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A Study on a Difference of Dynamics between Discrete and Continuous

Strategies of a Multi Player Game Having Linear Payoff Structure

JUN TANIMOTO'

A deductive analysis concerning replicator dynamics proved that a continuous strategy game
(in which a player chooses an arbitrary real number between [0, 1] as a cooperative fraction)
has the same equilibrium as a discrete strategy game (in which a player chooses only C or D),
which has the same linear payoff structure as a continuous strategy game. The deduction is

shown for two-player and multi-player games.
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Table 1 Game structure of a continuous strategy, 2-player game.

Conditions _S+P oD ( ) Game structure
gl c\Xr _ _
CStRP-T | 3 | =-S+R+P-T
r Xp=x*
Further
condition

P>S and T>R P-S>T-R IT<x* Plus D-dominate (PD)

P-S<T-R x*<0 Minus
P>S and T<R 0<x*<1 Plus Bi-stable (Stag Hunt)
P<S and T>R 0<x*<l Minus Polymorphic (Chicken)
P<S and T<R P-S>T-R x*<0 Plus C-dominate (Trivial)

P-S<T-R l<x* Minus
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(a) Discrete strategy game

Payoff
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(b) Continuous strategy game
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Fig.1 Payoff functions of Multi-player game for (a) Discrete strategy game and

(b) Continuous strategy game.

The gray open circle indicates a focal

player’s payoff (w(xy;xz;)) whose strategy is ), while average of other N —1

opponents is x;. Both open and close circles indicate that the definition

contains and does not contain the point, respectively.
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Table 2 Game structure of a continuous strategy, multi player game compared
with a discrete strategy game.
Conditions x* Discrete strategy Continuous Game structure
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ox ‘X:O ox ‘X:l ox x=x* ox; ‘xy:x*
ac>ap | ¢-N>ae and | 1<x* Minus Plus Minus Plus D-dominate (PD)
c-N-ap o1
(N - 1)(“0 —“/))
c-N>ap and | 0<x*<l1 Minus Minus Plus Bi-stable (Stag Hunt)
c-N—-aq
0<—-o—C <]
(N—l)(a(, ~ap)
c-N<ae x*<0 Plus Minus Minus C-dominate (Trivial)
ac<ap | ¢ N<ae and | 1<x* Plus Minus Plus Minus C-dominate (Trivial)
ac—c-N o1
(N - 1)(“/) —ao)
c-N<ap and | 0<x*<1 Plus Plus Minus Polymorphic
dr—c N (Chicken)
0<c—FC — " <]
(N_l)(“b ‘av)
c-N>ap x*<0 Minus Plus Plus D-dominate (PD)
aDd(ZB) N -1 1
De(zr) = ac —ap) - Ty — — ac — C.
oz c( T) N ( C EO r N C

r=x*

(ac—c-N)(aD—aD-N+(ac—c)N)
(ac —ap)N(N —1)

(10)
000000000000000000000000
D0z" = =5ea— 000 [0,1] 000000
0000000000000000000000

3.2 0000000
00000 N-100000000000 2,000
000000 2, 000000000000 #(zk; z5)

g

N -1 1
w(xk;x]-):xk-ﬂc( N xj—|—N)
N -1

+(1—LE1€)~TI’D( N mj) (11)

00000 1(b)m

residet0 0000000 2, 0000000000
000000000 mutantd 0000000 @, O
000000000000000000020000
000000000 (20000000000

. _ On(zm, zr) — m(2r, 27)]
= 12
v OTm R (12)
000 O (zm,zr) =7 (2r,2r)] ’m . = Dc(mr) 0ooo

T,

000 (4)0(11)0(12) 000

(13)

0000D(z,) =0000000 (7)000000
0000000000 (13)000

OD.(xr)

oz,

N -1

N

Tp=x*

(ac —ap)

(14)

000000000000000000 (14)00 (10)
00000000000mMO00 ¢* 000 [0,1] 0
0000000000000000000000000
0000000000

3.3 000000000000000000

02000000000000000000000
000000000000000000000000
000000000000000000000000
000000000D000000000000000
00000000000

4. 0O O

gobooboobooooooooooocooooooo
gobooooooooobooocboOooooooboo
g200000000CC00000O0O0O0O0COO0
goooo



2376 goooooooo

o o o o

1) 00 0D0O0O0OO00O0OOo0oooOoUoooOooo
00 1/f00000000000000Vol.44,
No.10, pp.2514-2517 (2003).

2) Doebeli, M., Hauert, C. and Killingback,
T.: The Evolutionary Origin of Cooperators
and Defectors, SCIENCE, Vol.306, pp.859-862
(2004).

3) Killingback, T. and Doebeli, M: The Contin-
uous Prisoner’s Dilemma and the Evolution
of Cooperation through Reciprocal Altruism
with Variable Investment, American Nauralist,
Vol.160, pp.421-437 (2002).

4) Izquierdo, S.S. and Izquierdo, L.R.: On the
structural robustness of evolutionary models of
cooperation, LNCS 4224, pp.172-182 (2006).

5) Scheuring, I.: The iterated continuous pris-
oner’s dilemma game cannot explain the evolu-
tion of interspecific mutualism in unstructured
populations, Journal of Theoretical Biology,
Vol.232, pp.99-104 (2005).

6) Huck, S., Normann, H.T. and Oechssler, J.:
GLAD: a simple adaptive strategy that yields
cooperation in dilemma games, Physica D,
Vol.200, pp.133-138 (2005).

7) Posch, M.: Win-stay, lose-shift strategies for
repeated games: memory length, aspiration lev-
els and noise, Journal of Theoretical Biology,
Vol.198, pp.183-195 (1999).

8) Taylor, P.D.: Stability in negotiation games

July 2007

and the emergence of cooperation, Proc. Royal
Society B, Vol.271, pp.669-674 (2004).

9) Chong, S.Y. and Yao, X.: Behavioral Diver-
sity, Choices and Noise in the Iterated Pris-
oner’s Dilemma, IEEE Trans. FEwvolutionary
Computation, Vol.9, No.6, pp.540-551 (2005).

10) Hauert, C., Michor, F., Nowak, M. and
Doebeli, M.: Synergy and discounting of coop-
eration an social dilemmas, Journal of Theo-
retical Biology, Vol.239, pp.195-202 (2006).

(0019020 8000)
(0019040 6000)

od oooood

1965 000000000000
uboobooooooocoooboooo
gobooooocooooboobooooo
oooooooooooooooon
ooobooooooooooooon
ooobooooooooooboboo203000000
oooooooooooobob-00-0000000
goooooooooooobooooobooboobo
cobo0oooooOO0o0oOnooooboobooomon
ocoobo200500000000000000 67000
ooo0O00000o0oboO0 00000000000
0190000000000000 370390000
ooooooo




