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Modeling game players by using Prolog
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Faculty of Economics, Kanto Gakuen University

This paper describes some modeling for rational or bounded rational game players in accordance with game theory by
using Prolog, alogic programming language. The reasoning about mutual knowledge of playersis also modeled.

sl

Muto 01, Imai 02] [1,1] [1,0
Al

Payoff of Act of player 2
game sl z w

AI player * * *

[_1!_1]
Prolog

Prolog
(s1, acts([x,z]), payoffs([1,1]) ).
game(s1, acts([x,w]), payoffs([-2,0]) ).
2 game(s1, acts([y,z]), payoffs([1,0]) ).
) game(s1, acts([y,w]), payoffs([-1,-1]) ).
(s2, acts([x,z]), payoffs([1,1]) ).
( game(s2, acts([x,w]), payoffs([-2,2]) ).
) game(s2, acts([y,z]), payoffs([2,-2]) ).
game(s2, acts([y,w]), payoffs([-1,-1]) ).

nash(G,[S1,52],[P1,P2]):-
game(G,acts([S1,S2]),payoffs([P1,P2])),
¥+ (game(G,acts([_,S2]),payoffs([Px,_])),Px>P1),

2.1 ¥+ (game(G,acts([S1, ]),payoffs([_,Py])),Py>P2).

?- nash(G,Acts,Payoffs).
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Acts =[x, z] S¥=N,
Payoffs = [1, 1] ; selected_sum(S/N,_B/A,AY),
RY > AY
G=s1 ).
Acts = [y, z]
Payoffs = [1, 0] ; 3
G=s2 {1,2,3}) {1,2}) {2,3})
Acts = [y, w] cl
Payoffs = [-1, -1] ; sl 3/2
Prolog
No (allocation/3)
(selected_sum/3)
N [ab,c] 1.99
?- core(game(c1),C).
No
2.2 [abd «
?- core(A,B).
(coalition)
A = game(cl)
B = payoff([1, 1, 0]) ;
3
Prolog A = game(cl)
game(cl, coalition([ ]),common_value(0) ). B = payoff([1, 0, 1]) ;
game(cl, coalition([a]), common_value(0) ).
game(cl, coalition([b]), common_value(0) ). A = game(cl)
game(cl, coalition([c]), common_value(0) ). B = payoff([0, 1, 1]) ;
game(cl, coalition([a,b]), common_value(1) ).
game(cl, coalition([b,c]), common_value(1) ). No
game(cl, coalition([a,c]), common_value(1) ).
game(cl, coalition([a,b,c]), common_value(1) ). * 100 150
cl
N f{ab.c} S N 8 2.3
(imputation) {1,2,3}) x1+x2+x3
X1, X2, X3 {i} 2
(x1,x2,x3) (core) (social choice)
S
(excess)

imputation(game(G), payoff(A)):-

game(G,form(coalitional),players(N)),

game(G, coalition(N),value(V)),
length(N,LN),
allocation(LN,V,A),
¥+ (
nth1(K,N,J),
nth1(K,A,Al),
game(G,coalition([J]),value(RJ)),
RJI> AJ
).

core(game(G),payoff(A)):-

game(G,form(coalitional),players(N)),

imputation(game(G), payoff(A)),
¥+ (
game(G,coalition(S),value(RY)),

preference(agent(l),state
preference(agent(l),state
preference(agent(2),state
preference(agent(2),state

1),[a,b,c]).
2),[b,a,c]).
1),[a,b,c]).
2),[b,a,c]).

PLGS L

scc(rule(f),state(1),[a]).
scc(rule(f),state(2),[b]).

SCR

(implementation theory)

SCR

SCR

{1.3H)

[50,50,50]

SCR
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f SCR
(impl12.pl) [Indo 02] f
Maskin
f Moore-Repullo
M2
3.
b1 b2
[h1]-------- >[h2]-------- >[0.5,0]
| |
al | a2 |
| |
v v
[0,2] [-0.5,-1]
al->a2; al->b2; al-»a2; al->b2;
bl->a2 b1l->a2 b1->b2 b1->b2
al [0, 21 [0, 2] [0, 2] [0, 2]
bl [-0.5,-1] [-0.5, -1] [0.5, 0] [0.5, 0]
2
3.1
(subgame perfect equilibrium; SPE)
Selten SPE
2
2 g50(weak)
3 2
2 1
4
2
[al,a2] [b1,b2]
(counterfactuals)
3.2

(backward induction) 2
[h2]
b1 b2
al

[b1,b2]

(nashlc.pl) NE SPE

?- nash(behavior_strategy(g50(weak)),Players,A,P), Players=[1,2].

A =[al, [ (al->a2), (b1->a2)]]
P=10, 2];

A= [b, [ (al->a2), (b1->b2)]]
P=[0.5,0];

A =[al, [ (al->b2), (b1->a2)]]
P=10, 2];

A= [b, [ (a1->b2), (b1->b2)]]
P=[05,0];

No
2
?- subgame_perfect(g50(weak), Players,A,P), Players=[1,2].

trial([0, 2], [a1, a2], [al, [ (al->a2), (b1->a2)]])
subgame(player:1/[1, 0], [a1, [ (al->a2), (b1->a2)]], [0, 2])ne
subgame(player:2/[0, 2], [a1, [ (al->a2), (b1->a2)]], [0, 2])ne
subgame(player:2/[0, 2], [b1, [ (al->a2), (b1->a2)]], [0.5-1, -1])
defeated_by([[b1, [ (al->a2), (b1->b2)]], [0.5, 01])

trial([0.5, 0], [b1, b2], [b1, [ (al->a2), (b1->b2)]])
subgame(player:1/[1, 0], [b1, [ (a1->a2), (b1->b2)]], [0.5, O])ne
subgame(player:2/[0, 2], [al, [ (al->a2), (b1->b2)]], [0, 2])ne
subgame(player:2/[0, 2], [b1, [ (al->a2), (b1->b2)]], [0.5, O])ne

A= acts([b1, [ (al->a2), (b1->b2)])
P = payoffs([0.5, 0])

Yes

Aumann[Aumann 76] (common knowledge)

Milgrom  Stokey  Aumann

Milgrom
Stokey[Milgrom 82] 3
Prolog
(trade.pl)
[Indo 03]
Players state
Partition sl s2 s3 s4 s5
H1 b c
H2 X y
3 (Milgrom and Stokey,1982)
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4.1
Q 29
N={1,2} i Hi Q
s Q Hi(s)
Q o % Hi(s) 3 Milgrom
Stokey
Q
Prolog
partition(1,s1,[s1]).
partition(1,S,[s2,s3]):-member(S,[s2,53]).
partition(1,S,[s4,s5]):-member(S, [s4,55]).
partition(2,S,[s1,s2]):-member(S,[s1,s2]).
partition(2,S,[s3,s4]):-member(S, [s3,54]).
partition(2,s5,[s5]).
S K(s)E = Hi(s)
E CK(S)E=M(s)= s e Hi(s) ( i N)
M(s) E
M(s)
3 M(s) Q

think(J,S,is_possible(O)):- partition(J,S,H), member(O,H).
think(J,S,K):- K = think(J1,0,_01),think(J,S,is_possible(0)),K.
test_think(S,S1,X):- X=[S1,52,53,54,S5,56],
think(1, S1,
think(2, S2,
think(1, S3,
think(2, S4,
think(1, S5,
think(2, S6,
is_possible(S)

?- test_think(s5,s1,C).
C =[s1, s1, s2, s3, s4, s5]

Yes
4.2
3 2
4
State p(wl) p(w2) p(w2]s)
sl 20 .05 1/5
s2 05 .15 3/4
s3 05 .05 1/2
s4 15 .05 1/4
sb5 05 .20 4/5
4 (Milgrom and Stokey,1982)

1/2
1
trader(naive,J,S,Q,D):-
partition(J,S,H),
win_prob_on_event(J,H, Q),
decision(Q,D).
decision(Q, ok):- Q > 0.5.
decision(Q, reject):- Q < 0.5.
decision(Q, indifferent):- Q = 0.5.
2
trader(sophist,J,S,Q,reject):-
trader(naive,J,S,Q,reject);
trader(naive,J,S,Q,indifferent).
trader(sophist,J,S,Q,0k):-
trader(naive,J,S,Q,0k),
partition(J,S,H),
¥+ ( member(S1,H), agent(J1), J1 ¥=,
trader(naive,J1,S1, Q1,reject)).
3
trader(rational,J,(T,S),Q,D):-
state(S), time(T/N), T > 0,
agent(J), move(J,T/N,yes),
delay(T,1,T1), %T1lisT -1,
partition(J, T1/N,S,H),
win_prob_on_event(J,H, Q),
decision(Q,D).
2
( 3)

[Indo 03]
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