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How Did Cooperative Behavior Evolve?
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Five mechanisms for cooperation

Kin selection

o—eo
e Kin selection : cooperate with genetic relatives. B
e Direct reciprocity : | help you, you help me. .:.
(requires repeated encounters between the same two individuals) i ses
e |ndirect reciprocity : | help you, somebody helps me. ’ 2 ®
(based on reputation; a helpful individual is more likely to receive help) N;;;ipmm
 Network reciprocity : Neighbors help each other
(Network reciprocity mean that clusters of cooperators
outcompete defects)
e Group selection : the idea that competition is not only gt
between individuals but also between groups. .. ...

@ cCooperators @ Defectors

Nowak M A. Five rules for the evolution of cooperation. Science, 2006, 314: 1560-1563



Review of some fundamental works

e Complex Networks
e Evolutionary Games
e Some fundamental works



Complex Networks

Regular networks
Random networks
Small-world networks
Scale-free networks



Small-world networks

Regular Small-world
N nodes forms a regular lattice.
With probability p, each edge is
rewired randomly
=>Shortcuts
p=0 - » p=1

Increasing randomness 1 o8 g g R ——
o © , N=1000 -
. s ° C(p)/ C(0) © g
eLarge clustering coeff. or P -
0.6 F b
eShort typical path : : e
04 + " 8
o2l HP/LO) e :
0: Ll Ll ...i. ’ .#I
0.0001 0.001 0.01 0.1 1

Watts & Strogatz, Nature 393, 440 (1998) p



Scale-free model

(1) GROWTH : atevery timestep we add a new
node with m edges (connected to the nodes already
present in the system).

(2) PREFERENTIAL ATTACHMENT : k.
The probability N that a new node will be connected to H(kl) =
node i depends on the connectivity ki of that node jkj

10°

. P (k) ~Ic? |

10°

n il 1 Lo
10° 10" k 10° 10°

A.-L.Barabasi, R. Albert, Science 286, 509 (1999)
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Games

e Prisoner’s dilemma
 Snowdrift games
 Public goods games



Prisoner’s Dilemma

 The story of prisoner’s dilemma
Player: two prisoners
Action: {Cooperation, Defect}
Payoff matrix

Prisoner B
C | D
(3,3) (0,5)

C

Prisoner A

D (5,0) (1,1)




Prisoner’s Dilemma

e No matter what the other does, the best
choice is “D”.

e (D,D) is a Nash Equilibrium.

e But, if both choose “D”, both will do worse
than if both select “C”

Prisoner B
C | D
(3,3) (0,5)

C

Prisoner A




Evolutionary Games

e Evolutionary game theory is an extension of the
classical paradigm towards bounded rationality.

 There is however, another aspect of the theory which
was swept under the rug in the classical approach, but
gets special emphasis in the evolutionary version,
namely dynamics.

 There is a static and a dynamic perspective of
evolutionary game theory.

e Maynard Smith’s definition of the evolutionary stability
of a Nash equilibrium is a static concepts which does
not require solving time-dependent dynamic equations.

Szabd G, Fath G. Evolutionary games on graphs. Physics reports, 2007, 446(4-6): 97-216.



Evolutionary Games

The mission of evolutionary game theory was to
remedy three key deficiencies of the classical
theory:

e (1) bounded rationality,
e (2) the lack of dynamics, and

e (3) equilibrium selection in the case of
multiple Nash equilibria.



Evolutionary Games

Evolutionary game theory is the theory of dynamic adaptation and
learning in (infinitely) repeated games played by boundedly rational
agents.

A mean-field or population game is defined by the underlying two-
player stage game, the set of feasible strategies (usually mixed
strategies are not allowed or are strongly restricted), and the
heuristic updating mechanism for the individual strategies (update
rules).

Evolutionarily stable strategies. The first concept of evolutionary
stability was formulated by Maynard Smith and Price (1973) in the
context of symmetric population games.

An evolutionarily stable strategy (ESS) is a strategy that, when used
by an entire population, is immune against invasion by a minority of
mutants playing a different strategy.



Evolutionary Games:
Strategy update rules

Describe

how the agents perceive their surrounding
environment,

what information they acquire,

what believes and expectations they form
from former experience, and

how this all translates into strategy updates
during the game.



Evolutionary Games:
Strategy update rules

e Synchronized update

e Random sequential update

* Microscopic update rules
Mutation and experimentation;

Imitation(Imitation processes can differ in two respects:
whom to imitate and with what probability);

Moran process;

Better and best response;

Win—Stay—Lose-Shift
e From micro to macro dynamics in population games
e Potential games and the kinetic Ising model
e Stochastic stability



Evolutionary Games

The major concern is

 The long run behavior of the system: fixed

points, cycles, and their stability, chaos, etc.,
and

 The connection between static concept (Nash
equilibrium, evolutionary stability) , and

 Dynamic predictions.

Szabd G, Fath G. Evolutionary games on graphs. Physics reports, 2007, 446(4-6): 97-216.
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Some fundamental works

Evolutionary games and

spatial chaos

LETTERS TO NATURE

Martin A. Nowak & Robert M. May

Department of Zoology. University of Oxford. South Parks Road

Oxford OX1 3PS, UK
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M.A. Nowak, R.M. May, Evolutionary games and spatial chaos,

Nature 359 (6398) (1992) 826-829 .
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Evolutionary investors’ power-based game on networks n

Chack tor
Hedong Xu?, Cunzhi Tian? Xinrong Xiao® Suohai Fan®*
Instituce of Finance, Jinan University, Guangzhou 510632, China
bSchool of Finance, Intemational Business and Economics University, Beijing 100029, China
¢ School of Information Science and Technology, Jinan University, Guangzhou 510632, China
ARTICLE INFO ABSTRACT
Keywords: The classical prisoner dilemma game on networks ignores the heterogeneity of players that
Investors’ power-based game may lead to the remarkable differences of their payoffs in reality. With the consideration
Cooperative behavior of the heterogeneity, we propose an investors' power-based game, where the payoffs of

Market efficiency

Evolutionary process defectors depend on the efficiency of market and the related-power against cooperators.

Economically, the efficiency of the market of investment is introduced in the game through
a parameter « that becomes a key factor in the evolutionary process. Our simulation re-
sults show that, an improvement of efficiency benefits for the cooperation fundamentally.
Furthermore, comparing with the result on BA scale-free networks, the evolution of coop-
eration performs great stability on WS small-world networks against the change of market
efficiency. As the network of investment in real world may possess both of the properties
of WS small-world networks and BA scale-free networks, the findings may be helpful in
understanding and controlling the behaviors on the network of investment.

© 2018 Elsevier Inc. All rights reserved.

Physica A 506 (2018) 424-432

Contents lists available at ScienceDirect

Physica A

EI SEVIER journal homepage: www.elsevier.com/locate/physa —

Effects of investors’ power correlations in the power-based
game on networks G

Ey

Hedong Xu*?, Cunzhi Tian®, Wenxing Ye ", Suohai Fan"*

2 Institute of Finance, finan University, Guangzhou 510632, China
® School of Information Science and Technology. Jinan University, Guangzhou 510632, China

HIGHLIGHTS

o Effects of investors’ power correlations in the power-based game on networks are studied.

« The power correlations is measured by the assortativity coefficient r.

o The expected payoff of a cooperator is more than that of a defector as the level of assotativity is high enough.

« Anincrement of assortativity coefficient raises the average payoffs of cooperators and boosts cooperations.

« As the marker efficiency o swings, the density of cooperators will be higher and more stable on the network with the largerr.
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Background
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Investors are connected as networks in the market.

Bl A
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Markets are not perfect efficient.
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i =5

There exists difference among investors, such as
information acquisitions powers.

A LA IS (T E i 2

Differences of powers influence investors’ behaviors in the
market.




Problem

T PR TR I s, WIR SR
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What strategies investors will adopt for
maximizing payoffs in such markets (Not
enough efficiency, different powers, investors
are connected)?




Power-based game
ey o g ] Lk B S ek & B, Wasd i PeEan .

Assuming investors will adopt cooperation (C) or defection (D), the

payoff matrix is as follow.

¢ D

C 1 0
D\ (di/d;)* 0O

® d;. d; /AR i A5 IR
d;, d; are degrees of investor 7 and j respectively.
o o MrsililyfiRALLE, ME o € [0,1].

« measures the efficiency of market that varies in [0, 1].



Power-based game

C D

8, 1 0
D \ (di/d;)* 0O

FEAR AR T A 145 S HRE g Az 7y .

Degrees represent powers of investors.

ﬁlu)\ll’ﬂi’j: o WIHLRAR BT, €M Jy; FEARBUMAR
W, W, S igEem .
Investors of greater degrees such as institutional investors own greater
powers, but investors of lower degrees such as retail investors own less

powers.



Power-based game

C D

C 1 0
D (d;/d;)* 0

o XUJjerfE, THILEE, FREU G 8. BT iilginmm s, BRI TEA

™

a

e 1 A5 £ AN Vs v e 5 ol B | = S H Fr B o W L VR . Ae e 1BE S £ - I A4
RN EEESRRE 2 M, FEEB/M RS S RE AR KA
Investors capture the same payofts if cooperating with each other.
Greater investors can get more when he defects smaller investors, but

smaller investors will suffer losses if he defects greater investors.
SR I ARAMRE S BRI A RORE L, BT g RE 1S S VA AE R

The profitability of powers depends on the efficiency of the market.



Power-based game on networks

Rules:

PR HTE M I T 2 R T ZE
Investors play power-based games dynamically
on networks.

R B 3 T e 5 P R T 2R B A
Investors gain their total payoffs acquired from
games with their nearest neighbors traditionally.

M BRI B oK
Strategy updating: Fermi function.




Evolutionary processes on networks
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(a) BA scale-free networks (b) WS small-world networks

o i AER (al), SVFELE .
As the market is more efficient (a ), the density of cooperation is higher.
o [ iinf AL EW A, IMEFMLEHS1E LR ERE .

Cooperations performs greater stability on WS small-world networks.



Evolutionary processes on networks
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(¢c) BA scale-free networks (d) WS small-world networks

o il (al), S1EEREM LS.

As the market is more efficient (« ] ), more cooperators are clustering.



Evolutionary processes on networks

Average degree of cooperator
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(f) WS small-world networks
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Evolutionary processes on networks
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As the market efficiency varies, investors’ payoffs are of great volatilities

on BA networks.



Evolutionary processes on networks
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As the assortativity is higher (1), the density of cooperation is higher.



Evolutionary processes on networks

o T A MRy (rt), S F k.

As the assortativity is higher (7 7), the payoff of cooperator is higher.



Evolutionary processes on networks
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As the assortativity is higher (7 1), the density of cooperation is of

greater stability.



Main results

o LKA MIARC IR T A KR, AT HERTHIL .
As the efficiency of market (a ]) and the assortativity is higher (r 1),
more cooperators will emerge.

o /IMILFEAIAIAC MY 28 254y, Aifd S AEAT N EERE -

Cooperations are of greater stabilities on small-world networks or

assortative networks.
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