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Prologue

Claim
‘Minimal’ models can explain (Axtell et al. 2002; Cederman 2005; Epstein
2006, chs. 1-2; Tesfatsion 2006).

Objection
How so, if they provide no (empirical) evidence?
@ Hausman (1992): models can only explore a theory’s assumptions,
and make more transparent its consequences;
e Guala (2002); Griine-Yanoff (2009): unlike experiments, models do
not confirm (causal) hypotheses
Reply
Casini (2014): minimal models explain when theoretical explorations show
what factor makes the explanandum robust.

How is this explanatory, exactly?
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Prologue

‘Theoretical explorations’ assess (in)dependence of model results from
specific assumptions. When independence obtains, results are robust.

‘Robustness’

sensitivity analysis: lack of variability of results across parameter values
(Saltelli, 2000)

robustness analysis: lack of variability of results across variations in internal
structure (Railsback and Grimm, 2011, 302-06)

e.g. probability distribution used to set the parameters, functional forms used to
relate the objects’ attributes, spatial/relational structure by which objects
interact, objects’ invoking order and scheduling

network theory: maintenance of network's function across perturbations
thanks to network’s topology (Rizk et al., 2009)

renormalization group theory (RG): sameness of limiting behavior of systems
in a universality class (Lesne and Lagués, 2003, 105-06)

etc.
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Prologue

We're interested in what all such techniques have in common wrt
explanation.

Two claims

(1) contra (Batterman and Rice, 2014), RG does not provide a general
rationalization of how minimal models explain

(2) minimal models explain when the confirmation of an explanatory
hypothesis is due to a positive analogy and not to negative analogies
— theoretical explorations are meant to show precisely this!
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ABMs of asset pricing

Motivation
@ neoclassical economic theory is based on
o rational expectation hypothesis (REH)

agents fully rational and informed; maximise expected utility/profits;
aggregate behaviour reducible to representative agent’s
o efficient market hypothesis (EMH)

prices randomly fluctuate around and quickly revert to FVs

@ neoclassical economic theory is unable to explain “stylised facts”

(i) fat-tailed distribution of
returns
(ii) clustering of volatility

(iii) persistence of volatility
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ABMs of asset pricing

Assumptions
@ heterogeneity of individuals

e.g.: (i) phase transition model (Lux and Marchesi, 1999): different dispositions
(fundamental, optimistic chartist, pessimistic chartist)

e.g.: (ii) evolutionary model (Arthur et al., 1997): different expectations
(different sets of condition-forecast rules)

e (i) and (ii) having very different auxiliaries
Results

@ stylised facts obtain

Explanans
@ not external shocks (contra EMH) but an endogenous self-reinforcing
process (fundamentalist-chartist switch, use of chartist strategies)
@ ultimately, the agents’ heterogeneity — because the dependence of
stylized facts on heterogeneity is robust
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Explanation by renormalization?

RG explanation

@ what explains sameness of behaviour of large and heterogeneous
classes of systems at ‘critical’ state?

e.g.

what explains sameness of exponents of scaling laws of fluids and
magnets?

e Batterman (2001): asymptotic reasoning in RG

e.g.

By telling us what (and why) various details are irrelevant for the
behavior of interest, this same analysis also identifies those physical
properties that are relevant for the universal behavior being
investigated (2001, 42)

spatial dimension of the system, symmetry properties of the
explanatory parameter, etc.
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Explanation by renormalization?

Critical behaviour is robust under perturbations:

if one were to alter, even quite considerably, some of the basic features of a
system (...) the resulting system (...) will exhibit the same critical behavior
(2001, 42)

@ prima facie analogous to insensitivity to micro-specifications in ABMs
of asset pricing

Batterman and Rice (2014) explicitly argue that RG applies to minimal
models outside physics, too

@ seems true of at least Lux and Marchesi (1999, 2000)’s phase
transition model, inspired by ‘mechanism’ for universality in physics
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Explanation by renormalization?

If the analogy were correct, critical behaviour of magnets and markets
would be robust in the same way — and thus explainable by RG.

But Lux and Marchesi (1999, 2000)’s explanation cannot be so rationalized
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Explanation by renormalization?

\/ inspired by analogy between phase transitions and stylized facts
Statistical physicists have determined that physical systems which
consist of a large number of interacting particles obey universal laws
that are independent of the microscopic details. This progress was
mainly due to the development of scaling theory. Since economic
systems also consist of a large number of interacting units, it is
plausible that scaling theory can be applied to economics. (Stanley
et al. 1996, 415; quoted by Lux 2000)
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Explanation by renormalization?

% makes no use of RG — studies robustness under rescaling of different
objects, by different means and to different ends

physics uses RG to rescale a micro property of the system (viz. particles’ couplings)
to single out the only relevant parameter at criticality
L&M use detrended fluctuation analysis (DFA) (Peng et al. 1994) to rescale a
macro property of the system — viz. autocorrelation of F(returns) — and show
scaling exponent is different from that of autocorrelation of F(FVs), such
that the latter does not drive the former

x even if it did use RG, the result wouldn’t be backed up by theory
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Explanation by renormalization?

Outside physics, explanation by minimal models rests on:
(i) support by analogies (cf. widespread and casual reference to Bak's SOC);

(ii) theoretical explorations showing this support not to hinge on disanalogies.
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Explanation by robustness analysis

How do theoretical explorations explain?

@ they show that the confirmation of an explanatory hypothesis X by
the evidence E via analogous factors H is not affected by disanalogies
— viz. (unrealistic and possibly false) auxiliaries A

@ that is, they show that stylized facts robustly depend on heterogeneity

@ to be rationalized in Bayesian terms

H systems Non-H systems

@ the more H-systems reproduce E, the @ the more non-H systems reproduce E,
larger the confirmation of X the larger the disconfirmation of X

@ the more disanalogous the auxiliaries A, @ the more disanalogous the auxiliaries B,
the larger the confirmation of X the larger the disconfirmation of X
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Explanation by robustness analysis

One system M

° variables:
X: heterogeneity explains (accounts for)

stylized facts
A: auxiliary facts in M obtain
H: agents in M are heterogeneous

E: stylized facts obtain in M

G P(X|E) > P(X) iff

P(x) # 0 and P(h|x) > P(h|x)

N.B. equal confirmation of X and (non-modelled) competitors
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Explanation by robustness analysis

One analogous system M’

° further variables:

A’: auxiliary facts in M’
obtain

H’: agents in M’ are
heterogeneous
E’: stylized facts obtain in M’

Q e P(X|EE") > P(X) iff

P(x) #0
(i) P(hlx) > P(h[x)_
(i) P(elah) > P(e|ah)
(iii) P(e|ah) > P(elah)
(i"-iii") same for M’

N.B. in phase transition model and evolutionary model, A 1L A’
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Explanation by robustness analysis

One disanalogous system N

° further variables:
K: competing explanans in N
(alternative to heterogeneity)

obtains

B: auxiliary facts in N obtain

E’: stylized facts obtain in N
e e P(X|EE") > P(X) iff E

confirms X more than E’
disconfirms X

e.g. K= agents are homogeneous
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Explanation by robustness analysis

The general case

A™(X) = P(X|Ey ... EnEps1- .. Enym) — P(X) >0
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Explanation by robustness analysis
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Explanation by robustness analysis

With m£0

%“ixed m >0 (A™™ monot. increasing in n)
%’fixed n<0 (A"™™ monot. decreasing in m)
limp oo ATTM(X) =X (max conf. with n — o)
limm o0 ATTM(X) = —x (max disconf. with m — o00)
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Explanation by robustness analysis

Prior dependence
With fixed ratios of H and K
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Explanation by robustness analysis

Dependence on number of K systems
With fixed ratios of H and K, prior of X =.2
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Explanation by robustness analysis

Example: asset pricing (n =2, m=1)
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Explanation by robustness analysis

Dependence on ratio of K
With n=2, m=1, prior of X =.2
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Explanation by robustness analysis

Dependence on number of H
With n=2, m=1, prior of X =.2
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Summary

1 Theoretical explorations over ‘minimal’ models explain — how?

2 RG is not an adequate account outside physics. Between physical and
non-physical systems there's a (loose) analogy.

3 Analogical models can explain, when confirmation does not hinge on
their disanalogies — as shown by theoretical explorations.
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Open questions

1 Analogies cannot confirm — unless one can prove that artificial and
real markets are indeed more analogous than not!

2 Confirmation of X via analogy H is insufficient — aren’t there many
possible X/, X”, etc. confirmed via alternative analogies K, K’, etc.?

3 Auxiliaries A, A’, A”, etc. are almost never independent — how can
this assumption be relaxed?

4 RG is based on robustness, too — can one reconstruct the difference
between the two kinds of explanation in this Bayesian framework?
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Thank you for listening!
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Appendix 1

A™M(X) = P(X|Ey ... EnEpg1 - .. Enim) — P(X) =
P(XEy ... Ensm) — P(X)P(Ey ... Ensm)
P(Ey ... Epem)

(i) P(XEx...Ei...En...Enyj. Entm) = x 11y p' T psy o
i) P(X)=x
(iii) P(Ev.. Enym) =xTI7y ' T pss o + XTIy j";nﬂ v

—pi i aiel i i alel
p= hi(alel, +ael ) h(alel _tael ) hi(alel, +aiel )+ hx(alel _+alel )
kf(b/efblkﬁblé )+klx(b’e’bjﬁ+b/eﬁ) (b!efb,kj+ EJT./ijkJ (b/ef +br%)
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Appendix 2

Dependence among auxiliaries

e.g. same model with different parameter values (sensitivity analysis)
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Appendix 3

Explanation in L&M’s model

o Traders

o fundamentalist: buy (sell) when price is below (above) fundamental
value

o chartist: buy (sell) when optimism (pessimism) prevails

e Pricing
e calculated by aggregating agents’ demands

N.B. FV changes are random
@ Switching

e fundamentalist-chartist switch depends on profit comparison
e optimist-pessimist switch depends on opinion and price trend

e What happens when (on average) price=FV, as in real markets?
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Appendix 3

P3 Returns and FV changes have

P2 Volatility correlates with
different scaling properties (DFA).

P1 Equilibrium is
fraction-of-chartists.

unstable
(=high
Simuloted time series of raturns.
- . Scaling of fluctuation function for absolute returns

volatility). g s —ce

M ro| | lineariit

: ' A 19|+ fundamental vaive

= - linear fit -

37| " -

i

i wr 0 ™ K 1o
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C Hence, volatility depends on switching — and not on FV changes

N.B. no proof (as per RG) that in real markets the fraction-of-chartist behaviour

is described by some critical exponent

ni & R Dardashti How Theoretical Explorations Explan




References

References

Arthur, W. B., LeBaron, B., Palmer, B., and Taylor, R. (1997). Asset Pricing under Endogenous Expectations in an Artificial
Stock Market. In Artlnlr W. B., Dur|nuf S. N., and Lane, D. A., edltorl Economy as an Evolving Complex System I,
volume XXVII, pages 15-44. San!a Fe Insti Studies in the S of C | Readi MA: Addi Wesley.

Axtell, R. L., Epstein, J. M., Dean, J. S., Gumerman, G. J., Swedhmd, A. C., Harburger, J., Chakravar!ya, S., Hammonda, R.,
Parkera, J., , and Parkera, M. (2002). Population Growth and Collapse in a Multiagent Model of the Kayenta Anasazi in

Long House Valley. P i of the National Acad. of Sci 99: 7275—7279

Batterman, R. W. (2001). The Devil in the Details: A ptotic R ing in Expl: Reduction, and Emergence. Oxford
University Press.

Batterman, R. W. and Rice, C. C. (2014). Minimal Model Expl i Philosophy of Science, 81:349-376.

Casini, L. (2014). Not-so-minimal Models: B Isolation and | ination. Philosophy of the Social Sciences,

44(5):646-672.
Cederman, L. E. (2005). Computational Models of Social Forms: Advancing General Process Theory. American Journal of
Sociology, 110(4):864—893.

E in, J. (2006). G ive Social Sci Studies in Agent-Based Computational Modeling. Princeton University Press.

Griine-Yanoff, T. (2009). The Explanatory Potentlal of Artificial Societies. Synthese, 169(3):539-555.

Guala, F. (2002). Models, Simulati and Experi In M i, L. and Nersessian, N., editors, Model-Based Reasoning:
Science, Technology, Values, pages 59-74. New York: Kluwer.

Hausman, D. (1992). The I and Sep Sci of E ics. Cambridge Uni ity Press.

Lesne, A. and Lagu&s, M. (2003). Scale Invariance: From Phase Transitions to Turbulence. Heidelberg: Springer.

Lux, T. (2000). Mi ic Models of Fi ial Markets. Lecture at the Second School on the Mathematics of Economics,

Abdus Salam International Center for Theoretical Physics, Trieste, August 21 - September 1, 2000.

Lux, T. and Marchesi, M. (1999). Scaling and Criticality in a Stochastic Multi-Agent Model of a Financial Market. Nature,
397:498-500.

Lux, T. and Marchesi, M. (2000). Volatility Clustering in Financial Markets: A Microsimulation of Ii ive Agents.
International Journal of Theoretical and Applied Finance, 3(4):675-702.

Peng, C.-K., Buldyrev, S. V., Havtin, S., Simons, M., Stanley, H. E., and Goldbergerz, A. L. (1994). Mosaic Organization of
DNA Nuc|=otld=l Plryﬂcal Review E: Snruncal Nonlinear, and Soft Matter Physics, 49(2):1685— 1689

Railsback, S. F. and Grimm, V. (2011). Agent-Based and Individual-Based Modeling: A P ical I Pri
University.

Rizk, A., Batt, G., and Soliman, F. F. §. (2009). A General Computational Method for Robustness Analysis with Applications
to Synthetic Gene Networks. Bioinformatics, 25(2):168-178.

Saltelli, A. (2000). What Is Sensitivity Analysis? In Saltelli, A., Chan, K., and Scott, E., editors, Sensitivity Analysis, pages
3-13. Chicester: Wiley.

Stanley, M. H. R., Amaral, L., Buldyrev, S. V., Havlin, S., Leshhorn, H., Maass, P., Salinger, M., and Stanley, H. (1996). Can
Statistical Physics Contribute to the Science of Economics? Fractals, 4(3):415-425.

Tesfatsion, L. (2006). Agent-Based Computatlonal Economics: A Constructive Approach to Economlc Theory In Te-famon
L. and Judd, K. L., editors, Handbook of Comp ional E ics. Agent-Based Comp 2,

83 80. North Holland: Elsevi

How Theoretical Explorations Explan



