immediate action. As Jungherr concludes, “focusing on specific
aspects will allow us to monitor real impacts” (Jungherr 2023, 12)%5. Preserving
democracy requires not only regulation but inclusive innovation. This article
invites ongoing academic dialogue.

The relationship between artificial intelligence and democracy is not an
isolated technical phenomenon but a historical, political, and ethical process
that redefines the social contract in the 21t century. This article has explored
that relationship as a dynamic continuum between synergy and confrontation,
between the promise of more inclusive and efficient deliberation and the risk
of profound erosion of fundamental democratic principles. Throughout its sec-
tions, we have demonstrated that Al is not a neutral actor but a power agent
that amplifies both human capabilities and their worst inclinations: inequality,
manipulation, and opacity.

This conclusion does not seek to close the debate but to open a horizon of
collective action, synthesizing the findings on the algorithmic democracy of the
21t century based on the following three general conclusions and findings:

Y4 Nemitz, Paul. 2018. “Constitutional Democracy and Technology in the Age of Artificial
Intelligence”. Philosophical Transactions of the Royal Society A 376 (2133): 14.
U5 Jungherr, op. cit., p.12.
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A. STRUCTURAL DUALITY

The synergistic dimension of Al in democracy manifests at three operational
levels:

e Amplified Participation: Tools such as mass deliberation systems (Chile, Eu-
rope) have processed millions of citizen contributions with precision surpass-
ing human capacity. The Chilean case, where 2.4 million contributions were
synthesized into 147 common demands, demonstrates that Al can act as a
facilitator of collective intelligence (CEPAL 2023, 45).

® Governmental Efficiency: From Estonia to Singapore, Al has reduced bu-
reaucracy, detected fraud, and anticipated crises. In Estonia, the X-Road
system not only saves €42 million annually but reinforces institutional trust
by making every transaction visible and auditable.

¢ Digital Inclusion: Real-time translation, educational chatbots, and accessible
platforms have democratized access to political debate.

However, this synergy is not automatic. It requires deliberative design, citizen
auditing, and algorithmic literacy. As Héléne Landemore warns, “Al will only
be democratic if built with citizens, not for them” (Landemore 2023, 32). On
the other hand, the confrontational dimension reveals a structural erosion of
democracy:

* Massive Disinformation: Deepfakes and algorithmic propaganda have turned
elections into informational battlefields. In Brazil 2022, 68% of viral messages
were false (Vazquez-Barrio and Salazar 2023, 112).

¢ Induced Polarization: Recommendation algorithms do not merely reflect
divisions but fabricate them. Cathy O'Neil sums it up bluntly: “Algorithms are
opinions embedded in code”.

¢ Algorithmic Surveillance: From China’s social credit to biometric systems
in democracies, Al enables unprecedented social control. Frank Pasquale
speaks of a “black-box society” where real power resides in those who con-
trol data.

This duality is not symmetric. Synergy requires institutional effort; confronta-
tion arises from market inertia and technological opacity.
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B. DEMOCRACY AS PROCESS, NOT STATE

A common error is to conceive democracy as a static state that Al can “improve”
or "damage”. In reality, democracy is a continuous process of collective legiti-
mation, as Robert Dahl aptly argues (Dahl 1989, 221)°. In this process, Al acts as
a catalyst for institutional change.
Daniel Innerarity offers an interpretive key:
“Artificial intelligence does not transform only the means of politics but
the conditions of possibility for democratic deliberation. By anticipating
preferences and simulating consensuses, Al does not substitute human

judgment but reconfigures it” (Innerarity 2020, 89)%.

This reconfiguration raises a philosophical question: can a machine be more
democratic than citizens? The answer is not technical but normative. It depends
on who designs, who audits, and who controls.

C. TOWARD A NEW DIGITAL SOCIAL CONTRACT

The democratic governance of Al cannot be reduced to technical regulation.
It requires a new social contract incorporating three foundational principles:
e Radical Transparency
Every algorithm affecting political rights must be auditable by trained citi-
zens. The Amsterdam model —where citizen panels review housing systems—
must be scaled globally.
e Structural Participation
Consulting citizens is insufficient; they must co-design systems. The vTaiwan
case demonstrates that collaboration between civic hackers and legislators
generates policies with 87% approval.
* Algorithmic Equity as a Human Right
UNESCO already recognizes it: “States must ensure that Al does not discri-
minate by origin, gender, class, or location”. This implies inclusive data quo-
tas, mandatory bias audits, and sanctions for digital exclusion.

Y6 Innerarity, op. cit., p.89.
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I. INTRODUCTION

n the era of the rise of artificial intelligence (Al), we need to rethink the

original meaning and destiny of humanism as a philosophical tradition that

defends, to ensure our own survival, human dignity and the essential traits
that constitute us as a biological species.

This is not the scope of this work to present a comprehensive critique of
humanism within Western philosophical thought, but a synthetic view of this
tradition that dates to the Greco-Roman classics and was revitalized by Re-
naissance thinkers such as Giovanni Pico della Mirandola in the 15t century
(Goni, 2020). Despite its enduring influence, Renaissance and modern huma-
nism were circumscribed by certain limiting perspectives. Specifically, these
traditions adopted anthropocentric, Eurocentric, and androcentric ideas that
ultimately narrowed and distorted anthropological conceptions within the
Western philosophical tradition. Such constraints resulted in a partial and
skewed understanding of what it means to be human, which has had lasting
implications for subsequent philosophical discourse.

For this reason, in our time, various critiques and attempts to overcome the
biases and limitations of classical humanism have been put forward to formulate
a supposed "“post-humanist” proposal (Braidotti, 2013). However, there is a
misunderstanding in this term, as it can be understood as a critique of modern
Western humanism (as Braidotti argues), or as “posthumanism” in a technological
sense; that is, the project of overcoming the natural and evolutionary conditions
of human existence through a radical genetic, neurological, or physiological
transformation of the human organism (Diéguez, 2017).

However, just as postmodernism, in its naive desire to surmount the con-
tradictions of modernity —its rationalism and hegemonic Western narratives—
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ended up being only a superficial and fleeting desideratum, no “post-huma-
nism” is now viable for the reasons | will mention here. The main one is that it
is not feasible to go beyond the natural, biological-evolutionary condition of
the human species”.

Rather, what could happen in the era of artificial intelligence dominance,
and this is one of its greatest risks, is the gradual decline or obsolescence of
human intelligence and cognitive abilities, leading to their replacement by Al
systems in several areas of economic, political, cultural, and even scientific acti-
vity. Indeed, the emergence of Al as a productive force, as an all-encompassing
and omnipresent technology, represents a growing risk to the development of
our species’ most essential capabilities: those that arose from natural, bodily
intelligence, essential for social life.

Gunter Anders (2025) raised, by as early as 1956, the concept of “obsoles-
cence of human” in the face of its own technological creations. Anders’ diag-
nosis of human obsolescence focuses on three theses: a) human beings are
no longer able to keep up with their own technological productions; b) what
we produce and what we can do technically exceeds our capacity for repre-
sentation and imagination and, therefore, our individual responsibilities and
moral conscience; and ¢) we are unable to recognize this new historical situa-
tion because we have lost the ability to understand the remote effects of the
technological power we now wield. We find ourselves in a collective state of
unconsciousness and “blindness” to the possibility of the deformation of the
human condition, which increases what Anders (2025) called the promethean
gap [prometheische Gefalle].

Anders(2025)also coinedthe conceptof “prometheanshame” [prometheische
Scham]to define an ambiguous feeling in the mind of the individuals who inhabits
the modern technological world: they feel proud of the ostentatious perfection
and power of their technical creations (as if they were Dr. Frankenstein) and,
at the same time, they feel “obsolete” and humiliated by their own natural
imperfection. Faced with the refinement of their technical productions, human
beings suffer “shame” because of their contingent and mortal condition. Unlike
themselves, their artifacts have been designed, programmed, and tested by
human engineering. So, technical production stands at the antipodes of natural
reproduction of life, which is a “blind” and non-predetermined process. For that
reason, human beings experience shame at their obsolescence.

1 To explain these theses, | refer to the last chapter of my book: Linares, J. E. Adids a la
Naturaleza [Farewell to Nature], 2019.
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The development of Al has also contributed to the worsening of this te-
chnological shame because modern individuals reject the natural limits of
memory and calculation, cognitive biases, and neurological and mental illnes-
ses —in short, the finite and vulnerable condition of our minds and brains. This
has given rise to the project of turning human beings into bioartifacts of their
own making, into technical objects designed, programmed, and tested by an-
thropo-technology, so that they do not suffer from mental and neurological
diseases or disabilities. These claims go beyond the necessary and laudable
therapeutic goals of medical neuro-technologies. If human beings could turn
themselves into their own biotechnical production, and thereby overcome or
transcend their natural condition, only then would they cease to feel such “sha-
me" for their finite and contingent being. Al now promises to serve as that cog-
nitive prosthesis to expand our memory, reasoning, and understanding.

Transhumanism and technological “posthumanism” (Hottois, 2015) have
proclaimed the possibility of overcoming our natural limitations and imperfec-
tions, especially neurocognitive ones (Lara & Savulescu, 2022). But, in reality,
one cannot go against the natural evolution of humanity or humanism as an
axiological concept, since the latter has identified since ancient times the best
capacities and virtues that all human beings possess; in other words, one can-
not voluntarily surpass either humanity as a natural species or classical huma-
nism as a vindication and revaluation of the traits inherent in human nature.
Thus, “posthumanism” cannot transcend the conditions and characteristics
that define our species or invent new virtues and powers for humanity, because
philosophical humanism has already defined all its virtues —as we shall see—and
they have been developed throughout history.

However, as Juliana Gonzélez (1996) points out, human potentialities are am-
biguous, tending toward good, altruism, and peaceful cooperation, or toward
evil, selfishness, organized violence, and destruction. Without being able to
provide an exhaustive analysis here, Pico della Mirandola was right, in his fa-
mous Discourse on the Dignity of Man (Pico della Mirandola, 2020), to propose
the idea of the human being as one who is capable of self-configuration and
self-production, given that their being is not complete in the evolutionary and
historical process, but is open and in continuous transformation. Nevertheless,
this self-transformation has been primarily symbolic, mental, and political, rather
than biological, neural, or genetic. This idea of the Renaissance thinker empha-
sizes the ambiguous nature of humanity: in its historical development, it can
improve or worsen, it can increase its capacities or lose them, diminish them or
forget them; in short, human beings can humanize or dehumanize themselves,
thanks to their own decisions, ideals, and actions. Therefore, we must reflect
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on the extent to which the emergence of Al contributes to this process, in one
sense or the other.

The essential ambiguity of human beings implies that “evil par excellence
[...] is certainly hybris: violence, excess, arrogance, uncontrolled desire [...] and
the lack of 'measure’ and ‘limits'” (Gonzélez, 1996, p. 17). The growing dehu-
manization of the existence of millions of people (Anders, 2025) is due to the
influence of technological and political power exerted over their will, their cons-
cience, their capacity for deliberation, moral self-awareness, and responsible
action. During the early Modernity, authors such as Francis Bacon, in his uto-
pia The New Atlantis (Bacon, 2014), postulated that technological power would
allow humanity to dominate nature and control its own body to improve living
conditions and combat disease and death. He predicted an era of full expansion
of human existence and extended life expectancy. Today, that technological
power is out of control, not regulated by society, and has turned against human
beings (Han, 2022), weakening their moral and cognitive capacities, as well as
affecting their environmental conditions for survival.

Il. PIHILOSOPHICAL HUMANISM IN
THE 215" CENTURY

To rethink the meaning of philosophical humanism in the age of Al, we must cri-
tique the three limiting biases of the modern tradition that we have mentioned:
anthropocentrism, Eurocentrism, and androcentrism. The misconception and
unviability of current posthumanism lies in confusingly formulating a supposed
overcoming of this humanist tradition instead of rethinking what authentic hu-
manism should consist of in the 215t century, so that it must defend the inherent
value of all humanity as a natural species and as a cultural tradition diversified
throughout its history. This means that humanism must be reborn as a vindi-
cation of the natural conditions of existence of all human beings, but it must
demand the equitable, egalitarian, and balanced development of all humanity.

Therefore, if classical humanism has meaning in our time, in which a new
“reason of force majeure”? (Nicol, 1980) deployed in Al, which opposes and

2 This concept of reason of force majeure (RFM) points out the emergence of a new kind of
technological reason that imposes the biological necessity over free activities and creativity
of human beings. Thus, the RFM is universal, systematic, homogenous, non-dialogic neither
democratic, and could be violent because it imposes the necessities of “biological” survival
over the freedom and societal deliberation of common good. Nicol affirms that this new
reason tends to dominate and eliminate the traditional human reason developed in the
sciences and philosophy (Nicol, 1980).
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strives to replace human reason (scientific or philosophical), it must now be a
reflection well-grounded in the historical and evolutionary reality of our species,
thus reaffirming the essential characteristics that define it. Today’s humanism
must be, as Juliana Gonzéalez (1996) argued, an earthly humanism: "Homo is
humus: earth. This is one of the most distinctive features of humanism and one
of the most decisive for ethics. Humanism recognizes the terrestrial essence
and destiny of man. [...] There is ‘ascent’, but this is always from the earth and
towards the earth itself” (Gonzélez, 1996, p. 24). In other words, humanism must
be evolutionary, not anthropocentric or Eurocentric, diverse and pluralistic, and
not androcentric either. Gonzéalez defines humanism in the classical sense in the
Western tradition as follows:
Humanism is not theory, it is “reflection”; but it is also vigilance, "watching
over”, "caring” (Sorge or “care” in Heidegger's terms); it is “seeking” the
“humanity” of “human” man: what the Greeks called anthropine physei:
human nature, and the Latins Humanitas, proper to homo humanus. This
means, among other things, that "humanism” encompasses much more
than what was historically and culturally the humanism of the Renaissance
(Gonzélez, 1996, p. 15)3.

Renaissance humanism undertook the recovery of the idea of a common
natural human condition in all members of our species. That is why humanism
is naturalistic. It postulated an ideal of harmonious integration with nature, of
reconciliation with the human body and the earth, a disposition toward new
forms of religiosity that did not submit to the dogmatism of the Catholic
Church, the recognition of individual autonomy, the spirit of adventure and
exploration of the world and the universe, the cultivation of beauty and the
enjoyment of the arts, the idea of peaceful tolerance among peoples, mainly.
This ideal was largely separate from the Christian religious conception that had
dominated Western thought since the Middle Ages, which denied biological
nature and despised the body and its sensible passions, affected by “original
sin”, to affirm only spiritual or rational faculties, and the subordination of
human beings to the divine through renunciation of the flesh and the world,
and the strict exercise of the theological virtues (faith, hope, and charity). Thus,
Humanitas became in the Renaissance the essence and, at the same time, the
excellence of humanity, the ideal of the natural realization of what is truly human,
without aspiring to immortality or the perfection of the human body and mind.

3 | have translated the works written in Spanish employing the Al software DeeplL©
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Humanity (Humanitas) also means ambiguity and dynamic virtues, being open
and temporal, contradictory reality, and moral ideal: the aspiration to preserve
the inherent, albeit ambiguous, attributes that define humanity and differentiate
it from other animal species.

. A PERSISTENT PROBLEM IN
HUMANISM: ONTOLOGICAL DUALISM

The central problem we have inherited from the Western humanist tradition has
been a dualistic and unnatural conception of what we consider to be properly
human. Since the Greek tradition (mainly in Plato and Aristotle), philosophers
have thought that the essence of humanity resides only in reason, the soul, or
the spirit, while the body and biological conditions were considered accidental
or separable from the soul. And that, because of their spiritual condition,
humans would be superior and different from other animals and beings existing
in nature.

As a result, classical humanism inherited this narcissistic conception of self-
praise and overestimation of our cognitive, creative, and expressive abilities.
Until the 20t century, the idea that human beings are the only ones capable
of possessing logos —that is, speech and reason, thought and expressiveness—
predominated (both in the sciences and in the arts). Today, thanks to the
biological sciences and with the help of Al, we are beginning to understand
more and better the complex languages of other animals, enabling us to delve
into their specific forms of cognition and representation of the world. In the
future, philosophical humanism will have to start from the fact that the human
species is not the only one capable of rationality or articulate language, but this
will mean a gain rather than a loss: humanity will recognize itself as part of a
planetary community and will better understand its responsibilities in preserving
all forms of life that have existed on Earth, in front of major ecological crisis and
risk of collapse of the entire civilization (Riechmann, 2004). Today we can say that
all the spiritual features (rational, emotional, expressive, conscious) of humanity
are emergent properties of our neurobiological constitution in balance with the
natural environment.

Contemporary humanism implies an ontology and axiology of the human
that, after the crisis of metaphysics and the dualistic vision, must be thought
of as temporary and constitutively contradictory to the human: its body/brain/
mind unity, its dual bio-cultural character, its biological and neuronal constitu-
tion, as well as its mental and rational composition. Humanism thus reveals itself
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as a valuation of the human in its ethical character as an essential and indisso-

luble feature.

Humanism is above all an ethical conception. It implies, in effect, a profound
knowledge of the human being, on which the world of values in general can
be based and from which, in particular, ethical values and ideals are derived
that are distinguished precisely because they are rooted in human freedom
and dignity; rooted, in short, in the ethos, in man’s most faithful fulfillment of
his “free destiny”, fully humanized (Gonzélez, 1996, p. 17).

IV. TOWARDS A NEW EARTHLY
HUMANISM

According to Juliana Gonzélez (1996, p. 29), these are the primary features of

humanism that remain at the center of every consistent humanist definition and

position in our time:

1.

2.

The centrality of the human (in its natural evolutionary condition) and
recognition of its dynamism or historical mobility.

Earthliness and contingency of the human: expressed in birth and death.
Specificity and irreducibility of the human: subjectivity, personality, human
dignity as an irreplaceable and inherent value.

Moral ambivalence between the possibility of individual and collective
ascent and descent; humanization and dehumanization or inhumanity as
chosen evil.

Ontological/biological equality and community, as well as societal diversity
and individual uniqueness.

Recognition and tolerance of human diversity.

Unity of the human condition with animal life.

. Unity and community of humanity-nature (of reason, corporeality, emotions

and sensitivity, birth-death, the integrity of human existence in its inherent
dimensions: individual-society-species).

As Gonzélez (1996) argues, all humanism has a scope (or at least a claim) to

be universal by attempting to conceive of human nature in its radicality, thus

expressing its evolutionary characteristics that continue to act in our species.

Humanism cannot be understood as a concept inherited solely from Greco-

Roman genius (although this tradition is always referred to in the Western world),

but rather as a self-reflection through which human beings become aware of

their uniqueness and dignity as living beings and as historical beings:
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Universal humanism is [...] beyond the Greeks themselves and the Western
tradition. It is a knowledge and experience that is not limited to a histo-
rical moment, to a few thinkers, to a people, or to a particular culture. It
encompasses all those times and places in which, with all their historical and
cultural variations, the authenticity of the humanized human being prevails,
which is evident in their art, religious thought, morals, ways of life, and most
cherished ideals (Gonzélez, 1996, p. 16).

Thus, the most significant aspect of humanist thought, in any of its forms or
expressions (literary, poetic, sculptural and plastic, philosophical, or scientific), is
that it reveals an evolutionary ontology of the human, a form of self-awareness of
humanity, as well as an ideal of life, which has always been diverse and variable in
geographical space and historical-cultural development (Nicol, 1977).

In this way, humanism has revealed to us that the idea of man [idea del
hombre], as conceived by Eduardo Nicol (1977), is never static or homoge-
neous, since the entire human being changes with each self-conception that is
projected as an affirmation of collective identity. Each "idea of man” is a way
in which a civilization affirms itself and projects its own qualities; it is, therefo-
re, a symbolic idea located in space-time and, simultaneously, has a universal
claim. Currently, such an “idea of man” must reaffirm our natural cognitive
abilities, as well as our social faculties based on cognition and language, but
as characteristics that —for the first time— are at risk in the face of the global
advance of Al in all societal spheres. The unprecedented fact is that today
we can doubt whether these inherent faculties of the human condition could
weaken so much that they become blurred and lost in many individuals of the
human species. We are therefore facing a crisis of those ontological traits that
define humanism. They are threatened by the portentous and, so far, unlimited
advance of Al.

V. THE CRISIS OF HUMANISM
SINCE THE 20™ CENTURY

However, humanism (as a philosophical concept) had entered a profound crisis
in the Modern Age, due to its own contradictions (principally its metaphysical
dualism) and due to a radical transformation (material, technological, and
economic) of the historical world in which it arose. We can summarize in the
following features the crisis of humanism, as anthropocentric exaltation, which
denote a rupture in the image that Western civilization had forged of itself:
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1. Isolation, solipsism, and fragmentation of existence (expressed, for example,
in a variety of mental disorders, like depression and anxiety, that increasingly
affect more people).

2. Alienation from work, creativity, and sociocultural consciousness (as discov-
ered by Karl Marx).

3. Exhaustion of the colonizing model of modern Western civilization, which
advocated a normative and ideological conception of European culture as a
model, and its distinctive features as superior values: whiteness, individual-
ism, Christianity, patriarchy, scientism, and technological transformation as
factors of “progress” and modernity (Echeverria, 1995).

Y. Crisis of the ideal of technological-industrial progress because the increase
in technological power has generated a socio-environmental crisis, even
though it has produced sufficient goods to improve the lives of human
beings; but, in reality, only a minority has been able to access its benefits.

Broadly speaking, four critical theories demolished the universalist claims
of modern anthropocentric and rationalist humanism: Copernicus’ heliocentric
theory, Darwin's theory of evolution, Freud's theory of the unconscious, and
the critiques of classical humanism by existentialist perspectives such as Sartre,
Heidegger, and Sloterdijk. Also, Descartes’ dualistic rationalism entered in
crisis, but neither philosophy nor science has overcome it. We continue to bear
the weight of body/mind dualism and remain confined within the restrictions of
reductionism, which is divided between the mechanism with which we conceive
the body and the spiritualism with which we imagine the soul. Although the
interaction between body and mind remains unresolved (Diaz, 2021), current
perspectives suggest that the notion of autonomous, creative human subjectivity
capable of directing its own destiny is diminishing. Rationality is in crisis, as are
the most significant emotions such as empathy and benevolence, the sense of
solidarity and responsibility (Jonas, 1995). The individual is reified and becomes
a mere cogwheel within a global technological machine. But the crisis has been
so profound that it has gone as far as to deny the specificity and unique value
(dignity) of human beings:

The seriousness of the crisis is evident in the fact that today the very specificity

of the human indivuality is being questioned. Today, there are doubts about

whether humans have their own irreducible and distinctive quality, their

humanitas, their very ethos. There are doubts about the existence of a human

“nature” or “essence” and the ethical condition of humans. In short, there are

doubts about freedom and dignity (Gonzélez, 1996, p. 32).
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Currently, the centrality of humans is being questioned by theories of
technological singularity, such as that put forward by Ray Kurzweil (2024), who
posits the advent of Al machines that develop self-awareness and act with
complete independence from humans; this is the point of no return in history
when Al will far surpass most humans. Let us look at Kurzweil's predictions:

Although many technological challenges remain before we can achieve the

Singularity, its key precursors are rapidly moving from the realm of theoretical

science to active research and development. During the coming decade,

people will interact with Al that can seem convincingly human, and simple
brain—computer interfaces will impact daily life much like smartphones do
today. A digital revolution in biotech will cure diseases and meaningfully
extend people’s healthy lives. At the same time, though, many workers
will feel the sting of economic disruption, and all of us will face risks from
accidental or deliberate misuse of these new capabilities. During the 2030s,
self-improving Al and maturing nanotechnology will unite humans and our
machine creations as never before—heightening both the promise and the
peril even further. If we can meet the scientific, ethical, social, and political
challenges posed by these advances, by 2045 we will transform life on earth
profoundly for the better. Yet if we fail, our very survival is in question. [.. ]
our final approach to the Singularity —the opportunities and dangers we
must confront together over the last generation of the world as we knew it
(Kurzweil, 2024, pp. 4-5).

Thus, in the age of Al, the idea of the obsolescence of humanity in its natural
state is beginning to gain momentum. But, as we have explained, from a huma-
nistic point of view, it is not possible to consider any technological surpassing
of our natural species, much less the abdication of cognitive potentialities to
reinforce the technological power of Al.

Despite his optimism, Kurzweil points out these general risks of the accele-
rated and unregulated development of Al:

But superintelligent Al entails a fundamentally different kind of peril —in fact,

the primary peril. If Al is smarter than its human creators, it could potentially

find a way around any precautionary measures that have been put in place.

There is no general strategy that can definitively overcome that. [...] There

are three broad categories of peril from superintelligent Al, and with focused

research on each, we can at least mitigate the risk. Misuse encompasses cases
where the Al functions as its human operators intend, but those operators

deploy it to deliberately cause harm to others (Kurzweil, 2024, p. 278).
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Therefore, the mostsignificant aspect of this new idea of human obsolescence
seems to be a weakening, if not exhaustion, of the natural cognitive abilities to
act in the world and to respond to different natural and social problems and
needs. Technologists and Al propagandists (such as Kurzweil) argue that the
fusion between the human brain and Al will generate an expansion of reasoning
power and memory, an extension of consciousness in the cloud, a dual subjective
identity through avatars or technopersons (Echeverria & Almendros, 2020), and
an era of full splendor that could even transcend biological death. But the truth
is that every advance in the agency capabilities of Al represents a potential
cognitive loss for countless flesh-and-blood people.

Certainly, human beings and their self-image are historical; evolution has
not stopped, and our species continues to adapt to different environmental
changes. Being and becoming are undoubtedly intertwined within our identity,
but the biological and neurological modifications, alterations, and degradations
of humanity influence its self-image and are sometimes irreversible. For example,
violence, war destruction, and evil alter human beings and consciousness;
they not only cause material damage to millions of people but also degrade
humanity’s moral image and result in mental damage such as post-traumatic
stress or loss of memory and personal identity. This implies that humanity
has the power to make and unmake its being in history. So internal bio- or
neurotechnological transformations, as well as possible fusion with Al devices,
could negatively alter human nature, but it could also happen externally through
the rise and expansion of Al's agency, gradually supplanting workers in complex
cognitive tasks.

Then, in our era of Al dominance, the ethical alternative is to reaffirm
humanism by rethinking it with the essential features it has acquired in history.
Thus, humanism today means reaffirming reflective and deliberate capacity,
creativity, free will, as well as theoretical and contemplative, playful, artistic, and
poetic activity. For now, Al is still unskilled in these complex and subtle activities.
Humanism also means understanding the complex nature of our species: its
biocultural, adaptive, and ambivalent character.
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VI IS THERE A HUMAN NATURE
THAT WE MUST PROTECT?

A fundamental problem posed by the revival of humanism in the age of Al is
whether this new, all-encompassing technology will irreversibly affect the
consciousness, reasoning, linguistic expression, or ethical sense of most human
beings. Along with the radical transformations of the body, brain, and mind that
are new technological goals in our century (Lara & Savulescu, 2022), Al could
alter or undermine the self-awareness and moral responsiveness of many people
to the societal and environmental problems that most afflict us. Humanism had,
until now, emphasized the vulnerable but irreplaceable structure of natural
human corporeality. Of course, the priority would be to use technological
means and resources to ensure an adequate quality of life for all people, rather
than undertaking risky transformations of the brain, body, and mind. But even
if radical transformations of the human body were not achieved or attempted,
it would be enough for the cognitive agency of Al to expand in such a way
that it would end up diminishing and damaging the cognitive, creative, and
deliberative capacities of millions of people; for example, their ability to read
and write (which is not a natural trait, but a cultural and learned one, based
on the natural ability to acquire and speak one or more languages®). Today, Al
translation systems replicate the skills of human translators and support, for
instance, academic research across numerous languages, helping scholars from
various cultures and countries communicate more effectively. However, relying
on Al for communication and comprehension may lead to a decline in individual
linguistic abilities.

Y For example, we know that the capacity for articulate language is innate, according to
Chomsky, and universal; it unfolds in a multiplicity of idioms with their natural generative
grammars. But in the history of humanity, writing systems (predominantly ideographic
and syllabic) emerged as a mental innovation that allowed linguistic messages to be
preserved and transferred. This technical innovation, which dates back more than 3,000
years, enriched our cognitive and symbolic capacities and enhanced our social skills of
communication and organization. Today, Al can generate, through its mastery of writing
and grammar, linguistic messages in text and speech in a wide variety of languages,
emulating the cognitive abilities of majority of human beings. As we know, given the
conventional nature of writing systems, each person must learn to read and write in one
of these systems. In contrast, the Al of chatbots emerges with this ability and powers it to
levels that few people can achieve; for example, “speaking” and translating between so
many different languages.
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Let us therefore briefly analyze the evolutionary features of human existence

that humanism should preserve in the face of the rapid advance of Al's agency

power (Linares, 2019):

1.

Birth-mortality: as Hannah Arendt (2018) pointed out, awareness of finitude
and contingency largely determines the symbolic image of the human (Jo-
nas, 1995) and the universal recognition of our common condition: we are
all biologically born from the union of gametes of individuals of the human
species, and we will all inevitably die. Transhumanist expectations of indefi-
nitely extending life, even of transcending biological death in a digital form,
are contrary to any humanist conception.

A common natural corporeality: our phenotypic and genotypic endowment
is not determined or decided by anyone, at least not yet. Of course, the
subjective experience of the body s culturally constructed, butitis abiological
constant in history that sets the limits of what can be experienced and
establishes common vital needs, as well as the capacities and potentialities
that humanize the existence of any person. Human nature is flexible and
dynamic; it does not need to be biotechnologically transformed to improve
it, much less to achieve a superior quality of life or mental well-being.

. Mutability and vulnerability: the human bodly is vulnerable and exposed to ge-

netic mutations and metabolic, neurological, and physiological disorders. But so
far, the most significant mutations that humanity has undergone have been more
“symbolic” or cultural (that is, mental); humanity has shaped its own being be-
cause of a process of consciousness modification rather than technical-material
intervention in its biological structure. Nevertheless, vulnerability and mutability
are organic because the body exists in a fragile balance with the environment,
which has endured serious and irreversible damage in our time®; different envi-
ronmental agents —natural or human-made- could alter its genetic composition
and balance with the environment. Humanism must propose that improving hu-
man living conditions necessarily involves remedying the environmental crisis we
have caused through excessive pollution and exploitation of natural resources,
as well as the acceleration of global climate change, which is now unstoppable.

5 Al of us who live in large cities (metropolis) have already been affected by the high toxicity
to which we are exposed, as well as by water, soil, and air pollution; for example, pollution
from lead and other metals that damage our nervous system. Our biological nature is
seriously affected by the technological world, and this explains our physical and mental
illnesses and ailments, such as the epidemic of several types of cancer that are appearing in
increasingly younger people.
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. ndividuality: each person is a unit with their own body, feels, suffers, and

loves in their “own flesh”, which is why bodily intelligence is, until now, irre-
placeable, and non-transferable to another material, biological, or techno-
logical medium. Although the social value of individuality is relative because
of its cultural codification, it remains the basis for recognizing an ontolog-
ical community among human beings: we are all individuals with finite and
vulnerable bodies and brains. It can be very risky to attempt to merge the
brain/mind with Al or to duplicate consciousness and memory by transfer-
ring them to computer and Al devices. Humanism must advocate for the
preservation of the natural conditions of neurobiological experience, con-
sciousness, and unique and unrepeatable individual bodily identity (Haber-
mas, 2002).

. Social interdependence: through sensitive corporeality, we are open and

connected to the world; each human body/brain is able of interacting and
empathize with other human beings, other animals, and the entire natural
world. It is essential to understand that human experience and intelligence
are social and historical processes and products. Al cannot replace these
human attributes yet.

. Bodily sensitivity: interdependence is based on bodily sensitivity, through

which human beings are able of developing varying degrees of sensations
and emotions, to have feelings of sociability and concern for the lives of other
living beings. Human life loses its most fundamental properties without the
deployment of sensory and moral capacities. Al could help to repair and
prosthetically replace the sensory and motor capacities of people who have
suffered bodily damage due to accidents or illness, but we should not use,
precautionary, to “augment” these capacities in healthy people. The integrity
of human genome must be protected by international laws (Gonzalez, 2005).
Cognitive faculties: perception, linguistic expression, imagination, and
thought. Human beings are capable of being aware of their interdependence
in the world through their mental representations and linguistic expressions;
they are capable of imagining the situation of others and anticipating events
to plan and guide their actions. Consciousness, which emerges from neuro-
nal activity and the nervous system, remains a mystery that we cannot repli-
cate in Al systems. As a precaution, we must preserve the natural and socie-
tal conditions in which human intelligence arises and develops.

. Ethical sense: human beings are able of valuing things to guide their lives and

are also capable of evaluating and choosing between options to achieve a
good life. Values are historically and culturally conditioned, but the need to
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value and choose between the possibilities that unfold in existence is a con-
stant in humanity. The ability to evaluate is based on a free nature, that is, one
that is possible and not predetermined. But the fact that human life is possibil-
ity implies that it is open to diverse options that are ambivalent, can improve
or decling, can be humanized or dehumanized, can be confined to selfish illu-
sions (such as transhumanist ones) or can expand toward a cooperative moral-
ity and justice. So far, even though Al devices can simulate moral deliberation
processes and make decisions, only humans are capable of consciously and
voluntarily assuming responsibility for their decisions and actions.

The various Al systems, and not only those of dialogical and communicative
Al (which use artificial language), would not necessarily have a massive impact
on the conditions we have just listed, but they could jeopardize the system of
social interactions and the development of individual cognitive abilities, which
together form part of our biocultural nature.

Consequently, the ethical meaning of human existence is based on an awa-
reness of finitude, contingency and indeterminacy, freedom and vulnerability,
and the essential interdependence of our being, which emanate from a natural
corporeality that we have received from evolution and that we have shaped
symbolically rather than technologically, based on the limits of a given bodily
configuration, with all its restrictions and potentialities. Transhumanist projects
assume that rational characteristics and the capacity for human self-transfor-
mation (which had only been symbolic but not technical) are an immutable
constant; that human rationality is something like a subtle property that would
not be affected by any biotechnological intervention. In this idea, if expressed
correctly, there appears a remnant of spiritualist ontological dualism: it seems
that transhumanism trusts that we can modify (“improve”) the biological body
and brain at will without altering the other non-material substance: the human
mind or spirit. But humanity does not belong to two distinct substances, it only
has one duality: body-mind, bodily experience or self-consciousness.

For its part, excessive confidence that Al will remain merely a subordinate
auxiliary to humans will be a disastrous illusion. Our intelligence is complex
and contextual and has developed in tandem with changes in the physical and
environmental settings we inhabit, as well as the societal structure on which we
depend. The rise of Al points to greater virtualization of lived space and time,
Al-mediated communication (physically isolating and separating people), and
weaker social interaction in favor of Al control and automation systems in all
types of tasks and processes.
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If in the past, the first industrial revolution generated the promise of libera-
tion from physical human labor (Marx himself believed that the socialist revolu-
tion was possible through the mechanization of all production), nowadays the
accelerated development of Al has raised the promise of liberation from routine
or mechanized intellectual work that would free us from many hours to devote
to leisure and pleasure. However, what is more likely to happen is the loss of
cognitive abilities essential for social life as we become more dependent on Al
for all kinds of tasks, however simple they may seem, such as locating ourselves
geographically and traveling from one place to another in a city.

Thanks to mechanization and industrialization, many of us no longer must
do hard physical work, but we are also no longer know how to produce our
own food, how to repair or maintain our machines, or even how to fix a bicycle.
Similarly, in the near future, we may not be able (due to our subordination to Al
devices) to perform simple mathematical calculations, remember practical infor-
mation, read in depth, write properly and with our own style, communicate our
most intimate thoughts and feelings, or engage in intelligent conversation with
our peers. The new industrial revolution of Al may bring enormous productive
advantages, but it may also lead to serious cognitive losses for most people.
These essential attributes of humanity would be put at risk, causing the greatest
crisis of Humanitas. This cognitive destruction of the most essential qualities of
human beings, even if silent and gradual, would be irreversible: humanity would
lose its historical memory and its sociopolitical ability to organize, communicate,
and project itself into the future.

Therefore, we must carefully analyze the social and individual effects, as well
as the subtle and progressive changes in people’s brain and mental configura-
tions, as a result of the global development and expansion of Al in all its forms.
We must assess these technological transformations, perhaps the most radical
that our species will undergo (as Kurzweil himself argues), considering their
effects on people’s self-awareness, brain-mind integrity, sensitivity, and moral
consciousness, as well as on the cognitive abilities that make interaction and
rapport with others and with the entire world possible.

In principle, the employment of Al could be useful for remedying disabilities
or recovering organic functions damaged by severe neurological diseases or
accidents or even preventing them. For example, Al could be useful as a pros-
thesis for verbal communication in people who suffer aphasia, as well as for
people who have lost their memory. For people with motor, visual, or hearing
disabilities, robotic Al prostheses connected directly to their brains could also
be employed for therapeutic purposes.
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However, morally complicated cases will arise —in contrast— in those Al inter-
ventions and prostheses in which the enhancement of certain bodily or neural
properties (mobility, strength, living memory, calculation and reasoning, sensiti-
vity, environmental and contextual information processing) could alter equality
among human beings, the self-understanding of the subject and their social
interactions, in such a way that the individual could not recognize themselves
as a free and autonomous moral agent on equal terms (Habermas, 2002). This
is the paradox of possessing cognitive “superpowers”: we undermine equal ri-
ghts and the freedom to act, to make mistakes and to learn, or to try different
alternatives. The human condition intervened by Al would inevitably become
robotized, rigid, and determined, just as the condition of the industrial worker
became mechanized, restricted to the regular and necessary rhythms of pro-
ductive work and its purposes, to the detriment of creativity, flexibility, and the
very freedom of individuals®. People who are dependent on or irreversibly live
with or connected to Al systems would lose their natural faculties of cognition,
reasoning, linguistic expression, memory, emotional reaction, and perhaps even
independent thought. These are not minor risks that governments and civil so-
cieties should carefully anticipate and examine. Therefore, the era of Al seems
to be an inherent risk to humanism as we have defined it.

How can we remain human and cultivate humanitas in the age of Al? In these
perspectives of risks from technological transformations, the development of Al
could jeopardize the cognitive abilities of most people, due to their weakening
and replacement by Al systems. Therefore, we will have to redefine the goals
and principles of humanity in our era.

To this end, we will briefly analyze the Amsterdam Declaration of the In-
ternational Humanist Association, which the 50th World Humanist Congress
promulgated in 2002 and updated in 2022. According to the IHEU website’,
the humanist principles are:

e Humanism is ethical
e Humanism is rational
® Humanism supports democracy and human rights

6 Just remember Chaplin’s brilliant film Modern Times (1936) that criticized the meccanization
of depauperating workers.

7 International Humanist and Ethical Union or Humanists International. https:/humanists.
international (accessed October 2025). The Amsterdam Declaration: https:/humanists.
international/policy/amsterdam-declaration-2002/
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e Humanism insists that individual freedom must be combined with social respon-
sibility

¢ Humanism is a response to the existing demand for dogmatic religions.

® Humanism values artistic creativity and imagination and recognizes the trans-
formative power of art.

¢ Humanism is a philosophy of life that promotes greater fulfillment through
the cultivation of ethics and creative living (Hl, 2002).

Accordingly with the organization Humanists International states, contem-
porary humanism rejects on principle any autocratic and dogmatic politics that
does not respect the balance of political powers and does not defend indivi-
dual freedoms and human rights, and that is not based on a secular conception.
But it is not only authoritarian and technocratic states (such as China and Rus-
sia) or theocratic states (such as Iran) that threaten Humanitas, both the ontolo-
gical essence and moral ideal of humanity, but also the technological power of
Al (held by a few global companies, mainly the GAMAX complex®), which can
become an irrational global power because it is undemocratic, opaque (not
transparent in terms of accountability), racist or chauvinistic, belligerent, and
threatening to human rights.

If a few global companies (almost all of them American) continue to monopo-
lize the development of this disruptive technology, Al systems could become an
anti-humanist force, not only in politics but in all areas of social life.

Based on the Amsterdam Declaration (HI, 2002), we can summarize the
characteristics that humanism must defend in the 215t century:

¢ Humanism must affirm the irreplaceable value, dignity, and autonomy of in-
dividuals, as well as the right of every person to the greatest possible free-
dom compatible with the rights of others.

e Humanism advocates the responsible, equitable, and sustainable use of
science and technology; it promotes free scientific research into issues
of human and ecological well-being, including the risks and dangers of Al.

e Humanism defends democracy and human rights; it aims for the equitable
development of every human being and maintains info-democracy (Han,
2022) and human development (including technological and scientific
development) are fundamental rights.

8 Google, Amazon, Meta, Apple, and X, along with OpenAl, companies that hold a monopoly
on Al.



JORGE ENRIQUE LINARES SALGADO

* Humanism strives to strengthen social responsibility alongside individual
freedom. Humanism is not dogmatic, does not impose any creed on its
followers, and is free from indoctrination. Likewise, humanism must ques-
tion any ideology or proposal that advocates radically transforming human
nature.

e Humanism is a way of life that is not dogmatic but pluralistic, not religious but
secular, aiming at the highest possible realization of human virtues through
the cultivation of an ethical and creative life. Implicitin the ideas of humanism
is the notion that every person can develop all the virtues and natural and
common potentialities of our species, if they have adequate living condi-
tions, goods, and services, such as access to education, scientificknowledge,
and healthcare.

In our time, it is necessary to add these two principles to the theses of 21st-
century humanism:

® Humanism defends the free will, autonomy, and cognitive abilities inherent
to human beings and prevents their weakening or replacement by Al.

e Humanism protects and preserves the irreplaceable value of natural human
intelligence and the intelligence of other animal species. It reaffirms that
only human beings are competent to deliberate and make crucial decisions
about their individual and collective lives, and that they should not delegate
these decisions to Al.

VII. THE FUTURE OF HUMANISM
IN THE AGE OIFF Al

In the era of the emergence of Al as a global technological power that emula-
tes and can replace human cognitive faculties, humanism must reemerge as a
moral response to protect and preserve the natural human condition, and to
protect our neurocognitive characteristics in a new modality of “neuro-rights”
(Yuste, 2024).

Only in this century have we been able to begin to scientifically investigate and
understand how the mind and brain work (Yuste, 2024), as well as the languages
and cognition of other animals; but a new form of non-natural, non-animal
intelligence has emerged, a new form of expressive otherness that simulates
another form of subjectivity and thought: Al. This new form of technological
agency can supplement and replace humans in increasingly complex and crucial
cognitive tasks.
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For thatreason, in the age of artificial intelligence, we must delve deeper into
the study of the neurobiological and cognitive traits inherent to human nature,
because they are what separate us from Al. We must better understand our
cognitive abilities and potential to protect and defend them from the onslau-
ght of new neuro-technologies and Al systems. Thus, neuroscientists who are
aware of the new risks, such as Rafael Yuste?, have already proposed a legal sys-
tem of “neuro-rights” that would provide international protection for all people
who could be affected by these neurotechnological and Al devices. These neu-
ro-rights highlight personal identity, free will, mental privacy, equity and social
justice, and the right to protection against discriminatory biases arising from the
use of neuro-technologies (for example, those that could reproduce or externa-
lize people’s internal thoughts). We must protect and preserve what makes us
human in the face of the prodigious advance of Al. This does not mean that all
our cognitive abilities are positive and praiseworthy, for the ambiguity of human
nature implies that intelligence can also degrade toward negative and destruc-
tive acts. However, humanism implies a permanent and alert awareness of this
essential ambivalence:

Humanism also entails the wisdom of human limits. [...] It implies knowing

about the greatness of man (and his horrors), as well as his contingency, his

weakness, and his smallness. It is, at the same time, knowing about his power
and his impotence [.. ]

Humanism flourishes where there is no despair about human being, knowing
its precariousness. It flourishes as a tragic, properly ethical knowledge: when the
glory of man does not make us forget pity for man, for his descent, his inertia,
and his alienation. And conversely: when human misery does not make us forget
the depth and greatness of man and faith in human excellence and the struggle
for humanization remains alive (Gonzélez, 1996, p. 40).

Humanism advocates the humanization of human beings through education,
access to knowledge, the arts, sciences, and universal culture. Currently,
contemplative, theoretical, playful, or artistic ways of life emphasize serenity,
slowness (Han, 2015), or pleasant leisure seem to be antidotes to the acceleration,
rigidity, and stressful excesses of technological productivism now embodied by
Al. But humanism also affirms that we must reclaim science and technology to

9 Rafael Yuste is a Spanish neuroscientist, director of the Center for Neurotechnology
at Columbia University, and president of the Neuro Rights Foundation. https:/www.
neurorightsfoundation.org/ (accessed October 2025).
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humanize them; that is, we must reclaim physical labor, technical activity, and
genuine scientific research as a daily quest for knowledge and the generation of
causal explanations of reality for resolution of practical life.

That is why a truly humanistic person cultivates the arts, sciences, and
techniques, as Leonardo da Vinci did. Thus, scientific and philosophical thought
remain the primary bastion of humanism, the enclosure in which human beings
become humanized through knowledge and the experience of understanding
the world. We must not allow Al to dominate these sanctuaries of thought.
However, we must also humanize science and technology to restore their ethical
conscience, their responsibility to protect the limits of nature and to protect the
essence of humanity. Science without conscience and technology without limits
or moral regulations are the perfect recipe for disaster and the destruction of
Humanitas.

Genuine humanism [...] does not imply the “deification” of man, nor a break

with what is not human. One thing is dignity and the main place that can be

assigned to man in the cosmos, and another is [...] hybris: human arrogance,
the breaking of balance; the loss of all extra-human horizons, of all limits or

proportion (Gonzélez, 1996, p. 39).
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I. INTRODUCTION

rtificial intelligence has become the defining general-purpose

technology of the twenty-first century. Unlike earlier waves of

digitalization, contemporary Al systems depend on unprecedented
computational capacity, massive volumes of data, advanced cloudinfrastructures,
hyperscale data centers, sophisticated communications networks, and, crucially,
semiconductors. The strategic significance of semiconductors therefore extends
far beyond their role as industrial inputs. They have become the foundational
infrastructure of the digital economy and an essential determinant of national
competitiveness, technological sovereignty, and economic security.

The emergence of generative Al and the accelerated development of
applied quantum technology has profoundly altered perceptions regarding
semiconductor production. Demand for advanced chips has risen dramatically
as firms, governments, and research institutions invest in Al training and
inference capacities. Simultaneously, geopolitical tensions, particularly between
the United States and China, have transformed semiconductor supply chains
into arenas of strategic competition; including the conflicts in the Middle East
region, particularly the Hormuz Strait situation that affects the fragile global
supply chains. Governments increasingly view chips not merely as commercial
products but as assets critical to national resilience and geopolitical influence.

Within this changing landscape, Mexico occupies a unique position. The
country combines deep industrial integration with the United States; a large
manufacturing base; a growing ecosystem of semiconductor-related firms
engineering capabilities; long-term specialized advanced manufacturing skills;
and geographic proximity to major North American technology clusters. OECD
analysis highlights Mexico’s strengths in semiconductor design activities,
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assembly, testing and packaging (ATP), trade openness, skilled human capital,
and integration into electronics and automotive value chains (OECD, 2026).
The FUMEC-USAID semiconductor roadmap similarly identifies Mexico as
an emerging strategic partner in the effort to develop a more resilient North
American semiconductor ecosystem (FUMEC & USAID, 2024).

However, attracting semiconductor investments alone will not guarantee
meaningful economic transformation. The experience of many export-oriented
economies demonstrates that participation in global value chains can generate
manufacturing growth without necessarily creating domestic technological
capabilities. Consequently, the key policy question for Mexico is no longer
whether the country can enter semiconductor value chains, but whether it can
leverage existing opportunities to build a comprehensive Digital Industrial Policy
capable of supporting innovation, advanced manufacturing, Al infrastructure,
and domestic technological development.

This paper argues that Mexico's semiconductor strategy should be
understood as the foundation of a broader Digital Industrial Policy. Such a policy
must integrate industrial development, digital infrastructure, talent formation,
innovation systems, energy policy, data governance, and regional economic
integration. Only through this broader approach can Mexico position itself as a
strategic hub in the emerging Al-driven economy.

Il. THE EVOLUTION OFF MEXICO'S
SEMICONDUCTOR STRATEGY

Mexico's contemporary semiconductor strategy did not emerge spontaneously.
Rather, it evolved through a gradual process involving industry associations,
academic institutions, research centers, federal agencies, state governments,
international organizations, and North American stakeholders.

The FUMEC-USAID roadmap represented one of the first systematic efforts
to identify Mexico's opportunities within the North American semiconductor
supply chain (FUMEC & USAID, 2024). The study emerged from extensive
consultations, interviews, workshops, and regional analyses designed to identify
existing capabilities and future opportunities. Rather than focusing solely on
attracting fabrication facilities, the roadmap examined technology capacities,
workforce requirements, regional strengths, innovation ecosystems, and
infrastructure needs.

A significant contribution of the roadmap was its recognition that Mexico
already participates in multiple semiconductor-related activities. Existing
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strengths include electronics manufacturing, semiconductor design services,
engineering activities, automotive electronics, aerospace applications, and ATP-
related capabilities. Consequently, the roadmap shifted the policy discussion
from creating an industry from scratch toward upgrading and expanding
capabilities that already exist.

Subsequently, Mexico's semiconductor agenda gained momentum through
numerous national and international forums, including collaborative mecha-
nisms involving government agencies, CANIETI, academic institutions, and
North American partners. OECD analysis observed the emergence of multiple
semiconductor-related initiatives at federal and state levels and identified in-
creasing policy coordination efforts through institutional agreements estab-
lished in 2024 (OECD, 2026).

The iteration of these initiatives achieved a major milestone by being
incorporated into Plan México, and becoming public policy, which gave the
semiconductors sector to the status of a strategic national priority. This transition
isimportant because it reflects a conceptual shift. Semiconductors are no longer
viewed exclusively as an industrial sector. Instead, they increasingly function as
an enabling platform for broader economic transformation.

This evolution also reflects an important lesson derived from international
experience. Semiconductor policy cannot be reduced to investment attraction.
Successful ecosystems require coordinated interventions across education,
research, infrastructure, financing, intellectual property, energy systems,
regulatory frameworks, and digital governance. Mexico's policy evolution
therefore represents a movement from sector-specific promotion toward a more
integrated development paradigm.

lll. THE NEW GEOPOLITICS OI-
TECIHNOLOGY

The contemporary semiconductor industry cannot be understood outside the
context of geopolitical transformation. Over the past decade, competition
between the United States and China has increasingly centered on technological
capabilities, particularly in advanced semiconductors, artificial intelligence,
quantum computing, and strategic digital infrastructure.

The COVID-19 pandemic exposed vulnerabilities associated with highly
concentrated semiconductor production networks. Supply disruptions affected
industries ranging from automobiles to consumer electronics, demonstrating
the risks associated with excessive geographic concentration.
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Policy responses have been substantial. The United States enacted the CHIPS
and Science Act, mobilizing significant public resources to strengthen domestic
semiconductor production, research, and workforce development. Similar
initiatives have emerged in Europe, Japan, South Korea, and other economies.

Three concepts increasingly define this new industrial geography:
friendshoring, nearshoring, and economic security: Friendshoring seeks to
relocate strategic production to trusted partners; Nearshoring prioritizes
geographic proximity to reduce logistical vulnerability; and, Economic security
links industrial capabilities to broader national security objectives.

Mexico benefits directly from these dynamics. lts participation in USMCA,
geographic proximity to the United States, established and specialized advance
manufacturing ecosystem, and extensive cross-border industrial integration
position the country as a natural partner in North American supply-chain
diversification.

Nevertheless, geopolitical opportunitiesshould notbe mistakenforautomatic
development outcomes. Countries that successfully leverage geopolitical
shifts typically combine openness with strategic capability-building. The
critical challenge for Mexico is ensuring that geopolitical advantage translates
into technological upgrading and adding value, rather than simply expanded
assembly operations.

V. MEXICO WITHIN THE GLOBAL
SEMICONDUCTOIR VALUE CHAIN

Mexico already participates in important segments of the semiconductor eco-
system. OECD analysis identifies semiconductor design capabilities alongside
assembly, testing, and packaging activities as key components of the domestic
industry (OECD, 2026).

The country’s strongest competitive advantage lies at the intersection of
manufacturing competence, engineering talent, and regional integration.
Industrial clusters in Baja California, Chihuahua, Jalisco, Nuevo Ledn, and
other regions possess extensive experience in electronics manufacturing and
advanced production systems.

Yet, Mexico's participation remains concentrated in activities characterized by
relatively lower value capture compared with cutting-edge design, advanced pro-
cess technologies, semiconductor equipment production, and frontier research.

Moving upward within semiconductor value chains requires strategic
prioritization. Rather than competing directly in leading-edge wafer fabrication,
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where capital requirements frequently exceed tens of billions of dollars. Mexico
couldfocus on higher-value niches aligned with existing strengths. These include
supply chain, RAM and DRAM markets, legacy chips, chip design, embedded
systems, heterogeneous integration, advanced packaging, testing services,
automotive semiconductors, power electronics, and specialized engineering
services.

The more fundamental challenge concerns domestic value creation. OECD
evidence highlights the historically limited domestic contribution within
electronics exports (OECD, 2026). Expandinglocal supplier networks, increasing
domestic research intensity, strengthening technology transfer, and developing
national firms are therefore essential components of industrial upgrading.

V. DIGITAL INFRASTRUCTURE
AS CRITICAL INFRASTRUCTURE

A defining characteristic of the Al era is the convergence of physical and digital
infrastructures. In previous industrial revolutions, competitiveness depended on
ports, railways, highways, and electricity. In the twenty-first century, competi-
tiveness increasingly depends on fiber-optic networks, cloud computing, data
centers, Al compute capacity, digital platforms, and secure data ecosystems.

Semiconductors provide the hardware foundation of this infrastructure.
However, their economic value materializes only when integrated with broader
digital systems.

Data centers are a particularly important dimension of this transformation. Al
development requires massive computational resources. Training and deploying
advanced models increasingly depend on hyperscale computing infrastructure
connected through high-capacity telecommunications networks.

Mexico possesses distinctive advantages for attracting data-center
investment. Geographic proximity to the United States, growing demand
for digital services, industrial integration, and expanding renewable energy
potential create favorable conditions. Yet significant constraints remain.

Electricity availability emerges repeatedly across OECD and industry
analyses as a critical challenge. Semiconductor production, data centers, and
Al infrastructure all require reliable, high-quality power supplies. Monitor
Deloitte's recommendations specifically emphasize the need for reliable
energy infrastructure, faster permitting, renewable energy integration, and
semiconductor-focused industrial clusters supported by guaranteed energy
capacity (Monitor Deloitte, 2026).
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Digital infrastructure must therefore be treated as strategic infrastructure.
The future competitiveness of Mexico's industrial economy will depend
increasingly on its capacity to store, process, transmit, and secure data.

CHALLENGES FOR A DIGITAL INDUSTRIAL POLICY

The transition from a semiconductor strategy toward a Digital Industrial Policy
requires addressing multiple structural constraints

Talent and Skills

Human capital remains perhaps the most important long-term determinant of
competitiveness. OECD (2026) recommendations consistently emphasize STEM
education, English-language proficiency, vocational training reform, industry-
academia collaboration, reduced dropout rates, and semiconductor-specific
educational programs.

The challenge extends beyond workforce quantity. Al, semiconductors,
and advanced digital industries require specialized competencies that evolve
rapidly. Consequently, educational institutions must become more adaptive
and closely integrated with industrial ecosystems.

Innovation and Research

Mexico possesses important research institutions working in semiconductor-

related fields. Nevertheless, research commercialization remains limited.
Future policy should focus on converting scientific capabilities into commer-

cial innovation through stronger industry-academia collaboration, technology

transfer mechanisms, intellectual property frameworks, startup ecosystems, and

venture financing.

DATA GOVERNANCE

Industrial competitiveness increasingly depends on data governance. Al sys-
tems require large-scale access to data while simultaneously demanding robust
privacy, cybersecurity, and governance mechanisms.

Mexico lacks a comprehensive framework linking industrial policy, artificial
intelligence, data infrastructure, and digital sovereignty. Developing such a
framework is essential to supporting domestic Al ecosystems.
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FINANCING

One of the most persistent obstacles to technology-intensive development
involves access to long-term capital.
Monitor Deloitte (2026) recommends public guarantee mechanisms, public-
private financing vehicles, and greater participation from institutional investors,
including pension funds. Such instruments could reduce investment risks while
supporting ecosystem development.

INSTITUTIONAL COORDINATION

OECD (2026) findings repeatedly stress the need for coordination mechanisms
spanning government agencies, regional authorities, industry associations,
universities, and research centers.

Digital Industrial Policy inherently crosses institutional boundaries. Without
coordination, fragmented initiatives risk generating duplication, inefficiency,
and policy uncertainty.

VI. MEXICO AS A STRATEGIC NODE IN
EMERGING DIGITAL CHAINS

Mexico's strategic potential derives from geography, but its future depends on
capabilities.

North America is gradually evolving toward a more integrated technology
region. The United States provides frontier innovation, advanced research,
venture capital, hyperscale computing infrastructure, and semiconductor
fabrication investments. Canada contributes research strengths and specialized
technological capabilities. Mexico provides manufacturing scale, engineering
talent, industrial integration, and geographic connectivity.

This complementariness suggests that Mexico's long-term role should not be
defined primarily as a manufacturing platform. Rather, the country has the poten-
tial to become a strategic node connecting digital innovation, advanced manu-
facturing, semiconductor services, Al infrastructure, and regional value chains.

Such a position would generate benefits that extend beyond economic
growth. Increased domestic technological capabilities would strengthen
resilience, reduce vulnerability to supply disruptions, expand opportunities for
local firms, and improve productivity across multiple sectors.

Importantly, this vision is not based on technological nationalism. Semicon-
ductor ecosystems are inherently global. The objective is not self-sufficiency
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but strategic participation in high-value segments of interconnected global
networks.

VII. POLICY RECOMMENDATIONS

RECOMMENDATION 1: Establish a National Digital Industrial Policy
Council
Problem: Fragmented governance.
¢ Objective: Integrate industrial, digital, innovation, energy, education, and
Al policies.
¢ Mechanism: Permanent coordination body involving federal agencies,
states, industry, academia, and civil society.
e Expected Impact: Reduced policy fragmentation and stronger strategic
coherence.

RECOMMENDATION 2: Create a National Semiconductor and Al Talent
System
Problem: Skills mismatch.
® Objective: Align education with industry demand.
¢ Mechanism: National standards, competency frameworks, scholarships,
industry partnerships, and international exchanges.
¢ Expected Impact: Expansion of specialized talent.

RECOMMENDATION 3: Develop Strategic Al and Semiconductor Infra-
structure Zones
Problem: Infrastructure bottlenecks.
¢ Objective: Concentrate investment in globally competitive technology
clusters.
¢ Mechanism: Integrated zones combining renewable energy, fiber
networks, data centers, research facilities, and industrial parks.
¢ Expected Impact: Attraction of higher-value investments.

RECOMMENDATION Y: Launch a Semiconductor Innovation Fund
Problem: Weak commercialization of research.
¢ Objective: Accelerate technology transfer.
¢ Mechanism: Competitive grants, venture co-financing, and university-
industry collaboration programs.
e Expected Impact: Increased domestic innovation output.
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RECOMMENDATION 5: Establish a National Data Infrastructure Strategy
Problem: Lack of integrated data policy.
* Objective: Support Al development and digital transformation.
® Mechanism: Data governance standards, cloud infrastructure develop-
ment, cybersecurity frameworks, and public data platforms.
e Expected Impact: Enhanced digital competitiveness.

RECOMMENDATION 6&: Strengthen Domestic Supplier Development
Problem: Limited national content.
® Objective: Increase domestic value added.
¢ Mechanism: Supplier mapping, technical assistance, certification pro-
grams, and procurement linkages.
¢ Expected Impact: Greaterlocal participation in semiconductor value chains.

VIil. CONCLUSION

Mexico's semiconductor opportunity should not be understood merely as an
industrial opportunity. It is a development opportunity of historic proportions.
The convergence of Al, geopolitical realignment, North American integration,
and supply-chain restructuring has created conditions rarely observed in
modern economic history.

Yet the success of Mexico's strategy will not be determined by the number
of factories installed or by investment announcements alone. The decisive
question concerns whether the country can transform external opportunities
into domestic capability of upgrading its national industry into the high value
chain segments.

The evidence reviewed throughout this paper suggests that Mexico already
possesses many of the foundations required for success: manufacturing
capabilities, engineering talent, established industrial ecosystems, geographic
proximity to major markets, and growing policy attention. However, converting
these advantages into sustainable technological leadership requires moving
beyond a narrowly defined semiconductor agenda.

The future lies in constructing a comprehensive Digital Industrial Policy
that integrates semiconductors, artificial intelligence, digital infrastructure,
innovation, talentdevelopment, energy systems, andregional economicstrategy.
Under such a framework, semiconductors become not the final objective but the
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enabling platform through which Mexico can participate more effectively in the
emerging architecture of the Al-driven global economy, and change its national
development matrix, securing a place in the digital economy for decades to
come, by reassuring its key role in the hemisphere and in the top 20 economies.

This conclusion would be incomplete without engaging directly with the
most comprehensive proposal advanced for Mexico's digital-industrial future:
the Sistema Mexicano de Politica Industrial Digital (Mexican Digital Industrial
Policy System) put forward by Oropeza Garcia and Berasaluce lza (2024). Their
proposal argues that Mexico's technological transformation cannot rest on
isolated sectoral initiatives, however promising, but requires a permanent
institutional architecture for the period 2024-2040, built around a National
Council for Digital Industrial Policy, a long-term National Digital Industry Plan, a
dedicated multiannual budget, and a Permanent Evaluation Committee tasked
with tracking measurable national targets, including raising domestic content
in exports to 40 percent, ICT exports to 20 percent of total exports, and total
investment to 35 percent of GDP (Oropeza Garcia & Berasaluce Iza, 2024). This
proposal reinforces, almost point for point, the argument developed throughout
this paper: that semiconductor attraction is a necessary but insufficient condition
for upgrading, and that only a coordinated, whole-of-government framework
can convert Mexico's manufacturing and geographic advantages into durable
technological capability.

Building on this foundation, the public policy this paper proposes for
positioning Mexico as a strategic node in the emerging global digital value
chains is the institutionalization of a single, statutorily grounded National Digital
Industrial Policy System that fuses the architecture proposed by Oropeza Garcia
and Berasaluce Iza (2024) with the sector-specific recommendations developed
in this paper. This system should rest on four pillars. First, a permanent National
Digital Industrial Policy Council —merging this paper’s Recommendation 1 with
Oropeza Garcia and Berasaluce Iza's (2024) proposed Consejo Nacional-should
bring together federal and state government, industry associations such as
CANIET], the innovation ecosystem, and academia under a single coordinating
body empowered to align semiconductor, artificial intelligence, energy, and
education policy. Second, a legally binding National Digital Industry Plan
spanning 2026-2040, backed by a ring-fenced multiannual budget directed
toward infrastructure and progressively rising development-bank financing,
should fund the Strategic Al and Semiconductor Infrastructure Zones proposed
earlier in this paper (Recommendation 3), directly operationalizing Oropeza
Garcia and Berasaluce Iza's (2024) call for sustained public investment. Third, a
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Permanent Evaluation Committee should track a unified scorecard combining
this paper's innovation and talent-formation indicators with the national targets
proposed by Oropeza Garcia and Berasaluce lza (2024), keeping the policy
adaptive to the pace of technological change described throughout this analysis.
Fourth, sectoral prioritization should combine the strategic sectors identified by
Oropeza Garcia and Berasaluce Iza (2024) —including semiconductors, aerospace,
automotive, and electromobility— with the higher-value semiconductor niches
identified in this paper, such as advanced packaging, chip design, and testing
services, concentrating public support where Mexico's existing manufacturing
and engineering base can most credibly move up the value chain.

Implemented together, these four pillars would transform Mexico's role from
that of an assembly platform into the connective hub described earlier in this
paper:astrategicnodelinking United Statesinnovationandhyperscale computing
capacity, Canadian research strength, and Mexico's own manufacturing scale,
engineering talent, and geographic proximity within an increasingly integrated
North American technology region. This is precisely the outcome that Oropeza
Garcia and Berasaluce Iza (2024) envision for Mexico's digital industrial policy,
and it is the policy pathway this paper ultimately proposes: not the pursuit of
technological self-sufficiency, but strategic, well-governed participation in the
highest-value segments of the emerging global digital value chains.

Future research should explore quantitative scenarios regarding
semiconductor upgrading, quantum, Al infrastructure deployment, national
value-added creation, and regional innovation spillovers, as well as comparative
analysis of industrial-policy models implemented in East Asia, North America,
and Europe.
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he interaction between imagined futures, fictional expectations,

and the dynamics of capitalism takes on new relevance in the era of

artificial intelligence (Al). This paper explores the topic through some
key reflections that allow us to construct scenarios that structure the reality we
are building with the emergence of artificial intelligence.

I. IMAGINED FUTURES AND FICTIONAL
EXPECTATIONS

The concept of imagined futures, as conceptualized by Jens Beckert in his book
“Fictional Expectations and Capitalist Dynamics: Imagined Futures”, relates to
how societies anticipate what comes through narratives, myths, and cultural
representations. In the context of capitalism, these fictional expectations
function as an engine that drives economic, political, and technological decisions.
Currently, the rise of “smart cities” and the expectation of total automation are
based more on fictional visions than on concrete realities. Narratives such as
the “technological singularity” or the colonization of Marte reflect capitalist
aspirations that shape investment and scientific-technological development.
Capitalism feeds on these fictions to perpetuate the cycle of production and
consumption. The promises of innovation and progress become commodities
that sell specific futures, often favoring technology corporations.

Capitalism, characterized by its ability to absorb and transform any
innovation into economic value, finds a strategic ally in Al. This is manifested
in the acceleration of the market by optimizing production, distribution, and
consumption processes, which further strengthens the dominance of digital
giants like Amazon, Google, and Meta. This transformation is based on the
massive exploitation of personal data, considered the new “oil”, with Al as a
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key tool for extracting value, which amplifies existing inequalities. Furthermore,
many Al companies promote the idea that their technology is destined to
“disrupt” entire industries, fueling an endless cycle of innovation and planned
obsolescence that calls into question the long-term stability of economic and
social structures.

Al acts as both a creator and destroyer of fictions. We must be aware that
artificial intelligence not only executes tasks but also actively participates in the
creation of fictional futures. Generative algorithms, such as language models,
have the ability to create futuristic stories, advertising campaigns, and even
economic predictions that can influence the collective imagination. However, this
technology also poses significant challenges, such as the erosion of authenticity.
The proliferation of deepfakes and narratives created by Al calls into question
the trust in traditional sources of information, making it difficult to verify the
truthfulness of what we consume. This is compounded by the growing debate
about the energy that will be needed to meet the increasing demand for this
technology. Additionally, automated decisions based on algorithmic predictions
are having a tangible impact in areas such as financial markets, public policies,
and social behavior, which highlights the growing power that Al is having in our
daily lives.

II. SOCIAL AND ETHICAL IMPACTS

The intersection of fictional expectations and the dynamics of capitalism, exa-
cerbated by Al, poses ethical and social challenges:

Digital exclusion is a significant consequence of the advancement of artificial
intelligence and other advanced technologies. As these technologies become
increasingly integrated into various aspects of daily life, people who do not have
accesstothem orlack the necessary skills to use them can be left behind. This can
result in a growing gap between those who can benefit from the opportunities
offered by technology and those who cannot, exacerbating social and economic
inequalities. It is crucial to address this digital divide to ensure that everyone has
the opportunity to participate in the technological future.

Artificial intelligence plays a crucial role in surveillance capitalism, where
advanced technologies are used to monitor public spaces. The promises of
Al are intertwined with systems of social control, such as facial recognition
and social credit platforms, which allow for detailed tracking and evaluation
of individuals. Facial recognition can identify and track people in real time in
public spaces, while social credit platforms can classify citizens according to
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their behavior and compliance with norms, affecting their access to services
and opportunities. Although these Al applications can offer benefits in terms of
security and efficiency, they also raise serious concerns about privacy, individual
freedom, and the potential for abuse of power. It is essential to develop ethical
and legal frameworks that regulate the use of these technologies to protect
people’s rights and freedoms.

What futures are possible? Imagined futures are often monopolized by
the media, sidelining alternative visions of more inclusive and sustainable
development.

lll. PROPERTIES OF A DIFIFERENT
CAIRITALISM

A key question that arises from this rethinking of reality is the following: Is it
possible to design Al systems that promote equity and sustainability? In this
context of reimagining reality, movements like solarpunk or degrowth offer
alternative visions for the future, proposing models that transcend traditional
capitalist dynamics. These approaches suggest that it is possible to build a more
just and sustainable society, where technologies, including artificial intelligence,
are used for collective benefit and not just for a few. In this sense, if we manage
to ensure that the benefits of Al are within everyone's reach, we could mitigate
the inequalities that would otherwise be intensified by the implementation of
these technologies. In this way, Al could not only contribute to efficiency and
innovation, but also become a driver of social transformation that promotes a
more equitable and sustainable future. This interaction between Al, narratives
of the future, and capitalism suggests that “imagined futures” are not inevitable,
but rather depend on the political, ethical, and social decisions we make today.
The emergence of this new vision intertwines profound elements of sociology,
economic theory, and the philosophy of technology. The interaction between
imagined futures, fictional expectations, and the dynamics of capitalism
acquires a new relevance in the age of artificial intelligence. Below, we offer
some structured reflections to explore this topic.

A. IMAGINED FUTURES AND FICTIONAL EXPECTATIONS

Imagined futures are projections of how the world could be, built from dreams,
longings, and assumptions. Throughout history, these concepts have been
an essential driver for the progress of humanity, as they motivate policies,
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technology projects, and business strategies. Ideas like smart cities or the
colonization of Mars demonstrate how these future perspectives can foster
progress, although they are often based more on assumptions than on situa-
tions that are truly tangible.

In capitalism, these narratives not only inspire, but they also become tools
to mobilize resources, attract investment, and justify large projects. Promises
of innovation and progress are presented as benefits for all, but in practice,
they often concentrate the results in the hands of a few companies or regions,
deepening existing inequalities. After all, every great breakthrough begins as a
simple idea.

Therefore, although these visions of the future are necessary to move
forward, we must analyze them critically. Only in this way can we ensure that
the decisions we make today build a more equitable, sustainable, and inclusive
future, not only for our generation, but for those to come. Solving the problems
of the present with an eye toward the well-being of those who will follow us is,
ultimately, what truly matters.

V. THE DYNAMICS OFF CAIPITALISM
IN THE AGLE OF Al

Artificial intelligence has transformed the way markets, industries, value chains,
and production operate. One of its most visible impacts is the acceleration of
the market, as it optimizes production, distribution, and consumption processes,
consolidating the power of technology giants.

Narratives of disruption have become a central element in the discourse
of many artificial intelligence companies, which promote their technologies as
tools capable of radically transforming entire industries. This approach not only
reinforcestheideathattechnological progress mustbe constantand accelerated,
but it also perpetuates dynamics of continuous innovation that often lead to
planned obsolescence. By emphasizing the need to adopt the latest tools and
solutions so as not to “be left behind”, these narratives generate constant
pressure on companies and consumers, increasing resource consumption and
exacerbating inequalities by privileging those who have access to the most
advanced technologies. Furthermore, this vision of innovation as an end in itself
can hinder deeper reflections on how technology could be developed and
applied to promote equity, sustainability, and collective well-being.
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In this scenario, the total factor productivity model, expanded by the KLEMS'
model, is presented as a valuable tool for understanding how sectors like
software in Mexico can drive more inclusive and sustainable economic growth.
This approach analyzes in detail how factors such as capital, labor, and materials
contribute to the country’s development. By connecting this data with ideas
of alternative futures, we can imagine how strategic decisions could transform
the software industry into a force for reducing inequalities and promoting
a balance with the environment. The graph below helps us visualize these
contributions and reflect on the role that each choice has in building the future.
The KLEMS methodology helps us understand more clearly how economic
growth is composed, by breaking it down into key factors such as capital, labor,
energy, materials, and intermediate services. In this case, graph 1 shows how
the software sector has contributed to Mexico’s economic growth between
2002 and 2022, highlighting the fundamental role of intangible capital, such as
software, in improving total factor productivity (TFP).

FIGURE 1 Mexico (2002-2022): Percentage rate
of software contribution to growth
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Throughout the analyzed period, the contribution of software has shown ups
and downs. In the years 2009 and 2011-2013, significant peaks are observed,
likely driven by strategic investments in technology and digital transformation
processes. On the other hand, 2017 stands out for a notable drop, possibly
related to areduction in investments or changes in technology policies. However,
starting in 2020, a sustained recovery is perceived, fueled by the acceleration
of digitalization in response to the pandemic. This rebound suggests that the
software sector is playing an increasingly relevant role in improving productivity
and in strengthening the Mexican economy.

B. Al AS A CREATOR AND DESTROYER OF FICTIONS

Artificial intelligence, especially through generative algorithms like language
models, has a significant impact on narrative generation. These algorithms can
create futuristic stories, advertising campaigns, and economic predictions that in-
fluence the collective imagination in various ways. However, for Mexico, Al repre-
sents both an opportunity and a challenge: the country is at a crossroads where it
can become a regional technological leader or fall behind in the global race. For
the country to fully take advantage of these opportunities and remain globally
competitive, it is crucial to increase the production of publications and studies on
Al. A greater number of research and publications will not only foster innovation
and technological development in the country, but will also position Mexico as
a leader in the field of Al. The following graph illustrates the urgent need to in-
crease publications on Al in Mexico, by comparing it with other countries.

FIGURE 2 Selected countries (2000-2023): Number of Al publications
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TABLE 1 Mexico: Al publications by topic

Topic Publications
Swarm intelligence optimization algorithms 108
Type 2 fuzzy logic systems and applications 104
Analysis of the economic impact and urban development 93
Fundamentals and applications of neural networks 87
Industry 4.0 and digital transformation in the manufacturing industry 85
Artificial intelligence in medicine 76
Sampling-Based Motion Planning Algorithms 69
Detection and diagnosis of process failures in industries 66
Educational data mining and learning analytics 61

SOURCE: Author’s own elaboration, based on data from OpenAlex (2024).

To address the need to increase publications on artificial intelligence in
Mexico, an effective solution would be to foster collaboration and support
among universities, research centers, and the private sector. Universities can
play a crucial role by establishing specialized research programs in Al, offering
incentives for the publication of studies, and facilitating access to resources
and funding. Furthermore, promoting the creation of research networks and
consortia that include national and international experts can enrich the quality
and scope of the publications. Implementing these strategies will not only
increase academic production in Al but will also strengthen Mexico's position in
the global landscape of technology and innovation.

TABLE 2 Mexico: Publications on artificial intelligence by institution 2000-2024

Institution Publications
National Polytechnic Institute 966
Monterrey Institute of Technology and Higher Education 859
National Autonomous University of Mexico (UNAM) 842
Ministry of Public Education 372
National Technological Institute of Mexico 369
University of Guadalajara B850

SOURCE: Author’s own elaboration, based on data from OpenAlex (2024).

However, the use of artificial intelligence can have significant destructive
consequences, such as the erosion of authenticity and performative predictions.
The proliferation of deepfakes and Al-generated narratives calls into question
the trust in traditional sources of information, as it becomes increasingly difficult
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to distinguish between what is real and what is fabricated. This can undermine
the credibility of the media and institutions, generating widespread mistrust.
Furthermore, automated decisions based on algorithmic predictions have
tangible effects on financial markets, public policies, and social behavior. These
performative predictions can influence decision-making in a way that reinforces
certain patterns and trends, sometimes detrimentally, affecting stability andv
equity in various areas.

C. STRUCTURAL RESTRUCTURING FROM Al

Artificial intelligence is presented as a technology with infinite possibilities, capa-
ble of revolutionizing multiple industries by optimizing processes, creating new
business models, and redefining the value of data. Al is not only transforming
the world, but it places us on the brink of a true digital revolution. The rapid
advancement of artificial intelligence has captured global attention, generating
both enthusiasm and concern, and sparking a crucial debate about its potential
impact on the world economy.

Global investment in artificial intelligence has shown significant growth in
several key areas, reflecting the transformative potential of this technology
in strategic sectors. The customer service and natural language processing
sector has led the investment, highlighting the importance of Al in improving
communication and efficiency in services. For its part, medicine and healthcare
continue to be an area of strong investment, underscoring the impact of Al in
optimizing diagnoses, treatments, and the management of health resources.
Data management and processing has also consolidated itself as a crucial
area, showing how Al’s ability to analyze large volumes of data can drive more
informed and precise decision-making.

Furthermore, Alinfrastructure and governance are gaining ground as essential
areas to ensure the ethical and sustainable development of the technology,
which is indispensable for addressing the challenges of transparency, regulation,
and security. Other sectors, such as educational technology and energy, are also
emerging as key investment areas, with enormous potential to transform the
way we teach, learn, and manage energy resources, driving a transition toward
more sustainable and efficient economies. With this data in mind, Mexico is in a
privileged position to capitalize on these global trends, effectively integrating
Al into sectors such as health, education, and energy, which would not only
foster its economic development but also contribute to the creation of a more
just and competitive environment globally.
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TABLE 3 Global investment on Al 2013-2023

Billions of dollars at constant 2021 prices

Total 568.65
Natural language processing and customer service 48.05
Medicine and healthcare 33.21
Data management and processing 22.27
Al Infrastructure and Governance 17.82
Educational technology 12.47
Energy, oil and gas 12.25
Autonomous vehicles 11.69
Fintech 9.68
Creative, musical and video content 9.25
Semiconductors 9.18
Factial recognition 9.04
Drones 7.62
Insurance technology 5.09
Venture capital 471
Cibersecurity and data protection 4.62

SOURCE: Author’s own elaboration based on data from Quid (2024).

Mexico has consolidated its leadership in the growth of artificial intelligence
companies in Latin America, with an increase of 965% in the last six years,
reaching 362 companies in 2024. This growth has generated more than 11,000
jobs and attracted investments exceeding 500 million dollars. Furthermore,
Mexico City has become the main hub for Al development, housing almost half
of the country's startups. Companies in this sector, which include key areas such
as machine learning and robotics, report average revenues of 1.3 million dollars
in 2024, reflecting an expanding market with great potential.

TABLE 4 Al companies in Latin America 2024

Country 2018 2024 Growth rate
Brazil 124 728 487%
México 34 362 965%
Chile 28 160 471%

Colombia 13 100 669%

Argentina 32 83 159%

SOURCE: https://www.santander.com.mx/ceb/2024/mexico-lidera-crecimiento-de-
empresas-de-inteligencia-artificial-en-latam.html
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D. SECTORS WITH HIGH POTENTIAL FOR Al

I. Healthcare

Artificial intelligence is no longer just a futuristic promise; it is already a reality.
Al is transforming the healthcare sector, opening up new opportunities and
challenges. An example illustrating this impact is the work of Demis Hassabis and
John Jumper of Google DeepMind, along with David Baker, who won the 2024
Nobel Prize in Chemistry. Their creation, AlphaFold, succeeded in predicting
the three-dimensional structures of proteins from amino acid sequences,
solving a scientific challenge of over 50 years. This breakthrough allowed for
the identification of the structure of almost 200 million proteins, providing tools
to address problems such as antibiotic resistance and the design of enzymes
capable of breaking down plastics. Furthermore, Baker advanced even further,
developing completely new proteins with applications ranging from health to
sustainability (Expansion Digital, 2023).

Al is already demonstrating its ability to transform diagnostics and treat-
ments. For example, advanced algorithms trained with more than 60,000 mam-
mograms can now identify subtle patterns in breast tissues, detecting possible
malignant tumors at extremely early stages. This development promises to era-
dicate late diagnoses and revolutionize early cancer detection (National Geo-
graphic, 2023).

Additionally, Al has a key role in remote regions where access to doctors is
limited. Al-based diagnostic tools can offer precise consultations and treatment
recommendations without the need for immediate medical presence. However,
this advancement raises questions about the future of certain medical roles,
such as general practitioners, who could be partially replaced. There is a great
opportunity to improve disease detection, as Kreutzer and Sirrenberg point out,
the Camelyon Grand Challenge 2016 demonstrated that collaboration between
humans and algorithms can generate better results. In this challenge, an
algorithm developed by Harvard and MIT researchers achieved 92.5% accuracy
in detecting metastatic breast cancer, while pathologists reached 96.6%. The
combination of both approaches resulted in 99.5% accuracy, reducing the
margin of error by 85%.

In the future, portable devices equipped with Al could radically change how
people manage their health. These devices would be capable of collecting real-
time data, recommending diets, suggesting personalized medications, and
offering advice tailored to each individual’s specific needs, improving overall
well-being.
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The implementation of Al will not be limited solely to diagnosis and treatment.
It also promises to optimize hospital management, allocating resources more
efficiently, improving patient flow, and reducing waiting times. Likewise, in
drug distribution, Al could allocate resources more precisely, personalizing
treatments to maximize results.

Il. Finance

The financial sector is one of the industries with the greatest potential to be-
nefit from the implementation of technologies based on artificial intelligence.
Historically, this sector has led in technological adoption, pioneering the use of
computers for innovations like high-frequency trading.

According to IBM (2023), artificial intelligence in finance is based on the
application of advanced technologies, especially machine learning algorithms.
These tools allow financial institutions to optimize efficiency, accuracy, and speed
intasks such as data analysis, projections, investment and risk management, fraud
detection, and customer service. Al is transforming the sector by automating
traditional banking processes and generating customer interactions that mimic
human intelligence and behavior.

Plummer (2024) notes that Al is also revolutionizing fraud detection and pre-
vention. Machine learning models can analyze millions of transactions to identify
patterns that indicate fraudulent activities. Banks leverage these capabilities to
identify suspicious transactions in real-time, significantly reducing losses from
fraud, as well as personalizing services. Banks use advanced data analytics to
offer product recommendations tailored to customers’ spending habits and
transaction histories.

Furthermore, Plummer also mentions how Al enables more sophisticated
financial analysis and risk modeling. By identifying correlations in vast datasets
that would not be apparent to humans, Al improves predictive analytics, scenario
planning, and risk assessments. Al has the potential to offer many benefits to the
financial sector, such as optimizing portfolio management, efficiently analyzing
large volumes of data, making more accurate profitability predictions, optimally
assigning credit ratings, and providing more exact risk assessments, positioning
Al as the engine of the financial sector’s future.
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lll. Manufacturing

Artificial intelligence has driven the so-called Industry 4.0, where production
processes are increasingly automated and connected, which has an impact on
operational improvement and cost reduction.

Al has revolutionized industry by promoting productive maintenance, ad-
vanced robotics, and supply chain optimization. There are sensors that monitor
equipment in real time to prevent failures, while robots with Al work alongside
humans on assembly lines, increasing productivity. Furthermore, tools like tho-
se used by Amazon predict demand, adjust inventories, and optimize delivery
routes. These advances have increased productive efficiency, reducing costs
and allowing for the improvement of production processes.

The automotive industry is one of the main sectors that has adopted artificial
intelligence and robotics in Mexico, and it is also one of the most important
industries in the country. Automotive companies use it to optimize supply chains,
improve production planning, and detect vehicle failures before they occur.
Artificial intelligence allows for predictive analysis, which reduces inefficient time
and improves product quality. In addition, collaborative robots work alongside
employees to increase efficiency in the production process.

The electronics sector has also integrated Al solutions to optimize its pro-
duction processes. Machine learning systems identify bottlenecks in production
and adjust workflows, maximizing productivity. Computer vision is used for qua-
lity control, allowing for more precise and rapid detection of defects in electro-
nic products.

In the food sector, companies are implementing Al to improve operational
efficiency and ensure quality standards. Automation mechanisms and machine
learning algorithms help manage inventories and forecast demand, optimizing
production and reducing costs. In addition, Al technologies allow for automated
inspection during the manufacturing process, improving the quality of the final
production.

The pharmaceutical industry has also adopted Al technologies to improve its
production processes. They use it primarily for the analysis of data related to the
development of new drugs, optimizing the research and development process.

The textile sector has implemented Al-based solutions to customize products
on a large scale. This not only improves consumer satisfaction by adapting
designs to specific trends, but also optimizes the use of resources, reducing
costs and increasing efficiency.
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FIGURE 3 Annual growth rate of installed industrial robots by country, 2021 vs. 2022
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The manufacturing industry is greatly benefiting from generative artificial intelli-
gence, especially in areas like product design, process optimization, and auto-
mation. According to a report from Stack Overflow? (2023), 76% of professionals
in the software industry already use or plan to use Al tools in their work. This
trend is also reflected in the manufacturing sector, where a growing number of
companies are adopting Al technologies to improve productivity and reduce
operational costs.

82% of the professionals surveyed highlight that the main benefits of using
Al tools include a significant increase in productivity, by allowing for greater

2 Stack Overflow 2023 Developer Survey
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speed in design and production. Around 60% of those surveyed also report
greater efficiency and accelerated learning, especially in the application of Al
for the automation of repetitive tasks and in improving product quality. These
tools are especially useful in the simulation of manufacturing processes and the
optimization of the supply chain.

Despite this progress, critical challenges persist, such as the validity of data
in real-world applications, the transparency and interpretability of Al models,
and the need to integrate physical approaches with data-based methods.
Opportunities are also identified for the development of generative Al with
granular control and generalist systems that interact more naturally with users.
The future of manufacturing will depend on the adoption of new tools and
methodologies that allow for the leveraging of data-rich environments and a
deep understanding of industrial processes. This approach will not only improve
operational efficiency but will also consolidate the scientific foundations for
advancing toward truly intelligent manufacturing (Gao et al., 2024).

IV. Agriculture

Food waste is a persistent problem that affects both the economy and the
environment. It is not just about what is left on the plate, but a massive loss that
occurs throughout the entire supply chain, from production to distribution. In
the United States, the USDA estimates that between 30% and 40% of the food
supply is wasted, an alarming percentage that reflects inefficiencies at different
stages of the process. These losses can be due to spoilage during transport,
inadequate storage conditions, or even overproduction.

However, data science and artificial intelligence are beginning to change this
reality. In agricultural production, technologies such as drones, sensors, and
satellites collect data on soil productivity, crop health, and weather conditions.
Processed in real time, this data allows farmers to make smarter decisions about
crop rotation, planting, and harvesting. Furthermore, predictive algorithms
can anticipate pests or diseases, facilitating early and effective interventions.
Autonomous agricultural robots complement these tasks by planting, harvesting,
and applying pesticides with precision, reducing waste and optimizing resources.

In the distribution stage, Al also plays a key role. Sensors connected to ad-
vanced analytical systems monitor critical parameters such as temperature, tri-
ggering alerts in case of variations that could compromise the quality of the
products. In retail, automated systems for tracking expiration dates help plan
promotions and prevent food from losing freshness. On the other hand, pre-
diction algorithms adjust product orders according to demand, aligning supply
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and consumption to minimize waste. These technologies not only improve effi-
ciency but also contribute to building a more sustainable and conscious supply
chain. (Innovacion Digital 360, 2024)

V. Retail trade
Al has transformed shopping experience and logistics operations. Additionally,
predictive inventory management systems optimize stock levels, reducing
waste and ensuring that products are available when needed. An innovative
example of the application of Al is Amazon Go, where the technology allows
for a completely automated shopping experience without the need for cashiers.

Al algorithms analyze shopping behavior and suggest personalized products,
as Amazon does. This increases the likelihood of cross-selling and repeat sales.
Most retailers and large companies have already begun to implement Al-based
chatbots; these can answer frequently asked questions from customers and
improve customer service 24 hours a day.

These innovations have made it possible to create more personalized shop-
ping experiences, improve efficiency, and develop new frictionless commerce
models, benefiting both consumers and retailers.

VI. Education

Artificial intelligence is revolutionizing the way we learn and teach. In the last
year, many academic platforms like Khan Academy and Coursera, known for
offering videos, courses, and readings, have begun to incorporate chatbots into
their pages designed to facilitate learning. These tools can generate persona-
lized quizzes, summarize content, and provide syllabi adapted to the needs of
each user.

The potential impact of Al in education goes much further. With the ability
to create images and videos, the future could offer us complete classes taught
by virtual teachers generated by Al, capable of writing on whiteboards as if they
were real teachers. These classes would be completely personalized, adjusting
to the pace of each student.

Artificial intelligence systems can identify the strengths and weaknesses of
each student and adapt the content to their needs, allowing each one to learn at
their own pace. This does not stop here; there is also a way to support teachers
and thus improve their performance. For example, Al can take care of grading
multiple-choice exams, organize student data, or scheduling activities, freeing
up time for teachers to focus on teaching.
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Beyond facilitating access to knowledge, Al is opening the doors to a more
inclusive, personalized, and efficient educational experience. This has the
potential to reduce educational gaps in regions of the world with limited access
to quality education. The implementation of these technologies could be key to
closing inequalities, promoting development in countries with educational lag,
and generating new opportunities for millions of people.

VII. Entertainment and media

Artificial intelligence has transformed both the creation of content and the way
users consume it. For example, ChatGPT allows for the automated creation of
scripts, images, and audiovisual content, facilitating creative production on an
unprecedented scale. Additionally, platforms like Spotify and YouTube use Al to
personalize recommendations for music, videos, and podcasts, offering users
content adapted to their tastes and preferences. In the film industry, Al optimizes
production by predicting the success of movies and managing budgets more
efficiently. These innovations have not only democratized content creation but
have also improved the user experience by making it more personalized and
accessible.

This has affected and benefited large companies, for example, The Walt
Disney Company, as it is transforming various areas of entertainment: in content
production, as in The Mandalorian, it improves visual effects and narrative by
de-aging characters; in theme parks, like Pirates of the Caribbean, it facilitates
interactive animatronics that offer personalized experiences; in animated films,
such as Elemental, it brings realism and efficiency by simulating elements like
fire and water. Furthermore, in content strategies, it optimizes processes and
reduces costs through post-production tools, and in immersive experiences, it
enriches interaction in theme parks with augmented reality applications.

The use of Al in the film and streaming industry has also had negative con-
sequences, due to the recent SAG-AFTRA union strike, which began on July 14,
2023, and concluded on November 8 after 118 days of stoppage. It was one of
the longest in the industry’s history. During this period, the Californian economy
suffered estimated losses of 6.5 billion dollars, in addition to the layoff of some
45,000 workers. One of the reasons was the growing concern about the use of Al
to replicate voices or likenesses without adequate compensation for the actors.

VIIl. Energy
Artificial intelligence and Industry 4.0 demand a change in humanity’s energy
pattern and production processes. With the adoption of artificial intelligence,
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technology companies have seen an increase in emissions due to the growing
energy demand of Al, particularly from the data centers needed to train and
run Al models. As generative Al systems gain popularity, their energy consump-
tion increases, with some models requiring much more energy than traditional
software. As Al systems become more advanced, their energy consumption is
expected to double approximately every 100 days, putting pressure on already
overburdened electrical grids. Companies like Microsoft and Google have re-
ported significant increases in CO2 emissions, partly due to the expansion of
their data centers (Kemene et al, 2024).

Despite the high energy demand of Al, it has the potential to drive the ener-
gy transition by optimizing the integration of renewable energies, improving
energy efficiency in carbon-intensive industries, and contributing to grid stabi-
lity. Al can help predict energy production, shift energy loads, and optimize the
use of renewable energy sources, ensuring efficient grid operation. However,
the energy required to support Al's growth poses the challenge of balancing
its benefits with environmental costs. As the European Parliament and other
regulatory bodies begin to establish requirements for Al systems to be ener-
gy-efficient, hardware advancements, such as Nvidia's new “superchip”, offer
hope for reducing energy consumption (Kemene et al., 2024).

Al has had a significant impact on the energy sector, promoting sustainability
and efficiency. Intelligent electrical grid management systems balance supply
and demand in real time, ensuring a stable and efficient supply. Climate
prediction algorithms analyze meteorological data to optimize the generation of
renewable energy, maximizing its use and minimizing waste. Furthermore, smart
buildings use Al to automatically adjust lighting and temperature, improving
energy efficiency. These innovations have contributed to the reduction of
carbon emissions and greater integration of clean energies, advancing toward a
more sustainable future.

Energy systems, once centralized, now require multidirectional electrici-
ty flows between distributed generators, the grid, and users, which increases
management complexity. This phenomenon is accentuated by the growing in-
terconnection between energy, transport, construction, and industry. For this
reason, Al is positioned as a key tool to improve supply and demand forecas-
ting, optimize the integration of renewable energies, and increase operational
efficiency. For example, the use of machine learning models to predict wind
production has allowed companies like Google to increase the accuracy of their
forecasts, thereby improving the profitability of their wind farms and enabling
the advance sale of energy at higher prices (EIA, 2024).
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Furthermore, Al also plays a crucial role in preventing grid failures through
predictive maintenance, which significantly reduces service interruptions. Com-
panies like E.ON and Enel have implemented machine learning algorithms to
detect problems in their infrastructures, anticipating failures before they occur.
As digitalization and automation expand, Al promises to revolutionize grid ma-
nagement, facilitating demand response, improvingv electricity flow control,
and offering more efficient consumer services (IEA, 2024).

IX. Transport and logistics

Autonomous transportation and route optimization are led by Al. Artificial inte-
lligence has revolutionized the transportation sector, improving safety, reducing
operational costs, and increasing efficiency in urban transport. Companies like
Tesla and Waymo are at the forefront of developing autonomous vehicles, which
allow for driving without human intervention, promising a future with fewer ac-
cidents and greater comfort. In the logistics field, companies like UPS use Al to
optimize routes, which reduces delivery time and costs, improving operational
efficiency. Additionally, smart cities implement Al-based traffic management
systems to regulate vehicle flows in real-time, alleviating congestion and impro-
ving urban mobility. These innovations are transforming transportation, making
it safer, more economical, and more efficient.

The International Energy Agency (2024) estimates that almost one in five ve-
hicles sold in 2023 was electric, representing double the proportion recorded
just two years ago. Regarding the impact of artificial intelligence on transporta-
tion, the advancement towards electric vehicles (EVs) is a key component of the
transition to a more sustainable transportation system, with Al playing a crucial
role in optimizing charging infrastructure, managing EV fleets, and improving
operational efficiency in this sector.

In Mexico, the manufacturing of transportation equipment is the economic
activity with the highest added value, and the integration of Al in the automotive
industry could further transform this key sector for the country’s economy. As
emerging technologies, such as Al, are incorporated into production processes,
Mexico has the opportunity to consolidate itself as a leader in the manufacturing
of next-generation vehicles, including electric (EV) and autonomous vehicles.

D. SOME REFLECTIONS ON THE FUTURE

Although artificial intelligence has a transformative impact, it poses ethical and
social challenges, such as the potential loss of jobs, inequality in access to these



CLEMENTE RUIZ DURAN

technologies, and dependence on centralized systems. We can address both

topics in a complementary way. First, we will explore alternative currents to

capitalism that seek to incorporate or resist technology, including Al, and then
we will examine specific cases of industrial transformation with Al.

Alternative currents to capitalism and their relationship with Al. Some
contemporary currents are rethinking the dominant economic models and,
in particular, the relationship with disruptive technologies like Al. These
perspectives seek to leverage these tools in an inclusive, ethical, and sustainable
manner:

A. Economy for the Common Good. Proposed by Christian Felber, this cu-
rrent promotes an economic model based on values such as cooperation,
sustainability, and equity. In this context, Al could be used to: optimize the
distribution of essential resources, such as water, food, and energy; analyze
social and environmental data to make more responsible political decisions;
create transparent platforms for collective governance. Example of Al use:
Algorithms for crop optimization in agricultural cooperatives that work un-
der sustainability principles.

B. Degrowth. Degrowth questions the obsession with infinite economic grow-
th, proposing to reduce consumption to preserve the planet’s resources. Al
can play a role in: designing more efficient energy systems that prioritize
renewable energies; modeling and predicting the ecological impacts of
political or industrial decisions; boosting local economies through decen-
tralized platforms, reducing corporate intermediaries. Example of Al use:
Simulations of natural resource consumption for communities seeking to
minimize their ecological footprint.

C. Circular Economy. This model is based on reusing materials and products to
minimize waste. Al helps in: designing more durable and recyclable products;
creating reverse logistics systems that recover used materials; monitoring
industrial processes to avoid resource waste. Example of Al use: Platforms
like Winnow use Al to reduce food waste in restaurants, maximizing reuse.

D. Post-capitalist proposals. Movements like “solarpunk” or the “digital com-
mons” imagine futures that combine advanced technology (like Al) with
cooperative social structures:
¢ Solarpunk: Integrates technologies like Al into self-sufficient communities,

with an emphasis on sustainability and ecological design.

¢ Digital commons: Open and collectively managed resources, such as Al

software for research or education.
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Example of Al use: Open-source projects like Hugging Face democratize
access to Al tools, moving away from corporate control.

E. SPECIFIC CASES OF INDUSTRIAL TRANSFORMATION
WITH Al

Al is also reshaping key industries under capitalist logic, but with the potential
to change the way they operate.

Artificial intelligence is reshaping key industries under capitalist logic, with
significant potential to transform their traditional ways of operation. In the field
of autonomous transport and logistics, companies like Tesla and Waymo are
leading the development of driverless vehicles, revolutionizing the sector by
reducing operational costs and eliminating the need for human drivers, which
also generates a positive environmental impact through route optimization and
the consequent reduction of carbon emissions.

In sustainable agriculture, companies like Blue River Technology, a subsidiary
of John Deere, use artificial intelligence to identify and apply herbicides
selectively, which reduces the use of chemicals and costs. In Africa, projects
like Hello Tractor use Al to manage shared tractors, allowing small farmers to
significantly improve their productivity.

The creation of cultural content is experiencing a democratization thanks to
platforms like Runway ML, which allow artists to generate images and videos
using Al, and Deepdub, which uses smart technology to translate and dub films
into multiple languages, expanding cultural dissemination.

In the medical field and global accessibility, organizations like Butterfly
Network are developing portable Al-powered ultrasound devices to perform
diagnostics in remote areas. In India, smart tools translate medical content into
local languages, facilitating access for rural communities.

Finally, in the energy sector, companies like Google DeepMind have achieved
the prediction of wind generation, optimizing the use of renewable energy in
electrical grids.
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V. CONCLUSION AND FINAL
REFLECTIONS

Artificial intelligence is at a decisive moment that could define the future of our
societies. Today, its development is primarily driven by economic interests that
seek to maximize profits and consolidate technological monopolies. However,
not everything is written. Al also has the power to become a tool for building a
more just and inclusive world. Of course, this change will not happen by magic.
We need an ethical, political, and social framework that guides its implementa-
tion toward objectives that benefit the collective well-being, not just the inter-
ests of a few.

Solid ethical rules are needed that limit the abuses of large corporations and
guarantee a responsible use of Al. These norms must address issues like privacy,
transparency, and equity, preventing technological power from aggravating
existing inequalities. Second, democratizing Al is essential. It cannot be an
exclusive tool for those who have the resources; it must be within everyone's
reach, regardless of their economic situation or where they live. This means
reducing digital divides and promoting technological education in communities
that are usually marginalized.

Finally, it is time to rethink the role of technology in our lives. Instead of
perpetuating a model focused solely on economic growth, we need to build a
future based on sustainability, social equity, and respect for the environment. Al
can be a driver to achieve all this, but only if we make conscious decisions, with a
long-term vision. So combining technological innovation with humanistic values
is not just important; it is essential. In this way, we can ensure that technology is
truly at the service of humanity, and not the other way around.
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I. INTRODUCTION: THE EVOLUTION OI-
ARTIFICIAL INTELLIGENCE.

rtificial intelligence (Al) has evolved rapidly since its inception in the
1950s, transforming into a key technology that impacts industrial
development and various aspects of daily life.

In 1936, Alan Turing, a British mathematician and cryptographer, introduced
the concept of the Turing machine, a theoretical idea that formalizes the concepts
of algorithm and computation, which was fundamental to understanding how
modern computers work'. In 1950, Turing proposed the famous “Turing Test”
in his article “Computing Machinvery and Intelligence”. This test evaluates
whether a machine can exhibit intelligent behavior indistinguishable from that
of a human being. Turing'’s proposal laid the groundwork for the development of
Al by raising questions about machines’ ability to think and reason.

The term “artificial intelligence” was coined by John McCarthy in 1956 du-
ring the Dartmouth Conference, where the foundations for the development
of this discipline were laid. It was during this era that the first algorithms and
programming languages, such as LISP?, were developed, allowing machines to
perform simple rule-based tasks.

In the 1960s, Al began to generate some applications with the development
of programs such as ELIZA, a chatbot that simulated human conversations,
as well as expert systems like MYCIN, designed to diagnose diseases, which
demonstrated Al's potential in practical applications®4.

1 During World War Il, Turing played a crucial role in breaking Nazi codes, especially those

generated by the Enigma machine.

2 LISP, an acronym for list processing, is a programming language designed for easy
manipulation of strings of data. It is one of the oldest programming languages still in use.

3 MYCIN was able to identify the bacteria causing the infection in patients and suggested
antibiotics and appropriate doses based on each patient’s weight. It was also capable of
detecting infectious blood diseases such as meningitis and bacteremia.

Y https://telefonicatech.com/blog/mycin-el-comienzo-de-la-inteligencia#:~:text=MYCIN%20
era%20capaz%20de%20identificar,la%20meningitis%20y%?20la%?20bacteriemia accessed
on November 20, 2024
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Expert systems (software that emulates the reasoning and decision-making
of a human expert in a specific area) boosted Al. One of the first was Dendral,
created in 1965 by Edward Feigenbaum and other researchers at Stanford
University, designed for the analysis of chemical compounds®. These systems use
a specialized knowledge base and reasoning techniques to analyze information
and provide solutions to specific problems, imitating the decision-making of a
human expert. In the 1980s, expert systems evolved and were applied in various
fields of economic activity.

Subsequently, in the 1990s, with the growth of computing power, it became
possible to process more complex algorithms and simulate decisions. In a
historic milestone, Deep Blue, a supercomputer developed by IBM, defeated
world chess champion Garry Kasparov in an official match. This proved the
advanced calculation and strategy capabilities that could be conferred upon
machines, paving the way for identifying Al's potential in decision-making®.

At the beginning of this century, the arrival of big data (the ability to process
large volumes of data) revolutionized the field of Al. Machine learning algorithms
began to evolve and consolidate, allowing machines to learn patterns and make
predictions based on historical data. This advance has been fundamental for
applications such as facial recognition and search engines.

Building on this foundation, the development of deep learning led Al to
new, more complex applications. Using artificial neural networks with multiple
layers, this technique has enabled significant advances in areas such as natural
language processing (NLP), image recognition, and autonomous systems.
Applications like Apple’s Siri and the Alexa virtual assistant are clear examples
of the impact of deep learning.

In 2012, the introduction of AlexNet, a deep neural network that won the
ImageNet competition, marked a significant advance in visual recognition.
This model demonstrated that neural networks’ could outperform traditional
methods in complex tasks such as image classification.

In 2020, DeepMind presented AlphaFold, a system capable of predicting the
three-dimensional structure of proteins with high accuracy from their amino acid
sequence. This advance has significant implications for molecular biology and
drug development.

5 https://www.lifeder.com/sistemas-expertos/ accessed on November 18, 2024

6 https://academiaready.es/los-hitos-mas-importantes-en-la-historia-de-la-inteligencia-
artificial/ accessed on November 18, 2024

7 A neural network is a computational model inspired by the functioning of the human brain.
It is composed of interconnected units called artificial neurons that process information in a
similar way to biological neurons.
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On the other hand, generative artificial intelligence has recently gained
popularity, with tools like ChatGPT that can create coherent and relevant text
from simple prompts. This type of Al is being used in various industries, from
marketing to creative development. The exponential growth of generative Al
has raised concerns about its ethical use and various risks, revealing the urgent
need to establish regulations that guarantee transparency and equity in Al
systems to ensure their responsible development, without limiting innovation.

Al encompasses a wide variety of technologies, making its taxonomy com-
plex and varied. Historically, it has been classified according to various criteria,
including:

* Level of complexity: reactive and limited Al.

® Problem-solving capacity or intelligence level: narrow, general, and super-
intelligence Al.

* Rationality and mode of operation: systems that act like humans, think like
humans, or act rationally.

In addition to these classifications, Figure 1 shows the main disciplines rela-
ted to Al

FIGURE 1 Main disciplines related to Artificial Intelligence
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In 2024, artificial intelligence continued its expansion, with multinational
companies being the ones that have most leveraged its potential (Oldemeyer,
2024), (Sections, 2021). According to the survey by Szedlak (2021), nearly 90%
of SMEs still do not have Al applications in their operations. Due to the recent
nature of different applications, there is still a significant gap between the appli-
cation of technology for the development of concrete solutions and its imple-
mentation in companies.

Il. Al IN INDUSTRY

Currently, terms such as lean manufacturing, advanced manufacturing, and
Industry 4.0 are well known in the industrial environment. According to Lee
(2020), all these techniques have been designed to efficiently solve known
problems, and Al has been added to them, which uses various machine learning
methods to integrate different types of data, allowing the extraction of invisible
data, identification of relationships, and optimization of systems, thus avoiding
(hidden or unknown) problems that have not yet occurred.

Industrial Al is a new emerging field that is expanding at a very rapid pace,
thanks to the confluence of multiple sensors integrated into various products,
the increasing availability of data (particularly digitized data), smarter algorithms,
and the availability of processors and storage devices for large volumes of data.

According to the above, it is important to keep in mind that Al is a cognitive
science that mainly includes six fields: natural language processing; computer
vision; cognition and reasoning; game theory and ethics; and machine learning
and robotics.

Traditional Al experts have deployed their great algorithmic capacity, but
this is not enough for industrial applications, as it is difficult to solve problems
of industrial systems in the absence of experts and knowledge of the business
environment in various sectors. Therefore, the biggest challenge of industrial Al
is to transform human-centered algorithmic thinking into the understanding of
engineering systems.

The development of intelligent manufacturing systems and the rapid
evolution of the Internet have shown a trend where the concepts of “localized
intelligence” and “interconnected intelligence” go hand in hand in the context
of industrial systems, which are evolving towards intelligent applications. In
this sense, one of the biggest challenges for industrial Al does not lie in the
technology itself, but in how to apply it to generate value. It is about using Al to
solve problems such as the following:
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Manufacturing quality, including equipment, systems, and processes, as well
as industrial organization and personnel capacity building. With Al models,
early and automated detection of possible defects during production can be
achieved using real-time data, for example in assembly and machining. Emer-
ging applications include automated visual inspection using deep learning
methods (Ojer, 2020), defect prediction (in line with the zero-defect manufac-
turing paradigm) (Peres, 2019), and online quality prediction (Schmitt, 2018).
Standardization of workflows, which seeks to optimize and standardize tasks
and processes within an organization, leveraging Al capabilities to automate
and improve efficiency.

Predictive maintenance using algorithms to analyze real-time data from
sensors installed in machinery and equipment, which allows predicting failures
before they occur and scheduling timely maintenance.

Supply chain optimization through advanced data analysis, to adjust inventory
levels and improve logistics.

Inthe words of Lee (2020, p. 9), the objective of the future Industrial Intelligence

system is “to create an industrial environment that achieves the goals of zero

accidents, zero pollution, zero waste, zero defects, and zero downtime”.

CAPRPABILITIES REQUIRED FOR INDUSTRIAL Al

The development of industrial Al requires a series of technological capabilities

that make its effective implementation and integration into existing processes

viable. The main ones are detailed below:

Data infrastructure, which implies systems that allow continuous data collec-
tion from sensors, machines, and processes. This requires robust, accurate,
and updated databases, as well as the capacity to store large volumes of
information.

Advanced data analysis tools. Statistical analysis software and big data
platforms are required to process and analyze large datasets in real-time.
Similarly, the ability to develop and apply machine learning algorithms that
allow machines to learn and adapt from data to make autonomous decisions
is needed.

Automation capabilities through systems to control and monitor processes,
such as SCADA (Supervisory Control and Data Acquisition), LiDAR (Light
Detection and Ranging), and PLC (Programmable Logic Controllers) systems.
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® Advanced robotics through collaborative robots capable of working with

humans and autonomously. Currently, the integration of artificial intelligence
(Al) and Internet of Things (loT) technologies is taking industrial robots to new
levels of autonomy and adaptability. These advances allow robots to learn
from their environment and optimize their operations, resulting in greater
efficiency in manufacturing processes (Schwab, 2017).

* Internet of Things (loT). The Internet of Things (loT) describes the network

of physical objects (“things”) that are embedded with sensors, software,
and other technologies for the purpose of connecting and exchanging data
with other devices and systems over the Internet. These devices range from
common household objects to sophisticated industrial tools®. Connectivity
between devices is fundamental for data collection and exchange to generate.
Figure 2 shows the infrastructure components for loT operation.

* 5G networks to improve the ability to transmit large volumes of data quickly

and with low latency, which is crucial for industrial applications that require
immediate response, such as automated systems and industrial robots.

* Cybersecurity and data protection to implement robust regulations and

measures to protect industrial data and critical infrastructures. Effective
systems to identify threats and react to cyberattacks are essential to achieve
reliable operation in a highly connected context where every contact point in
a network is a risk element (Solleiro et al., 2022).

* Research and development capabilities in areas such as neural networks,

deep learning, reinforcement learning, statistical methods, intelligent control,
cyber-physical systems, sensors, simulation, and cybersecurity. Figure 3 shows
the main technologies protected by patents in industrial Al in the period
2014-2024. The major fields where inventions are concentrated are machine
learning, data analysis, cloud computing, deep learning, control systems, and
industrial robots.

8 https://www.oracle.com/mx/internet-of-things/what-is-iot/ accessed on August 15, 2023
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FIGURE 2 The infrastructure elements for loT operation
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As can be observed, the effective application of industrial Al depends on
the development and integration of technological capabilities that include
everything from a solid infrastructure for data collection, analysis, and use
to advanced automation, cybersecurity, and research. Only based on these
capabilities, it will be possible to successfully implement industrial Al in Mexico
and achieve the expected benefits. The following sections will delve into each of
these capabilities and analyze Mexico's current situation in relation to them, as
well as proposed strategies for their strengthening and development.

1. MEXICO AND INDUSTRIAL Al

In the Mexican context, the adoption of Al not only presents opportunities to
improve the productivity and competitiveness of its companies, but also a series
of structural obstacles derived from a poorly articulated national innovation
system and inadequate public policies that have not placed the development of
the digital economy as one of its pillars.

According to the International Monetary Fund (IMF) Al Readiness Index,
Mexico ranks 56th out of 174 countries, with a score of 0.53. This index evaluates
several critical components, including digital infrastructure, human capital,
innovation and economic integration, and regulation and ethics. Compared to
other Latin American countries, Mexico ranks behind Chile (0.58) and Uruguay
(0.55) in terms of readiness to adopt this technology?.

INFRASTRUCTURE

In the digital infrastructure dimension, Mexico obtained a score of 0.13, reflecting
significant deficiencies in internet access, broadband speed, and mobile
coverage. Inadequate infrastructure is a serious limitation to the development
of industrial Al, as applications in this field require high speed and low latency,
which depend on a widespread 5G network.

According to Piedras (2024), in the first half of 2024, “the balance of the public
budget allocated and executed in the ICT sector in Mexico reveals a contrasting
picture: some institutions or programs received a significant boost, while others
face cuts that could limit their reach”. The Federal Electricity Commission
(Comisidn Federal de Electricidad) and PEMEX saw notable increases: CFE

9 https://www.eleconomista.com.mx/opinion/El-futuro-digital-de-Mexico-Oportunidades-y-
retos-en-1A-20240718-0003.html
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339.4% in telecommunications infrastructure services and 203.5% for PEMEX
telecommunications services. In stark contrast, the Ministry of Infrastructure,
Communications and Transportation saw a 19.8% reduction in that period,
and the General Directorate @prende.mx (formerly the General Directorate
of Television Education), a program of the Ministry of Public Education (SEP)
focused on educational digitalization and connectivity in schools, saw a 15.1%
reduction, which shows that the government’s discourse does not coincide with
its commitment to digital education. What's remarkable about these budget
data is that they reveal what priorities have been established.

In the case of 5G deployment, Mexico has increased its coverage in urban
areas, but not outside of them'™. But the 5G infrastructure deficit is not its only
challenge, as the high cost of spectrum has hampered the allocation process,
further delaying the development of this network.

HUMAN CARITAL FOR Al

Investment in education, especially in STEM (science, technology, engineering,
and mathematics) fields, isinsufficient. Greatertraining and retraining are needed
for the current workforce. A study by the Mexican Institute for Competitiveness
(IMCO, 2023) indicates that the lack of trained personnel is one of the main
obstacles to fully adopting Al.

Despite growing demand, the supply of specialized professionals in areas
such as machine learning, data processing, and algorithm development remains
limited. This shortage jeopardizes the country’s ability to take advantage of
the benefits of artificial intelligence and exposes it to greater technological
dependence on foreign markets.

CISCO (2024), based on a global survey, concludes that by 2024, only 27% of
companies in Mexico expect to have trained personnel to face the challenges
of artificial intelligence, a figure that represents a decrease compared to the
previous year. Furthermore, a growing cultural resistance is detected at the
organizational level, especially at the management and operational levels.

10 https://www.5gamericas.org/resources/deployments/ accessed on November 29, 2024
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Al IN BUSINESS

Cisco's recent report on the 2024 Artificial Intelligence Readiness Index reveals
that Mexican companies’ ability to implement Al has stagnated'. The study,
which analyzes 8,000 companies in 30 countries, classifies organizations into
four levels of readiness: leaders, chasers, followers, and laggards. In Mexico,
only 13% of companies are in the leader category, while 38% are at the chaser
level, slightly above the global average.

Compared to 2023, there is a decrease in the percentage of companies that
considerthemselves leadersin the use of Al. While the number of chasers remains
stable, the number of organizations classified at the lowest levels —followers and
laggards— has increased, highlighting a decline in national readiness to face the
challenges of artificial intelligence.

“According to the data, one of the biggest obstacles in Mexico is inadequa-
te infrastructure, including deficiencies in computing, networks, and cyberse-
curity. Only 21% of companies have the necessary technological resources, a
considerable drop from the 28% recorded in 2023. Furthermore, the problem
of data management remains significant, with 82% of companies working with
fragmented information in silos, which limits the quality and reliability of their
Al models"2.

INNOVATION

In this area, Mexico has regressed. Spending on research is low compared
to international standards, reaching only 0.27% of GDP in 2023, down from
around 0.5% six years ago®™. The National Strategic Programs defined by
CONAHCYT (National Council of Agricultural Research and Technology) during
the administration of Andrés Manuel Lopez Obrador did not prioritize research
for the manufacturing industry, and sectoral and mixed funds were eliminated.
Regarding the promotion of technological development in companies, support
from the Innovation Incentive Program and those managed by the National
Entrepreneurship Institute were also eliminated.

N https://comentariodeldia.com/2024/11/25/mexico-retrocede-en-preparacion-para-la-ia-
segun-informe-de-cisco/

12 https://comentariodeldia.com/2024/11/25/mexico-retrocede-en-preparacion-para-la-ia-
segun-informe-de-cisco/

13 https://www.elfinanciero.com.mx/opinion/eugenio-gomez/2024/08/27 /que-tan-bien-
preparado-esta-mexico-para-adoptar-la-inteligencia-artificial/
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In the Al Meetings Roadmap for Mexico (May and Rojas, 2024, p. 28), it is
mentioned, in the area of research and development, that “the group of partici-
pants highlighted that Mexico’s investment in R&D is lagging compared to other
Latin American countries, which is reflected in a diminished research ecosystem,
with fewer researchers, lower productivity, and a smaller number of registered
articles and patents”. May and Rojas (2024, p. 29) also emphasize that “the spe-
cific challenges faced by SMEs around R&D are enormous given that they often
lack the necessary financial resources and internal research capacity. The group
of experts recognized the absence, to date, of any initiative, fund, or program
aimed at technological research and development specifically aimed at these
companies or multisector collaboration. This aspect was underscored as funda-
mental, given that SMEs constitute more than 95% of the country’s economy”.

Under these circumstances, the country’s and its companies’ capacity for
innovation is not only low but has also been diminished.

REGULATION AND ETHICS

The lack of a regulatory framework adapted to the needs of the digital environ-
ment presents an additional obstacle to the effective adoption of Al. Mexico
needs to develop a flexible regulatory framework that protects citizens’ rights
while fostering innovation. This can facilitate faster and more effective adoption
of Al-based technologies. May and Rojas (2024) recognize that Mexico needs to
build a National Al Strategy based on ethical principles for technology, as well
as designate an entity responsible for implementing the National Al Strategy.

V. MEXICO IN THE LATIN AMERICAN
ARTIFICIAL INTELLIGENCE INDEX (ILIA)

In 2024, the second edition of the ILIA was launched to offer a comprehensive
and structured overview of the progress of Al in Latin America and the
Caribbean, based on elements and variables that influence the development of
Al ecosystems across three dimensions: enabling factors, research, development
and adoption, and governance. Figure 4 illustrates that, even within the context
of this region, Mexico has lagged, ranking only sixth in a ranking of Al “adopters”
based on its level of maturity.
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FIGUE 4 Latinoamerican Al Index 2024
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SOURCE: Centro Nacional de Inteligencia Artificial (2024).
https://indicelatam.cl/wp-content/uploads/2024/11/Ficha-Mexico.pdf

Figure 5 shows Mexico's position relative to the average for Latin American
and Caribbean countries, revealing superior performance, albeit with a similar
profile. However, Mexico's lack of vision and institutional framework in the field
of Al is notable, placing it at a clear disadvantage.

FIGURE 5 Latin American Al Index 2024.Sub-dimensions of México and Latin America
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In the document “Towards a national artificial intelligence strategy” (Ibarra
et al., 2024, p. 48), a general review of recent National Digital Strategies is pre-
sented, concluding that “the lack of a long-term vision of public policies and the
lack of continuity of policies aligned with good practices or international stan-
dards in terms of digitalization are a serious problem and an obstacle for Mexico
to achieve significant growth in Al. This situation is repeated every six years in
the federal and local public administrations, and every 3 years in the municipal
or mayoral administrations of Mexico City".

The National Alliance for Artificial Intelligence (Lagunes et al, 2024, p.
12) mentions that, in Mexico, "the adoption of Al-based technologies shows
an upward trend. The “Global Al Adoption Index 2022 indicates that 31% of
companies in Mexico have actively implemented Al solutions (IBM Global Al
Adoption Index 2022, 2022). Furthermore, a survey conducted by the Internet
Association and Knowsy Al (2023) indicates that 55% of internet users in Mexico
perceive Al as a useful tool, while 22% express concerns about its potential
negative impacts. These figures reflect a duality present both in Mexico and
globally: an enthusiasm for innovation and technological development, along
with caution towards the ethical, economic, social, technological dependence,
and cybersecurity risks that these advances could entail”.

FIGURE & Axes of the ANIA proposal for building a national Al agenda 2024-2030.
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e Neuro-rights

e Sandbox

o Strengthening of
autonomous bodies

e International cooperation

and data treaties
SOURCE: Lagunes et alv. (2024)
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Faced with this duality, various proposals have been launched in Mexico to
define Al policies, all of which share a regulatory focus, relegating the promotion
component. Itis also notable that recent emphasis has been placed on generati-
ve Al and its ethical and responsible use. Such is the case of the National Allian-
ce for Artificial Intelligence (ANIA), developed in the Senate of the Republic,
whose proposal for a policy agenda is summarized in Figure 6. It is clear that the
drive for the development and application of industrial Al has no specific focus.

V. Al OPPORTUNITIES IN INDUSTRY

A policy to promote industrial Al should focus on fostering its most pro-
mising applications, which include several innovative areas that seek to im-
prove efficiency, decision-making, and operational capabilities. Among the
most impactful applications in the short and medium term are expected to
be the following:

PROCESS OPRPTIMIZATION IN MANUFACTURING

The application of industrial Al for process optimization seeks to increase the

profitability of processes, while making them more sustainable and efficient.
These are real-time decision-support systems based on models based on

historical data. Examples of tangible solutions being developed worldwide

include:

e Energy consumption prediction and optimization (management) (Qin, 2018)

» Production efficiency (Liang, 2019)

+ Demand forecasting (Chien, 2020)

« Optimization of the design and production of complex parts, rapid proto-
typing, and customization (mainly through 3D printing and manufacturing)
(Liu, 2024)

QUALITY CONTROL AND ASSURANCE

With Al models, early and automated detection of potential defects during
production using real-time data, for example in assembly and machining. Emer-
ging applications include automated visual inspection using deep learning me-
thods (Ojer, 2020), defect prediction (in line with the zero-defect manufacturing
paradigm) (Peres, 2019), and online quality prediction (Schmitt, 2018).



JOSE LUIS SOLLEIRO | ROSARIO CASTANON | DAVID GUILLEN

HUMAN-ROBOT COLLABORATION

Currently, the integration of Al and loT technologies is taking industrial robots
to new levels of autonomy and adaptability. Cobots, or collaborative robots,
are specifically designed to work safely and collaboratively with humans,
representing a major shift from traditional industrial robots, which operated in
isolation due to safety risks. Cobots are equipped with advanced sensors that
allow them to detect the presence of humans and adjust their movements to
avoid accidents. Support is provided for current human-centric tasks, either by
improving operator well-being and safety or by making their tasks easier and
more efficient. Applications of industrial Al include workforce training and task
support (Lai, 2020), collaborative robotics (Bergamini, 2020), and ergonomics
(Abobakr, 2019).

EXPERT SYSTEMS FOR DECISION-MAKING

The use of expert systems in industrial environments enables automated
decision-making based on established rules and knowledge bases. These
systems are applied in various areas such as risk assessment, fault diagnosis,
and predictive maintenance (Yan, 2017).

LOGISTICS AND SUPPLY CHAIN ORPTIMIZATION

Through automation and predictive analytics, the links in a supply chain
can be seamlessly integrated, optimizing communication, standardization,
and management of critical data (Oran, 2021). The use of Al helps overcome
geographical and language barriers and generate highly efficient collaborative
environments.

CHALLENGES FOR THE ADOPTION OF INDUSTRIAL Al
IN MEXICO

Despite the potential benefits of industrial Al, its adoption in Mexico faces sig-
nificant challenges that must be addressed to ensure a successful and compe-
titive insertion into this technological phenomenon. These challenges include:
* Lack of specialized human capital. There is a shortage of professionals with
skills in data science, machine learning, cybersecurity, and advanced robotics.
This limits the ability of companies to develop and implement Al solutions.
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¢ Limited investment in R&D. Investment in research and development in
Mexico is still low compared to other countries, which hinders the generation
of new knowledge and the development of proprietary Al technologies.

¢ Insufficient infrastructure. The lack of adequate digital infrastructure, es-
pecially in terms of 5G connectivity and cloud computing, limits the deploy-
ment of Al solutions that require high processing capacity and low latency.

¢ Absence of clear public policies. There is a need for a comprehensive
national strategy that promotes the adoption of Al in industry, including
incentives for innovation, training programs, and regulatory frameworks that
facilitate its ethical and responsible use.

¢ Resistance to change and lack of awareness. Many companies, especially
SMEs, are unaware of the benefits of Al or are reluctant to adopt new
technologies due to fear of the unknown or lack of resources.

¢ Data privacy and security concerns. The implementation of Al solutions
requires handling large volumes of data, which raises concerns about privacy
and cybersecurity. It is essential to establish robust mechanisms to protect
sensitive information.

¢ High implementation costs. The initial investment required to implement Al
solutions can be high, which is a barrier for many companies, especially SMEs.

THE NEED FOR AN INDUSTRIAL Al POLICY

To address the opportunities
outlined above, a clear policy
Low investment

in innovation Few companies
and talent adopt Al solutions

current shortcomings, sum- development

with a long-term vision is re-
quired to help overcome the

marized in Figure 7.

There is no policy and There is no clear vision
regulatory framework of future applications
adapted to expectations
and developments

FIGURE 7 Obstacles to
the development and
adoption of industrial Al
in Mexico.

The infrastructure
to boost 5G
connectivity is

progressing very
slowly

Human resources
trainning goes with
inertia, not with
the assignment of
priorities

SOURCE: Own elaboration
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To overcome these obstacles, industrial Al policy must consider at least the
following elements:

Financial support for companies that develop and adopt this technology,
through direct economic incentives in the form of partial financing based on the
merit of the business proposal, as well as tax incentives for investment in this
field. SMEs should receive preferential treatment. It should be noted that the
costs of technology and staff training are often high, which must be considered
in the design of the support instrument.

Specific funds should be generated to promote joint research between
research centers and companies™. These funds would be dedicated to financing
innovative projects that offer practical solutions for the implementation of Al
and Internet of Things solutions in companies. The integration of Al with other
emerging technologies such as quantum computing and robotics promises to
further expand its capabilities to solve complex problems and impact diverse
economic sectors.

Build accessible high-speed, low-latency connectivity infrastructure in
industrial development areas and facilitate access to internet services at affor-
dable costs. To achieve these characteristics, it is essential to work within the
framework of public-private partnerships with a long-term vision.

Likewise, there must be a reliable supply of electrical power to reliably
operate the network of interconnected smart devices, as well as the data centers.

Regarding the latter, we agree with the proposal by Lagunes et al. (2024)
regarding data infrastructure, as "“it is necessary to promote investment in the
development of Digital Public Infrastructure (DPI), including telecommunications
networks, software, Al models, and open data structures designed under ethical
principles”. To achieve this, it is necessary to define a regulatory and promotional
framework that facilitates the creation and operation of shared data centers,
considering security, ethics, and energy efficiency standards. Operating a
shared data center requires a significant investment in infrastructure, technology,
personnel, and processes, as ensuring security, availability, and quality of service
is essential to meet customer demands and maintain market competitiveness.
This provides additional space for promoting public-private partnerships.

14 The proposed National Al Agenda for Mexico 2024-2030 suggests focusing investment
funds on developing Al use cases in industries whose management teams are diverse in
terms of professional experience and have equal numbers of women in leadership positions.
Use cases will be able to utilize public digital infrastructure and controlled sandbox testing
spaces, as well as access to national and international research and development networks.
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It is necessary to invest in the creation and consolidation of data analysis
platforms, with software for processing and analyzing them using advanced
tools, so that companies can process large volumes of data generated by loT
devices, marketing operations, and logistics.

Cybersecurity and the protection of privacy and personal data are
necessary elements for the responsible application of Al. Mexico faces very
significant challenges in this area, as it is a frequent destination for cyberattacks.
There is no national strategy or specific legislation, despite the proliferation of
initiatives. In this regard, it is recommended to consider the proposals of the
Guide for the Development of a National Cybersecurity Strategy promoted by
the Federal Telecommunications Institute (Solleiro and Cuevas, 2024).

Increasing investments in technical and vocational education is essential
to closing the skills gap needed to implement Al in industry. Promoting STEM-
focused educational programs is crucial to preparing future generations.
According to Lagunes et al. (2024), an ecosystem is required that includes key
elements that enable the integration of Al-based technologies into educational
environments (infrastructure, teacher professional development, provision of
digital educational resources, as well as monitoring and evaluation mechanisms).
This policy approach implies defining a long-term educational strategy that
breaks with the inertia of the current educational system.

VI. GOVERNANCE

Governance refers to the set of processes, structures, and mechanisms used to
make decisions in a participatory and inclusive manner to implement policies and
manage resources within the policy framework. One of its objectives is to ensure
that the Al strategy is integrated into the organizational design, considering
the actors of the industrial ecosystem. This is a starting point for the design,
development, and implementation of cyber governance. Al policy should be
based on a participatory governance framework to foster multistakeholder
dialogue. To this end, it is necessary to build analysis, consultation, and decision-
making mechanisms specific to open and participatory governance systems'.
Communication and continuous improvement mechanisms should include

15 Under the current administration, the Federal Telecommunications Institute ceased to be an
autonomous body and was integrated into the Ministry of Economy. Although it has been
assured that this action will not affect the activities currently underway, this claim cannot
yet be verified.
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ongoing dialogue with organizations from disciplines that are related to and
impact the application of Al. It is important to adhere to the following principles:

e Participation of diverse stakeholders in the decision-making process to de-
fine, implement, and evaluate the national Al strategy, ensuring that diverse
perspectives and needs are considered.

* Transparency so that decisions, actions, progress, and results are accessible
to all stakeholders, promoting trust and accountability.

* Shared responsibility and distribution of responsibilities to ensure that
individuals and entities carry out their assigned activities and are held
accountable for their decisions and behaviors.

e Efficiency and effectiveness so that the resources allocated to implementing
the Strategy are optimally used to achieve the established objectives, mini-
mizing waste and maximizing results.

e Equity to avoid discrimination against groups, organizations, and technolo-
gies, promoting inclusion, technological neutrality, and equal opportunities.

In November 2024, Mexican President Claudia Sheinbaum Pardo presented
the new Digital Transformation and Telecommunications Agency. lts main
mission will be to digitize procedures currently carried out in person, allowing for
the continuation of one of the main priorities of the Fourth Transformation: the
fight against corruption. To simplify the procedures that citizens must complete,
Llave MX, a new digital authentication mechanism that will streamline them, will
be created. As can be seen, this Agency is oriented toward the government
and, so far, does not consider taking on the task of generating an Al strategy
that could address the issues associated with a digital industrial policy. In this
context, the proposal by Lagunes et al. (2024, p. 16) in the sense that a main
objective of the agenda for Mexico is “to incorporate public policy actions
in Artificial Intelligence as part of the National Development Plan (PND), the
National Digital Strategy (EDN), and the Plan for Compliance with the 2030
Sustainable Development Goals, defining a roadmap for action, responsible
bodies, and performance indicators”. It is not sustainable for Mexico to try to
join this momentous technological wave without having a vision, strategy, and
solid governance.
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VII. CONCLUSIONS

Although Mexico shows high potential for adopting artificial intelligence in
industry, primarily due to the operation of manufacturing sectors integrated
into export markets and the possibilities of nearshoring, the country faces sig-
nificant challenges that must be urgently addressed. Undoubtedly, the main
one is defining a strategy for the development and broad adoption of Al in
companies, particularly SMEs. This strategy must be supported by a public po-
licy accompanied by effective instruments.

Among the instruments of Al policy, effective legislation and regulation stand
out. The absence of a clear regulatory framework for the development and use
of Al can generate legal and operational uncertainty for companies. This is es-
pecially relevant in Mexico, where there are currently no specific laws regulating
the ethical and responsible use of artificial intelligence, as well as issues related
to cybersecurity and privacy. The disappearance of autonomous organizations
such as the National Institute of Transparency and Information Access (INAIl) and
the Federal Institute of Telecommunications (IFT) create uncertainty, so urgent
action is needed to provide clarity on these matters.

Investment in digital infrastructure, strengthening education at all levels to
ensure human talent in critical areas, and focusing on research, technological
development, and innovation will be fundamental elements to improve Mexico's
performance in this area.

It is necessary to be clear about the need for public and private investment
so that the programs and projects to implement the strategy are viable.
The government cannot face the challenges alone, so it must be open to
collaboration with the private sector, with a long-term perspective. This requires
an environment of legal certainty, which is currently not available.

With a strategic and collaborative approach, Mexico can not only reduce
the existing gaps in international rankings but also ensure that the country’s
companies successfully incorporate artificial intelligence and achieve a level
of mastery that allows them to extract maximum value from the associated
technologies.

The effective adoption of Al in the industrial sector requires a compre-
hensive approach that combines advanced technology, efficient data mana-
gement, staff training, and an organizational culture open to innovation. By
developing these capabilities, companies can not only improve their opera-
tional efficiency but also position themselves competitively in an increasingly
digitalized market.
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Implementing Al projects can be costly, including expenses for hardware,
software, and specialized technical personnel. This can be an impediment, es-
pecially for small and medium-sized businesses. Therefore, the catalytic role of
public support for companies to adopt this technology is crucial.

It is good to keep in mind the five principles of industrial Al that Lee (2020)
calls the five S's: Systematic, in the sense that the architecture should lead to full
integration of Al with industrial systems; Speed, to enable the ability to design,
model, validate, and deploy systems quickly to solve critical problems and
respond to market needs; Streamline, to generate processes that ensure results
and integrate into the industry in a simple and effective manner; Standards, to
standardize data, analytics, formats, and industry operations; and Sustainable,
to achieve consistent performance and repeated success.
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I. INTRODUCTION: THE SHIFT IN THLE
PRODUCTIVE MODLEL IN THE AGE OIF
ARTIFICIAL INTELLIGENCE

ver the last several decades, we have witnessed a technological
O revolution fueled by the rapid expansion of digital technologies,

whose effects extend across every aspect of socioeconomic life,
including social interaction, information exchange, leisure, productivity, and
many other areas. Labels such as Industry 4.0 (Germany), Industry 5.0 (European
Commission), and Society 5.0 (Japan) highlight different frameworks for
envisioning new social paradigms in which digital technologies take central
stage. By combining the analysis of emerging technologies with foresight
exercises about their future trajectory, many countries —both developed and
developing— are attempting to prepare for the transformations ahead. The
scope of the socioeconomic changes tied to the Digital Revolution makes it
essential to adopt a prospective approach that weighs not only the benefits but
also the risks these technologies entail.

Among the most disruptive digital technologies, artificial intelligence (Al)
clearly stands out. While its origin can be traced back to the earliest stages
of digitalization, in recent years Al has exhibited exponential growth in its
capabilities. As early as the mid-twentieth century, Alan Turing (1950), the father
of digitalization, speculated about the possibilities of designing computer
programs capable of learning through systems of variation and feedback that
could guide their development in desired directions. Since then, a series of
technological breakthroughs has expanded Al's functionality: long short-term
memory networks (Schmidhuber & Hochreiter, 1997), convolutional neural
networks (Krizhevsky et al., 2012), generative adversarial networks (Goodfellow
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et al., 2014), transformers (Vaswani et al., 2017), among many others. As we will
see, these advances were not achieved in isolation.

For the purposes of this discussion and given the absence of a universally
accepted definition of Al, | will adopt the following working definition: Al refers
to systems that, without the active intervention of any biological entity (in
our case, humans), make decisions that adapt to a changing environment or
accumulated experience. Two aspects of this definition are worth emphasizing.
First, Al cannot be reduced to algorithms alone; its effective operation depends
on an integrated system that also includes interaction environments, data, and
computer power. Therefore, a proper evaluation of Al must consider this broader
ecosystem. Second, Al systems are adaptive, imitating one of nature's most
fundamental capacities. They evolve in response to environmental conditions
and feedback from prior performance. This makes them inherently dynamic
and difficult to analyze as fixed mechanisms, compelling us to consider their
general features and capacities while also acknowledging that their continuous,
accelerated transformation complicates forward-looking assessments.

Under this definition, Al encompasses a wide range of systems: artificial
neural networks, machine learning, deep learning, expert systems, adversa-
rial networks, large language models, and computer vision, among others.
These technologies, with distinct applications across economic sectors, have
demonstrated extraordinary disruptive potential, particularly in boosting pro-
ductivity and automating tasks that until recently required medium- or even hi-
gh-level cognitive skills from humans. Their effectiveness is closely tied to two
factors: the availability of vast datasets to train the model, and the immense
computer power needed to both train and operate. However, the most recent
Chinese Al models, such as DeepSeek, have reduced the importance of this
second factor.

The following sections examine several critical dimensions that should be
central to any digital policy on Al's economic implications. As will be argued,
the complexity of Al's socioeconomic effects requires active leadership by
governments. This perspective stands in stark contrast to the current situation, in
which governmentshaveleftsignificantgapsunaddressed, allowingBig Techfirms
to shape Al's development largely according to their own interests. Entrusting
the future of such disruptive technologies —and their profound socioeconomic
consequences— to a handful of private actors is highly problematic, especially
when some frame regulation as an obstacle to technological progress. History
provides ample evidence of the risks associated with self-regulation and the
dangers posed by the absence of active public involvement in the development
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of new technologies. For this reason, the analysis that follows considers areas in
which proactive publicpolicy is urgently needed, including market concentration,
labor impacts, inequalities in economic development, and the emergence of
new strategic inputs.

II. THE EFFECTS O Al ON THE FUTURLE
OFF WORK

One of the most important implications of Al lies in its impact on labor demand.
Following Korinek's (2024) classification of production schemes based on the
scarcity and reproducibility of production factors, Al represents a rupture with
the industrial production model, in which labor was naturally limited in its repro-
duction and complementary to capital. By contrast, Al, as a new form of capital,
both tangible and intangible, has a much greater potential to substitute labor.
While certain factors may slow or limit this trend, the possibility of a more gene-
ralized or sufficiently advanced Al replacing labor poses considerable challen-
ges that warrant serious discussion of preventive and responsive economic po-
licies. A declining demand for labor would exert downward pressure on wages,
reducing workers' incomes, which remain the primary source of income for most
of the population, and generate far-reaching socioeconomic consequences.
Focusing on substitution effects, Acemoglu and Restrepo (2018) argue that
in activities where Al can replace human labor, productivity gains will drive
adoption, resulting in output growth that outpaces wage growth. As capital per
worker rises dvue to productivity improvements from automation, labor’s share
of total output will fall. The additional demand generated by higher productivity
should, theoretically, expand the production of labor-intensive goods and
services. However, this effect would depend on the absorptive capacity of
existing and newly created sectors. Assessing that capacity requires considering
whether shifts in consumer preferences mightincrease the value of human labor,
the extent to which the state fosters demand for such goods and services, and
the broader institutional framework that shapes wage pre- and post-distribution.
Current estimates indicate that a substantial number of occupations -
especially those requiring medium to high-level cognitive skills- are vulnerable
to Al, particularly large language models (LLMs). Eloundou et al. (2023) estimate
thatin the US, 19% of occupations could see more than half of their tasks affected
by Al, while 80% could see at least 10% of their tasks impacted. It is worth
mentioning that tasks directly related to digital technologies are not exempt
from this menace. For instance, programming is increasingly shaped by tools
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such as GitHub Copilot, which auto-complete and perform simplified coding
tasks, notably reducing the demand for programmers. Furthermore, the tasks
affected are becoming increasingly complex. Strikingly, the occupations most
exposed to Al tend to be higher-wage jobs, meaning that well-paid activities
are among those at risk.

The concept of robotization extends beyond simple substitution of labor
and is closely tied to Al. The very word “robot” originates from the Czech
term “robota”, meaning forced labor, servitude, or drudgery, introduced by
Karel Capek in his science fiction play R.U.R. (Rossum’s Universal Robots). This
etymology adds an important dimension to our understanding of robotization,
one that already has tangible applications today. Just as the mechanization
of labor during industrialization manifested in the control of workers on the
assembly line —a feature of Taylorism— the use of Al-driven hyper-surveillance of
employees can be seen as a kind of “Taylorism on steroids”.

In the same way that Taylorism was designed as a rationalization of production
processes in the name of efficiency, Al monitoring tools subject workers to strict
compliance with predetermined goals under continuous surveillance. These
goals may include delivery deadlines, customer satisfaction ratings for every
interaction, or detailed tracking of how workers engage with computer systems.

Workplace surveillance can reach dystopian extremes, a concern that
already worries regulators. For instance, the European Al Act prohibits the use
of emotion-recognition technologies in workplaces. Despite doubts about the
universal scientific validity of linking facial expressions to emotions, tools for this
purpose are already being developed at prestigious institutions like MIT and the
University of California, and are being deployed commercially by firms such as
Human and HireVue in job interviews (see Crawford, 2021). Moreover, biases in Al
training data can amplify discrimination based on gender, ethnicity, or culture.
Workers, in this context, are not only expected to perform adequately but also
to show a facial expression that Al systems classify as pleasant or cooperative. A
21st-century remake of Modern Times could well feature an artificially animated
Charles Chaplin, alienated not only by the optimized timing and minimization of
tasks on an Al-driven production line but also compelled to smile convincingly
so that the algorithm recorded his contribution as positive for the workplace
environment. This raises ethical concerns about whether emotions should be
treated as private and, therefore, be off-limits for performance evaluation.

Although Al can indeed provide valuable tools for measuring productivity, the
use of such metrics can evolve in different directions. Unions, for example, could
utilize more comprehensive productivity data to enhance their bargaining power
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in collective bargaining. Yet, the asymmetry of power in the workplace suggests
that employers are far more likely to harness these tools to their advantage.
Comprehensive productivity tracking could individualize worker performance to
such an extent that it undermined the pillars of collective bargaining.

Certain practices must be avoided, including collecting data outside work-
ing hours or off-site, using data in ways that may lead to discrimination, invading
workers’ privacy, or deploying Al to anticipate and suppress labor rights ac-
tivities. For example, intensive data collection could identify the most active
labor organizers, enabling employers to target them for dismissal. Given the
inherent asymmetry in labor relations, worker consent cannot be treated as a
sufficient safeguard for legitimizing surveillance practices in the workplace.

Finally, new digital platform-based business models raise pressing questions
about the nature of labor relations and the definition of work itself. Traditionally,
the distinction between ownership of capital and provision of labor has
been a central factor in defining the employer-worker divide. Yet today, even
when workers supply part of the capital (for instance, vehicles in ride-hailing
or delivery platforms), clear asymmetries and dependencies remain between
those who control the platforms and their users. Platforms often function as
tools for reshaping employment relationships in ways that obscure —but do not
eliminate- the fundamental employer-employee imbalance.

. RISING MARKET CONCENTRATION
THROUGIH DIGITALIZATION AND Al

The shift toward a more digitalized economy, increasingly reliant on Al, asks
for a reevaluation of industrial organization policy, with a particular emphasis
on competition. Within this new landscape, the role of Big Tech —the large
technology firms capable of leveraging their dominant positions for their own
interest— cannot be ignored. As will be outlined briefly, there are structural
features of the digital economy that naturally foster concentration, and these
dynamics are likely to be intensified by the introduction of Al. The national origin
of these corporations is not a trivial factor, as it is tied to the different regulatory
models (or lack thereof) under which they operate. Within Big Tech, the so-
called "Big Five"” —Alphabet (Google), Amazon, Apple, Meta, and Microsoft—
stand out, all of which are headquartered in the US. Still, one cannot disregard
major Chinese players such as Huawei, Alibaba, Tencent, or ByteDance.

Many of these companies operate as platforms, controlling either social
networks or operating systems, and thereby exercising direct control over how
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millions of users access other services, including those offered by competitors.
In this sense, their role in the economy increasingly resembles that of a public
utility, and their regulation may need to follow similar principles, particularly
as they exhibit characteristics of natural monopolies (see Tirole, 2024). Unlike
traditional natural monopolies, however, digital monopolies present a greater
threat, as their reach is not confined to national or geographic boundaries.
The ease with which digital technologies can operate globally, combined with
liberalization in digital trade regulations and the new capacities of Al that
reduce natural barriers such as language, enables Big Tech to extend its market
dominance on a global scale.

Al may further reinforce this concentration of industrial power through at
least two mechanisms: (1) the resource intensity of its three fundamental pillars
and (2) its cumulative, path-dependent development process. Regarding the
first point, Al systems rely on computational capacity, algorithms, and data. The
complexity of recent LLMs demands ever greater computational power. While
estimates vary widely due to firms’ secrecy, the latest models are believed to
contain over a trillion parameters, requiring tens of thousands of petaflop-days
of computing power for training. The estimated training cost for Gemini Ultra
alone approaches $200 million. These figures are the latest manifestations of
an exponential trend in the costs of training advanced Al. Such computational
requirements are far beyond the reach of smaller firms, constituting a formidable
barrier to entry. Although the entry of the Chinese DeepSeek may seem an
exception to this trend, since it was adapted to use modest-scale GPUs and the
training cost of DeepSeek-V3 is estimated at around $5 million, this figure does
not account for investments in research, infrastructure, data preparation, etc.

The availability of data is essential for building Al model capabilities,
particularly during training. One of the key advantages Big Tech enjoys over
potential competitors lies precisely in the vast amounts of user data it captures
through interactions on its platforms. These interactions range from purchases
and searches to seemingly trivial —and often uncontrolled- behaviors, such as
how long a user lingers on a given post. Individually, such data points may have
little value, but collectively they create value well above the marginal cost of
extending their service to an additional user, which is close to zero.

Two main sources could ease these data constraints. First, expanded data
capture through permanently connected devices, collectively referred to as the
“Internet of Things”. A growing ecosystem of wearables, cameras, micropho-
nes, and sensors —permanently online through 5G networks— could multiply the
available data, even if such data are not publicly accessible. This dynamic only
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FIGURE Training Cost by Computational Usage (in US dollars, inflation-adjusted)
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heightens the strategic value for firms to promote the widespread adoption
of these devices. Second, synthetic data is generated by techniques such as
generative adversarial networks, variational autoencoders, or advanced simu-
lations. For example, Waymo's autonomous driving unit reported accumula-
ting 20 million real-world driving miles, but multiplied that figure by a factor
of 1,000 in simulated environments (Waymo, 2024). Simulations can be conti-
nuously enriched with real-world inputs while recombining them in novel ways
to test algorithmic performance under varied conditions.

Cumulative advantages in Al development reinforce market concentration.
Dominant firms can leverage existing market power to expand into adjacent or
newly created sectors with high growth potential. For instance, synergies in data
exploitation may enable digital giants to expand their reach into finance, where
predictive capacity is a decisive competitive advantage. This dynamic raises
competition concerns: if the continued use of a given Al system allows it to learn
and adapt to the unique needs of a user, that user will face switching costs when
adopting a rival product. One possible response would be to establish rules for
the portability of individual training histories or user-specific data, giving end-
users greater control.
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Competition oversight, therefore, must go beyond traditional measures such
as consumer prices. Companies can build market dominance by accumulating
data rather than lowering prices. Regulators should closely monitor data-sharing
strategies between firms or between subsidiaries of the same conglomerate. User
consent is often insufficient, as data collected for one app (e.g., location or health
information) can be repurposed and monetized in ways that the user does not
anticipate. Antitrust law and competition authorities should consider data-related
effects when reviewing mergers and acquisitions. The recent antitrust measures
issued against Google in the case brought by the U.S. Department of Justice show
regulators’ reluctance to curb concentration in the digital sector meaningfully.

Finally, Al's own development may accelerate technological change in
ways that reinforce concentration. Experts increasingly discuss the medium-
term prospects of artificial general intelligence (AGI), capable of autonomous
learnvting across a wide variety of domains, or even the so-called technological
singularity, where Al systems improve themselves in a recursive feedback loop.
While such forecasts may underestimate obstacles or overstate feasibility, it is
undeniable that Al represents a unique class of technology, one that can drive
advances in other technologies, amplifying its disruptive potential.

The risks of market concentration in the digital economy and Al are profound.
The stakes extend well beyond consumer welfare in terms of prices. Companies
with such dominance can influence regulation itself -for example, whether
social media firms should bear specific responsibilities for their potential role in
shaping electoral outcomes. Similarly, their reluctance to disclose details about
algorithmic architectures, training data, or model parameters hinders both
scientific progress and the development of precautionary regulations. Due to
the enormous scale of these players and their involvement in sensitive areas,
ranging from surveillance to military applications, government actions are often
deeply entangled with the strategies of leading Al firms.

Running counter to concentration trends is the exponential increase in
computing power per constant dollar. This means that, for the same purchasing
power, greater computational capacity can be achieved, rapidly lowering
the cost of access to high-performance computing. If we combine this with
algorithmic novelties, such as the refined Mixture-of-Experts architecture and
the Multi-Head Latent Attention, which drastically reduce memory use, there
could be opportunities for new players in these markets, whose dominant
players are still being defined. Also, this could narrow the gap for developing
countries, enabling them to gain access to advanced computational capacities
at lower costs within a relatively short timeframe.
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FIGURE 2 Computations per second per dollar at peak performance
(2023 constant prices)
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V. ACCUMULATION OFF TECHNOLOGICAL
CAPRPABILITIES AND THEIR IMIPACT ON
DEVELOPMENT PATHS

Several of the elements discussed above, taken together, can significantly
constrain the ability of developing countries to achieve technological conver-
gence, thereby limiting their prospects for economic growth and broader so-
cio-economic development. Technological development has a strongly cumu-
lative dimension, and Al may reinforce this tendency. Because new knowledge
and infrastructure are built upon prior capabilities, it is challenging to advance
in one domain without already possessing the necessary foundations. These
foundations extend beyond knowledge to include strategic inputs, know-how,
and institutional experience. For instance, developing robust digital infrastruc-
ture is virtually impossible without parallel investments in energy infrastructu-
re, given the enormous electricity demands of these facilities, as well as firms’
growing requirements for green energy.
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Unless new technologies emerge in entirely distinct, non-complementary
fields —or the costs associated with earlier developments fall dramatically— the
accelerated pace of technological change associated with Al may significantly
widen the gap between countries, making convergence more difficult. In some
cases, restricting access to powerful technologies can have positive effects,
since it allows tighter control over tools with potentially harmful applications.
For example, maintaining limits on access to advanced Al models capable of
designing novel biological agents could reduce the risk of terrorist groups
exploiting such capacities. At the same time, however, such restrictive access
also curtails opportunities for beneficial civilian applications.

FIGURE 3 Cumulative Corporate Investment, 2013-2023 (billions of US$)
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As previously noted, the latest Al models —characterized by greater
capabilities— require increasingly large-scale investments, a dynamic that
reinforces corporate concentration. In parallel, the clustering of major firms
in the United States (predominantly) and China (to a lesser extent), as well as
in other advanced economies, is mirrored by the concentration of corporate
activity and private investment at the national level. Over the past decade,
private investment has been overwhelmingly concentrated in the United States,
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exceeding $300 billion in Al-related projects. China follows, with less than
one-third of that amount, although it achieves notable outcomes relative to
its investment levels. Beyond these two global hegemons, investment is more
dispersed across other advanced economies. Europe, whether considered
regionally or through the European Union as the most relevant political actor,
emerges as the third actor, although its cumulative weight in private investment
remains far behind that of the other two. By contrast, developing countries
account for a marginal share, with India standing out as a notable exception.
India’s Digital Public Infrastructure (DPI) initiative is particularly relevant, as it
offers an alternative model of digital development (including Al) that explicitly
addresses the differentiated challenges faced by the Global South.

FIGURE 4 Granted Al patents as a share of the global total, by geographic area.
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The trends on the geographic concentration of Al-specific patents provide
useful insights into how technological concentration may evolve in the future. Two
clear patterns emerge from the aggregated data. First, Al-related technological
development is highly concentrated at the country level, and this concentration
has, if anything, intensified in recent years. Whereas the U.S. and China together
accounted for 71% of Al patents in 2010, their combined share rose to more than
82% by 2022. Europe is the region that has lost the most ground: in 2010, it held
7.54% of Al patents, but by 2022 that share had fallen to barely 2%. These relative
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figures must be understood in the context of the exponential growth in the
absolute number of Al patents; yet, the relative loss of dynamism is nonetheless
significant. On the one hand, the EU has made considerable progress in
regulation —through the Digital Services Act, the Digital Markets Act, and the
Al Act- creating an asymmetric competition framework that constrains Big Tech
and embeds human rights protections in Al development. On the other hand,
we must not forget that large corporations are primarily driving technological
breakthroughs in Al, and European regulation may reduce incentives to invest
in the region.

Second, the shiftin global leadership from the U.S. to China is striking. In 2010,
the U.S. led with 54.13% of granted Al patents compared with China’s 16.89%. By
2022, the positions had reversed: the U.S. had fallen to 20.90%, while China had
surged to 61.13%. Needless to say, patent counts alone do not capture the full
picture of technological development, as patents differ widely in their economic
value and technological centrality. Nevertheless, this sharp reversal can also be
found in several indicators that show a broader trend of shifting technological
leadership across sectors. Adjusted for population, the U.S. still outpaced China
in 2022, with 4.23 patents per 100,000 inhabitants, compared to China’s 2.51. Yet
even here, U.S. leadership is challenged: South Korea recorded 10.26 Al patents
per 100,000 inhabitants, the highest figure worldwide. The trajectories suggest
that while Al will likely remain a highly concentrated technological and economic
field, its center of gravity is increasingly shifting toward East Asia.

Other regions of the Global South remain largely excluded from Al tech-
nological development. India, the most notable case, barely exceeded 0.5%
of global Al patents in any given year, and in 2022 accounted for just 0.23%.
Latin America, Southeast Asia, and Africa all register minimal representation,
far below their economic weight, signaling an unfavorable outlook for regional
equity in the digital economy over the coming years. A more optimistic coun-
tertrend lies in the recent expansion of open foundation (or base) models. Of
the 149 foundation models released in 2023, nearly two-thirds were open-sour-
ced, a reversal of the proportion just two years earlier. The growing prevalence
of open-source foundation models may provide opportunities for countries in
the Global South to collaborate and pursue a more inclusive path to technolo-
gical development.
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V. THE ADVANCEMENT OFF ARTIFICIAL
INTELLIGENCE AND SUSTAINABILITY

The implementation of Al has significant implications for one of the central
objectives of global economic policy: mitigating climate change, particularly
throughthereduction of greenhouse gas emissions. Al brings both environmental
costs and benefits, and ongoing research is needed to assess its net impact.

On the negative side, training and operating large Al models require vast
amounts of energy, primarily to power the data centers and computational in-
frastructure on which they depend. While cloud computing offers efficiency and
security advantages, it is highly energy-intensive, especially in terms of electrici-
ty consumption. Despite industry efforts to expand the use of renewable ener-
gy, the carbon footprint of the computing sector has been compared to that of
the aviation industry. For example, Luccioni et al. (2022) estimate that training
BLOOM, a 176-billion-parameter language model, emitted 24.7 metric tons of
CO2-equivalent, based solely on its required computational power. Factoring
in hardware production and other operational processes, the total footprint
would roughly double. Even so, BLOOM's emissions remain far below those
of GPT-3, a model of similar size, which is estimated to have generated around
502 metric tons of CO2-equivalent, nearly ten times more. Although training
efficiency is continuously being improved, the continued growth in model size
and complexity increases the computational power required, offsetting these
gains. By 2020, Freitag et al. (2021) estimated that information and communi-
cations technologies accounted for between 2.1% and 3.9% of global green-
house gas emissions. Given the limited transparency in corporate reporting,
these figures are highly uncertain, and the share is likely to rise as Al tools —more
energy-intensive than other digital applications— become more widely adopted.
For instance, while a single web search produces roughly 0.2 grams of CO2-equi-
valent, a query to ChatGPT may generate between 50 and 90 times that amount
(Vanderbauwhede, 2023). If Al-based search were to replace traditional methods
on a large scale, the effect on total emissions would be substantial.

Al systems are also highly water-intensive. Recent estimates suggest that
global Al demand could, in the near future, consume as much water as half of
the United Kingdom'’s annual usage (Li et al., 2023). Beyond operational needs,
computing hardware requires extensive inputs of critical raw materials. Produc-
ing finished components may consume up to 400 times their weight in extract-
ed resources. Many of these are rare earth minerals, often mined through envi-
ronmentally destructive processes that involve large-scale land disruption and
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notable contamination risks. At the end of their lifecycle, electronic components
also generate hazardous waste, with elements such as mercury posing signifi-
cant environmental challenges.

Mitigating Al's environmental impact will require targeted regulation and
monitoring. For instance, the EU’s Artificial Intelligence Act includes provisions
to encourage the development of energy-efficient Al models (European Parlia-
ment, 2024). Among the required technical disclosures for providers of gene-
ral-purpose Al systems are the energy used for model training and processing.
Environmental safeguards and monitoring mechanisms are explicitly integrated
into its regulatory framework. In the US, there have been attempts to regula-
te this dimension, such as the Artificial Intelligence Environmental Impact Act;
however, since the recent arrival of Donald Trump in office, such attempts have
been halted.

Balanced against these risks are potential environmental benefits. By subs-
tituting human labor in certain processes, Al may, in some cases, lower overall
resource use for equivalent output. This raises a critical question: to what extent is
Al more efficient per unit of economic activity? Intensifying Al deployment will
inevitably carry environmental consequences, and we need an assessment that
surpasses the analysis of relative efficiency to reconsider its sustainability.

VI. ELEMENTS IFOR AN ECONOMIC
AGENDA ON ARTIFICIAL INTELLIGENCE

The disruptive potential of Al —both as a distinct technology and as a driver of
the broader digital economy- will inevitably reshape key aspects of economic
systems and labor regimes worldwide. Given the scale of these transforma-
tions, a forward-looking policy agenda is essential. The following outlines se-
veral issues that such an agenda should address, with a particular emphasis on
labor markets.

Technological progress associated with the Digital Revolution and Al offers
enormous opportunities for productivity gains. Yet the profitability of certain
Al-driven and platform-based business models often relies on problematic
practices, including the circumvention of labor law through contracts of asso-
ciation, Taylorist forms of pervasive surveillance, or the extreme individualiza-
tion of workers as a means of undermining collective bargaining. Formal and
informal labor institutions remain critical for safeguarding workers’ rights and
ensuring fair wages. These, in turn, are foundational for sustaining stable de-
mocratic societies.
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Regulatory policy —both in the form of legislation and through enforcement
agencies— must remain vigilant to how Al and digital business models may crea-
te new forms of labor rights denial. Policymakers should resist uncritical adop-
tion of Big Tech's narratives of “flexible work” and instead focus on applying
long-standing international labor principles to new contexts. To cite one such
principle, enshrined in the preamble of the International Labour Organization’s
Constitution: “Labor is not a commodity”. Beyond recognizing that work does
not belong in the category of commodities, this principle implies that work
should not be treated as if it were one. On this basis, precautionary regulation
is justified, and the evaluation tools often employed in regulatory sandboxes
must be scrutinized, particularly given the political power and influence of Big
Tech firms.

Perhaps the most pressing labor concern is the risk of technological unem-
ployment, in J. M. Keynes's words. While some argue that previous technologi-
cal shifts ultimately generated new sectors and jobs, such inductive reasoning
may not be extended to the Digital Revolution’s radically different conditions.
Assuming that market forces will create new labor opportunities is dangerous
if it justifies inaction. Even the most radical advocates of free markets should
acknowledge that labor markets adjust far more slowly and with greater social
costs than other markets. Halting Al development is neither practical nor desi-
rable, given global competitive dynamics. Instead, the challenge is to manage
the inevitable restructuring of work and the potential rise in inequality.

The first set of measures should be aimed at mitigating —not halting— labor
substitution. Preserving human agency in key systems and technologies can be
justified on ethical grounds, preventing full delegation of decision-making to
machines. Aviation regulators worldwide, for example, mandate the presence of
two pilots on commercial flights. Similar regulatory principles could be applied
to Al-driven domains such as autonomous driving, healthcare, or diagnostics: Al
can be integrated, but not wholly replace human oversight.

Still, even partial substitution can dramatically reduce labor demand. For
instance, Al coding assistants have sharply lowered the hours of human labor
required in software development. The result is fewer programming jobs, with
remaining tasks concentrated among a smaller group of highly skilled workers.
Such dynamics risk widening inequality, as Acemoglu and Restrepo (2022) argue
in relation to automation. In the face of this, proposals such as Universal Basic
Income (UBI) are gaining attention.

A UBI would guarantee all citizens a minimum income. Although designed
to be universal and avoid disincentives for productive activity, true universalism
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may be fiscally unfeasible, even in developed countries. Pilot programs, such
as those in Canada and Finland, have typically targeted the unemployed or
low-income households. Finland'’s trial, for instance, reduced stress associated
with unemployment and income insecurity, without any negative effects on
employability (Kangas et al., 2021). Yet the fiscal burden remains a central barrier,
one that is especially acute in developing countries with weaker tax capacity.

To finance UBI, some have proposed targeted taxes on Al technologies. The
logic is straightforward: tax the technology that displaces jobs to internalize its
social costs. But such a policy raises serious challenges. First, defining precisely
which Al technologies fall under such a tax would be complex, because many
productivity-enhancing technologies reduce labor demand. Second, the geo-
graphic mismatch between where Al is developed (primarily in advanced eco-
nomies) and where jobs are displaced (globally) means that revenues would con-
centrate in the Global North. Finally, the unilateral adoption of Al taxes at the
national level would create competitive disadvantages, discouraging countries
from acting on their own. These obstacles suggest that any similar approach
would require international coordination.

Beyond labor, Alamplifies long-standing concerns over market concentration.
The inherent dynamics of the digital economy already favor dominant players,
and Al intensifies this pressure. Developing countries, with limited regulatory
capacity, may struggle even more when confronting global tech giants. As
seen in cases ranging from EU antitrust actions to political disputes between
platforms and national courts (e.g., Brazil vs. X/Twitter), concentrated corporate
power can overwhelm even the strongest states. This highlights the importance
of international cooperation in countering the influence of Big Tech. Moreover,
competition policy must move beyond consumer-price frameworks to include
dimensions such as political influence, institutional capture, and data control.

Environmental sustainability presents another critical agenda item. Pre-
cautionary regulation is warranted. Following the EU example, policymakers
could require Al developers to disclose energy usage both during training and
operation. Public procurement policies could then prioritize energy-efficient
models. At the same time, national energy strategies should align the siting of
new data centers with expansions in renewable energy capacity.

Currently, three regulatory models stand out globally. The European model,
anchored in the Digital Services Act, the Digital Markets Act, and the Artificial
Intelligence Act, emphasizes asymmetric regulation of dominant firms. It restricts
certain applications outright —as we mentioned, banning emotion-recognition
tools in the workplace and continuous facial recognition in public spaces— and
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places human rights at the center of Al governance. While this approach may
slow private-sector growth and Europe’s digital competitiveness, it remains the
most interventionist model.

The US model is more fragmented and market-driven, with regulation lag-
ging behind technological deployment. Although bills such as the Al in Gover-
nment Act and the Algorithmic Accountability Act have been proposed, none
have passed at the federal level. The most important step was the issuance
of Executive Order 14110 in 2023, which established broad principles for Al
safety, innovation, and privacy. States have also begun acting independently;
for example, California’s Al Transparency Act requires generative Al systems to
label machine-produced content.

The Chinese model features stronger state oversight, with the government
explicitly prioritizing national security and public interest in its 2023 Interim
Measures for the Management of Generative Al Services. These include privacy
provisions, safety standards, and content controls to prevent politically or
socially undesirable outputs.

Finally, while not an Al-specific model, the DPI offers an alternative fra-
mework for developing economies. DPI emphasizes open-source systems and
interoperable standards that can be shared between the public and private sec-
tors to build incremental digital capacity. It also includes mechanisms for mana-
ging personal data under transparent standards, potentially offering countries
in the Global South a more inclusive and sustainable pathway for Al adoption.

VII. CONCLUDING REMARKS

The disruptive force of Al extends across a wide range of socioeconomic
dimensions, making regulatory planning and state intervention essential. This
chapter focused on a subset of economic dimensions, with particular attention
to four areas that have been most visibly affected by Al and the digital economy
in these early stages of their development. The most ardent critics of state
intervention, including even precautionary regulation, argue that the intrinsic
complexity of Al, coupled with its rapid acceleration, renders regulatory efforts
clumsy at best and merely obstructive to technological progress at worst.

Yet, in the face of these structural transformations of the economy —both
present and forthcoming- it is essential to clarify who holds the agency in
directing technological change. This is especially critical for countries in the
Global South, whose legitimate technological aspirations risk being sidelined
by the agendas of Al's leading nations. Many of the economic consequences
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of Al are not the result of deliberate policy choices, but rather of insufficient
oversight. Whether these effects can be mitigated ultimately depends on the
ability of states to exercise some control over the technology. Such control is
not straightforward, nor should it necessarily be understood as a barrier to
technological development.

Big Tech firms have consistently advanced the case against regulation,
opposing calls for precautionary measures and anticipatory state action in res-
ponse to the profound socioeconomic changes brought about by the Digital
Revolution. Their arguments, centered on the extraordinary technical comple-
xity of digital technologies and the inherent unpredictability of their future tra-
jectories, suggest that governments may struggle to regulate effectively. While
it is true that the range of Al's potential applications is difficult to grasp in its
entirety, this should not justify inaction. Rather, it calls for more sustained and
systematic research into the societal and economic implications of Al.

Al holds undeniable promise. It could exponentially accelerate scientific re-
search, helping to eradicate diseases, drastically reduce traffic fatalities through
autonomous driving, and enable countless other breakthroughs. But there is
also a darker horizon. Between 37.8% and 54.1% of Al researchers estimate that
Al systems could lead to catastrophic events, including human extinction, with
a probability of at least 10% (Grace et al., 2024). That is, more than a third of ex-
perts in the field assign a non-negligible probability to Al having terrible results,
which should give us pause.

More immediate risks are less speculative and already unfolding, such as
technological unemployment, deepening inequality, and corporate concen-
tration. These are not distant possibilities but pressing realities. Confronting
them requires that economic policy approaches Al not merely as a driver of
growth but also considers its risks and harmful effects. Any other stance risks
indulging in illusions we cannot afford.
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I. ARTIFICIAL INTELLIGENCE FOR
INDUSTRIALIZATION

n July 2025, the White House released Winning the Al Race: America’s Al

Action Plan, stressing the importance of artificial intelligence (Al) for “human

flourishing, economic competitiveness, and national security”, stressing
the need for the American people to win the Al race. The main three lines are
accelerating innovation, building American artificial intelligence infrastructure,
and leading in international diplomacy and security (07/2025a).

Among the policy actions of this plan, “Support Next-Generation Manufac-
turing” highlights Al's capacity —along with robotics and other technologies—
for the creation of new paths in manufacturing and logistics, that could include
applications for national defense and security. Therefore, America and their
“trusted allies” should be "world-class manufacturers of these next-genera-
tion technologies” in order to lead this “new industrial renaissance” (The White
House, 2025b: 7).

The new emphasis of developed country governments on reindustrializa-
tion, explains Philip Pilkington, is due to “the excesses” caused by the New
Economy of the 1990s, the post-industrial economy, and the two financial crises
of 2000 and 2008, which, together with current geopolitical tensions, have led

)

to the exploration of reindustrialization under concepts such as “reshoring’

Ill

and "'decoupling’” (2024). The use of artificial intelligence in these processes
is feasible, because reindustrialization “can [...] assume different forms”, could
it be “backshoring of activities that already existed” or “the creation of new
industrial activities” (Capello & Cerisola, 2022: 2).

In his recommendations to the West, Pilkington suggests that “quick-fix so-

lutions” —especially those leading “to dangerous levels of global conflict around
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trade flows”— should be set aside and the focus should be on “developing a
multi-decade plan to massive boost investment” (2024).

This is precisely what China is already working on: a comprehensive industrial
modernization plan spanning more than ten years, in which artificial intelligence
is an essential element.

This chapter introduces a preliminary analysis, demonstrating that China
has been developing a framework of policies and legal instruments aimed at
addressing the main technical tasks necessary for the successful and profitable
implementation of industrial artificial intelligence: managing data collection
and processing, integration of legacy systems, investing in workforce skills and
adopt security and privacy safeguards.

DELIMITATION

This study will analyze China’s national public policies, because those frame
the government’s main objectives and serve as a guide for national, regional,
and local authorities, as well as for national and international companies. The
focus will be industrial policies from 2022-2024, that specifically relate to both
New Industrialization and industrial artificial intelligence. However, given the
complexity and enormous amount of material, the analysis will center on manu-
facturing, which is considered the backbone of Chinese industry and economy.

It should be noted that the growing geopolitical confrontation between the
US and China has made artificial intelligence a very sensitive issue, which is why
China is very selective in the information it publishes.

For reasons of space, this analysis will also not cover the complex relationship
between intra-industry actors (e.g., equipment manufacturers) or supply chain
relationships.

After this introduction, part Il. will delineate the concept of industrial artificial
intelligence; part lll. will dive into the principal industrial artificial intelligence in
China; part IV. will focus on the implementation processes of IAl in China; and
part V. will offer conclusions.

II. CONCEPT OIFF INDUSTRIAL ARTIFICIAL
INTELLIGENCLE

Industrial artificial intelligence (IAl) is a specialization of artificial intelligence
that is applied in industrial settings (IFS, n. d.), central to our economies like
industry, infrastructure, mobility and healthcare (Siemens 2025). This more
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focused application does not seek to develop systems with human-like
intelligence (Precognize, 2022). 1Al as an interdisciplinary research field, it
encompasses machine learning, natural language processing and robotics; it is
a systematic discipline focused “on the development, validation, deployment
and maintenance of Al solutions” for industrial applications that have a non-
variable performance (Peres and others, 2020: 220122).

Animportant characteristic of IAl is that it has “zero-tolerance” for uncertain-
ty, i.e. “false positives or negatives, delayed insights, or unreliable predictions”
(Precognize, 2022). Therefore, the designation of industrial-grade artificial in-
telligence denotes a level of quality that is characterized by reliability, security,
and the capacity to meet the stringent requirements and standards associated
with the most demanding professional media environments (Siemens 2025).

In this way, Al contributes to the construction of smart and resilient industrial
systems (Lee, Singh & Azamfar, 2019: 5). In particular, it contributes to increase effi-
ciency by reducing human error, streamlining production, and improving operatio-
nal efficiency. It impacts predictive maintenance because, by analyzing equipment
data, it predicts failures before they occur, reducing downtime and preventing
costly repairs. It allows for greater customization options by making produc-
tion more flexible and responding more quickly to market changes (IFS, n. d.).

IAl also facilitates workflow automation, increases safety, improves supply
chain management and performance, and removes obstacles to operational
efficiency. As a result, it drives profitability, maintains long-term competitive
advantages (Precognize, 2022), and improves decision-making and productivity,
while also helping to drive innovation. In this way, IAl becomes “a crucial tool
for industrial transformation” (IFS, n. d.). A bonus is that while |Al applications
optimize the performance of industrial systems, they also inspire theoretical
advances in the field of artificial intelligence (Palhares, Yuan & Wang, 2019: 9636).

It is important to note that each industrial sector may have different uses for
industrial artificial intelligence. In the case of manufacturing, the application of
artificial intelligence can be divided into three sectors: the upper, middle, and
lower basic layers. The first includes industrial software and hardware such as
infrastructure and smart industrial equipment; the middle layer of the system
includes industrial control systems and industrial internet platforms; and the
application layer can be applied to electronic communications, energy, and
electricity and is mainly used in design, on-site operations, sales forecasting,
energy conservation, emissions reduction, etc. (36 Krypton Research Institute,
2024). The integration of manufacturing with the new generation of information
technologies is called smart manufacturing (Du 2024).
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For example, automation is based on the premise that a machine, piece of
equipment, or robot performs a certain predefined activity, following specific
rules in a limited number of scenarios. Artificial intelligence enables pattern
recognition within data, learning from experience, and improving future perfor-
mance, allowing these machines, equipment, or robots to identify solutions to
complex problems within a given space (Lee, Singh & Azamfar, 2019: 5).

GENERAL REQUIREMENTS

Industrial artificial intelligence requires a set of advanced technologies for

effective performance, including:

A. Machine learning and deep learning: these facilitate systems’ ability to learn
from data, enhance their performance progressively, and generate informed
predictions, which leads to an optimization of efficiency in industrial processes.

B. The Internet of Things (loT): these devices aggregate substantial volumes of
data from machines and systems that collect them, which is subsequently
analyzed by artificial intelligence to optimize processes, minimize waste, and
enhance productivity.

C. Robotics and automation: the core of Industrial Al is robotics, because it
facilitates the automation of tasks spanning from assembly line operations
to quality inspections.

D. Edge computing: given the |Al tasks are time-sensitive, edge computing
allows Al systems to make real-time decisions through local data processing,
instead of depending on cloud computing (IFS, n. d.).

Despite the great potential of industrial artificial intelligence, its implemen-
tation faces many challenges. A basic reason for this is the large investment
required to make the necessary adjustments for the integration of Al applica-
tions into corporate structures and throughout the entire value chain. Com-
panies are therefore advised not only to understand its potential, but also the
main requirements and organizational changes necessary to harness its full
potential (Peres and others, 2020: 220122-220124).

Industrial and Financial Systems (IFS), a Swedish enterprise software company,
highlights the following among the core tasks necessary for the successful and
profitable implementation of IAl:

A. Data collection and processing: IAl is highly dependent on large volumes of
high-quality data; however, for many organizations it becomes a challenges
to effective collect, organize, and analyze such data.
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B. Integration of legacy systems: the existence of older industrial systems that
are incompatible with |Al can become an obstacle.

C. Workforce skills: Workers need new skills, and their employers need to invest
in retraining.

D. Security and privacy: In the face of cyber threats, protecting the data collec-
ted and to be analyzed becomes an essential priority (IFS, n.d.).

In this regard, research by Peres et al. highlights that a critical obstacle to
digital transformation and technology adoption is that many companies do not
know how to integrate Al into their business models and processes, which is why
guidance on how to do sois needed, including common practices, evidence, and
successful experiences. For example, companies often collect data in multiple
formats, without standards and with varying degrees of quality, so systematic
approaches are needed for the implementation, deployment, and management
of IAl solutions. (2020: 220122-220124).

A useful tool for solving this problem is “lighthouse factories”, whose main
asset is intelligence, which is fully exploited through the adaptation and appli-
cation of IAl, making it a key driver of development. The incorporation of ad-
vanced technologies in these companies has brought them significant econo-
mic benefits, making them a “true guiding light” (Lee, Singh & Azamfar, 2019: 8)
that illuminates and shows the way for others.

lll. INDUSTRIAL ARTIFICIAL INTELLIGENCE
POLICIES IN CHINA

In the context of the digital economic sphere, particularly within the domain
of artificial intelligence, the government has implemented a series of techno-
economic public policies since 2015, with a notable emphasis from 2017 onward.
These policies have played a pivotal role in shaping the primary direction of
research, innovation, development, and Al's application scenarios, emphasizing
its application for industry. Subsequently, a series of voluntary ethical frameworks
and industrial self-regulation were released. (Juarez-Aguilar, in press, a).
Meanwhile, businesses, government, and society quickly adopted Al throu-
gh e-commerce, the sharing economy, gaming, fintech, social media, and many
other areas. However, the indiscriminate use of Al began to create multiple
social problems that existing regulations and voluntary measures (such as ethi-
cal frameworks and self-regulation) were unable to solve. As part of a broader
reform of the digital economy, the government has been gradually developing

217



218

>[9] INDUSTRIAL ARTIFICIAL INTELLIGENCE IN CHINA

and applying specific regulations since 2022, aimed at addressing the most
pressing challenges faced by the stakeholders involved, such as consumers,
minors, older adults, and workers in the sharing economy, among others
(Juérez-Aguilar, in press, a).

At the same time, the US increased restrictions on the Chinese technology
sector, such as the export of products, services, data, and even labor mobility
and investment, focusing specifically on halting Chinese advances in artificial
intelligence. In response, the Chinese government emphasized the relations-
hip between security and technological self-sufficiency, while reorienting tech-
nology governance toward specific objectives such as industrial strength and
national security, discouraging areas more related to leisure, such as gaming,
e-commerce, etc. (Creemers and others, 2023).

It is at this point that the concept of New Industrialization emerged, with a
renewed emphasis on artificial intelligence.

NEW INDUSTRIALIZATION + ARTIFICIAL INTELLIGENCE

For almost twenty years, the Chinese government has promoted multiple public
policies that work to integrate new technologies with the real economy in order
to drive development and innovation. However, in recent years it has emphasized
the primacy of the real economy for the country, particularly manufacturing.

Since 2022, the Chinese government has been developing the concept
of New Industrialization @& T {t, xinxing gongyéhua)', which refers to the
idea that new generations of technology should contribute to modernizing the
entire industrial landscape in order to create new models of production, bu-
siness, and new forms of economic growth, prioritizing safety over economic
results. The target date for achieving these objectives has been set for 2035
(Juérez-Aguilar, 2024). This New Industrialization recognizes the centrality of
manufacturing and the domestic market and lists a series of measures for in-
dustrial transformation, including updating traditional industries; consolidating
and expanding industries where advantages already exist; promoting and ex-
panding emerging industries; designing future industries in a forward-looking
manner; and deepening international cooperation. (State Council Information
Office Website, 2023).

1 To enable better visualization, Chinese characters will not be inserted in italics.
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Several experts from Chinese academia have agreed on the importance of
fully integrating artificial intelligence into industry in order to achieve the goals
of New Industrialization. Wén Junléi (SX4J8), vice president and professor at the
Virtual Reality Research Institute of the Cloud Computing Center of the Chinese
Academy of Sciences, asserts that since Al and smart manufacturing are at the
heart of the new industrial competition and manufacturing is the foundation of
the country, their combination can enable China to become a manufacturing
power capable of overcoming domestic and international challenges, as well as
providing a major boost to the development of new economic fields (Chengdu
Daily, 2022).

Du Chuénzhong (#4& ), a special researcher at the China New Generation
Artificial Intelligence Development Strategy Research Institute and professor
and director of the Industrial Economics Institute at Nankai University, details
how Al enables new industrialization. Part of his argument reveals that from the
standpoint of permeability, Al “can be deeply integrated into all aspects of the
manufacturing industry and the upstream and downstream industrial chains, and
play an enabling, intellectual and assigning role to industrial development”; from
the perspective of synergy, Al “organically connects the fields of consumption,
production, circulation, and distribution, which helps improve the coordination,
order, and efficiency of the entire process of social reproduction”; and from the

|u

perspective of innovation, Al “can achieve self-evolution and self-upgrading of
technology through deep learning and rapid iteration, which in turn leads to the
optimization and upgrading of the entire industry” (Du, 2024).

Zhou Ji (J3F), professor and former president of the Chinese Academy
of Engineering, emphasizes that smart manufacturing requires both 5G and
the industrial internet to achieve digital transformation, development, and
intelligent improvement of the manufacturing industry, as well as innovation in
the industrial model. Therefore, “5G + industrial internet + artificial intelligence”
will empower New Industrialization, enabling innovation in products, production
technology, industrial models, and manufacturing system integration, thus
reaching the climax of the Fourth Industrial Revolution (Chén, 2024).

INDUSTRIAL ARTIFICIAL INTELLIGENCE POLICIES

The plans presented below are organized under the current Five-Year Plan,
which is the 14t Five-Year Plan for National Economic and Social Development of
the People’s Republic of China and Long-Term Objectives Through 2035. They
coincide in seeking to take advantage of the opportunities offered by the new

219



220

>[9] INDUSTRIAL ARTIFICIAL INTELLIGENCE IN CHINA

scientific and technological revolution to support industrial strengthening and
achieve the objectives of New Industrialization, but each plan approaches this
issue from different angles.

On December 30, 2023, the Ministry of Industry and Information Technology
(MIIT) and eight other institutions presented Guiding Opinions on Accelerating
the Transformation and Upgrading of Traditional Manufacturing Industries?.
This plan considers that active adoption and upgrading of traditional industries
will improve the resilience and security of the industrial and supply chain,
strengthening China's competitiveness and position in the global division of
industrial labor, and in industrial transformation It is proposed that by 2027,
there will be an improvement in China’s traditional manufacturing industry, with
high-level, intelligent, green, and integrated development.

Some of the proposed measures emphasize advancing the smart transfor-
mation of enterprises and developing digital networks, while accounting for
the specific characteristics and requirements of each industry, accelerating the
integration of the entire manufacturing process and elements with artificial in-
telligence, big data, cloud computing, 5G, the Internet of Things, among others
(CAICT, 2023).

On January 31, 2024, MITT and seven other institutions presented Imple-
mentation Opinions on Promoting the Innovation and Development of
Future Industries®, which seeks to bolster manufacturing through the deve-
lopment and application of cutting-edge and disruptive technologies, such
as metaverse, humanoid robots, brain-computer interfaces, and quantum in-
formation. Specifically, “future manufacturing” seeks to develop smart manu-
facturing, biological manufacturing, nano manufacturing, laser manufacturing,
and circular manufacturing, as well as to achieve disruptive advances in smart
manufacturing, smart detection, analog simulation, and other key technolo-
gies. With targets for 2025 and 2027, it also aims to promote flexible manufac-
turing, shared models, and the development of the industrial internet and the
industrial metaverse, among other things (MITT + 6, 2024).

2 CeF kSl EEARHIESEN) guanyd jiakudi chudntdng zhizdo yé zhudnxing
shéngji de zhiddo yijian.

3 CeTFH# AR~ AF R BHZEEN) guanyd tuidong weildi chdnyé chudngxin fazh3n de
shishi yijian
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Also in January 2024, news circulated that the State Council of the PRC met
to work on the Action Plan to promote artificial intelligence to boost New
Industrialization*. The meeting highlighted the need to coordinate high-
quality development with high-level security; the plan’s central objective was
smart manufacturing; the deep integration of Al with manufacturing as the main
means, and application scenarios as the driving force. Other key objectives
include the need for the smart upgrading of key industries, the development
of smart products, and the strengthening of high-level manufacturing systems
(Chinese Government Website, 2024).

On May 11, 2024, the State Council approved the Action Plan for the Di-
gital transformation of the Manufacturing Industry®. It emphasizes that this
transformation not only involves industrial and development model optimiza-
tion, but it is also directly related to national, economic, industrial, scientific,
and technological security. It was agreed to explore typical scenarios in diffe-
rent fields, according to the specific needs of the industry. Similarly, it is ne-
cessary to accelerate research, promotion, and application of advances in key
technologies; work on equipment connection, mutual recognition of protocols,
formulation of standards, construction of platforms, among others. It also hi-
ghlighted the importance of increasing long-term support mechanisms for the
digital transformation of small and medium-sized enterprises and combining
them with large-scale equipment renewal actions and the implementation of
technological transformation and modernization projects, as well as improving
public service platforms (Xinhua, 2024).

In November 2024, Hé Hailin ({38 #K), head of the MIIT’s Operations Monito-
ring and Coordination Bureau, recognized the current work on strengthen and
coordinating public policies, deepen international cooperation, and striving
to contribute to China’s efforts to build a global industrial system and supply
chains that are “secure, stable, flexible, efficient, open, inclusive, and mutually
beneficial” (State Council, 2024).

The steps to be taken are:

1. Actively guide and promote companies to integrate into international
industrial and supply chains.

YU (s A TEEERAEHTE Tl {4731 5 ) tuidong réngong zhinéng fu néng xinxing
gongyéhua xingdong fang’an. At the time of writing this text, it has not yet been published
(September 2025).

5 (HlEl B F B T3 5 R) zhizdo yé shuzihud zhudnxing xingddng fang'an
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2. Strengthen the reputation of the Made in China brand through multiple me-
asures, such as the boost that industrial design gives to quality improvement.

3. Vigorously develop digital commerce and green commerce. Regarding
the first point, work must be done on action plans designed for the digital
transformation of the manufacturing industry and for artificial intelligence
to empower New Industrialization. Build smart factories and supply chains,
develop smart logistics equipment, promote the construction of e-commerce
standards that are compatible with international standards on data flow,
traceability, and electronic signatures, and expand new spaces for digital
commerce.

Y. Improve the level of service for companies that “go abroad” (State Council,
2024).

IMPLEMENTATION PROCESSES OFF INDUSTRIAL
ARTIFICIAL INTELLIGENCE IN CHINA

As explained in the second section, industrial artificial intelligence requires data

collection and processing, the integration of legacy systems, adequate worker

skills, and the maintenance of security and privacy (IFS, n.d.). Since these areas

are cross-cutting and interact with each other, within the Chinese governance

framework, several policy documents and legal instruments address these

topics also in an intertwined way. Below is a brief overview.

A. Data
In 2020, the Chinese government designated data as a factor of production
and began to create ways for it to underpin the economy, such as data
markets. However, geopolitical confrontations have been an essential
element in subordinating economic development to security. Since 2021,
several legal instruments have been stipulated to regulate data processing
activities in the field of industry and information technology. Particularly in the
case of industrial data, it is first necessary to determine which data should be
protected and then indicate which data can be used to promote economic
development, while safeguarding the rights and interests of individuals,
organizations, and the nation (Juédrez-Aguilar, in press, b).

B. Integration with legacy systems
As mentioned in Guiding Opinions on Accelerating the Transformation and
Upgrading of Traditional Manufacturing Industries, authorities recognize the
need for a comprehensive modernization that includes digital infrastructure
and equipmentthroughoutthe industry, high-tech zones, industrial parks, etc.
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For example, in terms of production equipment, it will include the application
of new sensors, advanced controls, and other smart components, as well
as accelerating the promotion of smart equipment and the updating and
replacement of software. (CAICT, 2023). The idea to replace all equipment is
quite massive, but if there is a country who may be able to do it, it is China.
. Worker skills

Although China has been working hard for decades to adapt its education
system to meet the scientific and technological challenges of modernization,
the Ministry of Education is continuing this work today and is often the con-
vening institution for many public policies related to digital transformation®.

From the wide transformation of education, here is one example. In
July 2024, the Ministry of Education published a document encouraging
universities to provide support in key areas such as integrated circuit
manufacturing, artificial intelligence, quantum technology, life sciences,
and energy, and called for greater alignment of professional education with
industry development (Bangkok Post 2024). Among the tasks outlined by the
Vice Ministry of Education are dynamic adjustment of the profession, scientific
design of course content, updating of teaching materials, formulation of
standards for internships, and building a training base to integrate industry
and education, among others (CAEA, 2024).

In August 2024, 19 universities were already in the process of revamping
their engineering and technology programs in favor of high-tech areas such
as Al and big data. Similarly, now there are also training programs in big
data, artificial intelligence, smart manufacturing, integrated circuits, data se-
curity, among others, aimed at engineers, technicians, and workers (Bangkok
Post, 2024).

. Security
Faced with growing national and international challenges, the Chinese
government has decided to strengthen its security in a multidimensional
way. Among the included areas are political, military, territorial, economic,
financial, cultural, social, food, and ecological security, as well as technological
security, which includes artificial intelligence, data, digital infrastructure,
among others (Juarez-Aguilar, in press, b).

6 For example, in Guiding Opinions on Accelerating the Transformation and Upgrading of
Traditional Manufacturing Industries one of the nine convening institutions was the Ministry
of Education (CAICT, 2023).
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The highest relevance of security is reflected in numerous public policies and
a growing legal framework. One example of a public policy instrument is the
aforementioned Action Plan for the Digital transformation of the Manufacturing
Industry, which links industrial optimization with national economic security.
And one example of the legal framework is Measures for the Administration of
Data Security in the Field of Industry and Information Technology (Trial)?, which
came into force on January 1, 2023.

V. CURIRENT SITUATION AND OUTLOOK

In November 2024, the Chinese government presented the China Internet
Development Report®, it specifies that this country possesses the world's
largest 5G network, which integrates 74 categories of the national economy
and accelerates key sectors such as manufacturing, mining, electric power,
and healthcare, among others. More than 4,500 core Al companies operate
nationwide, and enterprises have established nearly 10,000 digital workshops
and smart factories; 421 of the latter serve as lighthouse factories, and more
than 90% have Al and digital twins (CCTIME, 2024; Qinghai Daily, 2024).

According to the International Federation of Robotics, China is the largest
market for industrial robots, with 276,288 units installed in 2023, representing
51% of the global total. The growth potential in the manufacturing sector is
forecast to be between 5% and 10% annually until 2027 (IFRI, 2024b). However, in
terms of robot density, China ranked third with 470 robots per 10,000 employees
in 2023, only behind South Korea and Singapore. Nevertheless, this achievement
is surprising considering that China entered the top 10 in 2019, implying that it
has doubled its density every four years (IFRI, 2024a).

In May 2024, 36 Krypton Research Institute (368 #3EF%) presented the Re-
search Report on China Al+ Manufacturing Industry®, which points out that
artificial intelligence is transforming the country’s manufacturing industry be-
cause it seeks to meet the personalized needs of users. By focusing on the
user, production becomes more flexible, leaving behind the rigidity of focu-
sing primarily on the product (2024).

7 TUREBNTEHELZSERDE (IR1T) Gongye hé xinxi hua lingyt shiju anquan guanlf
banfa (shixing)

8 (hEEHEBMARIRE2024) zhonggud hulidnwang fazhdn baogao 2024

9 (FhEAI+#EIE 3R &) zhonggud Al+zhizao chdnye yan jit baogao glin
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The transformations resulting from the interactions of artificial intelligence
with its environment are giving rise to new challenges and opportunities. On the
one hand, awhole range of application scenarios are emerging that pose security
risks, as well as potential vulnerabilities in infrastructure, software, hardware,
privacy, data transmission, among others. Therefore, the identification and
management of emerging security risks have become increasingly significant
from a strategic perspective (CCTIME, 2024).

DU Chuanzhong asserts, the digital transformation of many Chinese ma-
nufacturing companies has reached such a level that the mere digitization of
traditional industries is not enough; only the deep integration of artificial inte-
lligence into manufacturing can realize the goals of New Industrialization (2024).

And there is no time to waste, because Jin Zhuangléng of the MIIT has
pointed out that this institution is already aiming in new directions: future
manufacturing, future information, and future materials; humanoid robots, brain-
computer interfaces, the metaverse, next-generation internet, 6G. In addition to
seeking innovative advances in key core technologies, it aims to create a series
of essential products, achieve significant breakthroughs, and build a series of
business incubators, among other goals (Guangming Daily, 2024).

V. CONCLUSIONS

With regard to the field of artificial intelligence, Chinese public policy instru-
ments are founded upon an overarching concept, encompassing research and
development, infrastructure, Al components, and application scenarios. Within
this comprehensive approach this chapter has shown that artificial intelligence
is now boosting Chinese industrial modernization. This new kind of industrial
reinforcement is aimed at updating traditional industries and creating new in-
dustrial activities. Its scope is very broad, ranging from all kinds of current ap-
plication scenarios as well as future industries; from world-leading companies
to SMEs; from traditional industries to green development.

A more detailed revision shows that China appears to be strategically well-
positioned for this transformation, as it has already incorporated the core
technical tasks essential for the successful and profitable implementation of
industrial artificial intelligence into its public policies and legal frameworks,
i.e. data collection and processing, integration of legacy systems, reskilling of
workers, security and privacy.
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UNCTAD emphasizes that it is critical for developing countries “to consider
the diffusion and direction of frontier technologies and their impact on the
economy, and to adapt catch-up strategies accordingly”. This UN agency
stresses particularly the need to tailor timely strategies for “integrating artificial
intelligence into broader industrial and innovation policies that support inclusive
and sustainable development”, or we may the risk of falling behind (2025:1).

In order to do this, UNCTAD remind us, we can learn "from global exam-
ples” (UNCTAD 2025:1). And given the complexity of each industry and the he-
terogeneity of the Chinese landscape at the local level, countless examples can
be found. Therefore, within the industrial transformation with Al —just like a ligh-
thouse factory— China shows us, developing countries, a possible way forward.

Regarding artificial intelligence, developing countries have limited resources
for Al development, therefore we need to select carefully which areas should
be supported first, particularly the essential industries’ situation should be
meticulously analyzed.

Yet one first step, as indicated by Prof. Zhou Ji, is to construct basic
infrastructure for Al (like 5G and industrial internet), in order to take advantage
of what big data, the new generation of artificial intelligence, and smart
manufacturing have to offer (Chén, 2024). Keeping always in mind that each
industrialization follows a different path (Pilkington 2024).
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I. INTRODUCTION

urrently, Artificial Intelligence (Al) is a very popular field and it is clear

that its use is already having a significant impact on our everyday lives.

In fact, it is expected that such impact increases even more in the next
few years.

Ashas happenedbefore with othertechnologies, Alinitially raised amazement
that eventually transformed into fear. Such fear is grounded on the fact that a
large portion of the population worldwide has a very limited knowledge about
Al and of its potential and limitations. Furthermore, science fiction has fed,
during many years, this fear to Al technologies in a significant number of novels,
movies and TV series.

In this chapter, we will discuss the development of Al from a historical
perspective, starting from its inception (in the 1950s) up to our days. Throughout
this quick historical overview of Al, we will witness the way in which Al algorithms
have evolved, starting with relatively simplified models to the sophisticated
approaches available today which are able to defeat the (human) world champion
of Go and to chat (in a very realistic way) with a human. Our historical trip will
take us from the so-called symbolic Al which was found to be too limited to solve
realistic problems to the sub-symbolic Al that is so popular today, which relies
on huge amounts of data and lots of computer power.

Clearly, Al has revolutionized science and has had a significant impact even
in the way in which research is being conducted. This was recognized by the
2024 Nobel Prize committees. But in addition to the scientific progress that is
being fueled by Al today, this technology is also changing our everyday lives
with increasingly powerful applications that allow us to potentiate our creativity.
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Today, newborns will grow up with increasingly powerful and sophisticated
Al algorithms, and they will certainly be able to assimilate this new technology a
lot easier that today’s adults, analogously to what happened with smart mobile
phones and smart TVs.

But perhaps the most valuable lesson that remains to be learned is that,
whether we like it or not, Al is a technology that will remain with us and, therefore,
it will become increasingly important in the years to come, to try to adapt to
it, by learning at least about its basic use. This should help us to reduce our
fear when reading any sensationalist note in social media about the dangers
of Al. Simultaneously, our knowledge of this technology will allow us to make a
more rational and appropriate use of it. In fact, this chapter aims to contribute
to a certain extent to acquiring some of this (necessary) basic knowledge of Al
technology.

Il. ARTIFICIAL INTELLIGENCE
FORERUNNERS

The study of human intelligence has fascinated humankind for many years. The
fundamental premise of artificial intelligence is that the process of generating
thoughts can be mechanized [Russell and Norvig, 2021]. The study of mechanical
(or formal) reasoning is very old and is well-documented since at least 1000 B.C.
in China, India and Greece. The Spanish philosopher Ramén Llull (see Figure 1)
designed and built (in the Thirteenth Century) a

logical machine in which theological theories, FIGURE Ramén Llull.
subjects and predicates were represented by
using geometrical shapes that he considered to
be “perfect” (e.g., circles, squares and triangles).
Through the use of levers, cranks and a wheel, it
was possible to use this machine to demonstrate
that a certain postulate was either true or
false [Mata, 2006]. The work of Llull had a great
influence on Gottfried Leibniz, who speculated
(in the Seventeenth Century) about the future
existence of a universal language to express
reasoning. Leibniz believed that in the future,
philosophers would not need to debate, since it
would be possible to mathematically prove if a  SOURCE Wikipedia (image
certain postulate was either correct or incorrect. in the public domain).
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FIGURE 2 From left to right: Norbert Wiener, Claude Shannon and Alan Turing.

SOURCE Wikipedia (images in the public domain).

All these ideas had a great influence on the development of the "hypoth-
esis of the physical symbols” formulated by Allen Newell and Herbert Simon.
This hypothesis was the main foundation of the so-called symbolic artificial
intelligence, which was the predominant branch of Al in the early days of this
discipline.

Historically, however, three are the characters who are considered to be the
main forerunners of the development of artificial intelligence (see Figure 2): (1)
Norbert Wiener, (2) Claude Shannon and (3) Alan Turing. Next, we will briefly
describe the main contributions (as related to Al) made by each of them.

Norbert Wiener was a prominent American mathematician who proposed,
in the 1930s (together with the Mexican physiologist Arturo Rosenblueth)
a discipline that was called cybernetics [Wiener, 1948], which studies (in a
transdisciplinary way) circular processes such as feedback systems in which
the outputs also act as inputs. In its early days, this discipline was applied to
a wide variety of areas, including biological, cognitive, mechanical and even
social processes.

Claude Shannon was an American engineer who published a paper in
1948 [Shannon, 1948] which originated a discipline that would be later called
"information theory” that consists of a mathematical theory of communication.
In this paper, Shannon presents the basic concepts of digital communication
and then develops concepts such as information’s entropy and redundancy.
Additionally, Shannon introduced the term bit (which would be later attributed
to John Tukey) which he used to denote a unit of information.
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Alan Turing was an English mathematician who published a paper in 1950
[Turing, 1950] in which he proposed an operational definition of intelligence.
Turing's proposal was very simple. He proposed a test (which is known today as
the “Turing test”). This test consists in having a person in front of a computer
terminal. In a separate room there would be a human and in another one there
would be a computer operating some software without human assistance. This
person would be interacting through a computer without knowing who replied
to him/her (either the other human or the computer). If, at some point, the human
could not distinguish who replied, then, according to Turing, we could say that
the computer is “intelligent”, because its answers were indistinguishable from
those of a human.

Nevertheless, Turing is better remembered for his work in which he defined
a mathematical model of a universal computer (which is known today as “Turing
universal machine”). Turing defined computable problems (i.e., problems that
can be solved in a computer) and non-computable problems, originating a field
which is called today “theory of computation”.

Inthe 1940s, there were several important developments within this discipline
which, at that point in time, didn't have a name yet. From them, perhaps the
most influential work was the paper entitled “A logical calculus of the ideas
immanent in nervous activity” [McCulloch and Pitts, 1943]. In this paper, Warren
McCulloch and Walter Pitts propose a model of artificial neurons in which
each neuron is characterized for being either “on” or “off”. In this model, a
neuron is activated (i.e., it's in an “on"” state)
as a response to the stimulus of a sufficient FIGURE 3 Marvin Minsky.
number of neighboring neurons. Additionally,
McCulloch and Pitts managed to prove that
any computable function could be modelled
by some network of neurons connected with
each other and that all the logical operators
(e.g., AND, OR, NOT) could be implemented
through the use of simple structures in such a
network. They also suggested that networks
of neurons that were properly configured
would be able to learn. For developing this
model, McCulloch and Pitts relied on three
main sources: (1) their knowledge about basic

physiology and the way in which neurons SOURCE Wikipedia (image available
actually work in our brain, (2) a formal analysis ~ under a Creative Commons license).
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of propositional logic [Whitehead and Russell, 1910] and (3) the recent theory of
computation proposed by Alan Turing. This paper is considered as the first ever
to be fully focused on artificial intelligence [Rusell and Norvig, 2021]. In fact, this
work constitutes a seminal contribution for a research area which would become
very popular many years later: artificial neural networks.

Also during the 1940s, Donald Hebb [1949] posed a hypothesis about learning
based on the mechanism of neural plasticity. In this work, he proposes a very
simple update rule to modify the strength of a connection between neurons,
which is known today as “Hebb learning” and which is still used today for the
so-called unsupervised learning.

In 1951, influenced by the paper from McCulloch and Pitts that was mentioned
before, Marvin Minsky (see Figure 3), who at that time was a PhD student at
the Math Department of Princeton University, built, with the help of Dean S.
Edmonds (who was a PhD student at the Physics Department of Princeton
University), the first physical model of a neural network. This device was called
Stochastic Neural Analog Reinforcement Computer (SNARC) and it used 300
bulbs to simulate a network of 40 neurons which adopted Hebb learning. SNARC
was able to simulate mice that successfully found their way out of a maze (this
problem was originally posed by Claude Shannon). The simulation was visualized
using “light arrangements”. A circuit was reinforced each time that one of the
simulated mice reached the goal. SNARC surprised its creators who would later
say that the mice helped among themselves in the simulation, so that if one of
them was able to find a good path, the other would follow it. In this PhD thesis,
Marvin Minsky studied universal computation in neural networks, which was a
topic that got him in trouble. His PhD committee was rather skeptical about
Minsky’s research work, since they were not sure that this could be considered as
a PhD thesis in mathematics. However, it is known that the legendary Hungarian
mathematician John von Neumann stepped in to settle this matter. When he
was asked if he thought that Minsky's research work was part of mathematics,
he answered: "if not now, one day this work will become part of mathematics”.
Over the years, Marvin Minsky became one of the most influential Al pioneers
in the world.
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lll. A NEW DISCIPLINE IS BORN

FIGURE 4 John McCarthy.

In the 1950s, Princeton University had a faculty
member who would become one of the
founding fathers of artificial intelligence: John
McCarthy (see Figure 4). After obtaining a
PhD in mathematics from Princeton University
in 1951, McCarthy worked there as a lecturer
during two years. Then, and after a short
period at Stanford University, he was hired
as Assistant Professor at Dartmouth College.
McCarthy convinced Marvin Minsky, Claude
Shannon and Nathaniel Rochester to help
him to bring together a group of American
researchers interested in automata theory,
neural networks and the study of intelligence.

SOURCE Wikipedia (available under a
Creative Commons license).

These efforts led to a two-month workshop that took place in the Summer of

1956 at Darmouth College. This event is considered the official birthplace of

Artificial Intelligence, which is a term coined by John McCarthy in the grant

proposal that he wrote to get funding to finance this workshop. In this proposal,

he said the following [Russell and Norvig, 2021]:

We propose that a 2 month, 10 man study of artificial intelligence be carried

out during the summer of 1956 at Darmouth College in Hanover, New Hamp-

shire. The study is to proceed on the basis of the conjecture that every aspect

of learning or any other feature of intelligence can in principle be so precisely

described that a machine can be made to simulate it. An attempt will be made

to find how to make machines use language, form abstractions and concepts,

solve kinds of problems now reserved for humans, and improve themselves.

We think that a significant advance can be made in one or more of these prob-

lems if a carefully selected group of scientists work on it together for a summer.

McCarthy avoided to use the term “computer” when naming the new dis-

cipline, since he wanted to differentiate from the work done by Norbert Wie-

ner on cybernetics, in which both analog and digital computers were adopted.

However, clearly, McCarthy also planned to use computers for the new disci-

pline that he had in mind [Russell and Norvig, 2021]. The conjecture indicated

in the proposal would be later called “the hypothesis of the systems of physical

symbols” and would become the foundation of the so-called “symbolic artifi-
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cial intelligence”. This hypothesis would be extended, reinforced and named
by Allen Newell and Herbert Simon in their ACM Turing Award lecture in 1976
[Newell and Simon, 1976].

The attendants to this workshop would eventually write computer programs
that would become milestones for the initial development of artificial intelli-
gence: Arthur Samuel, Nathaniel Rochester, Ray Solomonoff, Oliver Selfridge,
Trenchard More, Allen Newell and Herbert A. Simon. However, the last two were
the super stars of the workshop, since by then, they had already developed a
program called Logic Theorist[McCorduck, 2004], which had been used to prove
most of the theorems from Chapter 2 of Principia Mathematica [Whitehead and
Russell, 1910]. The Logic Theorist was able to find a shorter (and simpler) proof
than the one indicated in the book for at least one problem.

IV. THE FIRST ACHIEVEMENTS OI-
ARTIFICIAL INTELLIGENCE

The early days of this new discipline was characterized by several success cases
that generated a lot of enthusiasm among Al researchers. Many of these early Al
projects were financed in the USA by the Defense Advanced Research Projects
Agency (DARPA).

After the great success of the Logic Theorist, Allen Newell and Herbert Simon
proposed the General Problem Solver (GPS), which was designed to imitate
the protocols used by humans when solving problems [McCorduck, 2004]. The
GPS was able to solve a very limited set of problems, but in them, this program
considered both subgoals and possible actions, in an analogous way to humans.
The success of the GPS and other further programs that operated as cognitive
models led Newell and Simon to formulate the famous hypothesis of the physical
symbols that states [Newell and Simon, 1976]: “a system of physical symbols has
all the necessary and sufficient means to produce general intelligent actions.”

This hypothesis was the foundation for the so-called symbolic Artificial
Intelligence and it would be challenged throughout the years. According to this
hypothesis, the core idea behind Al is that any system aimed to show intelligence
had to operate through the manipulation of data structures made of symbols
[Russell and Norvig, 2021].

AtIBM, Nathaniel Rochester and his colleagues made important contributions
to Artificial Intelligence. For example, Herbert Gelernter [1959] built the
Geometry Theorem Prover, which was able to prove theorems from Euclidean
geometry which were considered difficult by several math students.
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In 1952, Arthur Samuel (also working at IBM) wrote a series of computer pro-
grams to play checkers. Samuel was convinced that teaching a computer to play
was a very fruitful task that would lead to the development of strategies to solve
more general problems. In order to play checkers with a computer, Samuel de-
vised search trees of the board positions that were reachable from the current
state of the game. Since the computer available at that time had very limited
memory, he implemented a technique that would be later called “alpha-beta
pruning” [Sutton and Barto, 2018]. Additionally, instead of searching for individ-
ual paths that could reach the end of the game, Samuel developed a function
that gave a score to the current board position at any given time. So, movements
were based on such score function combined with a minimax strategy, which
aimed to maximize the position of the player who was moving at that moment,
while minimizing the score of the adversary. Samuel also proposed in 1955 sev-
eral mechanisms to allow his program to improve its game level over time, after
playing thousands of times against itself. In fact, the term machine learning was
coined by Samuel to refer to this mechanism [Samuel, 1959].

John McCarthy left Darmouth College to move to the Massachusetts Insti-
tute of Technology (MIT) where he made three seminal contributions to Al in a
single year (1958). The first, was the development of a high-level programming
language called LISP, which would be used for many years to develop Al appli-
cations worldwide. The second contribution was his invention (in collaboration
with other researchers from MIT) of time sharing, which was a mechanism that
allowed to improve the access to the scarce and expensive computer resources
available at that time. And the third and last of these contributions was a pa-
per entitled “Program with Common Sense” [McCarthy, 1958], in which he de-
scribed the Advice Taker, which was a hypothetical program that can be seen as
the first full Al system. Same as the Logic Theorist and the Geometry Theorem
Prover, McCarthy's program was designed to use knowledge that could search
for solutions to arbitrary problems. However, unlike the two other systems, the
Advice Taker aimed to gather general knowledge about the world. McCarthy
showed, for example, how, through some simple axioms, his system could gen-
erate a plan to drive a car to the airport. Additionally, McCarthy showed that
his program was designed to accept new axioms during its operation, which
allowed it to perform actions in new areas without a need for any re-program-
ming. Thus, the Advice Taker illustrated in a very accurate way, the hypothesis
of the physical symbols, since it made clear the importance of having a formal
representation of knowledge as well as the importance of using deductive pro-
cesses to manipulate such knowledge.
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It was also in 1958 that Marvin Min-  FIGURE 5 Frank Rosenblatt.
sky started to work at MIT. Although,
at the beginning, Minsky collabo-
rated with McCarthy (they were the
founders of the Artificial Intelligence
Lab of MIT in 1959), they eventually
took different paths, since McCarthy
had a strong interest in developing
models of representation and reason-
ing based on formal logic, whereas
Minsky was more interested in devel-
oping computer programs that led to
practical applications.

In 1961, James Slagle wrote (in
LISP) the first computer program for

symbolic integration called SAINT
(Symbolic Automatic INTegrator), as
part of his PhD thesis [Slagle, 1961], SOURCE Cornell University division of
which was supervised by Marvin Min-  rare and manuscript collections.

sky at MIT.

In 1964, Daniel G. Bobrow developed a computer program (written in LISP)
called STUDENT, as part of his PhD thesis. This program was able to solve
algebra problems at a high school level by taking their descriptions in natural
language [Russell and Norvig, 2021].

In 1957, Frank Rosenblatt (see Figure 5) at Cornell University, developed the
first hardware implementation of a multi-layered perceptron, which he showed
to the press on June 231, 1960.

Rosenblatt described the details of his perceptron in a paper [Rosenblatt,
1958]. His model consisted of an input layer, a hidden layer (that was unable
to learn) with random weights and an output layer with connections that
were able to learn. Although Rosenblatt’s goal was to produce a hardware
implementation of his perceptron, he initially simulated it in software using an
IBM 704 from the Aeronautics Lab at Cornell University. Rosenblatt extended
his perceptron in a series of papers and a book [Rosenblatt, 1962], and was able
to prove four theorems that laid the theoretical foundation for his proposal. In
his book, Rosenblatt included several experiments using perceptrons with up
to two layers, which he trained using "backpropagated errors”. However, it is
important to mention that he didn't use the algorithm that is known today as
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backpropagation. In fact, Rosenblatt didn't  FIGURE & John Alan Robinson.

have a general method to train multi-layer
perceptrons. Although Rosenblatt’s work
was widely recognized and attracted a
lot of interest from the press, this interest
quickly decreased upon the publication
of a paper written by Marvin Minsky and
Seymour Papert in 1969. In this paper, they
criticized the limitations of the perceptron
for classification, without clarifying that

the results reported in the paper were SOURCE Wikipedia (image in the
obtained using a single-layer perceptron  public domain under a Creative

[Kirdin et al., 2022].

Commons license).

In the same direction as Rosenblatt, there were two other important neural

networks’ achievements in the 1960s. First, Winograd and Cowan (1963)

showed how a large number of elements could collectively represent an

FIGURE 7 Robot Shakey.

SOURCE Wikipedia (available
under a Creative Commons
license).

individual concept, giving rise to an increase
in robustness and parallelism. Second,
Bernard Widrow proposed, together with his
PhD student Marcian Edward (Ted) Hoff, an
adaptive algorithm based on a least mean
squares filter (Widrow and Hoff, 1960). This
algorithm allowed the development of the
neural networks ADALINE (ADAptive Linear
NEuron) and MADALINE (Many ADALINE).
Later on, this work also led to the development
of the backpropagation algorithm.

In 1963, McCarthy created the Artificial
Intelligence Lab at Stanford University. His
plan to use formal logic to build an advanced
version of the Advice Taker was catapulted
by the resolution method proposed by John
Alan Robinson (see Figure 6) in 1965 (Robin-
son, 1965), which consisted of a full algorithm
that was able to prove theorems based on first
order logic.

The research on Al that took place at Stan-
ford at that time emphasized the development
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of general purpose methods for logic rea-
soning. One of the most emblematic proj-
ects at that time was a robot named Shakey
(see Figure 7). This robot was the first to be
controlled using Al techniques and was the
first to demonstrate the full integration of
logic reasoning and physical action.

The rest of the decade of the 1960s
was very fruitful in discoveries that would
have a great impact on Al in the years to
come. For example, Alexsey lvakhnenko
and Valentin Lapa developed the first deep

FIGURE 8 Joseph Weizenbaum.

SOURCE Wikipedia (available under
a Creative Commons license).

learning algorithm for multi-layer perceptrons in the Soviet Union [lvakhnenko
and Lapa, 1967]. It was also in the decade of the 1960s that Lofti Zadeh published
his seminal paper on fuzzy logic [Zadeh, 1965] and when the three main types

of evolutionary algorithms were proposed: genetic algorithms [Holland,

1962], evolutionary programming [Fogel et al., 1966] and evolution strategies

[Rechenberg, 1965; Schwefel, 1965]. All of these contributions would originate a

new discipline that would be later called "computational intelligence” [Kacprzyk

and Pedrycz, 2015].

FIGURE 9 Shunichi Amari.

SOURCE Wikipedia
(available under a Creative

Commons license).

Between 1964 and 1966, Joseph Weizenbaum
(see Figure 8), who was a Professor at MIT, devel-
oped a program (written in a programming lan-
guage called SLIP, which was created by Weizen-
baum himself) named ELIZA [Weizenbaum, 1966].
This program simulated a conversation using a
very simple method to recognize key words in a
sentence. Although the program gave the impres-
sion of being able to understand a human conver-
sation, it didn't even have a representation of the
text that received as its input. ELIZA used differ-
ent scripts. The most famous of them was called
DOCTOR and simulated a psychologist from the
Rogerian school (the name was adopted from the
creator of this school, whose name was Carl Rog-
ers). In the Rogerian school, the psychologist re-
peats with very slight variations, the words of his/
her patient.
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ELIZA was the first chatbot in history and raised lots of concerns in Weizen-
baum when he realized that many people told it very intimate things. These
concerns eventually transformed Weizenbaum into one of the main detractors
of Al in his time. In 1976, he published a book entitled “Computer Power and
Human Reason: From Judgement to Calculation” [Weizenbaum, 1976], in which
he indicates that Al could become fashionable at some point, but that humans
should never allow computers to make important decisions by themselves, since
they lack important human qualities such as: compassion and wisdom. The core
idea of his book is that there is a fundamental difference between deciding and
choosing. For Weizenbaum, deciding is something that can be programmed in
a computer, but choosing is something that must be done through judgement
and not only based on calculations.

In 1967, Shunichi Amari (see Figura 9) reported the first multi-layer neural
network trained with a stochastic gradient method [Amari, 1967]. This neural
network was capable of classifying nonlinear separable patterns (something that
Rosenblatt’s perceptron was unable to do).

In 1968, Richard Greenblatt developed at MIT, the first computer program to
play chess at a tournament level: Mac Hack. This was the first program to defeat
a human player as well as the first in competing in a human chess tournament.

The backpropagation algorithm was independently developed by several
researchers at the beginning of the 1970s. The first one was proposed by Seppo
Linnainmaa in his Masters thesis [Linnainmaa, 1970; Linnainmaa, 1976]. Then,
Paul Werbos independently developed the same algorithm in 1974 [Anderson
and Rosenfeld, 2000] but due to several difficulties, he managed to publish it
eight years later [Werbos, 1982]. However, it was a further paper (with one more
independent discovery of this algorithm) [Rumelhart et al., 1986] the one that
popularized the use of the backpropagation algorithm.

V. THE FIRST Al WINTER (19741980)

The most prominent Al researchers in the early days of this discipline were too
optimistic and made very ambitious predictions. For example, Herbert Simon
said in 1957 that the world champion in chess would be defeated by a computer
in 10 years. He missed by 30 years, since this prediction was fulfilled until 1997.
This optimism gave rise to the so-called “first Al winter” which occurred from
1974 to 1980. The name given to this period refers to the considerable reduction
of the funding provided by the main government agencies that sponsored Al
research in the USA. The main reason for this lack of financial support was that
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most of the results that had been promised in the mid-1950s were still not a
reality 20 years later [Russell and Norvig, 2021].

The highly optimistic prophecies that were made during the 1950s were not
fulfilled due to several reasons. The first of them was that they were based on
results obtained using very simple and low-scale examples. When attempting
to scale up these early symbolic Al-based systems so that they could solve com-
plex large-scale problems, they simply failed. The reason for this failure was that
most of these early Al programs did not know anything about the specific do-
main in which they were applied. These programs performed relatively simple
syntactic manipulations that were not necessarily scalable or portable to any
real-world domain.

An example of these limitations occurred in the area of automated transla-
tion (called machine translation). In 1957, after the successful launch of the Rus-
sian satellite Sputnik, the National US Research Council attempted to speed up
the translation of scientific articles written in Russian. For that sake, they asked
the help of Al experts who used translation techniques based on simple syntac-
tic transformations using grammars from Russian and English. These scientists
adopted a simple word replacement algorithm that used an electronic dictio-
nary. This was clearly an incorrect approach because text translation requires
knowledge of the context of each sentence, since the same word may have
several different meanings depending on the context in which is being used.

A report elaborated in 1966 by an advisory committee from the National
Research Council indicated that it was not possible to use existing Al techniques
to automate the translation of scientific texts from Russian to English. This report
caused the cancellation of all the US government funding devoted to machine
translation [Russell and Norvig, 2021].

Before complexity theory was developed within computer science, a common
belief was that scaling up a program to larger problems was just a matter of
having faster hardware and larger computer memories. The first Al programs
used semi-enumerative approaches since they used to try many possible
combinations to choose the correct one. These techniques only work properly
in small problems but are not suitable for large scale problems since in those
cases the number possible options grows exponentially, making impossible
the application of semi-enumerative approaches. This is known as the “curse of
dimensionality”.

The third problem was the sort of structures adopted by the early Al
techniques to generate intelligent behaviors. Many of these techniques had
limitations inherent to the structure itself, which did not depend on the scale
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of the problem. That was, for example, the case of the one-layer perceptron
developed by Rosenblatt that was unable to classify classes that could not be
divided by a straight line. Although this problem doesn't arise in multi-layer
perceptrons, such perceptrons were rather uncommon in the early days of neural
networks because their training was considerably more complex.

VI. THE RE-BIRTH OF Al 1980-1987)

In the period from 1980 to 1987, there were  FIGURE10 Edward Feigenbaum.
three important events that allowed a re-birth
of Al research:

1. The success of the expert systems devel-
oped by Edward Feigenbaum.

2. The "fifth generation” project developed
by the government and industrial sectors
of Japan.

3. John Hopfield and David E. Rumelhart
made seminal contributions that manage

to re-activate the interest of scientists on
the so-called connectionism (i.e., a new

SOURCE Wikipedia (available in
name given to neural networks). This inter-  the public domain).

est would never go away.

Next, we will briefly discuss each of these events.

EXPERT SYSTEMS

In 1965, Edwad Feigenbaum (see Figure 10), who was a faculty member of
the Computer Science Department at Stanford University, got interested in a
problem that was proposed to him by Joshua Lederberg (a Nobel Prize winner
in genetics): inducing the three-dimensional structure of chemical compounds
from their mass spectrograms. Feigenbaum and his collaborators worked during
10 years (until 1975) in a system called Heuristic DENDRAL (its name was later
shortened to DENDRAL) which was used to infer geometrical structures of
complex chemical compounds given their chemical formula and the information
of their mass spectrograms. DENDRAL was able to find structures that were
previously unknown and these discoveries appeared in a series of papers
published in the Journal of the American Chemical Society.
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DENDRAL used rules that were obtained from chemists. These rules were
related to the way in which a mass spectrometer fragmented compounds into
sub-structures. Using the knowledge of the sub-structures, Heuristic DENDRAL
wasabletodeducethe mostplausible overall structure ofthe chemical compound.
Later on, a new version of the program, called meta-DENDRAL, was even able
to automatically deduce new rules from chemical data that Heuristic DENDRAL
could use to improve its performance [Buchanan and Feigenbaum, 1978].

This work convinced Feigenbaum of the importance of providing Al programs
of knowledge in the form of rules and procedures so that they could be properly
guided for solving problems. Feigenbaum coined the name Expert System to
denote the rule-based system adopted by DENDRAL.

Expert systems were the first Al tool that was successfully applied to the
solution of real-world problems. Over the years, Feigenbaum developed other
expert systems for areas such as medicine (MYCIN) and molecular genetics
(MOLGEN).

THE FIFTH GENERATION PROJECT

In 1981, the japanese government in collaboration with its industrial sector,
introduced a project that was called “Fifth Generation Computer Systems”. The
original plan indicated a duration of 10 years and it was very ambitious but not
too realistic. The original proposal was modified in 1982 by another one with
more realistic objectives.

Among other things, this project indicated
that fifth generation computer systems would  FIGURE M John J. Hopfield.
have: (1) mechanisms for problem resolution
and for performing inference, (2) very large
knowledge bases, and (3) intelligent interfaces
that would use natural language both in
printed and in spoken form.

Clearly, these features would require a
significant computer power and it was pro-
posed to use hardware for managing parallel
databases and software for the knowledge

41

bases. Additionally, hardware would be ad-
opted for performing parallel inference and  goRcE Wikipedia (available
for managing abstract data types and data  ynder a Creative Commons

flow machines. Furthermore, there would be license).
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specialized hardware for speech recognition as well as interfaces that would
operate with natural language.

Instead of choosing LISP for this ambitious project, the Japanese decided
to adopt PROLOG, which is a programming language that was developed in
France by Alain Colmerauer and Philippe Roussel at the beginning of the 1970s.

Although in its first 10 years, the fifth generation project was far from fulfill-
ing its original goals [Feigenbaum and Shrobe, 1993], its inception attracted a
lot interest from the US Government and raised concerns about the possibility
that Japan would lead the computer and the intelligent systems industry. In
order to prevent this from happening, the US Government decided to invest
large amounts of money to finance research on parallelism at the beginning of
the 1980s. This funding contributed to the re-birth of Al in a very significant way.

THE RETURN OF NEURAL NETWORKS

In 1982, the physicist John Hopfield (see Figure 11) published a paper [Hop-
field, 1982] in which he proposed a type of recurrent neural network that is
now known as Hopfield network (it is also called associative memory) in which
neurons are modelled to interact according to the spin dynamics of physical
systems such as magnetic materials. This sort of neural network is tolerant to
noise in the data because Hopfield was able to prove that the training of his
network can be understood in terms of the

energy of the system. Therefore, the network  FIGURE 12 David E. Rumelhart.
iterates when there is noise, aiming to reach
the state with minimum energy.

Hopfield played a key role in the re-acti-
vation of the interest on neural networks,
because besides showing the way in which
concepts from statistical mechanics could
be applied to neural networks, this contri-
bution somehow legitimated research on
neural networks, since Hopfield was already
a well-established physicist at that time. His
work would be crucial to the re-birth of neu-

ral networks, which would come back to stay.
In 2024, Hopfield received the Nobel Prize in

SOURCE Wikipedia (available
Physics. The Nobel committee indicated that  ynder a Creative Commons

Hopfield “invented in 1982 a network that uses  license).
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a method for saving and recreating patterns. He found inspiration in physics’
models of how many small parts in a system affect the system as a whole. The
invention became important in, for example, image analysis”.

Also in 1982, David E. Rumelhard (see Figure 12) developed the so-called
backpropagation algorithm in an independent way (as we mentioned before,
this algorithm had been already proposed by other researchers, but Rumelhart
was not aware of such proposals). Rumelhart showed the algorithm to Terrence
Sejnowski who tried it and realized that it was faster than the Boltzmann ma-
chines developed by Sejnowski and Geoffrey Hinton (who was then a postdoc-
toral researcher under Rumelhart’s supervision at the University of California in
San Diego). Hinton became one of the first users of the backpropagation algo-
rithm developed by Rumelhart, although at the beginning he was a bit reluctant
to abandon Boltzmann machines. Nevertheless, after some time, Hinton real-
ized that the backpropagation algorithm had a better performance than Boltz-
mann machines.

The publication of this algorithm (Rumelhart et al., 1986) was another key
event that contributed to the re-birth of neural networks. The publication of
the book entitled Parallel Distributed Processing (Rumelhart and McClelland,
1987), edited by David Rumelhart and James McClelland was another key event
for the neural networks community. In its two volumes, this book used the term
"connectionism” to refer to neural networks and other similar learning models.
The book originated from a strong debate between the symbolic Al community
and the neural networks community. It is said that at some point, Geoffrey
Hinton said that symbols were the “luminous ether of Al” (Russell and Norvig,
2021). In other words, Hinton said that symbols are a model of intelligence that
doesn’'t work and that takes us in the wrong direction.

In 1983, Geoffrey Hinton published (together with Terrence Sejnowski) a
seminal paper on Boltzmann machines, that were able to learn to recognize
characteristic elements in a set of data. That same year, Hinton and Sejnowski
applied Boltzmann machines for the first time to cognitive science problems
(Hinton and Sejnowski, 1983).

In 2024, Hinton was the co-recipient of the Nobel Prize in Physics. The Nobel
committee indicated that Hinton “used tools from statistical physics to create
the Boltzmann machine, which can learn to recognize characteristic elements in
a set of data. The invention became significant, for example, for classifying and
creating images”.

Hinton had several other seminal contributions to neural networks including:
distributed representations, neural networks with a delay and the Holmholtz
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machines. Because of his many contributions that span over 40 years, he is fre-
quently called the “grandfather” of deep learning. In recent years, his warnings
about the dangers of Al have become very famous.

In 1987, a program called NETtalk was released. This program was developed
to learn to pronounce written text in English using a neural network (Sejnowski
and Rosenberg, 1987). NETtalk was the outcome of the research work conducted
by Terrence Sejnowski and Charles Rosenberg in the mid-1980s. The goal of this
research work was to build simplified models that were able to provide some
sort of evidence about the complexity of cognitive tasks involved in human
learning. The aim was to develop a connectionist model that was able to learn
to perform a task comparable to the ones developed by humans. The neural
network adopted in this case had 3 layers and 18,629 adjustable weights, which
was considerably large at that time. The training data consisted of 20,000 words
that were provided with their corresponding pronunciation. This neural network
was trained in two different ways: first using a Boltzmann machine and then using
the backpropagation algorithm. The success of NETtalk led to the development
of much more complex learning models based on neural networks.

VII. THE SECOND Al WINTER
(19871993)

FIGURE3 A LISP Machine.

Although we already mentioned that the
first Al winter took place during the 1970s,
this expression was really coined in 1984,
during a debate that took place during the
annual meeting of the American Associ-
ation of Artificial Intelligence. During this
event, Roger Schank and Marvin Minsky
(two senior Al researchers that had suf-
fered the consequences of the first Al win-
ter) warned a group of businessmen about
the irrational growth of the enthusiasm in
Al that took place at the beginning of the
1980s. Schank and Minsky warned that af-
ter so much enthusiasm there would be dis-
appointment and they described a chain

reaction similar to a “nuclear winter” that
would start with the pessimism of the Al SOURCE Wikipedia (available under
community followed by the pessimism of a Creative Commons license).
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the press, which would be joined by several cuts to the funding to conduct Al
research (Crevier, 1993). This prediction was indeed correct, since the second Al
winter started only three years after this event, in 1987.

The enthusiasm for Al that reigned at the beginning of the 1980s seemed
to be well justified. The first commercial expert system, called XCON, devel-
oped by Carnegie-Mellon University in 1978 for Digital Equipment Corporation
(DEC) had a great success. This program was an assistant to process orders of
VAX computers. The system allowed the automatic selection of system compo-
nents based on the customer requirements. XCON started to operate in 1980
and only six years later, DEC estimated that it had produced savings of over
40 million dollars.

Several corporations followed DEC's example and started to install expert
systems. By 1985, these companies had invested over 1 billion dollars in Al
Several companies were created to provide support to these Al applications.
This included several software companies such as Teknowledge and Intellicorp,
as well as hardware companies such as Symbolics and LISP Machines Inc., which
built specialized computers called LISP Machines (see Figure 13).

These computers used the LISP programming language as a native language
(i.e., it was provided in hardware), which allowed them to execute LISP programs
in a faster way. At that time, LISP was a very popular programming language to
develop Al applications.

But in 1987, the market of LISP Machines collapsed. The reason was that
recently created companies such as Sun Microsystems started to offer very
powerful hardware. Soon, there were companies such as Lucid that offered
LISP environments that were highly optimized for the workstations sold by Sun
Microsystems.

The performance of the workstations from Sun Microsystems started to
get in trouble to the developers of the LISP Machines. Soon, other companies
such as Apple and IBM started to offer simpler and more popular architectures
to execute LISP programs. By 1987, these new computers were already more
powerful than the expensive LISP Machines.

Additionally, several rule-based engines for desk computers (e.g., CLIPS)
started to become available. Thus, companies did not have any reason to pay
more for computers that had special hardware to execute LISP in a more efficient
way. Consequently, this industry that had an estimated value of 500 million
dollars vanished in only one year (Crevier, 1993).

At the beginning of the 1990s, companies realized that their expert sys-
tems, although successful, had maintenance costs that were becoming too
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high. Furthermore, these expert systems were difficult to update and were
prone to errors if the rules were not carefully encoded. So, slowly, the compa-
nies devoted to the development of expert systems started to disappear or
had to diversify to survive.

By 1993, more than 300 companies that developed Al-based solutions had
gone bankrupt.

A second event that contributed to the second Al winter was the failure of
the Fifth Generation project that the Japanese government had pushed so hard.
After investing $850 million dollars over 10 years, the Japanese government re-
alized that the results that they had obtained were still far from what they had
originally envisioned.

In 1983, in response to the Fifth Generation project, DARPA started to fi-
nance Al research through the Strategic Computing Initiative. From its incep-
tion, this program was designed with pragmatic and reachable goals which
even included general artificial intelligence (i.e., the development of Al soft-
ware capable of performing different tasks with the same programming) as a
long-term goal. This program was under the responsibility of the Information
Processing Technology Office (IPTO) and also included funding for research in
supercomputing and in microelectronics. By 1985, the US Government had al-
ready spent $100 million dollars in 92 proj-
ects that were being developed in 60 insti-  FIGURE 14 Rodney Brooks.
tutions (half of them in companies and the
other half in universities and Government
labs in the USA).

In 1987, Jack Schwarz was appointed as
Head of the IPTO and that's when prob-
lems started. Schwarz did not like expert
systems and applied brutal cuts to Al fund-
ing. He was convinced that Al was not the
most appropriate research strategy and
thought that DARPA had to invest in oth-
er technologies that he considered to be
more promising (McCorduck, 2004).

Another interesting phenomenon that
occurred during the second Al winter was

the “rebellion” of several scientists who

started to strongly question the "hypoth-  source Wikipedia (available under
esis of the physical symbols”. The central  a Creative Commons license).
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figure of this rebellion was Rodney Brooks (see Figure 14), who was a research-
er at the Massachusetts Institute of Technology. Brooks published in 1990 a
paper in which he strongly questioned what he considered to be the “dog-
ma” of the hypothesis of the physical symbols (Brooks, 1990). In this paper,
Brooks argues that symbols are not always necessary to produce Al, because
the world is our best model. These claims led to the development of different
approaches to develop Al, mainly in areas such as robotics, in which Brooks
was particularly successful.
Also in 1990, Yann Le Cun (see Figure FIGURE S Yann LeCun.

15), at Bell Labs, used a convolutional
neural network to recognize handwritten
digits. This system was widely used in
the 1990s to read ZIP codes and person-
al bank checks. Many consider this as the
first practical application of neural net-
works that was really useful (Russell and
Norvig, 2021). Yann LeCun received, to-
gether with Yoshua Bengio and Geoffrey
Hinton, the ACM Turing Award in 2018, for
their contributions to deep learning. This

is considered to be the most important  souURCE Wikipedia (available under
award granted to a computer scientist. a Creative Commons license).

VIIl. THE PROMISED RESULTS (1993-20M)

In the period from 1993 to 2011, Al finally started to fulfill some of its old prom-
ises, mainly because of the greater computer power that was available, but also
because of the development of more powerful algorithms.

Deep Blue was the first computer program able to defeat the world champi-
on in chess, in 1997. In a now famous series of six matches, Deep Blue was able
to defeat Garry Kasparov in two, it lost in one and it tied in three more. These
matches became a landmark in Al history.

After this historical victory, IBM decided that Deep Blue would never play
again and sent it to the Smithsonian Museum in Washington, D.C.

The development of Deep Blue (see Figure 16) started in 1985 at Carne-
gie-Mellon University and the project moved to IBM in 1989. Deep Blue's algo-
rithm depended on brute force and it was executed in a supercomputer IBM
RS/6000 SP that had 32 processors designed to execute an expert system for
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playing chess. Deep Blue's algorithm was  FIGURE6 Deep Blue.
able to evaluate 200 million chess posi-
tions per second. e
During the 1990s, a new paradigm
emerged. [twas called “intelligent agents”.
An intelligent agent is a system that per-
ceives its environment and takes actions |
that maximize its probabilities of success.
But perhaps one of the most relevant
events during this period was the incorpo- |
ration of multiple disciplines (e.g., math-
ematics, economics, operations research
and electrical engineering) into Al.
A book published by Judea Pearl in
1988 incorporated probability theory into
Al (Pearl, 1988). This gave rise to new Al &
tools such as Bayesian networks, hidden  source Wikipedia (available under

Markov models, information theory, sto-  a Creative Commons license).
chastic models and classical optimization.

In a paper published in 1994, Lofti Zadeh (see Figure 17) from the University
of California at Berkeley, coined the term Soft Computing to include: fuzzy
logic, neural networks, evolutionary algorithms, probabilistic reasoning and
chaos theory (Zadeh, 1994).

Also in 1994, James Bezdek (Siddique and Adeli, 2013) used for the first time
the term Computational Intelligence to refer to a system that deals with low-
level data such as numbers and which does not use a traditional representation
of knowledge (as required by symbolic Al). Bezdek would later indicate that
Computational Intelligence is based on the use of Soft Computing techniques,
while traditional Al uses Hard Computing techniques.

In 2003, the Institute of Electrical and Electronics Engineers (IEEE) approved
thatthe IEEE Neural Networks Councilchangedits name into IEEE Computational
Intelligence Society. This new Society indicated that Computational Intelligence
included fuzzy logic, neural networks, evolutionary algorithms and hybrid
systems that combine any of these techniques. Computational Intelligence has
played a key role within Al during this century.

In 1997, there was another relevant event for the development of deep learn-
ing: Sepp Hochreiter and Jirgen Schmidhuber (see Figure 18) proposed the
so-called Long Short-Term Memory (LSTM). This is a type of recurrent neural
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network that is designed to mitigate a
problem known as the “vanishing of the
gradient”, that avoided the training of
deep neural networks using gradient
methods or backpropagation (Hochreiter
and Schmidhuber, 1997). This mechanism
provides to neural networks a short term
memory that can last during thousands of
iterations (therefore the name). The intu-
ition behind the architecture of an LSTM is
to create an additional model in a neural
network that is able to learn when to re-
member and when to forget relevant infor-
mation. In other words, the neural network

FIGURE 17 Lofti A. Zadeh.

SOURCE Wikipedia (available under
a Creative Commons license).

learns in a very effective way what information could need later on in a particular

sequence as well as the moment in which this information is no longer required.

Schmidhuber is a very controversial character, who has expressed in public

that he and other Al pioneers have not received the proper credit for their

contributions to deep learning and has indicated that Yoshua Bengio, Yann

LeCun and Geoffrey Hinton have been unfairly favored.

In 2003, Bengio published a paper in which he used neural networks for natu-

ral language processing (Bengio et al., 2003). Training a neural network for distin-

guishing sentences that have a meaning from those who don't have a meaning is

a very difficult task because there are many
different ways of expressing the same idea
using naturallanguage. This givesrisetothe
"curse of dimensionality” that had been
mentioned before, which demands very
large amounts of training data.

In the previously indicated paper, Ben-
gio and his colleagues introduce a new
type of representation for words (called
high-dimensional word embeddings), which
allowed a change of paradigm in natural
language processing and automated trans-
lation.

Later on, Bengio proposed “attention”
mechanisms that make a neural network

FIGURE 18 Jiirgen Schmidhuber.

SOURCE Wikipedia (available under
a Creative Commons license).
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to focus only on a context FIGURE1D Stanley.
that is relevant to a particular
sentence. These mechanisms
gave rise to a new generation
of natural language processors
as well as much more powerful
automated translators.

In 2004, DARPA decided
to establish a competition
of autonomous vehicles with

cash prizes. In its first edition,

called DARPA Grand Chal-  source Wikipedia (available under a Creative
lenge, no vehicle was able to  Commons license).

finish the competition. But in

2005, a team from Stanford University was able to win this competition, since
they were able to drive their car, called Stanley (see Figure 19) in an autonomous
way, through the desert for more than 200 kilometers.

In 2007, the DARPA Urban Challenge was established. In this case, the winner
was a team from Carnegie-Mellon University. This team managed to get their
autonomous vehicle to navigate in an urban environment, following transit
regulations and being exposed to the many risks associated to urban traffic for
almost 90 kilometers.

With this, another Al promise was finally fulfilled.

IX. THE USE OF LARGE QUANTITIES OFF
DATA (20N-DATA)

At the beginning of this century, the access to large quantities of data and to a
considerably larger computer power changed the way in which Al algorithms are
developed. Advancements in deep learning (particularly, in convolutional neural
networks and in recurrent neural networks) allowed great progress in image and
video processing, as well as in text analysis and speech recognition.

The availability of large quantities of data (something known as big data)
had made necessary the development of new processing models that allow the
extraction of useful information from them. The availability of large volumes
of data allowed deep neural networks to produce results that still surprise us
today. Next, we will briefly describe a few examples of this.
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ALEXNET

AlexNet is the name of a convolutional neural network architecture designed by
Alex Krizhevsky in collaboration with llya Sutskever and Geoffrey Hinton (who
was the PhD thesis supervisor of Krizhevsky). AlexNet competed in the ImageN-
et Large Scale Visual Recognition Challenge on 30 September 2012. AlexNet
had an error of only 15.3% which placed it almost 11 points above the second
place. AlexNet had 60 million parameters and 650,000 neurons. In the paper in
which AlexNet is described (Krizhevsky et al., 2017), its authors indicate that the
depth of the model was essential to achieve these results. This required a high
computational cost for which they used Graphics Processing Units (GPUs) during
the training of the neural network.

AlexNet is considered a landmark regarding the success of deep learning in
complex classification tasks.

GENERATIVE ADVERSARIAL NETWORKS

In 2014, Yoshua Bengio (see Figure 20) developed with lan Goodfellow (who
was Bengio’s PhD student at that time) the concept of Generative Adversarial
Networks (GANs) (Goodfellow et al., 2014).

While most neural networks were designed to recognize patterns, a gener-
ative network learns to generate objects that are difficult to distinguish from
among those available in the training set. This network is called “adversarial”
because it is possible to train it to generate false outputs that are believable
against another network that learns to
identify false outputs. This allows a dynamic FIGURE 20 Yoshua Bengio.
learning process inspired on game theory.  — - ~w
This process is frequently used in unsuper- B
vised learning. In recent years, generative
adversarial networks have been used, for
example, to generate very realistic photos

that contain non-existent people.

ALPHAGO

AlphaGo is a program designed by Deep-

Mind Technologies to play Go, which is

a very ancient game with a search space SOURCE Wikipedia (available under
larger than that of chess. To learn to play, ~ a Creative Commons license).
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AlphaGo uses as its input a description of the board of Go which it processes
using a deep neural network. Using the so-called “policy network”, AlphaGo
selects the next movement. Then, another network (called “value network”) pre-
dicts the winner of the game. AlphaGo was trained with a very large number of
matches between humans so that it could develop a game style similar to that
of humans. Then, it played many times against itself and through the use of re-
inforcement learning, it managed to reach a very high gaming level. In October
2015, AlphaGo played its first match against a human: the three times European
champion, Fan Hui. AlphaGo defeated Hui in the first matches that they played.

In 2016, AlphaGo faced the legendary Korean Go player Lee Sedol, winner
of 18 world titles and considered as the greatest player of the decade. AlphaGo
won 4 matches and lost only one in the tournament played in Seoul, South Korea,
in March 2016. This tournament was seen by more than 200 million people and
marked a new landmark in computer games. Unlike Deep Blue, AlphaGo uses
machine learning techniques that have a much more general purpose and many
consider this program to be a very important step towards general Al.

DeepMind Technologies is an English company that was created in 2010
by Demis Hassabis, Shane Legg and Mustafa Suleyman. In 2014, this company
was bought by Google, which paid 400 million sterling pounds for it. Hassabis
remained as its Vicepresident of Engineering.

The predecesor of AlphaGo was AlphaZero, which, in 2017, was able to defeat
StockFish 8 which, at that time, was the world champion in computer chess (with
an ELO of 3400). AlphaZero only required to be trained during 4 hours playing
against itself.

In 2020, Demis Hassabis and John Jumper presented AlphaFold2. This neu-
ral network was able to predict the structure of virtually all the known proteins
(200 million). This will provide scientists a better understanding of things such as
antibiotic resistance and has allowed to create enzymes that decompose plastics.

This work made them win (together with David Baker) the Nobel Prize in
Chemistry in 2024.

CHATGPT

ChatGPT is a generative Al chatbot designed by OpenAl which belongs to
the family of language models known as Generative Pre-Trained Transformer
(GPT). ChatGPT is based on a Large Language Model (LLM) called GPT-40 and
can generate responses and can sustain conversations similarly to those held
by a human.
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ChatGPT was trained using humans and reinforcement learning adopting
the supercomputer Azure, from Microsoft. It was released to the general public
in November 2022, causing a great shock all over the world. Version 4.0 was
released on March 14, 2023 for the users of ChatGPT plus (the commercial
version of the program). ChatGPT 5.0 was released on August 7th, 2025.

Some people say that ChatGPT played a key role in raising a general interest
in Al and attracting higher investments and lots of interest from the general
public in this discipline. But it has also raised concerns because its inappro-
priate use could give rise to disinformation and plagiarism, among many other
negative things.

OpenAl was created in 2015 as a non-profit organization with the mission of
ensuring that general Al would benefit humankind. Some of its founders are:
Elon Musk, Sam Altman, llya Sutskever, Greg Brockman and other Al experts.
One of its investors is Microsoft which in addition to providing billions of dollars,
gave access to the company to its supercomputing platform (Azure).

THE DREAM OF GENERAL ARTIFICIAL INTELLIGENCE

Advancements in machine learning have generated a lot of interest in the so-
called general artificial intelligence, which is defined as the ability to solve
any problem with a single Al algorithm, instead of being limited to finding the
solution to a particular problem.

Foundational models, which are large scale Al models, trained with very
large quantities of unlabeled data that can be used for a large number of tasks,
started their developmentin 2018. Models such as GPT-3, released by OpenAlin
2020 and Gato, released by DeepMindin 2022, have been described as seminal
contributions leading to general Al.

In 2023, Microsoft Research tested GPT-4 in a large variety of tasks and
concluded that this system “could be seen, in a reasonably way, as a first version
(still incomplete) of a general Al system”.

Gato consists of a multimodal deep neural network developed by DeepMind,
which uses the same network with the same weights to play Atari, to label
images, to pile blocks with a robot arm, to chat with a human and to perform
around 600 different tasks, making decisions based on the context. This neural
network uses 1.2 billion parameters.

Flamingo is a language model with visual support that was developed by
DeepMind and has 80 billion parameters. Flamingo takes an image or a video
as an input and can sustain a conversation with a human (using a chat) based on
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its contents. It can answer non-trivial questions about the image or the video,

providing very accurate responses.

X. THE FUTURE OIF ARTIFICIAL
INTELLIGENCE

Clearly, the growing popularity of Al has generated a lot of optimism within

the specialists in this area, who foresee great changes in the next few years,

impacting several areas, such as:

Education: Students could receive personalized contents for their lectures,
tailored to their particular needs. Al could also determine the optimum
teaching strategies for each student. Some people believe that, by 2028, the
education system will be radically different from the current one.

Health: Some people believe that it will be possible to have personalized
health treatments (based on our DNA) in the future. Today, there are already
some personalized therapies that have been generated using Al, but much
more radical advancements are expected in the next few years.

Finance: Natural language processing combined with machine learning
could allow banks and financial advisors help customers in a more effective
and efficientway in areas such as: fraud detection, finance planning, customer
service, insurance services, and credit evaluation among many others.

New ways of doing scientific research: Very significant scientific break-
throughts are expected in the next few years with the help of Al due to its
great capacity to analyze very large quantities of data and to describe pat-
terns and complex relationships among them.

Transportation: Some people believe that autonomous vehicles will be-
come popular both for commercial transportation and for public transpor-
tation, producing a radical change in the way in which goods and people
and transported.

But some people also envision negative consequences associated to the

misuse of Al in the future. For example:

The end of privacy: Al systems require very large quantities of private in-
formation to personalize an application. Thus, the development of more
sophisticated applications that make our everyday life easier will require of
constant invasions to our privacy. This is a topic that has already generated
very intense discussions in some countries.
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e Military applications: Will someone develop Al-guided missiles or Al-
designed bacteriological weapons that could kill millions of people? What
are the ethical limits of Al?

¢ Loss of jobs: Many people are afraid of losing their jobs due to the popularity
of Al algorithms that are able to perform many tasks which are performed
today by humans. Al experts have indicated that only jobs in which creativity
is not required are at risk, but it is still unclear what will be the real impact of
Al in the economy of each country.

¢ Environmental impact: A relatively recent concern has been the environ-
mental impact of Al applications that require large computational resourc-
es (e.g., generative Al). A recent study conducted by researchers at the
University of California at Riverside indicated that, for example, Microsoft
used approximately 700,000 liters of water during the training of GPT-3. This
amount of water would be enough to produce 370 BMW cars or 320 Tesla
cars. The reason for this environmental impact is that many Al applications
require very large quantities of energy which, when transformed into heat,
requires very large quantities of water to lower the temperature of the com-
puter equipment involved. ChatGPT also consumes important quantities
of water. An average conversation in ChatGPT involves 20 to 50 questions,
which requires the equivalent of a 500 ml bottle of water. Although appar-
ently small, this water consumption becomes relevant when we consider the
millions of users of ChatGPT in the world.

Xl. SHOULD WE BE AFRAID OFF
ARTIFICIAL INTELLIGENCE?

Since its inception, Al has generated fear not only among the general public,
but also among experts (a remarkable example of this is Geoffrey Hinton, who
has expressed in public his fear of the high power and potential misuse of Al).

The greatest fear is perhaps that Al algorithms go out of control and decide
to exterminate humankind. Most of these fears are unsubstantiated, but it is
clear that there are several risks associated with the use of new technologies
and Al is, by no means, an exception. Because of this, the type of tasks in
which Al is adopted is a key element to reduce risks. Clearly, Al, as any other
advanced technology, can be dangerous if it is used in certain critical tasks
(e.g., to develop biological weapons or to respond to a nuclear attack without
human intervention).

It is however important to consider that computers and Al algorithms are not
biological entities and have no awareness of themselves. So, in practical terms,
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a human could unplug a computer or to delete a dangerous computer program
that could potentially damage a human being.

Most of the current fears to Al have been caused by science fiction which
tends to exaggerate technological advancements, enhancing their capabilities
and, therefore, the risks associated with their use.

Nevertheless, it is important to have a legal framework that allows to
regulate the use of our personal data as well as the use of potentially dangerous
Al algorithms. This could reduce risks as well as a misuse of our personal data.
Equally important is to introduce courses of ethics since elementary school,
because the new generations will grow up with Al as an everyday technology
and must have a clear picture of the risks associated to its misuse.

Xll. CONCLUSIONS

We live today in an era in which we have very powerful computer programs that
rely on very large amounts of data and on very significant computer power to
perform tasks using Al algorithms, with impressive results. Some people believe
that in the future, Al could help us to solve problems which are critical to our
survival such as: climate change, drought, lethal diseases, among many others.

Clearly, subsymbolic Al (which uses numbers to store knowledge and relies
on very large amounts of data) has defeated symbolic Al in the long term.
However, one of the greatest challenges faced by current Al researchers is to be
able to explain the way in which Al algorithms reach a solution. And symbolic Al
could be very useful for this.

Evidently, the fear to Al will continue and may even increase over the years,
as more powerful algorithms become available.
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l. CRISES, TRANSITIONS AND RUPTURES

he concept of transition is a step forward from the crises we legal

scholars have analysed many times in the first quarter of the 21t century,

such as financial', democratic?, health® and geopolitical crises*. This
is because it not only focuses on the changes taking place, but also on their
outcome and possible future scope. Crises place us in the present and make
us reflect on the difficulties we face, which are reflected in constitutionalism, as
was the case with the financial and health crises. While analysing these issues,
we could not predict how they would develop, whether they would gradually
subside or persist into the future. In truth, both crises ended, although they did
not cease to have consequences and leave a significant mark on the evolution
of our societies.

1 Cf. Balaguer Callején, F., “Crisis econdmica vy crisis constitucional en Europa”, Revista
Espafiola de Derecho Constitucional, 98, 2013; Italian version: “Crisi economica e crisi
costituzionale in Europa” KorEuropa, 1/2012; French version: “Crise économique et crise
constitutionnelle en Europe”, Constitutions, avril-juin 2013.

2 Cf. Balaguer Callején, F., “Las dos grandes crisis del constitucionalismo frente a la
globalizacién en el siglo XXI”, Revista de Derecho Constitucional Europeo, 30, 2018.
Italian version: “Le due grandi crisi del costituzionalismo di fronte alla globalizzazione nel
XXI secolo”, in Passato, presente e futuro del costituzionalismo e dell’Europa, a cura di F.
Lanchester, CEDAM, 2019, pp. 59-82; Portuguese version: “As duas grandes crises do
constitucionalismo diante da globaliza¢do no século XXI”, Espaco Juridico Journal of Law
[EJJL], 19 (3), 2018, pp. 681-702.

3 Cf. Balaguer Callejon, F., “Crisi sanitaria, globalizzazione e diritto costituzionale”, in Scritti in
onore di Paolo Ridola, Rivista italiana per le scienze giuridiche, 2020 and Balaguer Callejon,
F., “Crisis sanitaria y derecho constitucional en el contexto global”, Teoria y Realidad
Constitucional, 46, 2020.

Y Cf. Balaguer Callejon, F., “Il futuro del costituzionalismo in un mondo (ri)globalizzato:
mediazioni negative nella globalizzazione frammentata”, Nomos. Le attualita nel diritto, 3/2023.
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When we speak of ‘transition’, we take a step forward from the crisis because
we can envisage the future in its essential features. In crisis situations, we are
uncertain about the possible scope of change and cannot rule out the possibility
that things will more or less return to normal. In transitions, however, we can
predict the outcome and the evolution of the new order or ‘new normal’ that
awaits us. While crises generate expectations about the scope of transformations
and whether they will occur at all, transitions allow us to anticipate those changes
and visualise their outcome with a certain degree of certainty.

Ruptures, on the other hand, have a different meaning to transitions. There
isn'tenough information to imagine the scope of the changes, but we can venture
that they will be highly significant. We cannot predict the outcome because
ruptures are not like bridges; they do not lead us to a place we could previously
have envisaged. Ruptures are characteristic of revolutionary processes that can
have a historical dimension, developing fully over the years to define a new
social, economic or political order.

To understand the difference between a transition and a rupture, we can
think of a door we have to open. In transitions, we know with greater or lesser
certainty what we will find behind the door. It is something predictable, whose
specific configuration we don't know, but we can guess. In ruptures, however, we
don’t know what will be behind the door. We simply don’t know the path we will
follow or where it will lead us.

Examining the historical evolution of constitutionalism, we find examples of
both transitions and ruptures. The establishment of constitutionalism following
the French Revolution in the 19th century was a moment of rupture that gave
rise to the modern world, the scope of which was unforeseeable even by those
who promoted it.

However, in the 20 century, the transition from the legal State to the
constitutional State did not represent a rupture because it had already been
foreshadowed by doctrinal and political debates during the interwar period.
This configuration was influenced by the ideas of H. Kelsen on the normativity
of the constitution, constitutional justice and pluralist democracy®; H. Heller on

5 Cf. Kelsen, H., Reine Rechtslehre, 2nd edition, Verlag Franz Deuticke, Wien, 1967 reprint;
Kelsen, H., Vom Wesen und Wert der Demokratie, 1920, Spanish version of the 2nd edition
1929, Esencia y valor de la democracia, Labor, Barcelona, 1934 and Kelsen, H., “La garantie
juridictionnelle de la Constitution (La Justice constitutionnelle)”, 1928, Spanish version,
Anuario Iberoamericano de Justicia Constitucional, 15, Madrid, 2011.
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the social State®; and F. Neumann on the economic constitution?, to name just a
few relevant examples.

In the 215t century, the third wave of globalisation and the ongoing accelera-
ted technological development do indeed represent a rupture. These transfor-
mations are related to the consolidation of a global market —despite tendencies
towards the fragmentation of globalisation, whose scope is currently limited®—
and the impact of technological development on all aspects of life, especially
communication processes and our ever-increasing dependence on artificial
intelligence.

We are entering a new era in which emerging global power factors are not
only transforming politics, economics and science, but also interpersonal re-
lationships and the cultural patterns that shape societies. Society is experien-
cing changes of historical significance that have never before occurred with
such depth and speed.

We cannot predict what awaits us behind this open door, nor what the futu-
re holds for constitutionalism. The modern constitution is a historical product.
Unlike religious documents, a constitution does not connect human beings to
an authority that transcends them. Therefore, a constitution can remain valid as
long as people believe in its authority. Constitutions, on the other hand, con-
nect people to one another by establishing the agreed rules that make a free
society possible.

During the historical rupture that gave rise to the modern world, the
constitution served a specific purpose: to liberate the forces of capital and labour,
thereby facilitating the establishment of a new economic and social order based
on a legal State and the rule of law. Through the creation of national markets
that replaced the estate system of absolutism, the constitution moved in the
direction of history, in favour of progress. Jurists played a crucial role in this era,
as it were they who paved the way for the modern world through legislation.
This role became even more significant in the constitutional State that followed

6 Cf. Heller, H., “Rechtsstaat oder Diktatur?”, 1929, Spanish version in Heller, H., Escritos
politicos, Alianza Editorial, Madrid, 1985.

7 Cf.Neumann, F., Uber die Voraussetzungen und den Rechtsbegriff einer
Wirtschaftsverfassung, 1931, Spanish version, Revista de Derecho Constitucional Europeo,
9, 2008.

8 Cf. Balaguer Callején, F., “IL futuro del costituzionalismo in un mondo (ri)globalizzato:
mediazioni negative nella globalizzazione frammentata”, Nomos. Le attualita nel diritto,
3/2023.
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the legal State because national markets were regulated through the economic
constitution, fostering competition —the equivalent of political pluralism in the
economic sphere. The constitution reached its zenith as a necessary social and
economic reference point. We can speak of a golden age of constitutionalism?®.

However, in the third wave of globalisation, the constitution plays no relevant
role. In the face of new global legitimising factors (economic and technological),
the constitution is moving against the tide of history, as its system of democratic
processes and fundamental rights is perceived as an obstacle to the free
operation of the global economy and technology. Furthermore, as the market
is global rather than national, there is an asymmetry between the constitution’s
State-based scope of effectiveness and the global scope of market regulation.
Just as the Constitution played a key role in the transformation to the modern
world through law, technology is now doing the same through algorithms.

What will happen to the constitution in the future? Forty years ago, when |
was a Visiting Professor in the United States, | saw a television commercial for
Pepsi Cola that struck me. In it, a futuristic archaeologist was showing his stu-
dents artefacts from the past, such as an electric guitar and a ball. Suddenly,
a Coca-Cola bottle appeared. A student asked, ‘Professor, what is this?’ After
staring at the bottle, he replied, “l have no idea”. For some populist leaders of
our time, the constitution is already a troublesome artefact. They would love
nothing more than for some future archaeologist to give the same answer when
presented with a copy of the Constitution of the United States, Argentina or any
other country: ‘I have no idea what it was'.

However, the Constitution is not yet part of history, much less of archaeology.
It remains the most sublime manifestation of the development of our civilisation.
We cannot assume that it will remain unchanged: to survive, it must adapt; it
must learn to regulate new power dynamics; it must experiment with new ways
of protecting rights and democracy in an increasingly hostile global context.
As legal scholars, our work is to facilitate this adaptation, ensuring that the
advances made possible by technological development and globalisation are
commensurate with the dignity of the civilisational progress that the constitution
has enabled.

9 Cf. Balaguer Callejon, F. “El final de una época dorada. Una reflexién sobre la crisis
econdmica y el declive del Derecho constitucional nacional”, in Estudos em Homenagem ao
Professor Doutor José Joaquim Gomes Canotilho, Vol. I, Constituicdo e Estado: entre Teoria
e Dogmadtica, Coimbra Editora, Coimbra, 2012, pp. 99-122.
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II. THE RUPTURES IN DIGITAL SOCIETY

Today’s world is essentially governed by algorithms designed by technologi-

cal companies that configure communication processes largely based on their

economic interests. From a constitutionalist perspective, these algorithms and

the virtual reality they generate are causing major ruptures that could be cha-

racterised as follows:
1.

The first rupture is that of the cultural context of the constitution, with the
emergence of new legitimising factors corresponding to the global power
factors of our time, particularly technological ones™. New cultural patterns
and paradigms are emerging and transforming constitutional culture™. This
resultsin the erosion of constitutional rights and institutions, making it difficult
for the constitution to fulfil its functions of controlling power, guaranteeing
rights, and channelling fundamental social and political conflicts.

The second rupture is that of the constitution as a unitary cultural reference
(analogical constitution versus digital constitution). This split generates many
other ruptures that affect the legal system and the system of sources of law,
as well as constitutional rights. In general, the existence of a certain incom-
patibility between algorithms and the procedural dimension of pluralist de-
mocracy and constitutional law, as a public, plural, and participatory process,
cannot be ignored™.

The third rupture is between physical and virtual reality. The former is still
regulated by the State through public law. The latter has a global scope and
is essentially regulated by tech companies through private law. Therefore, not
only are these two realities different in their configuration, but they are also
different in their ordering: physical reality is essentially State-regulated and

10

n

2

Cf. Balaguer Callejon, F. “Constitution, démocratie et mondialisation. La légitimité de la
Constitution face a la crise économique et aux réseaux sociaux”, in Mélanges en 'honneur
du Professeur Dominique Rousseau. Constitution, justice, démocratie. L.G.D.J., Paris, 2020.
Cf. Balaguer Callején, F., “La constitucién del algoritmo y las transformaciones culturales
en la sociedad digital”, in Caamafio, F./Jove Villares, D. (Dirs.), Tecnologias abusivas y
Derecho, Tirant lo Blanch, Valencia, 2024. Italian version: “La costituzione dell'algoritmo e le
trasformazioni culturali nella societa digitale”, lceonline (www.lceonline.eu), 3/2024.

Cf. Balaguer Callejon, F. “La constitucién del algoritmo. EL dificil encaje de la constitucidn
analdgica en el mundo digital”, in Gomes, Ana Claudia Nascimento; Albergaria, Bruno;
Canotilho, Mariana Rodrigues (Coord.). Direito Constitucional: didlogos em homenagem ao
80° aniversdario de J. J. Gomes Canotilho. Belo Horizonte: Férum, 2021.
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public, whereas virtual reality is essentially global and private™. Furthermore,
virtual reality does not accurately reflect physical reality; rather, it distorts
it and subjects it to the economic interests of the large tech companies
designing and configuring it to suit their own needs™.

. The fourth rupture occurs in the configuration of reality itself, as a shared

social perception of reality is destroyed by big technology companies. These
companies are the new mediators controlling communicative processes, as
opposed to traditional media as the old mediators. By promoting fake news
and alternative realities, the new mediators create tension within reality,
which has great destructive potential for the public sphere’®.

. The rupture of the economic constitution, generated by globalisation and

driven by technological development, is also an element to be considered
insofar as it deprives the State of a very important ability to organise social
life and submits it the major global players™. It also affects the status of
fundamental rights, depriving them of their connection with the dignity of
the person and orienting them towards rights that are more closely linked to
the requirements of economic traffic (like consumers’ and users’ rights or the
right to the protection of personal data) .

All these ruptures are very different from those that have historically

shaped constitutionalism. Previous ruptures had to do with the revolutionary
implementation of the constitution in the modern world or with its defence
against dictatorial systems. All of them occurred within the State and in relation

13 Cf. Balaguer Callejon, F., “La cultura constitucional en la era digital”, in Pérez Collados, J. M.

(Coord.) La cultura juridica en la era digital, Aranzadi, Cizur Menor, 2022.

14 Cf. Balaguer Callejon, F., “Inteligencia artificial y cultura constitucional”, in Balaguer Callejon,

F., Wolfgang Sarlet, I. (Dirs), Derechos fundamentales y democracia en el constitucionalismo
digital, Aranzadi, Cizur Menor, 2023. Italian version: “Intelligenza artificiale e cultura
costituzionale”, in Francisco Balaguer Callején - Ingo Wolfgang Sarlet (a cura di) Diritti
fondamentali e democracia nel costituzionalismo digitale, [ceonline Numero Speciale 2/
Maggio-Agosto), 2023.

15 Cf. Balaguer Callejon, F., “The Impact of the New Mediators of the Digital Age on Freedom

of Speech” in Hindelang, S. (editor) Moberg, A. (editor) YSEC Yearbook of Socio-Economic
Constitutions, Springer 2022.

16 Cf. Balaguer Callejdn, F., “Costituzione economica e globalizzazione”, federalismi.it, |n.

speciale. 5, 2019, pp. 42-54.

17 Cf. Balaguer Callején, F., “Los contextos ordinamentales de la tutela multinivel de los

derechos”, lceonline 3/2023, Italian version: “I contesti ordinamentali della tutela multilivello
dei diritti”, La cittadinanza europea, 2/2023.
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to the organisation of State power. By contrast, the ruptures that are occurring
in the 215t century are outside the State and shape a world in which the power
of the State no longer reaches a large part of the reality previously ordered by
it. We saw this with the financial crisis, which demonstrated the impossibility of
recovering by the citizens a power that was located outside the State™.

Forthese purposes, itis useful to compare some of the democratic revolutions
within the State with the subsequent situation in eurozone countries during the
financial crisis. In the case of the Portuguese Carnation Revolution, for example,
and those that followed the fall of the Berlin Wall or the Arab Spring, the army or
citizens went to the dictator’s palace and overthrew him.

However, the democraticregression experienced by some eurozone countries
during the financial crisis could not be resolved through internal means alone.
Some governments fell, but only because of external pressures; never because
of a citizen-driven democratic revolution. Where could citizens have gone to put
an end to this democratic regression? Not to government palaces, as this would
not have changed anything with a different government, nor to the central banks
of Eurozone countries, as they lacked the power to solve the problems.

Power factors in our time, such as large digital companies, are increasingly
dissociating themselves from the State and amassing power, including economic
power, in relation to the State. We have seen this with the growth of tech com-
panies during the health crisis. Some of them, such as Apple, achieved a stock
market value that exceeds the GDP of countries like Italy and Brazil”®. However,
their ability to shape communicative processes and the public sphere through
their internet applications is much more important than their economic value.

18 Cf. Balaguer Callejon, F., “Una interpretacién constitucional de la crisis econdmica”, Revista
de Derecho Constitucional Europeo, 19, 2013. Portuguese version: “Uma Interpretacao
Constitucional da Crise Econdmica”, Revista de Direito Publico, 54, 2013.

19 Apple was then the first company in the world to surpass a stock market value of three
trillion dollars. Cf. Reuters/El Pais, “Apple se convierte en la primera compafia del mundo en
superar los tres billones de ddlares de valor en Bolsa”, El Pais, 3/1/2022. Apple has already
reached a stock market value of over $4 trillion, while Nvidia has surpassed $5 trillion.
These two companies are currently ranked third and first respectively by stock market value
worldwide, with Microsoft in second place. Alphabet, Amazon and Meta occupy the fourth,
fifth and sixth positions, respectively. Cf. Millan, S. El Pais, 28 and 29 October 2025.
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lIl. THE CONSTITUTION AS A CULTURAL
AND CIVILISATIONAL FACTOIR

From the French Revolution onwards, a concept of constitution was established
that integrates all the legitimacies characteristic of the modern world. The
constitution, as the law governing society and politics, incorporates the
characteristics of a concept of law that, as Garcia Pelayo? indicated, stems
from developments that had previously occurred in the field of natural sciences,
and which are intended to be applied to many other areas?'. Law —and the
constitution as the fundamental political law- is not only the expression of the
general will? and, therefore, the highest democratic manifestation, but also
the expression of an inherent rationality?® that reflects, on the political plane,
the characteristics of scientific law?*. The constitution combines scientific and
democratic legitimacy (understood at the time as not incompatible with census
suffrage) with legitimacy derived from its role in progress and development,
including the economic aspect.

Over two hundred years (from 1789 to 1989, to simplify, in two dates that chan-
ged the world), constitutionalism has modulated, but also reduced, the impressi-
ve flow of legitimacy that came from these diverse sources. The first of these, the
scientific approach, was lost because of new philosophical ideas and political rea-

20 “The same role that scientific law plays in the world of the spirit will be played by legal law
in the world of the State”, Garcia Pelayo, M., Derecho constitucional comparado, reprint of
the 7th edition of 1961, Alianza Editorial, Madrid 1984, p. 70.

21 As |. Berlin indicates, with the development of the natural sciences, a new historical

consciousness emerged, leading to the belief that it was possible not only to explain
the past but also to predict the future. Thus, prophecy linked to religion was replaced
by the philosophy of history and sociology. Cf. I. Berlin, “The Bent Twig: On the Rise of
Nationalism” (1972), included in Berlin, |. Sobre el nacionalismo. Textos escogidos. Editorial
Pagina Indémita, Barcelona, 2019.

22 Atrticle 6 of the Declaration of the Rights of Man and of the Citizen of 1789.

23 Let us recall that for J.J. Rousseau, “’il ne faut plus demander a qui il appartient de faire
des loix, puisqu’elles sont des actes de la volonté générale (...) ni si la loi peut étre injuste,
puisque nul n'est injuste envers lui- méme”, Du contrat social ou Principes du droit politique,
1762, Livre Il, Chapitre VI.

24 For Garcia Pelayo, this concept of law, typical of early constitutionalism, “signifies the
expression, in the legal field, of a mental attitude dominant in the 19th century, which
strives to encompass under the law all possible fields of the spirit”, Cf. op. cit., pp. 68 et seq.
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lities that changed the concept of law and constitution?. The second approach,
the democratic one, was shattered by the introduction of property-based suffra-
ge and would ultimately be drowned in the tide of fascism during the interwar
period. It would be recovered, however, with the refunding of constitutionalism
that the normative constitutions represented after the Second World War.

In any case, the loss of scientific legitimacy was only partial because it was
maintained through the concept of progress, with which normative constitutions
were familiar. This idea of progress was also channelled through the economic
constitution and the regulation of labour-capital relations contained within
it. From this perspective, despite successive crises being resolved within the
constitutional framework, economic legitimacy remained constant and were not
perceived as systemic crises for constitutionalism until the most recent one in
the 21t century.

In general, it can be said that, despite the loss of its original ‘scientific’
legitimacy, the constitution has been considered an instrument of progress
and civilisational advancement linked to technical and economic development
through the three essential functions it has fulfilled thus far. Two of these
functions originate from French constitutionalism: the protection of rights and
the control of power. The third function, which is derived from German and
Italian constitutionalism, is the normative function of channelling fundamental
social conflicts through law.

Inthe context of pluralistdemocracy, the constitution willadd a new legitimacy
that, in some respects, replaces the scientific legitimacy initially attributed to it
as an expression of a universal and abstract reason. This new legitimacy is legal,
that of Law, and it also incorporates the two prerequisites for the legitimacy of
constitutionalism stemming from the French Revolution: the guarantee of rights
and the control of power. From the diversity of reasons and beliefs will emerge
the fundamental consensus that gives rise to normative constitutions. One of

25 The deterministic perception of history, derived from the scientific nature of law, would
ultimately be shattered by Karl Popper’s theory. Popper questions this determinism,
arguing that it cannot prevent a democratic evolution of society through its own means,
and instead proposes a principle of individual responsibility: Neither nature nor history can
tell us what we should do. Facts, whether from nature or history, cannot decide for us or
determine the ends we must choose. It is we who give purpose and meaning to nature and
history (Popper, K. R., The Open Society and Its Enemies, 1945, Spanish edition, Paidds,
Barcelona, 1989, pp. 489-490). According to Popper, historicism attempts to shift our
responsibility onto history because historicism arises from a lack of faith in the rationality
and responsibility of our actions (p. 490).
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the essential functions of the constitution will consist precisely in preserving this
diversity, guaranteeing the survival of political pluralism, which in the sphere of
society is what biodiversity is in the sphere of nature.

Thus, in contrast to scientific legitimacy, there is legal legitimacy, and in con-
trast to limited democracy, there is pluralist democracy. Similarly, in contrast
to laissez-faire economics, there is the economic constitution. The same could
be said of many other areas: the social State versus the liberal State; the cons-
titutional State of law versus the legal state of law, and so on. Despite all these
changes they entail, it can be said that the sources of legitimacy for normative
constitutionalism remain essentially the same as those of the first constitutiona-
lism: The constitution accompanies the scientific and economic progress of so-
cieties, making it possible through the peace and stability that the law provides.

The belief that the constitution is a transformative and progressive force
capable of fostering personal and social development projects would there-
fore remain constant until the financial crisis of the 215t century. Consider, for
example, in its origin the American Declaration of Independence of 1776, which
stated that “We hold these truths to be self-evident, that all men are created
equal, that they are endowed by their Creator with certain unalienable Rights,
that among these are Life, Liberty and the pursuit of Happiness”.

Even the 2004 Draft Treaty establishing a constitution for Europe stated the
following in its Preamble: “Convinced that, thus ‘United in diversity’, Europe
offers them (the peoples of Europe) the best chance of pursuing, with due regard
for the rights of each individual and in awareness of their responsibilities towards
future generations and the Earth, the great venture which makes of it a special
area of human hope”. 'Happiness’ and "hope’ represent a legitimacy that goes
beyond what law or politics can offer. They imply a legitimacy that transcends
these spheres and extends to society as a whole and to individuals' lives, where
the constitution is one of the cultural references that define civilisation and
humanity’s progress.

However, the new forms of legitimacy that have developed rapidly in the
21t century are not necessarily associated with constitutionalism. In fact, they
operate outside the constitution as a closed system with its own logic. This
system can modulate or even materially reforming the constitutional system
and can confront it and subject it to its demands. This occurs with both eco-
nomic and technological legitimacy? which tend to converge. In both cases, a

26 Cf. Balaguer Callején, F., “Crisis econémica y crisis constitucional en Europa” cit. and “Una
interpretacion constitucional de la crisis econdmica”, cit.



FRANCISCO BALAGUER CALLEJON

specific vocabulary is constructed that has a political dimension and expresses
a particular worldview, with the aim of conditioning and structuring the cons-
titutional order.

IV. TECHNOLOGY AS A CULTURAL
FACTOR

Legitimacy based on progress has been a constant throughout human history
and a cultural factor specifically linked to modern constitutionalism. Globalisa-
tion may have somewhat altered the terms of this relationship insofar as it has
amplified insecurity and uncertainty. However, the idea of progress continues
to exist as an essential instrument of legitimation. This idea of progress is close-
ly related to scientific and technological advances because, in the context of a
capitalist economy, technological legitimacy is largely intertwined with econo-
mic legitimacy. The economy also conditions the orientation and evolution of
technological development. Nevertheless, technology possesses a functional
autonomy over the economy insofar as, from a constitutional perspective, it
can operate independently when faced with obstacles posed by constitutional
rights or legal limitations derived from the constitution.

Certainly, in contrast to the revolutionary optimism of early constitutionalism,
when the constitution and science were seen as driving the progress of society
~the former being a manifestation of universal reason, as was the latter— many
of the scientific discoveries of the 20t century foreshadowed the potentially di-
sastrous nature of science, not only for progress, but for the survival of humanity
itself. However, the historical conditions in which many of these advances occu-
rred, whether under totalitarian regimes or amid war within democratic systems,
did not imply an inherent conflict between constitutionalism and scientific and
technological development. Naturally, a certain tension is inevitable, but this
has generally been resolved within the framework of constitutional values and
principles. Constitutional systems have adapted to address the challenges po-
sed by scientific development, thereby safeguarding constitutional rights.

In the context of globalisation, the terms of the political and constitutional
game are changing in the 215t century because of technological development?.

27 As D. Rousseau, indicates “Au-dela méme de la question du numérique, ce qui se joue
en ce début de siecle, c'est la fin d'un monde fabriqué au xixe siécle et relookée au xxe”,
Rousseau, D., “Le numérique, nouvel objet du droit constitutionnel”, Les Nouveaux Cahiers
du Conseil constitutionnel, 2017/4 N° 57, p. 9
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Globalisation has not only accelerated technological development but also
changed the relationship between human beings and previously known dimen-
sions of space and time. This is what is happening with constitutionalism. Its
genetic relationship with space and time is very different from that which has
been generated in the context of globalisation. Regarding space, modern cons-
titutionalism has historically been linked to the State. It historically emerged as
a movement that attempted to limit and control the power of the State and
has adapted to social and political changes, always within the framework of the
Nation-State. The projection of constitutionalism at the supranational level is
generating significant transformations both in terms of the concept of a consti-
tution and in terms of Nation-States themselves and their internal constitutio-
nal systems?.

However, beyond these potential future transformations that could lead to
a revitalisation of constitutionalism in the supranational sphere, the fact re-
mains that many of the functions that the constitution could fulfil within the
State are now largely ineffective against major global actors®. This ineffective-
ness is particularly evident in the face of financial speculators and technology
companies, which operate globally and encounter no restraint from State po-
licies or legislation.

With regard specifically to the national public sphere, in which constitutio-
nalism has developed until now, the changes introduced by technological de-
velopment, especially through social networks and internet applications, are
also highly relevant®®. The progressive fragmentation and radicalisation of the

28 Cf. Balaguer Callejon, F., “El Tratado de Lisboa en el Divan. Una reflexién sobre
constitucionalidad, estatalidad y Unidn Europea”, Revista Espafiola de Derecho
Constitucional, 83, 2008 and Balaguer Callejon, F., “Constitucién y Estado en el contexto de
la integracién supranacional y de la globalizacién”, in Miguel Carbonell, Héctor Fix-Fierro,
Luis Raul Gonzalez Pérez and Diego Valadés (Coord.), Estado constitucional, Derechos
humanos, Justicia y vida universitaria. Estudios en homenaje a Jorge Carpizo, UNAM, México,
2015, Tomo IV, Volumen 1, pp. 197-211.

29 In the words of D. Rousseau, “La nouvelle civilisation du numérique signe, en effet, la fin de
UEtat souverain national, la fin du contréle de UEtat sur l'économie et la société”, op. cit., p. 9.

30 Certainly, it is not possible to assess these changes solely from a negative perspective. As
Julien Bonnet and Pauline Turk point out, “Les technologies numériques n'étant qu’un outil,
cest la fagon dont elles vont étre utilisées, développées et encadrées qui déterminera, dans
Lavenir, leurs effets bénéfiques ou délétéres, a moyen et long terme, sur la démocratie”,
Bonnet, J. and Turk, P., “Le numérique : un défi pour le droit constitutionnel”, Les Nouveaux
Cabhiers du Conseil constitutionnel, 2017/4 N° 57, p. 18. To assess these effects, it would
also be necessary to differentiate, as Coralie Richaud does, between collective and
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public sphere, which is generated or at least enhanced by technology compa-
nies through the algorithms they design for internet applications, makes it more
difficult to achieve a broad social consensus aimed at ordering society through
constitutional instruments.

Regarding the time, the new rhythm set by technological development has
created an understanding of time that is incompatible with certain historical
features of constitutionalism. Consider constituent processes, for example,
which aim to establish stable fundamental norms capable of political and so-
cial integration. The immediacy of response to political and social problems
—a characteristic specific to the public sphere generated through social ne-
tworks— makes it difficult to think in the terms in which constituent or cons-
titutional reform processes have traditionally developed. The timeframe of
constitutions, as we have known them until now, is inconsistent with the cha-
racteristics of the public sphere that has emerged in recent years through so-
cial networks®".

Globalisation will generate a new structure, a new context, and a new way
of thinking. We can see this by comparing Popper’s thought with Bauman's: the
open society versus the liquid society®?. What for Popper was an opportunity
—that is, this recovery of one’s own strength in the face of determinism, this
sense of personal responsibility, the very uncertainty we have about history,
the fact that history is not written and depends on us®*- for Bauman, descri-
bing the liquid society and the problems it currently faces in the context of

individual practice on social networks. Cf. Richaud, C., “Les réseaux sociaux : nouveaux
espaces de contestation et de reconstruction de la politique ?, Les Nouveaux Cahiers du
Conseil constitutionnel, 2017/4 N° 57, pp. 29-44.

31 However much social media also offers possibilities for participating in constituent and
legislative processes. Cfr. Sales, E., “La transformation de Uécriture de la Constitution,
lexemple islandais”, Les Nouveaux Cahiers du Conseil constitutionnel, 2017/4 N° 57, pp.
45-57, and Vidal-Naquet, A., “La transformation de Uécriture de la loi : lexemple de la loi
sur la République numérique”, Les Nouveaux Cahiers du Conseil constitutionnel, 2017/4 N°
57, pp. 59-68.

32 Cf. Balaguer Callejon, F., “Europa como sociedad abierta en el contexto global” in Europa,
societa aperta. volume I. Problemi attuali e prospettive future, a cura di D’Amico, M., Liberali,
B., Pérez Miras, A., Raffiotta, E., Romboli, S., Teruel Lozano, G., Editoriale Scientifica, Napoli,
2022.

33 So, if we want to remain human, then there will only be one path, that of the open society.
We must proceed towards the unknown, the uncertain, and the unstable, using all the
reason at our disposal, to secure the security and freedom to which we aspire, Popper, K.R.
op. cit., p. 216.
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globalisation, is viewed with unease, understood as a threat, which society
perceives as such and which makes it feel insecure. For Bauman, uncertainty is
the fundamental problem of liquid society and cannot be overcome through
reason or personal responsibility®*. It is the sign of an era in which human rela-
tionships break down, the State can no longer solve problems that are global,
and personal responsibility becomes a burden®®.

What has occurred in terms of social and cultural transformation is that
globalisation and technological development have dramatically accelerated the
conditions of historical time, and therefore, the coordinates of time and space
that we controlled within the Nation-State during the 20t century no longer
exist. Technology as a cultural factor has contributed to fostering a complicated
environment for constitutionalism insofar as it has placed outside the State
and the national public sphere the capacity to generate cultural patterns that
significantly affect the configuration of societies.

34 “Social forms (structures that limit individual choices, institutions that guard repetitions of
routines, patterns of acceptable behaviour) can no longer (and are not expected) to keep
their shape for long, because they decompose and melt faster than the time it takes to
cast them, and once they are cast for them to set. Forms, whether already present or only
adumbrated, are unlikely to be given enough time to solidify, and cannot serve as frames of
reference for human actions and long-term life strategies”, Bauman, Z., Liquid Times: Living
in an Age of Uncertainty, Polity Press Cambridge, 2007, p. 1.

35 For Bauman, “Interhuman bonds, once woven into a security net worthy of a large and
continuous investment of time and effort, and worth the sacrifice of immediate individual
interests (or what might be seen as being in an individual's interest), become increasingly
frail and admitted to be temporary”, ibidem, p. 2. Also: “The separation and pending
divorce of power and politics, the couple that since the emergence of the modern state
and until quite recently was expected to share their joint nation-state household ‘till death
did them part. Much of the power to act effectively that was previously available to the
modern state is now moving away to the politically uncontrolled global (and in many
ways extraterritorial) space; while politics, the ability to decide the direction and purpose
of action, is unable to operate effectively at the planetary level since it remains, as before,
local” pp. 1y 2. And: “The responsibility for resolving the quandaries generated by vexingly
volatile and constantly changing circumstances is shifted onto the shoulders of individuals
—who are now expected to be ‘free choosers’ and to bear in full the consequences of their
choices” pp. 3-4.
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V. THE CONSTITUTION OI-
THE ALGORITIHM

The constitution of the algorithm is a way of analysing the digital reality from the
perspective of the ruptures that it is generating and that have a constitutional
dimension. It is also a way of proposing solutions to mitigate these ruptures
and facilitate a constitutional response to constitutionalise the algorithm in the
sense of promoting greater consistency of the algorithms with constitutional
principles and values, but also to digitalise the constitution, updating it and
adapting it to the new conditions of the digital era®.

The digital world is uncharted territory for the constitution. This is not
only because the format has changed and is no longer compatible with our
previous conceptual framework, but also because the power factors of the
digital world do not conform to constitutional provisions. For various reasons,
the ‘constitution of the algorithm’ (in the dual sense of constitutionalising the
algorithm and digitalising the constitution) will have to start from new bases if it
wants to control these factors of power.

The constitution regulates a world that no longer exists in part or is socially
irrelevant¥ —particularly regarding digital natives. Some constitutional precepts
affecting areas of life today are outdated. This is not because the norms they
contain should not be preserved and their effectiveness guaranteed, but
because the State power that the constitution regulates is unable to do so in
the digital world.

The problem is not only that the constitution addresses a part of reality that
practically no longer exists —the analogue world-but also that it fails to regulate
the reality that has been imposed, shaping a new type of society living in a digital
world. This issue is not only related to the transformation of the fundamental
rights established in the constitution, but also to the emergence of new rights

36 Cf. Balaguer Callején, F., La constitucidn del algoritmo, 2nd edition, Fundacién Manuel
Giménez Abad, Zaragoza, 2023; Portuguese version: A constituicdo do algoritmo, Editora
Forense, Rio de Janeiro, 2023; Italian version: La costituzione dell’algoritmo, Le Monnier,
Mondadori, Milano, 2023.

37 The constitution was forged in an analog world and, as Juan Francisco Sdnchez Barrilao
rightly says, the digital world has largely changed its object. Cf. Sdnchez Barrilao, J.F. “El
derecho constitucional ante la era de ultrén: la informética y la inteligencia artificial como
objeto cons- titucional”, Estudios de Deusto, Vol. 64/2, Julio-Diciembre 2016, p. 239.
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that must be regulated to provide legal certainty and protection against global
agents that currently cause them significant harm.

Algorithms play an essential role in digital society, shaping the new reality
spreading throughout the physical and virtual worlds. Algorithms are used to
process data and organise reality. Sometimes this ordering is carried out directly
on physical formats. In these cases, any legal issues that arise are usually related
to the activity itself rather than the prior regulation carried out by the algorithm,
which does not have a normative configuration but expresses an action of the
computer processor that has been previously defined by human beings. If the
definition incorporates inappropriate instructions that cause damage, those
responsible for designing those instructions will be held accountable.

A different issue is that of algorithms that have a normative configuration
and that move within the scheme of the sources of law, as they are inserted in
public decision-making processes affecting constitutional rights. In these cases,
it is necessary to consider the constitutional dimension of the algorithm from
a double perspective. On the one hand, in relation to the system of sources of
law and to the need to preserve the principles of the legal system, which do not
allow for leaving areas of regulation that affect fundamental rights outside the
representative circuit of pluralist democracy®.

Onthe other hand, the constitutional dimension of the algorithm must also be
considered in relation to the system of constitutional rights. This system cannot
renounce the guarantee of rights simply because infringements occur through
computer procedures using algorithms. An algorithm is an instrument designed
for a specific purpose, used to improve processes and generate various kinds of
returns (even if they are ultimately essentially economic). This purpose must be
compatible with the constitution, as must the algorithms designed to achieve
this compatibility.

The transformation towards a digital society is bringing about a civilizational
change that leaves the constitution in a very difficult position regarding the
power factors that are emerging in the new global order. It is not only about
the new structures, procedures and techniques of digital society, which can be
symbolised by the increasingly present algorithm in our lives. It is also about new
paradigms and cultural patterns that are changing the way we think, as well as
the values that inspire our societies.

38 Cf. Balaguer Callejon, F., Fuentes del Derecho, CEPC, Madrid, 2022.
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These transformations are not the result of random events or mere techno-
logical developments that serve to advance societies and contribute to general
well-being. On the contrary, they are new power factors that are progressive-
ly destroying politics and severely weakening values and constitutional rights.
Algorithms are not designed by themselves: even within the framework of ma-
chine learning, someone must consider how they will be used for purposes
other than fulfilling their ultimate purpose of bringing economic benefits.

The growing incompatibility between the constitution and algorithms is not
just a technical issue; it is a complex ideological construct that generates nar-
ratives aimed at increasing the profits of today’'s major global corporations.
Rebuilding the order requires a ‘constitution of the algorithm’, which involves
digitalising the constitution and constitutionalising technology, including arti-
ficial intelligence, to serve society and control the economic interests of large
companies.

This ‘constitution of the algorithm’ will have to redefine the role of new pro-
cedures within the legal system. It will also need to reorganise the entire system
of fundamental rights to establish a direct link between constitutional rights
and new digital techniques. This will prevent fundamental rights from being
violated on a massive scale or being subservient to market-related rights. The
algorithm cannot serve as a means of infringing rights on a large scale. The con-
stitution cannot continue to ignore the digital world, where much of economic
activity and people’s lives already take place.
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INTRODUCTION

he EU's Al Act' (AlA) is a groundbreaking piece of legislation that

represents the world’s first comprehensive legal framework for artifi-

cial intelligence (Al). Initially proposed by the European Commission
in April 2021, it took years of negotiation with the European Council before
a final agreement was reached with the AIA entering into force on August 1,
2024. Nevertheless, many of its provisions are not yet applicable and obliga-
tions will continue to be introduced until 2026, when it will become fully ap-
plicable, with a few exceptions lasting until 2030. For example, it is only since
February 2025 that the prohibitions on Al systems that pose unacceptable
risks have been applicable, yet the impact of this will be muted until August
2025, when provisions relating to governance, enforcement and penalties will
also become applicable?.

This chapter will highlight some of the AlA’s features, including its objectives
and provisions, as well as how it fits within a broader regulatory landscape. This
provides the basis for a discussion of the promises, perils and trade-offs that the
AlA is facing within a complex regulatory ecosystem and in an increasingly fierce
international competition for global dominance.

1 European Union, Regulation (EU) 2024/1689 of the European Parliament and of the Council
on Artificial Intelligence (AlA), Official Journal of the European Union, L 311/1 (July 12,
2024).

2 European Commission. Commission Guidelines on Prohibited Artificial Intelligence Practices
Established by Regulation (EU) 2024/1689 (AlA). C(2025) 884 final (February 4, 2025),
Brussels. https://digital-strategy.ec.europa.eu/en/library/commission-publishes-guidelines-
prohibited-artificial-intelligence-ai-practices-defined-ai-act.
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. KEY FEATURES OFF THE AIA

The AIA marks a seminal development in the legal oversight of Al technologies,
having received approval on March 13, 2024. Although referred to as an "Act”,
it functions as an EU Regulation (Regulation EU 2024/1689), i.e., the strongest
form of harmonizing legislation at the EU’s disposal as it applies directly in all
Member States without the need for further national implementation legislation.
As such, once it enters into force, it will automatically become part of the legal
framework of all 27 EU Member States. This places it on par with other significant
regulations, such as the Digital Services Act?, the Digital Markets Act*, the
Medical Device Regulation (MDR)3, the Clinical Trials Regulation (CTR)¢, pending
liability legislation?, and the General Data Protection Regulation (GDPR)2.
Together, these interrelated legal instruments are collectively shaping the
European landscape for the regulation of Al and digital technologies.

LI THE AIA's NATURE, TIMELINE, AND STATUS

Despite the three years it took from the European Commission'’s initial propos-
al in 2021 to its agreement among EU Ministers in February 2024, the EU still

3 European Parliament and Council. Regulation (EU) 2022/2065 on a Single Market for
Digital Services and Amending Directive 2000/31/EC (Digital Services Act) (Text with EEA
relevance), PE/30/2022/REV/1, OJ L 277, (October 27, 2022):1-102.

Y European Parliament and Council. Regulation (EU) 2022/1925 on Contestable and
Fair Markets in the Digital Sector and Amending Directives (EU) 2019/1937 and (EU)
2020/1828 (Digital Markets Act) (Text with EEA relevance), PE/17/2022/REV/1, OJ L 265
(October 12, 2022):1-66.

5 European Parliament and Council. Regulation (EU) 2017/745 on Medical Devices, Amending
Directive 2001/83/EC, Regulation (EC) No 178/2002, and Regulation (EC) No 1223/2009,
and Repealing Council Directives 90/385/EEC and 93/42/EEC (Text with EEA relevance), OJ
L 117 (May 5, 2017):1-175.

6 European Parliament and Council. Regulation (EU) No 536/2014 on Clinical Trials on
Medicinal Products for Human Use and Repealing Directive 2001/20/EC (Text with EEA
relevance), OJ L 158, May 27, 2014, 1-76.

7 European Commission, Commission Work Programme 2025, last modified February 12,
2025, https://commission.europa.eu/strategy-and-policy/strategy-documents/commission-
work-programme/commission-work-programme-2025_en.

8 See also: Mateo Aboy, Timo Minssen and Effy Vayena, Navigating the EU AIA: implications
for regulated digital medical products. Nature Digital Medicine 7, 237 (2024). https://doi.
0rg/10.1038/541746-024-01232-3
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achieved its goal of being the first region in the world to implement compre-
hensive Al legislation®. As an EU legislative instrument, the AIA comprises of
both authoritative, binding articles and recitals that provide non-binding, albe-
it important guidance as to the AlA’s core principles and aims. These encom-
pass: (1) ensuring the safety of Al systems and safeguarding fundamental rights;
(2) fostering innovation and the adoption of Al within the EU; (3) establishing
legal clarity to promote investment and advancement in Al; and (4) managing
risks linked to specific applications of Al, especially those that pose substantial
threats to fundamental rights.

A staggered implementation timeline and severe fines

The AIA entered into force on August 1, 2024, but its provisions will apply
in different phases until 2030. Non-compliance with the AIA could lead to
significant penalties, with fines reaching up to €35 million or 7% of global
turnover, underscoring the importance of early preparation®.

This means that various actors must pay close attention to what is expected
from them and when. For example, in accordance with Article 56 AlA, actors
involved in general-purpose Al (GPAI) will have to be attentive to the evolving
codes of practice, which are slated to apply by May 2025, and whose devel-
opment is spearheaded by the Al Office with input from the Al board and a
plethora of other stakeholders''? Then, in August 2025, i.e., 12 months after
the AlA entered into force, various obligations for providers of GPAI models will
come into effect. Member States must then also appoint competent authorities
to oversee the AIA, and the Commission will conduct it first review of the list of
prohibited Al practices that will then occur annually. 18 months after the AlA's
entry into force, i.e., on 2 February 2026, the Commission will implement acts
relating to the provisions on post-market monitoring.

9 Ibid.

10 For an overview of the applicable penalties, see Artificial Intelligence Act, Art. 99.

N For an overview on the various codes of practice under the AlA, see Jimmy Farrell and Afek
Shamir, An Introduction to Codes of Practice for the Al Act, EU Artificial Intelligence Act,
last modified October 30, 2024, https://artificialintelligenceact.eu/introduction-to-codes-of-
practice/.

12 See also Artificial Intelligence Act, Art. 56.
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Obligations for high-risk Al systems will first become applicable over the
next 24 to 36 months, depending on the specific category of high-risk Al'.
For Al systems associated with regulated digital medical products under the
EU MDR/IVDR (Annex ll), these obligations will start to apply 36 months after
the AIA entered into force. The illustration below provides a basic overview
of this implementation timeline:

FIGUREY: Timeline for the AlA’s implementation.

TIMELINE
FORTHE AIA'S
IMPLEMENTATION

Art. 113(a)

WITHIN &
MONTHS

Scopes & Definitions now
apply & Provisions on
Prohibited Al now apply

ENTRY
INTO FORCE
Published on July 12th in the
EU Officiel Joumnal, the Act
enters into force on August it WITHIN 3
Start of the 2-year MONTHS
countdown towards Member States to
full effect & enforcement designeta thir
Fundamental Rights
Authorities
Art. 77(2)

Art. 70(2), 73(7), 12(1), 13(b), & Rec. 179

1-YEAR MARK
Obligations on providers of GPAls now apply
Member States to:
+ Define penalty rules, report them to the EC
+ Designate Market Survelllance Authorities
EC to issue:
+ Annual review of Prohibited Al practicas
+ Guidance for reporting serious incidents

involving HRAI's

Art. 57(1), 98(2), m(2), 13

WITHIN 24 MONTHS

General Applicability of the Regulation

Obligations apply for HRAIs:

« Established in Annex I

+ That were marketed within 2 years of
entry nto force & have since
experienced major design changes

EC to review the list of HRAIs

Member States to:
+ Have at least 1 operational sandbox
+ Have implementad penalty rules

oo

At
WITHIN 6 YEARS

Obligations now apply for:

+ HRAls to be used by
public authorities

« Als that are part of large-IT
systems (as established in
Annex X) & marketed within
36 months of entry into force

FULLY
OPERATIONAL
PROCESS

WITHIN 18 MONTHS

The EC to:

" Proddeguieneskpacial  WITHIN 36 MONTHS

WITHIN 9 MONTHS y e - Obligations now apply for:

Codes of Practice for GPAIs arcquest batls « HRALS not preseribed in
now apply Annex Il but that are to be

+ Issue an implementing act on used as a safety component
Deliverables from the EC's post-market monitoring of a product, o are products
standardization request requrements themselves.

Art. 56(9) & C(2023)3215

Art. 6(5), 96 & 72(3)

Art. 113(c) & Art. 111(3)

13 Joe Jones, EU AIA: Next Steps for Implementation, International Association of Privacy

Professionals (January 2025), https://iapp.org/resources/article/eu-ai-act-timeline/.
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Broad applicability and interactions

In contrast to sector-specific regulations that govern particular types of products,
such as the EU MDR that sets requirements for the market access, safety, and
efficacy of medical devices, the AlA’s applicability is much broader. As Al
technologies are increasingly integrated into a range of products and services
that may already be regulated by sector-specific laws, one key challenge is to
ensure any interactions between the AIA and other legislative instruments are
harmonious. The AIA does not exist in isolation but interacts in various ways with
existing legislative frameworks within the EU. Therefore, it is critical that these
interactions foster an integrated regulatory environment so those developing
and deploying Al understand the full range of their duties and responsibilities
and individuals are aware of the protections offered to them.

Interaction with the GDPR and fundamental GDPR principles
The processing of personal data, as regulated by the GDPR, is increasingly
undertaken by technologies that fall within the scope of the AlA. Therefore, the
functioning and operation of these instruments cannot be evaluated in isolation.
For example, both the AIA and GDPR emphasize the same principles, such as
accountability and transparency. Moreover, the AIA requires that high-risk Al
systems adhere to the principles of data protection as provided by the GDPR,
including data minimization, purpose limitation, and storage limitation.
Nevertheless, the interplay between these instruments might not always
be harmonious. For example, under Article 9 GDPR, special categories of data
cannot be processed unless a specific exemption applies. In Case C-184/20™ the
EU’s Grand Chamber held that if an organization could infer or deduce special
categories of data, then data enabling such inferences should be treated as a
special category of data. However, the AlA provides an explicit exemption from
the prohibition contained in Article 9 GDPR as Article 10(5) AIA allows special
categories of data to be processed where itis “strictly necessary for the purposes
of ensuring bias monitoring, detection and correction in relation to the high-risk
Al systems” so long as appropriate safeguards are in place. Hence, providers
and deployers of Al systems may have to tread very carefully and examine
what may be encompassed by the term “strictly necessary” to not fall foul of
the GDPR'’s restrictions, especially after the court’s expansive interpretation
of special categories of data. The European Parliamentary Research Service

14 Case C-184/20, OT v. Viyriausioji tarnybinés etikos komisija, ECLI:EU:C:2022:601, August 1,
2022.
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(EPRS) has acknowledged the potential tension between the GDPR'’s restrictive
approach towards processing special categories of data and the AlA’s provisions
on processing such data to avoid discrimination. The difficulties in reconciling
the two legislative frameworks means that the EPRS is even considering whether
the GDPR requires reform™.

Furthermore, the AIA builds on the concept of Data Protection Impact
Assessments (DPIAs) that were established under Article 35 GDPR. DPIAs are
requiredwhere processingislikely toresultinahighriskto the rightsandfreedoms
of individuals. However, where such an assessment is required by Al-related data
processing, the European Data Protection Supervisor has expressed concerns
that this interplay may not appropriately protect individuals. Organizations
deploying high-risk Al systems are also required to conduct assessments to
identify and mitigate risks related to safety and fundamental rights', but it
may be difficult to the point of near impossibility for a provider to assess all the
ways its system may be used. Therefore, an Al provider's assessment may fail to
correspond to the risks that arise at the deployment stage and leave individuals
exposed to harm?.

The AlAs interaction with Product Liability and Safety Legislation
The AlA also interacts with existing (and pending) product liability'®'? and safety
legislation, including the General Product Safety Directive? and sector-specific

15 European Parliamentary Research Service, Algorithmic discrimination under the Al Act and
the GDPR (February, 2025). https://www.europarl.europa.eu/thinktank/en/document/EPRS_
ATA(2025)769509

16 Supra note 8.

17 European Data Protection Supervisor. Opinion 44/2023 on the Proposal for Artificial
Intelligence Act in the Light of Legislative Developments (October 23, 2023):11. https:/
www.edps.europa.eu/system/files/2023-10/2023-0137_d3269_opinion_en.pdf

18 European Commission. Liability Rules for Artificial Intelligence. Last modified February 12,
2025. https://commission.europa.eu/business-economy-euro/doing-business-eu/contract-
rules/digital-contracts/liability-rules-artificial-intelligence_en.

19 European Parliament and Council. Directive (EU) 2024/2853 on Liability for Defective
Products and Repealing Council Directive 85/374/EEC (Text with EEA relevance),
PE/7/2024/REV/1, OJ L 2024/2853, (November 18, 2024).

20 European Parliament and Council. Regulation (EU) 2023/988 on General Product Safety,
Amending Regulation (EU) No 1025/2012 and Directive (EU) 2020/1828, and Repealing
Directive 2001/95/EC and Council Directive 87/357/EEC (Text with EEA relevance),
PE/79/2022/REV/1, OJ L 135 (May 23, 2023):1-51.

291



292

>[12] THE EUROPEAN Al ACT -PROMISES, PERILS & TRADE-OFFS IN A COMPLEX ...

regulations, such as the MDR?'. The AIA does not establish a new liability re-
gime and the recent withdrawal of a legislative draft on Al liability due to a lack
of consensus?? demonstrates the seemingly intractable tension between those
favoring a precautionary approach and those favoring a permissive approach.
The current geopolitical climate may support an approach that promotes the
EU as an engine of Al innovation, but that is no guarantee of any future pros-
pects. However, the AIA emphasizes that existing product liability laws con-
tinue to apply to Al systems?, alongside any applicable liability regimes that
exist within Member States. This means that manufacturers and developers of
Al technologies must ensure that their products comply with safety standards
and can still be held liable for certain damages caused by malfunctioning Al
systems?*. High-risk Al systems must also meet essential safety requirements,
which align with existing product safety directives. This includes conducting
risk assessments, ensuring human oversight, and providing necessary docu-
mentation for compliance®.

The AlA’s interaction with the Digital Services Act and Digital Markets Act

The AlAis also part of the broader legislative landscape that includes the Digital
Services Act (DSA) and the Digital Markets Act (DMA), which regulate digital
services and platforms within the EU?.

The DSA addresses issues related to content moderation and the account-
ability of online platforms, which may intersect with Al technologies, and in par-
ticular GPAI, that are used for content curation and moderation?’. For example,
Article 13 AlA (Transparency and Provision of Information to Deployers), Article
27 AIA (Fundamental Rights Impact Assessment for High-Risk Al Systems), Ar-
ticle 50 AlA (Transparency Obligations for Providers and Deployers of Certain

21 Supra note 8.

22 PYMNTS, European Commission Withdraws Draft Rules on Technology Patents, Al
Liability and Consumer Privacy (February 12, 2025). https://www.pymnts.com/news/
regulation/2025/european-commission-withdraws-draft-rules-on-technology-patents-ai-
liability-and-consumer-privacy/.

23 See e.g. the Artificial Intelligence Act, Recitals 9, 11, Art. 2(5), Art. 57(12), Art. 60(9).

24 /bid. and supra note 3.

25 Ibid.

26 Supra notes 3 and 4.

27 Jordi Calvet-Bademunt and Joan Barata, The Digital Services Act Meets the Al Act: Bridging
Platform and Al Governance, Tech Policy Press (May 29, 2024). https://www.techpolicy.
press/the-digital-services-act-meets-the-ai-act-bridging-platform-and-ai-governance/.
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Al Systems,) and Article 51 AIA (Classification of General-Purpose Al Models as
General-Purpose Al Models with Systemic Risk) may impose additional require-
ments on Al systems employed in these contexts to ensure compliance with
fundamental rights, ethical standards and transparency obligations?.

The DMA focuses on ensuring fair competition in digital markets. While
the AIA primarily targets the ethical and safety aspects of Al technologies, its
interaction with the DMA is spurring discussions around how uses of Al could
further distort competition, foster monopolistic practices, and conflict with the
EU competition rules?®:3031,

The AIA as a centerpiece of an emerging regulatory ecosystem

The AIA is thus the centerpiece of the EU’s emerging regulatory ecosystem,
which seeks to address the multifaceted challenges posed by Al. As the land-
scape evolves, several key themes and considerations are emerging.

As indicated above, the AIA emphasizes that Al developments must align
with the EU’s broader objectives of protecting fundamental rights and fostering
trust in technology. This is supported by a focus on ethics that is interpreted
through the lens of EU protections for individuals' rights and freedoms. This can
be found in the European Commission’s guidelines on trustworthy Al, which
advocate for principles such as fairness, accountability, and transparency®. In
the same vein, several recitals and articles in the AlIA call for the establishment
of guidelines and best practices for Al classification and development334, and
encourage organizations to adopt ethical frameworks that align with EU values.

28 |bid.

29 European Union. Consolidated Version of the Treaty on the Functioning of the European
Union (TFEU), Articles 101 and 102. Official Journal of the European Union C 115 (May 9,
2008):94-95.

30 For further details, see, e.g., European Commission, High-Level Group on the Digital
Markets Act: Public Statement on Atrtificial Intelligence, Digital Markets Act (May 22, 2024).
https://digital-markets-act.ec.europa.eu/high-level-group-digital-markets-act-public-
statement-artificial-intelligence-2024-05-22_en

31 Rupprecht Podszun, From Competition Law to Platform Regulation: Regulatory Choices for
the Digital Markets Act, Economics 17, no. 1 (2023): 20220037, https://doi.org/10.1515/
econ-2022-0037.

32 European Commission, Directorate-General for Communications Networks, Content and
Technology, Ethics guidelines for trustworthy Al, Publications Office (2019). https://data.
europa.eu/doi/10.2759/346720.

33 See also Article 6 of the Artificial Intelligence Act, Article 6.

34 Supra note 2.
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Stakeholder engagement is crucial in that regard, with input from civil society,
academia, and industry being the most effective way of ensuring that diverse
perspectives are considered in the development of Al technologies3%3.

The Importance of International Cooperation

The global nature of Al technology necessitates international cooperation and
a consensus on the best governance approaches as regulatory divergences may
lead to trade barriers. The EU’s AlA, as the first legislative instrument governing
Al technologies, stands an excellent chance of serving as a reference point for
other jurisdictions considering Al regulation. The EU’s emphasis on a unified
regulatory approach seeks to mitigate the risks of trade barriers and burdensome
compliance requirements, promoting a level playing field for businesses that,
most importantly, is most aligned to its rules and preferences. Therefore, the EU
should continue to build links with international organizations (e.g., OECD, ISO)
in the development of global standards for Al that promote ethical practices,
ensure interoperability, and protect core values¥.

Adaptability and Future-Proofing

The rapid pace of Al innovation necessitates a regulatory framework that can
adapt to changing technologies and market dynamics. Under Article 112, the
AlA incorporates mechanisms for periodic review and evaluation, ensuring that
it remains relevant and effective. The AlA also includes provisions for ongoing
monitoring and evaluation of Al systems, as evidenced by Article 89, enabling
regulators to respond to emerging risks and challenges. The tiered risk-based
approach allows for flexibility in regulatory requirements, enabling innovation
while maintaining safety and ethical standards. But there is much debate on
whether the regulatory flexibility embedded in the AIA is enough, with some
already finding its requirements to be outdated®®.

35 Gail E. Crawford et al., EU Al Office Seeks Stakeholder Engagement in Drafting Al Act
Implementing Rules, Latham & Watkins LLP (July 31, 2024). https://www.lw.com/en/
insights/eu-ai-office-seeks-stakeholder-engagement-in-drafting-ai-act-implementing-rules.

36 International Association of Privacy Professionals, EU Al Act Stakeholder Map. IAPP (May
2024). https://iapp.org/resources/article/eu-ai-act-stakeholder-map/.

37 Overseas Development Institute. International Al Governance Must Be Truly Global, ODI
(October 25, 2023). https:/fodi.org/en/insights/international-ai-governance-must-be-truly-global/.

38 Sandra Wachter, Limitations and Loopholes in the EU AIA and Al Liability Directives: What
This Means for the European Union, the United States, and Beyond, Yale Journal of Law &
Technology 26, no. 3 (2024):685.
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LIl THE AIA's RISKK-BASED APPROACH

The AIA uses a risk-based approach and classifies Al systems into five tiers
according to whether they pose unacceptable, high, systemic, limited, or
minimal risks. The legal obligations differ according to the categorization to
provide “proportionate and effective” rules that are tailored to the “intensity
and scope” of any potential risk. Article 3(2) defines the concept of risk used in
the AlA as “the combination of the probability of an occurrence of harm and the
severity of that harm”.

Article 5 AlA provides a list of Al systems that pose unacceptable risks and
are prohibited as a result. These include Al systems that manipulate individuals
to circumvent their free will (Article 5(1)(a)), make criminal risk assessments and
individual predictions with no human involvement (Article 5(1)(d)), and the use of
emotion recognition in the workplace or educational settings except if used for
medical or safety reasons (Article 5(1)(f)), among others.

FIGURE 2: The AlA’s Risk-Based Approach

Als that violate EU fundamental rights or values Unacceptab]e Risk
such as social scoring, predictive policing, or
manipulative Als prohibited from the EU market. PROHIBITED

Als that can impact health, safety or fundamental - 3
rights such as medical devices, transportation, or ngh nl5k

biometrics, strongly regulated with continuous CONFORMITY ASSESSMENT
assessments.

General Purpose Als with systemic risks such as g H 2
OpenAl's Chat-GPT 4.0 are permitted with risk Potential High Risk

mitigation rules and safety assessments. SAFETY & TRANSPARENCY REQUIREMENTS

GPAIls with lower impact capabilities & chatbots Limited Risk
are subject to transparency and copyright —_—
requirements, TRANSPARENCY REQUIREMENTS

® @& @ @

All other systems such as Al-enabled Minimal Risk
video games, spam filters... NO REQUIREMENTS

Article 6 distinguishes between two types of high-risk Al systems. One type,
listed in Annex |, concerns products that are already subject to ex ante confor-
mity assessments due to existing EU harmonization legislation on health and
safety. These products are Al systems that are either intended to be used as the
safety component in a product or the Al system itself is the product (Article 6(1)
(a)). The other type is a set of applications listed in Annex I, which provides eight
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domains that cover biometrics, critical infrastructure, education and vocational
training, employment, worker management, access to and enjoyment of essen-
tial private services and essential public services and benefits, law enforcement,
migration, asylum, and border control management, and the administration of
justice and democratic processes. These applications are lawful where certain
provisions within the AlA are followed. If an Al system falls within Annex llI, it is
for the Al provider to assess whether the Al system does pose a significant risk to
health, safety, and fundamental rights and only a positive assessment will trigger
the obligations associated with high-risk systems. Article 6(3) sets out criteria
that exempt Al systems from the obligations imposed upon high-risk systems.
Chapter lll sets out a substantial number of obligations that are imposed upon
high-risk Al systems, such as those relating to risk management systems (Article
9), data governance measures (Article 10), technical documentation (Article 11),
transparency provisions (Article 13), human oversight requirements (Article 14),
and an appropriate level of accuracy, robustness, and cybersecurity (Article 15).
Providers of high-risk Al systems must also register these systems in a public
database (unless it is used for law enforcement or migration purposes), are sub-
ject to post-market monitoring by providers (Article 72) and market surveillance
authorities (Article 74), and may require a fundamental rights impact assess-
ment (Article 27). Furthermore, providers of high-risk Al systems must establish
a quality management system that includes a strategy for compliance, including
the need to respect fundamental rights (Article 17).

Article 50 imposes certain transparency obligations on certain Al systems.
This encompasses Al systems that directly interact with individuals, produce
synthetic content, or entail emotional recognition systems that are not captured
by Article 5 and thus completely prohibited. These Al systems must ensure any
user is informed they are interacting with an Al system, unless it is obvious to
a reasonable person or where they are used to detect, prevent, investigate, or
prosecute criminal offences.

A late addition to the AlA's risk classification was Article 51, which outlines
the criteria for defining Al systems as general-purpose Al systems that may
pose systemic risks. Recital 110 gives examples of such risks and includes “any
actual or reasonably foreseeable negative effects in relation to major accidents,
disruptions of critical sectors and serious consequences to public health and
safety; any actual or reasonably foreseeable negative effects on democratic
processes, public and economic security; the dissemination of illegal, false,
or discriminatory content”. Such Al systems are incongruent with a static risk
classification approach, as their risk varies enormously depending upon the
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prompts given by their human users. Article 53 outlines the obligations for
providers of general-purpose Al models that do not pose systemic risks. The
obligations include the need for up-to-date technical documentation that
includes data on the model’s training and testing process and results of its
evaluation (Article 53(1)). Providers must also make available certain information
and documentation to providers who intend to integrate the general-purpose
Al model into their own Al systems (Article 53(1)(b)) unless the model is released
under a free and open-source license (Article 53(2)). The public release of large
language models with the ability to generate novel content, such as ChatGPT,
triggered this inclusion.

The AIA implicitly classifies all other Al systems to be of minimal risk.
Therefore, it imposes no obligations upon such systems but does encourage
a range of stakeholders, including the European Commission, Member States,
and the Al Office as the supervisory body created by the AlA, to facilitate the
creation of codes of conduct (Article 95). The purpose of these instruments is to
encourage voluntary compliance with the high-risk requirements, even where an
Al system does not fall within the scope of Annex | or Annex Ill of the AIA and is
thus not technically a high-risk Al system.

A regulatory approach premised upon risk is a potentially advantageous
one. For example, calibrating the level of obligations based on the risk posed
by Al systems helps to reduce the risk of over- and under- regulating these
technologies. This provides clarity to Al providers who can accordingly tailor
their research and development to align with their capacity for compliance. This
will help to reduce barriers to innovation, especially for Al systems judged to not
pose an unacceptable or high risk. Even for high-risk systems, prior knowledge
of the obligations will allow Al producers to effectively allocate resources
between developing Al systems and compliance requirements. However, the
classification system does not provide absolute clarity. For example, high-risk
Al systems may nevertheless be exempt from the requirements relating to
such systems where they fulfil the criteria in Article 6(3). Nevertheless, these
criteria have been criticized as "very vague and far-reaching”?? that may impact
negatively upon the certainty that the AlA’s risk-based approach was supposed
to ensure.

A risk-based regulation also aligns with other EU instruments that adopt
a risk-based approach and may apply to Al systems, such as the GDPR, DSA,

39 Ibid.
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DMA, and the MDR. A risk-based regulatory approach to Al has also been ad-
opted by international instruments, including the G7's International Guiding
Principles on Al* and the OECD'’s Framework for the Classification of Al Sys-
tems*. This move towards international harmonization facilitates Al's advance-
ment by promoting a more streamlined and coherent regulatory environment.
This allows Al providers to dedicate a greater proportion of their resources to
research and development, rather than navigating multiple, potentially conflict-
ing, regulatory sources.

The risk-based approach within the AlIA, however, comes with various chal-
lenges. First, it assumes that, prior to deployment, it is possible to determine
which category an Al system would fall under. The feasibility of this, given the
"black box" nature of many Al systems, is questionable. Ongoing develop-
ments in the technologies and uses of Al systems, as demonstrated by the rap-
id rise of general-purpose Al models, may require ongoing monitoring and a
re-evaluation of its classification. This promotes the protection of individuals
but also undermines the clarity and certainty that a risk-based approach should
foster, which may impede innovation and decrease trust in Al systems and run
counter to the AlA's stated aims.

Second, there has also been significant critique of the AlA's concept of risk. As
the AlAis part of the New Legislative Framework that seeks to harmonize product
safety requirements, it is unsurprising that the definition resonates with a prod-
uct safety conception of risk that can be measured quantitatively*?. However, the
AlA is not just about curtailing risks to individuals’ health and safety but also risks
posed to their fundamental rights, which are less apt to be quantified in this way.
Underpinning many fundamental rights frameworks is the right to human dignity,
including the EU’s own EU Charter of Fundamental Rights that states in Article 1
that “human dignity is inviolable. It must be respected and protected”*®. Ques-
tions have been raised as to how far dignity can be ensured where decisions are

YO Ministry of Foreign Affairs of Japan, Hiroshima Process International Code of Conduct for
Organizations Developing Advanced Al Systems (October 30, 2023).

W Organisation for Economic Co-operation and Development, Organisation for Economic
Co-operation and Development Framework for the Classification of Al Systems, Paris: OECD
Publishing (2022).

Y2 Marco Almada and Nicolas Petit, The EU AIA: A Medley of Product Safety and Fundamental
Rights? Robert Schuman Centre for Advanced Studies Research Paper No. 2023/59
(October 18, 2023).

Y33 European Union, Charter of Fundamental Rights of the European Union, Official Journal of
the European Communities, C 364/1 (December 18, 2000)
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made based on quantitative data that may not consider an individual but rather
derive insights from groups with characteristics that may resemble that individu-
al**. Does a focus on the individual’s fundamental rights neglect the risks posed
to collective interests that fall outside the scope of fundamental rights yet are
nevertheless vulnerable to the operation of Al systems and can entail equally
deleterious consequences for individuals?® How can one operationalize human
dignity within risk management systems and technical specifications? Al systems
do not operate in a vacuum but have further ramifications and consequences,
such as potentially altering our understanding of fundamental societal relation-
ships. How can one calculate the risk posed to a general sense of social trust that
underpins many social interactions considering the increased use of deepfakes
that leads many to question if Al generates everything?#

Others have criticized the AlA's concept of risk for different reasons. Whilst
the European Commission can revisit the list of high-risk systems in Annex Il
the criteria listed in Article 7(2) for allowing these changes were not justified by
reference to statistical data on the potential for other Al systems to cause harms
captured by the AIA%¥. Furthermore, the AlA's approach to risk has fostered a
very one-sided understanding of Al systems as there is an exclusive focus on
the negatives associated with Al systems without a corresponding framework to
articulate the benefits*.

As the first legislative instrument governing Al, some have lamented the
AlA as a missed opportunity, particularly given the possibility of it being used
as a model in other jurisdictions or to at least set the tone for future global
discussions on the subject. The AIA does not necessary preclude all instances
of Al systems used for predictive policing where there is human input, real-time

YY Carsten Orwat et al.,, Normative Challenges of Risk Regulation of Artificial Intelligence,
NanoEthics 18, no. 2 (2024): 11, https://doi.org/10.1007/s11569-024-00454-9.

U5 Sue Anne Teo, How Artificial Intelligence Systems Challenge the Conceptual Foundations
of the Human Rights Legal Framework, Nordic Journal of Human Rights 40, no. 1 (2022):
216-34, https://doi.org/10.1080/18918131.2022.2073078.

U6 Atoosa Kasirzadeh, Two Types of Al Existential Risk: Decisive and Accumulative. arXiv
preprint arXiv:2401.07836 (2024).

U7 Ljupcho Grozdanovski and Jéréme De Cooman, On the Obsolescence of Empirical
Knowledge in the Age of Al, Rutgers Computer & Technology Law Journal 49, no. 2 (2023):
123-145

U8 Martin Ebers, Truly Risk-Based Regulation of Artificial Intelligence: How to Implement
the EU’s AIA, European Union Law Working Papers, (October 21, 2024), Stanford-Vienna
Transatlantic Technology Law Forum.
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and ex-post remote biometric identification in public spaces, and biometric
categorization systems*®. The concern is that such systems have such poor
accuracy rates, known issues with generating biased outputs, and obvious
implications for several fundamental rights that even the obligations placed on
high-risk systems are insufficient.

LIl RELEVANT ACTORS

The AIA establishes comprehensive obligations for multiple entities across the
Al value chain, collectively termed ‘operators’ and defined in Article 3(8) as “a
provider, product manufacturer, deployer, authorized representative, importer
or distributor”.

The Act imposes its most stringent requirements on ‘providers’. According
to Article 3(3), a provider is "a natural or legal person, public authority, agency
or other body that develops an Al system or a general-purpose Al model or that
has an Al system or a general-purpose Al model developed and places it on
the market or puts the Al system into service under its own name or trademark,
whether for payment or free of charge”.

Deployers, definedin Article 3(4) as “a natural or legal person, public authority,
agency or other body using an Al system under its authority except where the
Al system is used in the course of a personal non-professional activity”, also
have obligations that vary by system type. Under Article 26(1), deployers must
take "appropriate technical and organizational measures” to ensure they use
systems in accordance with provided instructions. For emotion recognition or
biometric categorization systems, Article 50(3) requires deployers to inform
exposed individuals of the system’s operation.

Importers, defined in Article 3(6) as “a natural or legal person located or
established in the Union that places on the market an Al system that bears the
name or trademark of a natural or legal person established in a third country”,
must verify fundamental compliance elements under Article 23(1). This includes
confirming appropriate conformity procedures, technical documentation, CE
marking, and authorized representative appointment. For high-risk systems,
Article 23 prohibits market placement of non-compliant systems, requires
proper storage conditions, mandates ten-year documentation retention, and
establishes active cooperation with authorities on compliance measures.

Y9 Supra note 38.
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Distributors, defined in Article 3(7) as “a natural or legal person in the supply
chain, other than the provider or the importer, which makes an Al system available
on the Union market”, have specific obligations for high-risk Al systems under
Article 24. Before making such systems available, they must verify CE marking,
EU declaration of conformity, instructions for use, and compliance of providers
and importers with their labeling obligations. Article 24 further requires distrib-
utors to ensure proper storage, take corrective actions for non-compliant sys-
tems, and immediately notify authorities of risks that fall within the scope of
Article 79(1).

Article 25 establishes important cross-cutting provisions affecting all actors.
Any operator making substantial modifications to, or changing a high-risk Al
system'’s intended purpose, or putting their own name or trademark on an
already marketed high-risk Al system, assumes full provider obligations for that
system. Where this happens, the entity previously holding provider obligations
ceases to do so, except where the previous provider has clearly specified that
their Al system is not to be changed into a high-risk Al system.

LIV THE AlIA's TWIN AIMS AND THE NEED
FOR TRADE-OFFFS

The EU’s legislative authority is constrained by certain principles enshrined in
its founding treaties, including the need for a specific legal basis within these
treaties. These legal bases provide an ongoing “steer” during the legislative
process and, ultimately, influence the legislative instrument itself. The AIA rests
on two such bases: Article 114 TFEU and Article 16 TFEU.

Article 114 TFEU enables the EU to adopt harmonizing measures across its
Member States to establish and maintain the functioning of the internal mar-
ket®'. Harmonization operates to prevent fragmentation across the single mar-
ket as Member States develop their own, potentially diverging, laws. Here, the
consistency created by harmonization also operates to ensure legal certainty
for those who produce, deploy, and use Al systems across the EU. Article 16
TFEU justifies the EU's legislative competence in the areas of personal data
protection and the free movement of data. This legal basis aligns with the EU

50 European Commission. Proposal for a Regulation of the European Parliament and of the
Council Laying Down Harmonised Rules on Artificial Intelligence (Artificial Intelligence Act)
and Amending Certain Union Legislative Acts. COM(2021) 206 final (April 21, 2021).
51 See TFEU, Article 114(1).
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Charter of Fundamental Rights that upholds both a right to privacy and a sep-
arate right to the protection of personal data and highlights its resonance with
the GDPR.

These twin aims are reflected in Article 1(1) of the AIA, which defines the
AlA's scope as the improvement of the functioning of the internal market whilst
ensuring the protection of fundamental rights through the uptake of human-
centric and trustworthy Al. A focus on the internal market explains the AlA's
inapplicability to Al systems used exclusively for military, national security, or
scientific research and development. (Articles 2(3) and 2(6)). The AIA harmonizes
the rules relating to CE marking and compliance standards to integrate Al
systems into the broader product safety legislative framework to provide legal
certainty for producers and providers of Al systems and demonstrate Al systems’
safety and trustworthiness to Al users.

These conditions are vital to the EU’s efforts to promote innovation and
growth within the internal market. In keeping with its fundamental rights
underpinning, the AIA expands the concept of relevant risks within the existing
product safety framework to incorporate risks into fundamental rights (Article
65(1)). This means developers of high-risk Al systems must conduct a pre-market
assessment that incorporates potential impacts on fundamental rights and
mitigation strategies (Article 6(2)). Furthermore, it requires deployers of high-
risk Al systems to undertake fundamental rights impact assessments if they
are governed by public law or are private entities providing public services or
acting on behalf of public bodies (Article 27) and to consider the impact on
fundamental rights within their risk management systems (Article 9) and data
governance systems (Article 10).

Recognizing the role and relevance of fundamental rights to the legislation
of Al systems is a positive development because it expands the understanding
of relevant risks to better ensure Al systems can only be used for beneficial
purposes. The weaving of the economic imperative of the single market and
the ethics of Al shows how the development of legislation in this space is
concerned with the integration of these aims, reflecting the EU’s commitment
to both these goals. This linkage is acknowledged in the wider corpus of EU
materials concerning the governance of Al where respect for fundamental rights
is not just seen as essential in itself, but also as a means of facilitating public
acceptance and the competitive advantage of EU-based companies®. Within

52 European Commission, Communication from the Commission to the European Parliament,
the Council, the European Economic and Social Committee and the Committee of the
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the AIA itself, the integration of the two aims is demonstrated in the drive for
standards, a key technical means for demonstrating compliance with the AlA,
to reflect fundamental rights considerations, and the introduction of a specific
fundamental rights impact assessment.

In their work on the EU's Digital Single Market, Neergaard and De Vries argue
that laws pertaining to the single market could act as a “normative corridor” to
accommodate other objectives, including fundamental rights protections®3. This
metaphor implies a shared collective understanding of the internal market with
common norms and standards that also shape the approach to fundamental
rights, whilststill leaving some room for differences®. Within the AIA, the concept
of human-centric and trustworthy Al may operate to provide a foundation for
common norms that apply to the EU’s economic imperative and fundamental
rights protections. This would support a harmonious interpretation of the AIA
that supports its twin aims.

However, the view that the AlA's twin aims may operate harmoniously in
tandem is not universally held. First, some have questioned the appropriateness
of a product safety framework for the protection of fundamental rights. Whilst
the AIA expands the concept of risk to encompass risks to fundamental rights,
the definition of risk within the AIA may fail to capture the types of risks Al
systems pose to fundamental rights. Understandings of risk through a product
safety lens may neglect sociopolitical risks and risks arising from the broader
context of Al use, rather than just the Al system®®.

Second, there are also potential gaps and grey areas where fundamental
rights protections may fall away. The impact of Al has been particularly felt
within the fields of medicine and healthcare®. Whilst the risks to patients are
numerous and potentially severe®, in contrast to the internal market, the EU
has a much more limited competence to legislate over health-related matters

Regions: Building Trust in Human-Centric Artificial Intelligence, COM(2019) 168 final (April
8,2019).

53 Ulla Neergaard and Sybe de Vries, The Interaction between Free Movement Law and
Fundamental Rights in the (Digital) Internal Market, Renforce Working Paper 1-2023
(2023): 1-30.

5S4 Cathleen Kantner, What Is a European Identity? The Emergence of a Shared Ethical Self-
Understanding in the European Union, EUI RSCAS Working Papers 2006/28 (2006).

55 Supra note 42.

56 Supra note 9.

57 W. Nicholson Price Il and I. Glenn Cohen, Locating Liability for Medical Al, DePaul Law
Review 73, no. 2 (2024): 339-368.
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to the potential detriment of patients. Furthermore, while the AIA references
fundamental rights, the legal basis concerns the protection of personal data. This
basis is unlikely to cover all the risks posed to patients in a healthcare context,
such as infringements on their rights to access healthcare, non-discrimination,
and freedom from inhumane treatment. This suggests the AIA may promote
the wider use of medical Al within the EU that fully promotes the EU’s economic
aims but does not offer the same level of fundamental rights protections®®. The
requirement to conduct a fundamental rights impact assessment only applies
to certain deployers that are either public bodies or private entities providing
a public service or acting on behalf of a public body. This potentially leaves a
range of Al systems not subject to this requirement, including those relating to
employment and certain aspects of the financial sector®.

Finally, the incorporation of fundamental rights into a product safety frame-
work may lead regulators to underestimate the need to develop new capabil-
ities. Under Article 40, fundamental rights may fall within scope of the harmo-
nized standards that are developed by European standardization organizations
(ESOs). These are private, albeit non-profit, entities that now play a critical role
in translating fundamental rights into technical standards. This plays a vital role
in operationalizing the AlA, despite their lack of democratic legitimacy and
the fact that most stakeholders within these groups are from industry®®. This
development in their role raises questions over whether they have sufficient
expertise and appetite to appropriately respond to the challenges that Al may
pose to fundamental rights. The role of ESOs in operationalizing fundamental
rights protection under the AIA has also been criticized for lacking the trans-
parency and openness of the EU legislative process. Despite the essential role
these standards will play in ensuring Al systems do not impact fundamental
rights to the detriment of individuals, there is no guarantee of free and easy
access to the standards once they are agreed®. This is not the only source
of opacity that runs counter to the effective operation of fundamental rights.

58 Hannah van Kolfschooten, EU Regulation of Artificial Intelligence: Challenges for Patients’
Rights, Common Market Law Review 59, no. 1 (2022): 81-112.

59 Supra note 38.

60 Michael Veale and Frederik Zuiderveen Borgesius, Demystifying the Draft EU Artificial
Intelligence Act — Analysing the Good, the Bad, and the Unclear Elements of the Proposed
Approach, Computer Law Review International 22, no. 4 (2021): 97-112, https://doi.
org/10.9785/cri-2021-220402.

61 Marion Ho-Dac, Considering Fundamental Rights in the European Standardisation of
Artificial Intelligence: Nonsense or Strategic Alliance?, arXiv (January 23, 2024).
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Such opacity triggers uncertainty that undermines the efforts to create hu-
man-centric and trustworthy Al that promotes the economic aims of the EU and
fundamental rights.

LV SUPRPPORT FOR INNOVATION - THE NEED TO PROTECT
STARTUPS AND SMEs

Therelationshipbetweenregulationandinnovationiscomplex®?. Whileregulation
can act as a powerful stimulus for innovation by creating market certainty and
driving improvements in products and processes, it can simultaneously impose
compliance costs and restrictions that may discourage innovative activities.
The potential impacts of regulation on innovation are particularly salient for
emerging technologies, like Al, as well as for small and medium-sized enterprises
(SMEs), who are less able to bear the costs of regulatory compliance. Experience
with previous regulatory interventions suggests that the impact of regulation on
innovation is highly context-dependent and varies significantly based on factors
including timing, stringency, flexibility, and certainty®.

Several provisions of the AlA could potentially constrain innovation through
both direct and indirect mechanisms. First, the Act’s stringent requirements for
high-risk Al systems impose substantial financial compliance costs. The Euro-
pean Commission estimates compliance costs for providers at approximately
€6,000-€7,000 per Al system, with deployers facing additional human oversight
costs of €5,000-€8,000 per year®*. For systems requiring third-party conformity
assessment, providers face further verification costs of €3,000-€7,500, assuming
they already have a Quality Management System (QMS) in place. These costs
could be significantly higher —with estimates of ca. €193,000-€330,050 for larger
enterprises and €144,350-€247,150 for SMEs— if a new QMS needs to be estab-
lished®®. Second, the extensive testing and validation requirements for high-risk
Al systems under Articles 9 and 10 may significantly extend development cycles
and increase costs. While the European Commission estimates that some 15%

62 Jacques Pelkmans and Andrea Renda, Does EU Regulation Hinder or Stimulate Innovation?,
CEPS Special Report No. 96 (November 19, 2014), Brussels: Centre for European Policy
Studies.

63 Ibid.

64 Meeri Haataja and Joanna J. Bryson, What Costs Should We Expect from the EU’s AIA?,
SocArXiv (2021).

65 Ibid.
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of Al systems would fall in this category, a survey conducted by the appliedAl
initiative found that at least a third of Al startups would classify their products
as high-risk Al systems®é.

Beyond these direct financial impacts, the Act may constrain innovation
through several indirect mechanisms. The transparency and interpretability
requirements in Article 13 present technical challenges, since explainability
methods have sometimes been found to be imprecise, inconsistent, and vul-
nerable to attacks®’. Meeting these requirements may therefore force providers
to favor simpler, more interpretable models over potentially more effective but
less transparent approaches. The lack of clear definitions for key terms like ‘suf-
ficient transparency’ and 'interpretability’ creates legal uncertainty, and the ex-
tensive documentation requirements may divert resources away from R&D ac-
tivities, especially affecting SMEs and startups with limited staff and budgets.

While there are thus substantial reasons to worry about the effect of the AIA
on innovation, the Act also incorporates several measures specifically designed
to support innovation. Most notably, Articles 57-63 establish a comprehensive
framework centered around regulatory sandboxes and other support mecha-
nisms. Regulatory sandboxes are controlled environments where companies
can develop and test innovative Al systems under regulatory supervision®®. Ac-
cording to Article 57, Member States must ensure that at least one Al regula-
tory sandbox is established at national level by August 2026. These sandboxes
serve multiple objectives laid out in Article 57(9): improving legal certainty for Al
development, supporting best practice sharing through cooperation between
authorities, fostering innovation and competitiveness, facilitating market ac-
cess for Al systems (particularly from SMEs and startups), and contributing to
evidence-based regulatory learning. The sandbox framework includes several
specific provisions to ensure accessibility and effectiveness, with Article 58(2)
mandating broad and equal access through transparent selection criteria and
requiring participation to be free of charge for SMEs and startups.

66 appliedAl Initiative, AIA Impact Survey: Pan-European Survey of Al Startups and VCs about
the Impact of the AlA, AppliedAl.De, (December 12, 2022). https://www.appliedai.de/
assets/files/Al-Act-Impact-Survey_Slides_Dec12.2022.pdf.

67 Luca Holst et al,, The Impact of the EU AlA’s Transparency Requirements on Al Innovation,
in Proceedings of the 19th International Conference on Wirtschaftsinformatik, Wiirzburg,
Germany (2024).

68 Thomas Buocz, Sebastian Pfotenhauer, and Iris Eisenberger, Regulatory Sandboxes in the
AIA: Reconciling Innovation and Safety?, Law, Innovation and Technology 15, no. 2 (2023):
357-389, https://doi.org/10.1080/17579961.2023.2245678.



TIMO MINSSEN | HANNAH LOUISE SMITH | SEBASTIAN PORSDAM MANN

While the AlA itself does not define SMEs, startups, and microenterprises,
it builds upon established EU definitions, particularly Commission Recommen-
dation 2003/361/EC®. The AlA's provisions for these entities thus likely follow
these established thresholds, though notably the term ‘startup’ remains unde-
fined in both instruments.

Article 59 lays out provisions for further processing of personal data within
regulatory sandboxes for specific public interest purposes, including public
health, environmental protection, and energy sustainability. These provisions
contain multiple safeguards intended to ensure compliance with the GDPR,
further supporting innovation by providing a clear path for complying with two
distinct but relevant regulatory instruments. This is complemented by Article
60's framework for real-world testing outside sandboxes, subject to strict
safeguards including market surveillance authority approval and informed
consent requirements detailed in Article 61.

Article 62 mandates that Member States provide SMEs and startups with
priority access to regulatory sandboxes and establish specific support mea-
sures including awareness-raising, training activities, and dedicated communi-
cation channels. The article also stipulates that the needs and interests of SMEs
shall be taken into account when the fees for conformity assessment under
Article 43 are set, “reducing those fees proportionately to their size, market
size and other relevant indicators”. Finally, Article 62 requires the Al Office to
develop standardized templates and maintain a single information platform to
ease compliance burdens. Article 63 further allows microenterprises to comply
with quality management system requirements in a simplified manner, though
without compromising on core obligations regarding high-risk Al systems.

Article 2 of the AIA includes several important exemptions related to
research and development. Most notably, the Act “does not apply to Al systems
or Al models, including their output, specifically developed and put into service
for the sole purpose of scientific research and development”. Additionally, any

69 European Commission, Commission Recommendation of 6 May 2003 concerning the
definition of micro, small and medium-sized enterprises (Text with EEA relevance)
(notified under document number C(2003) 1422) OJ L 124, (20 May 2003):36-41. This
Recommendation defines: -Microenterprises as having fewer than 10 employees and annual
turnover/balance sheet total not exceeding €2 million, - Small enterprises as having fewer
than 50 employees and annual turnover/balance sheet total not exceeding €10 million,
- Medium-sized enterprises (completing the SME category) as having fewer than 250
employees and annual turnover not exceeding €50 million and/or balance sheet total not
exceeding €43 million.
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"research, testing or development activity regarding Al systems or Al models
prior to their being placed on the market or put into service” is exempted. What
this will mean in practice is, however, not easy to predict’. In particular, it is
unclear what will count as development for the ‘sole purpose’ of research and
development.

Much of contemporary research and development, in Al as well as more
broadly, is a hybrid endeavor mixing private and public actors and scientific and
commercial motivations”. Similarly, the Act’s explicit exclusion of real-world
testing from this exemption introduces questions related to the ability to neatly
separate pure research from ongoing development efforts’2. Finally, scholars
have identified potential mechanisms for ‘regulatory arbitrage’ whereby Al
system providers might structure their activities to fall within the research
exemption while actually pursuing commercial ends”.

While there are thus clear risks that the AIA could constrain innovation
through both direct compliance costs and indirect effects, regulation can also
facilitate innovation by creating clear market signals, fostering predictable
investment environments, and driving improvements in products and processes
to meet new standards’. While compliance costs and technical constraints
may create headwinds for certain types of Al development, particularly among
resource-constrained SMEs, the Act's establishment of clear standards and
support mechanisms could help create the predictability and trust necessary
for Al innovation.

70 Sebastian Porsdam Mann, I. Glenn Cohen, and Timo Minssen, The EU AIA: Implications for
U.S. Health Care, NEJM Al 1, no. 11 (October 2024). https://ai.nejm.org/doi/pdf/10.1056/
Alp2400449.

71 Liane Colonna, The AlA’s Research Exemption: A Mechanism for Regulatory Arbitrage?

-

in YSEC Yearbook of Socio-Economic Constitutions 2023: Law and the Governance of
Artificial Intelligence, ed. Andreas Moberg and Eduardo Gill-Pedro (Cham: Springer Nature
Switzerland, 2024)

72 Ibid.

73 Ibid.

74 Shuai Shao et al., Environmental Regulation and Enterprise Innovation: A Review, Business
Strategy and the Environment 29, no. 3 (2020): 1465-1478, https://doi.org/10.1002/
bse.2446.



TIMO MINSSEN | HANNAH LOUISE SMITH | SEBASTIAN PORSDAM MANN

Il. DISCUSSION

Our above analysis revealed that the AlA is a very sophisticated and ambitious
legislation. But what promises, perils and trade-offs is the AIA now facing within
a complex regulatory ecosystem and in an increasingly fierce international
competition? Will the AIA really serve as a regulatory north star both within
the EU and beyond, or does its intended operation risk being undermined by
implementation challenges and concerns? These are complex questions which
need to be discussed from a variety of angles.

Il POTENTIAL FOR GLOBAL IMPACT

Like other major EU Regulations, such as the GDPR, Digital Services Act, and
Digital Markets Act, the AlAforms part of the growing EU regulatory infrastructure
aimed at protecting fundamental rights while promoting responsible innovation.

While the Act will therefore have a direct impact on the legislation of its
Member States, its effect will also be felt beyond EU borders. This is due, in part,
to its scope, as defined in Article 2, which stipulates that the Act applies to any
provider placing Al systems on the EU market or whose systems’ outputs are used
in the EU, regardless of their location. The AlA can therefore create obligations
and responsibilities for deployers, importers, and distributors of Al systems,
as well as manufacturers incorporating Al into their products irrespective of
their location. This extraterritorial reach means that any organization whose Al
systems touch the EU market must comply with the Act’s requirements. Notably,
the Act applies even when only the output of an Al system is used in the Union,
a particularly far-reaching provision that could capture many systems operated
entirely outside EU territory.

This broad territorial scope reflects a well-documented phenomenon in EU
regulation known as the “Brussels Effect”, whereby EU regulations can become
de facto global standards through market mechanisms’. This is, in part, be-
cause global companies must meet EU standards to launch their products in
this substantial market and, rather than adhere to multiple compliance regimes
in different territories, companies may prefer to apply the EU rules to all their op-
erations. Furthermore, the adoption of a unified approach may be commercially
attractive where this adherence to stringent regulations can signal quality and

75 Anu Bradford, The Brussels Effect: How the European Union Rules the World (New York:
Oxford University Press, 2020), https://doi.org/10.1093/0s0/9780190088583.001.0001.
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trustworthiness, and because it may be easier to design products for compliance
with the strictest standards rather than maintain separate products for different
markets. The GDPR illustrates this effect well —while technically only governing
data protection in the EU, its requirements have shaped global privacy practices
as companies found it more efficient to apply GDPR standards universally rather
than maintain different standards for different markets. We may also see a de
jure Brussels Effect where countries outside of the EU may adopt regulations
very similar to the AIA, either due to commercial lobbying from businesses who
would prefer a unified regulatory regime to reduce compliance costs or through
the EU’s own political influence.

Whether the AIA will lead to a Brussels Effect is not a straightforward ques-
tion. Neither is the distinct, albeit related, question of whether such an influence
is desirable. On the one hand, some have pointed out that the Act’s complexity
—compared to the GDPR's relatively more straightforward principles and obli-
gations— makes wholesale adoption by other jurisdictions unlikely””. However,
others have noted that the Act seems to broadly satisfy the five criteria origi-
nally laid out by Bradford as necessary for a Brussels Effect’®: significant mar-
ket power (450 million EU consumers), regulatory capacity (as demonstrated
by past digital regulations), stringent standards (particularly for high-risk and
general-purpose Al), inelastic targets (companies cannot easily avoid compli-
ance), and the regulation targeting non-divisible conduct (as creating separate
Al systems for different markets is likely to be impractical or costly).

Yet even if the Act does produce a Brussels Effect, Almada and Radu warn
that this could be accompanied by what they term a “Brussels Side Effect”
—a diminution in fundamental rights protection globally”. While the EU’s
competence to regulate fundamental rights —founded upon the Charter
of Fundamental Rights and Article 16 TFEU specifically enabling data pro-
tection regulation —Almada and Radu argue that the Act's product safety
framework may inadequately capture certain fundamental rights dimensions.

76 Ibid.

77 Christopher T. Marsden and George Christou, Artificially Intelligent Regulation: Global
Norms, International Political Economy and the Brussels Effect, in Proceedings of the 2024
International Conference on Artificial Intelligence and Regulation (2024)

78 Charlotte Siegmann & Markus Anderljung, The Brussels Effect and Artificial Intelligence:
How EU Regulation Will Impact the Global Al Market, Centre for the Governance of Al
(Aug. 2022). https://cdn.governance.ai/Brussels_Effect_GovAl.pdf

79 Marco Almada and Anca Radu, The Brussels Side-Effect: How the AIA Can Reduce the
Global Reach of EU Policy, German Law Journal (2024).
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This limitation could lead to the global adoption of the Act's mechanisms
actually reducing overall fundamental rights protection by promoting an in-
complete framework for protecting rights. Thus, on their analysis, a substantial
Brussels Effect is not necessarily to be desired —due to the potential for this to
undermine, rather than advance, the EU’s regulatory policy goals.

The Act's global impact will also be shaped by the alternative regulatory
approaches that are emerging worldwide. The United States does not, so far,
have a comparatively systematic regulatory framework for Al. President Biden’s
Executive Order on Al®, which was binding only on executive branch staff and
agencies, emphasized safety testing for advanced Al systems while preserving
innovation. However, this Order has now been revoked and replaced by Trump's
executive order®®, which may undermine arguments of the existence of a
Brussels Effect. Trump's Executive Order emphasizes the US's desire to “act
decisively to retain global leadership in artificial intelligence” and removes all
references to guardrails rooted in ethical principles that resonate with the EU’s
governance approach. China has taken amore comprehensive approach through
various regulations including the Algorithm Recommendation Management
Provisions, though these reflect different priorities around social control and
national security. At the international level, both the OECD Al Principles and
UNESCO'’s Recommendation on the Ethics of Al have established influential
soft law frameworks emphasizing human-centric Al development, though these
do not have directly binding legal force. Most notably, the Council of Europe
is developing its own Al Convention, which takes a fundamentally different
approach centered on human rights, democracy, and the rule of law rather than
product safety®.

80 The White House. Fact Sheet: President Biden Issues Executive Order on Safe, Secure, and
Trustworthy Atrtificial Intelligence. Statements and Releases (October 30, 2023). https:/
bidenwhitehouse.archives.gov/briefing-room/statements-releases/2023/10/30/fact-sheet-
president-biden-issues-executive-order-on-safe-secure-and-trustworthy-artificial-intelligence/.

81 Joseph R. Biden Jr., Executive Order 14141: Advancing United States Leadership in Artificial
Intelligence Infrastructure, Federal Register 90, no. 5469 (January 17, 2025): 5469-5489.

82 Donald J. Trump, Executive Order 14179: Removing Barriers to American Leadership in
Artificial Intelligence, Federal Register 90, no. 5469 (January 23, 2025): 5469-5471.
https://www.federalregister.gov/documents/2025/01/31/2025-02172/removing-barriers-to-
american-leadership-in-artificial-intelligence.

83 Hannah van Kolfschooten and Carmel Shachar, The Council of Europe’s Al Convention
(2023-2024): Promises and Pitfalls for Health Protection, Health Policy 138 (December
2023): 104935, https://doi.org/10.1016/j.healthpol.2023.104935.
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Given these dynamics, the AlA’s global impact is likely to be significant but
more nuanced than previous instances of the Brussels Effect. Much depends on
the extent to which its technical requirements will diffuse through market mecha-
nisms, as well as on how key provisions and exemptions are interpreted. Ultimate-
ly, the extent of the AlA’s global influence will depend largely on how effectively
the Act balances competing demands, such as protecting fundamental rights
while fostering innovation, and providing clear rules while maintaining flexibility.
Given the rapid pace of both the underlying technology as well as global regu-
latory responses, the ultimate impact of the AlA is not predictable at present.

ILI POTENTIAL TO RESPOND TO FUTURE
TECHNOLOGICAL ADVANCES

There are several aspects that can be considered to evaluate the extent to which
the AIA may be able to respond to future technological advances. The first is
to consider the ability of the provisions to respond to novel and potentially
unexpected technological developments. Will the risk-based system be able to
accommodate technological advancements? Do the provisions allow the relevant
actors to gather high-quality information to determine how the AIA operates in
relation to technological advances? The second is related to the actors involved
in the implementation, use, and enforcement of the provisions —how far are they
able and willing to respond to future technological developments within the
AIA? Finally, the AIA does not operate in a vacuum so the potential to respond
to future technological developments will also depend on its ability to form a
part of a wider coherent regulatory regime.

With regard to the first aspect, the provisions show some potential to adapt to
future technological advances. The AlA uses a broad, internationally recognized
definition of Al that should help ensure that it captures future Al approaches and
systems. Furthermore, the AlA'sfocusis often onbroaduse cases and applications
that further support its ability to capture future technological advances where
they are deployed in areas covered by the AlA. In addition, Article 112 outlines
the Commission’s ability to assess the need for it to make amendments to
Annex lll, which provides one source of high-risk Al systems, and Article 5, which
sets out prohibited practices. The Commission will undertake the assessment
annually and report its findings to the European Parliament and Council. Indeed,
Article 112 sets out detailed procedures for the review and evaluation of the AIA
on several points relevant to the AlA's ability to respond to future technological
developments, including amendments to provisions concerning the definition



TIMO MINSSEN | HANNAH LOUISE SMITH | SEBASTIAN PORSDAM MANN

of high-risk Al systems, Al systems requiring additional transparency measures,
and the effectiveness of the supervision and governance system (Article 112(2)).
Nevertheless, many of the mechanisms for evaluation and review listed in Article
112 are only required to take place every four years, which may lead to these
evaluations lagging behind technological developments and responding too
late. Moreover, some provisions have already been criticized for being out-of-
date and not responding to current technological trends, let alone future ones.
One of the means of defining general-purpose Al is threshold of 102° FLOPS
(floating point operations). The AlIA assumes that Al models that use more than
this amount of computation are a general-purpose Al model, unless a developer
can demonstrate otherwise (Article 52(2)). The assumption that computing
power is a defining feature of when a general-purpose Al system will lead to
systemic risks has been criticized as “unconvincing”® and efforts to optimize
Al models further undermine the relevance of the 102° FLOPS threshold. This
prompts concern that Al developers will focus on making Al models that fall
below this threshold, rather than developing ones that are less risky. The recent
release of models well under this threshold which nevertheless demonstrate
state-of-the-art performance, such as DeepSeek-R1 and GPT-03-mini, further
challenges the relevance of this threshold as a proxy for systemic risk.

Now we turn to the second aspect, i.e., the ability of the actors involved in the
application of the AlIA to respond appropriately to technological developments
relevant to the AlA's operation. These relevant actors include Al providers and
deployers that implement the measures required to reduce the risk posed by Al
systems, ESOs that develop appropriate standards to guide Al development in
away that fosters the competitiveness of the single market whilst respecting fun-
damental rights, and public institutions tasked with the monitoring of these ac-
tors and any necessary enforcement action. The more one focuses on technical
standards to ensure the AlA responds to technological advances, the more reg-
ulatory choices are depoliticized and discussions as to values and norms, led by
public institutions, are replaced with statistics and technical facts by private insti-
tutions. This leads to public institutions being largely in the dark about the day-
to-day operations of the AlA, a state of affairs that becomes very problematic if
technological advances then require them to intervene. The AIA contains provi-
sions that enable public authorities to receive information on conformity assess-
ments for high-risk Al systems (Article 21), on the operation of general-purpose

84 Supra note 38.
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Al models (Articles 52-55), information on how far high-risk Al systems impact
fundamental rights (Article 77), and to supervise, investigate, enforce, and mon-
itor general-purpose Al risks (Section 5, Chapter IX). However, the ability to use
that information to respond to potential technological developments is a dis-
tinct matter with many questioning the capability of public authorities involved
in the monitoring and enforcement of the provisions®®, both of which are a valu-
able source of information on how to respond to novel Al technologies.

The final aspect concerns how well the AIA will interact with the wider
regulatory landscape to ensure it responds to all relevant risks without the
duplication of efforts or resources across different, albeit related, regulatory
schemes. The AIA forms part of the New Legislative Framework and interacts
with other EU legislation that governs digital technologies including the General
Data Protection Regulation, the Digital Service Act, the Digital Markets Act, the
European Health Data Space, and the Medical Devices Regulation. Questions
remain as to how far these instruments will co-exist on the broader regulatory
landscape concerning data, technology, and data-driven technology companies.
Questions as to how far a GDPR-compliant data protection impact assessment
will align with an AlA-required fundamental risks impact assessment already
demonstrates the scope for duplication or, worse, allowing risks to fall between
the cracks of different regulations.

ILIIT IMPACT ON THE COMPETITIVENESS OF EUROPE

The intentions of the AIA, in seeking to minimize the risks of Al and maximize
the potential benefits in a way that respects fundamental values and broader
societal goals, are commendable.

However, as stressed in the so-called Draghi Report®, overly excessive
and complex regulations also pose significant implications and risks for the
technological competitiveness of the EU in the rapidly evolving global Al
landscape.

85 Supra note 38.

86 Mario Draghi, The Future of European Competitiveness (September 2024), available
at: https://commission.europa.eu/topics/eu-competitiveness/draghi-report_en ; see
also European Commission, A Competitiveness Compass for the EU, Brussels,
29.1.2025 COM(2025) 30 final, available at: https://commission.europa.eu/document/
download/10017eb1-4722-4333-add2-e0ed18105a34_en .
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Recent examples, such as the call by the EU Parliament to reform the MDR¥
the recent withdrawal of forthcoming EU legislation on Al liability®, plans to
simplify and streamline the GDPR®? and the AIA%, and the so-called OMNIBUS
packages? have demonstrated that it is a very delicate task to simultaneous-
ly balance the risks of over- and under-regulation, protect citizens’ rights and
other EU values, and enhance the competitiveness of the EU?2. In other words,
it is not easy to find a “regulatory sweet spot” that promotes the beneficial
application of Al innovation and reduces the potentially harmful risks that this
technology entails.

One of the primary concerns regarding the AIA is the potential for in-
creased regulatory burdens on businesses, particularly startups and SMEs.
As previously discussed, the classification of Al systems into risk categories
—-ranging from minimal to unacceptable risk— imposes varying levels of com-
pliance requirements. For instance, high-risk Al applications will face stringent
obligations, including robust documentation, risk assessments, and ongoing
monitoring. This could create a challenging environment for smaller entities
that may lack the resources to navigate complex regulatory requirements.
Consequently, as compliance costs rise, there is a risk that innovation may be
stifled and the development of groundbreaking Al technologies within the EU
could grind to a halt®.

87 European Parliament resolution on the urgent need to revise the Medical Devices
Regulation (2024/2849(RSP)), available at: https://www.europarl.europa.eu/doceo/
document/RC-10-2024-0123_EN.html .

88 Supra note 22.

89 Ellen O’'Regan, Europe’s GDPR privacy law is headed for red tape bonfire within ‘weeks’,
Politico (3 April 2025), available at: https://www.politico.eu/article/eu-gdpr-privacy-law-
europe-president-ursula-von-der-leyen/.

90 Pieter Haeck, EU opens door to reworking Al rulebook, Politico (9 April 2025), https://www.
politico.eu/article/now-eu-did-full-180-artificial-intelligence-rules/; see also European
Commission, Commission sets course for Europe’s Al leadership with an ambitious Al
Continent Action Plan, press release (9 April 2025), available at: https://ec.europa.eu/
commission/presscorner/detail/en/ip_25_1013

91 European Commission, Directorate General for Communication, Commission proposes to
cut red tape and simplify business environment (26 February 2025), available at: https:/
commission.europa.eu/news/commission-proposes-cut-red-tape-and-simplify-business-
environment-2025-02-26_en .

92 See e.g. Jonas Tallberg, Magnus Lundgren, and Johannes Geith, Al Regulation in the
European Union: Examining Non-State Actor Preferences, Business and Politics 26, no. 2
(2024): 241-267, https://doi.org/10.1017/bap.2024.10 .

93 See Aboy, Vayena, Minssen, supra note 8.
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Moreover, the potential for regulatory divergence between the EU and
other regions —such as the United States or China- could further undermine
the EU’s competitive position. As Al technologies continue to advance at an
unprecedented pace, the more flexible regulatory environments in other ju-
risdictions may attract investments and talent away from Europe. Companies
may choose to relocate their Al research and development activities to regions
with fewer restrictions, undermining the EU’s position as a global leader in Al
innovation. This is particularly concerning given that the Al sector is character-
ized by rapid iterations and the need for agile responses to market demands.

On the other hand, the AIA also has the potential to enhance the EU'’s
competitive edge in certain areas. By establishing clear ethical guidelines and
standards, the Act could foster trust among consumers and businesses in Al
technologies. In a market increasingly concerned about privacy, security, and
the ethical implications of emerging technologies, the EU’s proactive stance on
regulating Al may serve as a differentiating factor. European companies that
comply with these regulations can position themselves as leaders in responsible
Al, appealing to consumers who prioritize ethical considerations. This trust can
translate into market advantages, particularly in sectors like healthcare, finance,
and autonomous systems, where ethical concerns are paramount.

Furthermore, the AIA emphasizes the importance of human oversight and
accountability in Al systems. This focus on responsible Al practices could
drive innovation in developing transparent and explainable Al models. Such
advancements may not only benefit European companies but could also set a
global standard for Al practices. If the EU can successfully cultivate a reputation
for high-quality, ethical Al, it may attract international collaborations and
partnerships, reinforcing its position in the global Al ecosystem.

In conclusion, the AIA presents a double-edged sword for the technolog-
ical competitiveness of the EU. While the potential for regulatory burdens
may hinder innovation and drive talent elsewhere, the emphasis on ethical
standards and consumer trust could establish Europe as a leader in respon-
sible Al. Striking the right balance between regulation and innovation will be
crucial in determining whether the EU can maintain its technological compet-
itiveness in an increasingly Al-driven world. As global dynamics shift, ongoing
dialogue among policymakers, industry stakeholders, and the public will be
essential to ensure that the AlA serves as a catalyst for growth rather than a
barrier to progress.
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ILIV LESSONS FOR OTHER COUNTRIES

Countries around the world can learn several important lessons from the EU’s
AlA as they navigate the complexities of Al regulation and development. One
of the primary lessons is the necessity of finding a balance between regula-
tory oversight and fostering innovation. While it is critical to establish safety
and ethical standards for Al technologies, overly burdensome regulations can
stifle creativity and deter investment. Countries should aim to create flexible
regulatory frameworks that can adapt to the fast-paced nature of Al devel-
opment, allowing for innovation while ensuring public safety and upholding
ethical principles.

The EU’s emphasis on ethical Al and transparency highlights the impor-
tance of building public trust in Al systems. Countries should prioritize devel-
oping guidelines that promote responsible Al use, which includes ensuring
that Al applications are explainable and accountable. Establishing clear ethi-
cal standards can not only enhance consumer confidence but can also position
nations as leaders in responsible Al, attracting businesses and talent seeking
to operate in a trustworthy environment.

The AlA’'s development illustrates the value of engaging a broad range of
stakeholders, including industry leaders, academics, and civil society. Inclu-
sive dialogue can ensure that regulations are grounded in practical realities
and address the concerns of all parties affected. Countries should adopt col-
laborative approaches to policymaking, ensuring that regulations reflect di-
verse perspectives and foster a healthy ecosystem for Al innovation.

As Al technologies transcend borders, international cooperation is essential.
Countries should seek to harmonize regulations and share best practices to avoid
fragmentation. Collaborative efforts can enhance global standards, encourage
knowledge sharing, and facilitate cross-border investments in Al research and
development.

Finally, investing in regulatory capacities, education, and workforce train-
ing is crucial. As Al continues to evolve, countries must equip their authorities
and populations with the skills needed to thrive in an Al-driven economy. This
proactive approach will ensure that nations remain competitive and can adapt
to the changing technological landscape. This also means that sufficient funds
will have to be directed to the authorities, named bodies and stakeholders that
are supposed to monitor, support, and enforce complex regulatory set-ups. As
other countries consider how the EU’s approach to Al governance pans out,
part of this evaluation must consider if its complexity is nevertheless deftly han-
dled by a set of well-resourced and highly competent actors. If the actors and
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mechanisms involved in the monitoring, supporting, and enforcement of the
AlA fall short of expectations, other countries might prefer more streamlined
and simplified regimes. It will be for other countries to decide whether a mis-
match between the regulatory burden and institutional capacity, in the hopes
this would be a teething problem during the Regulation’s infancy, would be a
preferable approach to having fewer rules that are easier to comply with and
more likely to be enforced.

By learning from the EU’s experience, other countries can strategically
navigate the challenges and opportunities presented by Al, fostering a balanced,
ethical, and innovative environment with a feasible and enforceable regulatory
set-up.

l1l. CONCLUSIONS

Any number of criticisms should not detract from the fact that the EU’s AlA is a
groundbreaking legislation that will profoundly shape the future of medical Al,
both within and potentially beyond Europe. Its role within the EU’s regulatory
ecosystemis multifaceted asitinteracts with existing legislation, promotes ethical
Al development, and encourages international cooperation. Its extraterritorial
reach, the size of the EU market, and the benefits of harmonized global best
practices, make it difficult for foreign stakeholders to ignore its implications.
Whilst the likelihood of it being used as a template for other jurisdictions to
copy near verbatim seems to be increasingly small, there are valuable lessons
for other jurisdictions concerning the development and implementation of
comprehensive Al regulation.

The drafting of the AIA demonstrates that the universally accepted desir-
ability of promoting innovation and protecting individual rights does not create
a consensus of how to achieve these aims. The AlA, as a pioneering regulato-
ry framework, offers valuable lessons for other countries navigating the com-
plexities of Al governance. By learning from both the advances and challenges
encountered in the EU’s approach, jurisdictions around the world can develop
more effective, ethical, and adaptable regulatory frameworks that promote in-
novation while safeguarding public interests.

Being the first to regulate does not necessarily mean the EU created the
best Al regulation possible, but how actors cope with these rules will mean the
AlA will continue to play a crucial role in shaping the future of Al governance in
Europe and beyond. By prioritizing flexibility, support for research, and workforce
development, countries can position themselves to harness the transformative
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potential of Al while ensuring that its deployment aligns with societal values,
legal framework and ethical considerations. Ultimately, the goal should be to
foster an environment that encourages innovation while safeguarding public
interests, thereby ensuring a competitive edge in the rapidly evolving global Al
landscape.

For the time being, foreign stakeholders that want to invest in European
markets, including companies from Latin America, should be proactive and stay
informed about the AlA's implications for Al systems. To successfully navigate
the AlA's impact and to avoid harsh fines, they should carefully assess their
obligations, invest in compliance measures, and engage with EU regulators
during its implementation phases. Even after the AIA fully enters into force, the
European Commission may adopt implementing acts and delegated acts that
may impact key provisions®. The regime will thus continue to evolve through
interpretation, application, guidelines, clarifying exceptions, and any potential
amendments. Stakeholders, including Latin American companies, should actively
provide input to the development of adaptive governance frameworks, i.e., not
only to tackle the challenges and seize the opportunities presented by the AIA
while maintaining access to the EU market, but also to contribute to developing
their own domestic and regional approaches for the governance of Al.

Last, but not least, there remains an urgent need to establish international
treaties and agreements on the most fundamental guardrails that should apply to
the governance and deployment of Al?®. While national approaches might differ
with regard to regulatory details that make a globally aligned approach difficult,
this does notmake the need foragreement on international obligations to protect
and promote fundamental values any less important nor any less pressing. The
need for such basic “guardrails” is more urgent than ever when considering the
enormous advances, opportunities and risks of dual use scenarios with other
emerging technologies, such as neurotechnologies, synthetic biotechnologies,
quantum technologies, and the combination of these with Al.

9S4 Supra note 70.
95 See also Urs Gasser and Viktor Mayer Schonberger. Guardrails: Guiding Human Decisions in
the Age of Al. Princeton University Press, 2024. https://doi.org/10.2307/jj.6605394.

319



320

>[12] THE EUROPEAN Al ACT -PROMISES, PERILS & TRADE-OFFS IN A COMPLEX ...

Acknowledgements: The authors would like to thank Emma Kondrup for her
assistance with this chapter, both editorial and in developing the illustrations for
this manuscript. Any use of generative Al in this manuscript adheres to ethical
guidelines for use and acknowledgment of generative Al in academic research,
as outlined in Porsdam Mann, S., Vazirani, A.A., Aboy, M.; Minssen, T. et al.
Guidelines for ethical use and acknowledgement of large language models in
academic writing. Nat Mach Intell 6, 1272-1274 (2024). https://doi.org/10.1038/
s42256-024-00922-7. Each author has made a substantial contribution to the
work, which has been thoroughly vetted for accuracy, and assumes responsibility
for the integrity of their contributions. TM.; H.L.S. & S.P.M. were supported
in part by a Novo Nordisk Foundation grant for a scientifically independent
International Collaborative Bioscience Innovation & Law Programme (Inter-
CeBIL Programme, grant NNF23SA0087056). T.M. was further funded in part
by the European Union Classica project (grant 101057321). Views and opinions
expressed are, however, those of the authors only and do not necessarily reflect
those of the European Union or the Health and Digital Executive Agency.

BIBLIOGRARPIHY

Aboy, M., Minssen, T. & Vayena, E. Navigating the EU AIA: implications for reg-
ulated digital medical products. npj Digit. Med. 7, 237 (2024). https://doi.
org/10.1038/s41746-024-01232-3.

Almada, Marco and Radu, Anca The Brussels Side-Effect: How the AIA Can
Reduce the Global Reach of EU Policy. German Law Journal (2024).

Almada, Marco and Petit, Nicolas, The EU AIA: A Medley of Product Safety and
Fundamental Rights? Robert Schuman Centre for Advanced Studies Research
Paper No. 2023/59 (October 18, 2023).

Applied Al Initiative, AIA Impact Survey: Pan-European Survey of Al Startups and
VCs about the Impact of the AlA, AppliedAl.De, (December 12, 2022). https://
www.appliedai.de/assets/files/Al-Act-Impact-Survey_Slides_Dec12.2022.pdf.

Biden Jr., Joseph R., Executive Order 14141: Advancing United States Leadership
in Artificial Intelligence Infrastructure, Federal Register 90, no. 5469 (January
17, 2025): 5469-5489.

Bradford Anu, The Brussels Effect: How the European Union Rules the
World, New York: Oxford University Press (2020). https://doi.org/10.1093/
0s0/9780190088583.001.0001.



TIMO MINSSEN | HANNAH LOUISE SMITH | SEBASTIAN PORSDAM MANN

Buocz, Thomas, Pfotenhauer, Sebastian, and Eisenberger, lIris, Regulatory
Sandboxes in the AIA: Reconciling Innovation and Safety? Law, Innovation
and Technology 15, no. 2 (2023): 357-389. https://doi.org/10.1080/17579961.2
023.2245678.

Cantero Gamito, Marta, and Marsden, Christopher T. Al Co-Regulation? The
Role of Standards in the EU AIA. International Journal of Law and Information
Technology 32 (2024). https://doi.org/10.1093/ijlit/eaae011.

Case C-184/20, OT v. Viyriausioji tarnybinés etikos komisija, ECLI:EU:C:2022:601,
August 1, 2022.

Colonna, Liane, The AIA’s Research Exemption: A Mechanism for Regulatory
Arbitrage?in YSEC Yearbook of Socio-Economic Constitutions 2023: Law and
the Governance of Al, ed. Andreas Moberg and Eduardo Gill-Pedro (Cham:
Springer Nature Switzerland, 2024).

Crawford, Gail E. et al., EU Al Office Seeks Stakeholder Engagement in Drafting
Al Act Implementing Rules, Latham & Watkins LLP (July 31, 2024). https://
www.lw.com/en/insights/eu-ai-office-seeks-stakeholder-engagement-in-
drafting-ai-act-implementing-rules.

Creative Commons et al., Supporting Open Source and Open Science in the EU
AIA (July 2023).

Draghi, Mario, The future of European competitiveness, available at: https:/
commission.europa.eu/topics/eu-competitiveness/draghi-report_en (EU
Commission September 2024)

Ebers, Martin, Truly Risk-Based Regulation of Al: How to Implement the EU’s
AIA, European Union Law Working Papers (October 21, 2024), Stanford-
Vienna Transatlantic Technology Law Forum.

European Commission. Commission Guidelines on Prohibited Al Practices
Established by Regulation (EU) 2024/1689 (AIA). C(2025) 884 final, Brussels
(February 4, 2025), https://digital-strategy.ec.europa.eu/en/library/commis-
sion-publishes-guidelines-prohibited-artificial-intelligence-ai-practices-de-
fined-ai-act.

European Commission, Commission Recommendation of 6 May 2003 concern-
ing the definition of micro, small and medium-sized enterprises (Text with
EEA relevance) (notified under document number C(2003) 1422) OJ L 124, (20
May 2003):36-41.

European Commission, Commission Work Programme 2025, last modified
February 12, 2025, https://commission.europa.eu/strategy-and-policy/
strategy-documents/commission-work-programme/commission-work-pro-
gramme-2025_en.

321



322

>[12] THE EUROPEAN Al ACT -PROMISES, PERILS & TRADE-OFFS IN A COMPLEX ...

European Commission, Communication from the Commission to the European
Parliament, the Council, the European Economic and Social Committee
and the Committee of the Regions: Building Trust in Human-Centric Al
COM(2019) 168 final (April 8, 2019).

European Commission, Directorate-General for Communications Networks,
Content and Technology, Ethics guidelines for trustworthy Al, Publications
Office (2019). https://data.europa.eu/doi/10.2759/346720.

European Commission, First Rules of the Al Act Are Now Applicable, Shaping
Europe’s Digital Future (February 3, 2025), https://digital-strategy.ec.europa.
eu/en/news/first-rules-artificial-intelligence-act-are-now-applicable.

European Commission, Guidelines on the Definition of an Al System
Established by the AIA (2024), https:/digital-strategy.ec.europa.eu/
en/library/commission-publishes-guidelines-ai-system-definition-facil-
itate-first-ai-acts-rules-application.

European Commission, High-Level Group on the Digital Markets Act: Public
Statement on Artificial Intelligence, Digital Markets Act (May 22, 2024). https://
digital-markets-act.ec.europa.eu/high-level-group-digital-markets-act-pub-
lic-statement-artificial-intelligence-2024-05-22_en

European Commission. Liability Rules for Artificial Intelligence. Last modified
February 12, 2025. https://commission.europa.eu/business-economy-eu-
ro/doing-business-eu/contract-rules/digital-contracts/liability-rules-artifi-
cial-intelligence_en.

European Commission, Proposal for a Regulation of the European Parliament and
of the Council Laying Down Harmonised Rules on Al (Al Act) and Amending
Certain Union Legislative Acts, COM(2021) 206 final (April 21, 2021).

European Commission, A Competitiveness Compass for the EU, Brussels,
29.1.2025 COM(2025) 30 final, available at: https://commission.europa.eu/
document/download/10017eb1-4722-4333-add2-e0ed18105a34 _en .

European Commission, Commission sets course for Europe’s Al leadership with
an ambitious Al Continent Action Plan, press release (9 April 2025), available
at: https://ec.europa.eu/commission/presscorner/detail/en/ip_25_1013 .

European Commission, Directorate General for Communication, Commission
proposes to cut red tape and simplify business environment (26 February
2025), available at: https://commission.europa.eu/news/commission-propos-
es-cut-red-tape-and-simplify-business-environment-2025-02-26_en .



TIMO MINSSEN | HANNAH LOUISE SMITH | SEBASTIAN PORSDAM MANN

European Data Protection Supervisor. Opinion 44/2023 on the Proposal for
Artificial Intelligence Act in the Light of Legislative Developments (October
23, 2023):11. https://www.edps.europa.eu/system/files/2023-10/2023-0137_
d3269_opinion_en.pdf

European Parliament and Council. Regulation (EU) No 536/2014 on Clinical Trials
on Medicinal Products for Human Use and Repealing Directive 2001/20/EC
(Text with EEA relevance), OJ L 158, May 27, 2014, 1-76.

European Parliament and Council. Directive (EU) 2024/2853 on Liability for
Defective Products and Repealing Council Directive 85/374/EEC (Text with
EEA relevance), PE/7/2024/REV/1, OJ L 2024/2853, (November 18, 2024).

European Parliament and Council. Regulation (EU) 2023/988 on General Product
Safety, Amending Regulation (EU) No 1025/2012 and Directive (EU) 2020/1828,
and Repealing Directive 2001/95/EC and Council Directive 87/357/EEC (Text
with EEA relevance), PE/79/2022/REV/1, OJ L 135, May 23, 2023, 1-51.

European Parliament and Council. Regulation (EU) 2022/1925 on Contestable
and Fair Markets in the Digital Sector and Amending Directives (EU)
2019/1937 and (EU) 2020/1828 (Digital Markets Act) (Text with EEA relevance),
PE/17/2022/REV/1, OJ L 265, October 12, 2022, 1-66.

European Parliament and Council. Regulation (EU) 2022/2065 on a Single Market
for Digital Services and Amending Directive 2000/31/EC (Digital Services
Act) (Text with EEA relevance), PE/30/2022/REV/1, OJ L 277, October 27,
2022, 1-102.

European Parliament and Council. Regulation (EU) 2017/746 on In Vitro Diagnostic
Medical Devices and Repealing Directive 98/79/EC and Commission Decision
2010/227/EU (Text with EEA relevance), OJ L 117, May 5, 2017, 176-332.

European Parliament and Council. Regulation (EU) 2017/745 on Medical
Devices, Amending Directive 2001/83/EC, Regulation (EC) No 178/2002, and
Regulation (EC) No 1223/2009, and Repealing Council Directives 90/385/EEC
and 93/42/EEC (Text with EEA relevance), OJ L 117, May 5, 2017, 1-175.

European Parliamentary Research Service, Algorithmic discrimination under
the Al Act and the GDPR (February, 2025). https://www.europarl.europa.eu/
thinktank/en/document/EPRS_ATA(2025)769509.

European Union, Charter of Fundamental Rights of the European Union, Official
Journal of the European Communities, C 364/1 (December 18, 2000).

European Union, Consolidated Version of the Treaty on the Functioning of the
European Union (TFEU) Official Journal of the European Union C 115 (May 9,
2008):94-95.

323



324

>[12] THE EUROPEAN Al ACT -PROMISES, PERILS & TRADE-OFFS IN A COMPLEX ...

European Union, Regulation (EU) 2024/1689 of the European Parliament and of
the Council on Al (AlA), Official Journal of the European Union, L 311/1 (July
12, 2024).

Farrell, Jimmy and Shamir, Afek, An Introduction to Codes of Practice for the Al
Act, EU Artificial Intelligence Act, last modified October 30, 2024, https://
artificialintelligenceact.eu/introduction-to-codes-of-practice/.

Gasser, Urs, and Mayer-Schénberger, Viktor. Guardrails: Guiding Human
Decisions in the Age of Al. Princeton University Press, 2024. https://doi.
org/10.2307/}j.6605394.

Gornet, Mélanie, and Maxwell, Winston. 2024. The European Approach to
Regulating Al through Technical Standards. Internet Policy Review 13 (3),
https://policyreview.info/articles/analysis/regulating-ai-through-techni-
cal-standards.

Grozdanovski, Ljupcho and De Cooman, Jérédme, On the Obsolescence of
Empirical Knowledge in the Age of Al, Rutgers Computer & Technology Law
Journal 49, no. 2 (2023): 123-145.

Haataja, Meeri and Joanna J. Bryson, What Costs Should We Expect from the
EU’s AIA? SocArXiv (2021).

Haeck, Pieter EU opens door to reworking Al rulebook, Politico (9 April 2025),
https://www.politico.eu/article/how-eu-did-full-180-artificial-intelligence-
rules/.

Ho-Dac, Marion, Considering FundamentalRightsin the European Standardisation
of Al: Nonsense or Strategic Alliance?, arXiv (January 23, 2024).

Holst, Luca et al, The Impact of the EU AlA’s Transparency Requirements on
Al Innovation, in Proceedings of the 19th International Conference on
Wirtschaftsinformatik, Wirzburg, Germany (2024).

International Association of Privacy Professionals, EU Al Act Stakeholder Map.
IAPP (May 2024). https://iapp.org/resources/article/eu-ai-act-stakeholder-
map/.

Jones, Joe, EU AIA: Next Steps for Implementation, International Association of
Privacy Professionals (January 2025), https://iapp.org/resources/article/eu-ai-
act-timeline/.

Kantner, Cathleen, What Is a European Identity? The Emergence of a Shared
Ethical Self-Understanding in the European Union, EUI RSCAS Working
Papers 2006/28 (2006).

Kasirzadeh, Atoosa, Two Types of Al Existential Risk: Decisive and Accumulative.
arXiv preprint arXiv:2401.07836 (2024).



TIMO MINSSEN | HANNAH LOUISE SMITH | SEBASTIAN PORSDAM MANN

van Kolfschooten, Hannah, EU Regulation of Al: Challenges for Patients’ Rights,
Common Market Law Review 59, no. 1 (2022): 81-112.

van Kolfschooten, Hannah, and Shachar, Carmel, The Council of Europe’s
Al Convention (2023-2024): Promises and Pitfalls for Health Protection,
Health Policy 138 (December 2023): 104935, https://doi.org/10.1016/.health-
pol.2023.104935.

Mann, Sebastian Porsdam, Cohen, I. Glenn and Minssen, Timo, The EU AlA:
Implications for U.S. Health Care, NEJM Al 1, no. 11 (October 2024), https://
ai.nejm.org/doi/pdf/10.1056/Alp2400449.

Marsden, Christopher T. and Christou, George Artificially Intelligent Regulation:
Global Norms, International Political Economy and the Brussels Effect, in
Proceedings of the 2024 International Conference on Al and Regulation (2024).

Ministry of Foreign Affairs of Japan, Hiroshima Process International Code of
Conduct for Organizations Developing Advanced Al Systems (October 30,
2023).

Moille, Céline, Popescu, Adelina and Scott, Gretchen, EU AIA Implementation
Timeline, Goodwin Insights (October 10, 2024), https://www.goodwinlaw.com/
en/insights/publications/2024/10/insights-technology-aiml-eu-ai-act-imple-
mentation-timeline.

Neergaard, Ulla and de Vries, Sybe, The Interaction between Free Movement
Law and Fundamental Rights in the (Digital) Internal Market, Renforce
Working Paper 1-2023 (2023): 1-30.

O'Regan, Ellen, Europe’s GDPR privacy law is headed for red tape bonfire within
‘weeks’, Politico (3 April 2025), available at: https://www.politico.eu/article/
eu-gdpr-privacy-law-europe-president-ursula-von-der-leyen/.

Organisation for Economic Co-operation and Development, OECD Framework
for the Classification of Al Systems, Paris: OECD Publishing (2022).

Orwat, Carsten et al., Normative Challenges of Risk Regulation of Al, NanoEthics
18, no. 2 (2024): 11, https://doi.org/10.1007/511569-024-00454-9.

Overseas Development Institute. International Al Governance Must Be Truly
Global, ODI (October 25, 2023). https://odi.org/en/insights/internation-
al-ai-governance-must-be-truly-global/.

Pelkmans, Jacques and Renda, Andrea Does EU Regulation Hinder or Stimulate
Innovation?, CEPS Special Report No. 96 (November 19, 2014), Brussels:
Centre for European Policy Studies.

Podszun, Rupprecht, From Competition Law to Platform Regulation: Regulatory
Choices for the Digital Markets Act, Economics 17, no. 1 (2023): 20220037,
https://doi.org/10.1515/econ-2022-0037.

325



326

>[12] THE EUROPEAN Al ACT -PROMISES, PERILS & TRADE-OFFS IN A COMPLEX ...

Price I, W. Nicholson and Cohen, |. Glenn, Locating Liability for Medical Al,
DePaul Law Review 73, no. 2 (2024): 339-368.

PYMNTS, European Commission Withdraws Draft Rules on Technology
Patents, Al Liability and Consumer Privacy (February 12, 2025), https://
www.pymnts.com/news/regulation/2025/european-commission-with-
draws-draft-rules-on-technology-patents-ai-liability-and-consumer-privacy/.

Shao, Shuai et al., Environmental Regulation and Enterprise Innovation: A Review,
Business Strategy and the Environment 29, no. 3 (2020): 1465-1478, https://
doi.org/10.1002/bse.2446.

Siegmann, Charlotte and Anderljung, Markus, The Brussels Effect and Artificial
Intelligence: How EU Regulation Will Impact the Global Al Market, Centre
for the Governance of Al (Aug. 2022). https://cdn.governance.ai/Brussels_
Effect_GovAl.pdf

Tallberg, Jonas, Lundgren, Magnus and Geith, Johannes, Al Regulation in the
European Union: Examining Non-State Actor Preferences, Business and
Politics 26, no. 2 (2024): 241-267, https://doi.org/10.1017/bap.2024.10.

Teo, Sue Anne, How Artificial Intelligence Systems Challenge the Conceptual
Foundations of the Human Rights Legal Framework, Nordic Journal of
Human Rights 40, no. 1 (2022): 216-34, https://doi.org/10.1080/18918131.20
22.2073078.

The White House. Fact Sheet: President Biden Issues Executive Order on Safe,
Secure, and Trustworthy Artificial Intelligence. Statements and Releases
(October 30, 2023). https://bidenwhitehouse.archives.gov/briefing-room/
statements-releases/2023/10/30/fact-sheet-president-biden-issues-execu-
tive-order-on-safe-secure-and-trustworthy-artificial-intelligence/.

Trump, Donald J., Executive Order 14179: Removing Barriers to American
Leadership in Artificial Intelligence, Federal Register 90, no. 5469
(January 23, 2025): 5469-5471. https://www.federalregister.gov/docu-
ments/2025/01/31/2025-02172/removing-barriers-to-american-leader-
ship-in-artificial-intelligence.

Veale, Michael and Borgesius, Frederik Zuiderveen, Demystifying the Draft
EU Al Act — Analysing the Good, the Bad, and the Unclear Elements of the
Proposed Approach, Computer Law Review International 22, no. 4 (2021): 97-
112, https://doi.org/10.9785/cri-2021-220402.

Wachter, Sandra, Limitations and Loopholes in the EU AIA and Al Liability
Directives: What This Means for the European Union, the United States, and
Beyond, Yale Journal of Law & Technology 26, no. 3 (2024):685.



/=\



328

GENERAL FRAMEWORK
OF REGULATION IN THE
[PEOPLE'S REPUBLIC OI-
CHINA ON ARTIFICIAL
INTELLIGENCE AND DIGITAL
TRANSIFORMATION

SUMMARY

I. Introduction Il. Laws regulating Al in China lll. Measures regulating Al in
China IV. Provisions on the management of algorithmic recommendations
in internet information services V. Other sectoral Al regulations and
technical standards in China VI. Al legislation proposals by leading experts
VII. Conclusion

> HUI ZHOU

Deputy director, associate professor. Department of cyber
and information law, Institute of law, Chinese Academy of
Social Sciences

>YUE ZHU

Assistant professor of law at Tongji University



HUI ZHOU

I. INTRODUCTION

he rapid advancement of artificial intelligence (Al) has significantly

transformed various sectors worldwide, prompting governments to

develop regulatory frameworks that address both the opportunities
and challenges presented by this technology. In China, the government has been
proactive in establishing various laws and regulations to guide the development,
deployment, and use of Al. These legal instruments aim to promote innovation
while safeguarding national security, protecting personal rights, and ensuring
ethical standards are upheld.

This brief provides an in-depth examination of China’s Al regulatory land-
scape, beginning with foundational laws such as the CSL, DSL, and PIPL. These
laws set the groundwork for data handling, personal information protection,
and cybersecurity, which are crucial for the responsible development of Al
technologies.

Further, the brief explores specific measures tailored to address the nuances
of Al technologies, including the Provisions on the Management of Algorithmic
Recommendations in Internet Information Services, the Provisions on the
Administration of Deep Synthesis Internet Information Services, the Interim
Measures for the Management of Generative Artificial Intelligence Services, and
the Measures for the Labeling of Al-Generated Synthetic Content (official draft
for suggestion). These regulations focus on algorithmic transparency, content
authenticity, and the ethical deployment of Al applications.

Additionally, the brief quite sketchily presents sector-specific regulations
and technical standards that guide Al applications in industries such as
finance, healthcare, transportation, and education. These sectoral regulations
complement the broader legal framework by addressing industry-specific risks
and requirements, ensuring that Al technologies are applied responsibly within
different contexts.
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Finally, the brief discusses proposed Al legislation, namely the MAIL and
AlL, which offer insights into the potential future direction of Al governance in
China. These proposals similarly emphasize ethical considerations, innovation
promotion, and the protection of individual rights, reflecting China’s consensual
commitment to shaping a legal environment conducive to responsible Al
development.

By analyzing all these instruments, the brief aims to provide a comprehensive
understanding of how China navigates the complex landscape of Al governance.
It highlights the country’s efforts to balance the encouragement of technological
innovation with the imperative to protect various rights and interests of state,
society, and individuals, thereby contributing to the global discourse on Al
regulation.

II. LAWS REGULATING Al IN CHINA

In China, several laws have been enacted to regulate various aspects of Al,
particularly focusing on network and data security, and personal information
protection. This section examines the Al-related provisions within three key
Chinese laws: As mentioned above, the CSL, the DSL, and the PIPL. These
laws collectively shape the regulatory landscape for Al in China by establishing
guidelines for data handling, personal information protection, and the legiti-
mate application of Al.

1. CSL

The Cybersecurity Law, effective since June 2017, serves as the foundational leg-
islation governing cybersecurity in China. While it does not explicitly mention Al,
its provisions have significant implications for Al systems, particularly concern-
ing data security, network security, and the obligations of network operators.

Key Al-Relevant Provisions:

Obligations of Network Operators: Network operators must implement
security measures to protect their networks and data from unauthorized access,
interference, or destruction. They are required to adopt technical measures to
prevent computer viruses and cyber-attacks. For Al systems, this means that
certain entities developing and/or deploying Al technologies must ensure
robust cybersecurity measures are in place to protect data integrity and prevent
malicious exploitation of Al algorithms.



HUI ZHOU

Network Product Security: Providers of network products and services shall
ensure compliance with mandatory requirements set forth by national standards
and must not include malicious programs. When security flaws or vulnerabilities are
discovered, they must immediately adopt remedial measures and inform users. Al
products and services covered herein shall adhere to these security standards, en-
suring the integrity and reliability of Al applications.

Prohibition of Malicious Activities: Individuals and organizations are pro-
hibited from engaging in certain activities that harm cybersecurity, including
providing programs or tools used for network intrusions. This may encompass
Al tools, including frontier Al tools, that could be used maliciously, potentially
placing legal responsibilities on developers and distributors of Al technologies.

Critical Information Infrastructure Security: Operators of critical information
infrastructure (Cll) have additional security obligations, including conducting se-
curity assessments and protecting important data. Al systems classified as part
of Cll mustimplement enhanced security measures, potentially affecting sectors
like finance, transportation, and healthcare where Al is increasingly integrated.

Implications for Al:

The CSL establishes a legal framework that affects Al development and de-
ployment in China. Al systems shall therefore comply with stringent cybersecu-
rity measures. Al companies must ensure that their network and data handling
practices align with the obligations set forth in the law. The emphasis on net-
work and data security directly impacts how Al technologies are developed,
implemented, and managed.

2.DSL

Effective from September 2021, the Data Security Law provides a comprehensive
framework for data handling and security in China. While not exclusively focused
on Al, the law's emphasis on data governance directly impacts Al systems that
rely heavily on data collection and processing.

Key Al-Relevant Provisions:

Definition of Data Handling: The law defines data handling as the collection,
storage, use, processing, transmission, provision, and disclosure of data. This
broad definition may encompass many Al activities involving data, making Al
systems subject to the law’s requirements.
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Categorized and Graded Data Protection System: The law establishes a sys-
tem to categorize and grade data based on its importance to national security,
public interests, or individual rights. Al systems processing important or core
national data must adhere to stricter security measures, including enhanced
protection protocols and potential restrictions on data handling practices.

Promotion of Data Development and Use: The law encourages the advance-
ment of data infrastructure and supports innovative applications of data in all
industries. It promotes research into data development and use technologies,
fostering Al innovation while ensuring data security. Al companies can poten-
tially leverage state support for research and development, aligning their inno-
vation strategies with national priorities.

Data Security Obligations: Entities handling data must establish data security
management systems and adopt necessary technical measures to ensure data
security. Al companies must implement robust data protection mechanisms
throughout the data lifecycle, including data encryption, access controls, and
regular security assessments.

The law also establishes systematic rules for data security risk assessment,
reporting, information sharing, monitoring, and early warning.

Implications for Al:

The Data Security Law imposes requirements on data handling practices, directly
affecting Al systems that depend on large datasets. Al operators covered shall
accordingly implement comprehensive data security measures and comply
with data classification and grading requirements. The law seeks to balance the
promotion of data-driven innovation with the protection of national security
and individual rights. Al companies must be vigilant in their data governance
strategies to align with these legal obligations.

3. PIPL

In effect since November 2021, the PIPL is China's first comprehensive law
dedicated to personal data protection. It introduces specific provisions related
to Al, particularly concerning automated decision-making and the rights of
individuals.

Key Al-Relevant Provisions:
Definition of Personal Information and Automated Decision-Making: Personal
information is defined as information related to identified or identifiable natural



HUI ZHOU

persons. Automated decision-making is defined as the use of \programs to
automatically analyze or assess personal behaviors and make decisions based
on that analysis. Al systems that process personal data for decision-making
probably fall under these definitions and are subject to the law’s provisions.

Transparency and Fairness in Automated Decision-Making: Personal infor-
mation handlers using automated decision-making must ensure transparency,
fairness, and justice in their processes. They must not engage in unreasonable
differential treatment of individuals in terms of trade conditions such as pric-
ing. This provision addresses concerns about Al algorithms potentially leading
to biased or unfair outcomes, mandating that Al systems be designed and
operated in a manner that is equitable.

Right to Explanation and Refusal: When automated decision-making pro-
duces decisions with a significant impact on individuals’ rights and interests, in-
dividuals have the right to request an explanation and to refuse the processing
based solely on automated decision-making. This empowers individuals to chal-
lenge Al-driven decisions that affect them, compelling Al developers to provide
mechanisms for human oversight and intervention.

Consent for Sensitive Personal Information: Handling sensitive personal
information generally requires obtaining separate consent from individuals. Al
systems processing such data must ensure they have the necessary consent and
implement strict protection measures, including enhanced security protocols
and access restrictions.

Obligations for Personal Information Handlers: Entities handling personal
information must adopt measures to prevent unauthorized access, leaks, or
misuse. They must conduct personal information protection impact assessments,
particularly when using personal data for automated decision-making. Large
platform operators with complex business models have additional obligations,
such as establishing independent bodies to supervise personal information
protection and publishing social responsibility reports. This promotes greater
accountability and transparency in Al operations.

Cross-Border Data Transfer: The PIPL imposes conditions on transferring
personal information outside of China, including passing security assessments
or obtaining certifications. Al systems that rely on cross-border data processing
must comply with these requirements, potentially impacting international Al
collaborations and data exchange.
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Implications for Al:

The PIPL has significant implications for Al systems that handle personal data.
It emphasizes individuals’ rights over their personal information, including the
right to explanation and refusal of automated decision-making. Al developers
in many circumstances must ensure transparency in their algorithms, avoid
biases, and implement mechanisms to allow individuals to exercise their rights.
The stringent consent requirements for sensitive data necessitate careful data
handling practices. Furthermore, Al companies must establish robust compliance
programs, conduct regular audits, and stay informed of legal developments to
mitigate risks.

Combined Implications for Al:
The interplay of these three laws creates a comprehensive regulatory
environment for Al in China. Al systems must navigate complex requirements.
Key considerations may include:

Data governance. Al relies on vast amounts of data. Companies must
implement robust data management systems, ensure data quality, and comply
with data classification and protection requirements. This includes adhering to
the categorized and graded protection system for data and ensuring secure
data storage and processing.

Algorithmic transparency and fairness. The emphasis on transparency and
fairness in automated decision-making requires Al developers to address algo-
rithmic biases and provide explanations for Al-driven decisions, aligning with
global concerns about ethical Al. Al systems must be designed to prevent dis-
crimination and allow individuals to understand and challenge decisions affect-
ing them.

Cross-border data challenges. Restrictions on cross-border data transfer
impact Al collaborations and operations involving international data flows.
Companies must assess their data transfer practices and explore mechanisms
such as security assessments or obtaining certifications to legally transfer data
abroad if necessary for global collaboration.

Innovation, While the laws impose obligations, they also support Alinnovation
through state initiatives. Companies can align their research and development
efforts with national strategies to leverage support and contribute to China's Al
development goals. The promotion of data development and use technologies
provides opportunities for Al advancement within the legal framework.
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. MEASURES REGULATING Al IN CHINA

In addition to the foundational laws governing cybersecurity, data security, and
personal information protection in China, several specific measures have been
introduced to further regulate the development and deployment of Al. These
measures address Al in specific contexts such as algorithmic recommenda-
tion, deep synthesis, generative Al, and the labeling of Al-generated content.
This section provides a comprehensive summary of four key regulatory instru-
ments: the Provisions on the Management of Algorithmic Recommendations in
Internet Information Services, the Provisions on the Administration of Deep Syn-
thesis Internet Information Services, the Interim Measures for the Management
of Generative Artificial Intelligence Services, and the Measures for Labeling of
Al-Generated Synthetic Content (official draft for suggestion). These measures
collectively aim to promote the healthy and orderly development of Al in China
while safeguarding national security, social order, and individual rights.

V. PROVISIONS ON THE MANAGEMENT
OF ALGORITHMIC RECOMMENDATIONS
IN INTERNET INFORMATION SERVICES

Effective from March 1, 2022, the Provisions on the Management of Algo-
rithmic Recommendations in Internet Information Services establish a reg-
ulatory framework for the use of algorithmic recommendation technologies
in internet information services. These technologies may include algorithms
that generate and synthesize content, provide individualized pushes, filter
searches, and make scheduling decisions to offer users information tailored
to their preferences.

Key Al-Relevant Provisions:

Compliance and Ethical Use: Service providers must adhere to laws and
regulations, respect social norms and ethics, and follow principles of fairness,
transparency, and accountability. They are required to prevent the use of
algorithmic recommendations for activities that endanger national security,
disrupt social order, or infringe on the lawful rights of others.

Entity Responsibility and Management Systems: Providers must implement
entity responsibility for algorithm security, establishing management systems
for algorithm mechanism checks, scientific and technological ethics reviews,
user registration, data security, and personal information protection. They must
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allocate professional staff and technical support proportional to the scale of
their services.

Algorithm Review and Assessment: Providers are required to periodically
check, assess, and verify algorithm mechanisms, models, data, and outcomes.
They must ensure that algorithms do not violate laws or ethical standards, such
as inducing users to become addicted or overspend.

Information Security Management: Providers must strengthen the man-
agement of information security by creating a database of characteristics
used to identify illegal and negative content. They must prevent the transmis-
sion of prohibited information and ensure that algorithmically generated or
synthesized content is conspicuously labeled if required.

User Modeling and Tag Management: Providers must manage user models
and tags responsibly, ensuring that unlawful or negative information is not used
to profile users or push content to them.

Transparency and User Choice: Providers must inform users conspicuously
about the algorithmic recommendation services they offer, including basic prin-
ciples and main operation mechanisms. They must provide users with options
to disable personalized recommendations and to select or delete user tags that
influence the algorithmic recommendations.

Protection of Special Groups: Special considerations are mandated for ser-
vices provided to minors, seniors, and laborers. For minors, providers must
prevent content that could negatively impact their physical and psychologi-
cal health and avoid inducing addiction. For seniors, services must consider
their needs and safeguard their rights, including protection against fraud. For
laborers, providers must ensure that algorithms related to work assignments
and compensation protect lawful rights such as fair wages and reasonable
working hours.

Fair Transaction Rights: In commercial transactions, providers must not use
algorithms to conduct unreasonable differential treatment of consumers, such
as discriminatory pricing based on consumer preferences or behavior.

Oversight and Filing Requirements: Certain poviders must perform filing
procedures, including submitting details about their algorithmic services.
Authorities establish a management system for oversight.

Implications for Al:

This measure places significant responsibility on Al developers and service
providers to ensure that their algorithmic recommendation systems are trans-
parent, ethical, and compliant with legal standards. It emphasizes user rights,
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including the right to understand and control how algorithms influence the in-
formation they receive. Al systems must also avoid discriminatory practices and
protect vulnerable groups, aligning with broader concerns about algorithmic
fairness and accountability.

Provisions on the Administration of Deep Synthesis Internet

Information Services

Effective from January 10, 2023, the Provisions on the Administration of Deep
Synthesis Internet Information Services specifically regulate technologies known
as "deep synthesis”, which include deep learning and virtual reality techniques
used to generate or manipulate content such as text, images, audio, and video.
This includes technologies that can create realistic virtual scenes or manipulate
or alter biometric information, often referred to in the context of “deepfakes”.

Key Al-Relevant Provisions:

Prohibition of lllegal Content and Activities: Service providers and users are
prohibited from using deep synthesis technologies to produce or disseminate
content that is illegal, harmful to national security, or infringes upon the rights
of others. Specifically, they must not create or spread fake news using deep
synthesis technologies.

Information Security Responsibility: Providers must implement primary
responsibility for information security, establishing management systems
for user registration, algorithm review, data security, and personal informa-
tion protection. They must have safe and controllable technical safeguard
measures in place.

Real Identity Verification: Providers must verify the real identity of users
through methods such as mobile numbers or identification documents, ensur-
ing accountability and traceability of users who access deep synthesis services.

Content Review and Management: Providers must strengthen the man-
agement of content generated through deep synthesis, reviewing user inputs
and synthesis outcomes. They must establish a database of characteristics to
identify illegal and negative content and take appropriate measures when such
content is discovered.

Mechanisms for Dispelling Rumors: Providers must establish mechanisms to
address and dispel misinformation or rumors generated through deep synthesis
technologies, reporting such incidents to relevant authorities.

Training Data Management: Providers and technical supporters must
manage training data responsibly, ensuring data security and compliance with
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personal information protection laws. If biometric information is involved, they
must obtain consent from the individuals concerned.

Security Assessments: Providers offering tools with certain functionalities,
such as generating or editing biometric information, must conduct security
assessments either independently or through professional bodies.

Mandatory Labeling: Providers must employ technical measures to attach
identifiers to content generated or edited using deep synthesis technologies.
Prominent labels are required for certain types of content that might cause
confusion or mislead the public, such as Al-generated text, voice, or images
that simulate real people.

User Appeals and Complaints: Providers must set up accessible channels
for user appeals, complaints, and reports, and must handle them promptly,
providing feedback on the outcomes.

Implications for Al:

The provisions address the potential misuse of Al technologies that can create
realistic synthetic content, especially so-called “deepfake” content, which
poses risks such as misinformation, fraud, and infringement of personal rights.
Al developers and service providers must ensure transparency through labeling,
obtain necessary consents, and implement robust security and ethical measures
in their technologies. The measures aim to balance innovation with the need to
prevent the negative societal impacts of deep synthesis technologies.

Interim Measures for the Management of Generative Artificial
Intelligence Services

Effective from August, 2023, the Interim Measures for the Management of
Generative Artificial Intelligence Services provide regulatory guidelines for the
development and use of generative Al technologies that produce content such
as text, images, audio, and video for public consumption.

Key Al-Relevant Provisions:
Scope and Application: The measures apply to the use of generative Al tech-
nologies to provide services to the public within China. They emphasize the
balance between promoting innovation and ensuring security, indicating a tol-
erant and cautious approach to regulation.

Compliance and Ethical Standards: Providers must adhere to laws and ad-
ministrative regulations, respect social ethics, and uphold mainstream social
values. They must prevent the generation of prohibited content, such as that



HUI ZHOU

which endangers national security, promotes extremism, or contains misin-
formation.

Non-Discrimination: During all stages of Al development and deployment,
providers must prevent discrimination based on factors like race, ethnicity,
gender, or health. This aligns with global concerns about Al fairness and the
prevention of biased outcomes.

Intellectual Property and Fair Competition: Providers must respect intel-
lectual property rights and commercial ethics, avoiding monopolistic practic-
es or unfair competition by exploiting advantages in algorithms or data.

Protection of Personal Rights: Providers must prevent the infringement of
others’ lawful rights, including rights to image, reputation, privacy, and per-
sonal information. They must avoid content that could harm the physical or
psychological well-being of individuals.

Data and Model Requirements: Providers must ensure that the data and
foundational models used in training have lawful sources. They must respect
intellectual property rights and obtain consent when personal information is
involved. Measures must be taken to improve the quality, truthfulness, and
diversity of training data.

User Privacy and Data Protection: Providers are responsible for the confi-
dentiality of user input and usage records. They must not collect unnecessary
personal information or unlawfully provide user data to others. They are ob-
ligated to respond to user requests regarding personal information access,
correction, or deletion.

Content Labeling: Providers must label Al-generated content, especially
images and videos, in accordance with existing provisions on deep synthesis
services. This ensures transparency and allows users to distinguish between
Al-generated and human-generated content.

Complaint and Reporting Mechanisms: Providers must establish mecha-
nisms for handling public complaints and reports, ensuring that issues are ad-
dressed promptly and feedback is provided.

Security Assessments and Filings: Certain providers must conduct security
assessments and comply with filing requirements.

Implications for Al:

These measures place comprehensive obligations on providers of generative
Al services to ensure legal compliance, ethical conduct, and the protection of
individual rights. For example, the emphasis on data quality and lawful sourcing
addresses concerns about Al models producing inaccurate or harmful content
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due to poor training data. Providers are encouraged to innovate responsibly
while being held accountable for the societal impacts of their technologies.

Measures for Labeling of Al-Generated Synthetic Content

(Official Draft for Suggestion)

As a draft measure not yet in effect, the Measures for Labeling of Al-Generated
Synthetic Content aim to standardize the labeling practices for Al-generated
content, enhancing transparency and protecting users from potential deception
or misinformation.

Key Al-Relevant Provisions:

Scope and Definitions: The measures apply to online information service
providers offering services that generate synthetic content using Al technologies.
Al-generated synthetic content includes text, images, audio, video, or other
information produced using Al.

Labeling Requirements: Service providers must add both explicit and im-
plicit labels to Al-generated content. Explicit labels are perceivable by users
and must be added in appropriate positions depending on the content type
(e.g., text notifications for text content, conspicuous symbols on images). Im-
plicit labels are embedded in the metadata of content files, including informa-
tion such as the provider’'s name and content reference number.

Verification and Regulation by Platforms: Online content transmission plat-
forms must verify whether uploaded content contains implicit labels and add
conspicuous notification labels when necessary. They are responsible for alert-
ing users if content is Al-generated or suspected to be so.

User Obligations: Service providers must explain labeling methods and
specifications in user agreements, ensuring users are aware of their obliga-
tions. Users are prohibited from maliciously deleting, altering, or conceal-
ing labels and must not harm others’ rights through improper labeling.

Compliance with Standards: Service providers must conduct labeling in ac-
cordance with another mandatory national standards, which is also soliciting
public suggestion, therefore ensuring consistency and compliance across the
industry.

Implications for Al:

By mandating clear labeling of Al-generated content, the draft measures
aim to enhance transparency and allow users to identify and assess content
appropriately. This is particularly important in combating misinformation and



HUI ZHOU

rumor and ensuring that users are not misled by synthetic content that appears
authentic. The measures encourage responsible use of Al technologies and hold
both service providers and users accountable for maintaining transparency.

Combined Implications for Al

The four measures collectively reinforce China’s commitment to regulating Al
technologies in a manner that promotes innovation while safeguarding national
security, social order, and individual rights. Key themes across these measures
include:

Transparency and Accountability. Providers of Al services are required to be
transparent about their algorithms, data sources, and the nature of the content
they generate or recommend. Mandatory labeling of Al-generated content
ensures that users are aware when they are interacting with synthetic media.

Content Management and Security: Providers are responsible for preventing
the dissemination of illegal or harmful content, including misinformation,
extremism, and content that could negatively impact vulnerable groups such as
minors and seniors. Robust content review mechanisms and security measures
are mandated.

Ethical Use of Al Technologies: The measures stress adherence to ethical
standards, including respect for intellectual property rights, prevention of
unfair competition, and avoidance of practices that could lead to addiction or
exploitation of users.

Protection of Individual Rights. There is a strong emphasis on protecting
personal information, preventing discrimination, and safeguarding the lawful
rights and interests of individuals. Al systems must be designed and operated
to respect privacy, image rights, and prevent harm.

Regulatory Oversight and Compliance: Providers must comply with filing
requirements, security assessments, and cooperate with regulatory authorities.
Non-compliance can result in penalties, including fines and suspension of
services.
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V. OTHER SECTORAL Al REGULATIONS
AND TECHNICAL STANDARDS IN CHINA

In addition to the overarching laws and specific measures previously discussed,

China has implemented, and is enacting, various sector-specific legal instru-

ments and technical standards to further guide the development and applica-

tion of Al across different industries. These sectoral regulations complement

the broader legal framework established by the laws and measures mentioned

above. A surely incomplete list of the most important contexts include:

1.

Financial Sector Regulations. Banks, insurance companies, and other financial
institutions are encouraged to use Al to improve service efficiency while
ensuring compliance with cybersecurity and data protection laws. Strict
security measures are required when using Al technologies for activities
like credit scoring, fraud detection, and personalized financial services.
Compliance with data localization and cross-border data transfer regulations
is crucial.

Healthcare Sector Regulations. Al systems used for medical and diagnostic
support must meet stringent safety standards, and patient data must be
protected in accordance with personal information protection laws. It is
worthwhile to mention that the National Medical Products Administration
provides guidance on the registration and evaluation of Al-based medical
devices, ensuring they meet quality and safety requirements before entering
the market.

Autonomous Vehicles and Transportation. The Ministry of Industry and In-
formation Technology has issued policies to promote the development of
autonomous driving technologies. Regulations focus on safety testing, data
security, and the protection of passenger information. Companies testing
autonomous vehicles must obtain necessary permits and ensure compli-
ance with traffic laws. Besides, several local governments, such as Beijing,
have implemented specific guidelines for the testing and deployment of au-
tonomous vehicles on public roads, including requirements for safety driv-
ers and reporting of test results.

Technical standards also play a crucial role in guiding the development and

deployment of Al technologies. China has been actively developing national

standards to ensure consistency, safety, and interoperability of Al systems. Chi-

na also actively participates in international standardization organizations like

the International Organization for Standardization (ISO) and the International
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Electrotechnical Commission (IEC), contributing to global Al standards and
aligning domestic standards with international practices.

Allthese sectoralregulationsandtechnical standards complementthe general
laws and measures previously discussed. They provide detailed requirements
tailored to specific applications of Al, ensuring that industry-specific risks are
managed effectively. Together, they form a comprehensive, well-balanced, and
indeed workable regulatory ecosystem. Entities operating within these sectors
must not only comply with the general laws and measures but also adhere to the
specific regulations and technical standards relevant to their industry. This multi-
layered approach ensures that Al technologies are developed and applied in a
manner that is consistent with China’s policy objectives and legal requirements.
As Al continues to evolve, these regulations and standards will play a crucial role
in guiding stakeholders toward sustainable and socially beneficial Al innovation.

VI. Al LEGISLATION PROPOSALS
BY LEADING EXPERTS

Chinese legal experts have proposed comprehensive legislative frameworks to
guide the responsible development and application of Al. Two notable expert
proposals are the MAIR and AIR. While neither is a binding legal instrument,
they offer valuable insights into the potential future direction of Al regulation
in China. This section provides a summary of these two proposals, and a
comparative analysis of their key features.

Overview of the MAIL
The MAIL is the earliest expert draft proposal aiming to suggest for a
comprehensive legal framework for Al governance in China.

Key Provisions:

Scope and Application: The law applies to Al-related activities within China and
extends to activities outside China that affect its national security or the rights
of its citizens.

Principles of Al Governance: It outlines several guiding principles, including:
Human-Centric Approach, Al should promote human welfare and remain under
human supervision and control; Safety and Security, necessary measures must
be taken to ensure the safety and security of Al systems and related data;
Openness and Transparency, Al providers should appropriately label Al systems
and clarify their purposes, principles, and effects; Accountability, Al developers,
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providers, and users are responsible for their respective activities; Fairness and
Equality, Al should avoid unreasonable differential treatment and consider the
needs of special groups like minors and the elderly; and, Green Development,
encouraging the use of energy-saving technologies in Al development.

Promotion of Al Development: Infrastructure Support, the state supports build-
ing Al infrastructure, including public computing resources and data centers; Al-
gorithm and Model Innovation, encouraging open-source platforms and the pro-
tection of foundational models; Data Supply, supporting constructing foundational
and specialized databases, promoting data sharing and ensuring data quality; In-
dustrial Development, accelerating the application of key Al technologies in various
industries; and, Talent Cultivation, supporting educational institutions in improv-
ing Al-related disciplines and research.

Regulatory Framework: Negative List Oversight System, establishing an "Al
negative list” for Al applications that require licensing due to potential risks;
Licensing Requirements, outlining conditions for obtaining licenses, including
legal entity status, security measures, and compliance systems; Obligations of
Al Developers and Providers, specifying safety obligations, risk management,
transparency, explainability, fairness, and ethical review requirements; and,
Special Obligations for Foundation Models, developers of foundational Al
models have additional responsibilities, such as ensuring security, openness,
and assisting others in compliance.

Comprehensive Governance Mechanism: Regulatory Authorities, estab-
lishing a China Administration of Artificial Intelligence as the main authori-
ty for Al governance; Collaborative Governance, promoting a governance
mechanism involving government, corporations, industry self-regulation,
and user self-discipline; and, Expert Committees, establishing national and
local committees of experts on Al ethics.

Liabilityand Penalties: Administrative Penalties, specifyingfinesand corrective
measures for violations; Civil Liability, outlining tort liability for damages caused
by Al systems; Exemptions, providing liability exemptions for open-source Al
providers under certain conditions; and, International Cooperation, encouraging
participation in international Al rule-making and cooperation, aiming to develop
global governance frameworks.

Overview of the AIL
The AL is another influential proposal by Chinese academics that seeks to
establish a legislative framework for Al governance.
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Key Provisions:

Scope and Application: Applies to Al development, provision, and use within
China, and to activities outside China that affect its national security or citi-
zens' rights.

Al Regulation Principles: Scientific and Technological Ethics, Al development
should be people-centered, respect personal freedom and dignity, and
promote public welfare; Innovative Development, implementing inclusive and
prudent supervision, encouraging Al industry innovation while ensuring safety;
Fairness and Impartiality, Protecting legitimate rights and interests, avoiding
unreasonable differential treatment; Transparency and Explainability, requiring
Alto be transparent and explainable, providing users with necessary information;
Safety and Accountability, Al entities must adopt measures to ensure safety and
bear corresponding legal liabilities; and, Proper Use, Al must comply with laws,
respect ethics, and not harm national security or public interests.

Promotion of Al Development: Infrastructure Development, strengthening
Al infrastructure, including computing resources and public data platforms;
Intellectual Property Protection, protecting Al-related intellectual property
rights and encourages innovation; Open Source Ecosystem, supporting build-
ing open-source platforms and communities; Data Utilization, encouraging
data sharing and reasonable use of data for Al development; and, Industry-Ac-
ademia Integration, promoting collaboration between enterprises, education-
al institutions, and research bodies.

Protection of Users’ Rights and Interests: Equal Rights, ensuring universality
and fairness in Al products and services; Right to Know, providing users with
clear information about Al services, including functions, purposes, and risks;
Privacy Protection, safeguarding personal information and prohibits unlawful
data retention and provision to others; Right to Explanation and Refusal, users
can request explanations of Al decisions and have the right to refuse or withdraw
from Al services; and, Protection of Vulnerable Groups, considering the needs of
minors, the elderly, and people with disabilities.

Regulatory Framework: Main Oversight Departments, assigning respon-
sibilities to relevant government departments for Al supervision; Grading and
Categorization, establishing a system to grade and categorize Al based on im-
portance and potential harm; Special Supervision of Critical Al, implementing
special management for critical Al applications, such as those affecting personal
rights or used in critical infrastructure; Risk Monitoring and Emergency Response,
developing mechanisms for Al security monitoring and incident response.
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Obligations of Al Entities: Security Obligations, Al developers and pro-
viders must ensure safety, conduct risk assessments, and report major inci-
dents; Content Security, must prevent the generation of illegal or harmful
content and add identifiers to Al-generated content. Compliance Guide-
lines: Ensure certain products and services comply with laws and regulations.

Special Application Contexts, including but not limited to: Use by State
Organs, Al decisions can only be references for administrative actions; Judicial
Al: Al assists in judicial work but cannot replace human judgment; Medical Al:
Al decisions serve as references in medical activities; Autonomous Driving:
Requires appropriate licenses and prioritizes safety.

Liability and Penalties: Administrative Penalties, specifying fines and correc-
tive measures for violations; Civil Liability, outlining tort liability for damages,
including punitive damages in severe cases; and Safe Harbor Rules, providing
conditions under which Al service providers are exempt from liability.

Preliminary Comparative Analysis

While both proposals aim to establish comprehensive Al legislation in China,
there are a few notable consensuses and differences in their approaches and
emphases.

Similarities:

* Comprehensive Scope: Both laws cover Al development, provision, and use
within China and extend to activities affecting China from abroad.

* Guiding Principles: Both emphasize ethical considerations, including hu-
man-centric development, safety, transparency, fairness, and accountability.

® Promotion of Innovation: Both support Al innovation, infrastructure
development, data sharing, and open-source ecosystems.

® Protection of Rights: Both prioritize the protection of individual rights, in-
cluding privacy, personal information, and the rights of vulnerable groups.

* Regulatory Oversight: Both establish regulatory frameworks involving gov-
ernment authorities responsible for Al governance.

e Liability Provisions: Both outline legal liabilities for Al developers, providers,
and users, including administrative penalties and civil liabilities.

* International Cooperation: Both recognize the importance of participating in
global Al governance and promoting international cooperation.
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Differences:

Regulatory Structure:

¢ MAIL: Establishes a specific authority, the China Administration of Artificial
Intelligence (CAAI), as the main regulatory body, and introduces a Negative
List oversight system requiring licenses for certain Al applications.

e AlL: Distributes regulatory responsibilities among relevant government
departments without specifying a central authority and emphasizes a grading
and categorization system for Al oversight.

Licensing and Oversight Mechanisms:

* MAIL: Requires licenses for Al applications on the Negative List and details
the licensing process, conditions, and obligations.

e AIL: Focuses on registration and special supervision for critical Al but does
not specify a licensing system like the Negative List.

Obligations for Foundation Models:

¢ MAIL: Imposes specific obligations on developers of foundational Al models,
including security measures, openness, and assisting others in compliance.

¢ AlL: Mentions foundation models in the context of critical Al but provides less
detail on specific obligations.

Promotion of Open Source:

¢ MAIL: Encourages open-source development and the establishment of open-
source Al foundations.

e AlL: Supports building open-source platforms but places more emphasis on
intellectual property protection and reasonable use of data.

Special Application Scenarios:

* MAIL: Does not elaborate extensively on specific application scenarios but
includes general provisions for Al use by state organs.

e AlL: Provides detailed provisions for specific Al applications, such as judicial
Al, medical Al, social bots, biometric recognition, and autonomous driving.

Liability and Exemptions:

¢ MAIL: Offers liability exemptions for open-source Al providers under certain
conditions and details about administrative penalties.

e AlL: Introduces safe harbor rules for service providers and includes punitive
damages for severe violations.

347



348

>[13] GENERAL FRAMEWORK OF REGULATION IN THE PEOPLE’S REPUBLIC OF CHINA ...

Both the MAIL and AlL reflect China's proactive approach to Al gover-
nance, aiming to balance innovation with regulation and ethical consider-
ations. While sharing common goals, they differ in regulatory structures,
empbhasis on licensing mechanisms, obligations for foundational models, and
approaches to liability and international measures. Both proposals contribute
valuable perspectives to the ongoing discourse on Al legislation in China. As
China continues to refine its Al governance strategies, these expert contribu-
tions will possibly contribute to future legislation, shaping the country’s role
in the global Al landscape.

VIil. CONCLUSION

China's regulatory approach to Al reflects its commitment to both advancing
innovation and upholding rights and interests of state, society, and individuals in
an increasingly complex digital landscape. Through a multifaceted and sector-
specific framework of foundational laws, specific regulatory measures, sectoral
guidelines, and technical standards, China seeks to balance the benefits of
Al with the responsibilities it entails. In sum, China's Al regulatory landscape
provides a robust, open, and very promising regulatory framework. As the global
Al landscape evolves, China's approach will probably influence international
norms and inspire continued discourse on achieving responsible, ethical, and
sound Al development worldwide.
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I. INTRODUTION

n 2002, the National Institute of Standards and Technology (NIST) of the

United States used the photographs of 120,000 Mexicans to train its Facial

Recognition Vendor Test (FRVT). These photographs of individuals who had
requested an entry visa to the United States and went to a consular appointment
to be photographed. When the algorithm was developed, the Department
of State gave NIST access to a database that contained the photographs of
over six million Mexicans, and NIST took a sample of individuals who had been
photographed twice".

Two and a half decades after the start of these periodical evaluation exer-
cises, NIST has consolidated as an authority worldwide in the evaluation of fa-
cial recognition and analysis. The importance of these evaluations is such that
different stakeholders in the computational verification of identity treat NIST
evaluation results as a quality stamp, a guarantee of the good

functioning of any given facial recognition system. One of the companies that
benefits from their high position in NIST's annual ranking is Incode Technologies.
This biometric verification company was founded by Ricardo Amper, and it
is regarded as a success story for Mexican entrepreneurship in Silicon Valley.
Incode Technologies, which has contracted with different public and private
organizations in Mexico, states in their marketing materials that the enterprise is
ranked in the first place in their category in NIST's evaluation?.

1 NIST. Summary of NIST Standards for Biometric Accuracy, Tamper Resistance, and
Interoperability. 13 nov 2002.
https://www.nist.gov/system/files/documents/2021/10/25/ist_ appendix _pact _ nov02.pdf

2 Incode. Incode’s Stellar Performance in NIST FRTE 1:N Identification Testing: A Testament to
Accuracy and Leadership in Facial Recognition. 17 sept 2024.
https://incode.com/blog/incodes-stellar-performance-nist-frtr- Ln-identification-testing/
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Facial recognition is a form of computer vision that abstracts human faces into
numerical objects, enabling their analysis in big databases, and it is one of the
forms of artificial intelligence that has seen more technological advancements in
the lastfew years. Itis also one of the most controversial ones: its use in predictive
policing and court proceedings has been problematized by racial bias and other
discriminatory practices® that emerge from the different layers of the artificial
intelligence process. These layers include the creation of the data corpus for
algorithmic training, the construction and structuring of the databases, the
development of machine learning algorithms, and their application in different
spheres of public life.

One of the applications of computerized facial recognition and analysis in
Mexico is public safety. In April 2019, after an all-expenses-paid trip to China to
tour Dahua Technology's factories, the then-governor of the state of Coahuila,
Miguel Angel Riquelme, announced the purchase of 1,281 video surveillance
cameras enabled with facial recognition capabilities, to be used in nine dif-
ferent cities. The purchase was made through a direct award, and the global
CEOQO of Dahua Technology, Zhijie Li, attended the press conference for the an-
nouncement in Saltillo.4 Since then, other cities have made similar purchases,
such as Ciudad Juérez in 20224, Different civil society organizations and journal-
ists have denounced the lack of transparency over the deployment of the facial
recognition technology, particularly its effectiveness, and the data used for and
captured by its operation®.

Dahua Technology is not the only international vendor of artificial intelli-
gence for public safety in Mexico. Another notable case is Thales Group, the
French information technology company that has operated the Ciudad Segu-
ra, “Safe City” project since 2009. This project built cameras, and, more broad-
ly, an infrastructure network for the Command and Control Center, known
as C5, in Mexico City® and in other cities across the country. In the words of

3 Joy Buolamwini and Timnit Gebru. “Gender shades: Intersectional accuracy disparities in
commercial gender classification”. Conference on Fairness, Accountability and Transparency.
PMLR, 2018.

Y Elizabeth Rosales, “Ciudad Juarez compra equipos de videovigilancia a firmas chinas
vetadas por EE.UU”", Empower LLC, 7 june 2023 https://lempowerllc.net/2023/06/07/
chihuahua-coahuila-videovigilancia

5 Federico Pérez Villoro y Paloma Robles, “Vigilancia biométrica: el tortuoso camino de
Coahuila hacia el reconocimiento facial”, Quinto Elemento Lab, 11 de noviembre de 2020,
https://quintoelab.org/project/vigilancia-biometrica-reconocimiento-facial-coahuila.

6 Madeleine Watterberger, “C5, la millonaria promesa de videovigilancia de CDMX que no
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Jean Marie Letort, then vice-president of the cybersecurity advisory board of
Thales, their product enables “not just the surveillance and footprint analy-
sis of a criminal, but the prevention of crime through video surveillance sys-
tems that use artificial intelligence to prevent a delinquent’s culmination of
a crime”’. To date, Thales Group and the Command and Control Centers
have not made any documents public to allow for independent evaluations
of the algorithms, which would analyze the video captured by their cameras.
There is no transparency around the origin of the data used as a corpus for
algorithmic training tasks. We do not know, for instance, if there are automat-
ed decision-making processes, or if human verification is required at any step;
nor do we know if there are any oversight or review resources for cases where
computer analysis gives incorrect results.

Beyond the origin of data for artificial intelligence, the creation of algorithms
and applications, and the import of algorithms made in other countries, Mexico,
in the present day, is one of the countries that host big data centers where data
are stored, processed, and distributed. These centers are a key site for artificial
intelligence. In a way, one could say that the cloud is, among other places, in
Mexico. In May 2024, Microsoft announced the launch of their first hyperscale
data center in the country, with a financial projection of earnings over 70 billion
dollars®. Data centers require an ample amount of material resources, especially
electricity, as well as water to cool their infrastructure. Microsoft built this new
data center in Coldén, a district in the state of Querétaro that, at the start of 2024,
had experienced exceptional and extreme drought?®.

These prior examples show that Mexico has served as a space of creation for
the original data behind facial recognition technology, a role that it continues
play through its contracts with international companies and local governments.
The country has also been the site of implementation for different computer

previene ni resuelve delitos”. Animal Politico, 14 February 2021, https://www.animalpolitico.
com/2021/02/c5-millonaria-promesa-videovigilancia-cdmx-no-resuelve-delitos.

7 Eréndira Reyes, “Camaras con IA de la CDMX ya podran evitar delitos”, Expansion, 5 June
2019, https:/lexpansion.mx/tecnologia/2019/06/05/camaras-con-ia-de-la-cdmx-ya-podran-
evitar-delitos.

8 Microsoft, “Microsoft launches its first hyper-scale cloud datacenter region in Mexico”,
Microsoft, 7 May 2024, https://news.microsoft.com/es-xl/microsoft-launches-its-first-hyper-
scale-cloud-datacenter-region-in-mexico/

9 Viviana Estrella, “Querétaro, con 14 municipios en sequia extrema y excepcional”,

El Economista, 1 January, 2024 https://www.eleconomista.com.mx/estados/Queretaro-con-
14-municipios-en-sequia-extrema-y-excepcion al-20240101-0050.html.
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vision algorithms; both made in Mexico and abroad. Finally, the Mexican territory

has also provided material sustenance, in terms of energy and natural resources,

to the infrastructures needed for data processing and other artificial intelligence
tasks by transnational companies.

In other words, these prior examples show the different ways and dimensions
in which artificial intelligence has already made an impact in Mexico, as well as
the ways that Mexico has made an impact on artificial intelligence worldwide.
From these examples, questions emerge to guide national discussions on
facial recognition and other forms of artificial intelligence away from potential
problems, and into the actual, already existing challenges. We pose these
questions as a guide to the discussion of regulatory frameworks and general
guidelines for implementation:

1. What are the institutional configurations that allowed for the use of Mexican
citizens' personal photographs in the United States for the early training of
facial recognition algorithms in 2002, and what safeguards should Mexico
build to protect the biometric data of its citizens, both in Mexico and abroad?

2. How can we extend the protections we lacked in 2002 to the present day
uses of biometric data in Mexico, especially amidst the rise of biometric
technology contracts between local governments and companies abroad?
What safeguards should there exist when Mexican governments enter
commercial agreements with companies originally based in countries such
as China, the United States, France, and Israel?

3. Regarding the use of artificial intelligence for public security, which aspects
of algorithmic transparency should never remain in the opacity of alleged
commercial secrets or national security? What regulations and transparency
provisions are necessary so that audits on algorithmic bias and alignment
can also be undertaken in Mexico?

Y. Regarding the data centers in Mexico, which forms of environmental
impact analysis and water management should be part of accountability
requirements to construct data centers in Mexico? How can we ensure
that the communities at the sites where these centers are built receive the
benefits, not the harms, of artificial intelligence?

In this chapter, we analyze some of the needs that arise from the current state
of artificial intelligence in Mexico, as well as some of the responses that have
arisen in computer science and critical data studies research.
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II. ALGORITIHMIC HARMS AND
REGULATION BASED ON HUMAN RIGHTS
FRAMEWORKS

CASE STUDY: FANID (FEDERACION MEXICANA DE FUT-
BOL E INCODE TECHNOLOGIES)

The social studies of artificial intelligence have generated analysis and evidence
on the social costs and harms perpetrated by the use of algorithms in everyday
decision-making. For example, in 2016, news outlet ProPublica published an
investigation into COMPAS, a predictive algorithm of recividism widely used
in the United States justice system, which aims to assist judges’ decisions by
providing scores on individuals’ likelihood to commit a crime. ProPublica
analyzed the cases of 10,000 individuals accused of crime, and it compared the
recividism rates predicted by COMPAS against the real recividism rates two years
later. The journalists concluded that the algorithm led to twice as many errors
among people of color as it did among white people, among other algorithmic
racial biases'®. This algorithmic bias was reflected in court decisions on bail and
release dates. ProPublica’s research was one of the first to demonstrate the real
harms of predictive algorithms in legal decision-making, and it inspired the
analysis of harms caused by the use of algorithms in other industries.

In Mexico, despite the existence of a data science and predictive algorithms
industry, we do not have evidence of the effectiveness of the algorithms
in use yet, and we have even less evidence of their social impact. These are
algorithms designed and employed in private contexts that have no algorithmic
transparency requirements. On the face of this commercial opacity, social
research has focused on the side of the offer: the private industry that sells data
science and artificial intelligence as a service, generally through consultancies
or through software development. Their main clients are in industries such as
banking, telematics and transport protection, and commerce. There have also
been Mexican developments in artificial intelligence applications for security,
workplace and human resources management, and identity verification. These
services have focused on specific applications of computer vision, such as facial
recognition and biometric data analysis.

10 Jeff Larson et al.,, “How We Analyzed the COMPAS Recidivism Algorithm”, ProPublica, 23
may 2016, https://www.propublica.org/article/how-we-analyzed-the-compas-recidivism-
algorithm.
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One of the most paradigmatic cases of artificial intelligence uses for public
security in Mexico is FanlD, a project for the biometric verification of soccer
spectators in stadiums. FanlD arose as a technological solution in response to
an episode of extreme violence in a soccer match in Querétaro. Facing criticism
from soccer fans due to the security crisis that led to a tragedy during a match
on March 5th, 2022, the Mexican Soccer Federation announced an agreement
with Incode Technologies to use artificial intelligence and biometric verification
to increase security in different stadiums across the country” The Security and
Citizen Protection Secretary announced a series of meetings with the Mexican
Soccer Federation where the design of FanID was discussed. However, they re-
fused to release meeting documents when a citizen requested them via a trans-
parency request, Mexico's equivalent to a Freedom of Information Act request'?.

The social and technical promise that FanlD makes is the elimination of
anonymity in soccer stadiums, giving security teams a tool to identify and vet
any person who engages in delinquent behavior. In practice, FanlD was built
as a digital platform that includes a mobile application where users upload
their photograph, accompanied by their government-issued ID, and by other
personal data such as their phone number and an email address. In the platform,
this application integrates with the database that holds all of these personal
identifiable data. Incode’s facial recognition algorithms would allow security
teams to identify offending individuals through photographic comparison, and
to flag them in the system to ban their entry to future matches or stadium events.

With the implementation of FanID, different questions arise regarding the
harms that such an ambitious biometric project could cause. In December
2022, different stadiums across the country announced FanlD registration as
an entry requirement for certain soccer matches. On the one hand, to ensure
its functioning, FanID would need the universal participation of soccer match
spectators; however, is it reasonable to condition a person’s entry to owning a
smartphone with adequate specifications for the FanID platform? The idea is
that this would become compulsory for every spectator over 18.

N Incode Technologies. “How Fan ID Transformed Mexican League Football”. Incode
Technologies, 2 march 2023 https://incode.com/blog/how-fan-id-transformed-mexican-
league-football/.

12 INAI “Stenographic Version of the Ordinary Plenary Session on the Federal Law of
Transparency and Access to Public Information (INAI)”. INAI, September 6, 2023.https://
home.inai.org.mx/wp-content/documentos/AudiosyVersionesEstenograficas/06-09-
2023SesionPl_eno_VE.pdf.
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Another question that arises in an all-ages space is the management of the
personal identifiable data of spectators under 18. Is parental consent enough to
give a minor's biometric data, especially in early childhood, when they attend a
soccer match with their parents? What effects could they experience as a result
of their early inclusion in FanID, and how could it impact their right to privacy in
the future? For the time being, in November 2024, the FanID website says that
underage verification has not yet begun, but it will in the future; it currently is
under review at the Instituto Nacional de Acceso a la Informacién y Proteccidon
de Datos Personales (INAI), Mexico's data privacy watchdog.

Given multiple major leaks of personal data in Mexico in recent years, a
platform such as FanID raises questions about the harms of potential secu-
rity breaches. Soccer fans are sharing their photographs, scans of their gov-
ernment-issued identification cards, and their phone numbers. How should
the Mexican Soccer Federation and Incode Technologies protect user data?
Which protocols must exist to mitigate the possible leaks of information, as
well as the individual violations that could arise in a stadium? Further, if FanID
compiles personal and sensitive data such as biometrics, could they eventual-
ly be used to cross-reference with other databases? In 2023, the INAI plenary
discussed a transparency request of someone who wanted to know if FanID
was cross-referencing with Plataforma México, a data platform for public se-
curity that uses computer vision to find information, for instance, on individu-
als with criminal backgrounds. This request points to well-founded concerns
over the cross-referencing of data enabled by FanID, highlighting the need for
data protection guidelines for the private use of biometrics in a wider context
of data for public security.

Some of these questions were reflected in INAIl's final documents on
FanlD. After the Mexican Soccer Federation announced an agreement with
Incode Technologies, also involving the Security and Citizen Protection Sec-
retary, INAIl asked to review an impact evaluation that had been undertaken
by Incode Technologies and the Mexican Soccer Federation in June 2022.
Even if INAI primarily works with public, not private, entities, the scale of this
project across the country made it necessary to analyze the impact FanlID
would have on personal data management at the national level, all in the
name of public security.

In August 2022, INAI announced “a normative-operative analysis regarding
the treatment of personal data in the application of Fan ID, with the objective
of upholding the principles, duties, and obligations in the Federal Law for the
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Protection of Personal Data under the Posession of Private Entities™. One of its
recommendations was to perform an analysis before building the platform in
order to confirm the inexistence of “less invasive mechanisms to promote safety
in stadiums” given the national and international antecedents of harms from
large scale biometric management. Later, in November 2022, INAI warned that
FanID had “important gaps regarding the safeguard of the personal data that
would be collected”.

Considering that stadiums would eventually announce the deployment
of FanID in December 2022, one has to wonder how much importance was
really given to INAl's technical analysis of the project. On the one hand, the
early involvement of a biometrics-based identity verification company had the
most significant consequence. It meant that INAl's main recommendation, the
genuine search for less invasive mechanisms to support security tasks in soccer
stadiums, would hardly be taken into consideration. On the other hand, with
Mexico's current data protection framework, private entities are not required
by law to undertake any privacy impact evaluations, nor to follow INAIl's
recommendations on any evaluations that do take place.

Under other legal frameworks, or in a context with different institutional
configurations, the FanID platform would never have been able go forward
in the way it was designed and implemented. There would also be public
documentation on the normative-operative analysis undertaken by INAI; in
Mexico, the Institute refused the transparency requests for these documents,
alleging that their analysis contained industrial secrets®™. In other words, the
current personal data protection framework does not protect citizens from the
mass collection of biometric data when private entities are involved. Due to
industrial secrets and the Industrial Property Law, INAI does not require the
publication of the documents for further privacy impact analysis, or the audit
of artificial intelligence systems at play. It is the perfect legal and institutional
configuration to promote algorithmic opacity.

13 INAL “Inai emite opinidn técnica sobre el documento que presentaron la FMF y la LigaMX
ante uso de sistema FanID en estadios”. INAI, AUGUST 2022 https://home.inai.org.mx/wp-
content/documentos/SalaDePrensa/Comunicados/Comunicado%20INAI-248-22.pdf

14 INAL “INAI concluye evaluacion de Fan ID: FMF reforzard medidas para proteger datos
personales y privacidad de aficionadas y aficionados”. INAI, 6 november 2022. https:/home.inai.
org.mx/wp-content/documentos/SalaDePrensa/Comunicados/Comunicado%20INAI-341-22.pdf

15 Red en Defensa de los Derechos Digitales. “INAl y LigaMX ocultan funcionamiento del
FanID". [INAI and LigaMX hide the FanID operations].
https://r3d.mx/2023/01/10/inai-y-ligamx-ocultan-funcionamiento-del-fan-id/
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Cases such as FanlID are, therefore, at the center of civil society discussions
on artificial intelligence in Mexico and other countries in Latin America. This
case exemplifies the way that technological advancements reach contexts with
frameworks and values coded in times that had very different technological
possibilities from the ones of today. With the drive to seize new possibilities
to solve old problems, product design is rushed, leaving no room to examine
the sociotechnical legacy that prior solution and governance efforts left behind.
Computer vision technologies for biometric identification land in a context that
grants more protections to industrial property and private interests than to the
individual and collective right to privacy.

This is why different professional associations, civil society organizations, and
researchers on responsible artificial intelligence call for the development of an
Al design and regulatory framework that centers human rights.

“Any attempts to regulate technology must focus on the protection of human

rightsasthe mainandindisputable objective, with considerationforthe current

social reality in the country where the regulation will have an impact, and at
the same time, and equally importantly, consider the mechanisms required

to promote innovation and the development of technical competencies in

the country”.

Hidvegi and Leufer propose to center artificial intelligence discussions on
human rights, reinforcing the basic rights of those who would be most harmed
by the applications of artificial intelligence. In other words, every application of
artificial intelligence must examine its impact on the basic rights of all people,
and then society must abandon the projects that sacrifice the rights of some
for the benefits of others. It is the sociotechnical application of a legal maxim:
human rights are non-negotiable.

Hidvegi and Leufer, as well as civil society organizatons, propose the
centering of human rights in artificial intelligence discussions as a counterpart
to the mode of analysis that sacrifices the basic rights of minoritized groups for
the sake of the protection of broader groups. The utilitarian spirit underlying
this type of decision-making has led to technologies and practices that society
would hardly accept if their impact on the rights of complete populations were
discussed.

16 Fanny Hidvegi y Daniel Leufer, “The EU should regulate Al on the basis of rights, not risks”.
EDRI, 24 de marzo de 2021, https://edri.org/our-work/eu-should-regulate-ai-on-the-basis-
of-rights-not-risks/.
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Unfortunately, Al regulation in Mexico has followed guidelines that are in-
compatible with a human-rights-centric approach. Using the regulatory frame-
work of the European Union as a reference has enabled the adoption of Al ap-
plications that align with principles of public and national security, despite the
violations to human rights they might perpetrate. A recent study of the regulato-
ry roads for Al in Latin America concludes that regulation in Mexico “is centered
on risks that have not arrived yet, and it overlooks specific dangers of biometric
mass surveillance under the premise of ‘national security’"". The FanID platform
is an example of the mass biometric surveillance this report denounces. The
European framework allows for the use of similar platforms for migration control
in the region, and particularly in refugee camps.

Risk-based models are not sufficient to protect people from the harms

generated by artificial intelligence. A model centered on human rights will

help delineate each of the obligations for human rights that must be met at
each step in the artificial intelligence lifecycle'®.

What elements should a human-rights-centric regulatory framework for
Al include? Access Now proposes the adoption of transparency principles,
efficient oversight instruments that include rights impact studies, localized
analysis, and the upholding of the law (and the ability to sanction). The FanlD
case only partially meets only one of these recommendations: on paper, they
did undertake a privacy impacts evaluation.

lll. BIAS AND THE REPRESENTATION O
MINORITIZED GROUPS IN ARTIFICIAL
INTELLIGENCE

CASE STUDY: PUBLIC SECURITY CAMERAS

ENABLED WITH FACIAL RECOGNITION IN COAMHUILA

AND CIUDAD JUAREZ

In 2017, Joy Buolamwini, computer scientist at the Massachusetts Institute of
Technology, began to study the workings behind facial recognition algorithms.

17 Consorcio Al Sur, df“Los caminos regulatorios para la A en América Latina”. 2024 https://
www.alsur.lat/sites/default/files/2024-09/ALSUR%20-%201A%20en%?20Latam%20
%5BESP%5D.pdf

18 Ibid.
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Buolamwini, as a Black researcher, soon realized that the systems constantly
failed when she tried to use algorithms to recognize her own face". To render
her face legible to the algorithms and the cameras in her tests, sometimes she
would have to wear a white mask. After this remarkable finding, she has since
studied the ways artificial intelligence excludes and perpetrates harms against
minoritized groups such as Black people in the United States.

Buolamwini’s research catalyzed a wave of audits and investigations into
the ways artificial intelligence incurs in racial discrimination. Tarleton Gillespie
describes these consequences as "representational harms” of artificial intelli-
gence, which articulates the harms perpetrated by systems when they include
few or bad data of a population or minoritized group?. In other words: the facial
recognition algorithms did not read Buolamwini’s face because they had not
been trained on Black faces. The resulting discussion from this line of research is
known more popularly as artificial intelligence bias.

In Mexico, we do not yet have ample research projects that study, demon-
strate, or elucidate our understanding on the ways that algorithmic bias plays
out in the country. However, some Al developments that have taken place in the
last few years leave us with questions that point in this direction. We are dealing
with the same technologies and algorithms that did not recognize Buolamwini'’s
face in her testing, and now their use is widespread in Mexico in the context of
public security.

In April 2019, after an all-expenses-paid trip to China to tour Dahua Tech-
nology’s factories, the then-governor of the state of Coahuila, Miguel Angel
Riquelme, announced the purchase of 1,281 video surveillance cameras en-
abled with facial recognition capabilities, to be used in nine different cities?'.
Other cities in the country have followed the same trajectory. For example,
also in 2019, the Mexico City government announced its plans to renew and
augment 18,500 video surveillance cameras in the city to opt for cameras with

19 Joy Buolamwini y Timnit Gebru. “Gender shades: Intersectional accuracy disparities
in commercial gender classification. “ Conference on Fairness, Accountability and
Transparency. PMLR, 2018.

20 Tarleton Gillespie, “Generative Al and the Politics of Visibility”, Big Data & Society 11, no. 2
(2024): 20539517241252131, https://doi.org/10.1177/20539517241252131

21 Segundo informe de gobierno, Miguel Angel Riquelme Solis, Gobernador Constitucional

del Estado de Coahuila de Zaragoza, 2017-2023" [Second mandate report, Miguel Angel
Riguelme Solis, Constitutional Governor of the State of Coahuila of Zaragoza], Gobierno
de Coahuila, accessed 5 February 2023, https://coahuila.gob.mx/archivos/pdf/micrositio/
Documentos%20del%20Segundo%20Informe%20de%20Gobierno/2o-Informe.pdf
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high resolution, 360° vision, free wifi, increased storage (from 7 to 30 days), as
well as facial and car plate recognition??. Cities in Chihuahua and Jalisco also
made similar acquisitions.

The arrival in Mexico of facial recognition technology made in China shows
parallels with the entry of the same products into the African continent. Also
in 2019, Zimbabwe entered a commercial agreement with Chinese companies,
such as CloudWalk and Hikvision, to become the first country to introduce
Chinese cameras into Africa?®. This program turned out to be a pilot to expand
the technical capabilities of these companies so that their products could
recognize African faces; they donated equipment to Zimbabwe, and Zimbabwe,
in turn, gave back its citizens’ data?. In the case of Coahuila, two circumstances
obscured our knowledge on whether a similar agreement to the one in Zimbabwe
happened in Mexico: the government'’s decision to reserve all contracts and
acquisition documents, and the industrial secret opacity that protects Dahua
Technology. There are no public documents that indicate how Mexicans' faces
are captured, stored, or transferred, nor the uses that Dahua Technology may
make of them when they are under the company’s custody.

In the context of institutional opacity, one of the confounding aspects about
the workings of these technologies relates to the data sources for the training of
their underlying algorithms, as well as for cross-referencing. What is the corpus
they use to work in the Mexican market, and what is the data provenance at play?
We know that, under Mexican law, the country’s largest biometrics database,
which is the Federal Voter Registry, cannot be used for algorithmic training
purposes, nor for cross-referencing with public security cameras. However, there
are other databases that may be in use. Do Coahuila’s security cameras cross
reference with, for instance, Plataforma México? Or do they cross reference with
the Ministry of Foreign Affairs’ passport and visa databases?

Beyond data provenance and algorithmic training, there is no clarity on how
the information that results from these artificial intelligence deployments will

22 Gobierno de la Ciudad de México. “Visidon 360°" [360° vision], Centro de Comando, Control,
Cémputo, Comunicaciones y Contacto Ciudadano de la Ciudad de México, June 3, 2019,
https://c5.cdmx.gob.mx/storage/app/media/Boletin/Vision-360.pdf.

23 The Herald, “Chinese tech revolution comes to Zim”. The Herald, 9 october 2019. https://
www.herald.co.zw/chinese-tech-revolution-comes-to-zim/

24 Jili Bulelani, “The Rise of Chinese Surveillance Technology in Africa”. Electronic Privacy
Information Center. 31 may 2022. https://epic.org/the-rise-of-chinese-surveillance-
technology-in-africa/
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be used. Are there human validation steps each time the technology gives a
match or flags an individual? Will there be oversight requirements for erroneous
identifications? If these technologies are integrated into public security systems,
will their data also be used in court proceedings?

Generally, this deployment of Al-based surveillance cameras in public spaces
emerges in parallel to other uses of Al in public life. For instance, in the past
decade, private companies

have sold predictive algorithms to industries such as banking and retail in
Mexico. These uses of artificial intelligence in public life raise questions: What
data biases exist in the Al applications already in use today? What would we
need in order to redress the most harmful social biases in their operations? Who
is most disproportionately harmed by these practices?

Algorithmic biases have caused the need for initiatives that augment
the representation of minoritized groups, contents, and values in artificial
intelligence’s different layers. Some efforts have promoted this representation
throughthe designoftoolsthatincorporate underrepresented data. These efforts
require, in some instances, the creation of training data for machine learning.
For instance, the Data Against Feminicide project at the Data + Feminism Lab
at the Massachusetts Institute of Technology had to generate its own datasets
in order to develop a news detection tool for gender-based violence, given its
importance for regional efforts for building national feminicide registries?.

We can find more examples of these kinds of initiatives among the projects
supported by Red de Investigacién Feminista de Inteligencia Artificial, Feminist
Artificial Intelligence Research Network, which seeks to identify and correct bias
in artificial intelligence and other digital spaces, especially regarding gender
bias. In Argentina, AymurAl, an initiative by the civil society organization Data
Género and Criminal Court 10, supports data collection on gender-based
violence in court sentences. The use of artificial intelligence in this context allows
for faster data collection for gender equality research as, without it, data would
have to be manually consulted, sentence by sentence, resulting in high costs of
time, labor, and emotional impact, as is typical of in gender-based violence data
creation work?¢. Data on gender-based violence in court systems have been
central to discussions on topics such as feminicide.

25 Catherine D’Ignazio, I. Cruxén, H. Sudrez Val, A. Martinez Cuba, M. Garcia-Montes, S.
Fumega y W So. “Feminicide and counterdata production: Activist efforts to monitor and
challenge gender-related violence”. Patterns 3(7), 2022.

26 Ibidem.
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Another example of artificial intelligence tools against gender bias, also
from Argentina, is E.D.I.A. This project is a collaboration between civil society
organization Via Libre and two computer science professors who developed
a natural language processing tool to find gender bias in text. In their pilot,
they tested the tool with 500 middle school workers in Argentina to incorporate
their tool into their classrooms, using Al to bring evidence on the material ways
that gender bias takes place in everyday life. Finally, it is worth highlighting the
work that creates artificial intelligence that serves workers and their rights. In
the current gig and platform economy, where independent workers register to
provide different services, how platforms are designed makes it impossible for
workers to communicate amongst themselves?. La Independiente is another
project supported by Red de Investigacion Feminista that seeks to use artificial
intelligence to promote communication and workers' support networks among
that may be hindered by the platforms where they work?8.

These artificial intelligence projects, as well as others supported by Red
de Investigacion Feminista, exemplify the way that we can develop artificial
intelligence that incorporates and centers groups historically marginalized in
computational development. To reduce gender bias, we must work with women
and individuals across gender diversity, and find applications of technology that
can support the road to equality.

V. DATA CUSTODY AND A POSSIBLE
SOVEREIGNTY POLICY FOR ARTIFICIAL
INTELLIGENCLE

CASE STUDY: IMMIGRATION MANAGEMENT
TECHNOLOGIES IN LATIN AMERICA

At the start of this chapter, we highlighted the case of the consular database of
Mexican faces that served as a training corpus for facial recognition algorithms.

27 Mary Gray, Mary y Siddharth Suri. Ghost work: How to stop Silicon Valley from building a
new global underclass. Eamon Dolan Books, 2019.

28 Maya De Los Santos, Norma Elva Chavez, Alberto Navarrete, Cristina Martinez Pinto, Luz
Elena Gonzalez, Tatiana Telles-Calderon, and Saiph Savage. 2023. La Independiente:
Designing Ubiquitou Systems for Latin American and Caribbean Women Crowdworkers.

In Adjunct Proceedings of the 2023 ACM International Joint Conference on Pervasive and
Ubiquitous Computing & the 2023 ACM International Symposium on Wearable Computing
(UbiComp/ISWC ‘23 Adjunct), October 08--12, 2023, Cancun, Quintana Roo, Mexico.
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In 2002, there were no counterweights or safeguards that could impede the
United States Department of State from giving NIST access to a database
with the data of over six million Mexicans. At the same time, it is difficult to
imagine that individuals who took their photo back then to request an entry
visa would imagine that their facial data would be used to train technology for
the computerized detection of faces, especially long before facial recognition
became a prominent topic in public discourse.

This same dynamic, personal data reappropriation with objectives that differ
from the initial ones, can be seen in Incode Technologies and the Mexican
Soccer Federation’s Fan ID. It is hard to imagine that someone who wants
to attend a soccer match is also interested in consenting to the use of their
personal data for the automated analyses of their face, especially for purposes
other than soccer spectatorship. Today’s regulatory framework does not allow
such soccer spectators to know what are the analyses that Incode Technologies
and the contracting Federation agreed upon for the FanID program.

Finally, this dynamic becomes evident as well as imported public security
cameras enabled with facial recognition get deployed in public space.
International experiences show evidence of the data extraction enabled by these
commercial agreements, and it is hard to imagine, in the context of contracting
opacity, that local governments in Mexico would have advocated for the privacy
rights of the people to be recorded by these cameras. How can we guarantee
Mexicans' right to privacy when their personal data cross borders, given away
by local administrations?

The harms of this trajectory of extraction become even more evident with
technologies that use Mexican data to then turn them against the interests of
Mexicans. A paradigmatic case of this relationship is immigrations management
technology, including a suite of mobile applications launched in the past decade,
during the COVID-19 pandemic. As part of the immigrant applications across
the region, Mexican migrants, as well as migrants from from other countries in
Latin America, are expected to give their biometric data. Despite the fact that
these applications are managed in different countreis, migrants sometimes use
them while they are in Mexico, and many of the users are Mexican themselves.
Given the impact of these technologies on the rights of migrants, particularly
their rights to privacy and personal data protection, international organizations
have analyzed the use of technology in the immigration context. Amnesty
International questions the technological promise made by immigration
authorities, which guarantee individuals that it would be easier to request asylum
through these applications, showing that the reality was more complicated.
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In a study with hundreds of migrants and their accompanying organizations,
Amnesty International found that there were significant challenges to use the
application?.

Different research groups have studied the technical characteristics of these
applications, documenting the technological decisions with the highest impact
on the privacy of migrants.

Some examples are the requirement to activate a mobile phone’s geoloca-
tion sharing, and the obligation to take user photographs through the applica-
tion. Another controversial technological decision has been the ‘liveness’ test
requirements, as migrant rights organizations denounce that migrants from
Haiti and Africa have found that the application cannot recognize individuals
with darker skin tones. The former UN Special Rapporteur on the Contempo-
rary Forms of Racism, Racial Discrimination, Xenophobia, and Related Forms
of Intolerance, E. Tendayi Achiume, expressed her concern for the potential to
create problems around privacy and non-discrimination®.

She proposes the understanding of these technologies as a mechanism of
digital racial borders, used to impede the movement and migration of individuals
based on their race®. The discrimination against Black faces perpetrated by
the application is the most evident example of the ways this technology works
for exclusion; however, the data that gets collected may cause different types
of harms especially in the emergency context that migrants in Latin America
inhabit, and it becomes urgent to evaluate the impact of such technologies.

Although border digitization may bear the veneer of a more humane approach

to traditional border technology, a study of the southern border found that

the introduction of”smart” borders resulted in a more than doubling of

border deaths. Those dying are almost exclusively Black and Brown migrants
and refugees®.

29 Amnistia Internacional. “CBP One: ;Una bendicién o una trampa?” Amnistia Internacional,
8 de mayo de 2024. https://www.amnesty.org/es/documents/amr51/7985/2024/es/

30 Naciones Unidas. “Discriminacidn racial y xenéfoba y uso de tecnologias digitales en
el control de fronteras e inmigracidn. Informe de la Relatora Especial sobre las formas
contempordneas de racismo, discriminacion racial, xenofobia y formas conexas de
intolerancia, E. Tendayi Achiume”. A/HRC/48/76, 17 December 2021. https://documents.
un.org/doc/undoc/gen/g21/379/64/pdf/g2137964.pdf

31 E. Tendayi Achiume. “Digital Racial Borders”. AJIL Unbound. 115:333-338. d0i:10.1017/

aju.2021.52

32 Ibid.
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Similarly to all the cases mentioned in this chapter, the documentation on the
technical development of the platform, its artificial intelligence algorithms, and
its impact assessments are not available to the public. Particularly, in the cases
where a foreign government collects.

Mexicans and migrants’ personal data while they are in Mexican territory,
data custody questions arise. What regulatory framework would have to exist
to protect the right to privacy of Mexicans on the face of these uses of artificial
intelligence? What measures would be needed to guarantee that data collected
in Mexico will not be used against Mexicans by other governments or enterprises
abroad? How can we extend the same guarantees to migrants and refugees
from other countries crossing Mexican territory?

These questions point to the need of a data sovereignty policy in Mexico.
Data sovereignty becomes indispensable in a context where the value of ana-
log data changes with the advent of computational analysis. The photographs
that individuals gave on their visa applications in the 1990s changed value when
their use for facial recognition algorithmic training became possible. The pho-
tocopies and back up photographs of government-issued identification cards,
such as Mexico's voter card, changed value when private companies began to
store them in soccer spectator databases. The selfie taken with a mobile phone
changed value when it was subjected to a liveness test, intentional or acciden-
tally designed to exclude Black faces, on a border database.

To ideate a data sovereignty policy in the country, we must recognize the
importance that data have in the development of public policy and the ad-
vancement of social welfare®:. If we will create data for the functioning of new
tools to solve the problems we face, we must accept the importance and fra-
gility of these data. Data creation and use processes must be accompanied by
clear regulation that guarantee the uses for welfare, and protect Mexicans from
private and public extraction in Mexico and abroad.

“We conceive a sovereignty policy as one defined from the standpoint of

the interests of the society where it emerges, without influence from foreign

interests, and which responds to the diverse priorities and needs in Mexi-
co. Moreover, a policy anchored in a human rights perspective proactively
works to reduce inequality, and for all people, no matter their condition, to
see their rights protected on the face of the risks of Al-based systems, and

33 Paola Ricaurte (ed). Hacia una politica de Inteligencia Artificial centrada en los derechos
humanos: Oprtunidades y Recomendaciones. 7 de octubre de 2024, https://zenodo.org/
records/13899856.
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to have, if they desire, access to the benefits of these technologies for a life
with dignity”.

—Paola Ricaurte et al., "Hacia una politica de Inteligencia Artificial centrada
en los derechos humanos: Oportunidades y Recomendaciones”

V. CONCLUSION

In this chapter, the authors analyzed some of the developments and applications
of artificial intelligence that have already taken place in Mexico, as well as the
tensions that they reveal between computational analysis and social welfare.
We focus primarily on facial recognition technologies, a type of computer vision
that is proliferating rapidly in Mexico for the purposes of identification, public
and private security, and immigration control. Our analysis explains some of
the technical requirements that affect the rights of Mexicans, as well as the
current challenges for impact evaluations and algorithmic responsibility audits.
We particularly describe the difficulties for the research and auditing of artificial
intelligence in the context of opacity enabled by the configurations of public
and private stakeholders, both domestic and foreign, in Mexico. We show how
these decisions bring about algorithmic harms not just in potential, but in ways
that are already actualized in Mexican public life.

Based on this analysis, the authors see the following opportunities for dis-
cussing regulatory frameworks for artificial intelligence in Mexico:

1. To prevent and redress the algorithmic harms of present and future artificial
intelligence applications in Mexico, the regulatory framework and general
implementation guidelines must center human rights. Before every devel-
opment or application, we must ask: Who would be most disproportionate-
ly affected by this endeavor? How can we guarantee that the system will not
violate anyone’s basic rights?

2. To avoid the algorithmic harms that arise specifically from bias, Mexico must
invest in developments by minoritized groups and populations who have
been absent from mainstream discussions on artificial intelligence. Feminist
data science is an example of the conceptual and practical frameworks that
can guide such efforts.

3. As the value of personal data expands in the context of artificial intelligence
technologies, one of the biggest challenges to the right to privacy in Mexico
is the extraction of Mexicans’ personal data for profit abroad. Al regulation in
Mexico must contemplate the sovereignty of Mexican data.
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. LAW AS AREGULATORY SCIENCE

ccording to Dr. José Ramoén Cossio Diaz, Law is not an absolute,

independent, or self- sufficient science. There is a symbiotic rela-

tionship between Law and Science, as the former needs to regu-
late the latter, but due to the exponential scientific evolution, the latter needs
to be nourished by the former and understand that, without seeking the help
of the scientific sphere, Law is in a limited state, unable to understand and re-
solve the controversies that arise in our complex contemporary reality’.

For his part, Dr. Villoro Toranzo re-examines the notion of Saint Thomas
Aquinas that “The Law is nothing more than a reasonable ordering, for the
common good, promulgated by one who has care of the community” to explain
the normative essence of Law and the contemplative function of the jurist. Spe-
cifically, this scholar refers to the work of the jurist with respect to the creation
of a norm, which lies in drawing upon knowledge from other sciences (such as
psychology and economics) to understand the legal reality. Once the legal real-
ity is known, the work of the jurist is to order it through norms, for which the first
thing to dois to value whether the legal data (that compose the legal reality) are
just or unjust, and then discover the instrument that will regulate this reality and
address the legal data for finally applying the legal instrument?.

The argument of Villoro Toranzo and other authors has been raised again as to
when the process of copyright creation should be understood as a norm, a
simple exercise of contemplation of reality to understand and then regulate it in

1 Cossio Diaz, José Ramon, Law and Science. Tirant lo Blanch, México City, México, 2015,
Chapter 1.
2 M. Villoro Toranzo, Introduction to the study of Law. Porrda, México City, México, 1972.
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accordance with the sanctions of the just and unjust according to a certain social,
political, and temporal context, which at times makes us forget the notion that law is
inherently reactive and, in this sense, that first it must exist in order to be taken as a norm
to then be understood and then to try to regulate it. The above takes on much greater
relevance when we think about how the cultural and social contexts that transformed
us in ancient times and today have been reversed. This principle, unpredictable
for the authors who have referenced it, has been reversed by the great impetus and
speed in the changes brought about by technology in the ecosystem. As has been
established before, we can conclude that, by visualizing the reality of law, it is clear
that the second, technological and natural, comes after the first.

Technological development has had the consequence that the legal reality
referred to by Cossio Diaz and Villoro Toranzo is now more difficult to understand
and contemplate later as a norm. The legal reality is accelerated by technological
development, which is more rapid than the ability that law has to digest the legal
facts and principles and to create assumptions and consequences. This explains
why with such speed, the legal systems become anachronistically obsolete or,
more recently, the legal systems that will deal with a new specification and “fall
short” in the face of the acceleration of technology.

Followingthisschematicoffactual reality andlawas aregulating activity, itis evident
that while society was creating new social contexts, law responded with norms that
intended to prevent and resolve disputes in its contemporary environment. For
example, in the early stages of our civilization, the protection and preservation of
life and the right to private property were paramount. With the passage of time,
society required principles that guaranteed the creative freedom of the human
soul and safeguarded to the greatest extent the freedom of expression, a right that is
recognized as a personal and inalienable creative right to be an author, and its power
to authorize or prohibit its exploitation and to enjoy the fruits of itis guaranteed.

One of the first antecedents registered in our historical records is the protection
system for the recipes of the Sybaris, in ancient Greece, documented in an initial
instance by Atheneus of Naucratis and later retrieved by the German historian
Conrad Cichorius in 1922. This system consisted of the cooks who created a new
dish, which would be a favorite among diners, receiving the exclusive right to prepare
it, with the exception of the rest of the population, for a period of one year. This
protection was limited to the territory of Sybaris.3

3 M. Witty, Athenaeus: describes the most ancient intellectual property, Prometheus, Pluto
Journals, Leicester, England, 2018.
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Another precedent, considered for the birth of Intellectual Property Law?, is
the Statute of Queen Anne of 1710, which replaced the “Licensing Act”, and
which established for the first time that the right to print a copy (copyright) belonged
only to persons in addition to the publishers (stationers), granting rights over the
printing of a specific work, for 14 years that could be renewed for another 14 years
if the author was still alive, or for the duration of 21 years non-renewable for those
works already in force in the Statute. Authors such as Deborah Halbert, with whom
we agree, have ruled that the true intention underlying the Statute of Queen
Anne of 1710, rather than constituting a legal framework for the protection of
authors' rights, was really an instrument designed to allow the English crown to
regulate the incipient printing industry, and thereby exercise censorship over
this powerful and revolutionary technology that allowed for mass dissemination,
which was dangerous for the monarchy®. The result is fascinating as this topic is
still relevant today, in which we observe fascinating tensions between freedom of
thought, neuro-rights, freedom of expression, content moderation, censorship,
and that which Madison called the capture of democracy by a “factional ego”®
which has been well portrayed by Dr Pedro Salazar when he has referred to the
contemporary kakistocracy that simultaneously detains political power, economic
and ideological. “The Trump-Musk duo and the gang that surrounds them are the
greatest danger to our freedoms that has ever existed in the modern history of
humanity. The amalgamation of powers, which they hold, with its dissociative drift,
threatens the bonds of community and without defense””.

Regardless of the above, Halbert introduces a notion that we will return to later,
in the sense that “the battles in copyright law reflect the mutually exclusive
intentions of maintaining authority and control and the need to relax control to

Y This term is used in Mexico by Dr. David Rangel Medina, and it is the one | prefer instead of
“intellectual property”, because it reflects the true nature of this disciplinary field, whose first
principle and ultimate purpose is social. Rangel Medina, David, Intellectual Law, National
Autonomous University of Mexico, Mexico, 1999.

5 Probably it is not a coincidence that the English Monarchy survived while the French
Monarchy did not, probably because the French Monarchy failed to impose a powerful
censorship on the illustration ideas. Hence it was not until the creation of internet (the niece of the
print machine) that humanity understood the real dimension of monarchies around the world,
as a decorative institution, instead of being a divine institution.

6 Hamilton, Alexander, et al, The Federalist Papers. Signet Classics, an Imprint of New
American Library, a Division of Penguin Group, USA, 2005.

7 Salazar, Pedro, Kakistocracia ‘reloaded’, column in El Financiero, January 29, 2023, available at
https://www.elfinanciero.com.mx/opinion/pedro-salazar/2023/01/29/kakistocracia- reloaded.
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facilitate the circulation of a work). Each person’s stance in this debate depends
on their economic incentive to either share or control information”. In addition, he
takes up the notion of Bred Sherman and Alan Stowel that “copyright is a normative
body that must be ‘put in context,” which means that it is currently being subjected
to the historical scrutiny to which other aspects of Law have already been subjected”,
highlighting the importance of considering the legal reality of a giventime and place
in history to understand the normative system proposed by Law to regulate it®.

Now, creations of the mind, specifically artistic works (regardless of their nature),
like Law itself, have been the subject of a transformation driven by technological
development and the tools and media made available to creators. Randall Parker
and Ken Jordan refer to the relationship between artists and scientists, as the
former, like judges, use the latter’s advances to implement improvements in their
processes and results: “subsequent generations of artists sought and found
integrated forms and interdisciplinary strategies to express their concern for
the individual and social condition and the extreme states of subjective experience.
In the years since World War |l, scientists have pursued personal computing and
human-computer interactivity as vehicles to transform consciousness, expand
memory, increase knowledge, intensify intellect and empower creativity. The
idealistic and ideological aspirations of both groups have given rise to a new
medium that emphasizes individual choice, free association, and personal
expression”. Specifically, Packer and Jordan Mention as relevant advances for
the creation of multimedia to internet, the CD-ROM, the digital camera and virtual
reality, understood as the multimedia as a way of concatenated art, to which artists
such as Wassily Kandinsky referred as the corset of arts that, when used properly,
will give rise to truly monumental art®.

Intellectual Property Law has known how to adapt to changing standards that
impose a new legal reality reformed by technology. While Copyright Law emerged
in the modern Western world, without being expressly planned, from an editorial
control mechanism over printing presses, it is true that it is the most noble of legal
disciplines, having had an impressive capacity for evolutionary adaptation to the
reality that has historically surrounded it.

In response to the technological revolutions of our civilization, law has had to
react, sometimes with equanimity and other times convulsively, to the advent

8 D.J. Halbert, Intellectual Property in the Information Age, Quorum Books, Connecticut. USA,
1999.

9 R. Packery K. Jordan, Multimedia From Wagner to Virtual Reality, Norton C Company, New
York, USA, 2001.
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of new technologies. It has had to find forced solutions due to the fact that, while law
provides for factual situations and grants legal consequences, it is also true that
many controversies are not provided for in the normative assumption, and therefore
there is no applicable legal body for that particular situation. These controversies
are usually resolved through jurisprudence, in those cases where judges venture
to assume them as such and make an interpretive and integrating effort that allows
them to solve new problems with existing legal tools.

| do not believe that itis necessary to create a new right for Artificial Intelligence (Al), in
the same way that Judge Frank Easterbrook did not believe it was necessary to create
anew right for the horse™. When he referred to the supposed right of Cyberspace™, Alis
permeating, transversally, countless aspects of our civilization as we know it today. We
consider that a good part of the legal questions arising around the Generative
Artificial Intelligence (GAI) can be resolved with existing legal tools. Again, judges will
have to venture to assume it, and not as legal automatons. In some areas, such as
the criminal or corresponding to Administrative Sanctioning Law'?, where strict
normativity is needed, because it deals with strictly defined environments, where
interpretation isnotpermitted, asinthe case of crimes oradministrative infringements.

Of course, in the medium and long term, legislative, public policy, and gov-
ernance developments surrounding Al will be welcomed. Similarly to what was
expressed by Judge Easterbrook, Dr. Cossio has used the analogy of Railroad Law™;
when this new means of transport was created, there were no legal precedents that
regulated the legal and illicit acts that arose from its adoption. This did not result
in the creation of a new railroad regime. Judges simply began to resolve the new
controversies that arose with this technological innovation. Over time, jurispru-
dential criteria were formed and specific laws were issued for that field (for exam-
ple, in the labor, criminal, contractual, and regulatory fields).

10 Easterbrook, Frank H., Cyberspace and the Law of the Horse, University of Chicago Legal
Forum: Vol. 1996: Article 7, https://chicagounbound.uchicago.edu/uclfivol1996/iss1/7/

N Recently in Mexico, we have seen a proliferation of legislative initiatives that define
“cyberspace” as a legal term, with very different and even contradictory natures, the term
comes from the novel of the “Neuro-Romancer” a science fiction trilogy from Gibson: Gibson,
William, Neuromancer, Ace Science Fiction Books, New York, USA, 1984

12 Seejurisprudence 2a./). 124/2011 (10a.), NORMS OF ADMINISTRATIVE LAW. FOR THEM TO
RESULT IN THE PRINCIPLES THAT GOVERN THE SANCTIONING ADMINISTRATIVE LAW,
IT IS NECESSARY TO HAVE THE QUALITY OF BELONGING TO THE ADMINISTRATIVE LAW.,
available at https://bjs-scjn.gob.mx/doc/Tesis/4/124/2011a/10a/Tesis.

13 Cossio Diaz, José Ramén and Kiyoshi Tsuru, Round Table: Who is liable for of acts committed with
artificial intelligence? Mexican Bar Association, México City, México, September 2023.
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Also, | hope that someday we can reach an international consensus on a glob-
al and uniform regulation of Al. However, the global landscape does not seem
encouraging. The polarization between the perspectives of the world's tech-
nological powers has its roots in the industrial competition that is predicted in
the matter of Al. If there were a clear consensus on the criteria of the different
technological powers, there would be a homogenization that would create a lex
mercatoria that would allow a “field of play” under equal conditions for the most
relevant agents in the Al industry, including international and national regulatory
authorities.

For example, the European Union has made it clear with the law in force in various
legal and regulatory systems (whose epitome is the Al Law published in 2024) that
its focus on the development and use of Al must be anthropocentric, beginning as
an initiation and giving respect to human rights, establishing guiding principles
and highlighting possible risks and biases that can be derived from the use and/
or development of Artificial Intelligence.

Other countries like China or the United States have also tried to mark their
position regarding this, paradoxically coinciding that at the moment it is not nec-
essary to over- regulate Al, to leave it free to innovate in the matter.

Mustafa Suleyman refers to this in his chapter “National pride, strategic need” in
which he describes the importance that China gives to its agenda for 2030, a goal
that points to the Asian giant becoming the global leader in all things related to Al'4. The
previous vision contrasts directly with the North American vision, but in essence it's
the same, a launching point for innovation in the field. This new cold war was evident
in the release of the Chinese model “DeepSeek”, whose premiere resulted in an
unheard-of increase in Nvidia's stock market value of $593 billion, which is a chip
manufacturer based in Santa Clara, California®™, right before the exasperation of the
American government (with all its last-minute announcements regarding its policy
on Artificial Intelligence), followed by descriptions of the use of the DeepSeek
model in various sectors, both public’® and private', in the United States.

14 M Suleyman. “The Coming Wave” Norton C Company, Crown New York, USA, 2023.

15 https://www.Reuters.com/technology/chinas-deepseek-sets-off-ai-market-rout-2025-01-
27/

16 https:/wvww.cnbc.com/2025/01/28/us-navy-restricts-use-of-deepseek-ai-imperative-to- avoid-
using.html

17 https:/www.business-standard.com/technology/tech-news/deepseek-s-ai-restricted-by-
hundreds-of-companies-amid-concerns-over-leak-125013100085_1.html
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Let's examine an example that comparative law provides: the Supreme Court
of Justice of the United States of America’s ruling in the case of Burrow-Giles
Lithographic Company against Napoleon Sarony in 1884. In the context of that
era, the daguerreotype, asthe photographicapparatusand procedurewas called,
hadbeen invented and presented approximately 45 years before the sentence was
issued. The daguerreotype, as a creative tool, faced all kinds of disapproval and
criticism, specifically from painters, who conceived of the daguerreotype as a threat to the
“true” canvas and brush. How could a mere act of pressing a button be a creative
process, comparable to the act of drawing sketches or Painting oils? One of his
specific critics, Paul Delaroche, a French painter from the 19th century, coined the

I

phrase “Today, painting is dead! Photography killed it!” at the first daguerreotype.
One thing is certain: photography certainly did not extinguish painting, but in some
way transformed the way the world “looks, understands and explores the world" .

The relevance of the case for the authorial analysis of AlG is quite obvious: the core
of the question is whether the product resulting from an operation carried out with
AlG tools can be considered an authorial work, and the person who used said
tool an author. The case has been cited and discussed in forums and classrooms
around the world, both by enthusiasts and detractors of Artificial Intelligence.

The facts of the case consist of the pho-
tographer Napoledn Sarony taking a portrait
of the writer Oscar Wilde, which he titled “Os-
car Wilde No. 18", in which the writer appears
seated, with his suit and tie, and covered
with a coat, his left arm resting on his leg,
supporting his chin, with his face slightly in-
clined. The lithographic company Burrow-
Giles Lithographic reproduced Sarony’s
photograph without his authorization and
sold it for commercial purposes, to which the
latter sued the lithographic company claiming
infringement of copyright. At that time, pho-
tography was not considered authorial work in
US legislation.

Minister Miller decided the case, estab-
lishing that photographs with considerable

18 C. Bellinetti, “Today, Painting is Dead: Photography ‘s Revolutionary Effect”, “Art C Object” North
Carolina, USA, 2019.
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works in terms of authorial legislation, since they are not limited to written texts, and
especially due to the human activity that underlies the taking of the photograph
in particular, the posture and clothing of the model portrayed, the lighting, the stag-
ing, the textile arrangements in the portrait, and in general, the composition of the
photograph itself, elements that constitute creative decisions of the author that are
translated into originality.

It is therefore evident that we are at a moment in history (both from a legal
perspective and a technological-cultural perspective) in which paradigm shifts
are on the horizon. As previously mentioned, the rapid pace of technological
evolution, and the fear or apprehension of the legal sector about regulating
something it does not yet fully understand, and which it knows it cannot delay its
decision on, is anticipating the future development of these technologies and their
possible scope and risks; legislators around the world have taken on the task of
regulating artificial intelligence.

Clarifying the paradigm in which we find ourselves, authors like lan Ayres
and Jack Balkin' have attempted to rethink the regulation of artificial intelligence by
making use of other existing regulations in most jurisdictions, such as the duty
of agents or fiduciaries, based on the understanding that the tools, programs, or
application actors of artificial intelligence cannot be considered as imputed or
responsible legal actors, but rather that they are tools and users who should be
responsible for the harms they cause.

For the above, two main strategies are established for the regulation of
artificial intelligence: “the first strategy is that the law attributes intentions to
an entity. For example, in the case of a voluntary unlawful act, the law attributes
intentions to the actors. It is presumed that the actors who injure and others
who tend to intend the consequences of their actions will have them. The second
strategy obliges the actors to comply with a standard of behavior, normally of
reasonableness, independently of their real intentions. This norm of behavior is
external to the real intentions of the actors”. (for example, due care). Through
these two perspectives, the first, the behaviors to which the intention of the
actor is not important, the law regulates and imposes a sanction according to
the behaviors without importance of the actor’s intention, the law catalogues the
behavior based on the objective criterion (with a basis in hypothetical circumstances
independent of the actor) and the law regulates and sanctions in case of not
conformingto the criterion.

19 |. Ayresand J.M. Balkin, “The Law of Al is the Law of Risky Agents without Intentions”, 2024.
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The main point behind the work of Ayres and Balkin is to highlight how the law has
faced this type of actors before, and how there are already mechanisms and concepts
in the majority of legal systems that could serve to understand the phenomenon.

Il. ARTIFICIAL INTELLIGENCE

The term "artificial intelligence” was coined at a 1956 conference on informat-
ics at Dartmouth College, when a clinical approach was proposed to study this
phenomenon, understood as that related to human activities that can be suf-
ficiently specific to be simulated by a machine?. In principle, we must demysti-
fy Artificial Intelligence (Al) to dimension it in its proper context, clearing up its
characteristics and qualities with the aim of effectively knowing the scope of this
technological tool. Al has been defined as a field of science and engineering that
deals with understanding, from a computer science point of view, what is com-
monly known as intelligent behavior. It also deals with the creation of artifacts
that exhibit this behavior?'.

More than 60 years after the field of computational science conceived of
artificial intelligence, this technology is radically changing our civilization to the
point where some nations consider this technology as potentially risky or subject to
regulation and oversight.

Currently, the various technological changes have ceased to be a means of
dissemination and reproduction, since from the invention of the computer
and information technology, specifically artificial intelligence, developments have
focused specifically on collaboration for the creation of various materials, and even
for their creation and automation, a situation that has generated various questions
related to Copyright, which we will address in this document.

As we have seen, the latest technological contexts have generated vertiginous
changes in the dissemination, distribution, exploitation, and even inclusion of var-
ious works.

However, technological changes and their impact on the exploitation and pro-
tection of works and materials are not new to copyright and related rights, as we
have illustrated through the example of the Statute of Queen Anne of 1710 and

20 Dartmouth College. “Artificial Intelligence (Al) Coined at Dartmouth” https:/home.dartmouth.
edu/about/artificial-intelligence-ai-coined-dartmouth
21 R. Pino Diez, R. Gbmez Gémez, N. Abajo Martinez, Introduction to Al: expert systems,
artificial neuronal links and comparative evolution, University of Oviedo, Publications Services,
Oviedo Spain, 2001.
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the verdict of the Burrow-Giles Lithographic Company against Napoleon Sar-
ony of 1884.

Another example of this is the search for international regulatory frameworks
that would promote respect for the rights of creators, leading to the Berne Union?
by virtue of the development and modernity in the means of communication and
transport of works in the world.

On the other hand, there have been technological elements that have revo-
lutionized the way business is conducted; an example of this is the creation of
mechanical machines that reproduced music, for which authors made claims for
the use of their works, a situation that was not reflected until the Berlin Act of
1908 of the Berne Convention for the Protection of Artistic and Literary Works, a
situation that led to the creation of figures such as compulsory licenses?? or rights
of simple remuneration for authors, performers, and executants.

Becausethefunctionality of Alisrelated to intellectual activities, the technology
is potentially applicable in a variety of human activity areas. Since the 90s, there
have been commercial applications of Al in areas such as production, process
control, and accounting?®; however, generative artificial intelligence gained momentum
in human activities related to creativity since 2014.

Various technological and computational advances have occurred that could
generate materials assimilable to works by means of computers, which will be
discussed briefly and superficially in the following paragraphs.

During the 80’s the cyber-thinkers initiated a movement called connection-
ism, a movement of cybernetics that addressed problems from the perspective of
cognitive science. It was applied to neural networks, allowing for the purification of deep
learning through distributed representation techniques and retro-propagation

22 A meeting of interested countries to agree on a regulatory framework that would protect the
authorial creation of original works, which culminated in the drafting of the Berne Convention of
1886, an international treaty currently signed by 181 countries.

23 Defined by the World Intellectual Property Organization (WIPO) as a “Limitation on the rights

of copyright holders or related rights holders, the essence of which is that it does not depend
on the holder of a particular right whether authorization to carry out acts protected by the right
in question is granted or not. (...) They must be granted mandatorily by the rights holders
or, alternatively, by a collective management organization or by the competent authority.
It differs from a statutory license in that, in the latter, the user does not even have to request a
license, as the legislation directly authorizes the use in question and only remuneration must
be paid”. There are legal frameworks such as the Berne Convention and the Universal Copyright
Convention, which provide for compulsory licenses.

24 S. Navas Navarro, Artificialintelligence, technology and law, Tirant lo Blanch, Spain, 2017.
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algorithms, a situation that has been described as a sophisticated retro-feed-
ing loop, which has been referred to since 2006 by researcher Geoffrey Hinton as
"deep learning”?®. While deep learning was primarily used to recognize images,
this technology gave rise to what lan Goodfellow now calls generative adversarial
networks?, which allow for the generation of images using a system that uses two
competing networks: a discriminator and a generator. The discriminator net-
work constantly analyzes the images created by the generator and determines if
said images are “false” or are based on information provided to the system. This al-
lows the results to improve to the point of creating diverse images that are similar to
reality even though they are fake.

The above has allowed for the development of computational creations that
are good enough to pass as human-made works, even to the point of imitating
photographs of landscapes or artificially creating people.

Since then, the question has been raised: do materials created by means of
artificial intelligence generate copyright? If so, who isthe author of these materials?

In this regard, and before delving into an analysis of the international panorama,
two important details must be considered regarding copyright. On one hand,
Isidro Satanowsky stated that “an intellectual work is a creation of the mind, of a
complete, integral, and unitary character. It must also have a specific existence, be
complete in itself, and present to the spirit a unified meaning that has nothing to
do with what is external”. This means it's necessary to possess an individuality and
requires not only an active and decisive task, but a creative and autonomous labor,
which gives form and spiritual life to an idea?. On the other hand, Delia Lipszyc
focuses on the concept of individuality as a requirement for the existence of a
work, “in matters of copyright, originality resides in the creative and individualized
expressive or representative form of the work, no matter how minimal that creation
and individuality may be”. Some authors prefer to use the term individuality,
instead of originality, considering that it more adequately expresses the condition
imposed by law for a work to enjoy protection: thatit has somethingindividual and
proper to its author?.

25 B. Caldas Vianna, “Generative Art: Between the Nodes of Neuron Networks” Al, Arts C
Design: Questioning Learning Machines. Number. 26.

26 |. Goodfellow, “Deep Learning”, The MIT Press, Massachusetts, USA, 2016.

27 (conf. Isidro Satanowsky, “Intellectual Law”, Argentina Typographic Editorial (TEA), Bs. As.: 1954,
p. 154)

28 LIPSZYC, Delia. Copyright and Related Rights. UNESCO/CERLALC/ZAVALIA Buenos Aires:
1993. Pg. 65.
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. INTERNATIONAL LANDSCAIPE

Beginning with the United States of America, its Copyright Office (USCO) has stated
on multiple occasions that material generated with the absolute intervention of ar-
tificial intelligence lacks the essential?’ requirement to be registrable as a work pro-
tected by copyright. First, inthe case® “A Recent Entrance to Paradise”, a drawing
created by the Al system Creativity Machine, itself created by the controversial
Stephen Thaler, the USCO Review Board determinedin February 2022 that the reg-
istration application did not contain evidence of sufficient intervention by a human
being in the creation of the work, which is why the USCO determined it was impossi-
ble to register a work that had not been created by a human author.

Derived from the aforementioned case, the USCO stated that works protectable
under its jurisdiction are those that represent the fruit of intellectual labor and are
based on the creative power of the human mind. In this same response, the USCO
stated that, consequently, the products of a mere mechanical process, without any
intervention of a human author, are not protectable in principle.

The USCO decided, in another registration attempt from February 2023, regard-
ing the refusal to protect certain images generated by the “Midjourney” artificial
intelligence service in the case of the comic titled “Zarya of the Dawn”, that the
process used by tools like the aforementioned one does not constitute human
creativity. This is because, although the commands entered by the human user
into the Al system (also known as a prompt) can influence the result the Al will provide,
it is not possible to know this result by virtue of human creativity. In other words, human
creativity is not involved; rather, it is a deep learning system combined with an
adversarial Al system that randomly produces results. (Unlike the use of tools like
a photographic camera, where the author has creative control a “Creative Spark”®!
that generates a result), the use of Al eliminates any element of human creativity re-
quired for copyright protection.

The USCQO, through its criteria and published guidelines, has maintained that
while a work created by Al cannot be registered under the applicable legislation,
the portions of a work where the author's imprint has intervened are protectable,
regardless of whether these portions are combined with Al-created content to
compose the work. For example, in Zarya of the Dawn, it was decided that while the

29 As established in “Chapter 306: The Human Authorship Requirement” provided in the
“Compendium of U.S. Copyright Office Practices”. Third Edition.
30 Thaler v. Perlmutter, No. 22-cv-1564 (D.C. Circ. 2023).
31 Feist Publications, Inc. v. Rural Telephone Service Co., 499 U.S. 340 (1991)
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comic’s illustrations were generated by Al and therefore not protectable, other
aspects such as the dialogues, the arrangement of the images, among others, are
the fruit of the author’s imprint, meaning those portions of the comic are protected
by copyright.

In this way, the USCO establishes a gradual criterion through which it re-
quires applicants for copyright registration to declare which parts of their work (if
applicable) were created using Al tools. This ensures that elements of these works
that meet the legal requirements to be considered works are not left unprotected
and, consequently, are covered by copyright law.

In addition to the cases cited above, the USCO has undertaken an initiative dat-
ing back to 2023 through which it has received comments from around the world
on Artificial Intelligence. As part of this initiative, the USCO set out to publish a
three-partreport. The first part specializes in the topic of “Digital Replicas” or deep-
fakes; the second part addresses the registrability of works generated by Al, and the
third part will address the legal implications of training Al models with works pro-
tected by copyright®2.

Inthe second part of the Report, the USCO shares certain criteria, for example,
that current U.S. copyright law is sufficient, adequate, and does not require any
modifications to regulate works generated by (or using) Artificial Intelligence.
Furthermore, it elaborates in greater depth on the grading system that had already
been outlined in previous USCO decisions cited herein, specifically asserting that
copyright protection necessarily requires the author’s imprint. However, it also
acknowledges that Al can be used as a tool (somewhat similar to what was decided
regarding the use of the camera in the case Burrow-Giles Lithographic Company v.
Napoleon Sarony) that interacts with a human, following the user’s instructions
detailed in the prompts entered to achieve the desired result.

The USCO, however, makes it very clear that the
analyses of registrability must be examined and
decided on a case-by-case basis. The USCO un-
derscores the differences in their generation and
distinguishes between the aforementioned works,
conceptualizing them as “Al-assisted works”, sep-
arating them from those works that are generated
by Al without any human interaction, leaving out of
the equation the imprint of a human author in their

32 https://www.copyright.gov/ai/
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creation, and therefore, disqualifying them for registrability and definingthem as
"Al generated works".

The USCO's criterion for registrability is now even more defined with its second
report, clearly establishing that "Al generated works” lack creative decisions or
controls behind them, which typically constitute the creation processes of any type
of work. These processes are carried out by computational algorithms that seek
to respond to the prompt based on the information with which they were trained. Itis
evident that in this process there is no moment where the imprint of an author could
be argued, so there is no creative spark, since the algorithm will assign a specific
result to the received prompt, without any human intervention. To illustrate the
above, the USCO used the followingimage initsreport:

Considering this criterion, the USCO has already approved the registration
of an Al-generated work, specifically the work “A Single Piece of American Cheese”
by Invoke, a Generative Artificial Intelligence platform. Invoice noted that in
its registration application to the USCO, it emphasized that the creation of its
work was achieved through a multi-stage processinvolvingiterative refinement
and creative decision- making by humans. This was done to request protection
for the selection, refinement, and arrangement of the material generated by Artificial
Intelligence in the final product. As a note, this work had already been submitted
for review by the USCO in September
2024, which resulted in a denial. This
decision was reversed in January 2025,
shortly after the publication of the
USCO's second report.

As a conclusion to the U.S. land-
scape, it is worth noting that there are
currently more than twenty different
lawsuits whose rulings will likely finalize
the criteria that courts and authorities in
that country will follow regarding mate-
rial generated by Artificial Intelligence.

Shifting jurisdictions and focusing
on an equally important territory in the
global race for technology develop-
ment, China has built a legal system that
follows an industrial policy aimed at
protecting the economic investment

of those who create new technologies.
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The Chinese perspective is reflected in three different judicial decisions from
courts in Shenzhen, Guangzhou, and Beijing.

In the first case, Shenzhen Tencent Co., Ltd. v. Shanghai Yinxun Technology Co.,
Ltd., decided in 2020 by the Civil Court of the Nanshan District in Shenzhen,
the ruling favored Tencent. The court held that although the reports generated by
its Al tool called Dreamwriter generated at the end of the stock market’s trading
day, Tencent's staff arranged and managed the information contained in these
reports. This allowed the reports to be considered as works, and consequently, the
unauthorized reproduction by the defendant was penalized.

The second case, Li v. Liu, decided by the Beijing Internet Court, estab-
lished the criterion that Al-generated works resulting from specialized prompts
(composed of constraints, prohibitions, guidelines, creative directives, among
other elements) are protectable based on the imprint the author determined in
said prompt. In this case, the ruling addressed whether illustrations of women pro-
duced through Stable Diffusion using prompts of nearly 300 words were subject to
copyright protection, as the plaintiff claimed that the defendant had made unau-
thorized use of his works generated by Stable Diffusion.

In the third and final case, Shanghai Character License Administrative Co., Ltd.
v. the Al tool called “Tab”, the Guangzhou Internet Court decided that the operator
of Téb, which provides a Generative Al model through its website, infringed upon
Shanghai Character License Administrative Co.'s exclusive right to reproduce
the character “Ultraman” (licensed by Tsuburaya Productions Co., the original
rights holder of the character). Specifically, because when using the word “Ultra-
man” in the prompt, Tab's Al model generated an identical copy of the original
character.

Furthermore, the Court found that the platform also infringed upon the
exclusively licensed right to create derivative works based on the Ultraman character,
as through prompts, any person could generate variations of the character using
the Altool.

IV. LANDSCAIPE IN MEXICO

Having analyzed the international landscape, itis necessary to examine the nation-
al scenario.

In the legislative sphere, it should be mentioned that in the previous Legisla-
ture, over 60 bills were introduced in the Senate and the Chamber of Deputies
to directly or indirectly regulate some aspect of Al. Some of these included pro-
visions related to intellectual property (some even proposed reforms to the Federal
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Copyright Law). None of these initiatives have been fruitful, so no modifications
in this area have been implemented in our national legal framework.

It should also be emphasized that our Political Constitution establishes inits Article
28that “In the United Mexican States, monopolies, monopolistic practices, state
monopolies, tax condonations, and tax exemptions are prohibited under the terms
and conditions set by law. The same treatment shall be given to prohibitions under the
guise of industry protection. (...) Nor shall the privileges granted for a determined
time to authors and artists for the production of their works, and those granted to
inventors and improvers of any improvement for the exclusive use of their inventions,
be considered monopolies. (...)". Thisis to highlight that the constitutional purpose
of intellectual property protection is to incentivize the creation of works, a matter that
is inapplicable to Artificial Intelligence, as it cannot be incentivized. If such incentives
were applied to companies developing Generative Artificial Intelligence, the
ultimate constitutional purpose previously mentioned would be undermined.

The Federal Court of Administrative Justice has set a precedent through the
ruling of its Specialized Chamber in Intellectual Property Matters in Administrative
Litigation Case Number 788/24-EPI-01-2. Through this ruling, it has established
its criterion, specifying that “even if a natural person provides the guidelines and
instructions to the artificial intelligence, the creation remains a product of the
execution of the algorithms it employs, generating artificial content. Therefore,
under the terms of the Federal Copyright Law, a work not created by a natural
person cannot be registered, as it is expressly stated in the law that only such a
person is capable of creating an original work (a requirement demanded by law)
because human creativity is necessary for this purpose”. This criterion allows our
system to adapt to the gradation envisaged by the USCO and addressed earlier,
since although this jurisprudence is applicable to Al- generated content, it does
not specifically mention the case where a work is composed of both Al-generated
material and works made by humans (authors exercising their creative activity
through theirimprint).

Based on the above criterion, registrations seeking protection for content
generated by Artificial Intelligence have been rejected, such as the following:

HLVECING TIALIKCOYAN  CULTLRA- INDAUTOR
REGISTRO POBL 10 DEL JERECHT.
CEALTOR
03-2024-0°0013232700.01
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V. PROPOSALS

Itis necessary to establish clear criteriaregardingwhen an author, a natural person,
can be considered the author when creating a work with the assistance of a Genera-
tive Artificial Intelligence tool. | am not saying that a computer system should be con-
sidered an author. Clearly, that would be nonsense. Thaler’s claims attempting to
obtain copyright protection are absurd?®.

Intellectual Property Law has a primary principle, an ultimate purpose, and a
social vocation. It is not an absolute right. It is not an end in itself. It is a means to
achieve an objective aimed at the common good: to incentivize creators to create by
granting them a temporary exploitation privilege, thereby increasing the volume
of the nation’s cultural heritage, but above all, to produce higher quality works by
allowing the author to professionalize and dedicate all their time and attention to
their work. Humans can be incentivized. Machines cannot.

Itis clear that only a human being can be an author. This is the simple answer to
the question. The more complicated issue is determining what degree of contribution
from the user is necessary for their interaction with the Al tool to constitute the
original creation of a work.

It is undeniable that authors are increasingly using (and successfully so) Al tools.
To the extent that technology allows the user to have greater control over how
the GAI (Generative Artificial Intelligence) generates results, and consequently,
greater traceability of the author’s imprint in the particular expression of their work
that is, the immediate and direct relationship between the user’s creative deci-
sions and the generation of content from them.

It seems we are not yet at that point. According to the state of the technique,
generating content from user promptings does not imply direct user control over
the execution of the expression of the content in question. Copyright protects
expression, not ideas. For now, the process of transforming a conceptual instruc-
tion into content (text, image, music, video) with the help of a GAI tool happens
automatically, in accordance with the operation mechanism of Large Language
Models (LLMs).

This analysis should not be taken as an immutable verdict. If technology
evolves in a way that allows the user to have more direct and effective control over
the execution of the creative process, so that their imprint can be clearly and
identifiably impressed upon a work, and the traceability of creative decisions from

33 See Thaler v. Perlmutter, supra
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conception to the creation of the expression is guaranteed, then we can move to
the next level of discussion.

In an ideal scenario, criteria for originality should be uniformly standardized,
for example, among all member countries of the Berne Convention or the
Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS).

Another alternative could be the establishment of a new sui generis regime for
the protection of content created with the assistance of GAl tools. Our copyright
system already incorporates, albeit very briefly, a sui generis model for the
protection of databases, similar to that currently provided for databases in Chapter
IV of Title IV of the Federal Copyright Law. Through this, the copyright of protectable
works created by people and the protection of synthetic content generated by
Al could coexist. This right would aim to protect not only the algorithms and
computational mechanisms that make content generation possible through these
systems but also the data used in the creation of such Artificial Intelligence models.
Inthis way, authorship would not be granted to a set of computational algorithms, nor
would the material generated by them be considered a work, but rather protecting
the investment behind them, while also facilitating the identification of materials
that could potentially infringe on works protected under current regulations®.

This type of protection is not foreign to existing law. It is enough to look to our
neighboring country and its jurisprudential precedents on the matter, specifically
the case of Feist Publications, Inc. v. Rural Telephone Service Co., resolved by the
Supreme Court of the United States. The context of the case is that Rural Telephone
Service, a company providing telephone services, compiled a directory with
the names and phone numbers of its users. Feist Publications copied part of the
information collected and published in Rural’s directories to create its own guides.
The U.S. Supreme Court decided that although Rural’s directories did not meet
the requirements established in U.S. law to qualify as a work (and consequently, be
protected by copyright), the effort behind the selection, compilation, and organization
of information in Rural’s directories deserved legal protection. In this ruling, the
concept of “sweat of the brow” was outlined to conceptualize the work done by
Rural and its employees that produced the telephone directories in question.

34 See the presentation of my analysis on a possible sui generis protection regime at the
forum “Irruption of New Technologies: Paradigm Shifts in Copyright?” convened by the
Inter-American Copyright Institute (IIDA) held on May 7, 2024, at the facilities of Ciudad
Universitaria of the National Autonomous University of Mexico (UNAM), at the initiative of
Maestra Carmen Arteaga.
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By having such a sui generis protection, innovation would be promoted,
investment would be protected in the Mexican jurisdiction, and an incentive would
be created for creatives worldwide to use this jurisdiction as a base for their
technological and cultural developments.

In the realm of administrative infringements provided for by our copyright
legislation, specifically so-called commercial infringements, and in accordance
with the principles of Administrative Sanction Law (for example, nulla poena
sine lege), we believe that the unauthorized use or reproduction to copy or create
derivative works through Al tools of works protected by copyright should be
specifically added to the catalog of commercial infringements.

Lastly, but no less important, attention must be paid to text and data mining
(TDM), which refers to the computational process of extracting information
from public sources carried out by computational mechanisms (including
crawlers, which automatically search for and extract text and information available
on web pages). This technique, also known as scraping, aims to enrich the large
datasets (datasets) used to train Artificial Intelligence models, on which the
quality of the materials they generate depends. Various jurisdictions around the
world are evaluating the possibility of including TDM processes in their respective
copyright limitations. For example, in the United States, it is being argued (mostly
by companies owning Al models) that TDM processes should fall under the U.S.
doctrine of fair use. In our country, this exception could be provided for in Article 148
of the Federal Copyright Law, which outlines a numerus clausus list of limitations
to economicrights.

Finally, we believe it is of vital importance to emphasize the need to begin
building a legal framework in this area based on the analysis and evaluation of the
registrability of works on a case-by-case basis. The most important aspect will be
to define the degree of participation of a person using Artificial Intelligence as part
of their creative process, such that their imprint and originality are implemented in
their work.
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I. INTRODUCTION

n the field of artificial science and technology, | have been not liter-

ate, although | have been learning the Computer Science to catch up

the change 21t century science and technology brings. However, as a
senior student of Global International Relations, | was honored to accept
a great invitation from Dr. Arturo Oropeza Garcia for UNAM'’s global project
entitled "Artificial Intelligence: A new era in the history of humankind”. Artu-
ro asked me to comment on “Artificial Intelligence in China, its Advances and
Pending Challenges”.

In doing this most difficult assignment, | was so encouraged by parts of
Chinese publishing market, which is still keeping at least effective contacts
with their global partners. China's largest publisher, the CITIC Press, intro-
duced a series important Al books from the US market, although the current
Chinese-American relations are with geopolitical tensions. The Chinese ver-
sion of the Age of Al and Our Human Future written by Henry Kissinger with
Eric Schmidt, Daniel Huttenlocher was introduced and published by the CIT-
IC Press'. An Al visionary, Dr Fei-Fei Li, a Chinese-American from Chengdu
at Stanford University in San Francisco?, published her best selling book The
World as | See: Curiosity, Exploration, and Discovery a the Dawn of Al (Princ-
eton University Press, 2023) by the CITIC Press in 2024. The CITIC Press is
responsible to publish the Chinese version of Yuval Noah Harari's NEXUS: A
Brief History of Information Networks from the Stone Age to Al3. Such books
help deepen my understanding on the Al world.

1 See, [X] FTH-EFH[XE] RE R EERH[E] FER HBEHR: <A TEENREAZRRK>,
translators: #FIF and ME, F15 Hhktt, 2023.

2 https://profiles.stanford.edu/fei-fei-li

3 https://www.ynharari.com/book/nexus/
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It is a great idea to have Henry Kissinger’s views to help start our thinking
on the subject of Al. Henry Kissinger thought deeply about the digital era. His
World Order: Reflections on the Character of Nations and the Course of Histo-
ry (2014) includes a chapter entitled Technology, Equilibrium, and Human Con-
sciousness®. In 2019, Kissinger wrote about the increasing tendency to give con-
trol of nuclear weapons to computers operating with Al5.

Kissinger often drew an analogy between nuclear weapons and Al. He
travelled to Beijing on July 2023 for his final global visit in person. The People's
Republic of China has been with nuclear deterrence since 1960s. Kissinger
visited China more than 100 times since 1971. HK published his On China in 2010.

China’s official news reports on HK's farewell journey included no any content
on Al. However, according to The Economist, a British global journal, during the
meeting, among the words Kissinger delivered to Chinese leader Xi Jinping, he
focused in part on how to protect the world from the dangers of Al®.

In writing this piece, by doing literature review, | know China’s top leader
worries the Al's danger to the humanity” and Chinese diplomats call for must
controlling Al&.

In the following, based on my specialty in International Studies in Economy,
History, Philosophy and Politics, | try to give an extremely partially assessment
on Al in China.

. A METHODOLOGY: THE DAOIST
PHILOSORPHY CAN GUIDEUS TO
INTERPRET THE AlIN CHINA

The legendary founder of Taoism, China’s only indigenous philosophical cor-
nerstone of local culture for over two thousand years, is reputed to have been
Lao Tzu/Laozi (FF), who's representative work is entitled Dao De Jing®.

The 15t Chapter of the Dao De Jing(BEBL):

Henry Kissinger, World Order, Chapter 9, 2014
https:/fen.wikipedia.org/wiki/Henry_Kissinger
https://www.economist.com/china/2024/08/25/is-xi-jinping-an-ai-doomer
https://www.economist.com/china/2024/08/25/is-xi-jinping-an-ai-doomer

ONOUF

Chinese Ambassador Fu Cong’s remarks at the United Nations Security Council, https:/
www.mfa.gov.cn/eng/xw/zwbd/202410/t20241024_11515508.html

See, Wayne Ng, Finding the Way: A NOVEL OF LAO TZU , “Historical Note”, Hong Kong:
Earnshaw Books Ltd , 2018.

(1)
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“A Way called Way isn't the perennial/curtain Way. A name that names
isn't the perennial/curtain name: the named is mother to the ten thousand
things, but the unnamed is origin to all heaven and earth. In perennial/
curtain Absence you see mystery, and in perennial/curtain Presence you see
appearance/manifestations. Though the two are one and the same, once
they arise, they differin name. One and the same they're called dark-enigma,
dark-enigma deep within dark-enigma, gateway of all mystery. (B A& , 318
B, BAR, FER, BE, KRR B8, A28, & B, KUNEY 8
B HRUUHEB, ERE BEMRE, BHBZ%. KZXEKE, Rzl )".

The topic sentence of above chapter is”In perennial Absence you see mystery,
and in perennial Presence you see appearance/manifestations”. | strongly think
the sentence can serve as a universal guiding principle to partially know the
existing world order of Al as well.In this article, | use it as my philosophical
methodology to answer the assignment of “Al in China”.

. A PARADIGM AND ITS SHIFFT:
THE RISE AND FALL OFF A BIG POWER
OR MANY BIG POWERS

Many historians wrote many the rise and fall (&, Xing and Shuai) of a big power
or many big powers in the world. The rise and fall paradigm has been popular
in Western and even Global academia. Historians and International Relations
experts still like the paradigm very much. Since the late 1990s, China'’s rise has
been a dominant topic in such Global writings including Global History and
Global Political Economy.

Years ago, | purchased two Chinese versions of Considérations sur les
causes de la grandeur des Romains et de leur décadencee (in English, Re-
flections/Considerations on the Causes of the Grandeur and Decline of the
Romans) by French political philosopher, the author of The Spirit of Laws, Mon-

10 | reference two great books for better interpreting the Laozi or Lao Tze: David Hinton,
TAO TE CHING (without the original Chinese version of the Dao De Jing), Berkeley:
COUNTERPOINT, 2015. And, THUS SPOKE LAOZI: A New Translation with Commentaries
of DAODEIJING by Charles Q. Wu (% F ), University of Hawaii (Honolulu) and Foreign
Language Teaching and Research Press (Beijing), 2016. Dr Wu apparently was so inspired
by German philosopher Friedrich Nietzsche's Thus Spoke Zarathustra (1885). It is Dr Wu's
uniqueness in helping seizing the original meaning of the Laozi in Dao De Jing.
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tesquieu(1689-1748). It is <FEEBREFRHEiL>". An old Chinese edition of the
book before China’s Cultural Revolution in 1962 and a new one in 2016 before
the COVID-19, the both deeply reflect the Chinese long attachment to the
greatest value of a most important European intellectual work. In other words,
Chinese scholars well drew lessons of the rise and fall of a big power from the
ancient Rome. At least since Montesquieu, the rise and fall of a big power or
an empire or the rise and fall of many big powers (comparatively) has been an
endurable paradigm not only for World Historians but for many strategists in
various fields.

In the great era of China’s opening up and reform (late 1970s to 2010s), China
introduced many important literature of humanities and social sciences which
dealt with the theme of the rise and fall of a big power or many big powers. Since
the late 1990s, prominently, there have been several Chinese editions of Paul
Kennedy's The Rise and Fall of the Great Powers: Economic Change and Military
Conflict from 1500 to 2000, not surprisingly, almost all Chinese editions of the
book have the same Chinese title: Da Guo Xing Shuai(KEME)".

Since the early 1990s, while the world obsessed with the rise of China, few
have also explored the fall of China'®. Currently, the retreat of the rise of China
structurally and partially is seen finally. At least China’s economy faces huge
challenges and even crises, the opponent narrative of the rise of China: the fall
of China, is publicly opposed by both the official Chinese and the supporters of
the rise of China narrative both homely and internationally." Officially, China still
publicizes its big or strategic judgement or theory that “the East (read: China)
rises and continues to rise and the West (read: the United States) declines and
continues to decline” (Dong Sheng Xi Jiang , RFA#PE)". The decline of China

N See, (Z) ZEHNE: (FELRRFERIL) (1951), PiFiF(1962), FHEIF(2016), BSEHIE.

12 | failed to check which one is the first Chinese edition of the Paul Kennedy’s The Rise and
Fall of the Great Powers: Economic Change and Military Conflict from 1500 to 2000, but |
believe it was translated based on its first original English in 1990s.

13 For example, in 2001, Gordon G. Chang, The Coming Collapse of China, New York, Random
House, 2001, 344 pp.

14 Interestingly, Singapore’s Lee Kuan Yew School of Public Policy organized an event entitled
“The China Shock at the End of History”. Singapore’s former ambassador to the the US Chan
Heng Chee (former head of Political Science Department at NUS) argued the world including
Singapore is now facing the 3 “China Shock” - the falling of China’s economy after the 1<
and 2" ones - totally the Rise of China at least economically since the early 1990s.

15 China’s new theory of the “Dong Sheng Xi Jiang” is part of the Xi Jinping Thought. Amid
the COVID-19 crisis, China’s theorists in social sciences endorsed the Xi Jinping Thought by
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as a narrative is clearly and even absolutely politically not correct in China. Still,
no Montesquieu-like or Paul Kennedy-like frameworks to consider not only the
rise but also fall of China.

In fact, take China as an example, its rise has been so complex in the past 4
decades since the late 1970s. It is a truly non-linear evolution. The fall too. The
rise of China from 1979 to 1989 was stopped in 1989-1991. In 1992, just after the
collapse of Soviet Union, China (read: Deng Xiaoping) relaunched its economic
opening up and reform (BREMFM, Gai Ge and Kai Fang) towards a “Socialist
Market Economy” (#t&FE MHHEF). The rise re-emerged in the whole 1990s
amid globalization’s popularization driven by the US-led neoliberalist economic
and foreign policy. A fundamentally improved relationship between Beijing and
Washington, which lasted in nearly 2 decades, Clinton-Jiang and Bush-Hu years
(1992-2011), made China the “2ndlargest economy”in a changed world economy:
Global Economy. China was internationally accepted to be a full member of the
post-Cold War international institution World Trade Organization (WTO) in 2001.
In Hu Jintao years (2001-2011), China declared it has reached to a (world) great
power (Da Guo, KB ) status'. China joined the others in the form of the Group
of the Twenty (G20) to help deal with the “Global Financial Crisis” triggered by
the Wall Street during the Bush administration in 2008. The COVID-19 was tragic
but unfortunately served as a turning point of history. Actually, since the end of
the pandemic in late 2022, China has to deal with the big economic trouble.

IV. DOES THE Al IN CHINA VERIFY THE
THEORY "DONG SHENG XI JIANG"?

The "Dong Sheng Xi Jiang” marks a China's “"paradigm shift” — one power’s
rise and fall to the rise of a power (read: China) and fall of a power (read: the
US). Simultaneously, China finishes its ideological shift from the Euro-centric or
West-centric to the Sino-centric: China only sees the rise of itself and the fall of
the other (read: the US).

But, the Al in China, seemingly, does not strongly verify the “Dong Sheng
Xi Jiang”.

arguing that China as the today’s representation of the East continues to rise and the US as
the today’s representation of the West continues to decline.

16 Zheng Bijian, “China’s “Peaceful Rise” to Great-Power Status”, New York and Washington:
Foreign Affairs, 2005. 84(5):18. in addition, Bijian, Zheng. China’s Peaceful Rise: Speeches
of Zheng Bijian 1997-2005. Brookings Institution Press, 2005.
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The issue of Al, perhaps provides a unique window opportunity to examine
the rise of China. Has China truly risen in the field of Al? Why has the Al sector
in China developed? How about private Al investment in China? If the Al sector
in China is not private economy (Min Ying Jing Ji, RE£J3) driven, how about
the prospects of the Al in China?

Ninghui Sun, from the Institute of Computing Technology, Chinese Academy
of Sciences (CAS) and an academician at the Chinese Academy of Engineering
(CAE), is regarded as a pivotal figure in Al development in China. At the
Standing Committee of the National People’s Congress (China’s Parliament),
Sun gave a lecture/hearing entitled “The Development of Artificial Intelligence
and Intelligent Computing” on April 26, 2024. In the lecture, Sun’s conclusion
is that no doubt the rise of China’s Al continues but China faces tremendous
challenges and uncertainties in the field of the Al

"It was a strategic manifesto outlining China’s Al ambitions and the associated
anxieties. He emphasized Al's dual-edged nature, noting its potential for
groundbreaking advancements while also highlighting security risks, particularly
concerning politically sensitive informationThe tech rivalry with the United
States was another focal pointin Sun’s lecture. With superior talent, foundational
algorithms, and computational power, the U.S. holds a commanding lead in Al.
China’s current role as a fast follower is a status quo that Beijing is desperate
to disrupt. U.S.-imposed restrictions on high-performance computing products
and advanced semiconductor technologies are significant obstacles, argued
Sun. The ban on advanced chips like the A100 and H100 stymies China’s Al
progress, highlighting the strategic chokehold the United States maintains over
China’s tech aspirations. This impact is particularly harsh for companies like
Huawei and SMIC. Sun proposed that China innovate indigenously and diversify
supply chains to reduce dependency on U.S. technology, echoing Beijing’s call
to safeguard its high-tech future.He outlined three strategic pathways for China'’s
Al development. The first involves aligning with U.S.-led systems, a practical but
restrictive path given current geopolitical tensions”".

17 A text of Sun’s lecture is published by China's National People’s Congress as + /&£ E
ARBRLTEHEETHHE ( ATEESERITENERRE) April 30, 2024, accessed
at http://www.npc.gov.cn/c2/c30834/202404/t20240430_436915.html. A report on Sun’s
lecture, see, Felicity Hurley, “China’s Al Ambitions: Prof. Sun Ninghui Highlights Strategic
Blueprint”, June 15, 2024, accessed at https://thefinancialanalyst.net/2024/06/15/chinas-ai-
ambitions-prof-sun-ninghui-highlights-strategic-blueprint/
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| guess Sun and his team in China’s Al science and technology, is not
necessarily for doing the “Dong Sheng Xi Jiang” and intentionally frame the rise
of Al in China according to the new paradigm. His lecture may be interpreted as
several meanings (Ji Ge Yi Si, JLNER): Sun and his team still think China’s Al or
Alin Chinais rising or developing but in terms of the very old slogan since 1950s
“Catching Up” (Zhui Gan, JB#)" to the levels of Al innovation in the US, firstly;
Secondly, he fully acknowledged China's Al development benefited greatly
from the originality of Al in the US; Thirdly, he indirectly predicted a scenario
of Al in China including the Al competition with the US is not optimistic. These
meanings are not congruent with the "Dong Sheng Xi Jiang”.

V. CHINA'S RESIPONSE TO THE
INDUSTRIAL REVOLUTION

While, in the US, since the dawn of the 215t century, China has been defined as a
leading strategic competitor and rival in many aspects.

At a White House Roundtable on U.S. Leadership in Al Infrastructure on
September 12, 2024, Jensen Huang (E{=E}), an Chinese-American from Taiwan,
the founder and CEO, Nvidia, re-stressed his firm argument and prediction
that Al is the driving force of a new industrial revolution across the globe?.
Huang has repeatedly addressed the “Al is the driving force of a new industrial
revolution” in the globe?'.

China’s last dynasty Qing (1644-1911) in the late 19* century much belatedly
had to meet the challenges from the (1) industrial revolution, which happened
in Britaininthe 18th century. Qing'sindustrialization - Westernization Movement
(¥%51E3h, 1860s-1900s) really made something but generally failed: the
movement did not narrow “the great divergence” between then China and
Europe/West?2,

18 Sun as a generation of 1960s, still remembers a Mao Zedong slogan “Catching Up the
United States” (# £3E , Gan Shang Mei Guo ) during the Great Leap Forward, one of the
political movements before the Cultural Revolution in 1950s.

19 https://www.nvidia.com/en-us/about-nvidia/board-of-directors/jensen-huang/

20 https://www.whitehouse.gov/briefing-room/statements-releases/2024/09/12/readout-of-
white-house-roundtable-on-u-s-leadership-in-ai-infrastructure/

21 Jensen Huang, A Keynote Speech at the COMPUTEX 2024, on June 2 in Taipei, Taiwan, see,
https://www.nvidia.com/en-us/events/computex/

22 A global consequence of the Britain based Industrial Revolution in 18 century is the
emergence of the so-called “The Great Divergence”, which is suggested by the California
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After 1949, China conducted a Soviet Union model of industrialization. The
model largely did not work with huge human and natural resources costs in 1960s
and 1970s. by “reform and opening up” towards a “socialist market economy
with Chinese characteristics”, China seized the opportunity of the coming of
the information age in 1980s and 1990s. By joining the World Trade Organiza-
tion (WTO) in 2001, China was seemingly successfully towards a market forces
driven economy. China becomes a major “emerging economy” in the global
economy.

Especially, exaggeratedly by ignoring existing big problems in China's
research and development, Chinais widely regarded as a scientific superpower?.

Is China taking advantages of the Al opportunity to succeed in the 21st
Century Industrial Revolution?

With a sense of history, | have no immediate and irresponsible answer, but
| have to leave this question open here: may China’s record of responses and
results by markets, societies and states to the previous industrial revolutions,
both the failure and success - repeat in the future?

China is seen by some influential media in the US as a rising power of Al. New
York based The Time100 names “Leaders”, “Innovators”, “thinkers”, “Shapers”
of Al annually. This following are from China?*:

e Zhuang Rongwen, Director, Cyberspace Administration of China;

¢ Liang Rubo, CEO and co-founder, ByteDance;

e \Wang Xiaochuan, Founder, Baichuan;

Zhang Linghan, Professor at the Institute of Data Rule of Law, China
University of Political Science and Law;
Andrew Chi-Chih Yao, Tsinghua University.

Particularly, Andrew Chi-Chih Yao, 1946-, a recipient of The ACM A. M. Turing
Award in 2000. Yao used the minimax theorem to prove what is now known as

School.Kenneth Pomeranz's The Great Divergence: China, Europe, and the Making of the
Modern World Economy (2000, PUP ) led to a global (including Chinese scholars) debate in
the past 2 decades.

23 Many comments in the West think so. For example, https://www.economist.com/science-
and-technology/2024/06/12/china-has-become-a-scientific-superpower. Such comments
worry China will overtake the US in the future, see, Jeff Tollefson & Richard Van Noorden,
“The US is the world’s science superpower—but for how long?”, https://www.nature.com/
articles/d41586-024-03403-4

24 https://time.com/collection/time100-ai-2024/
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Yao's Principle®. Yao was a native Chinese born in Shanghai. He returned to
China in 2004, currently a professor and the dean of Institute for Interdisciplinary
Information Sciences (IlIS) at one of China's top 2 universities Tsinghua in
Beijing. Yao was a naturalized U.S. citizen and worked for many years in the US
but renounced his U.S. citizenship in 2015 and became an academician of the
Chinese Academy of Sciences?. Yao helped create China'’s first school of Al at
Tsinghua University in April 2024 and was appointed as its founding dean?.

Yao argues China’s Al is already globally competitive, almost 50% talents
of the global Al are trained in or from China, the country is a largest Al talents
exporter in the world?,

Yao's strategic importance has been realized by China’s political leadership.
Reportedly, Yao wrote a letter to report his works to Xi Jinping. The top leader
replied Yao to congratulate his 20 anniversary returnee. Xi not only praised
Yao but hoped Yao continues to help lift China’s home-grown and autonomy-
oriented innovation of Al science and technology?.

This story between a laureate of the A.M Turing Award and China's top leader
may imply many things strategically:

Some globally leading scholars in science and technology in China like Yao
are well treated as China’s “Strategic Scientists” (BRIZ ). China develops
the Al as a most strategic project like the country pursued its nuclear weapons
in the late 1950s to 1960s, when two Communist states China and Soviet Union
were on the brink of nuclear conflict. Beijing critically faced Soviet Union's use of
nuclear weapons in the late 1960s3°. Soviet Union obtained the nuclear weapons
in 1950s after the United States in 1940s%'. China's nuclear program got key
assistance from Moscow.

25 “In recognition of his fundamental contributions to the theory of computation, including
the complexity-based theory of pseudorandom number generation, cryptography, and
communication complexity”. See, https://amturing.acm.org/award_winners/yao_1611524.cfm

26 See, https:/fen.wikipedia.org/wiki/Andrew_Yao

27 After Tsinghua, many state-owned leading Chinese universities are establishing their
schools of Al.

28 See, China’s populist newspaper Global Times under the People’s Daily, Beijing, June 29
2024, https://world.huangiu.com/article/4|0hiaWznCs.

29 http://www.moe.gov.cn/jyb_xwfb/s6052/moe_838/202406/t20240612_1135187.html

30 “The Sino-Soviet Border War: Why the USSR nearly nuked China”, https://www.
historyanswers.co.uk/history-of-war/the-sino-soviet-border-war-why-the-ussr-nearly-
nuked-china/

3

-

See, https://www.britannica.com/technology/nuclear-weapon/The-Soviet-Union
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In economic development, China has claimed its “system advantages” (Ti
Zhi You Shi, #&#{£%). Angela Zhang argues China’s authoritarian governance
model can not only support the entire Al development but enable Al companies
to train their models on vast amounts of personal data. In this sense, China
obtains some “Al advantage” (Ren Gong Zhi Neng You Shi, A& gtk )32

Talents and innovation capitals are the key of keys in well developing Al in
China. China faces challenges from the Al investors or entrepreneurs'“Great
Escape”®. Reportedly, there is a wave of Chinese companies to the United
States, particularly California’s Silicon Valley to re-develop their enterprises,
although they have to face the restrictions by the US government. Such Chi-
nese have lost their confidence and opportunities in China. They believe they
can take advantage of many opportunities artificial intelligence presents in
the United States3*.

VI. THE "GREAT DIVERGENCE" RATHER
THAN THE "GREAT CONVERGENCE" IN Al
BETWEEN THE US AND CHINA=>

Look at A Glossary of Al terms developed by Washington DC based think tank
The Brookings Institution and its research partner at Tsinghua University in Bei-
jing. The glossary shows some not small difference between the two Al%.

Look at a newly release book Nexus: A Brief History of Information Networks
from the Stone Age to Al by Yuval Noah Harari, who depicts a most dangerous
future of China-US compared with yesterday’s Soviet-US:

In CHAPTER 11 The Silicon Curtain: Global Empire or Global Split?, Harari's
a key word is ‘Silicon Curtain’. What does the “Silicon Curtain” mean? The UK-
based Guardian comments that the geopolitics between China and the US is:

32 https://www.project-syndicate.org/commentary/how-china-uae-became-artificial-
intelligence-powerhouses-by-angela-huyue-zhang-2024-09

33 The Great Escape, American war film, released in 1963, that was loosely based on the true
story of an ambitious escape by Allied prisoners of war during World War Il. See, https://
www.britannica.com/topic/The-Great-Escape

34 Li Yuan, “Can China Tech Find a Home in Silicon Valley?”,

35 The Great Divergence means the socioeconomic shift in which the Western world overcame
pre-modern growth constraints and emerged during the 19th century as the most powerful
and wealthy world civilizations, eclipsing previously dominant or comparable civilizations
such as 19th century China. See, https://en.wikipedia.org/wiki/Great_Divergence

36 https:/ciss.tsinghua.edu.cnfupload_files/atta/1725035303351_4A.pdf
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extrapolating from the Great Firewall of China, which prevents most Chinese
citizens from accessing sites such as Google and Wikipedia, Harari supposes
that, in time, Chinese and US computer systems might be completely prevented
from interoperating or even communicating with one another, so “ending the
idea of a single shared human reality”¥.

The term “Silicon Curtain” is not creatively coined by Harari. New generation
in the 21st century may totally forget the ‘Iron Curtain’ (8k%, Tie Mu)®. Lindsay
Gorman wrote in 2019 when the 30th anniversary of 1989, “A Silicon Curtain
is descending: Technological Perils of the next 30 years"®. | believe most of
Chinese don't know the term although they have known the “new Cold War"
(Xin Leng Zhan, #/%8K). However, Silicon Curtain is already interpreted into
Chinese as BEH, or Gui Mu).

Can China and the US avoid dropping a ‘Silicon Curtain’ to pursue their
technological goals without abandoning open markets and compromising
global innovation?4°

VII. CHINA'S TRYING TO GOVERN THE Al

China initiates so-called Global Al Governance (Quan Qiu Ren Gong Zhi Neng
Zhi Li, 2L AT EEEBE). What does China’s Global Al Governance mean
and imply?

Put Governing Al rather than developing Al first. China has no Global Al
Development Initiative but issued a Global Al Governance Initiative (GAIGI)
in October 2023. To China, it seems, governing Al at multi-levels, including
the global levels (for example, at the United Nations), is more pressing than
developing Al.

37 See, “Nexus by Yuval Noah Harari review — end of days?”, September 11, 2024, https:/
www.theguardian.com/books/article/2024/sep/11/nexus-by-yuval-noah-harari-review-the-
ai-apocalypse

38 The Soviet not only refers to the Soviet Union. It represented the System of the
“International Communist Movement” controlled by Moscow. People’s Republic of China was
part of the system from its founding 10 years to the early 1960s. As Beijing-Moscow split
lasted from late 1960s to 1980s, it seemed China was no longer part of it. But, the PRC, in
its nature, after the end of the Soviet Union, is still a full Soviet and even Stalinist state.

39 https://www.gmfus.org/find-experts/lindsay-gorman

YO Marina Yue Zhan (the author of Demystifying China’s Innovation Machine: Chaotic Order),
“The US and China must avoid dropping a ‘Silicon Curtain’™, Hong Kong: South China
Morning Post, September 10, 2024.
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It is a new China’s new initiative after its Big Three Initiatives. The Big
Three Initiatives have already been regarded as most important parts of Xi
Jinping Thought of Foreign Policy/Diplomacy (IEFHR B 48): Global Devel-
opment Initiative (GDI), Global Security Initiative (GSI) and Global Civilization
Initiative (GCI*'. Currently, China still not revised the Big Three Initiatives as
the Bit Four Initiatives to include its GAIGI. But, GAIGI potentially becomes
the fourth big initiative after the big Three. The GAIGI defines “governance”
as “security” together with “development” of Al*2 and calls for stakeholders
at the international levels to “develop Al governance frameworks, norms and
standards based on broad consensus, so as to make Al technologies more
secure, reliable, controllable, and equitable”.

Before the issue of the GAIGI, China began to organize the World Al
Conference (WAIC) in 2018%. The Conference is now a government’s channel
to practice its Global Al Governance Initiative but serves as an Al learning
platform for many Chinese elites. The 2019 WAIC was so impressed globally
because China's Jack Ma and Elon Musk conducted a maybe historic MUSK-
Ma Dialogue®. In the intense interaction, “Elon Musk and Jack Ma disagree
about Al's threat"*. Jack Ma ignored the importance of Al and misinterpreted
the Al. China’s leading Al scholars and investors (most of them so young) largely
praised Musk, China’s official news agency Xinhua praised Ma very much®.

The WAIC was paused during the COVID, but the WAIC 2024 in Shanghai
continued to explore Global Al Governance.

W “A Global Community of Shared Future: China’s Proposals and Actions” by The State
Council Information Office of the People’s Republic of China, September 2023, see,
https://www.gov.cn/zhengce/202309/content_6906335.htm

Y2 A fundamental “principle” of Xi Jinping Thought on Foreign Policy/Diplomacy is “equal
emphasis on development and security” (X BMZ £ H E).

Y3 https://www.fmprc.gov.cn/web/ziliao_674904/1179_674909/202310/
t20231020_11164831.shtml

YY https://www.worldaic.com.cn/wangjie?year=2019

Y5 https://www.youtube.com/watch?v=f3lUEnMaiAU

Y6 https://www.bbc.co.uk/news/technology-49508091

U7 SEHRBRR#L I = E T —i§, https:/luser.guancha.cn/main/content?id=435375
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THE SHANGIHAI DECLARATION ON GLOBAL Al
GOVERNANCE"&:

"WiththerapiddevelopmentofAltechnologies, wearealsofacingunprecedented
challenges, especially in terms of security and ethics. We underline the need to
promote the development and application of Al technologies while ensuring
security, reliability, controllability and fairness in the process, and encourage
leveraging Al technologies to empower the development of human society.
We believe that only through global cooperation and a collective effort can we
realize the full potential of Al for the greater well-being of humanity”.

China promotes its Global Al Governance Initiative at the United Nations and
other inter-governmental organizations. At the General Debate of the 79th Ses-
sion of the United Nations General Assembly 2024, Foreign Minister Wang Yi,
who is a Member of the Political Bureau of the Chinese Communist Party Central
Committee, repeated China’s existing doctrine and practice of Al Governance
as below:

“China is committed to taking a people-centered approach, developing Al
for good, and putting equal emphasis on development and security. We are
working to explore and establish widely-recognized international rules and
standards. China supports the U.Ns role as the main channel for global Al
governance and is committed to strengthening international cooperation on Al
capacity-building. China has put forth the Al Capacity-Building Action Plan for
Good and for All, and is ready to make more contributions to the sound, orderly,
fair and inclusive development of Al"#.

VIII. IN THE PARALLEL WORLDS,
THE DIFFERENT Al WORLDS?

In 1950s, under the worst conditionality of the Cold War between the Soviet
Union and the United States, the newly created People’s Republic of China
in 1949 was absolutely part of the International Communist Movement world
dominated by Moscow. But,the death of Joseph Stalin in 1953, the PRC-Soviet
Union tensions in the late 1950s and 1960s, and the USSR-USA (and China-US)
“detente” in the late 1960s and 1970s, made Mao Zedong finalize his theory of
“three worlds” (=/MER) before his death in 1976. Since then China began to
identify itself as “a Third World country” or “a developing country” to pursue

U8 https://lenglish.news.cn/20240704/b1ca8d45f8f54ba9b954fcd969a2304f/c.html
U9 https://webtv.un.org/zh/asset/k1v/klvx3nr7l1
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its more “independent foreign policy” within and beyond the International
Communist Movement system.

After the Cold War, China decided to re-reform and opening up to be a
member of globalization driven world/international order. In 2008, in the name
of One World, China hosted the One Olympics in Beijing. Currently, China’s
“one foot” is still on the One World. There was a Chinese delegation of the 2024
Olympic Games, Paris, France. But, China’s "one foot” is already on the another
world®. China has been a pillar of the BRICS since 2009, which has been seeking
an alternative world order.

Recently, an American scholar in International Relations and World Affairs
consider “a dividing world”: “Three Worlds: the West, East and South”3', which
is so different from his previous only one liberal international or world order.

More than 10 years ago, G. John lkenberry asserted that”the rise of China
will be integrated into the existing international order”. He even deeply believed
China is part of the existing One World*2. Then a Shanghai-based newspaper
used an very optimistic title to cover lkenberry’s lecture trip to Beijing: “Professor
John lkenberry: China is not another world”s3.

IX. WHICHH WOIRLD TODAY'S AND
FUTURE'S CHINA BELONGS TO?

The death of Soviet Union does not mean the death of the Soviet System. During
the rapid rise of China years from 1990s to 2010s, China assured and reassured

50 There is a Winston Churchill statue on the grounds of the British Embassy in Washington,
DC, the US. “Sculpted by William McVey, the statue has one foot on British soil, the
other on American, symbolizing Churchill's honorary United States citizenship, and the
ties between the two nations”. See, https://winstonchurchill.org/resources/in-the-media/
churchill-in-the-news/historian-richard-norton-smith-on-the-churchill-statue-at-the-
british-embassy-in-washington/. Here, | borrow the “one foot on a land” and “the other on a
land” to describe China’s current international standing.

B1 G John lkenberry, Three Worlds: the West, East and South and the competition to shape

global order, International Affairs, Volume 100, Issue 1, January 2024, Pages 121-138.

52 G. John Ikenberry, Liberal Leviathan: The Origins, Crisis, and Transformation of the American
World Order (Princeton: Princeton University Press, 2011, which is translated into Chinese,
entitled B B X FI4E38: £ FIR i RKFHRER. BHLAEE. On January 2014, Professor
Ikenberry visited Beijing and strongly confirmed his conclusion on future China as part of
the liberal order, see, https://en.iiss.pku.edu.cn/fj/PDF/ciss_en/upload/docs/2016-09-06/
doc_9281473125195.pdf.

53 See, https://www.thepaper.cn/newsDetail_forward_1247078
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the others in the international system, particularly the US, “today’s China is not
yesterday Soviet Union”; China is impossible to become a Soviet state. But,
finally, China is emerging as a truly heir of the Soviet Union in the world.

The author of The dean of Shandong: Confessions of a minor bureaucrat at a
Chinese university, “a westerner's defence of China’s political system”%4, Daniel
Bell,thinks “The Communist Comeback”®. Bell's point of view is perhaps not
accurate, but he observed a resurrection of yesterday's Soviet Union in today's
China.In higher education of the ruling ideologies, China has run at least 1440
schools of Marxism until 2021 with more than 125 thousands staff professors®.
Economically, the entire Chinese economy is no longer "market economy” but
rapidly back to the centrally planed or command economy®, although recently,
at the 3™ the Third Plenary Session of the 20* Central Committee of the CCP,
the market elements with “socialist” conditionality once again was mentioned®®.

Al, if developed over-rapidly, may accelerates the division of the dividing
world. Anténio Guterres, Secretary-General of the United Nations repeated his
worry about Al at the general debate of the 79t Session of the General Assembly
of the UN in New York on September 24, 2024:

“Artificial intelligence could lead to artificial divisions across the board
—a Great Fracture with two internets, two markets, two economies— with every
country forced to pick a side, and enormous consequences for all”%.

Anténio Guterres's words are not necessarily consistent with his deeds.
The UNSG declined to attend the “(first global) Summit on Peace in Ukraine
in Switzerland on June 15 2024 to enhance a high-level dialogue on pathways
towards a comprehensive, just and lasting peace for Ukraine"®. But, he in the
capacity of the UNSG spoke in in Kazan Russia on October 24, 2024 at the 16th
BRICS Summit. His “We need peace in Ukraine. A just peace in line with the UN

B4 https://www.ft.com/content/a2a8c734-49b4-4f23-b6bd-6b7f73fae250

55 Bell, Daniel. (2023) 2023. The Dean of Shandong. Princeton University Press.

56 The figure comes from China’s Ministry of Education. see, http:/www.moe.gov.cn/fbh/
live/2022/54301/mtbd/202203/t20220317_608432.html

57 On the term “Command economy”, see, https://www.britannica.com/money/command-
economy

58 https://lenglish.news.cn/20240718/e74d931886e64878ae6e5419d19a64da/c.html

59 Anténio Guterres, Secretary-General of the United Nations, Remarks at the Opening
of the General Debate of the Seventy-ninth Session of the General Assembly,
September 24, 2024.

60 https://www.eda.admin.ch/eda/en/fdfa/fdfa/aktuell/dossiers/konferenz-zum-frieden-ukraine/
Summit-on-Peace-in-ukraine-joint-communique-on-a-peace-framework.html
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Charter, international law and General Assembly resolutions”¢! was responded
differently in the world. Ukraine angrily criticized the UNSG's meeting with
Russian President Vladimir Putin®?, who is a defendant accused of committing
war crimes by the International Criminal Court (ICC)%3.

The case of China in development and governance of Al may strengthen the
UN SG's concern and anxiety over the Al as a threat to human ontology in the
exiting international order. In facts and trends, China has transformed itself as
a representative of a new world: a politically unreformed Soviet-nature system
with Chinese characteristics, a foreign policy to seek a multi-polar world order
together with today’s Russia, an intranet hard to connect with the global-nets, a
dominant state-owned economy, a controlled society with the brainwashing as
education for the next generations.

What are historic and strategic implications of China’s new direction towards
a new world for China’s Al science and technology? Look at the future, do we
witness the continuity of China’s rise or do we see the end of the rise of China
in the field of AI?

X. CONCLUDING REMARKS

By examining some neglected but important events, cases, figures and stories,
this chapter looks at partially the progresses, problems and prospects of the Al
in China.

| introduce one of China’s current official theory entitled “the East rises
and the West declines” to examine the Al in China, which has seemingly not
demonstrated the theory.

Paul Samuelson (1919-2009), the author of a classic textbook Economics: an
Introductory Analysis in 1948, an American economist who was awarded the
Nobel Prize in Economic Science in 1970 for his fundamental contributions
to nearly all branches of economic theory%*, who predicted the Soviet Union
economy would overtake the US in 1980s%. But, his prediction did not happen.

61 https://www.un.org/sglen/content/sg/statement/2024-10-24/secretary-generals-remarks-
the-16th-brics-summit-delivered

62 https://news.sky.com/story/antonio-guterres-why-is-the-un-secretary-general-in-russia-
incurring-ukraines-wrath-13240299

63 https://www.icc-cpi.int/defendant/vladimir-vladimirovich-putin

64 See, https://www.britannica.com/money/Paul-Samuelson

65 From The Vintage News, https://www.thevintagenews.com/2018/08/23/soviet-gnp/
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The “Dong Sheng XiJiang” is not a Samuelson-like scientific research conclusion
butapoliticalideology. Therise ofthe Alin Chinahasbeen duetotherise of the Al
in the US. This is an international result of mutually promoted interdependence.
The primacy of the Al in the US is largely acknowledged by China’s leading Al
scientists, who have had connections with their American colleagues. The rise of
Al in China not means the the decline of the Al in the US. Al development in
China faces its sustainability challenge as China deviates truly market economy
and re-embraces the Soviet Union centrally planed or command economy.

From China-US relations perspective, Al is so globally geostrategic. Currently,
in the field of Al, the great divergence rather than the great convergence
between China and the US is happening. In the “"Age of Al”, the globe is not
an integrated and united world. In the future, the globe includes at least two
worlds: China and the US are in different worlds.
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I. INTRODUCTION

he unprecedented advancements in science and technology result

profound transformations in the global political and economic land-

scape. A new wave of technological revolution is sweeping the world
as evidence that the emerging fields such as artificial intelligence (Al), block-
chain, and biotechnology are becoming pivotal engines of economic growth. Al,
a branch of computer science, aims to simulate and extend human intelligence
through technologies such as machine learning, natural language processing,
and computer vision, and stands out as a transformative force with the potential
to redefine industries and reshape economies. In recent years, significant break-
throughs in deep learning, natural language generation models (e.g., GPT), and
autonomous systems have led the widespread application of Al in various fields
such as healthcare, finance, energy, transportation, etc., which proves that Al is
increasingly integrated into economic and societal operations and offes innova-
tive solutions and driving efficiency.

In no exception, China’s economic development in the global transformations
is also at a historic crossroads. Having achieved decades of high-speed growth,
China is now transitioning to high-quality development, which emphasizes
innovation, sustainability, and inclusivity as the pillars of the progress. The
Chinese government’s focus on fostering “new quality productivity” aligns
closely with the imperatives of the transition. It highlights the integration of
advanced technologies like Al into economic systems to accelerate industrial
upgrading, optimize supply chains, and build a modern, innovation-driven
industrial framework. Besides, demographic changesin China furtherunderscore
the urgency of the transition. As the population growth slows and the labor force
ages, the traditional model of growth driven by abundant low-cost labor faces
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diminishing returns. It necessitates a shift toward productivity-led growth fueled
by technological innovation. Al, as a key enabler of such productivity, could plays
a leading role in addressing the challenges of an aging population, optimizing
resource allocation, and enhancing economic competitiveness. Despite the fact
that China’s innovation-driven development strategy has already positioned
the country as one of the global leaders in artificial intelligence research and
application, the rapid integration of Al into economic systems also brings
critical challenges such as ethical and regulatory concerns, and the impartiality
to Al benefits. Responding effectively to these challenges will be core issues to
China'’s high-quality development in the Al era.

This paper analyzes the primary advantages of artificial intelligence in China’s
economic transformation, lists the core challenges that need to be addressed
and attempt to provide a systematic perspective on how Al can contribute to
the high-quality development of China’s economy.

II. THE CURRENT STATE OF CHINA'S
ECONOMY

China's economy has entered a new phase of high-quality development after
decades of rapid growth, and the economic operation now presents a series of
new characteristics and challenges.

FIRST, ECONOMIC GROWTH RATE HAS DECLINED

The pace of China’s economic growth has gradually slowed down from double-
digit rates to a moderate-high range. Since the 2020s, the economic growth rate
has noticeably decelerated with the gradual disappearance of the demographic
dividend, weakening external demand, and the deepening of domestic economic
structural adjustments. Though a slowdown is a normal phenomenon as an
economy matures, the deceleratingtrendreveals deeper contradictionsandissues
such as insufficient domestic demand, slowing productivity growth, and uneven
technological innovation capabilities. Additionally, uncertainties and complexities
in the international macroeconomic environment, including geopolitical conflicts
and global supply chain realignments, add further pressure on the growth
rate. It necessitates that China should focus more on the development quality
rather than the speed of economic growth to ensure a long-term sustainable
development through optimizing resource allocation, strengthening innovation-
driven strategies, and improving total factor productivity.



JIN SONG

SECOND, TRADITIONAL INDUSTRIES NEED
TRANSFORMATION AND UPGRADING

China’s traditional industrial system, centered around manufacturing, has been
driven by low-cost labor, resource inputs, and scale expansion. But with the
adjustment of the international division of labor and changes in the stage of
domestic economic development, the limitations of this model have become
increasingly apparent. First, traditional manufacturing faces overcapacity. In
certain industries, low-end and homogenized competition lead to resource
wastage and declining profit margins. Second, the rise of emerging economies
in mid-to-low-end manufacturing has intensified international competitive pres-
sures. Meanwhile, the global economy is accelerating towards digitalization and
greener practices, forcing traditional industries to leap towards higher-end,
smarter, and greener operations through technological upgrades and structural
adjustments. This not only involves nurturing high-tech industries represented
by artificial intelligence, big data, and cloud computing, but also includes pro-
moting the deep integration of manufacturing and services, establishing a mod-
ern industrial system powered by technological innovation.

THIRD, CHINA'S POPRPULATION AGING ISSUE HAS
INTENSIFIED, AND THE PROPORTION OF THE
WORKING-AGE POPULATION CONTINUES TO DECLINE

Statistics show that since 2012, the total number of China’s working-age pop-
ulation has been decreasing, and it is projected that by 2035, the elderly will
account for over 30% of the total population. Population aging impacts the
economy in multiple ways. The decrease in the labor force directly weakens
the potential momentum for economic growth, the pressure of pension pay-
ments and increased medical expenses further exacerbate the public fiscal
burden, and aging significantly influences consumption patterns, with rising
demands for healthcare and eldercare services, while growth in traditional con-
sumer sectors slows. To address the challenges of aging, it is essential to in-
crease labor productivity, to delay the retirement age, to expand the supply of
skilled technical personnel, and to optimize the social security system to miti-
gate its impact on the economy.
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FOURTH, THE LABOR SKILL STRUCTURE HAS BEEN
SIGNIFICANTLY TRANSFORMED

In the past few years, the overall university enrollment rate in China has shown an
upward trend, gradually stabilizing at a high level. Since the implementation of
the higher education expansion policy in 1999, the gross enrollment ratio (GER)
in tertiary education has experienced a significant increase, rising from 30% in
2012 to 59.6% in 2022. The underlying drivers behind the soaring rate in higher
education enrollment include robust support from educational policies and a
strong inclination of households to invest in education. China has consistently
promoted the development of education, striving to enhance the accessibility
of education and narrow the gaps between urban and rural areas, as well as
among different regions. Simultaneously, with the ongoing economic transfor-
mation and technological advancements, there has been an increasing demand
for highly skilled labor in society. Higher education is widely recognized as a
crucial pathway to enhancing individual competitiveness. Given the high value
placed on education by Chinese families, an increasing number of households
are willing to provide support for their children to pursue higher education. All
these have led to a notable shift in the skill structure of the labor supply.

FIFTH, CHINA FACES SIGNIFICANT PRESSURE
FOR CARBON REDUCTION

Being one of the main carbon emitters in the world, China confronts significant
pressures to reduce its carbon footprint. To achieve the goals of carbon peak
and carbon neutrality, it is required to advance the quality of its economic de-
velopment. Nonetheless, the endeavor to reduce carbon emissions is beset by
numerous challenges. Firstly, the predominance of fossil fuels in China’s energy
mix, coupled with the relatively low share of clean energy, presents a formida-
ble barrier. Secondly, the transition of traditional, high-energy-consuming, and
high-emission industries is impeded by both technological hurdles and employ-
ment. The fact that these sectors often serve as major employers, where rapid
reform could precipitate substantial job displacement. Furthermore, disparities
in economic development and resource endowments across regions compli-
cate the uniform implementation of carbon reduction objectives. To foster a
green development trajectory, making the best use of technology progress
is imperative for achieving a balance between economic growth and environ-
mental sustainability.
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l1l. MAIN ADVANTAGES OIF Al
APPLICATION IN CHINA

Al could play a significant role in China’s economic development. Since the
global economy has been characterized by sluggish performance, many coun-
tries urgently explore new sources or drives of growth. China has introduced
the concept of “new quality productive forces”, aiming to leverage the lat-
est technological achievements, including Al, to promote economic develop-
ment. Owing to its powerful capabilities in cross-domain data processing and
analysis, Al technology can break down traditional barriers between fields,
promote interdisciplinary integration, and spur innovative activities. It facil-
itates the research and development of new products, the improvement of
modern services, and the innovation of business models, and gives rise to new
economic opportunities. These innovative outcomes by Al not only significant-
ly impact existing industries through creative destruction, transforming and
elevating them, but also continuously stimulate economic expansion, fostering
a new leap in social productivity and the overall high-quality development of
the economy.

1. CONTRIBUTION TO INDUSTRIAL UPGRADING AND THE
CONSTRUCTION OFF A MODERN INDUSTRIAL SYSTEM

A modern industrial system requires the coordinated development of multiple
sectors, including manufacturing and services, to achieve diverse and sustain-
able drivers of economic growth. In the past several years, Chinese traditional
manufacturing and service industries have faced some major constraints due to
a combination of internal inefficiencies and external pressures. The advent of