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Abstract Antifragility is a unifying mathematical modeling framework transferring
properties from the functional domain of dose-response into the probabilistic one in
distribution of outcomes, and vice-versa.

Consider the following seemingly disconnected or loosely connected classes of
natural and human phenomena:

Class 1 Upregulation: Effects related to benefiting from stressors. These include
hormesis and hypertrophy in medicine, post-traumatic growth in psychology, tu-
mor resistance in oncology, hydra-like outcomes in mythology, as well as popular
beliefs about rebounds from adversity.

Class 2 Philostochasticity: Effects related to benefiting from variance and dis-
persion. These include stochastic resonance in physics and signal processing,
intermittent fasting and variable dosing in medicine, "long” volatility in finance.
Evolutionary processes require a certain dose of noise, variance, or replication
error to satisfy a diversity of outcomes, with the hope that some of the resulting
offspring will be more adapted to the environment.

Class 3 Scaling: Effects related to allometry. These include optimal size of
animals, cities, and corporations, the fragility induced by an increase in size
(stochastic diseconomies of scale), the behavior of biological entities at differ-
ent scales.

Now note the property of items with opposite qualitative attributes.

Class 4 Fragility: Effects related to breaking or rupturing under shocks and stres-
sors at some intensity.
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Class 5 Short volatility: harm by dispersion of outcomes and second order ef-
fects at some window or time interval. For example eating continuously might be
harmful, but intermittently can only benefit at some time window (while a daily
or alternate day occurrence may help, a monthly one can be deadly).

Class 6 Effects linked to hazards associated with the passage of time: it includes
decay from memoryless shocks, aging, ruin probabilities, and absorbing barriers.

The idea behind antifragility isn’t a descriptive approach to these attributes, nor
an uncovering of these well observed phenomena, but a unifying mathematical mod-
eling framework integrating all these classes, and, centrally transferring properties
from the functional domain of dose-response into the probabilistic one.

Let y be the response, y = f(x) a function of X a random (or deterministic) vari-
able; we are concerned with f(x); and the nonlinearity of f is determinant in altering
the statistical properties of x. Functions in most applications are piecewise convex
or concave, giving a rich set of responses —in general, the more nonlinear f, the
more its outcomes will be divorced from the statistical properties of X.

Critically, we may not observe the full properties of X, owing to statistical in-
completeness, idiosyncratic behavior, and sample insufficiency; but we can certainly
assess the behavior of f via perturbation methods, in the body and the tails of the
distribution. We can even sometimes influence the function, a method dubbed “’con-
vexification” or “tail clipping” applicable in finance. The idea of contracts is to
eliminate, share, or transfer parts of the distribution, which alters the probability
distribution of f.

The entire concept is based on a definition of fragility, which in [1, 2] is grounded
in the following property. Fragility, for probabilistic reasons, must be accompanied
with an accelerated response to harm, as the cumulative effect of regular, high fre-
quency events must be smaller in effect than those stemming from the tails of the
distribution. This is a selection effect akin to the survivorship bias: being linear to
harm would necessarily break the object under an ordinary intensity of stressors;
what has survived must be nonlinear, having a milder response in the body of the
distribution and a stronger one away from the center. Estimating the effects of tail
risk resides in the nonlinearity of the response with respect to tail events [4], thus
facilitating robust stress testing by focusing on acceleration rather than just magni-
tude.

Further, an accelerating (super-linear) response to negative stressors (as well as
the passage of time) and a decelerating (sub-linear) response to positive outcomes
portend fragility; the reverse situations represent antifragility, limited of course to a
specific range of variations and a certain time window.

One can be fragile outside a range of variation, anti-fragile inside (though not the
opposite). For antifragility is not the mirror opposite of fragility. Irreparable break-
ing is an absorbing barrier, which stops the unit at the point of non-recoverable ruin.
The antifragile does not get absorbed in a similar manner; the asymmetry generates
analytical difficulties. We also note that fragility and antifragility are associated with
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a specific source of variation. Natural systems, particularly biological ones, are uni-
versally nonlinear in their responses (sometimes extreme where the effect changes
in sign, as reflected by the expression “the dose makes the poison”); hence they
lend themselves to analyses translating from the functional to the probabilistic and
reciprocally, inviting a spate of medical applications[3].

One area of research with great potential can exploit the property that the trans-
fer from the functional to the probabilistic can also take place in the reverse direc-
tion. One such prospective medical application is figuring out the frequency of past
famines or shortages in food groups (say, protein) in the habitat from which a certain
human groups was adapted. To take a simple application: it can consist in assessing
how the intermittence of feeding increases or decreases insulin sensitivity or some
other target metric, or assessing the optimal frequency of deprivation for autophagy.
The method can also shed some light on the process of aging from the mismatch
between lifestyle and ancestral statistical properties, in addition to the root of many
diseases stemming from the deprivation of stressors.

We note that both what we call ’technical systems”, that is, largely manmade
and engineered, and the “natural” ones, that is, largely biological, share the same
properties; this likely stems from their partaking of the same attributes of nonlinear-
ities, particularly when looked upon dynamically rather than by using comparative
statics.

This volume explores the rich sets of outcomes that result from the investigation
of the properties of the function f(.) in a variety of domains.
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