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THE ‘WHY’

"The study of non-linear functions is _:-§
akin to the study of non-elephants” ~
(Von Neumann)

Nonlinear
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n=1

Number of variables ———=

Growth, decay, or
equilibrium
Exponential growth
RC circuit
Radicactive decay

Fixed points
Bifurcations
Overdamped systems,
relaxational dynamics

Logistic equation
for single species
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n>>1 Continuum
Collective phenomena Waves and patterns
Coupled harmoric oscillators Elasticity
Solid-state physics Wave equations

Molecular dynamics
Equilibrium statistical
mechanics

The frontier

n=2 nz3

Oscillations
Linear oscillator Civil engineering,
Mass and spring structures
RLC circuit Electrical engineering
2-body problem
(Kepler, Newton)

Chaos
Pendulum Strange atractors
Anharmonic oscillators (Lorenz)
Limit cycles 3-body problem (Poincaré)
Biological oscillavors Chemical kinetics

{neurons, heart cells)

1

Tterated maps (Feig

Coupled nonlinear oscillators

Lasers, nonlincar optics

Nonequilibrium statistical

mechanics

Nonli solid-state physics

Fractals
(Mandelbrot)

Predator-prey cycles

Nonlinear electronics

(van der Pol, Joscphson)
(Levinson, Smale)

- - - — -

| Practical uses of chaos
I Quantum chaos ?
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Forced noalincar oscillators

(semiconductors)

Josephson arrays

Heart cell synchronization

Neural networks
Immune system
Ecosystems
Economics

Electromagnetism (Maxwell)
Quantum mechanics
(Schrddinger, Heisenberg, Dirac)
Heat and diffusion

Acoustics

Viscous fluids

Spatio-temporal complexity

Nonlinear waves (shocks, solitons)
Plasmas

General relativity (Einstein)
Quantum field theory
Reaction-diffusion,

biological and chemical waves
Fibrillation

Epilepsy

Turbulent fluids (Navier-Stokes)
Life

Here be dragons!!
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MOST INTERESTING SOCIAL SCIENCE PROBLEMS
CAN BE DESCRIBED AS COMPLEX SYSTEMS

Systems with a large number of interacting parts, evolving over time and characterized by
emergent global patterns from /oca/interactions and decisions

Agent-Based Modeling (ABM) starts with the idea that the (social) world can be modeled
by using a multiplicity of distributed agents, each following simple rules of behavior

Where an agent is an autonomous individual element endowed with properties and
actions, in a computer simulation

7%,
NNNNNNNNNNN - DIGITALE MODELLER | OANA VUCULESCU " socumoy S8
/v SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS N Waacse SDOAMER “EQUIS
DEPARTMENT OF MANAGEMENT 25 AUGUST 2021

AARHUS UNIVERSITY



SCHELLING’S SEGREGATION MODEL

https:.//www.netlogoweb.org/launch#https:.//www.netlogoweb.org/assets/modelslib/Sa
mple%20Models/Social%20Science/Segregation.nlogo

Two types of agents: either poor or rich, either natives vs immigrants
+ homes unoccupied.

A person has 8 neighbours (centre of an 3x3 grid). At time t makes the
decision to move f(surrounding neighbours).

* If (% similar neighbours is < Threshold (T)) move

Global patterns emerge from /ocalinteractions and decisions!

Macro-level behavior is linked to but not trivial to infer from micro level
behavior
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THIRD WAY OF DOING SCIENCE

1) induction - reasoning from data to theory

2) deduction - reasoning from first principles to theory

3) a third way - “[ABM] starts with a set of explicit assumptions (people will move when a
certain threshold is met). But unlike deduction, it [ABM] does not prove theorems. Instead,
simulation generates data that can be analyzed inductively.” (Axelrod, 1997)

« A computational thought experiment
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WHAT CAN YOU DO WITH IT?

REGULAR ARTICLE = @ Full Access

The IKEA effect in collective problem-solving: When individuals

- : : THEIKEA EFFECT
prioritize their own solutions \WE LOVE IT MORE IFWE MBDE I T
Dana Vuculescu 2 Michela Beretta, Carsten Bergenholiz '
: . _ |
First published: 30 November 2020 | https://doi.org/10.1111/caim.12416 | Citations: 1
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THE RESEARCH IN BRIEF

RQ: How should collectives be organized, to optimize collective problem solving?

Prior empirical and simulation work leads to mixed results> e.g. Lazer and Friendman
(2007) argue that fully connected networks are detrimental to performance, while Mason
and Watts (2012) find that managers should prioritize the efficient networks (i.e. fully
connected) to maximize performance.

Methods: Agent-based simulation model—é6 key parameters

i) 100 agents search an NK landscape (N=20, K=0, 1, 6)

i) Efficient vs. inefficient networks (Watts & Strogatz 1998)
iii)First social learning, then individual search

iv)lIkea-effect of 10% added to agent’s own solution

v) Perfect imitation vs. randomly copying (Axelrod 1997)
vi)Greedy vs. non-greedy local search
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RESULTS

Ikea-effect (10% premium on own solution) increases CPS performance In efficient networks, if Ikea-effect —> more local search, i.e. fewer

CPS performance: # of times the maximum is reached by an individual agent premature jumps from potential good solutions due to social learning

Performance vs " kea Effect”
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Fig. 1. Average performance across all experimental conditions. Experiments were replicated 100 times . .
for each combination of parameters (2800 runs). We report results for a relatively simple (K=1) vs. a rel- Fig- 2. Azeratgz I;zgceﬁ?gefofloti];l Sear](;l_l H:;)VGS ;01' K=6,tf|1113’4'%01:?33ted TS Experiments
atively complex (K = 6) problem. Allowing for an individual bias towards a focal agent’s own solution were replcate es for each combination of parameters ( runs).
(1.e. encountered solutions would have to be at least 10% better than current best to lead to copying) re-
sult in an overall improved performance, irrespective of other chosen parameters (1.e. type of network,
number of peers one can “observe” before moving to mndividual search, type of local search, type of so-
cial learning).
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CHALLENGES

1) social acceptance - depending on field - ‘your model is tautological’ critique (yes, so is
all of math)

2) validation - “Ideally, ABMs should be validated at both the level of interactions between
agents and the aggregate behavior that they generate, comparing interactions and
aggregate behavior with empirical relational magnitudes and state magnitudes,
respectively.” (Fioretti 2013) - but we don't always have ‘clean’ micro level data, nor do we
always agree on what the aggregate behavior looks like

3) (socio) technical challenges - community, tools/frameworks, speed

7%,
KONFERENCEN - DIGITALE MODELLER | OANA VUCULESCU " socumoy S8
/ \ ¥ SAMFUNDSVIDENSKABELIG FORSKNING ASSOCIATE PROFESSOR BN AacsB QMDE.ST'&, EQuIS
DEPARTMENT OF MANAGEMENT 25 AUGUST 2021

AARHUS UNIVERSITY



USEFUL REFERENCES

Thomas Schelling, Micromotives and Macrobehavior, Norton, New York, 1978.

John H. Miller, " The Coevolution of Automata in the Repeated Prisoner's Dilemma, Journal of
Economic Behavior and Organization, 29 (January, 1996):87--112.

Phil W. Anderson, ““More is Different, Science 177 (4 August, 1972):393--396.
Axelrod RM (1997) Advancing the art of simulation in the social sciences. Complexity 3:16-22

Harrison, J. Richard, et al. "Simulation modeling in organizational and management research.”
Academy of Management Review 32.4 (2007): 1229-1245.

Davis, Jason P., Kathleen M. Eisenhardt, and Christopher B. Bingham. "Developing theory through
simulation methods." Academy of Management Review 32.2 (2007): 480-499.

Page, S., 2012. Model thinking. 7U o. Michigan (Ed.). Coursera.

7%\
KONFERENCEN - DIGITALE MODELLER | OANA VUCULESCU = ssocumioy o0 @
/ v SAMFUNDSVIDENSKABELIG FORSKNING ASSOCIATE PROFESSOR = Y AACSB AMBA *EQUIS

DEPARTMENT OF MANAGEMENT 25 AUGUST 2021

AARHUS UNIVERSITY


http://www.amazon.com/exec/obidos/ISBN=0393057011/experimentswitheA/

RESOURCES - COMMUNITY

e SFI - Summer School
e ESSA - Summer School, Conference
« JASSS - Journals
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