The 25th Annual Conference of the Japanese Society for Artificial Intelligence, 2011

2G1-2

dobooobobooobugbogobogoooon

A rule extraction algorithm for combinatorial auctions with automated mechanisms design
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Automated mechanism design (AMD) provides a novel scheme to design social choice rules (e.g., combinato-
rial auction mechanisms) by using mathematical programming techniques. However, it only returns a discretized
set of outcomes, i.e., allocations and the associated payments given possible type profiles. Therefore, for large
combinatorial auction problems, there has been no scheme to effectively generalize a social choice rule for a con-
tinuous set of outcomes in the literature of mechanism design. In this paper, we formalize the problem as a rule
extraction problem. We then propose a new algorithm to automatically extract a payment rule of a combinatorial
auction mechanism from the discretized set of outcomes obtained from AMD. Our experiments reveal that the
proposed algorithm successfully extracts payment rules of two existing combinatorial auction mechanisms that is

either strategy-proof or false-name-proof.

1. OO0

goboooboooboooboobobooobobooouoboo
ooo0ooooooo0oooooo (ooooooo) o
pogboooooobobooobooboobobbbooboobo
goooboobooboooboobbooboobooogo
goooboobooboboobooboobooboob
00ooUoOoooUoOooo 0o o8, 00 060
O00O0O0O00oo0O0og [Cramton 05, Vries 03] O 0O O
pgbobouoobooboboobobuoboboboboooo
0000000000 10000 (0)ooooooooooo
000o00oU0Uoo0oooooooUOoo (Doooooo) o
gooboboooooboooboooooooobooobooo
goboobooboobooobooobobooobboobooon
0000000 (oo)oooooooooooooooooo
0 O Vickerey-Clarke-Groves (VCG) 00O OO [Varian 95]
goooboobobooobooobooboboooobobo
vCGUOOOODODOOOUooooooooooooooooo
ooooUoOoooo (bouo)ooooooo
goboooobobooobbbooboboobooboboobobog
0000000oooooooDooooooooooon vea
gooooooooboobooboooboboooboooboooo
gooobooobooooboobooooboooboooobooo
gobooobooobooooboooboobooobooboobooo
O000oO0oU0ooooOoUoOU [YokeoO4UOOOOOO
pogbobooboooboboboobobooboobobooo
00000000 Iwasaki 10] 0000
gooooooobooobooboobooobboboobooo
goboboooboooboobobooooooooboobooboob
goboooboboobobooboobooboobooboob
gboobobooboobooboobooboboobogb
000 (D0D0D0000000) [Sandholm 03] 00000
0000000000000 0OUOUD (DOooUooDUoOo

ooo0:00 000000oooO0O00OooooobO0O00os812-
0395 0000000000 744 00 0O (092)802-35760
mouri@agent.inf.kyushu-u.ac.jp

0000)000 (Doo0o0ooD)oUooOoooooo
O0000oo0o0oU0oU0oUDUOUOUODODO (O
goooooooooooooooooooboooooooo
ogUooUuO0o0)o0o0oooooUoUoUoUoUooon
ogooboooooooood
gobooooobooboooooooboboooboooooDo
ooooooooooooboooooooooooooooon
gooooooooocoooooooooooooboooooon
uooooooooboobooooooobooooooobooo
oooooooooooooboooobooobobooooooo
goooooboooooooooooooboobobooooooo
gobooooboooooobobooooowooooooooo
gooooooooooooooon 100, 00000000
50, J000000c0oobooboboOobocOoOoboobooboboOn
gobooobooboooooooo
gbobooobodooooooooboooooooooonod
goooooooooooobobooooooooboooo
ooboooooooooboooooboooobooooooo
ooooooooooooboooooboooooooooooo
goooboooboooboooooooobooboooooooo
gooooooooobooooooooboboooooooo
goooooooooboooooooooooboboooooo
goooooooooooooooooooboooooooo
goboooooboooooooooo
gboooooooooooooboboooobooooono
dooooooooooboooobooboooooooooooo
gooooooooooooooooooboboooooooo
goooooboboooobooooboobooooooboobooo
0000000000000 [DOo o6l0000D0OUDOO
oooooooooooooooooooboooooooo
goooooooooooooooooooboboooooooo
gooboooooooooobooooooooobooooooo
gooooooooooooboobooooobobooooooo
gooooooboooooooooooooboooooooooo
gobooooooooooooobooooobooboboooooo
uoooooooooooboooooooooooooooo



The 25th Annual Conference of the Japanese Society for Artificial Intelligence, 2011

goooboooooooobooooooboobooogoooo
gooboooooobooooobooooooooboooooboooon

2. 00O

nd00000000 mO0OD0O0OO0ODOOOOODODO
ooooooooooooooooug N={1,...,n}000
000 M={g,...,¢g»} 00000000000 0000
00 (00o00)BCMOUOODOUOOODOOO:O BCM
00000000000000000 A, e©0000 v(B,6;)
00000000000000000000 B'>BO0OO
0O0v(B,6;) >v(B,6;) 00000000000000O0
oooooooo 6= (64,...,0,)e©@™O000000000
gobod:00bbo0booboooobooobooboboogb
0000000000 (singleminded) 000000000
O000o0o0ooUoOooD M(X,p)Ooooooooo
XO0OOOOpO 20000000000 OOADODODODO
0o0ooooooooooo X:0"—-A00O00O0000O
goboboobooobobooobobobbooooobooob
00oooooooooo p:0" —-=R*"O00000000
gobobooobooooboooboobboobooboooo
gooboobdoo s00bo0obouooboooboooob
000 é,000000000¢+0 6, 00000000 470
0000000000 Xi(6;,0—;) 000 pi(Xi(6i,0-:),0-:))
0o0o0oooo 06, 000000000000000000
v(Xi(Hi,H_,-),Hi)—p(X,-(Hi,Q_i),Q_i)[I[I[I[I
goooobooboobooboooooobooooo
gooooooboobooboobobooboooboooo
goboobobooboobobooboboboboboboo
000000000 (strategy-proofness, SP) 000000
gooboobo0oobooobooobooobooboooobooo
gobooobbooobooboooboobobooboboooo
gobooobooooboobooobooobooobooboboobooo
goobooobooboboobooboobobuooboooo
(false-name-proofness, FNP) 00 0100000000002
pogbobouoobobobooobobuoboboboboobo
goboooobOoo 1booboobooboobooo
goooboobobooobooooobobobooobobo
goooobooboboooboobooobobooboooo
goobooobooboboobooboobobobobobobon
goobo0oo0oobOo0ob1100b00D000bO0Ob0DbOOD
OSPO FNPOOOOODOOOODOOOOODODOOO
gooobo0obobobooooooobobobooobobo
O00O0Uo0OO [Iwasaki 1000000000
goooboooboboobooboooboobooog
goboobooobobooboooboobooobobooboob
gooooboobboooboopbOooobooboooo
0000000000000 (automated mechanism design,
AMD) [Sandholm 03] 00000000 O0AMD 00000
0000ooooooooooooo eo0oOoooooooog
efj0000000D0OrOOOO0ODODOOOODOOODOO
oo eroooduuoooooooooooooog o
000000000000o0o00 AMDOOOOODOOOO
goooboobooboooboobooboobooooo
goooboooboboooboobooobooobobooobogoo
000oooooggoAMDDO SPO FNPOOOOOOO
pogbooboboobobooboboboobobooo
gooooooooo ooooood

000 30 200000000000000000
0000 ¢+ 000000000 6 € © 0000
0 {g:1},{g2} 00O {g1,¢.} 000D O0OD0O0O0DOODO
000000 (40,4) 00000 ({g1}, {92}, {g1,92})
0000000000000D0000000000 60
{(0,0,0), (0,0,3),(0,0,5), (0,0,7), (2,0,2), (4,0,4),
(6,0,6),(0,2,2),(0,4,4),(0,6,6)} 0000000 AMD O
000000 10000000 AMDO 10°0000000
00000000000000000000000 6000
000D0000D0000D000 1000000000000
00000D0000D000000,1,20000000000
0000000000000000000000000000
0000000000000000000000000000
000000000000000AMD 000 o' 00000
000000 {g:1,90} 0 30000000 10 {} 0 4000
0000 20 {g} 0 200000000000000 000
0000000000000010 {}00000000 2
0 {g:} 000000000000

3. gobooo

00000AMDOOOOOOOOOOOOOOOOOOO
000D0D0000AMDOOOOOOOOOOOOOOOOD
0000000000000000000000000000
0000000000000000000000000000
0000000000000 000000000000000
0000000000000000000000000 AMD
0000000000000000000000000000
00000000000 10000000000000000
0000000000000000000000000000
000000000000000000000000000
000000000000 (critical vallue) 00000000
000000000000000000000000000
0000006, 00000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000 00000 B;0000
000000000000 AMDOOOOOOOOOO
00000000000000000000000000
00000000i0000000000000 ssypy 00
00000000000 000000000 B;00000
00000000000 ssap, J000000s00000
00000000000 +000000000000000
0s[s,) 0000000000000 OOOOOOOOOOO
000 2000000000000000000000000
OOsswgiy —ssmys; O VCGOOODOODODOOOODOOOO
000000000000000000000000 4000
00 B;0000000000000000000000000
00000000000000000000000000000
0000 O ={0,...,0*} 0000000 o (k€ {1,...,u})
0000000000000000 00000 «000D
0000000000000 B, 0000000000
00000 of 0000000000000 @ 0000
000 0000000000000 o* 00000000
000" 0000000000000 A00000i00000
0000000000 ¢, 0000000000000 o*0
oooooO0 le{l,...,L}0000000000000O0
000000 o*00000000000000 (00000



The 25th Annual Conference of the Japanese Society for Artificial Intelligence, 2011

Ul.o00dooocgoooooooooocgoon

AMD O OO ooooooooono oooo

0 1 2 0 1 2
o' {g1,92} : 3 {q}:4 {g2}:2 0 {g1} {92}
0’ {g1,92} : 5 {g1}:2 {g2}:4 | {g1,92} 0 0
0o’ {992} :5 {1} :4 {g2}:2 ] {g1,92} 0 0
o' {g1,92} : 5 {g1}: 4 {g2}: 4 0 {1} {92}
0’ {9192} :5 {g1}:6 {g2}:2 0 {1} 0
0° {91,092} : 7 {g1}:4 {g2}:2 | {g1,92} 0 0

Oo°000:00000000 6_;06,0000
000000000000 (00000000 1(00000
0000000 ¢0000D000000 CVICROOOOD
00000000000 @ eRODO0O @ eROOODOO
CV'=[e,®@'| 0000000 ' 00000 100000
00000000000:0000000000000 6%, 0
000000040 B, 0000000000 00D0O000

@l = min{@i S 61|X1(9,7971) = Bz}

00 ' 00000 10000000000040 B; 000
goooooooooocoon

@l = max{@i S 61|XZ(62,971) = (Z)}

00000SPO00:0 B, 000000000000 O0DN
0 [, 00000000

000000000 Ccvioooooooooooooon
0000000000 F={fi,f,...; 000000000
00000000000000 1e{1,...,L}y0000

£i(Bi,0L;) < @' (1)

0000000000000000 le€{l,...,L} 0000
(2)

00000000 f00000000000000 (1)00
(200000000 f 000 (2) 00000000000
0s;C{l,..,0L}00000000000000

fi(Bi,0,) > e

S;={le{1,...,L}|fj(B:,0";) e CV'}

0 (1) (200000000 f;00000000000 S
00000000000 {L,...,L} 000000000000
000000000000000000000 (Algorithm 1)
0000000000000000000000 ¢OoO0000
i0 B;00000000D0000 e(B;,6_;) 0000000

cv(Bi, 0-;) = max fu(Bi, 0-:)

O000000000o00oooooO AMDOOODOOOODO
0000000o0ooooDAMDOOOOOOOOOO (SP) O
gooooooooooooooooooobooooooooo
oovecGUOOOUOOoOoOOoOoOooooooooooovea
goooooooooooooOoOooooOoospOOOOO
gooooooooooooooooooooboooooooon
gobooooboooooooooooooooo

Algorithm 1 0000000000000
1:C+0,G+0
: while C # L do

2
3 choose f; s.t. S; € argming;ex %
J
4: C(*CUSj,g%gUfj
5. end while

6

. return G

O00DAMDOODOOODDOODDOODDO (FNP)OODDODOO
gboboobobobobooooboooooooooboooooo
gobooooooooooooooooooboboooooooo
O000oo0o00ooo0ooooooooooD /000
ooooo0oooo0ooooUo (1)oooooooooo
0000 10000000000 (200ooooooooo
00000000O00o0o0o (1))ooooooooooo
goboooooooocoobooooooooooboooooo
0 (2)0ooUoooouoooooooog

4. 0000

AMDO FNPOOOODDOOODOOODOOO0ODOOODOO
0000000000000000000000000000
0000 Algorithm 200000000000000000
0000 L={1,...,0}00000000000000000
000000 LO000000000000 CcyOoo0ono
0000000000000000000000000

000 Algorithm 10 0000000000000000
00000000000 LO00O0O00000000000
O0000LO20000000000000000000
2000000 f,g € FOOOOf >g¢gO000O00000O
00 XO000Of<¢OOODOOODDOYOODOOOOO
XUY=LXNY=00000

00000 X O Algorithm 10000000000000
X0O0000oo000000000X00000000 cvx
000000000000000000000000000
f,00000000000YOOO0O00O00 Algorithm 2
000000000CYY 000000000 Algorithm 2 0
0000000 CY={cox}uCyVy 000000

01.302000000000000000 AMDOOO
OO0 (O 1) D0D0O00Algerithm 20000000000
010 {¢:}00000000000000000O0O0ODOO
Oo0ooogooooooo AMDO FNPOOOOOOOOO
Algorithm 10 0000000000000 OOOOODOOO
0000 os21 >0 x200000000000 XO0OO



The 25th Annual Conference of the Japanese Society for Artificial Intelligence, 2011

Algorithm 2 0000
S CV 0,6+ 0
: G + Algorithm 1 (L)
. if G # 0 then
CV«+CVuU {maxlf,eg fl}
else
G —0,cox « 0,CVY «— 0
choose f,g € F
X« {LIf > g}
Y+ L\X
G’ + Algorithm 1 (X)
if G’ =0 then
go to 6
else
cvx <+ {maxy, g’ fi}
CV «+ CVU{cvx}
CVY « Algorithm 2 (Y)
17: CY «Ccvucvy
18: end if
19: end if
20: return CV

© ® X >R w N

e e e e
BN S

16:

gooooooooobOOoyYyoOOooooooooooooo
00000 1000000000000 00 o0 {g1,923 0
50000000020 {¢.}0 2000000000000
0hLhelLOODODKO XODODODODOODOOoooooooo
000 {g,9:} 0 500000000 20 {g.} 0 3000
goooooooo LelO000O0 LOYDODOODOO
000XO0O00000000000 000000 (1) (2)
0000000000000 00Algorithm 1 000000
00000000000000Algorithm 100000000
osp1 0000000000000 XOOOOOoOoooooo
00000 0s2,; 000000000 DOOODOOUO (ODDOO
l1 DDDDD082,1:5DDDDDDDDCVZ1:[476]DDD
0)0oooyUoooooooooooo  FoOooooo (1)
OO0 (2)000000000000000Algorithm 1000
0000000000000 0000 Algorithm 10 0s2,1/2
O ssy\} — ssanp, 0000000000000 Y OO0
0000000000000 0ss,1/20 ssyy i) — $8ans, O
2000000000000 0ODU0OO0OD (OO kODOO
OOos21/2=2500000000CV2=[2,40000)0
oo00ooooooooo 1o {gl}DDDDDDDDDDDD
DD082,1>08171X2DDD 08271DDDDDD052,1§08171X2
000 max{os2,1/2,ssn\{s3 —Ssanp, 000000000
0000 2000000000000 00DO00D0O000bDO0D
00o00000o0oDoD00o0ooo0oOooooOdAlgorithm 1
Ooo0oooobooooooooooobobobooooooooa
000000bOO00ooO0bO0obOOobDOoooOoboboooooo
00000000000000000000000 (adaptive
reserve price, ARP) 00000 [Iwasaki 1000000000

5. 00O

bobooooooboobooooboobooobooooboobo
gboboooooooboboooboooooooobooogn
gooooooooooooooooobooobooboooon
goooooooooooooooooooooooooon
gooooooooooooocooooooooooooon

st

SSN\{i} — SSM\B
U1 o0o000ooo

ood.d0oooooboo0ooooooooboboooooo
goooooooooooosg 20ouooooogoooo
goooobooooooogoobobooooboooooboobooo
0o0oooooooo vecooooooooooooooo
00000000000 000O0oOo0ooo0OD ARPOOO
goboooooooobooooboboooooobooboooooo
goooooooooboobooooooooooobooooooo
gobooooooooboooooboooooooboobbooooo
gooooooboooobooo

gooo

[Cramton 05] Cramton, P., Shoham, Y., and Steinberg, R.
eds.: Combinatorial Auctions, MIT Press (2005)

[Iwasaki 10] Iwasaki, A., Conitzer, V., Omori, Y., Saku-
rai, Y., Todo, T., Guo, M., and Yokoo, M.: Worst-case
efficiency ratio in false-name-proof combinatorial auction
mechanisms, in AAMAS, pp. 633-640 (2010)

[00 06 00 0,00 00,00 00,00 0000000
0000000,0000 (2006)

[00 08) 00 00,00 00,00 00000000000
0-00000000000000000,0000000
(2008)

[Sandholm 03] Sandholm, T.: Automated Mechanism De-
sign: A New Application Area for Search Algorithms, in
CP, pp. 19-36 (2003)

[Varian 95] Varian, H. R.: Economic Mechanism Design
for computerized agents, in Proceedings of the 1st Useniz
Workshop on Electronic Commerce, New York (1995)

[Vries 03] Vries, de S. and Vohra, R. V.: Combinatorial
auctions: A survey, INFORMS Journal on Computing,
Vol. 15, No. 3, pp. 284-309 (2003)

[Yokoo 04] Yokoo, M., Sakurai, Y., and Matsubara, S.: The
Effect of False-name Bids in Combinatorial Auctions:
New Fraud in Internet Auctions, Games and Economic
Behavior, Vol. 46, No. 1, pp. 174-188 (2004)

[D0 06) 00O DODODOOOODOO0OODOD 0OOO0ODOOO
00000000 -00000o0ooo (2006)



