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Network reciprocity

A cooperator pays a cost, ¢, for each neighbor to
receive a benefit, b.

Defectors have r' costs, and their neighbors receive

no benetfits.
The benefit-th-cost ratio must exceed the average
number of geighbors, k, per individual:
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Preliminaries
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Preliminaries

Memory One

B
7
* The same game (same }
memory-
allowed moves and same strategy

payoff matrices) is indefinitely
repeated: Shortest-Memory

Player Sets the Rules of the
Game

iteration

memory-2
strategy



Preliminaries

Strategy vector

* p=(p1, p2, p3, p4) for
Xye(cc,cd,dc,dd)

e q=(qg1, g2, g3, g4) for (1=p) 3,
yxe(cc,cd,dc,dd) '

X (]—([j)

previous move outcome this move probabilities



Zero-Determinant Strategies

Markov transition matrix

g1 pi(l—q
P2q3 Pl
p3q2 p3(l—q2
Paqs  pal

-

 Markov matrix (all element > O, each row adds to 1 => have a
(maximum) eigenvalue 1)

* the matrix M” = M — | Is singular, with thus zero determinant.

* The stationary vector v of the Markov matrix: vIM=v'; or viIM’'=0

« Adj(M )M’ = det(M’)l = 0
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Zero-Determinant Strategies

Markov transition matrix

g p(l—q) (I=-pi)gr (1-p1)(1—q)

p2gs p2(1—gq3) (1—p2)gs (1—p2)(1—gs)

p3q2 p3(1—¢q2) (1—p3)g2 (1—p3)(1—gq2)

| Paqa pa(1—qa) (1—pa)gs (1 —pa)(1 —qq) |

| l+pg, pO-q)  (-pg, | (-p)i-q) | Cy, Gy Gy Cy
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Zero-Determinant Strategies

v-f=D(p,q,f)
—1+p1q

P2q3
P39q2

| P494

Zero-Determinant Strategies

fi
f2
f3

fa

_V-Sx _D(p,q,Sx)
a - D(p,q,1)

D(p,q, Sy)
D(p,q,1)’
Sy = (R, S, T, P)

Sy = (R, T, S, P)

V°SY




X Unilaterally Sets Y’s Score

P = ﬁSY +v1
Dy = p1(T—P) — (14 p4)(T —R)
R-P
s — (1-p1)(P—=S) +ps(R-S)
R-P




Dominate Opponent

X Tries to Set Her Own Score

p= oSy +v1
(1 +pg)R=S)-—p1(P-S)
N :
—(1=p1)(T —P) —ps(T —R)
p3= : R-P <0,
| (17170’0) AR
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Dominate Opponent

X Demands and Gets an
Extortionate Share

P = ¢[(Sx —P1) —x(Sy —P1)],

R-P

pr=1-00-1)%5 (5,3,1,0)
p2:1_¢(1+XP—S) 2413 1243
) ¢(X+T_P> SX_2—|—3x’ SY_2—|—3X'
3 — T« :

P-35 Special Case
ps=0 |

Z:L¢=§
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0<$ < 59 3 T—P p=(1,0,1,0)




Discussion

Discussion: X Demands and
Gets an Extortionate Share

P = ¢[(Sx —P1) —x(Sy —P1)],

tends to mutual defection

p=0[(Sy — R1)— x(S, — RI)]

tends to mutual cooperation



Discussion

Discussion: A ZD player meets
her opponent

Y Result
A simple
/D evolution No dilemma
player
An evolution
/D player with a Become an ultimatum game

theory in mind

/D /D May leads to negotiate






