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Complex Social Systems:

a guided exploration to concepts and methods

The potential contributions of
complexity science to development
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Historical context of Complexity
Weaver W. Science and Complexity. American Scientist. 1948;36:536—-544.

1. Problems of simplicity:
“...science before 1900 was largely concerned with two-variable problems”
temperature & pressure; population & time; production & trade, etc.

(_DQUUR wm

2. Problems of disorganized complexity:
“...subsequent to 1900... scientists... developed powerful techniques of probability theory and of
statistical mechanics ... each of the many variables has a behavior which is individually erratic.”

billiard balls & air molecules; normal distributions; etc. |
| ’ “regression” AN sceience of AVErageEs

. . veauires asgqustiowg
3. Problems of organized complexity: 1

“..dealing simultaneously with a sizable number of factors which are interrelated into an
organic whole... cannot be handled with the statistical techniques so effective in describing
average behavior... “

Science must, over the next 50 years, learn to deal with these problems of organized

complexity”
i ...};a’w{ weaver over e5 WEars ago--
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Examples of Complex systems 1 [t sicmiis
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GODEL,ESCHER,BACH:

an Eternal Golden Braid
DOUGLAS R. HOFSTADTER

A metaphorical fugue on minds and machines in the spirit of Lewis Carroll

Anteater: “..all the ants in Aunt Hillary are as dumb as can be... there are teams on higher levels whose
members are not ants, but teams on lower levels... all these layers of structure are necessary for the
storage of the kinds of knowledge which enable an organism to be ‘intelligent’ in any reasonable sense of
the word... the thoughts in Aunt Hillary emerge from the manipulation of symbols composed of signals
composed of teams composed of lower-level teams, all the way down to ants...” (pp. 311-336)
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Summary of characteristics and (selected)

analytical tools of Complex Systems

» Connected: social network analysis

2

> InterdEpendent: dancing landscapes K)

o A
> Diverse: entropy and differences

> Ada ptiVe: information processing ‘)
> Path- dependent dynamics & chaos ‘t)
> Emergent: agent-based models ’.J petween=!

_the ¢ interest!




Summary of characteristics and (selected)

analytical tools of Complex Systems

» Connected: <ocial network analysis

> Emerge Nt: agent-based models "Jin_betWeen...!"
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Innovation & Industry Social = network
Boston, Bay Area and San Diego, 1990, 1996, and 2002

Boston .
9/11 Terrorist Network
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Node Key: DBFs = Fin. Institutions m Gov't Institutes Pharma Corps = Public Research Orgs Biomed Suppliers
TieKey: wmR&D = Finance = Commercialization = Licensing MNote: n = all nodes, number in brackets = connected nodes

Food Network
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Food Web in o Forest

Source: http://www.visuéIcomplexity.com/vc/; Powell et.al. (2010);



Political integration and cooperation Social = network

United States North Korea

Investments

semiconductor & software
eCommerce, search & web biotech & cleantech
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Figure 10. Emerging Chinese business clusters linked by investment firms as resource routers.

International trade

Sources: Hafter-Burton, et.al. (2009), Maoz, et.al. (2003); Serdlt y Hirschi; ASNA 2011;



Social = network

Sustainable Development
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Social Networks

Because society is as much about WHO your are, as WITH WHOM you are

z ‘ A ‘ => Policy on
ion!
juny O 2 - = ’ education!
-
a -
P -
...certainly
not on red
pants...
=> Policy on

agents of change!

...the ones with
the red pants...!

-.-homophily can confound wnderlying network mechanism...



What is needed?

Traditional database of attributes Network database of links
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Social Emergence

“...he intends only his own gain,
and he is in this, as in many
other cases, led by an invisible

“Therefore there is not one of all the
single centers of consciousness who
make up the great body of the nation, to
whom the collective current is not
almost wholly exterior, since each

contains only a spark of it...”

0

T |
Emile Durkh&im:

(1858 — 1917)

KARL MARX

DAS KAPITAL

KRITIE
BEE FOLITISCHEN MKONOMIE

hand to promote an end which
was no part of his intention... By
pursuing his own interest he
frequently promotes that of the
society more effectually than
when he really intends to
promote it...”

Self-organization

“..merely quantitative
differences beyond a certain point

pass into qualitative changes”
(+ Hegel and Engels =>

“basic metaphysical principle

of Dialectics”!

2 [volonté particuliére] =
= [volonté de tous] #

# [volonté générale]

! bu
CONTRACT SOCIAL:
o
PRINCIPES
DU DROIT POLITIQUE,

Par J. J. ROUSSEAU,
CITOTEN DE GENEVE.
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Schelling’s segregation model
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http://www.plataformaurbana.cl ; http://globedia.com Wilensky, U. (1997). NetLogo Segregation model. http://ccl.northwestern.edu/netlogo/models/Segregation. Center
for Connected Learning and Computer-Based Modeling, Northwestern University, Evanston, IL.



http://ccl.northwestern.edu/netlogo/models/Segregation
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2400 agents:

> 50%
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Schelling’s segregation model
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Empirical data from Los Angeles,
Milwaukee, Cincinnati, Omaha, &
_______ . Kansas City show “that the Schelling
™ . description of preferences is broadly
correct but that the empirical curves
= are less regular than those posited
“ by Schelling...”
Clark (1991). Residential Preferences and
Neighborhood Racial Segregation: A Test of
Schelling Segregation Model.
- Demography, 28(1), p.17
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» Total is different than sum of parts

(total racists lead to mixed society...)

» Phase transitions
» Dependence on initial conditions

> Invariant Distribution

http://www.plataformaurbana.cl ; http://globedia.com Wilensky, U. (1997). NetLogo Segregation model. http://ccl.northwestern.edu/netlogo/models/Segregation. Center
for Connected Learning and Computer-Based Modeling, Northwestern University, Evanston, IL.



http://ccl.northwestern.edu/netlogo/models/Segregation

DYNAMIC MODELS OF SEGREGATION
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“I cannot too strongly urge you to get the dimes and pennies and
do it yourself... there is nothing like tracing it through for yourself
and seeing the thing work itself out. In an hour you can do it
several times and experiment with different rules of behavior,
sizes and shapes of boards, and (if you turn some of the coins
heads and some tails) subgroups of dimes and pennies...” (p. 150)
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Schelling, T. C. (1971). Dynamic models of segregation.
The Journal of Mathematical Sociology, 1(2), 143-186.

Alternative Approaches

Behavior, Institution
and Evolution

fr =1 oftt = flouBlps = po) + all = Fifoed (pg = 1) (2.2)

where p, = 1 if p, > p, and is zero otherwise, and p, = 1 if p, = p,,
and is zero otherwise. (Obviously, p, + p, = 1.)

term). The second term on the right hand side, for example, is the loss
of greens through sales to blues; af is the number of greens seeking to
sell, of these (1 — f) will be matched with a blue, and if the blue’s price
exceeds the greens’ price, the sale will take place with probability
B(ps — pe)- The third term may be interpreted analogously, in the case
that green prices exceed blue prices, in this case blues selling to greens.

Af=r-f=a(1-7)pp,-Pr.) (2.3)

Ap = wp(l, - B 26)
db, b

E d_;: =x(v.x)-x(v.y)-m(x.x)+7(x.¥)>0 (2.8)



Rebellion model

Civil violence, genocide, revolution, security...

.

1707 Mm.pk/siﬂébﬁﬂarab
x_-‘segir’rwha oW/ Wi "_'\ .

The population wanders around randomly. If their level of grievance against the central authority is high enough, and
their perception of the risks involved is low enough, they openly rebel. A separate population of police officers (“cops”),

acting on behalf of the central authority, seeks to suppress the rebellion. The cops wander around randomly and arrest
people who are actively rebelling
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Initial settings

DD e » Individuals with different propensity for revolt (red) get jailed

when cops are close
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Joshua M. Epstein, “Modeling civil violence: An agent-based computational approach”, Proceedings of the National Academy of Sciences, Vol. 99, Suppl. 3, May 14, 2002
Wilensky, U. (2004). NetLogo Rebellion model. http://ccl.northwestern.edu/netlogo/models/Rebellion. Center for CL&C-BM, Northwestern University.
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...just one of a couple of dozen of Sugarscapes
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...more realistic / complex models of society:

Source: Computational Modeling at Olin College. https://sites.google.com/site/compmodolin/lectures/lecture-01



Complex Challenges

Macro can be surprising Micro can be surprising

Epstein & Axtell (1996). Growing Artificial Societies. Bradford; pp. 51-52.

Schelling (1969). model: “~n Econ. Review, 59(2), p.488 “.upon first exposure to these familiar social, or
“Economists are fc 4t macroscopic, structures — be they migrations, skewed
aggregate results tl [f 9 e enlth d/str/butlons — some people say, “Yes, that looks
needs to be aware ., gou dL , M'eratz ‘= seen it before What’s the surprise?” The
recognizable counterpart at the ... M’ t 9 VOW , m t.t_ ‘~ the emergence of familiar
..savings decisions cause depression or injiu... Lt' 0 “~m simple local
interplay of individual choices... is a complex system with U d Ld M',t 1e social,
collective results that bear no close relation to the individual or coliec.. XP L ai , It is not
intent.” the emergent macrosc.,. LVL Lt-, » surprising,
but the generative sufficiency of tne ... rules.”
Descriptive / bottom-up / micro => macro: Interventionist / top-down / macro => micro:
Given (change in) individual rules, what is Given (desired) global behavior, what should
the global behavior? be the individual rules??

“Designing self-organization”... (1)

“The new science of artificial societies suggests that real ones are both more predictable and more surprising than we
thought. ...computers will probably never enable us to foresee the future in detail—but we might learn to anticipate the
kinds of events that lie ahead, and where to look for interventions that might work”.

Rauch, J. (2002). Seeing Around Corners. The Atlantic, (April), p. 35



