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Abstract

The reflexive historical system S = (H, M, @, a) incorporates its own dynamics as a constitutive component,
generating a reality that structurally exceeds each of its components. In S, H is the manifold of historical states,
M is the formal model acting on H, @ is the transition operator, and a(?) is the degree of social penetration of M
as an endogenous variable. The structure extends stochastically through the diffusion coefficient o(%) and the
Wiener process W(f).

Three analytical levels organize the argument. The first concerns large-scale structural tendencies,
partially independent from individual agents and modeled through differential operators. The second concerns the
geometry of bifurcations, points of maximal sensitivity where the system becomes fully exposed to perturbations
and contingency acquires full autonomy. The model identifies these points without resolving them. The third level
introduces a reflexive dimension absent from all existing formal historical models: the effect produced by M on
the system it describes, mediated by a(?).

The core mechanism emerges from the interaction between a(f) and the prediction error &(f), which
generates a limit cycle as an attractor. When M becomes widely adopted, it perturbs the trajectory A(¢) it attempts
to predict, increases its own error, loses credibility, and the cycle restarts. This cycle is the dynamic signature of
any model operating within a reflexive system. The cost function U(h) and its gradient VU identify regions of
maximal systemic tension, while the bifurcation field B € H marks the set of structurally undecided points,
independent of the branch eventually taken.

The stochastic component is intrinsic to the model. The trajectory /() evolves through a stochastic
differential equation in which the deterministic term governed by @ is complemented by o(h)dW(¢). Near
bifurcations, ¢ increases: stochastic fluctuations resolve the structural indecision of the system and determine the
selected branch. Under high a, supercritical synchronization suppresses ¢ artificially and reduces the exploratory
capacity that historically sustained systemic resilience. The resulting collapse acquires an intensity and
irreversibility that exceed any deterministic forecast.

The model is anchored to three paradigmatic historical cases, selected to represent distinct regimes of a:
the fall of the Western Roman Empire (a = 0, structural tendencies without reflexivity), the collapse of the USSR
(concentrated and distorted o within the nomenklatura), and the 2008 financial crisis (maximal and distributed a,
a pure reflexive collapse). These cases engage critically with major theoretical interlocutors: Turchin, Soros,
Wallerstein, Taleb, Thom, and Ibn Khaldun.

A dedicated section reconstructs the historical genealogy of cognitive control. From antiquity to the age
of Al, the functional elite has always consisted of agents with access to the dominant decision models of their era,

irrespective of formal title. The structural gap between real cognitive power and formal authority emerges as a
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historical constant and as an indicator of systemic instability: when this distance crosses a critical threshold, the
system approaches a bifurcation. The sequence runs from the scribal and juridical elites of antiquity through the
theological hierarchies of the medieval period and the financial and media elites of modernity, reaching its most
extreme configuration with Al, where the first-order elite controls the cognitive structure within which any
decision becomes possible.

The work advances a falsifiable prediction for 2050: the universal adoption of Al models in strategic
decision processes will produce a supercritical synchronization of the global system. When all relevant agents
rely on the same models, the behavioral diversity that historically absorbed systemic shocks dissolves and the
system collapses in a synchronous and amplified manner, driven by the sophistication of the models themselves.
The resulting crisis becomes structurally difficult to address because the available tools coincide with the
mechanisms that produced it. The exit condition (a political architecture of cognitive redundancy) cannot be
deliberately produced: the figures capable of simultaneously inhabiting technical competence and critical distance
emerge spontaneously or not at all, and the system tends to marginalize them since their value remains invisible
from within the logic they are meant to correct.

The model includes an explicit hierarchy of operational articulation: directly measurable variables,
ordinally estimable variables, and structurally necessary variables. Five composite indicators i(f) = (/i...Is) provide
the operational projection of the historical trajectory on H. Early warning signals of bifurcation (critical slowing
down, rising variance, and synchronization across subsystems) constitute the local geometry of the bifurcation

field and can be extracted from any sufficiently dense time series.

1. Introduction: Beyond Asimov

The psychohistory imagined by Isaac Asimov in the Foundation cycle remains one of the most
fertile epistemic intuitions in twentieth-century speculative fiction. It presents a branch of
mathematics capable of describing the behaviour of human collectives across centuries,
abstracting from individual contingency to reveal the statistical structure of the whole. Asimov
offered a metaphor rather than a scientific proposal, yet the metaphor captured something real:
the sense that history does not unfold as pure randomness, that its aggregate dynamics express
identifiable structures, and that knowledge of those structures can orient action. It is telling that
Asimov also perceived the limits of his own intuition. In the fiction, psychohistory works only
as long as the population remains unaware of its existence. Once the model becomes public, its
perturbing effect undermines its validity. This narrative device conceals a genuine problem,
which this work adopts as its theoretical point of departure. A formal model of history must
account for its own effect on the system it describes.

Beginning with Asimov is not a rhetorical gesture. It acknowledges that some of the
deepest questions about modeling historical dynamics were articulated with clarity and

intellectual honesty outside institutional science. Speculative fiction has often anticipated



problems that academic research later approached with slower and less agile tools.
Psychohistory raises three questions that this work revisits in rigorous form. Is a formal model
of history possible? If so, what can it predict and what lies outside its reach? And what happens

when the model itself enters the history it seeks to describe?

1.1 What a Formal Model of History Can and Cannot Do

The answer to the first question is affirmative, provided the predictive domain is radically
redefined. Asimov’s psychohistory predicts events such as the fall of empires, the duration of
transitional eras, or the outcomes of political crises. This ambition lacks epistemic grounding.
Singular historical events depend on irreducible contingencies, from the decision of an
individual at a critical moment to an unexpected pandemic or a sudden technological discovery.
No aggregate model can capture such contingencies without drifting into divination. Historical
determinism, from Hegel to Marx to Toynbee, has repeatedly failed on this point. History
generates regularities, yet it also generates structural surprises that unsettle any teleological
scheme.

The distinction at stake is not a matter of degree but of nature. A formal model of history
can identify structures of instability but not events. It can detect when and where a historical
system approaches a critical bifurcation, but not the branch it will follow. It can measure the
tension accumulated within a system, but not the exact moment of its release. It can distinguish
stable regimes from fragile ones, but not the specific perturbation that transforms fragility into
collapse.

This distinction is not a limitation to be accepted with resignation. It is a clarification
that renders the project more honest and more scientifically interesting than psychohistory. A
seismograph does not predict an earthquake. It measures the accumulation of tension in the
crust and distinguishes high-tension systems from stable ones. Its utility does not depend on
the ability to specify the day and hour of a seismic event. It lies in its capacity to inform
decisions under structural uncertainty. The model developed in this work has a similar ambition
applied to historical dynamics. It offers not the prediction of events but the cartography of
instability.

To this redefinition of the predictive domain we add a component that all existing
formal models of history systematically overlook. A model of history observes its object from
within. Once it becomes known, believed and acted upon by historical agents, it enters the
system it describes and alters its trajectory. This social penetration of the model, formalized

here through the variable a(?), is a constitutive element of the dynamics. A model that ignores



its own effect on the system it describes remains incomplete regardless of its technical
sophistication. This incompleteness is precisely what renders Asimov’s psychohistory a
brilliant yet unrealizable intuition. Asimov perceived the problem and resolved it narratively

through secrecy. A scientific solution requires a more complex architecture.

1.2 The Structure of the Formal System

The model proposed here is organized around the reflexive historical system S = (H, M, @, o).
H is the manifold of historical states, M is the formal model acting on H, @ is the transition
operator, and o(¢) is the degree of social penetration of M as an endogenous variable. The
historical trajectory /() evolves on H through a stochastic differential equation that combines
a deterministic component governed by @ with a stochastic component o(4) dW(¢), where W(¢)
is a Wiener process and o(/) is a state-dependent diffusion coefficient.

Three analytical levels sustain the model. The first concerns large-scale structural
tendencies, such as demographic dynamics, fiscal pressures, cycles of concentration and
dispersion of power, and institutional performance. These tendencies are partially independent
from individual agents and can be expressed through differential tools. The second level
concerns bifurcations, critical points where the system becomes maximally sensitive to
perturbations and contingency acquires full autonomy. The cost function U(/) and its gradient
VU identify regions of maximal systemic tension, while the bifurcation field B € H marks the
set of critical points predicted by the model. The third level introduces the reflexive dimension
absent from existing formal approaches. The interaction between a(f) and the prediction error
&(t) generates a limit cycle as an attractor, the dynamic signature of any model operating within

a reflexive system.

1.3 The Landscape of the Literature
The field of formal models of history is rich yet fragmented, and no existing contribution
occupies the conceptual space this work intends to fill.

Peter Turchin’s cliodynamics is the closest reference point. Drawing on population
dynamics, Turchin developed a framework for analyzing cycles of political instability. His
concepts of intra-elite pressure, state fiscal capacity and secular cycles rest on solid empirical
foundations and yield partially verifiable predictions. The structural limit is that Turchin’s
models treat historical agents as unaware of the model. The variable a(¢) is implicitly null.
Predictions hold only as long as the model remains outside public discourse, and Turchin’s

visibility has created precisely the problem his framework cannot incorporate.



George Soros developed, in the context of financial theory, a conception of reflexivity
that captures the essential mechanism of the third level. Perception alters fundamentals, which
in turn alter perception. The structure is a feedback loop that undermines equilibrium as an
attractor. Soros’s limit lies in the weakness of the formal apparatus. Reflexivity is described
qualitatively rather than as a structured dynamical system. The present work formalizes what
Soros intuited.

Immanuel Wallerstein’s world-system analysis provides the long temporal scale and
the concept of hegemonic cycles. He adopts Kondratiev waves as background structure and
treats hegemonic transitions as bifurcations. Wallerstein is valuable for the first level of
structural tendencies, yet he lacks tools for the second and third levels. His work maps the
territory rather than modeling it.

Nassim Taleb argues convincingly against the predictability of singular events, a point
fully aligned with this work. His limit is the tendency to extend this argument until it
undermines any formal model, conflating analytical levels. The unpredictability of events is
fully compatible with the formal tractability of instability structures. Taleb is correct at the first
level and tends to overlook the second and third.

René Thom provides, through catastrophe theory, the mathematical geometry of
bifurcations. Thom’s catastrophe surfaces model the discontinuous jumps that emerge from
continuous parameter variation. They are the direct mathematical predecessor of the second
level of the present model. The geometry of bifurcations inherits from Thom and extends his
framework through the reflexive level.

Ibn Khaldun, in the fourteenth-century Mugaddimah, anticipates with remarkable
clarity the cyclical structure of power dynamics. His theory of asabiyya, the social cohesion
that sustains the rise and decline of polities, is structurally analogous to modern models of intra-
elite pressure. It is the earliest attempt at an endogenous model of history and it is not European.
Its inclusion signals that the problem of modeling historical dynamics has deeper and broader

roots than the Western academic tradition often acknowledges.

1.4 The Prediction for 2050 and the Structure of the Paper

The paper advances a falsifiable prediction that extends the model into the near future. The
universal adoption of Al models in strategic decision processes will produce, by 2050, a
supercritical synchronization of the global system. When all relevant agents rely on the same
models, the behavioral diversity that historically absorbed systemic shocks dissolves. The

system collapses in a synchronous and amplified manner, driven by the sophistication of the



models themselves. The resulting crisis becomes structurally difficult to address because the
available tools coincide with the mechanisms that produced it. This is the reflexive trap in its
most complete historical expression.

The work is organized into eight sections. Section 2 develops the conceptual framework
of the three analytical levels and explains why their separation is necessary before any
formalization. Section 3 reconstructs the historical genealogy of cognitive control and
identifies, in each era, the functional elite as the set of agents with access to the dominant
decision models, independent from formal title. This constant reaches its most extreme
configuration with Al. Section 4 develops the formal structure of the system S = (H, M, @, a),
introduces the stochastic differential equation as the general form of the model, and formalizes
the limit cycle as a reflexive attractor. Section 5 addresses the problem of operational
articulation, from measurable variables to the five composite indicators i(¢) = (/1.../s) and the
early warning signals of bifurcation as local geometry. Section 6 anchors the model to three
paradigmatic historical cases, selected to represent distinct regimes of @ and to engage critically
with the main theoretical interlocutors. Section 7 formulates the falsifiable predictions, with
particular attention to the prediction for 2050 and its conditions of verification. Section 8

concludes, evaluates the limits of the model and outlines future directions.

2. Conceptual Framework: The Three Levels

Any attempt to construct a formal model of history requires, before formalization, conceptual
clarity about the kind of object one intends to describe. History is an open system populated by
agents who learn, adapt, read the models that describe them and modify their behavior in
response. This fundamental feature imposes a preliminary distinction between analytical planes
that existing literature often conflates. The present work identifies three such planes,
structurally distinct and not reducible to one another: the level of structural tendencies, the level
of bifurcations and the reflexive level.

The distinction is not arbitrary. Each plane addresses different questions, requires
different tools and yields predictions of a different nature. Confusing them produces
frameworks that appear powerful yet fail systematically, either through excessive ambition
when they claim to predict events where only structures of instability can be identified, or
through insufficient complexity when they ignore the effect of the model itself on the system

1t describes.

2.1 The Level of Structural Tendencies



The first level is the one on which most existing formal modeling of history has concentrated.
Structural tendencies are large-scale dynamics that emerge from the aggregation of individual
behaviors and operate on time scales long enough to be partially independent from singular
contingencies. They are not deterministic laws. They are systemic pressures that constrain the
space of possible trajectories without fixing specific outcomes.

The relevant variables at this level can be identified with reasonable precision. One is
demographic pressure relative to available resources, understood as the ratio between the
complexity of aggregate needs and the capacity of the institutional system to satisfy them.
Another is intra-elite pressure, measured by the divergence between the growth of the group
competing for positions of power and the growth of the positions available. When elites
reproduce faster than opportunities, internal competition destabilizes the equilibrium. A third
is the effective fiscal capacity of the state, understood as the share of resources that the political
system can actually extract and redistribute. A fourth is institutional performance, measured by
the relation between the complexity of the problems to be addressed and the complexity of the
solutions that institutions are able to generate.

These variables interact according to patterns that can be modeled with differential
equations. Turchin’s cliodynamics (2009, 2016) has shown that secular cycles of political
instability emerge robustly from frameworks that incorporate demographic pressure, fiscal
capacity and intra-elite pressure as coupled variables. The value of these contributions is real.
They identify recurrent structures, produce partially verifiable forecasts and enable systematic
comparisons between societies distant in time. Their limit is that they operate exclusively at

this level, as if the other two did not exist.

2.2 The Level of Bifurcations
The second level concerns the critical points at which the historical system loses stability and
becomes maximally sensitive to perturbations. These are moments when small fluctuations that
would normally be damped determine which of the possible trajectories is actually followed.
Contingency, which at the first level appears as background noise, at the second acquires full
causal autonomy and becomes the mechanism that resolves the structural indecision of the
system.

The geometry of this plane is that of bifurcations in René Thom’s sense (1972): points
at which the manifold H exhibits discontinuities in its local topological structure. Near a
bifurcation, the system displays characteristic and measurable behaviors: critical slowing

down, that is, a progressive increase in the time required to return to equilibrium after a



perturbation; rising variance in state indicators; and increasing synchronization between
subsystems that under normal conditions evolve independently. These three signals are
universal. They appear in ecological systems near collapse, in financial markets before crises,
in climate systems approaching tipping points, and they are in principle measurable on any
sufficiently dense time series (Scheffer et al. 2009).

The cost function U(h) measures the internal tension of the system in state 4. Regions
where VU diverges correspond to zones of maximal instability, and the field B € H defines the
set of critical points. The model predicts B, not the branch taken after B. This distinction is
epistemically fundamental. The bifurcation is identifiable, its outcome is irreducibly
contingent. Confusing the two planes produces both naive determinism, which claims to predict
outcomes, and the epistemic nihilism of Taleb, which infers from the unpredictability of
outcomes the impossibility of any formalization.

The stochastic component of the model operates precisely at this level. The historical

trajectory evolves according to the stochastic differential equation
da(t) = D(h(t), a(t) - M(h(?))) dt + o(h(r)) dW(2).

Near bifurcations, o(/) increases. Stochastic noise is not a disturbance to be eliminated
but the variable that resolves structural indecision by determining which branch is taken. Far
from bifurcations, noise is damped by the stability of the attractor and the behavior of the

system is dominated by the deterministic component governed by ®.

2.3 The Reflexive Level

The third level is what structurally distinguishes a model of history from a model of physical
systems. A physical model describes a system that does not read it. Elementary particles do not
modify their behavior because a physicist has published a paper on quantum mechanics. A
historical model describes a system composed of agents who can read it, interpret it, act in
response and thereby alter the trajectory it predicts.

This is not a technical complication but an ontological difference between the two types
of system, which imposes a structural difference in the tools used to describe them. The domain
of a historical model is open with respect to the modeling operation, since any model that
becomes sufficiently widespread and credible turns into a perturbing factor within the system
it describes. The variable a(¢) € [0, 1] formalizes this social penetration. When a is low, the

model is irrelevant for the trajectory of the system and its predictions are relatively reliable.



When « is high, the model becomes a historical actor in its own right and its predictions are
self-modified through the behavior of agents who have internalized them.
The interaction between o(f) and the prediction error &(¢) generates a limit cycle as an

attractor, formalized by the dynamics

da(?) / dt = f(e(?), a(?).

When the model is widely adopted, it perturbs the trajectory A(z) it predicts, increases
its own error, loses credibility and o decreases. Reflexive pressure relaxes, the system drifts
back toward the underlying tendencies that the model had originally identified (tendencies that
are real, only temporarily masked by the effect of its adoption), the error diminishes, a rises
again and the cycle restarts. This cycle is not an epistemological flaw. It is the signature of any
system in which the observer is internal to its own domain of observation.

The reflexive plane also introduces a temporal stratification that existing frameworks
ignore. The mechanism a(¢) becomes systemically relevant only when the speed of information
diffusion exceeds the adaptive response speed of the social context. Below that threshold, a
does not accumulate enough to perturb underlying tendencies. Each technological acceleration
in the circulation of information (the Gutenberg press, mass periodical print, the internet, Al)
represents a threshold jump that activates the reflexive mechanism at a broader scale. This is
why the prediction for 2050 has a qualitatively different structure from any previous historical

projection. Al drives a to unprecedented global and synchronized values.

2.4 Why Existing Models Are Insufficient
No existing formal approach operates simultaneously at all three levels. Cliodynamics works
at the first and, partially, at the second, with o implicitly set to zero. Soros’s theory of reflexivity
(1987) operates at the third without a formal structure for the first and second. Thom’s
catastrophe theory (1972) provides the geometry of the second without incorporating either the
aggregate tendencies of the first or the dynamics of the third. Wallerstein’s world-system
analysis (1974) describes long-term cycles at the first level without tools for the other two.
This fragmentation is not accidental. Operating simultaneously at all three levels
requires tools developed in separate disciplinary traditions, such as dynamical systems theory,
bifurcation theory and reflexive game theory, which are rarely integrated into a single
framework. The present work proposes such an integration: a system S = (H, M, @, o) in which
aggregate tendencies, the geometry of bifurcations and the social penetration of the model are

components of the same formal object.



The insufficiency of single-level frameworks is not only theoretical. An approach that
operates only at the first level produces plausible long-term forecasts yet remains
systematically unable to capture moments of crisis, which emerge at the second. An approach
that operates at the second without the third cannot explain why the same configuration of
systemic tension produces collapse in some contexts and not in others, since the difference
often depends on the social penetration of the models through which agents read the situation.
An approach that operates only at the third without the first lacks a background structure on
which to anchor reflexive dynamics. Reflexivity without aggregate tendencies is pure volatility,
without form and without direction.

The three levels are necessarily complementary. The next section shows how this
complementarity translates into a concrete historical structure through the genealogy of

cognitive control as the variable that connects them in real history.

3. Functional Aristocracy and Formal Title: A Genealogy of Cognitive
Control

The question of who holds power in a society has shaped political reflection from Plato to
Weber. Traditional answers revolve around visible categories such as hereditary nobility,
clergy, bourgeoisie, state bureaucracy and financial capital. These categories identify formal
elites, recognisable through title, property or office. A closer reading of history shows that
effective power, understood as the capacity to shape collective decisions, has often resided
elsewhere, in those who controlled the dominant informational system of their era, the
instruments through which reality was interpreted, decisions structured and alternatives
rendered thinkable or unthinkable.

This section proposes a genealogy of cognitive control, a historical reconstruction of
how each era produced a functional aristocracy defined not by formal title but by access to the
dominant decision models of the time. The central thesis is that the structural gap between real
cognitive power and formal authority is a historical constant, and that the magnitude of this
gap functions as an indicator of systemic instability. When it exceeds a critical threshold, the
system approaches a bifurcation. Rather than a history of ideas or institutions, this genealogy

is a history of the cognitive structures of power.

3.1 Operational Definition of Elite
Before tracing the historical sequence, it is necessary to specify what is meant by elite in this

framework. The definition is not sociological in the traditional sense of class, origin, title or
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office, nor purely Weberian in the sense of the monopoly of legitimate violence (Weber 1978).
It is functional and cognitive. The elite of an era is the set of agents who have access to the
dominant decision models of that era and who are able to act upon them.

This definition requires three clarifications. The first concerns the meaning of dominant
decision models. Each era possesses a privileged system of representation through which
relevant collective decisions are structured. It is not necessarily the most sophisticated system
available, but the one used by centres of effective power to interpret situations and choose
among alternatives. In antiquity this system was writing and law, in the medieval period
theology and Latin, in modernity mercantile accounting and later financial markets, in the
twentieth century mass media and intelligence systems, and today artificial intelligence models.
The content changes, the structure does not. Whoever controls the dominant representational
system controls the space of possible decisions.

The second clarification concerns the distinction between access and use. Passive
access to the decision model is insufficient. The functional elite consists of those who can act
on the model, modify it, train it, interpret its outputs and translate them into decisions. This
distinction becomes crucial in the age of Al, where billions of people access the products of
the models while only a few thousand control their architecture.

The third clarification concerns the structural non-coincidence between this functional
elite and the institutionally recognised formal elite. This non-coincidence is the rule rather than
the exception. In most historical periods, those who held formal authority depended, for their
effective decisions, on those who controlled the dominant cognitive system. The medieval king
depended on the clergy for legitimation and for the management of written administration. The
noble depended on the banker for the financing of his ambitions. The contemporary politician
depends on intelligence systems and media for the perception of reality. This structural

dependence is the engine of the genealogy that follows.

3.2 Distance as an Indicator of Instability

Before tracing the historical sequence, it is useful to formalise the second element of the thesis:
the distance between functional and formal elites as an indicator of systemic instability. This
distance is not constant. It grows during periods of technological transition, when a new
cognitive system emerges and spreads before formal structures of power have time to adapt,
and it contracts during phases of consolidation, when the new system becomes institutionalised

and formal elites incorporate it into their structure of legitimacy.
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When the distance is small, the system is relatively stable because those who hold
formal authority and those who control the dominant cognitive system overlap sufficiently to
produce decisions coherent with institutional expectations. When the distance grows, structural
tensions emerge. Formal decisions lose contact with the effective cognitive reality and
institutions become empty shells that legitimise a power located elsewhere. At this point the
system approaches a bifurcation. Revolutions, radical reforms and institutional collapses are
often the moment in which the distance between the two planes is abruptly reduced through a
redistribution of formal power toward those who already hold cognitive power.

This dynamic links the historical genealogy to the formal model of the paper. In the
system S = (H, M, @, a), the distance between functional and formal elites contributes to the
variable 11, the strategic cohesion of elites, and interacts with a(#) through the diffusion speed
of the dominant cognitive model. Periods in which the distance is high and o grows rapidly are
periods of maximal systemic instability, and these are precisely the periods documented in the

historical sequence that follows.

3.3 Writing and Law: Antiquity

The first dominant cognitive system in the history of complex civilisations is writing and, more
specifically, writing as an instrument of administration, accounting and law (Goody 1986).
Beyond a means of communication, writing is a system of representation that enables forms of
coordination on a scale impossible without it. The earliest urban civilisations of Mesopotamia
and Egypt emerged around writing as an administrative technology rather than as a cultural
expression.

The functional elite of these civilisations consisted of scribes and jurists, those who
could read, write and interpret the texts that structured social organisation. In Mesopotamia the
scribal class (dubsar in Sumerian) was a technical elite that controlled access to state
administration, temple accounting, commercial contracts and legal codification. The Code of
Hammurabi is not only a legal text. It is the formalisation of the cognitive system through
which a civilisation interprets conflicts and structures collective decisions. Those who know
and interpret it hold real power independent from formal title.

In Rome the structure is analogous but more elaborate. The senatorial class held the
formal title of political power, yet the dominant cognitive system, Roman law, was controlled
by the jurists (iurisperiti). Jurisprudence was a system of representation that structured every
aspect of relations between individuals, property and the state. The great jurists of the classical

period (Papinian, Ulpian, Gaius) were not magistrates or senators. They were technicians of
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the dominant cognitive system whose authority derived from their capacity to interpret and
develop it, not from formal title.

The non-coincidence between functional and formal elites is already visible in this
period. The victorious general, the aristocratic senator and the emperor himself depended on
jurists for the legal structuring of their decisions. When this dependence became too
asymmetric, when the legal system grew so complex that only specialists distant from formal
elites could navigate it, the system produced instability (Tainter 1988). The crisis of the third
century CE, with its rapid succession of soldier-emperors lacking legal and administrative
competence, is in part the manifestation of a growing distance between formal military power

and the administrative-juridical cognitive apparatus.

3.4 Theology and Latin: The Medieval Period

With the decline of the Western Roman Empire and the political fragmentation of Europe, the
dominant cognitive system migrated into the Catholic Church, which preserved the Latin
written tradition, integrated it with Christian theology and produced a new apparatus that
structured European collective decisions for nearly a millennium. Ecclesiastical Latin became
the representational system through which political decisions were legitimated, social relations
structured and conflicts interpreted.

The functional elite of the medieval period was the educated clergy: theologians, canon
lawyers and monks who managed scriptoria (Clanchy 1979). The landed nobility, although
holding formal title to military and territorial power, depended on the clergy for legitimation,
for the management of written administration and for access to the communication network
that spanned Europe. A noble who wished to conclude a contract, obtain a papal privilege or
communicate with a distant court had to pass through the ecclesiastical cognitive system. The
distance between formal military power and ecclesiastical cognitive power was structural and
produced continuous tension.

The Investiture Controversy (eleventh to twelfth centuries) was the moment when this
distance reached a critical point and produced a bifurcation (Southern 1970). The conflict
between papacy and empire was a legitimation crisis concerning who controlled the dominant
cognitive system and who had the right to appoint those who managed it, as well as a territorial
dispute. More than a military victory, the papal success at Canossa (1077) was the affirmation
that the ecclesiastical cognitive system superseded the formal title of imperial power. Henry

IV lost access to the legitimation that only the dominant cognitive system could confer.
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The late medieval period saw the emergence of an additional tension. Universities,
originally ecclesiastical institutions, developed a partially autonomous logic and produced a
new category of cognitive elite, the doctors of law and medicine, who did not necessarily
belong to the clergy but controlled specialised representational systems. This pluralisation of
the dominant cognitive system was one of the forces that led to the Protestant Reformation.
When the ecclesiastical monopoly on the production and interpretation of the cognitive system

fractured, the distance between functional and formal elites reorganised in a radically new way.

3.5 Print and Market: Modernity

Movable-type printing was the first major technological leap that accelerated the diffusion of
information beyond the limits imposed by the ecclesiastical cognitive system, although its
consequences were not immediate (Eisenstein 1980). It took decades for print to penetrate
deeply enough to alter the balance of cognitive power. Once penetration reached a critical
threshold, the bifurcation was dramatic. The Protestant Reformation (1517) is unintelligible
without the press, which enabled the rapid and uncontrolled circulation of Luther's texts outside
ecclesiastical channels.

Modernity produced a radically new hegemonic cognitive apparatus: mercantile
accounting and, progressively, financial markets as systems for processing and signalling
economic information (Braudel 1979). Market prices are the outcome of a collective process
that aggregates dispersed information and translates it into signals for decision making. Those
who can read and interpret these signals, those who control the logic of the market, hold real
power independent from formal title.

The functional elite of commercial modernity consisted of bankers and merchant-
financiers: the Medici in Florence, the Fuggers in Augsburg and the Bank of England in
London. These figures held no necessary noble title, though they frequently acquired one, and
no formal political office. Their power derived from control of financial infrastructure, from
the capacity to read credit and manage risk, and from their role in structuring the transactions
that enabled the political and military action of formal elites. Charles V of Habsburg, the most
powerful monarch in sixteenth-century Europe, depended on the Fugger family for the
financing of his wars (Ferguson 2008). The formal imperial title was real, yet the exercise of
power depended on access to the financial logic controlled by those who held no imperial title.

With the Industrial Revolution and the development of financial capitalism, the
apparatus grew still more complex. Financial markets configured themselves as extraordinarily

powerful information-processing systems. Those who controlled them, from investment
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bankers to central banks and large asset managers, held cognitive power that formal political
institutions struggled to comprehend, let alone to govern. The dependence of governments on
financial markets for public debt financing was the modern form of the medieval king's
dependence on the clergy for legitimation: structural, asymmetric and a persistent source of

tension (Wallerstein 1974).

3.6 Media and Intelligence: The Twentieth Century

The twentieth century produced a duplication of the paradigm with no historical precedent,
splitting the dominant apparatus between mass media, press, radio and television, which
controlled the public narrative of reality, and state intelligence systems, which controlled the
non-public information on which strategic decisions rested. These two systems coexisted in
permanent tension and produced two partially distinct functional elites.

The media elite consisted of owners and editors of major publishing groups, television
producers and influential columnists. Those who controlled the narrative of reality reached the
masses. Their power derived from the capacity to structure collective perception, to render
certain problems visible and others invisible, and to legitimate or delegitimate holders of formal
power, rather than from any formal title, which they frequently lacked.

The intelligence elite was complementary and partially overlapping. State intelligence
agencies controlled systems for collecting, processing and interpreting information that formal
decision-makers (presidents, ministers, generals) could not replicate independently. The
dependence of political leaders on intelligence for understanding strategic reality was
structural: those who produced and interpreted classified information controlled the space of
possible decisions for those who formally decided. Intelligence manipulations, from the Iraqi
WMD dossiers to electoral interference, demonstrate that the cognitive architecture of
intelligence is a system with its own logic, culture and agenda rather than a neutral instrument
of formal decision-makers.

The twentieth century also witnessed the emergence of a third component of the
hegemonic matrix: research centres and think tanks that produced the technical knowledge
underlying public policy. In economics, the dominance of the Keynesian paradigm first and
the monetarist paradigm later was not a purely theoretical matter. It concerned the
representational structure through which governments interpreted economic reality and defined
policy options. Those who produced and controlled this paradigm, the reference universities,
research centres and international agencies, held a power that ministries of finance and central

banks translated into formal decisions.
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3.7 The Qualitative Discontinuity of Al

Each transition of the dominant cognitive system described above produced a significant
discontinuity: a new system of representation of reality, a new functional elite and a new source
of tension between real cognitive power and formal authority. All these transitions shared a
common feature. The hegemonic epistemic framework transported, organised or interpreted
information produced by human beings. Scribes copied and interpreted human texts.
Theologians elaborated human doctrines. Bankers aggregated information produced by human
merchants. Journalists reported events in the human world. Intelligence systems collected
information about human decision-makers.

Artificial intelligence introduces a qualitative discontinuity with no precedent in this
genealogy. For the first time, the dominant cognitive structure does not merely transport,
organise or interpret human information. It generates information in a partially autonomous
manner, producing predictive models that no human has explicitly programmed and
configuring the cognitive reality within which human decisions become possible. The
difference is one of nature rather than degree. Previous systems amplified human cognition.
Advanced AI models produce cognition that is in large part autonomous, the partiality being
relative to the conditioning of the data on which the models have been trained.

This discontinuity manifests itself in three dimensions. The first is speed. Al models
operate at speeds that exceed human cognitive capacity by several orders of magnitude, making
it impossible for formal decision-makers to follow in real time the cognitive processes on which
their decisions rely. The second is scale. A single AI model can influence billions of decisions
across different contexts, producing a global cognitive synchronization with no historical
precedent. The third is opacity. Advanced Al models, particularly large language models and
deep learning systems, produce cognitive outputs that even their creators do not fully
understand (Crawford 2021). The dominant cognitive system of Al is, for the first time in
history, partially opaque even to its own functional elite.

This opacity has profound structural consequences. Across all previous eras, the
functional elite controlled the epistemic framework in the sense of comprehending it: Roman
jurists understood the law they applied, medieval theologians understood the theology they
interpreted, modern bankers understood the financial models they used. With advanced Al
systems, this comprehension fractures. The functional elite controls the architecture of the

system and the data on which it is trained, yet it does not fully understand the cognitive
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processes the system produces. This is a new form of cognitive power, control without full
comprehension, which amounts to structurally limited control (Foucault 1975).

The second dimension of the qualitative discontinuity concerns the shift from control
of information to control of the cognitive structure of decision-making. Previous cognitive
systems controlled available information: those who controlled the press controlled which
information circulated, and those who controlled intelligence controlled which information
reached decision-makers. Advanced Al systems do something structurally different. They do
not control which information is available but how that information is processed, integrated
and translated into recommendations, forecasts and decisions (Zuboff 2019). This is the shift
from control of content to control of the cognitive process itself. These models configure the
cognitive space, and therefore the field of possibilities, within which decisions become

possible.

3.8 The Hierarchy of Elites toward 2050

With this genealogy established, it becomes possible to delineate with greater precision the
structure of elites from the present toward 2050, the configuration toward which the system is
moving and which the central prediction of this paper seeks to analyse. The structure is
articulated into three functional orders with distinct characteristics and dynamics.

The first-order elite will increasingly consist of the technical teams controlling the
architecture of the AI models most widely deployed in global strategic decisions. These are not
the CEOs of major technology corporations, who are formal elites with recognisable
institutional titles, but the researchers and engineers who determine the fundamental
architectural choices, optimisation functions, training criteria and structural constraints of the
models. The trajectory is toward the concentration of this elite in a few thousand individuals
on a global scale, geographically situated primarily in Northern California with clusters in
China and the United Kingdom, and culturally homogeneous, trained at the same universities
and sharing the same epistemic paradigms. Their influence on the cognitive structure of global
decision-making is developing as grossly disproportionate to their public visibility (Crawford
2021).

Following this progression, the second-order elite consists of decision-makers who use
Al models for strategic choices without controlling their architecture. These include military
commanders using Al systems for strategic planning, managers of large investment funds using
predictive models for portfolio decisions and governments integrating Al systems into policy

processes. This elite holds real but derivative power, since the quality of its decisions depends
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structurally on models it does not control. It occupies the position that the medieval landed
nobility held relative to the clergy, or that European monarchs held relative to the Fugger
bankers: prominent formal power, yet cognitively dependent on the first-order elite.

The third-order elite is the professional class that uses Al tools in the exercise of its
operational functions, including physicians using Al-based diagnostic systems, lawyers using
automated legal research tools, financial analysts using predictive models and journalists using
systems for information synthesis and verification. This category has historically performed a
cognitively heterogeneous role that has been crucial to the adaptive capacity of the system.
Physicians, lawyers and analysts have contributed diverse perspectives grounded in different
experiences, enriching the overall behavioral diversity of the system. With the cognitive
homogenisation induced by the adoption of shared Al tools, this heterogeneous and diversified
function tends to contract sharply (Zuboff 2019).

The distance between the first-order elite and the formal elite of governments,
international institutions and parliaments will by 2050 be the largest in the history of modern
democracies. This is a structural cognitive distance. Parliaments legislate on Al with years of
delay relative to model development cycles. Governments adopt Al systems they do not
understand and cannot independently control. International institutions attempt to regulate a
global cognitive system that operates at speeds and scales incompatible with their decision-

making processes.

3.9 Distance as Bifurcation

The genealogy traced in this section converges toward a conclusion that the formal model of
the paper allows us to express with precision. In every transition of the dominant cognitive
system, the distance between functional and formal elites grows rapidly and produces systemic
instability. Historical responses to this instability have followed two distinct patterns.

The first pattern is gradual adaptation: formal elites progressively incorporate the new
dominant cognitive system, reducing the distance through a process of institutional learning.
This was the pattern that characterised the response of European monarchies to print, through
censorship and later through the incorporation of print into the state apparatus, and the response
of governments to financial markets, through the gradual construction of financial regulatory
systems.

The second pattern is abrupt bifurcation: the distance grows until it reaches a critical
threshold and produces a rapid and discontinuous reorganisation of formal power. This was the

pattern of the Protestant Reformation, the French Revolution and, to a lesser extent, the
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revolutions of 1848. In these cases, the reduction of distance occurred through the replacement
of existing formal elites by new formal elites more aligned with the emerging dominant
cognitive system rather than through their adaptation.

The current situation exhibits features that align it more closely with the second pattern.
The speed of Al model development far exceeds the speed of institutional adaptation. The
technical complexity of the systems renders cognitive incorporation by formal elites
structurally difficult in the short term, and the geographic and cultural concentration of the
first-order elite generates pressure toward the homogenisation of the global cognitive system,
which compounds the reflexive mechanism described in the preceding section.

The prediction for 2050 advanced by this paper is the forecast of a systemic bifurcation
produced by the convergence of three factors: the growth of the distance between the functional
Al elite and existing formal elites, the global cognitive synchronization induced by model
homogenisation and the suppression of the system's adaptive variability, which has historically
been the primary source of resilience to systemic shocks. When these three factors converge,
the system reaches the bifurcation field B and the historical trajectory 4(¢) becomes maximally
sensitive to perturbations that under normal conditions would remain marginal. The next

section addresses the formal structure of this system.

4. Formal Structure: Symbols, Space and Dynamics

The previous sections developed the conceptual framework and the historical genealogy of the
model. This section presents its formal structure: the symbols that populate the model, the
mathematical space in which it operates and the equations that govern its dynamics. The
progression moves from the simple to the complex. It begins with the manifold of historical
states as the basic geometric object, introduces the historical trajectory as a curve on that
manifold, constructs the reflexive historical system as the structure that connects them,
formalises the deterministic and stochastic dynamics and concludes with the limit cycle as the
attractor of the reflexive system. Each step is conceptually motivated before being expressed
formally.

An epistemic premise is necessary. The formal rigour of this section is a tool for
clarifying the relations between concepts, identifying the predictions produced by the model
and establishing the conditions under which those predictions are falsifiable. A formal model
of history aims to be more explicit than qualitative descriptions because it can be evaluated,

criticised and improved in ways that purely narrative accounts cannot.
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4.1 The Manifold of Historical States

The first mathematical object of the model is the manifold A of historical states. A historical
system, whether a civilisation, a state or an international order, is at any moment in a state
determined by its relevant structural characteristics: the distribution of political power,
institutional complexity, demographic pressure, fiscal capacity and the degree of penetration
of dominant decision models. This state is not a point in an ordinary Euclidean space because
its dimensions are not homogeneous and its relations are not linear. It is instead a point on a
differentiable manifold, a geometric space that locally resembles Euclidean space but may have
complex global topology, with regions of variable curvature, critical points and non-trivial
structures (Thom 1972).

The choice of a differentiable manifold as the state space is motivated by three
considerations. The first is continuity: historical change, even when rapid, proceeds through
continuous transitions in the underlying structural variables, even when it produces
discontinuous jumps in observable indicators. The second is differentiability: it is possible to
define on H smooth functions and vector fields that describe the direction and speed of change.
The third is topological flexibility: a manifold can have qualitatively different local structures
in different regions, capturing the fact that the dynamics of a historical system may differ
fundamentally across states.

Operationally, H is approximated by a vector of composite indicators i(¢) = (11, L2, I, Ia,
Is) that provides its measurable projection. These five indicators, capturing elite strategic
cohesion, demographic-fiscal pressure, institutional performance, penetration of the dominant
decision model and early-warning signals of bifurcation, do not exhaust H but offer a
sufficiently dense representation to anchor the model to real historical data. The distinction
between the abstract space H and its operational projection i(?) is epistemically fundamental.

The model’s predictions concern H, but their empirical verification is possible only through

i(?).

4.2 The Historical Trajectory

On H we define the historical trajectory A(f), a time-parametrised curve describing the
evolution of the system. At each instant #, the point /(f) € H represents the current state of the
system. The trajectory is continuous, since the system does not jump between disconnected
states, but its derivative may change rapidly at certain points, corresponding to moments of

historical acceleration.

20



The notion of a historical trajectory is already implicit in Turchin’s models (2009,
2016), where it appears as the solution of a system of ordinary differential equations. The
contribution of the present model is twofold: it makes explicit the geometric structure of the
space on which the trajectory evolves, and it adds the reflexive and stochastic components that
transform the trajectory from a deterministic solution into a stochastic process governed by
stochastic differential equations.

The velocity of the trajectory at a point is the tangent vector dA/dt, which belongs to the
tangent space of H at A(f). This vector is determined by the transition operator @ and by the
stochastic component of the model, as specified in the following sections. The norm of the
tangent vector measures the speed of historical change: high in periods of crisis and transition,

low in periods of structural stability.

4.3 The Reflexive Historical System

The conceptual core of the model is the reflexive historical system, defined as the quadruple
S=(H,M, D, a)

The four components have distinct and non-interchangeable roles. H is the manifold of
historical states, the space in which the system evolves. M is the formal model acting on H, an
operator mapping observed states into trend predictions, constructed from historical, economic
and sociological theories and applied by historical agents who adopt it as a decision tool. @ is
the transition operator that governs the deterministic component of the system’s evolution:
given the current configuration and the influence of the model, it determines the direction of
the trajectory. a(f) € [0, 1] is the social penetration variable of M, measuring the degree to
which M is known, believed and acted upon by relevant historical agents.

What makes S a reflexive system is that M is internal to S. It is not an external observer
describing a system from outside, but a component of the system itself. When M becomes
known and adopted by agents, it enters the history it describes and alters its trajectory. This
reflexivity distinguishes a model of history from a model of physical systems. Elementary
particles do not modify their behaviour because a physicist publishes a paper on quantum
mechanics, while historical agents can read, interpret and act in response to the models that
describe them (Soros 1987).

The variable a(¢) is endogenous to the system. It evolves dynamically as a function of
the model’s prediction error and the structure of the social context. When M produces accurate

predictions and is perceived as reliable, a tends to increase. When the prediction error &(¢)
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grows, because M has already perturbed the trajectory it predicts, the credibility of M decreases
and a tends to fall. This endogenous dynamic is the source of the limit cycle described in

section 4.9.

4.4 The Distinction Between 11 and a

A crucial conceptual distinction made explicit by the model is that between the variable /: (elite
strategic cohesion) and the variable a(¢) (social penetration of the model). The two variables
operate on orthogonal dimensions and confusing them produces systematically incorrect
interpretations of historical dynamics.

I measures the convergence of elites on objectives: the degree to which groups holding
formal and cognitive power share long-term goals and coordinate their strategic actions. A high
value of /i indicates strategic cohesion. A low value indicates fragmentation.

o(f) measures convergence on decision tools: the degree to which relevant agents use
the same models, cognitive architectures and interpretive frameworks. A high value of a
indicates cognitive homogenisation of tools, regardless of whether objectives are shared.

The orthogonality of the two variables produces four qualitatively distinct
configurations. When /: is high and «a is low, elites converge on objectives but use different
cognitive tools: the system is strategically cohesive and cognitively robust because tool
diversity ensures resilience to model-specific errors. When both /i and o are low, elites are
fragmented in objectives and tools: the system is unstable but resilient to synchronous shocks.
When both /1 and « are high, elites converge on objectives and tools: the system is highly
coordinated but fragile because a systematic error in the shared model produces synchronous
collapse. When /i is low and a is high, the configuration most closely approximating the present
and the one projected for 2050, elites are fragmented in objectives but homogenised in tools.
Competing factions use the same model to analyse the situation, which means their cognitive
errors are correlated. When the shared model errs, as it inevitably does in a reflexive system at
high a, all factions err in the same direction simultaneously, eliminating the diversity of
response that could otherwise absorb the collapse.

This is the most dangerous and least intuitive configuration. Ordinary intuition
associates risk with elite fragmentation (low /1): fragmented elites produce incoherent decisions
and destabilising conflicts. The model shows, however, that fragmentation of objectives
combined with homogenisation of tools produces a different and more subtle risk: factions in

conflict use the same model to analyse the situation, so their cognitive errors are correlated.
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When the model errs, all factions err in the same direction simultaneously, eliminating the

diversity of response that might otherwise have absorbed the collapse.

4.5 The Stochastic Differential Equation

The general form of the model is a stochastic differential equation describing the evolution of
h(t) on H. The equation combines a deterministic component governed by the transition
operator @ and by the influence of M weighted by a(¢), with a stochastic component governed

by a Wiener process W(t) with diffusion coefficient o(h):
da(t) = O(h(t), a(t) - M(h(t))) dt + o(h(z)) dW(F)

The deterministic term describes the drift of the system: the direction and speed of the
trajectory determined by structural tendencies and by the influence of the model. When « is
low, the drift is dominated by the internal structure of the system. When a is high, the drift
incorporates the perturbing effect of the model on the trajectory it seeks to describe.

The stochastic term describes random fluctuations around the drift: irreducible
contingencies, individual decisions at critical moments and unpredictable exogenous shocks.
The Wiener process W(¢) models these fluctuations as continuous white noise, and the diffusion
coefficient o(h) regulates their amplitude as a function of the system’s state. a(4) is not
constant: it depends on the position of the system on H and is elevated near bifurcation points,
where the system is maximally sensitive to perturbations.

The equation is formulated in the Itd sense, which evaluates the diffusion term at the
current state before the time increment. This choice is standard in the modelling of complex
systems with state-dependent noise and ensures well-defined analytical properties for the

solutions (Protter 2004).

4.6 Stochasticity at Bifurcations
The diffusion coefficient a(/) plays a role that exceeds simple perturbation. Near bifurcation
points, the points of the field B € H where the system is maximally unstable, (/) increases
significantly. This is not an artefact of the model: it is an empirical fact documented in
ecological systems, financial markets and climate systems, and theorised rigorously in
dynamical systems theory (Scheffer et al. 2009).

Near a bifurcation, the system loses local stability. The basin of attraction of the current
equilibrium shrinks, and perturbations that would normally be damped begin to amplify. This

is critical slowing down: the progressive increase in the time required to return to equilibrium
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after a perturbation. Simultaneously, the variance of state indicators rises and the correlation
between subsystems that normally evolve independently increases.

In this regime, stochastic noise acquires a causal role that it does not have in the stable
regions of the manifold. Far from a bifurcation, the term (k) dW(¢) produces fluctuations
absorbed by the stability of the attractor: the system oscillates around the deterministic
trajectory without departing from it significantly. Near a bifurcation, the same fluctuations can
push the system to one side or the other of the critical point, determining which branch is taken.
Stochastic noise is therefore the mechanism that resolves the structural indecision of the system
at moments of crisis.

Formally, the distribution of trajectories passing through a neighbourhood of B is
bimodal, or multimodal for higher-order bifurcations, with peaks corresponding to the available
branches. The relative probability of the peaks depends on the amplitude and direction of the
noise and is not determined by the structural tendencies of the system. This is the precise
technical sense in which contingency is irreducible at bifurcations: it does not reflect ignorance

on the part of the model but the mathematical structure of the problem.

4.7 The Cost Function and the Bifurcation Field
To identify the regions of H in which the system approaches a bifurcation, the model introduces
the morphogenetic cost function U(%), a scalar function on H measuring the internal tension of
the system in state 4. Conceptually, U(%) is a generalised Lyapunov function that measures
how far the system is from a stable equilibrium configuration (Strogatz 2015).

The gradient VU(h) indicates the direction of maximal tension growth. Regions where
the norm of VU exceeds a critical threshold correspond to zones of maximal instability. The

bifurcation field is the submanifold
B={h€H:IVUM)I>U*}

where U* is the critical threshold beyond which the system enters the regime of
maximal sensitivity to perturbations. The model predicts B, not the branch taken once the
system enters B. This is the fundamental epistemic distinction between predicting structures of
instability, which is possible, and predicting events, which is irreducibly constrained by
stochastic contingency.

The function U(h) is not directly observable, but its local properties (critical slowing
down, rising variance and synchronisation) are measurable in the time series of the composite

indicators i(7). The geometry of H and the properties of U(k) are structurally necessary to the
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model but empirically accessible only through their manifestations in observable variables. The
epistemic hierarchy is: theoretical structure (H, U, B) > operational projection (i(¢)) > precursor

signals (critical slowing down, variance, synchronisation).

4.8 Reflexive Dynamics
The component that structurally distinguishes the present model from existing frameworks is
the reflexive dynamic: the effect that M produces on /4(¢) through the social penetration variable

a(?). This dynamic is governed by the equation

da(t) = fle(?), a(t)) dt + n(6) dWa(?)

where &(¢) = d(M(h()), h(?)) is the prediction error of the model (the geodesic distance
on H between the prediction of M and the actual trajectory), fregulates how the error influences
the social penetration of the model, #() is the diffusion coefficient of the o dynamics (capturing
variance in the reception and interpretation of the model across agents), and Wa(z) is a second
Wiener process, independent of W(t).

When ¢ is small, /> 0 and a increases. When ¢ is large, /< 0 and o decreases. The
prediction error &(¢) is not exogenous: it depends on a(?) through the main equation. When a is
high, the model perturbs the trajectory /4(¢) it predicts, increasing its own error. When a is low,
the perturbation is negligible and the model predicts structural tendencies with reasonable
accuracy. This mutual dependence between a(f) and &(7) is the formal root of reflexivity: the
accuracy of the model depends on its adoption, and its adoption depends on its perceived
accuracy.

The causal direction deserves explicit emphasis. The prediction error &(¢) does not arise
from an intrinsic defect in the model: it arises because the model was sufficiently correct to be
adopted at scale. High a produces ¢ through the main equation by altering the trajectory /(¢)
that the model had correctly identified. The model falsifies itself through its own success, not
through its own failure. This is the technical form of what section 4.11 illustrates with the
financial forecasting metaphor: the map deforms the landscape until it no longer corresponds

to it, and must be discarded, not because it was wrong but because it was right and followed.

4.9 The Limit Cycle as Attractor
The coupled system formed by the main stochastic differential equation and the equation for

a(t) admits a limit cycle as an attractor in the (a, ) space. A limit cycle is a closed trajectory
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in phase space that attracts nearby trajectories: the system oscillates indefinitely around this
trajectory without converging to a fixed equilibrium (Strogatz 2015).

The structure of the limit cycle in the reflexive model is as follows. The system begins
with low a. Structural tendencies, unperturbed by the model, produce accurate predictions
(small &). Perceived accuracy increases the credibility of M and its adoption (a rises). As a
increases, the model perturbs the trajectory A(?) it predicts: agents adapt their behaviour to the
predictions, altering the tendencies the model had identified. The prediction error ¢ grows.
Credibility falls and a decreases. With low a, reflexive pressure weakens and the system returns
to the structural tendencies that the model had originally identified (tendencies that are real,
only temporarily masked by the effect of its adoption). The error diminishes. « rises again. The
cycle restarts.

The model does not fail because it oscillates. It oscillates because it works: its effects
on the system are real and large enough to alter the trajectory it predicts. A model of history
that produced no such effect would be either irrelevant (adopted too little to influence the
trajectory) or fundamentally wrong (not describing a reflexive system).

An important result concerns the relation between the limit cycle and historical
bifurcations. When the historical trajectory 4(¢) approaches the field B, the structure of the limit
cycle is modified: the oscillations of a synchronise with the dynamics of approach to the
bifurcation, amplifying structural instability. This coupling between slow dynamics (structural
tendencies) and fast dynamics (reflexive cycle) can dramatically accelerate the transition
through the bifurcation, and is one of the mechanisms through which high a compounds the

systemic fragility documented in section 3.

4.10 Stochastic Suppression at High a
A key result of the model, with direct implications for the 2050 prediction, concerns the effect
of high a on the diffusion coefficient o().

When « is high, relevant agents converge on the same model M to interpret reality and
structure decisions. This convergence reduces behavioural diversity: instead of agents reacting
differently to perturbations (and therefore in partially compensatory ways), the system
produces synchronous reactions. Formally, this translates into an effective reduction of a(/) in
the region of H frequented by the system: adaptive variability is suppressed by cognitive
homogenisation.

This suppression has two distinct structural effects. The first is reduced resilience to

exogenous shocks: in a system with low effective o, external perturbations that would normally
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be absorbed by diverse responses propagate through the system in an amplified and
synchronous manner. The second, more subtle, is reduced capacity to dissipate endogenous
fluctuations: in a heterogeneous system, internally generated stochastic fluctuations are
partially compensated by the diversity of agent responses; in a homogeneous system, the same
fluctuations accumulate rather than cancel.

The combination produces the reflexive trap in its sharpest form. A system with high a
is simultaneously more exposed to shocks and more internally unstable. When these two factors
converge with a phase of approach to the bifurcation field B, the system reaches a configuration
of extreme fragility. The collapse that follows is sharper and less reversible than any
deterministic or constant-o stochastic model would predict: the magnitude of the collapse is
proportional to the accumulated suppression of o.

Systems that institutionally maintain a diversity of cognitive architectures, and
therefore higher effective o, are systematically more resilient even at the cost of local decision
inefficiency. The institutional politics of cognitive redundancy is not a normative
recommendation external to the model: it is the exit condition from the reflexive trap that the

model identifies as necessary to maintain ¢ above the critical threshold.

4.11 The Model in Words

The previous subsections described the model in mathematical language. This one describes it
in ordinary language, not as simplification but as complement. Formulas state with precision
what happens. Words explain why it makes sense for it to happen.

Imagine history as a rugged landscape. Not a flat map where every point is equivalent,
but a terrain with deep valleys, stable plateaus, dangerous ridges and cliffs. In this landscape,
each configuration of a society (the distribution of power, the complexity of its institutions, the
cohesion of its governing groups, the penetration of the models through which decision-makers
interpret reality) corresponds to a point. History is the path traced by that point through the
landscape over time.

Some regions of the landscape are stable: the terrain is level, and if a perturbation
displaces the point from its trajectory, the point tends to return. These are the eras of
institutional consolidation, of relative equilibrium among forces. Other regions are unstable:
the terrain falls steeply in different directions, and a small push at critical moments can send
the system down opposite slopes. These are the historical bifurcations, the moments at which
the same contingency (a decision, an epidemic, a discovery) produces enormous effects that

under ordinary conditions would have been absorbed and forgotten. Canossa, Gutenberg’s
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press, 1789 did not cause the revolutions that followed in the ordinary sense of the term. They
resolved a structural instability that the system had already accumulated. A spark does not start
a fire in a forest that is not dry.

The model measures the dryness of the forest.

The reflexive historical system S = (H, M, @, o) adds something crucial to this image:
the system carries a map of the landscape it is crossing. This map is the model M. It is not
passive: when distributed to the agents of the system, when it begins to guide their decisions,
it modifies the territory itself. The map deforms the landscape it describes.

This is the core of self-reflexivity. A physical model describes particles that do not read
it. A historical model describes agents who can read it, believe it and act in response. If the
model predicts a crisis, agents prepare for the crisis and thereby prevent or anticipate it,
invalidating the original prediction. If the model predicts stability, agents lower their guard and
in doing so increase the fragility of the system. The model does not observe history from
outside: it is part of history, with all that this entails.

The variable a(¢) measures how widely the map is distributed and believed. When a is
low, few use the model to decide: the territory remains relatively independent of the map, and
the model can describe it with reasonable accuracy. When «a is high, nearly everyone uses the
model: decisions converge, behaviours synchronise and the territory changes shape under the
influence of the map that described it before it changed. The model becomes progressively less
accurate precisely because it has become too influential.

This produces the limit cycle. Consider a financial analyst who publishes a correct
prediction: the price of a security will rise over the next six months. The prediction is read and
followed by thousands of investors, who buy immediately. The price rises at once, well before
the six months predicted, consuming in advance the growth potential the analyst had identified.
The prediction was correct, but its diffusion modified the territory it described and thereby
falsified itself. It is precisely the success of the model, the fact of being believed and followed,
that renders it unusable. The map has deformed the landscape until it no longer corresponds to
it, and must be discarded. With a falling, agents stop following the model and the market
returns to dynamics not guided by that prediction. A new model emerges, is adopted and self-
destructs in turn. The cycle restarts.

The stochastic component captures something different and complementary: the fact
that the territory is never perfectly predictable, even in principle. There are always fluctuations,
irreducible contingencies, individual decisions that derive from no identifiable structural

tendency. Far from the ridges, these fluctuations are absorbed by the landscape: the system
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oscillates slightly but does not depart significantly from its trajectory. Near the ridges, the same
fluctuations become decisive: they determine which slope the system descends, and from that
point the trajectory diverges macroscopically. Contingency is not omnipotent: it counts for
almost nothing in stable regions and for everything at bifurcations.

The distinction between /1 and a is perhaps the most subtle in the model and is worth
illustrating with a concrete example. Consider two governments in conflict. Both use the same
artificial intelligence system to analyse the situation and evaluate the other’s moves. /i is low:
their objectives are incompatible, their strategic cohesion is nil. a is high: their cognitive tools
are identical. The result is paradoxical. Two adversaries using the same map of the territory
move synchronously even in competition. Their errors are correlated. When the shared model
errs, as it inevitably does in a reflexive system at high a, both err in the same direction
simultaneously. Diversity of objectives does not compensate uniformity of tools. This is the
most dangerous configuration and the least obvious.

The most counterintuitive result of the model concerns the suppression of variability.
An ecosystem with a single dominant species appears efficient: without competition, that
species occupies every niche and maximises output. A single specialised parasite suffices to
destroy it entirely. An ecosystem with many diverse species appears inefficient: wasted
resources, continuous competition. It is resilient, however, because a parasite that strikes one
species leaves the others intact and the system reorganises. The same logic applies to decision-
making systems. When all relevant agents use the same model, the system is cognitively
efficient but fragile: a systematic model error propagates through the entire system without
attenuation. When agents use different models, some decisions are suboptimal, but errors
compensate rather than accumulate.

At high o, the behavioural diversity that historically absorbed systemic shocks
disappears, and with it the capacity to dissipate endogenous fluctuations. In a homogeneous
system, internal stochastic noise accumulates rather than cancels, producing oscillations of
greater amplitude than a heterogeneous system would have damped. The system becomes
simultaneously more exposed to external shocks and more internally unstable. This is the
reflexive trap in its sharpest form: not a collapse caused from outside, but a structural fragility
built from within through cognitive convergence.

The exit condition from the trap is not to improve the model but to diversify models.
Maintaining a plurality of cognitive architectures, even at the cost of local inefficiency, is the
modern form of what ecologists call biodiversity. Biodiversity is not maintained because every

species is optimal: it is maintained because overall diversity is the condition of systemic
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resilience. The same logic applies to the cognitive tools through which institutions,
governments and financial systems interpret reality and make decisions.

The model does not say this is easy. It says it is necessary and explains formally why.

5. The Problem of Quantification

The formal model developed in section 4 operates on an abstract manifold A and describes the
system’s dynamics through stochastic differential equations. The strength of this structure lies
in its generality, since it captures with precision the relations among the components of the
system without requiring that every variable be measured with the same degree of accuracy.
Its potential weakness is the same: a model that never encounters data risks remaining formal
speculation rather than becoming an analytical tool. This section addresses the problem of
quantification, that is, how the abstract structures of the model translate into observable,
estimable or at least ordinally comparable variables.

The problem of quantification in history and the social sciences differs structurally from
the problem of measurement in the natural sciences. In physics, the measurement of a quantity
yields a number with defined units and an error that can be estimated through instrument theory.
In history, many relevant variables have no natural units because elite cohesion, institutional
legitimacy and the penetration of a decision model are real quantities with documentable causal
effects, yet they are not directly numerical. Rather than abandoning formalisation, the model
responds to this problem by constructing an explicit hierarchy of operational articulation that

distinguishes variables according to the type of empirical access that is reasonably possible.

5.1 The Hierarchy of Operational Articulation

The model distinguishes three levels of variables according to their relation to empirical
observation. This hierarchy is a ranking of epistemic accessibility that indicates what type of
evidence is necessary and sufficient to render each variable operational, independently of its
importance in the system’s dynamics: variables at the third level may be more decisive for the
dynamics than variables at the first.

First-level variables are directly measurable because they produce numerical data
through standard procedures, with quantifiable errors and consolidated methodologies. This
level includes demographic-fiscal pressure (the ratio between population and fiscal revenue,
historical series of state budgets), the quantitative component of institutional performance (law

enforcement rates, judicial timescales, efficiency of public spending) and market signals that
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function as bifurcation precursors (volatility indices, sovereign spreads, liquidity indicators).
For these variables, operational articulation consists in identifying the most appropriate time
series and defining critical thresholds through comparative analysis of historical cases.

Second-level variables are ordinally estimable because they do not yield absolute
numbers with defined units but allow relative ordering across cases or across time. This level
includes elite strategic cohesion (/i) and the social penetration of the dominant decision model
(). For 11, one can construct an ordinal index based on indicators of political fragmentation,
coherence of strategic decisions and durability of governing coalitions. For a, one can construct
a proxy based on the diffusion of dominant decision tools (market share of major AI model
providers in institutional decision systems, adoption of common frameworks in international
organisations). Ordinal estimation is sufficient for the model’s qualitative predictions; cardinal
estimation, where possible, increases precision.

Third-level variables are structurally necessary because they appear in the model as
required by the system’s logical structure, yet direct empirical access to them is precluded or
severely limited. This level includes the local geometry of the manifold H (the curvature of the
landscape around the current trajectory), the global form of the morphogenetic cost function
U(h) and the exact form of the transition operator @. Empirical access to these variables is
indirect and occurs through their observable effects: critical slowing down, rising variance and
synchronisation among subsystems. The epistemic hierarchy described in section 4.7
(theoretical structure > operational projection > precursor signals) is the operational form of

this limitation.

5.2 The Five Composite Indicators

The operational projection of the manifold # is the vector of composite indicators
()=, b, B, I, I5)

Each indicator aggregates several elementary variables into a synthetic index that
captures one structural dimension of the system. The choice of five indicators reflects the need
to cover the essential dimensions of historical dynamics (elite cohesion, structural pressure,
institutional capacity, cognitive penetration, precursor signals) with a number of variables
small enough to be empirically manageable and large enough not to sacrifice irreducible
dimensions. Their structure is inspired by Turchin’s models and the tradition of quantitative

history, but adapted to the specificities of the reflexive model.
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I:: Elite strategic cohesion. Measures the degree of convergence of governing groups
on long-term objectives. Operationally, it is estimated through: (a) coherence of strategic
policies over time (reversals, discontinuities in alliances, fragmentation of governing
coalitions); (b) concentration of decision-making resources in a cohesive group versus their
dispersal among competing factions; (c) indicators of intra-elite trust (presence or absence of
informal coordination mechanisms, rotation of appointments, density of relational networks).
11 is a second-level variable, ordinally estimable but not directly measurable in absolute terms.

L: Demographic-fiscal pressure. Measures the relation between the demand for
resources that the social system places on the state and the state’s capacity to meet it.
Operationally, it is constructed through: (a) the ratio of population to real per capita fiscal
revenue; (b) the share of the state budget absorbed by debt service; (c) real wage trends for
middle and lower income groups; (d) migratory pressure as an indicator of structural imbalance
between the supply and demand of opportunities. I» is largely a first-level variable, with
components directly measurable through standardised historical series (Turchin 2016).

L Institutional performance. Measures the capacity of formal institutions to produce
collective goods and to maintain coherence between declared rules and their effective
application. Operationally, it combines: (a) administrative efficiency indicators (timescales and
costs of bureaucratic procedures); (b) rule-of-law indicators (judicial independence, rate of
enforcement of judgments, perceived corruption levels); (c) institutional responsiveness to
shocks (speed and coherence of responses to prior crises). /3 is a mixed variable: some
components are first-level (procedural costs, corruption data), others second-level (coherence
of institutional response).

1s: Penetration of the dominant decision model. Measures the degree to which relevant
agents share the same cognitive tools for interpreting reality and structuring decisions. It is the
operational proxy of a(z). Operationally, it is estimated through: (a) the market share of major
Al model providers in institutional decision systems (governments, central banks, large funds);
(b) the convergence of analytical frameworks in international organisations (IMF, World Bank,
OECD); (c) the diffusion of common epistemic paradigms in technocratic elites (prevalence of
certain training models, methodological frameworks and technical languages). /s is primarily a
second-level variable, with some quantifiable components (market shares) and others ordinally
estimable (convergence of frameworks).

Is: Bifurcation precursor signals. Measures not a structural dimension of the system but
its local geometry: the degree to which the system is near a critical point. Operationally, it

aggregates: (a) rising variance in the indicators /i—/s in recent time series; (b) critical slowing
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down (increasing time of return to equilibrium after perturbations); (c) rising correlation among
normally independent subsystems (synchronisation of financial markets, convergence of
political cycles, correlation among crises in geographically distant regions). /s is technically a
first-level variable in its construction, but its interpretation requires the model’s theoretical

structure (Scheffer et al. 2009).

5.3 Empirical Estimation of o(h) and n(t)

Two parameters merit specific discussion due to their centrality in the model’s predictions and
the difficulty of estimating them: the stochastic diffusion coefficient o(%) of the main equation
and the diffusion coefficient #(¢) of the a(z) equation.

o(h) measures the amplitude of stochastic fluctuations of the historical trajectory as a
function of the system’s state. Direct estimation would require observing an ensemble of
trajectories from the same initial state, which is impossible in history. Empirical access is
therefore indirect and relies on two complementary strategies. The first is cross-sectional
comparison: different historical systems in similar states (as measured by i(¢)) exhibit trajectory
variability that can be used to estimate intrinsic variability in that state. The second is time-
series analysis of precursor indicators: rising variance in /s is a direct indicator of rising o(/) in
the region of H visited by the system. The first strategy produces cross-sectional estimates
subject to comparability errors; the second produces temporal estimates subject to confounding
with structural changes in the system.

n(t) measures variability in the reception and interpretation of the dominant model by
different agents: how differently agents translate the same model into decisions. It can be
estimated through the dispersion of forecasts produced by agents who claim to use the same
analytical frameworks. In economics, for example, the dispersion of forecasts among major
research institutes using structurally similar macro models is a direct proxy for #(¢). High
dispersion indicates high #: even with shared tools, agents produce divergent conclusions,
maintaining a degree of behavioural heterogeneity in the system. Low dispersion indicates low
n: shared tools produce convergent conclusions, increasing synchronisation and reducing
resilience.

An important result concerns the relation between a(4) and #(¢): when a is high, #(¢)
tends to fall (agents converge not only on tools but also on conclusions), which in turn
contributes to the reduction of effective a(/). Stochastic suppression therefore has a direct

component (reduced diversity of responses to shocks) and an indirect component (reduced
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variability in the interpretation of the shared model). The two components reinforce each other,

producing an overall suppression effect greater than the sum of the parts.

5.4 Precursor Signals as Local Geometry

Bifurcation precursor signals (indicator /s) merit separate treatment because their epistemic
status differs qualitatively from that of the other indicators. /i—/x» measure structural dimensions
of the system: they are state indicators. /s measures the local geometry of the manifold H around
the system’s current position: it is an indicator of the structure of the space, not of position
within it.

This distinction has direct consequences for interpretation. A system may have
moderate values of /i—/s yet exhibit a high /s, indicating proximity to a bifurcation. In this case,
the model predicts high sensitivity to perturbations even in the absence of manifest structural
crisis: the system is near a ridge even if the local terrain appears level. Conversely, a system
may have unfavourable values of Ii—/s but a low /s, indicating that structural conditions are
adverse but the local geometry is stable and the system is distant from a critical point.

The three components of /s correspond to empirically distinct and partially independent
phenomena. Critical slowing down manifests as an increasing time of return to equilibrium
after minor perturbations: in a system approaching a bifurcation, oscillations induced by small
shocks take progressively longer to damp. Rising variance manifests as an increase in the
amplitude of fluctuations in structural indicators in recent time series, independently of changes
in mean values. Synchronisation manifests as rising correlation among subsystems that under
normal conditions evolve partially independently: financial markets of different countries
moving in increasingly correlated ways, political cycles of different regions synchronising,
sectoral crises propagating across normally impermeable boundaries.

The empirical literature on bifurcation precursor signals in complex systems has
documented these phenomena in ecosystems, financial markets and climate systems (Scheffer
et al. 2009). The contribution of the present model is to situate these signals within the formal
geometry of H: critical slowing down is the empirical manifestation of the flattening of the
basin of attraction of the current equilibrium; rising variance is the manifestation of increasing
o(h) in the region visited by the system; synchronisation is the manifestation of increasing
mixed curvature of the cost function U(4) in the directions of the different subsystems.

A significant limitation of /s as an operational indicator is the risk of false positives: its
three components can arise for reasons unrelated to proximity to a bifurcation (structural

changes in the system, large exogenous shocks, ordinary high-amplitude cycles). The validity
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of Is as a precursor signal is therefore conditional: it is informative when the values of /i—/s
suggest that the system is on a trajectory toward structurally critical conditions, and less
informative in isolation. The combination of structural indicators with geometric precursor
signals is the operational form of the distinction between predicting structures of instability

(possible) and predicting individual events (irreducibly constrained by stochastic contingency).

5.5 Quantification in Words

The problem of quantification is the problem of how a formal model touches the ground. The
equations of section 4 describe the logical structure of the system with precision, but structure
alone is insufficient. A model that never encounters data is a map never compared with the
territory. This section has built the bridge between the two, and it is worth describing in words
what it means to cross it.

The hierarchy of operational articulation is an admission of epistemic honesty. The
variables of the model have very different degrees of empirical accessibility, and recognising
this is the condition for honest quantification. Some things are measured (fiscal pressure,
market volatility). Others are estimated ordinally (elite cohesion, penetration of decision
models). Others still are inferred indirectly from their effects (the geometry of the manifold,
the cost function). This distinction is the model’s epistemic map. Knowing where one is certain,
where one is approximate and where one is constrained to infer is the condition for using the
model without deceiving oneself.

The five composite indicators are the tool through which the model speaks about
concrete historical cases. Without them, the model can say “when elite cohesion falls and fiscal
pressure rises, the system approaches a bifurcation.” With them, it can say “third-century
Rome, 1789 France and the late Soviet Union display these patterns in the phases preceding
their respective crises.” The leap from formal structure to historical case is the leap from
composite indicators to data.

The estimation of ¢(/4) and #(¢) introduces something subtler. These parameters measure
not the state of the system but its intrinsic variability: how much the system tends to fluctuate
in a given state and how differently agents interpret the same tools. Estimating them means
observing not the mean values of variables but the dispersion around those values. A system
with high ¢ in a given state is a system that, placed in that state across different eras or contexts,
produces widely divergent trajectories. Cross-historical comparison is the principal tool for this

estimation, with all the limitations that comparison entails.
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The most important result of this section is perhaps the simplest: bifurcation precursor
signals (/5) do not say what will happen. They say that the system is in a region of its state
space where even small perturbations can produce large effects. It is the difference between
predicting an earthquake and recognising that a region is seismically active. The model is a
tool for recognising structural seismicity, distinct from the prediction of individual events. This

limitation is the honest form of what a model of complex systems can offer.

6. Historical Anchors

The formal model developed in the previous sections generates predictions about the structure
of historical dynamics rather than the specific content of individual events. To assess its
empirical plausibility, it must be confronted with concrete historical cases and evaluated
against the structures the model identifies as decisive: the trajectory A(z), the penetration
variable a(?), the bifurcation field B and the suppression of o(/%). This section presents three
paradigmatic cases, chosen not because they are the only relevant ones but because they
represent three qualitatively distinct regimes of a: low, concentrated and distorted, and high
and distributed. Their comparison makes it possible to isolate the effect of reflexivity from the
underlying structural dynamics.

The section concludes with a systematic comparison with the model’s main theoretical
interlocutors: Turchin, Soros, Wallerstein, Taleb, Thom and Ibn Khaldun. The aim is not a
literature review but a precise identification of what the present model shares with each of them

and what it adds or modifies.

6.1 Third-Century Rome: Structural Tendencies without Reflexivity (a = 0)
The first paradigmatic case is the crisis of the third century CE in the Roman Empire, a
historical system in which a can be approximated as zero. There was no formal model of
imperial dynamics shared by relevant agents. Generals who proclaimed themselves emperor,
senators who negotiated succession and frontier commanders who managed barbarian pressure
did not possess a common analytical framework nor did they have access to a dominant
cognitive tool that structured their decisions in a convergent way. Their actions were guided
by tradition, immediate power relations and personal loyalties. The system was, in this sense,
pre-reflexive.

In this regime, the model predicts that system dynamics are dominated by the

deterministic component of the stochastic differential equation:
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dh() = D(h(E), 0) dt + a(h) dW(2)

Structural tendencies govern the trajectory without reflexive amplification, and
bifurcations arise from the accumulation of structural tensions rather than from interactions
between model and system.

The five composite indicators display a pattern consistent with this reading. L
(demographic-fiscal pressure) deteriorated steadily from the second century onward. Imperial
population growth stalled, the Antonine epidemics reduced the fiscal base and military
expenditure absorbed an increasing share of the imperial budget (Tainter 1988). I (elite
strategic cohesion) collapsed in 235 CE with the assassination of Alexander Severus. Over the
next fifty years more than twenty emperors succeeded one another, most assassinated or killed
in battle, signalling extreme fragmentation of the ruling class. /5 (institutional performance)
visibly deteriorated: systematic debasement of the currency, loss of administrative coherence
in the provinces and increasingly permeable borders.

The structure of /s (precursor signals) is particularly instructive. Critical slowing down
is visible in the increasing frequency and amplitude of succession crises beginning with the
reign of Commodus (180 CE). The system took progressively longer to return to stability after
each shock. Synchronisation is evident in the simultaneity of crises: barbarian pressure, internal
revolts, fiscal crisis and dynastic instability manifested together rather than sequentially,
indicating rising correlation among subsystems.

The third-century crisis is therefore a case of bifurcation driven by structural tendencies
without reflexive amplification. It shows that the model functions even at o = 0, since instability
structures are identifiable through composite indicators and precursor signals independently of
the reflexive component. The resolution of the crisis with Diocletian’s stabilisation (284 CE)
aligns with the model’s prediction for bifurcations in pre-reflexive regimes: the system takes
one of the available branches (the tetrarchic reorganisation) following a stochastic contingency
(Diocletian’s ability to build stable coalitions), not a structurally determined outcome (Turchin

2009).

6.2 The USSR in the 1980s: Institutionally Compressed Reflexivity (o Concentrated and
Distorted)

The second paradigmatic case is the decline and collapse of the Soviet Union from the 1970s
to 1991. This case presents a radically different configuration of a. Here we find a high

concentration of the dominant decision model in the hands of the party apparatus, but with a
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structural distortion that compresses its reflexive effects. Marxism-Leninism, as the official
analytical framework, was the model through which the Soviet elite interpreted reality and
structured decisions. Yet its adoption was coerced: agents used the language of the model
without necessarily believing its predictions, producing a dual cognitive life (public use of the
model, private assessment of reality) that limited its effective penetration.

Formally, this corresponds to a regime in which a appears high in its observable
component (formal adoption of the framework) but low in its effective component (actual
influence on decisions). The distinction between formal a and effective a is not explicit in the
main equation but follows naturally from the structure of the variable: a(f) measures the degree
to which M is known, believed and acted upon. When belief and action diverge, effective
penetration is lower than it appears.

The composite indicators show the following pattern. /> deteriorated steadily: Soviet
GDP growth slowed from 1970 onward, agricultural productivity suffered from collectivised
inefficiencies and the military-industrial complex absorbed an unsustainable share of the state
budget, especially after the invasion of Afghanistan (1979). I shows a more complex pattern
where formal elite cohesion remained high (the party retained control) but substantive cohesion
deteriorated, visible in the Brezhnev-era gerontocracy and the system’s inability to produce
strategic renewal. /53 declined: the shadow economy expanded, systemic corruption became
normalised and the gap between formal planning and productive reality widened.

The peculiarity of this case lies in the dynamics of effective o during the Gorbachev
period. Glasnost and perestroika can be read as attempts to increase coherence between formal
and effective a, that is, to make the decision model more aligned with agents’ perceived reality.
Yet this attempt produced a paradoxical effect: it increased the effective a of the new model
(the critical reading of Soviet reality) precisely when the system’s structural conditions were
already on a trajectory approaching B. Increasing effective a near B is exactly the configuration
the model identifies as maximally unstable, since reflexivity activates at the worst possible
moment, amplifying structural instability rather than absorbing it (Soros 1987).

The 1991 collapse is therefore a case of bifurcation in which the reflexive component
acted as an accelerator, not a cause. Structural causes (economic decline, unsustainable fiscal
pressure, fragmentation of peripheral elites) had already brought the system near B. The rise in
effective a produced by Gorbachev’s reforms reduced a(/4) (convergence on a shared critical
reading of the situation) and synchronised agent responses, accelerating the transition through

the bifurcation. Stochastic contingency (decisions of republican leaders, the failed August 1991
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coup) resolved the structural indecision into a specific branch (dissolution of the Union) among

the available ones (Wallerstein 1974).

6.3 The 2008 Crisis: Pure Reflexive Collapse (a Maximal and Distributed)

The third paradigmatic case is the 2008 global financial crisis, which represents the opposite
limit of the Roman case. Here o was maximal and distributed. Quantitative risk models (Value
at Risk, option pricing models derived from Black-Scholes, credit-risk correlation models such
as the Gaussian copula) were adopted by nearly all relevant agents in the global financial
system: investment banks, hedge funds, rating agencies, central banks and regulators. Social
penetration of the model was effectively total among the agents that mattered for system
dynamics (Soros 1987).

In this regime, the model predicts maximal fragility: high a suppresses o(4) (agents
react to the same signals in the same way), 7(¢) approaches zero (interpretations converge) and
the system approaches B with adaptive variability nearly eliminated. The 2008 crisis is the
purest case of reflexive trap in recent economic history.

The specific mechanism leading to the bifurcation is a direct manifestation of the
dynamics described in section 4.8. Risk models assumed that correlations among housing-asset
prices were low and stable, based on historical data from a less integrated market. Yet the
generalised adoption of the same models produced exactly the correlation the models assumed
absent: everyone bought the same instruments, valued them with the same parameters and sold
them when the same warning signals activated. The model created the correlation it failed to
see because it was itself producing it. The prediction self-falsified through its own success,
precisely as described in section 4.8.

Precursor signals (/s) were visible in advance. Rising leverage from 2004 to 2007
should have triggered critical slowing down, as the system took progressively longer to absorb
local perturbations (the first subprime mortgage defaults, the liquidity problems of several
hedge funds in 2007). Synchronisation was visible in the high correlation of asset prices across
markets normally partially independent. Rising variance in credit spreads in the months
preceding September 2008 was a direct signal of elevated /s. But the reflexive paradox applied
to precursor signals as well: the same models that failed to detect systemic risk could not detect
the signals of their own inadequacy (Taleb 2007).

The 2008 case is also the most directly relevant to the 2050 prediction. The reflexive
structure of the global financial system in 2007 (high cognitive homogenisation, low model

diversity, suppressed adaptive variability, approach to B) anticipates the structure the model
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predicts for the global decision system in 2050 (high penetration of Al models, cognitive
homogenisation of second- and third-order elites, suppression of a(%)). The difference in scale
is enormous: 2008 was a collapse of the global financial system; the 2050 bifurcation, if the
model is correct, would involve the entire decision system of advanced industrial civilisation

(Thom 1972).

6.4 Comparison with Theoretical Interlocutors

The construction of the model has engaged explicitly with a tradition of thought spanning
diverse methods and periods. This subsection identifies with precision the debt and the distance
between the present model and each of its main interlocutors.

With Turchin (2009, 2016), the debt is methodological. Cliodynamics demonstrated
that long-term cycles of historical instability (secular cycles of elite expansion and contraction,
demographic-fiscal cycles) are formally modellable with differential equations and empirically
falsifiable. The present model inherits this approach, and its composite indicators owe much to
Turchin’s structure. The fundamental difference is reflexivity: Turchin models systems in
which the model is external to the system it describes, as in physics, whereas the present model
incorporates the perturbative effect of the model itself on the trajectory. Turchin correctly
predicted the instability of the 2020s in the United States; the present model predicts something
structurally different for 2050, because the variable a introduces a dynamic that non-reflexive
models do not capture.

With Soros (1987), the debt concerns the conceptual core of reflexivity. Soros identified
and articulated the feedback loop between agents’ expectations and market fundamentals with
notable conceptual precision, showing that expectations do not merely reflect fundamentals but
modify them. His boom-bust cycle is a qualitative description of what the model’s limit cycle
formalises in terms of stochastic differential equations. The difference is scope: Soros did not
extend reflexivity to historical dynamics as a whole, since his analysis is confined to financial
markets and international politics and lacks a formal structure capable of generating falsifiable
predictions beyond these domains.

With Wallerstein (1974), the relation is more critical. World-systems analysis treats
history as a global system with long-term structures, and its account of hegemonic transitions
aligns with the geometry of the bifurcation field B. But Wallerstein’s framework is
deterministic and structuralist, leaving no room for stochastic contingency or reflexivity. In his
model, historical trajectories are determined by the structure of the world-system and agents

are essentially epiphenomena. The present model retains Wallerstein’s systemic structure but
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integrates stochastic and reflexive components, arguing that systemic structures determine the
bifurcation field B but not the branch the system takes once it enters B.

With Taleb (2007), the relation is one of partial complementarity and methodological
divergence. Taleb emphasised the fragility of homogeneous systems and the underestimation
of tail risks. The black swan concept is a description of the effect of historical bifurcations from
the perspective of an observer without a model of instability structure. The present model
argues that black swans are not fundamentally unpredictable: they are stochastic events that
occur near B, whose structure is predictable even if the specific branch is not. The
methodological divergence is deep: Taleb is sceptical of the possibility of modelling complex
systems and prefers robustness strategies to formal predictions. The present model assumes
that formal modelling, if epistemically honest about the distinction between predicting B and
predicting events, is more useful than generalised scepticism.

With Thom (1972), the debt is geometric and conceptual. Catastrophe theory provided
the mathematical vocabulary for describing bifurcations as stable geometric structures of the
state space. The elementary catastrophes (fold, cusp, swallowtail) are the local prototypes of
the bifurcations the model describes on the manifold H. The cost function U(k) is directly
inspired by Thom’s potential, and the bifurcation field B corresponds to Thom’s catastrophe
set. The difference is that the present model extends this geometry to historical systems with
stochastic and reflexive components that the original catastrophe theory did not include.

With Ibn Khaldun (1377/1967), the relation is one of intuitive anticipation. The concept
of ‘asabiyya (group cohesion) is the first systematic formulation of the idea that elite cohesion
is the key variable of dynastic stability and collapse. Ibn Khaldun’s dynastic cycle (rise,
consolidation, decline, collapse) is a qualitative description of what the model captures through
the dynamics of /1 and the trajectory 4(¢). The difference is one of formalisation and scope: Ibn
Khaldun describes specific historical cycles without a mathematical structure that would allow
the predictions to be generalised to other systems or rigorously falsified. The present model
can be read as a mathematical formalisation of the Khaldunian intuition, extended from the
scale of regional dynasties to the scale of global historical systems and integrated with the
reflexive component that Ibn Khaldun could not conceptualise.

The comparison with these six interlocutors positions the model’s original contribution
with precision. It does not emerge from nothing: it inherits Turchin’s formalisation, Soros’s
reflexivity, Wallerstein’s systemic structure, Taleb’s attention to fragility, Thom’s geometry
and Ibn Khaldun’s insight on elite cohesion. Its originality lies in synthesising these elements

into a unified framework that formalises reflexivity as an endogenous component of historical
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dynamics, produces predictions about the structure of instability rather than individual events
and identifies high-a regimes as configurations of maximal systemic fragility, with direct

implications for the 2050 prediction.

7. Predictions and Falsifiability

A formal model of history acquires scientific value when it produces falsifiable predictions,
that is, statements about the structure of reality that could in principle be contradicted by
empirical evidence. The previous section showed that the model is retrospectively coherent
with three paradigmatic historical cases. This section develops its forward-looking predictions,
distinguishing carefully between what the model predicts (instability structures) and what it
does not predict (the specific content of events), and specifying in each case the relevant
falsification conditions.

The predictions unfold on three levels. The first concerns a general dynamic structure:
apparent stability as a precursor of collapse, expressed through the paradox of low volatility.
The second concerns a comparative prediction about post-bifurcation dynamics. The third
concerns the specific prediction for 2050, which is the central prediction of the paper.

A preliminary clarification on falsification is necessary. A reflexive historical model
cannot be falsified in the same way as a physical model. Two reasons are decisive. First, the
model predicts instability structures, not events. Its central claim is not “X will happen in 2050
but “the system will be near a bifurcation with specific structural characteristics by 2050.” This
claim is falsified if those characteristics fail to appear, not by the absence of a particular event,
since the event that occurs depends on contingency at the moment of bifurcation. Second,
reflexivity matters. If the model is widely adopted and its warnings lead to policies of cognitive
redundancy that reduce the homogenising penetration of dominant decision models, the
bifurcation may be attenuated or delayed. In this case the model is not falsified by the absence
of the bifurcation but confirmed, because its adoption has altered the trajectory it predicts. The
proper falsification conditions therefore concern intermediate structural indicators: if
penetration of dominant decision models does not rise as expected, if elite behavioural diversity
does not decline with that penetration, if the expected precursor signals do not appear within

the indicated window, the model is falsified independently of what happens in 2050.

7.1 Apparent Stability as a Precursor of Collapse
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The first prediction concerns the relation between observable stability and latent structural
fragility. The model predicts that periods of low volatility in observable indicators, when
accompanied by rising o and declining effective o(4), are precursors of collapse rather than
signs of systemic solidity. The system appears stable precisely because it is approaching a
bifurcation under high .

The mechanism is straightforward. When a is high, agents react to the same signals in
the same way. Their reactions offset each other locally but synchronise globally when signals
exceed the activation threshold of shared models. Small perturbations are absorbed (low
volatility), but perturbations large enough to cross the threshold produce synchronous
responses of great amplitude. Low volatility is therefore an artefact of cognitive
homogenisation, not an indicator of structural strength.

This is the paradox of low volatility, which Minsky (1986) formulated in the financial
context with the statement that stability is destabilising. The model generalises this intuition:
in any high-a system, apparent stability is most misleading when it is produced by
homogenised cognitive tools rather than by robust underlying structures.

The falsification condition is the following: if prolonged periods of low volatility
accompanied by high o (measured through /1) were not systematically followed by collapses
of greater amplitude than periods of high volatility under low a, the prediction would be
falsified. Comparative analysis of historical cases, including 2008 after the Great Moderation

of 1985-2007, is the most direct test.

7.2 The Paradox of Low Volatility and Precursor Signals

The paradox has a direct implication for precursor theory. If low volatility is itself a signal of
fragility in high-a regimes, then the precursor signals identified by /s (critical slowing down,
rising variance, synchronisation) are not universally valid but depend on the a-regime.

In low-a systems, standard precursors function because rising variance reflects genuine
structural instability. In high-a systems, precursors may be suppressed by cognitive
convergence, and low variance indicates synchronisation rather than stability. The system may
approach B without displaying traditional precursors because suppression of effective a(h)
reduces observable variance even as fragility increases.

This modifies the precursor theory of Scheffer et al. (2009) in a precise way: standard
precursors are valid in low-a systems; in high-a systems, the most reliable precursor is
anomalous reduction of variance accompanied by high subsystem correlation. In a cognitively

homogeneous system, silence is more dangerous than noise.
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The falsification condition is the following: if standard precursors (rising variance,
critical slowing down) were equally predictive in high-a and low-a systems, the prediction
would be falsified. Comparing the predictive capacity of /s computed with standard methods

and /s corrected for a-regime is the direct empirical test.

7.3 The Comparative Post-Bifurcation Prediction

The model predicts that collapses in high-a regimes are sharper, more synchronous and less
reversible than collapses in low-a regimes. This prediction is falsifiable through time-series
analysis of composite indicators in historical cases.

The mechanism is the accumulated suppression of a(4). In low-a systems, adaptive
variability acts as a shock absorber: different agents react differently, producing heterogeneous
responses that slow the propagation of instability. In high-a systems, cognitive synchronisation
eliminates this buffer. Collapse propagates at the speed of synchronisation, not at the speed of
information diffusion.

Reversibility is also reduced. A system that approaches B through cognitive
homogenisation lacks alternative frameworks at the moment of collapse. The cognitive
diversity that could have absorbed the crisis has been suppressed by the very process that
increased a. The system enters B without alternative maps of the territory and must reconstruct
them during the transition.

The falsification condition is the following: if collapses in high-o systems were not
systematically sharper, more synchronous and less reversible than collapses in low-a systems,
the prediction would be falsified. The comparison between third-century Rome and 2008 is the

most direct historical illustration.

7.4 The Generalised Gutenberg Threshold
The model predicts a structural transformation in the distribution of systemic shocks as a rises.
As a increases and effective a(h) declines, the distribution shifts from thin-tailed to heavy-
tailed: small shocks become less frequent, large shocks more probable (Taleb 2007). The
generalised Gutenberg threshold is the value of a beyond which this transition occurs: below
the threshold, the system absorbs shocks in a distributed way; above it, shocks accumulate until
bifurcation.

This prediction has a precise empirical form. In historical systems where a rises over
time, the distribution of systemic shocks (measured through fluctuations in composite

indicators) should show progressive thickening of the right tail, independently of mean
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indicator values. Comparing the distribution of shocks in the global financial system from
1945-1985 (low a) and 1985-2008 (high «) is a direct test.

The falsification condition is the following: as penetration of dominant decision models
grows (measured through 11), the distribution of systemic shocks should change in a precise
way: small shocks become less frequent, while large synchronous shocks become more
probable. If this transformation is not empirically detectable or not correlated with rising /s, the

prediction is falsified.

7.5 The Prediction for 2050

The central prediction of the paper is a global systemic bifurcation by 2050, produced by the
convergence of three processes the model identifies as structurally connected: high-degree
cognitive synchronisation induced by global diffusion of Al models, suppression of adaptive
variability in the global decision system and activation of the reflexive trap at a scale without
historical precedent.

The first process is the rise of a on a global scale. The diffusion of Al models in
institutional decision systems is producing a rapid and likely irreversible increase in /s, the
operational proxy of a. The geographical and cultural concentration of the first-order elite
implies that globally adopted models are designed by a few thousand individuals who share the
same epistemic paradigms, optimisation criteria and structural limitations. Penetration of these
models in relevant decision systems is already high and accelerating.

The second process is the suppression of o(4). As shown in section 4.10, high a
suppresses adaptive variability through two channels: reduced diversity of responses to
exogenous shocks and reduced capacity to dissipate endogenous fluctuations. Behavioural
diversity that historically absorbed systemic shocks tends to decline as professionals adopt
shared cognitive tools. This process is already underway and visible in the convergence of
analytical frameworks in international organisations, strategic consulting and financial
institutions.

The third process is activation of the reflexive trap. As a rises, Al models begin to
perturb the trajectories they describe, producing endogenous error that reduces a and initiates
the limit cycle described in section 4.9. At global scale, this limit cycle interacts with A(¢) in a
qualitatively different way from local cycles such as the 2008 financial system.
Synchronisation is global, suppression of o(%) is systemic and the reflexive trap lacks an
external meta-structure capable of intervention comparable to the Federal Reserve’s role in

2008.

45



The specific prediction is the following: by 2050, the global historical system will reach
the bifurcation field B with effective (k) significantly reduced relative to historical values.
The resulting bifurcation will be structurally analogous to the 2008 collapse (sharp,
synchronous, difficult to reverse with available tools) but incomparably larger in scale, because
it will involve the entire decision system of advanced industrial civilisation. The specific
branch taken is not predicted and will depend on stochastic contingency at the moment of crisis.

The falsification condition is threefold. First: if /s (penetration of dominant decision
models) does not continue to rise in the coming decades, reaching levels significantly higher
than today in relevant global institutions, the prediction is weakened. Second: if behavioural
diversity among second- and third-order elites does not decline systematically with rising /a,
the prediction is weakened. Third: if the global system passes through the 2030-2050 window
without displaying the expected precursor signals (anomalous reduction of variance in global

structural indicators accompanied by high subsystem correlation), the prediction is falsified.

7.6 The Exit Condition: The Politics of Cognitive Redundancy

Beyond predicting the bifurcation, the model identifies the structural condition that would
allow the system to avoid it or traverse it with less systemic impact: maintaining effective a(/)
above a critical threshold through institutional diversification of cognitive architectures. This
is the politics of cognitive redundancy.

The logic is the same illustrated in section 4.11 through the ecological metaphor.
Biodiversity is maintained not because each species is optimal but because overall diversity is
the condition of systemic resilience. Cognitive redundancy is not locally efficient but
systemically necessary: it maintains o(#) above the critical threshold and reduces the
probability of sharp and synchronous bifurcations.

Operationally, cognitive redundancy requires three types of institutional intervention.
The first is regulating concentration in the market for decision models, preventing a single
model or a small cluster of structurally similar models from dominating relevant decision
systems, in the same way antitrust regulation prevents market power concentration. The second
is maintaining institutional support for diverse analytical traditions in organisations that
produce knowledge for public decisions: universities, research centres, government analytical
agencies. The third is designing explicit heterogeneity into Al systems used for collective
decisions, that is, models with different architectures, trained on different data and optimised

with different criteria, even at the cost of local inefficiency.
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It is important to clarify what this exit condition is not. It is not a recommendation to
slow Al development, since the model does not produce this prediction and has no basis for it.
It is not a call to return to pre-digital decision systems, since the cognitive diversity required is
compatible with widespread use of Al models provided those models are structurally different
from one another. It is the recommendation to treat cognitive diversity as a systemic public
good subject to market failure (markets tend toward model concentration because
standardisation reduces coordination costs) and therefore requiring active maintenance
policies.

Awareness of the reflexive trap is necessary but not sufficient for exit. A high-a system
tends not to see the risk of high a because all available models share the same structural
limitations. The exit condition cannot be produced deliberately in a straightforward way, for a
structural reason the model itself highlights: the cognitive tools used by decision makers to
evaluate the need for redundancy are the same homogenised tools that redundancy must
correct. Exit requires agents with cognitive architectures sufficiently different from dominant
ones to perceive what dominant models cannot. These agents emerge at the margins of the
cognitive system, not at its centre, and their influence is inversely proportional to the degree of
o-centralisation.

History confirms this pattern. Figures who anticipated systemic crises before they
became visible to dominant models were almost always marginal to the cognitive centre of
their time. They were heterodox economists, mathematicians working at disciplinary
boundaries or independent researchers without institutional incentives to trust dominant
models. Hyman Minsky formulated his paradox of destabilising stability for decades before
the financial system confirmed it empirically in 2008; during that time he was considered an
eccentric voice at the margins of mainstream economics. This marginality is not accidental.
Distance from dominant models is precisely what allows these agents to see what the models
cannot. Those fully integrated into the dominant cognitive system share its limitations, while
those partially outside retain the capacity to identify them. From the perspective of the model,
cognitive redundancy cannot be produced by decree. It requires active protection of spaces
where alternative intellectual architectures can develop, regardless of their immediate utility.
Fundamental research, philosophy, history, pure mathematics and peripheral intellectual
traditions are, from this perspective, infrastructures of systemic resilience before they are

producers of knowledge.
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8. Conclusions

This paper has proposed a formal model of historical dynamics grounded in three distinct
conceptual elements: the geometric structure of the space of historical states, the irreducible
stochastic component that governs transitions between states and reflexivity as an endogenous
property of the system. The combination of these elements produces a framework that is neither
a philosophy of history nor quantitative history in the traditional sense. It is an attempt to
formalise the instability structures of historical systems in a way that renders predictions
explicit and falsifiable. This concluding section reviews the main results, assesses their limits

and outlines directions for future development.

8.1 Summary of the Model: The Three Analytical Levels
The model unfolds across three analytical levels that integrate into a unified framework.

The first level is geometric. The space of historical states is a differentiable manifold H
on which a morphogenetic cost function U(/) and a bifurcation field B are defined. This level
provides the mathematical vocabulary for describing instability structures independently of
specific historical content. Bifurcations are not exceptional events but regular features of the
state space, zones where the system’s trajectory becomes maximally sensitive to perturbations.
The geometry of H determines which configurations are stable, which are unstable and which
are critical.

The second level is dynamic. The historical trajectory A(¢) is governed by a stochastic
differential equation that combines a deterministic drift, representing structural tendencies,
with a stochastic component that captures irreducible contingency. This level formalises the
intuition that history is shaped both by long-term structural forces and by contingencies that do
not derive from any identifiable trend. Near bifurcations, stochastic noise determines which
branch is taken, and this choice is irreducibly independent of structural tendencies.

The third level is reflexive. The historical system carries with it a model M of its own
dynamics, and this model, when adopted by relevant agents, perturbs the trajectory it describes.
The social penetration variable a(f) measures the degree of this perturbation. When « is low,
dynamics are dominated by structural tendencies. When a is high, the model becomes an actor
within the history it describes, with consequences the model itself identifies as structurally
dangerous. This third level distinguishes the present framework from Turchin’s cliodynamics
and from complex-systems approaches to history. In our framework, reflexivity is incorporated

as an endogenous component rather than treated as noise to be removed.
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8.2 The Limit Cycle as the Principal Structural Result
The principal structural result of the model is the limit cycle in the (a, €) space, where &(¢) is
the model’s prediction error. The limit cycle is the dynamic signature of any system in which
a model is internal to its own domain of observation. Periods of high penetration (high «)
produce high perturbation of the trajectory and therefore high error (high €). High error reduces
credibility and penetration (low «). Low penetration reduces perturbation and the model
becomes accurate again (low ¢). Renewed accuracy increases credibility and the cycle restarts.
This cycle has two crucial implications. The first is epistemic: no reflexive model can
be permanently calibrated. Optimal calibration is itself an unstable attractor. A model that
works well is adopted, and by being adopted it perturbs the trajectory it describes, reducing its
accuracy. The second implication is practical: the limit cycle is amplified as the system
approaches B. Near the bifurcation field, oscillations in a synchronise with structural

instability, increasing fragility instead of compensating for it.

8.3 The Three Historical Cases as Validation of the Framework

The three historical cases analysed in section 6 do not constitute statistical proof of the model,
but they illustrate its retrospective coherence and its capacity to distinguish qualitatively
different dynamic structures.

Third-century Rome (a = 0) shows that the model functions even in the absence of
reflexivity. Instability structures are identifiable through composite indicators and precursor
signals, and the resolution of the crisis aligns with the model’s prediction for pre-reflexive
bifurcations. Branch selection is determined by stochastic contingency rather than structural
tendencies.

The late Soviet Union (a concentrated and distorted) introduces the distinction between
formal and effective o and shows that compressed reflexivity is an unstable regime. Attempts
to increase coherence between the two accelerated rather than attenuated the transition through
the bifurcation.

The 2008 crisis (¢ maximal and distributed) is the purest case of reflexive trap. The
shared model produced the correlation it failed to see, self-falsified through its own success
and generated a collapse that was sharp, synchronous and difficult to reverse without massive
external intervention.

Comparison across the three cases confirms the model’s comparative prediction:

collapses in high-a regimes differ structurally from collapses in low-a regimes in speed,
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synchronisation and reversibility. This structural difference is the empirical basis of the 2050

prediction.

8.4 The 2050 Prediction as an Open Test of Falsifiability

The central prediction of the paper is a global systemic bifurcation by 2050, produced by the
convergence of high a, suppression of o(/) and activation of the reflexive trap at unprecedented
scale. The specific branch taken is not predicted and will depend on stochastic contingency at
the moment of crisis.

This prediction is an open test of falsifiability in the strict sense, because it is formulated
in a way that allows empirical contradiction in the coming decades. The falsification conditions
are explicit: if /s does not rise as expected, if elite behavioural diversity does not decline with
rising /4, if the expected precursor signals do not appear in the 2030-2050 window, the model
is falsified independently of what happens in 2050. The prediction is not falsified by the
absence of a catastrophic event in 2050, because the bifurcation may occur earlier, may be
attenuated by cognitive-redundancy policies or may lead to a branch different from those
imagined.

The open character of the test is a structural consequence of reflexivity. A model that
is adopted and acted upon modifies the trajectory it predicts. If this framework contributes to
awareness of the reflexive trap and to policies of cognitive redundancy, the 2050 prediction
may be weakened by its own effects. This would not be a refutation of the model but its deepest
confirmation: the prediction self-falsifies through its own adoption, exactly as the limit cycle

anticipates.

8.5 Limits of the Model and Conditions of Validity
The model has structural limits that must be acknowledged to define its domain of application.
The first limit concerns measurability. As discussed in section 5, the manifold H and
the cost function U(h) are not directly observable. They are accessible only through their
operational projection i(¢) and precursor signals. Predictions about instability structures are
therefore mediated by operational choices that introduce uncertainty. The model predicts
structures, not precise numerical values. This is both a strength and a limitation.
The second limit concerns the form of @ and f. The transition operator @ and the
function governing a(f) are specified in terms of qualitative properties but not in exact

functional form. Different forms produce limit cycles with different periods and amplitudes,
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and choosing among them requires empirical calibration. The model identifies qualitative
structures, not quantitative parameters.

The third limit concerns scale. The model is formulated at a level of generality that
makes it applicable to diverse historical systems, but this generality has a cost. Specific
institutional mechanisms and local causal dynamics are not captured by the formal structure.
The model describes the forest, not the trees.

The fourth limit concerns the reflexivity of the model itself. As the model predicts for
any reflexive system, this model is also subject to the limit cycle. If adopted widely, it will
perturb the trajectories it describes and reduce its own accuracy. This is not a removable flaw

but a structural property of any model of history.

8.6 Future Directions
The framework developed in this paper opens several research directions that merit
independent development.

The first is empirical calibration. The model requires estimation of key parameters
through quantitative analysis of historical cases. Even partial calibration on one of the three
cases, preferably 2008, would allow qualitative predictions to become quantitative with explicit
confidence intervals.

The second is extension to sub-systemic scales. Although formulated at the level of the
global historical system, the formal structures apply in principle to any scale. A natural
extension is the analysis of reflexive dynamics within Al systems themselves, since Al models
trained on data generated by other Al models are reflexive systems in the technical sense.

The third is development of precursor theory in high-a regimes. Section 7.2 showed
that standard precursors may be suppressed in cognitively homogeneous systems and that
anomalous variance reduction is the most reliable signal. This requires methodological
development: formal definitions, statistical tests and out-of-sample validation.

The fourth is the theory of cognitive redundancy as institutional policy. The three forms
of intervention identified in section 7.6 require both theoretical development and empirical
investigation. This direction links the formal framework to institutional theory and public
policy.

The fifth is systematic comparison with agent-based models. ABMs allow simulation
of systems with heterogeneous agents and observation of macro-structures emerging from
micro-interactions. An ABM calibrated on this framework would allow testing of qualitative

predictions in simulated environments before applying them to historical data.
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These directions are complementary. Empirical calibration provides parameters for
ABMs; precursor theory provides tools for testing predictions; cognitive-redundancy theory
translates formal results into institutional recommendations. The framework developed here is
a research platform, not a final result.

A final note. The model predicts instability structures, not destinies. The 2050
prediction is not a self-fulfilling prophecy but an open empirical test, formulated to be
contradicted by evidence and altered by practice. If this framework helps make explicit the
structure of systemic risk we are constructing and translates that awareness into policies of
cognitive redundancy, the 2050 prediction may be weakened by its own effects. This would be

the best form of refutation a reflexive model can receive.
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