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ANTIFRAGILITY EXPLAINED THE ROUTE

READING MAP

One book. Four connected lenses.

Every diagram is an original teaching graphic. Each claim is tied to a specific system, perturbation, payoff
and time horizon.

01 THE FOREWORD

05-16
Taleb’s six classes, 12 illustrated pages
(02  APPLIED ANTIFRAGILITY
17-22
Ecological, evolutionary and interventional scales
(03  ECOLOGICAL EXTENSIONS
23-30
Criticality, CIMA, ecobionts, sacred memory
04  comPuUTE+TEST
31-39

Thirteen Python models, diagnostics and references

READING CONVENTION

Green marks benefits on the defined payoff. Red marks harm. Neither color supplies a universal ecological
or biological diagnosis.
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Response Signatures of Systems 55
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How systems change when exposed to perturbations T
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ANTIFRAGILITY EXPLAINED / ILLUSTRATED PLATE 01

Fragile systems deteriorate; robust ones resist change; resilient ones recover; antifragile ones benefit within defined limits.



ANTIFRAGILITY EXPLAINED TALEB / FOREWORD

PRIMARY SOURCE

What Taleb actually connects

Foreword: “What is Antifragility?”, in Axenie, Bauer, Lépez Corona and West (2025).

THE MATHEMATICAL TRANSLATION

A nonlinear response function connects variation in inputs with the distribution of outcomes. The same map
can be studied in reverse to infer possible exposure histories from observed responses.

FROM FUNCTIONAL TO PROBABILISTIC

) ) )
INPUTS RESPONSE OUTCOMES
) )
Dose, shocks, volatility and their A function with convex, concave or Benefits, losses, tails and ruin
distribution. mixed curvature. probabilities.

Six classes, one research grammar. Upregulation, philostochasticity and scaling are families through
which variation can matter. Fragility, short volatility and time hazards specify complementary forms of
vulnerability. These classes concern distinct mechanisms and need not all be present in a given system.

SOURCE AND EDITORIAL BOUNDARY

The six-class taxonomy belongs to Taleb. This booklet paraphrases the argument and constructs its own
diagrams and models; it does not reproduce his foreword.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 03



ANTIFRAGILITY EXPLAINED TALEB / FOREWORD

READ BEFORE EXPLORING

A response is not a slogan.

The scope and asymmetry of a function determine whether volatility is favorable, unfavorable or
ambiguous.

01/ WHAT IS THE FUNCTION? 02 / WHERE?
Payoff versus harm The operational window
Convexity in benefit can reward dispersion. A benefit under moderate exposure may vanish or
Convexity in loss can increase fragility. reverse at larger doses.
04 / WHO?
Temporal aggregation Level of selection
Exposure frequency, duration and cumulative ruin Survivors can improve while the population-level
risk can reverse conclusions. outcome worsens.

A PRE-ANALYSIS CONTRACT

Always disclose the system, shock process, outcome variable, baseline, uncertainty, risk of irreversible loss,
and interval over which the response is claimed.

This framework motivates six reproducible foreword experiments (FO1-F06). All are deliberately
synthetic and demonstrate mathematical possibilities, not universal laws.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION



S Taleb’s Six Families

T Six classes of phenomena linked by one nonlinear mathematical framework

PHILOSTOCHASTICITY

BENEFITS FROM VARIABILITY

UPREGULATION

BENEFICIAL RESPONSES TO STRESSORS
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Perturbation (stress) Variability (volatility)

Performance improves when exposed
to stressors, up to a point.

Performs better when exposed to randomness,
volatility, or diverse fluctuations.

FRAGILITY

NONLINEAR LOSSES AND BREAKDOWN

SHORT VOLATILITY

HARM FROM HIGH-FREQUENCY VARIABILITY
OVER THE WRONG INTERVAL

L}
.
A k 3
. <'F ‘  High High
A ¢ v
o «  Performance Performance
& Outcome

Outcome
.
i

Pl
g »

3 . Low b Low -
™ o -
e Low High Low High

Perturbation (stress) Frequency of variability

By

High-frequency variability can be harmful
when it occurs over the wrong time horizon.

Performance deteriorates nonlinearly
and can break down under stress.

SCALING

SIZE AND SCALE ALTER FRAGILITY

-~

High

Performance
Outcome

Small i Large
Size / Scale

Fragility and robustness change with size.
Larger systems tend to be more fragile.

HAZARDS OF TIME

AGING, CUMULATIVE EXPOSURE,
RUIN, AND ABSORBING BARRIERS

R e High

Performance
. R , Dutcome

Low 2

Short Long
Time / Cumulative exposure

Performance can decline over time due to aging,
cumulative exposure, and the risk of ruin or absorbing states.

X ~ A UNIFIED PERSPECTIVE

Nonlinearities
create asymmetries and thresholds.

Response functions
map perturbations to outcomes.

ANTIFRAGILITY EXPLAINED / ILLUSTRATED PLATE 02

Taleb describes six families of beneficial and harmful phenomena connected by nonlinear responses, scale, volatility, and time.

These six families are different expressions of the same underlying logic:
they can be studied through response functions, nonlinearities, and outcome distributions.

Outcome distributions Sy
summarize risks, opportunities, and tail events. m :
AT



THE MATHEMATICAL BRIDGE
One perturbation. Many possible outcomes.

Change the distribution, or change the response. Both change the outcomes.

01 DISTRIBUTION OF DISTURBANCES

PN m— Gaussian
== = Two-scale mixture

o o
IS o
1 1
~
~

Probability density
o
N

S
o

02 THE PAYOFF TRANSFORMATION

3 -

= CONvex
2 - == Linear
= Concave

Payoff f(x)
o

_1-

-

3 | | . | | |
-3 -2 -1 0 1 2 3
03 DISTRIBUTION OF CONSEQUENCES

3.0 -

== (GaussSian — convex
== = Mixture -» convex
Loss threshold

DY
(9]
1

e
o
1

Probability density
= =
o u

=
(O]
1

0.0 - : ; ! ! ~§~~|~—__‘I“_—‘ . .
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 2.5
Observed payoff y = f(x)
Gaussian - convex: E[Y] = +0.215 / P(Y = —0.30) = 0.8%

Mixture -» convex: E[Y] = +0.152 / P(Y = -0.30) = 1.7%

Synthetic model; numerical integration. The loss event is NOT an absorbing ruin state.



ANTIFRAGILITY EXPLAINED

THE MATHEMATICAL CONTRACT

TOO /02

A convex payoff changes the odds.

To claim antifragility, identify the input distribution, payoff, level of analysis, and operational window.

X ~ P(x)

Y = f(X)

P(Y)

A system responds through f. Its nonlinear response transforms both the expected
outcome and the distribution of losses and gains.

01 / INPUT EXPOSURE

Gaussian: X has mean 0 and standard deviation
1.

Mixture: 92% of a narrower Gaussian and 8% of
a wider one. The wide component is calibrated
so the mixture has the same theoretical
variance.

03 / MEASURE WHAT CHANGES

02 / RESPONSE FUNCTION

Convex: gains increase faster than losses, with
a bounded modeled downside.

Linear: symmetric local exposure.

Concave: losses accelerate, with a capped
modeled upside.

Jensen gap: E[f(X)] - f(E[X]). Loss event: P(f(X) = L), where L = -0.30.

CONDITION EXPECTED Y
Gaussian / convex +0.215
Mixture / convex +0.152
Gaussian / linear -0.000
Gaussian / concave -0.215

INTERPRETATION = OVERCLAIM

JENSEN GAP

+0.215 0.78%
+0.152 1.70%
-0.000 27.44%
-0.215 32.23%

Convexity implies a nonnegative Jensen gap for the defined payoff. It does not establish survival, adaptive
learning, criticality, or resistance to extreme ruin. The Gaussian mixture has heavier tails over relevant

ranges, but it is not Pareto or power-law distributed.

TALEB FOREWORD FEATURE / ORIGINAL SYNTHETIC MODEL / ENGLISH EDITION 0.5



ANTIFRAGILITY EXPLAINED TOO /03

RESEARCH COMPASS

How far does this model reach?

An explicit bridge from Taleb’s six phenomenon classes to one transparent, falsifiable numerical
experiment.

01 / UPREGULATION NOT TESTED

A dose-response improvement would require an explicit time-varying adaptation mechanism.

02 / PHILOSTOCHASTICITY DIRECTLY TESTED

Change input dispersion and distribution while preserving its mean; inspect the resulting benefit.

03 / SCALING NOT TESTED

No sizes, modular networks, or allometric processes are represented.

04 / FRAGILITY DIRECTLY ILLUSTRATED

Concave payoffs produce accelerating downside and a negative Jensen gap under variation.

05 / SHORT VOLATILITY NOT TESTED

There are no exposure sequences, cadence, recovery or inter-event delays.

06 / HAZARDS OVER TIME NOT TESTED

A threshold event is not an absorbing barrier; the model has no cumulative ruin process.

TRY THIS IN THE BROWSER

Open index.html and select Core model. Switch convex and concave responses, then compare Gaussian and
mixture inputs. The separate Python notebook reproduces the equations and quantiles.

Primary source: N. N. Taleb, “What is Antifragility?”, foreword to C. Axenie, R. Bauer, O. Lépez Corona and J. West, Applied
Antifragility in Natural Systems (Springer, 2025), pp. vii-ix, DOI: 10.1007/978-3-031-90391-5. All artwork and modeling in this
feature are newly developed.
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<+« From Perturbations to OQutcome Distributions

How a response function transforms uncertainty into results

RESPONSE FUNCTION
€ NPUT DISTRIBUTION 2 D e - i OUTCOME DISTRIBUTION

(PERTURBATIONS) (RESULTS)
X ~ Py - Y ~ Py

—— Convex (higher mean, fatter right tail)
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Concave (lower mean, tighter spread)
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ANTIFRAGILITY EXPLAINED / ILLUSTRATED PLATE 03

Input uncertainty becomes an outcome distribution through a response function. All distributions shown here are conceptual illustrations.



ANTIFRAGILITY EXPLAINED TALEB CLASS 01

01

TALEB / CLASS 01

UPREGULATION

Can a stressor improve a system?

A response may improve after bounded exposure through mechanisms such as hormesis or
overcompensation. The same stressor may harm the system beyond a suitable window.

CENTRAL DISTINCTION
In the toy model, the maximum occurs around dose 1.32; sufficiently high dose becomes

harmful.

WORKING MECHANISM

STRESSOR RESPONSE LIMIT

Specify intensity and duration. Measure function after exposure. Probe the overload boundary.

BOUNDARY CONDITION

A possible gain from some stress does not justify exposure without threshold, cost and safety analysis.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 05



ANTIFRAGILITY EXPLAINED TALEB / PYTHON LAB FO1

FOREWORD LAB / FO1 01

Can a stressor improve a system?

Change one assumption, inspect the curve, then ask what data could distinguish the proposed
mechanism.

01 / UPREGULATION Local optimum
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\
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0.0
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—0.6 -

1 1 1
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WHAT THE FIGURE SHOWS

A quadratic toy response has a local maximum and then crosses into harm.

TESTABLE QUESTION PYTHON / PROCEDURE

What is the gain in a preselected biological or Select a functional measure; compare matched
functional outcome after comparable exposures; quantify delayed effects; map the
exposures? harmful range.

INTERPRETATION RULE

A synthetic curve is a demonstration of what the equation permits. It does not establish that this pattern
exists in an observed population.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 06



ANTIFRAGILITY EXPLAINED TALEB CLASS 02

TALEB / CLASS 02 02

PHILOSTOCHASTICITY

When does dispersion help?

At identical mean input, a more dispersed exposure can improve expected benefit when the
relevant payoff is convex. A concave payoff reverses the sign.

CENTRAL DISTINCTION

A convex payoff f(x)=x? generates a positive Jensen gap equal to spread squared in this
two-point example.

WORKING MECHANISM

() () [ )
MEAN VARIANCE GAP
) )
Hold the input mean fixed. Modify dispersion only. Estimate expected payoff

differences.

BOUNDARY CONDITION

A higher-variance input is not beneficial if the payoff is a harm function, or if tail effects invalidate the
chosen domain.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION

07



ANTIFRAGILITY EXPLAINED TALEB / PYTHON LAB F02

FOREWORD LAB / F02 02

When does dispersion help?

Change one assumption, inspect the curve, then ask what data could distinguish the proposed
mechanism.

02 / PHILOSTOCHASTICITY
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WHAT THE FIGURE SHOWS

Mean-preserving binary spreads show a positive convex-benefit Jensen gap and a negative concave-benefit
gap.

TESTABLE QUESTION PYTHON / PROCEDURE
Does a mean-preserving increase in variance Define payoff polarity; choose distributions; match
alter expected benefit in the chosen system? means; estimate Jensen gaps and their uncertainty.

INTERPRETATION RULE

A synthetic curve is a demonstration of what the equation permits. It does not establish that this pattern
exists in an observed population.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 08



ANTIFRAGILITY EXPLAINED TALEB CLASS 03

TALEB / CLASS 03 03

SCALING

Does bigger imply safer?

Coupling, modularity and allometric relationships change the way shock effects scale. Increasing
size can amplify risk when failure paths interact.

CENTRAL DISTINCTION

Coupled and modular structures diverge in the toy model at large sizes.

WORKING MECHANISM

s s s
COMPONENTS CASCADE SCALE
b b
Specify size and interaction graph. Model propagation mechanisms. Compare effective systemic losses.
BOUNDARY CONDITION

This risk curve is assumed, not discovered: real scaling exponents and network dependencies require
evidence.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 09



ANTIFRAGILITY EXPLAINED TALEB / PYTHON LAB FO3

FOREWORD LAB / FO3 03

Does bigger imply safer?

Change one assumption, inspect the curve, then ask what data could distinguish the proposed
mechanism.

03 / SCALING
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WHAT THE FIGURE SHOWS

A superlinear coupling term creates greater systemic-event risk than a modular comparator of the same size.

TESTABLE QUESTION PYTHON / PROCEDURE

How does system-wide failure probability Hold disturbance regime fixed; vary network size
change as the number and coupling of and coupling separately; report failure
components change? probabilities.

INTERPRETATION RULE

A synthetic curve is a demonstration of what the equation permits. It does not establish that this pattern
exists in an observed population.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 10



ANTIFRAGILITY EXPLAINED TALEB CLASS 04

TALEB / CLASS 04 04

FRAGILITY

Why are tail losses nonlinear?

When harm accelerates with shock intensity, extrapolation from small shocks underestimates
large-event losses. Fragility is relative to a loss function.

CENTRAL DISTINCTION

At shock intensity 2, L=x? doubles the linear loss in this example.

WORKING MECHANISM

s s s
SHOCK LOSS TAIL
b b
Select an intensity range. Quantify nonlinear damage. Test rare, severe shocks.
BOUNDARY CONDITION

Convex damage is a property of the specified harm metric, not necessarily of every functional axis.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 11



ANTIFRAGILITY EXPLAINED TALEB / PYTHON LAB F04

FOREWORD LAB / FO4 04

Why are tail losses nonlinear?

Change one assumption, inspect the curve, then ask what data could distinguish the proposed
mechanism.

04 / FRAGILITY
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WHAT THE FIGURE SHOWS

Quadratic damage grows faster than linear damage; extreme realizations dominate the penalty.

TESTABLE QUESTION PYTHON / PROCEDURE
How rapidly does harm increase beyond the Plot severity-loss curves; test higher quantiles;
ordinary operating range? include irreversible loss and uncertainty.

INTERPRETATION RULE

A synthetic curve is a demonstration of what the equation permits. It does not establish that this pattern
exists in an observed population.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 12



ANTIFRAGILITY EXPLAINED TALEB CLASS 05

TALEB / CLASS 05 05

SHORT VOLATILITY

How much does timing change?

Temporal aggregation matters. The same total exposure can produce distinct outcomes
depending on frequency, spacing and recovery times.

CENTRAL DISTINCTION

An explicit adaptation-and-fatigue model produces a local optimum near three time units;
the result changes with assumed decay rates.

WORKING MECHANISM

s s s
TOTAL CADENCE PAYOFF
b b
Hold cumulative dose constant. Vary spacing and recovery. Measure retained function.
BOUNDARY CONDITION

A pedagogical temporal optimum says nothing about real medical protocols, fasting schedules or
environmental management.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 13



ANTIFRAGILITY EXPLAINED TALEB / PYTHON LAB F05

FOREWORD LAB / FO5 05

How much does timing change?

Change one assumption, inspect the curve, then ask what data could distinguish the proposed
mechanism.

05 / SHORT VOLATILITY: AN EXPLICIT RECOVERY MODEL
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—0.05 -

Fixed count: 8 | Per-impulse dose: 0.7 | Follow-up: 5 units

2 4 6 8 10 12 14
Interval between eight equal impulses (time units)

Net benefit = retained adaptation - fatigue penalty

WHAT THE FIGURE SHOWS

Eight equal exposures at different spacings produce different outcomes when adaptive memory and fatigue
decay at different rates.

TESTABLE QUESTION PYTHON / PROCEDURE

Does equal total exposure, administered at Match cumulative intensity; manipulate temporal
different intervals, produce different net structure; test late outcomes and cumulative risk.
outcomes?

INTERPRETATION RULE

A synthetic curve is a demonstration of what the equation permits. It does not establish that this pattern
exists in an observed population.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 14



ANTIFRAGILITY EXPLAINED TALEB CLASS 06

06

TALEB / CLASS 06

HAZARDS OVER TIME

Why does ruin change everything?

Even small repeated probabilities of irreversible failure accumulate. An absorbing barrier prevents

a ruined system from accessing possible future benefits.

CENTRAL DISTINCTION

At a constant 0.8% per-period risk, survival at 100 periods is about 44.8%.

WORKING MECHANISM

EXPOSURE TIME RUIN

Specify per-period hazard. Accumulate survival odds. Account for absorbing states.

BOUNDARY CONDITION

Independent and stationary hazards are simplifications. Real event dependence and changing exposure

affect survival.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 15



ANTIFRAGILITY EXPLAINED TALEB / PYTHON LAB F06

FOREWORD LAB / FO6 06

Why does ruin change everything?

Change one assumption, inspect the curve, then ask what data could distinguish the proposed
mechanism.

06 / TIME HAZARDS
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WHAT THE FIGURE SHOWS

Simple repeated-hazard survival curves fall over exposure time, even if per-period hazards are small.

TESTABLE QUESTION PYTHON / PROCEDURE

How does the probability of avoiding State the absorbing condition; test correlated
unrecoverable failure change across the shocks; compare full survival curves, not means
operational lifetime? only.

INTERPRETATION RULE

A synthetic curve is a demonstration of what the equation permits. It does not establish that this pattern
exists in an observed population.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 16



Three Scales of Applied Antifragility

Lo OGN Ecological, evolutionary, and interventional pathways s A

1. ECOLOGICAL ANTIFRAGILITY 2. EVOLUTIONARY ANTIFRAGILITY 3. INTERVENTIONAL ANTIFRAGILITY
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ANTIFRAGILITY EXPLAINED / ILLUSTRATED PLATE 04

Ecological, evolutionary, and interventional antifragility have different mechanisms, time horizons, and measures of gain.



ANTIFRAGILITY EXPLAINED THREE APPLIED SCALES

APPLIED ANTIFRAGILITY / 01 01

ECOLOGICAL ANTIFRAGILITY

Gain from a defined perturbation in a specified natural response.

Define the output as a benefit or a cost. Compare the expected output under mean-matched input
regimes. The relevant convexity may change with dose and environment.

SCALE-SPECIFIC INFERENCE

) ) )
INPUT DISTRIBUTION RESPONSE FUNCTION PAYOFF DIFFERENCE

) )
Rainfall, salinity, dosing A measurable biological outcome Jensen gap or matched contrast

KEEP THE SCALES DISTINCT

Use common forcing, a well-defined functional output, response-history controls, and an explicit temporal
window.

Source: Axenie, Bauer, Lopez Corona and West (2025), chapters 2-4. The diagram is a new pedagogical synthesis.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 17



ANTIFRAGILITY EXPLAINED APPLIED LAB

APPLIED SCALE / 01 01

Ecological Antifragility in a model

A reproducible illustration of the preceding mechanism, with its interpretation limits.

C03 / SYNTHETIC ECOLOGY
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WHAT THIS DEMONSTRATION SUPPORTS

A synthetic ecological time series compares a reference trajectory with an adaptive-response model. The
difference is imposed by the equations, not estimated from field data.

RESEARCH DESIGN

What would count as evidence?

Use common forcing, a well-defined functional output, response-history controls, and an explicit temporal window.

AN INDEPENDENT ILLUSTRATED RESEARCH COMPANION 18



ANTIFRAGILITY EXPLAINED THREE APPLIED SCALES

APPLIED ANTIFRAGILITY / 02 02

EVOLUTIONARY ANTIFRAGILITY

Variation and selection reshape future responses.

Selection may retain adaptive variants while changing the composition of the population. Gains at
the surviving-unit level and costs at the population level must both be reported.

SCALE-SPECIFIC INFERENCE

ca ) -
HETEROGENEITY SELECTION MEMORY
b b
Functional variants and exposure Relative survival and reproduction Retained phenotypes and networks

KEEP THE SCALES DISTINCT

Track population composition, functional performance, extinction losses, and counterfactual histories.

Source: Axenie, Bauer, Lopez Corona and West (2025), chapters 2-4. The diagram is a new pedagogical synthesis.
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ANTIFRAGILITY EXPLAINED APPLIED LAB

APPLIED SCALE / 02 02

Evolutionary Antifragility in a model

A reproducible illustration of the preceding mechanism, with its interpretation limits.
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WHAT THIS DEMONSTRATION SUPPORTS

A training-and-overload simulation demonstrates retained capacity under moderately stressful repetition.
This is not equivalent to genetic evolution.

RESEARCH DESIGN

What would count as evidence?

Track population composition, functional performance, extinction losses, and counterfactual histories.
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ANTIFRAGILITY EXPLAINED THREE APPLIED SCALES

APPLIED ANTIFRAGILITY / 03 03

INTERVENTIONAL ANTIFRAGILITY

Change the control policy, not just the shock.

A closed-loop controller may adjust response curves or optimize timing and feedback. Benefits
require comparison with a feasible control policy under matched disturbances.

SCALE-SPECIFIC INFERENCE

) ) )
SENSORS DECISION RULE FEEDBACK
) )
Observe state and uncertainty Select an action Update the next action

KEEP THE SCALES DISTINCT

Compare controller and baseline on the same disturbances, reporting costs, risk and sensitivity to sensor
accuracy.

Source: Axenie, Bauer, Lopez Corona and West (2025), chapters 2-4. The diagram is a new pedagogical synthesis.
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ANTIFRAGILITY EXPLAINED APPLIED LAB

APPLIED SCALE / 03 03

Interventional Antifragility in a model

A reproducible illustration of the preceding mechanism, with its interpretation limits.

C06 /| GOVERNANCE AS A RISK HEURISTIC
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WHAT THIS DEMONSTRATION SUPPORTS

A resource-management rule reacts to an imperfect environmental signal. Lower risk is purchased through
lower extraction.

RESEARCH DESIGN

What would count as evidence?

Compare controller and baseline on the same disturbances, reporting costs, risk and sensitivity to sensor accuracy.
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Criticality, Information, and CIMA

A s " When sensitivity, learning, and adaptive action interact
Fz:ﬂ. v \¢1 #c:@l’ 3 W
A — THE €CIMA LOOPF —— CRITICALITY AND RESPONSIVENESE
A CONTINUOUS CYCLE FOR ADAPTIVE SYSTEMS DIFFERENT DYNAMICAL REGIMES, DIFFERENT CAPABILITIES
., Computation SUBCRITICAL CRITICAL SUPERCRITICAL

TRANSFORMS DAMPED RESPONSES MAXIMAL RESPONSIVENESS RUNAWAY RESPONSES
INFORMATION : :

.| Processes sensory and internal
' data into useful representations.

o Perturbations quickly fade. Perturbations propagate across Perturbations amplify
The system is stable but scales. The system is sensitive, uncontrollably. The system
Sl _ : insensitive, with limited with high dynamic range and is unstable, with excessive
Action ~“ ADAPTIVE Inference information propagation. rich information processing. and unbounded responses.
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actions to achieve
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METHODOLOGICAL CAUTION
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ANTIFRAGILITY EXPLAINED / ILLUSTRATED PLATE 05

CIMA links information and action; critical dynamics can influence sensitivity. Criticality is not proof of antifragility.



ANTIFRAGILITY EXPLAINED FROM ECOLOGY OF THE SACRED

RESEARCH EXTENSION / 01 01

INFORMATION + CRITICALITY

A useful signal is not yet evidence of antifragility.

Some systems close to critical regimes exhibit broad correlations, high sensitivity or rich processing
capacity. Whether these properties cause improvement from variability must be tested against a
specified payoff.

PROPOSED MECHANISM

ca = ca
DYNAMICS INFORMATION FUNCTION
) )
Estimate the state trajectory and Compute a justified summary or Relate the metric to a gain under
forcing. scaling metric. matched perturbations.

EPISTEMIC STATUS

The research connection between near-critical organization and antifragility is conditional and remains an
active hypothesis. Observing a 1/f-like spectrum alone is insufficient.

SOURCE CONTEXT

Lopez Corona and collaborators, The Ecology of the Sacred: Constructing an Antifragile Future, author manuscript (2026).
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ANTIFRAGILITY EXPLAINED RESEARCH EXTENSION / COMPUTATION

EXTENSION LAB / 01 01

Information + Criticality

A modeling thought experiment that makes the proposed claim vulnerable to counterexamples.

C03 / SYNTHETIC ECOLOGY
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RESEARCH QUESTION

How much predictive and causal evidence would connect a spectral exponent to functional gain?

OPERATIONAL CONSTRAINT

Models here encode possible mechanisms. Interpreting them as cultural, clinical or ecological facts would
require independent field observations and ethical, historical, and causal scrutiny.
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ANTIFRAGILITY EXPLAINED FROM ECOLOGY OF THE SACRED

RESEARCH EXTENSION / 02 02

TLACHIALIZTLI / CIMA

From ecological signals to revisable action.

Compute = Infer > Model = Act is a recursive architecture for information use. It links sensory
input, interpretation, a working representation and intervention. Actions change the environment
that will be observed next.

PROPOSED MECHANISM

ca = ca
COMPUTE INFER + MODEL ACT + UPDATE
) )
Detect rhythms, anomalies and Generate interpretations and Alter practice; compare the outcome
environmental change. working representations. with expectations.

EPISTEMIC STATUS

CIMA is a conceptual framework. Its optimality, and any claimed equivalence with maximal antifragility or
criticality, require explicit mathematical assumptions and tests.

SOURCE CONTEXT

Lopez Corona and collaborators, The Ecology of the Sacred: Constructing an Antifragile Future, author manuscript (2026).
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ANTIFRAGILITY EXPLAINED RESEARCH EXTENSION / COMPUTATION

EXTENSION LAB / 02 02

Tlachializtli / Cima

A modeling thought experiment that makes the proposed claim vulnerable to counterexamples.

C02 / ADAPTIVE MEMORY
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RESEARCH QUESTION

Which features of memory retention improve a common post-exposure functional test?

OPERATIONAL CONSTRAINT

Models here encode possible mechanisms. Interpreting them as cultural, clinical or ecological facts would
require independent field observations and ethical, historical, and causal scrutiny.
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- Intergenerational Antifragility and the Ecobiont

i | How adaptive gains can persist, transform, or decay across generations

GENERATION 1
V4 Experiences and adapts

MEMORY
Stored in genes,
bodies, minds,
landscapes, and

“ 7z BIOLOGICAL .
@ Genetic, epigenetic, and
\ physiological mechanisms

that shape how organisms
respond to their environments.

institutions.
/ ECOLOGICAL . TRANSMISSION
\ -Lands-::qpes. specles A% Across generations
\ interactions, and ecosystem GENERATION 2 _.-f r through biological,
processes that provide Inherits and modifies 4 ecological, cultural,
resources, buffers, and clues i / and institutional
for adaptation. ' pathways.
L .
' CULTURAL - ' " ——e MAINTENANCE
Knowledge, practices, e COSTS
beliefs, and technologies % Resources and trade-
that encode experience &V offs required to retain
and guide behavior. : & adaptive gains.
GENERATION 3 }
— i Maintains, transforms, ' -
.-'f INSTITUTIONAL or loses gains ’ it ADAPTIVE
@ Norms, governance, and ) ' e y BENEF IT
collective rules that sustain &% ; Higher fitness,
beneficial relationships . ':’-’5”“3”“’: or flourishing
across time. | in matching
/ environments.
WHEN ENVIRONMENTS MATCH WHEN ENVIRONMENTS CHANGE
Ecological and cultural memory Q Faster, more accurate responses Past adaptations can become € Persistent but maladaptive traits
~ help organisms and societies @ Retention of beneficial traits costly or maladaptive if conditions € Cultural inertia or rigid institutions
#e  recognize familiar conditions, and practices shift. Strong reliance on historical © Maintenance costs without benefi
L respond effectively, and build @ Greater resilience to recurring cues may lead to mismatches
= on past adaptations. Aictalidnces and reduced performance. € Increased vulnerability to novel

conditions

SYNTHESIS

Long-term stewardship emerges when biological, ecological, cultural, and institutional memory systems
are maintained and allowed to evolve, enabling adaptive gains to persist, transform, or be released as conditions change.
The ecology of the sacred reflects this insight: places, practices, and responsibilities that endure are those that keep peopie
attuned to the living systems that sustain them, across generations.

ANTIFRAGILITY EXPLAINED / ILLUSTRATED PLATE 06

Biological, ecological, and sociocultural memory may preserve gains or become maladaptive when environments change.



ANTIFRAGILITY EXPLAINED FROM ECOLOGY OF THE SACRED

RESEARCH EXTENSION / 03 03

ECOBIONTS + INHERITANCE

What persists beyond the organism?

An ecobiont framework connects genomic, microbial, ecological and sociocultural processes.
Transmission could preserve response options and adaptive capacities even when individual
components are replaced.

PROPOSED MECHANISM

) ) )
GENOME MICROBIOME SOCIOBIOME
) )
Genetic variation, inheritance and Microbial transmission and host Institutions, heuristics and
selection. association. accumulated cultural memory.

EPISTEMIC STATUS

The ecobiont is a proposed integrative model. Demonstrating antifragility requires observed or
model-identified improvements, not an assertion that social inheritance always helps.

SOURCE CONTEXT

Lopez Corona and collaborators, The Ecology of the Sacred: Constructing an Antifragile Future, author manuscript (2026).
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ANTIFRAGILITY EXPLAINED RESEARCH EXTENSION / COMPUTATION

EXTENSION LAB / 03 03

Ecobionts + Inheritance

A modeling thought experiment that makes the proposed claim vulnerable to counterexamples.

C07 / MEMORY BENEFITS AND CARRYING COSTS
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RESEARCH QUESTION

Under which memory decay and transmission regimes does response capacity improve?

OPERATIONAL CONSTRAINT

Models here encode possible mechanisms. Interpreting them as cultural, clinical or ecological facts would
require independent field observations and ethical, historical, and causal scrutiny.
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ANTIFRAGILITY EXPLAINED FROM ECOLOGY OF THE SACRED

RESEARCH EXTENSION / 04 04

SACRED ECOLOGY + RISK

Can institutions remember a rare hazard?

Calendars, ritual constraints, prohibitions, refugia and shared stories can organize ecological
attention and reduce harmful exposure. Adaptive value depends on local ecology, agency, legitimacy
and changing environmental conditions.

PROPOSED MECHANISM

ca = ca
VIA NEGATIVA VIA POSITIVA VERIFY
) )
Avoid dangerous extraction or Keep refugia, redundancy and future Compare long-term viability, costs
irreversible damage. response options. and equity.
EPISTEMIC STATUS

Cultural practices may also misfit changed environments or exclude stakeholders. Never treat historical
examples as universal proof or simulate living communities without context.

SOURCE CONTEXT

Lopez Corona and collaborators, The Ecology of the Sacred: Constructing an Antifragile Future, author manuscript (2026).
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ANTIFRAGILITY EXPLAINED RESEARCH EXTENSION / COMPUTATION

EXTENSION LAB / 04 04

Sacred Ecology + Risk

A modeling thought experiment that makes the proposed claim vulnerable to counterexamples.

C06 /| GOVERNANCE AS A RISK HEURISTIC
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RESEARCH QUESTION

Does an imperfect restriction rule lower low-stock risk, and what harvest does it sacrifice?

OPERATIONAL CONSTRAINT

Models here encode possible mechanisms. Interpreting them as cultural, clinical or ecological facts would
require independent field observations and ethical, historical, and causal scrutiny.
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ANTIFRAGILITY EXPLAINED PYTHON LABORATORIES

COMPUTATIONAL ATLAS / 01

FOREWORD MODELS 01-03

FO1 / Upregulation, FO2 / Philostochasticity, FO3 / Scaling

These first three labs separate improvement from stress, gain from dispersion, and structural dependence on
size.
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RUN ALL: python antifragility_models.py
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ANTIFRAGILITY EXPLAINED PYTHON LABORATORIES

COMPUTATIONAL ATLAS / 02

FOREWORD MODELS 04-06

FO4 / Fragility, FO5 / Short volatility, FO6 / Time hazards

The second group emphasizes loss curvature, the time pattern of exposure, and irreversible absorbing
barriers.
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RUN ALL: python antifragility_models.py
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ANTIFRAGILITY EXPLAINED

COMPUTATIONAL ATLAS / 03

PYTHON LABORATORIES

COMPANION MODELS 01-04

Response windows, memory, ecology, fat tails

Also included: C03, a synthetic ecological trajectory comparison. Finite-sample instability is not resolved by

drawing a smooth curve.
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RUN ALL: python antifragility_models.py
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ANTIFRAGILITY EXPLAINED PYTHON LABORATORIES

COMPUTATIONAL ATLAS / 04

COMPANION MODELS 05-07

Optionality, governance rules and cultural memory

A protective rule entails costs. Persistent cultural memory is a modeling assumption and an empirical research
question.
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C06 / GOVERNANCE AS A RISK HEURISTIC

—— Constant extraction

e e Coé
% 06- N
i Extraction rules
g 0.4 -
g 0.2
00- PNG + EDITABLE SVG

0 20 40 60 80 100 120 140
Synthetic seasons

C07 / MEMORY BENEFITS AND CARRYING COSTS
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RUN ALL: python antifragility_models.py
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ANTIFRAGILITY EXPLAINED HOW TO TEST A CLAIM

THE EVIDENCE STANDARD

Antifragility is a counterfactual claim.

A strong demonstration requires a comparison, not simply an attractive response curve.

DEFINE THE SYSTEM

01

State variables, boundaries and unit of analysis.

DEFINE VARIATION

02

Magnitude, probability distribution, timing and correlations.

DEFINE THE PAYOFF

03

Maximize benefit or minimize loss, with irreversible failure explicitly represented.

CHOOSE THE CONTRAST

04

Match means or use a plausible counterfactual baseline.

TRACK TIME AND SCALE

05

Include post-exposure performance, composition and cumulative exposure.

STRESS-TEST ASSUMPTIONS

06

Uncertainty intervals, fat tails, omitted costs and alternative models.
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ANTIFRAGILITY EXPLAINED REPRODUCIBILITY

MATHEMATICAL DISCIPLINE

Three comparisons that should not be
confused.

These mathematical contrasts measure different things and require different assumptions.

JENSEN GAP

E[f(X)] - f(E[X])

Demonstrates the consequence of curvature for a chosen output, with a well-defined input distribution.

PERTURBED BASELINE

E[U(Tw(x))] - U(x)

Contrasts a modeled perturbed outcome with a specified reference state. Other trends can confound this
comparison.

MATCHED DISPERSION

E[U2] - E[U1]

Compares payoffs under different input dispersions, controlling for mean and other relevant changes.
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ANTIFRAGILITY EXPLAINED READING / CITATIONS

SOURCES / 01

Primary works and provenance.

Bibliographic entries below were checked against the published Springer volume and the specified
source documents.

01 Nassim Nicholas Taleb

What is Antifragility? Foreword in Axenie et al. (2025), pp. vii-ix. This taxonomy is attributed to Taleb.

02 Cristian Axenie, Roman Bauer, Oliver Lopez Corona and Jeffrey West

Applied Antifragility in Natural Systems: From Principles to Applications. SpringerBriefs in Computer
Science, Springer Nature, 2025. DOI: 10.1007/978-3-031-90391-5.

03 Cristian Axenie and collaborators

Antifragility in complex dynamical systems. npj Complexity, 2024. DOI:
10.1038/s44260-024-00014-y.

04 Nassim Nicholas Taleb

Antifragile: Things That Gain from Disorder. Random House, 2012. ISBN 9781400067824.
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ANTIFRAGILITY EXPLAINED READING / CITATIONS

SOURCES / 02

Extensions, methods and permissions.

Clear source attribution prevents conceptual synthesis from being mistaken for direct endorsement.

05 Nassim Nicholas Taleb

Statistical Consequences of Fat Tails. arXiv:2001.10488. Refer to the version record for date and
revision details.

06 Oliver Lépez Corona and collaborators

The Ecology of the Sacred: Constructing an Antifragile Future. Author manuscript, 2026. Unpublished
at the time of this edition.

07 Complexity Explained

Illustrated booklet at complexityexplained.github.io/ComplexityExplained.pdf. Reference for editorial
teaching architecture only.

RIGHTS AND EDITORIAL INDEPENDENCE

Taleb’s foreword and the Springer book are cited and paraphrased, not reproduced. All diagrams,
explanatory text, scripts and exploratory models in this edition are original. No third-party endorsement is
implied.
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ANTIFRAGILITY EXPLAINED

GAIN FROM
VARIATION?

Only a defined system, a defensible payoff function,
and a credible comparison can answer that question.

DOSE-RESPONSE EVOLUTION

FEEDBACK MEMORY

13 reproducible laboratories / Eight interactive web explorables

Independent English teaching prototype - October 2026
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