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x) :- (X)), ¥+ X).

- ( )- enter

Yes

¥+ (nagation as failure)

Prolog No
- ( )- enter

No
Prolog

« (@, o, (0, (175)).

( (), (32), (800),  (180)).

C (o, (45),  (1200), (168)).

x.2) :- C ... @.),z<10.
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x,Y) - ( ), ™,_, ), Y < 35.
(X,H) - ( (€9 . (H)), H >= 175.
forall/2
- forall( X, 2) , X,_Y)). enter
Yes
setof/3, bagof/3, findall/3 n
- setof(X, A" (X,A), Y), setof(W, w,_my, 2). enter
Y = [a, b]
Z = [a] [ M Yes
Prolog
Prolog
C 6D, @, 62, (2))-
C 6D, O, 62, (5))-
C (2), (0, (s3), 1)).-
¢ (D).
%
C 6= C (©).
C (©) :-
« ©n, C G, A (6),0).
- ( (s3)). enter
Yes
Prolog
transitive reflective complete
a~b a>b b>a
- ab a>b
@. (a. (b). ©).
( @, (s1), [a, b, c]).
( @, (s2), [b, a, c]).-

(Agent,State,Choice):-
(Agent,State, Z, [Choice]_])-

?- (1,s2,X).
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Yes

Prolog 5
12 b1 b2
al [1,1] [2,0]
a2 [0,2] [-1, -1]

game( [player(l,act(al)),
game( [player(l,act(al)),
game( [player(l,act(a2)),
game( [player(l,act(a2)),

nash( [S1,S2], [P1,P2] ):-
game( [ player(1,act(S1)),

+ ( game([ player(l,act(_X)),
+ ( game( [ player(l,act(S1)),

?- nash(A,B).
A = [al,bl]
B =1[1,1] ;

Yes

(domain)
ScC
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Prolog

player(2,act(bl)) ], payoffs([1,1])).
player(2,act(b2)) ], payoffs([2,0])).
player(2,act(bl)) ], payoffs([0,2])).
player(2,act(b2))] , payoffs([-1,-1])).-

player(2,act(S2)) ], payoffs([P1,P2]) ),
player(2,act(S2)) ], payoffs([Px,_]), Px > P1 ),
player(2,act(_Y))], payoffs([_,Py])), Py > P2 ).

SCC

SCR



preference(1,82,[x,z,y,w]).
preference(2,82,[y,z,x,w]).
preference(3,52,[z,x,y,w]).

y

preference(1,s1,[x,z,y,w]).
preference(2,s1,[y,z,x,w]).
preference(3,s1,[z,x,w,y]).

SCR
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Welcome to SWI-Prolog (Version 1.9.0 June 1994)
. . X . game_form? gM.
Copyright (c) 1993,1994 University of Amsterdam. All rights reserved. ooy f
agents?| [1,2,3].
1?- [impl09].
[impi0S] reduced test by O-integers? (y/n)| .
delayed resolution for O-integers? (y/n)| n.
% % K
ol
%* Nash implementation theory on SWI-prolog.  * .
output_file_open
%* version impl09 *
% %
impl09 compiled, 0.11 sec, 155,472 bytes. v
es
3 ?- mechanism(A,[M1,M2,M3],C).
Yes
No
2 ?- setup_domain(jp).
P i) 4 ?- [messages].
messages compiled, 0.00 sec, 12,320 bytes.
preference domain:
[agent,state,preference,difference] v
es
1,81,[x,zy.w],[sssend
[ xzywl{ss 1l 5 ?- mechanism(A,[M1,M2,M3],C).
1,82,[x,zy.w],[sssend
[ xzywl{ss 1l M2 =[[x,z,y,W],[y,z,x,w],[zx,wW,y]], X, O
2,s1,ly,zx,w],[s;ssend
[2sLy.zxw] [sssend]] A=gM(Lf)
[252]y.zxw] [sssend]]
C=[x
[3st[zxwy] [sssend]] M3 = [[x,2,y,W],[y,zx,w],[zx,wY]], X, O
3,82,[z,x,y,w],[s;s;s.end
[ [zxyw][ss I M1 =[[x,z,y,w],[y,zx,W],[zx,wWY]], X, 0
The domain mode! has changed. v
es
Will you update the message file? (y/n)| y.
Prolog
setup_domain /1 SCC gen_test_sccs
/3 (test_impl /0, /5)

SCC
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Excel

tell /1

7 ?- tests_for_scq(f,[1,2,3],0).

O = [no,ho,ho,no,bad(w),nvp,rvp,unan,no,no,no,neli,mlib]

Yes
8 7- tests_for_scq(g,[1,2,3],0).

O = [mm,no,no,no,nho,nvp,rvp,unan,no,no,no, neli,mlib]

Yes
97?-is reversal(Agent,S1,S2,X,Y), X¥=Y.

Agent =3
Sl=sl
S2=s2
X=w

Y=y,
Agent =3

Sl=s2
S2=sl

No

SCC

scC
LcC)
NVP

6 - nash(full x,s1,[M1,M2,M3],gM(,f),h0,E,Is NE).

Now checking whether the message profile.

For state s1,outcome=x [in,f],rule=1
and message profileis
[[x,z,ywl,ly.zx,w],[zx,wy]], X, 0
[[x,z,ywl,ly.zx,w],[zx,wy]], X, 0
[[x,zywl,ly.zx,w],[zx,w,y]], X, 0
no output file stream has opened.
wait..wait..wait..
agent=1,P1s=[2],Czs=[x,z],Lcc=[w,X,y,z] <is best_response>
agent=2,P1s=[2],Czs=[x],Lcc=[w,X] <is_best_response>
agent=3,P1s=[2],Czs=[X],Lcc=[w,X,y] <is_best_response>
Br_Members=[1,2,3]

This action profile is aNash equilibrium.

NE = yes

E = environment([[1,2,3],[s1,82],[w.X.y,Z]],

[3:24], [[[x.zyw].ly,zxw],[zxw.y]].[[x,zy.w].ly,zxw] [z Xy W]]])
Is=[123]

M1 =[[x,zy,w].[y,zx,w],[zxwy]], X, 0

M2 =[[x,zy,w].[ly,zx,w],[zx,w,y]], X, 0

M3 =[[x,zy,w].[ly,zx,w],[zx,wy]], X, 0

Yes
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Scc
stock_of /1 setup_domain 7/ 1
Jjp, 2 , 4 , 3, Jacksong&Palfray(2001),
SCC [ ,fl,g,9l,and so on]
ks; ksl, 2 , 2 , 2, Rubinstein&Wolinsky(1994),
, SCC: [ks, ksl1]
mr, 4 , 5 , 2, Moore&Repullo [6] , , SCC:mr
md, 3 , 4 , 2, Moore(1992), 91, SCC:m
yl;y2,2 , 3 , 2 ., Yamato [9] , , SCC:[yl,y2]
ud22, 4 , 2 , 2 , , SCC:
[uddl,udd2,urdl,...,urd4, umdl,...,umd5,par,parl,po, 1
ud32, 8 , 2 , 3, , SCC:
ud23, 36 , 2 , 2, , SCC:
roulette
Dict, ScC , , 2
11
M, Maskin-Vind , , 3 ,
13
D, Danilov , , 2, -3
MR, , Moore-Repullo , 3 ,
13

MR2, , Moore-Repullo , 2, 6



30 (1)

°
L Scc
°
°
°
[
i (
® SCC
Prolog
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gen_test_sccs / 3
setup_domain / 1
test_impl / 5

test_.nash 7 0, 7
tests_for scc / 3
update_message_file / 0
verify_messages / 6

agent / 1

agents / 1

all.agents / 1
all_preferences / 3
alternative / 1
alternatives / 1
auto_preference / 3
auto_profile / 3
auto_profiles / 3

awk / 4
bad_outcome / 3
bad_outcomel / 3
condition D / 2
decisive_pairs / 3
difference / 3
display_domain / 1
domain_models / 1
environment / 3
ess/ 4
gen_test_preference / 5
generate_preferences / 2
is_awkward / 5
is_essential / 4
is_MR_element / 5
is_MR_elements / 4
is_prefer_to /7 4
is_reversal / 5
is_strict_prefer_to / 4
lec/3

maximal / 3
maximal_set / 3

mre /5
permutated_prefer_profile / 3
ppp /3
prefer_profile / 2
prefer_profile / 3
prefer_profiles / 3
rweak / 4

reversals / 6
scc_defined_state / 2
scc_defined_states / 2
set B star / 4

set Bk / 4

set Cstar /5
set Ck/5

set.dCk / 7

slcc /3

state / 1

states / 1

stock of / 5
subset_of_agents / 2
subset_of alt / 2
succ /3
true_prefer_profile / 3
true_state / 1
two_person / 1

ucc /3
ud_preference / 5
ud_profile / 3
ud32_preference / 1
ud32_preferences / 1
unblocked / 4
unblocked_pair / 3

scC

scc

MR
MR

64

Peleg)

Danilov)

Danilov)

Moore Repullo MR

permutated_prefer_profile

ScC

ScC

Sjostrom
Sjostrom
Sjostrom
Sjostrom
Sjostrom

B
Bk
o
ck
C[K]-C[k-1]

preference difference
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scC
clearscc /1
condition M / 2
condition M2 / 2
condition_mju / 5
condition_mju2 / 4
condorcet / 3
dictatorial / 2
display_scc / 3, 4
ess_monotone / 1, 2
generate_scc / 2
has_condorcet_property / 2
has_MR _property / 2
has_pareto_property / 2
i_rationals / 5
indifferent_to / 4
is_blocked_by /7 4,5
is_decisive / 4
is_|_rational / 4,5
is_neutral / 2
is_weak parete_optimal / 3
is.wpo / 3
mlib / 2
monotone / 1, 2
neli /2,3
no_veto_power / 3
no_veto_power0 / 3
no_veto_powerl / 3
nvp /2
nvp0 /2
nvpl/2
pairwise_majority / 6
partial_ wpo / 3
range / 2
vp /2
scc/ 1
scc_tuple / 3
sces /1
sub_condition_of_mju / 4
subset of / 3
unanimity / 2
update_scc / 2

best_response / 5
br_member / 2
br_result /1
check_br_of_profile / 4
collect_br_members / 2
dictatorship / 4
game_form / 4
game_forms / 2
is_a_dictator / 3
is_beta_blocked_by / 6
mechanism / 4
mechanisms / 1
messages / 5

mr_msg / 4

mr_profile / 3
mr2_msg / 4
mr2_profile / 3
mtest/ 2, 4

mtest z0 / 4,5
mutate / 6

nash /9
restrict_forms / 2
roulette / 3

setup / 3
tt_gM_profile 7 4
update_state / 1
write_best_response / 2
write_br_results / 2
write_message / 5, 6

40
sccC
M Sjostrom)
M Sjostrom)
W Moore&Repullo)
H Moore&Repullo)

SCC
scc
scC
MR
Danilov)
Peleg)
Danilov)

is_weak_parete_optimal

Sen

Maskin

No E Lower Intersection

no_veto_power
no_veto_power0
no_veto_powerl

scc
scC
SCC
scc
u
scC
0
M
M
M
M
M
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30 18
best_response / 5 all_members / 2
br_member / 2 asc_nnseq / 2
brresult /1 bag0 / 3
check_br_of_profile / 4 bagl /3
collect_br_members / 2 counter / 3
dictatorship / 4 desc_nnseq / 2
game_form / 4 list_projection / 3
game_forms / 2 multiple_subset_of / 3
is_a_dictator / 3 nth_of_permutation / 4
is_beta_blocked_by / 6 nth_poa / 3 nth_of_permutation
mechanism / 4 ordering / 3
mechanisms / 1 permutate_of order / 2
messages / 5 permutation / 3
mr_msg / 4 M permutation_of / 3
mr_profile / 3 M poa/ 2 permutate_of order
mr2.msg / 4 M powerset_of / 2
mr2_profile / 3 M sea_multiple / 4
mtest /2,4 sum/ 2
mtest z0 / 4,5
mutate / 6 3
nash /9 results_to_file / 0, 3
restrict_forms / 2 save_br_results / 2
roulette / 3 tell_test / 1
setup / 3
tt_gM_profile / 4 M 16
update _state / 1 subset_query / 3 A B Cayes C=no
write_best_response / 2 tell_test. mju / 1 1]
write_br_results / 2 tell_test_ mju2 / 0 1]
write_message / 5, 6 tell_test.nvp / 1 NVP
write_nash / 3, 4 test_for_model / 3 scc
write_nash_equilibrium / 2, 3 testgD /3,4 D
writeMessages / 2 testgM / 5 M
test gMR / 3 MR
test gMR2 / 3 MR
test_irat / 3
14 testiratn2 / 2, 3
check off scc / 6 scc test_mrp_for_unblocked_pair / 3 MR
check_on_scc / 6 sce test_nvp_def /7 0 NVP
clear_br_results / 0 BR test_proposition / 3 Danilov
close_output file / 1 testsa/ 2 test_subadditivity
collect_statistics / 1 test_subadditivity / 3
disp_mr_ir / 2,3 Scc
display_br_results / 3 10
init_state / 0 edit_history / 0
init_summary / 1 explain_me / 0
open_br file /7 4 BR init_prompt / 0
open_output_file / 2 long_refer /7 2
stat keys / 1, 2 ref/2,7
update_summary / 1 reference_list / 0
write_statistics / 2 short_refer / 2
write_summary / 1 vshort_refer / 2
welcome / 0
wn/1,2 write & nl
A Prolog
Prolog

X)) X

[a,b,c,d]




- > If-Then
B Prolog
Prolog

Prolog [8]
(Horn clause)
PCA:- A, r(x).
p
p p notgq not r
X
(resolution)
(unification; )
pP(Y) - a(y)
p-q not g not p
q not p notg
a(X):-p(X).-
a(X)
Prolog

(Unificaion algorithm)

J.R.Robinson

q
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true or false

[10]
X q r
not N
€9
p(a)
not ¢ not p
not p not q
Prolog
p( )-

(Resolution principle)
1965

p(

p

not q

a(x)
qaa)

))-

SLD

not
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Colmerauer Kowalski
1980 5
Prolog

2 Prolog

/* social environment including agents, preferences, states, and alternatives. */
%
alternatives([w,X,y,z])- agents([1,2,3]). states([sl1,s2]).
%
preference(l,s1,[x,z,y,w]). preference(2,sl1,[y,z,x,w]). preference(3,sl,[z,x,w,y])-
preference(1,s2,[x,z,y,w]). preference(2,s2,[y,z,x,w]). preference(3,s2,[z,Xx,y,w])-
prefer_profiles(ls,Ss,Rs):- agents(ls), states(Ss),

bagof(Rks, S"( bagof(Rk, 1~(member(l,ls),preference(l,S,Rk)),Rks) ), Rs).
%
environment([ls,Ss,As],[N,K,L],Rs):- I, length(ls, N), N = 3, agents(ls), states(Ss),

length(Ss, K), alternatives(As), length(As, L), prefer_profiles(ls,Ss,Rs).

Social Choice Correspondence 1

/* SCC; social choice correspondece, mapping F:S-->->X A. */
% a non-monotonic SCC: the examplel (Voting) of Jackson & Palfrey, p.8.
scc(f,sl,[x,z])- scc(f,s2,[x]). range(f,[x,z])-

% a monotone, but not ess_monotone SCC

scc(fl,sl,[x])- scc(fl,s2,[x,y])- range(fl,[x,y])-

% a monotone, but not ess_monotone SCC

sce(g,sl, [x,w]). scc(g,s2,[x])- range(yg,[x,w])-

% an ess_monotone SCC

scc(gl,sl,[x,w]). scc(ol,s2,[x,y])- range(gl,[x,w,y]).

LSI

Prolog
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% an ess_monotone SCC

scc(g0,s1,[x,y])- scc(g0,s2,[x,y]). range(g0, [x,y])-

[
SCC Maskin
)R ScC
LCC)
x Scc R Lcc Xx,R;i Lcc  Xx,R" ;i i -x Scc R’
/* Prolog SCC Maskin monotonicity .*/

monotone(F):- agents(ls), monotone(F,Is).
monotone(F,Is):- scc(F,_, ), agents(ls),
forall(
( state(S), scc(F,S,C), member(A,C), state(Sl1), scc(F,S1,Cl), ¥+ member(A,Cl)),

( member(l,1s), lcc([l,S,_R],A,K1), lcc([I,S1, R1],A,K2), ¥+ subtract(K1,K2,[1))).-

% lower contour set
Icc([I,S,R],A,Lcc) - alternative(A), agent(l), state(S), preference(l,S,R),

findall(L, ( alternative(L), prefer_to(l,S,A,L)), Lcc).

/* 4

prefer_to(l,S,X,Y):- preference(l,S,0rder), rank(X,Order,J), rank(Y,Order,K), J =< K.

% ranking (for an weak ordered set)
rank(Z,List,Pos) :- nthl(Pos,List,Z).
%%%%%% Finding preference reversals.
is_reversal(l1,S1,S2,X,Y) :- prefer_to(1,S1,X,Y), prefer_to(1,52,Y,X).
reversals(l1,S1,S2,X,A,Rvs):- alternatives(A), subset _of agents(ls, N), states(S),
findall((1,X,51,52), (
member(l,1s), member(X,A), member(S1,S), member(S2,S),
is_reversal(1,S1,S2,X,.)
),Rvs).

SCC
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Lece(i,x;R) Y

Y
% essential element
is_essential (A, X,[1,S,R],F):-

(var(X) -> write("set X is unspecified."),nl,fail);

alternative(A), state(S), scc(F,S,C), member(A,C), agent(l),

preference(l,S,R), Icc([1,S,R],A,Lcc),

foral I (member(Y,X),alternative(Y)), foral I (member(Y,Lcc),member(Y,X)).

% essential set

ess(F,1,X,Ess):- agent(l), subset of alt(X, ),

findall (A, S"R"(alternative(A),is_essential(A,X,[I,S,R],F)), Y), sort(Y,Ess).

[
Essential Monotonocity Danilov [1]
ScC
ScC
x Scc R Ess Scc,;i, Lcc  Xx,R;i Lcc  Xx,R" ;i
/* Prolog SCC Ess -monotonicity

ess_monotone(F,Is):- scc(F,_, ), agents(ls),
% there is a reversal everywhere an ess_outcome retracted from scc.

forall(

(state(S), scc(F,S,C), member(A,C), state(S1), scc(F,S1,Cl), ¥+ member(A,Cl)),

(member(l,1s), lcc([1,S,_],A,K1),

ess(F,1,K1,Ess), lcc([I,S1,_],A,K2), ¥+ subtract(Ess,K2,[])) )-

[ ]
Maskin-Vind [4, 3, 1]
/* Maskin Vind gM. */

% the Cannonical Mechanism (Maskin-Vind mechanism):
mechanism(G,E,Msg,Z2):-
E = environment([ls,_Ss, As],[_N, K, L],_Rs), G = gM(_P,_Scc),

i-Xx Scc

ESS)

SCC
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setup(G,E), mtest(gM, Msg,lIs), game_form(G,E,Msg,Z2),!.

setup(G,E):-
G = gM(P,Scc), game_forms(gM,Ps), member (P,Ps), sces(Fs),
member(Scc,Fs), subset_of agents(ls,N), states(Ss), alternatives(As),
E = environment([lIs,Ss,As],[N,_K,_L],_Rs), E.

% game forms.

game_forms(gM,[1,2,3]).

SCC N Maskin
[ ]
% message profile for N agents in mechanism gM.
mtest(gM, Msg, Is,Agents):- agent(l), ¥+member(l,Is), message(gM(_,_),Agents, I ,M, true).
% message for N agents in mechanism gM.
message(gM(_,_),Is,1,(Rs,A,Z),Consistency):-
environment([Is,_Ss, As],[N, K, L], Rks), subset_of agents(ls,N), member(l,Is),
( Consistency = true
-> (state(S),prefer_profile(ls,S,Rs)) ; prefer_profile(ls,Rs)
).
alternative(A), asc_nnseq(Aseq,N),member(Z,Aseq).

% asc_nnseq/2 N

%%% the rule 1 of the Maskin mechanism gM. %%%%%%%Y%%%%%Y%%%%%
% ==>
game_form(gM(1,Scc),E,Msg, [C]):-

E = environment([ls,_Ss,_As],[N,_K,_L],_Rs), length(Msg,N),

Msg = [(R,C,_21),(R,C,_Z2),(R,C,_Z3)],

state(S),

prefer_profile(ls,S,R),

scc(Scc,S,00j),

alternative(C),

member(C,0bj).
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Lcc Ess
[1]
%%%% the rule 2 of the Maskin mechanism gM. %%%9%%%%%%%%%Y%%%%%
game_form(gM(2,Scc),E,Msg, [C]):-
E = environment([Is,_Ss, As],[N, K, L], Rs), length(Msg,N),
(Msg = [(R1,C1,Z1),(R2,C2,22),(R2,C2,23)] -> (J is 1,true);
Msg = [(R2,C2,Z1),(R1,C1,Z2),(R2,C2,Z3)] -> (J is 2,true);

Msg = [(R2,C2,71),(R2,C2,22),(R1,C1,Z3)] -> (J is 3,true)),
state(S), prefer_profile(ls,S,R2), alternative(Cl), alternative(C2), scc(Scc,S,0bj),
member(C2,0bj), nthl(K,R2,R2J), preference(J,S,R2J), Ilcc([J,S,R2J],C2,Lcc),

(member(Cl,Lcc)-> C = C1; C = C2), range(Scc,Range),member(C,Range).

Prolog

Maskin [7]

%%%% the rule 3 of the Maskin mechanism gM. %%9%%%%%%%%%%Y%%%%%
game_form(gM(3,_Scc),E,Msg, [C3a]):-

E = environment([_Is,_Ss,_As],[N, K, L], _Rs), length(Msg,N),

Msg = [(_,C1,21),(_,C2,22),(_,C3,23)],!,

sumz is (Z1 + 72 + 73),

K is SumZ mod N + 1,

findall(C,member((R,C,2),Msg), Cs),

nth1(K,Cs,C3a).

Scc
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Scc=g1

/* . mechanism gM (N>=3). */
nash(C,S,Msg,G,H,E,Result):- E = environment([Is,_,_1,[.N, ., 1..), E, G =.. [GF,P,Scc],
reversions(V), member(H,V), sccs(Fs), member(Scc,Fs), I, update_state(S),
alternative(C), mtest(GF, Msg,ls), mechanism(G,E,Msg,[C]), write_message(S,C,P,Msg),
findall([I,Pls,Czs,Lcc,Br],
( member(l,1s), best_response(GF,I,ls,S,C,[Msg,Scc,E], [P1s,Czs,Lcc],Br),
BrRecord = [Br,S,C,1,GF,P,Scc, Is,Msg,P1s,Czs,Lcc], assert(br_result(BrRecord)),
write_nash(l,[P1s,Czs,Lcc],Br) ),Br_Results),
findall(l, (X = [I1,P1s,Czs,Lcc,Br], member(X, Br_Results),Br = yes), Br_Members0),
sort(Br_Members0,Br_Members), write_nash_equilibrium(Br_Members,Is),
( Br_Members = Is -> Result=yes ; Result=no).

update_state(S):- state(S), forall(true_state(Sl),retract(true_state(S1))), assert(true_state(S)).

(mutate/5)
Czs attainable set
Lcc
%%% checking best response via Lcc.
best_response(GF,1,1s,S,C, [Msg,Scc,E], [P1s,Czs,Lcc],Br):-
E = environment([Is,_Ss, As],[ N, K, L], Rs), E, state(S), sces(Fs),
member(Scc,Fs), alternative(C), game_forms(GF,Forms), mtest(GF, Msg,lIs),
findal1((P1,Cz),
( mutate(GF,I,Is,Msg,Mz), member(P1,Forms), alternative(Cz),
G =.. [GF,P1,Scc], mechanism(G,E,Mz,[Cz])
), PCzsl),
sort(PCzsl1,PCzs),
findall (P1,Cz”(member((P1,Cz),PCzs)),P1sl), sort(P1lsl,Pls),
findall(Cz,P1”(member((P1,Cz),PCzs)),Czsl), sort(Czsl,Czs),
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Icc([I,S,_].C,Lcc), (subset(Czs,Lcc)-> Br = yes; Br = no).

% mutated profile where unilateral deviation for a single agent occured
mutate(GF,J, Is,Msg,Mz):-

subset_of_agents(ls,N), length(ls,N),

mtest(GF, Msg,ls),length(Msg,N),

mtest(GF, Mz,ls),length(Mz,N), nthl(Jth,lIs,J),

subtract(ls,[J],1s2),
forall(member(K, 1sz),
( nthl(Kth,Is,K), nthl(Kth,Msg,Mk), nthl(Kth,Mz,MK) )

).

nth1(Jth,Msg,MJ),

nthl(Jth,Mz,MJz),

MIz ¥= MJ.
[
/* some basic operations */
% projection(3rd ar) of vector(2nd ar) using a sequence of digits(lst ar).
list_projection([1.[1.[1)-
list_projection([X]Y],[_A|B].C):- X =0, [list_projection(Y,B,C).
list_projection([X]Y],[AIB].[AIC]):- X =1, list_projection(Y,B,C).
% count frequency of occurence of the specified value of variable, M.
counter(N,M,L):- length(L,_), findall(M,member(M,L),Mx), length(Mx,N).
seteq(X,Y,L):- length(X,L), length(Y,L), forall(member(Z,X),member(Z,Y)),

forall (member(Z,Y),member(Z,X)).
subset_of(A,N,As):-
length(As,L), length(D,L), list_projection(D,As,B), Ilength(B,N), sort(B,A).

%orderings with N elements
ordering([]1,_A,0).
ordering([C|B],A,N):-length([C|B],N), ordering(B,A,N1), member(C,A),¥+member(C,B).

[
%subset_of(A,N,As):-multiple_subset_of(A,N,As).
multiple_subset of([],0, ):-!.
multiple_subset_of([X]|A],N,As):-
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length([X]A],N), multiple_subset_of(A,N1,As), member(X,As), N is N1 + 1.
powerset_of(X,A): -
length(A, ), findall(Y,N"subset of(Y,N,A),X1), sort(X1,X),!.
% descending natural number sequence less than N.
desc_nnseq([],N):-N<0,!.
desc_nnseq([0],1).
desc_nnseq([A]Q],N):- A is N -1, length(Q,A), desc_nnseq(Q,A).
asc_nnseq(Aseq,N):-desc_nnseq(Dseq,N),sort(Dseq,Aseq) -
% sum
sum([],0).

sum([X|Members],Sum):- sum(Members,Suml), number(X), Sum is Suml + X.

([
/* blocking relation, individual rationality, and MR-property (Danilov,1992). */
% agent | blocks set B if there is R(l) s.t. intersection(Scc([R(I),R(-1)]), B) is empty.
is_blocked_by(X,J,S,RJ,Is,F):-
alternative(X), subset_of_agents(ls,_N), nthi(K,lIs,J), state(S),
preference(J,S,RJ), scc(F,S,_Sccval0),
forall( (state(Sl), prefer_profile(ls,S1,R1), nthl1(K,R1,RJ)),
(scc(F,S1,Sccval),  ¥+member(X,Sccval))).
% maximal blocked set by each agent
blockings(Bs,J,Is,F):-
sccs(Fs), member(F,Fs), subset_of agents(ls,_), member(J,lIs),
findall (X, (preference(J,S,RJ), is_blocked_by(X,J,S,RJ,Is,F)), Bs0),
sort(Bs0,Bs).
([
% individual rationality (individually rational outcomes)
i_rationals(As,S,Rn,Is,F):-
scc(F,S,_Scc), subset_of_agents(ls,_), prefer_profile(ls,S,Rn),
findall (A, ( alternative(A),
forall(member(J,1s),
( nth1(K,Is,J), nthl(K,Rn,RJ), is_I_rational(A,[J,S,RJ],Is,F)))
), Asl), sort(Asl,As).
is_I_rational (A,[J,S,RJ],Is,F):-
alternative(A), preference(J,S,RJ), subset_of _agents(ls,_N),
Icc([J,S,RJI].A,Lcc), scc(F,S,Scc),  ¥+blockings(Lcc,J,_S1, RJ1,Is,F).



test_irat_n2(F,[1,3]):-

sccs(Fs),
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member (F,Fs), two_person([l,J]),

forall(state(S), (scc(F,S,V),i_rationals(A,S,_R,[1,J],F).,subset(V,A) )).

® MR
/*

% MR-element

is_MR_element(A, [X1,X2],[[J1,

alternative(A),
lcc([J1,5,R1],A,X1),
% check MR-property for scc
has_MR_property(F,[J1,J2]):-

sccs(Fs), member(F,Fs),

Moore-Repullo property for two person case */

J21,IR1,R21,S1.F):-

scc(F,S,C), member(A,C),
Icc([J2,S,R2],A,X2).

two_person([J1,J2]),

prefer_profile([J1,J2],S,[R1,R2]),

blockings(B1,J1,[J1,J32],F), blockings(B2,J2,[J1,J2],F),

wn([for,[J1,J2],blockings,B1,B2, under_scc,F]),

findal 1 ([X1,X2],
¥+subset(X1,B1),

( subset_of_alt(X1,_N1),
¥+subset(X2,B2) ), X12),

subset_of_alt(X2,_N2),

forall( member([X1,X2],X12),

(wn([X1,X2]), is_MR_elements(MR, [X1,X2],[J1,J2],F),

® Danilov

2 Scc F

Case 1: X2 2 X1

MR MR(F;X2,X1)# []

Case 2: 1 Xj j xi

J

Case 3: X2 2 X1

range(F)
Danilov D

% message space for Danilov's mechanism

mtest(gD, Msg,lIs):- two_person(ls),
subset_of_alt(X1, ),
subset_of_alt(X2,_ ),

member(Z1,[0,1]),
member(Z2,[0,1]).-

Danilov

MR ¥=[1 ))-

Msg = [(X1,Z1),(X2,22)].

Danilov [1]

(modullo game)

Ess(F;i,Xi)# []

(modullo game)
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two_person([J1,J2]):- agents(ls), member(J1,I1s),member(J2,1s),J1 < J2.
%%%%%% the forms for the mechanism
game_form(gD(1,Scc),E,Msg, [C]):-
E = environment([[J1,J2],_Ss,_As],[2,_K,_L],_Rs),
two_person([J1,J2]),
Msg=[(X1,_),(X2,)].!,
¥+is_blocked_by (X2,J1,[J1,J2],Scc),
¥+is_blocked_by (X1,J2,[J1,J2],Scc),
is_MR_elements(Y,[X2,X1],[J1,J2],Scc),wn([mr,Y]),
sumZ is 71 + Z2,
K is SumZ mod 2 + 1,
dictatorship(K,_S,Y,C).

® Danilov 2
game_form(gD(2,Scc),E,Msg, [C]):-
E = environment([[J1,J2],_Ss,_As],[2,_K,_L],_Rs),
two_person([J1,J2]),
Msg=[(X1,_),(X2,)].!,
% mtest(gD, Msg,[J1,J2]),!,
( (is_blocked_by(x2,J1,[J1,32],Scc),
¥+is_blocked_by (X1,J2,[J1,J2],Scc), J0=J2 , X0=X1);
( ¥+is_blocked_by (X2,J1,[J1,J2],Scc),
is_blocked_by (X1,J2,[J1,J2],Scc), J0=J1, X0=X2) ),
ess(Scc,J0,X0,Ess0),
member(C,Ess0),
dictatorship(J0,_,Ess0,C).

L Danilov 3
game_form(gD(3,Scc),E,Msg,[C]):-
E = environment([[J1,J2],_Ss,_As],[2,_K,_L],_Rs),
two_person([J1,J2]),
Msg=[(X1,_),(X2,)].1!,
% mtest(gD, Msg,[J1,J2]),!,
is_blocked_by (X2,J1,[J1,J2],Scc),
is_blocked_by (X1,J2,[J1,J2],Scc),
SumZ is Z1 + 72,



/*
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K is SumZ mod 2 + 1,
nth1(K,[J1,J2],Dictator),
range(Scc, Image_of_Scc),
member(C, Image_of_Scc),

dictatorship(Dictator, Image_of_Scc,C).

Prolog

*/

test_impl(GF,Scc, Is,N):-

trim_stacks, ( ¥+ (scc(Sce,_, )) -> (wn("no such Scc."),fail);true),
subset_of_agents(lIs,N), ¥+ member(N, [0,1]),
open_output_file(Strm,Scc), init_summary(Scc), clear_br_results,

H = h0, display_scc(Scc,Is), display_scc(Strm,Scc,ls), collect_statistics(Statl),

check_on_scc(GF, Is,Scc,H,Strm), check_off_scc(GF,Is,Scc,H,Strm),
collect_statistics(Stat2), write_summary, write_statistics(Statl,Stat2),
close_output_file(Strm), write("save br_results? (yes)"), read(Save),

(Save = yes -> save br_results(_,_);true), wn("end"), trim_stacks.

(check_on_scc/5)
(check_off_scc/5)

% check the outcomes on the domain of the scc.

check_on_scc(GF, Is,F,H,Strm): -

setof((S,0), D*(state(S),alternative(0),scc(F,S,D),member(0,D)), ON),
foral I (member((S,0),0N), ((test_nash(GF,[0,S],[_P,F,H], Msg,ls,yes) -> Yes=yes; Yes=no),

update_summary([S,0,Yes,in]))),!.

% check the outcomes off the domain of the scc.

check_off_scc(GF, Is,F,H,Strm):-

setof((S,0), D~(state(S),alternative(0),scc(F,S,D),¥+member(0,D)), OFF),



forall(member((S,0),0FF),

[ ]
/*

update_summary([S,0,No,out]) )),!.

*/

test_nash(GF, [C,S], [P,Scc,H],Msg, Is,Result):-

nl,write(*

((test_nash(GF,[0,S],[_P.F,H]._M,Is,yes)

"),nl,

Now checking m_profiles. Wait...

30 (1)

-> No=yes; No=no),

member (GF, [gM,gD]),

% P=3 (integer-game) may be excluded for simplicity since it never brings about NE.

mtest_O(GF, Msg,lIs),

(GF = gM -> member(P,[1,2]);true),
(GF = gD -> (member(P,[1,2,3]),N = 2);true),

=.. [GF,P,Scc],

SCC
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Summary
Result

[s1,w,yes,in]
[s1,x,yes,in]
[sl,y,no,out]
[s1,z,no,out]
[s2,w,no,out]
[s2,x,yes,in]
[s2,y.yes,in]

[s2,z,no,out]
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Prolog MR Scc
Scc
Scc
% sccO: automatically generated SCC
generate_scc(sccO, [s1,X],[s2,Y]):-
subset_of_alt(X,_N1), X ¥= [], subset_of alt(Y,_N2), Y ¥= [],
clear_sccO, % note: this position is sensitive.
assert(scc(scc0,s1,X)), assert(scc(scc0,s2,Y)).
clear_scc0:- forall(scc(scc0,S,W),retract(scc(scc0,S,W))).
test_mrp(A,B,[J,K]):-
generate_scc(scc0,A,B),has_MR_property(sccO, [J,K])-
test_ess(A,B,Is):-
subset_of_agents(ls,_N),generate_scc(scc0,A,B),ess_monotone(sccO, Is).
® Scc
SCC
SCC

scc(sl) scc(s2) scc(s3) scc(sd) mm em  mr o ir bad nvp rwp unan po co dict neli mlib mrtirtem

[x] [yl [yl [yl 1 1 0 1 0 0 1 1 1 0 0 0 0 0
[x] [x] [yl [yl 1 1 1 1 0 0 1 1 1 0 1 0 0 1
[x] [xyl [yl [yl 1 1 0 1 0 0 1 1 1 0 0 0 1 0
[x] [yl [x] [yl 1 1 1 1 0 0 1 1 1 0 1 0 0 1
[x] [x] [x] [yl 1 1 0 1 0 0 1 1 1 0 0 0 0 0
[x] [xyl [x] [yl 1 1 0 1 0 0 1 1 1 0 0 0 1 0
[x] [y] [xyl [yl 1 1 0 1 0 0 1 1 1 0 0 0 1 0
[x] [x] xyl [yl 1 1 0 1 0 0 1 1 1 0 0 0 1 0
[x] [xy] [xyl [yl 1 1 0 1 0 1 1 1 1 0 0 0 1 0
® Scc
SCC

SCC
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9 ?- results_to_file([extract_em,F,[1,2,3],C], "jp_em.txt",0).

( )

extract_em([[s1,[z]].[s2.[z]11]. [1.2,3], [mm,em,no,no,bad(w),nvp,rvp,unan,po,no,dict,neli,mlib]).
extract_em([[s1,[y1].[s2.[y11]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,po,no,dict,neli,mlib]).
extract_em([[s1,[w]].[s2.[y]l1]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,y]11.[s2,[y11]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[y.z]].[s2.[y.z]11. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,po,no,no,neli,mlib]).
extract_em([[s1,[w,z]].[s2.[y.z]11. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,y.z]].[s2,[y.z]11]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[x]1].[s2.[x]1]1. [1.2,3], [mm,em,no,no,bad(w),nvp,rvp,unan,po,no,dict,neli,mlib]).
extract_em([[s1,[x,z]1].[s2,[x,z]11]. [1.2,3]., [mm,em,no,no,bad(w),nvp,rvp,unan,po,no,no,neli,mlib]).
extract_em([[s1, [x,y]l].[s2.[x,y11]l. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,po,no,no,neli,mlib]).
extract_em([[s1, [w,x]].[s2.[x,y11]1. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,x,y1]1.[s2,[x.y]1]l]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[x.y.z]].[s2,[x.y.z]11]., [1.,2,3], [mm,em,no,no,no,nvp,rvp,unan,po,no,no,neli,mlib]).
extract_em([[s1,[w,x,z]],[s2,[x,y.z]11]., [1.,2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,x,y,z]].[s2,[x.y,.z]11]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w]].[s2,.[w]]1]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,z]].[s2,[w,z]1]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w]1].[s2,[w,y]11]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1, [w,y]].[s2.[w,y11]1. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,z]].[s2,[w,y.z]]1]., [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,y,z]].[s2,[w,y.z]11]., [1.,2,3]., [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1, [w,x]].[s2,[w,x]11]1. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,x,z]1].[s2,[w,x,z]]1], [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1, [w,x]1].[s2,[w,x,y]11]. [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,x,y1]1.[s2,[w,x,y]1], [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,x,z]],[s2,[w,x,y,z]11]., [1.2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
extract_em([[s1,[w,x,y,z]1]1.[s2,[w,x,y,z]1], [1,2,3], [mm,em,no,no,no,nvp,rvp,unan,no,no,no,neli,mlib]).
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