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* infer micro-interactions from macro-properties
(the inverse problem)

* predict macro-properties from micro-interactions
(the direct problem)
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microscopic interactions
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background
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experimental observations
theoretical modeling

discussions



ROCK-PAPER-SCISSORS GAME

Basic model of non-cooperative
strategic interactions

RS
R[1]0]a Only single parameter: payoff a
Pld b0 of winning action
Slo|aji

For a population of N players,
social state denoted as

(nranpans)

social state evolution




FAPERIMENTAL 5E 1-UP

payoff parameter a:

a = 1.1 (11 populations, NE non-stable)
a = 2 (12 populations, NE neutral)

a = 4 (12 populations, NE stable)

a =9 (12 populations, NE stable)

a = 100 (12 populations, NE stable)

Finite population, N=6

Random pairwise-matching: at each
game round, a player competes
with a random opponent

win: a points;
tie: | point
lose: 0 point

Game repeats 300 rounds

Feedback information: own payoff;
own action; opponent’s action;
own accumulate payoff 7
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GIEx Nash (1950)| EGT: Maynard Smith (1973)
complete rationality. bounded rationality
mixed-strategy Nash equilibrium. microscopic evolutionary

. mechanisms or learning
Ly :
t _p for each player mechanisms
% -S at each game round
breaking of detailed balance.
social dynamics trivial (detailed individual- and/or social-level
balance). cycling.
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How humans make decisions
In non-cooperative situations
under only partial information?

The finite-population RPS game.




BEHAVIOR OF
INEIVIEDUAL PLAY ER

Individual players change actions

frequently:
R: 0.36 = 0.08 (mean G| S.d.)
P: 0.33 £0.07
S: 0.32 £+ 0.06

consistent with Nash equilibrium

Inertial effect: more likely to choose same
action than to shift action either clock

wisely (-) or counter-clock wisely (+)
S

different with Nash equilibrium
R&P

No individual-level cycling.
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ROTATION AROUND C
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rotation humber:

rotation frequency:

Cto,h
1= Tty
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t

J1.300
mean 0.031 0.027 0.031 0O0.0222 O0.01&8

s.d. 0.019 0.029 0.026 0.027 0.025

s.e.m. 0.006 0.003 0.003 0.003 0.007

Population-level cyclic motions exist and persist
(about | turn in 35 game rounds). s
Cycling direction is counter-clockwise. RAP
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Cannot be explained by Nash equilibrium theory (infinite rationality).

Cannot be explained by assuming players make decisions independently
of each other.

Let’s get inspirations from empirical data!!!



CONDEFIGINA]
------------------------------------- REORECINSE

play outcome:

W (win), T (tie), L (lose)

W.WoW, T.T,T, L. L,L

+ e.g., if W (win) , next step:

S

keep old action (prob W)
J AP shift action clockwise (prob W_)

shift action counter-clockwise (prob W)

|4
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At each step, every player of the population chooses an action in a probabilistic
way of conditional response:

Given the outcome of the current play being
Oe{W,T, L}
In the next play, the player will choose to
—Ykeep the same action with probability ()
—shift action clock wisely (R->S, S->R, P->R) with probability () _

—shift action counter clock wisely (R->F P->S, S->R) with probability O, 16
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f1,300

mean. O 031 002, 0031 0.022 0.018
s.d. 0019 0029 0026 0027 0025
sem. 0.006 0.008 0.008 0.008 0.007
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fl,SOO
mean: O O3 B 27 0 031 O0ODZ2 0 01=

|s,d, 0.019 0.029 0.026 0.027 0.025
s.em. 0.006 0.008 0.008 0.008 0.007
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model: 0.035 0.026 0.030 0.018 0.017
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social cycling can be quantitatively explained by the model of
conditional response.

If a player wins over her opponent her opponent in one play, her
probability of repeating the same action is considerably higher
than her probabilities of shifting actions.

If a player loses to her opponent in one play, she is more likely to
shift action clockwise (R->S, P->R, S->P) than either to keep the
old action or to shift action counter-clockwise.

22
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2,400,000,000 CR-strategies

sampled uniformly at random to
obtain the mean payoff distribution.

S
»
1

= CR-strategy has high probability of
being inferior to NE mixed-strategy.

N

N

Probability (x 10°°)

Yet, optimized CR-strategies can
- outperform NE mixed-strategy

004 -003 -002 -001 0 001 002 003 by |10% (for population size N=6).
9% (@ — 2) as unit

L eessss—

_ 14a Empirical mean payoff slightly

go = —3 B lhed setee) outperforms NE mixed-strategy.

Jer CR-strategy 23



SOME GOOD CR-STRATEGIES (1)

W_ =0.002 T_=0.067 L_=0.003
Wo = 0.998 Ty =0.823 Lo = 0.994
W, =0.000 T, =0.110 L, =0.003

lazy, but not too lazy

T =008 g, — gyt 0035(a 7

24



SOME GOOD CR-STRATEGIES (2)

e — 099 1 - —.sU0 [ o — (] 958
Wo=0.004 1y=0.142 Ly=0.000
e — 0001 [ =008 [ —{1(1D

coordinated

. — 019 g — g 00340 2

25



SOME GOOD CR-STRATEGIES (3)

W_ =0.001 7T_=0.063 L_ =0.989
Wo =0.994 Tp=0.146 Lo =0.010
W, =0.005 T, =0.791 L, =0.001

win-stay, lose-shift

fer =0.189  gor = go + 0.033(a — 2)

26
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CR-strategy leads to social cycling, and may even lead
to social efficiency.Yet how to optimize its
parameters by learning!?

Whether Conditional response is a basic
decision-making mechanism of the human brain
or just a consequence of more fundamental
neural mechanisms is a challenging issue for
future studies.

Let data speak.

27
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