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ABSTRACT

Nash equilibrium, named after John Forbes Nash, has become the most widely
used solution concept in game theory, and is a profile of strategies in which none of the
players has the incentive to unilaterally change her own. Recent advance of
algorithmic game theory encourages computer scientists to estimate for example the
computability or the approximation from an algorithm-theoretical point of view.

This dissertation studies two famous cases in algorithmic game theory.

The first one is the optimal pricing strategy with incomplete information. We
define the rationality of agents to be the strategy satisfying Bayesian Nash Equilibrium,
and establish the connection to the iteration of a monotone function. Based on this
connection we design a polynomial algorithm to help calculate the exact equilibrium
and the optimal pricing, with analytical approaches and techniques in matrix analysis.

The second one is a mechanism design problem in which we need to set up a
truthful mechanism to ensure that players sit in a Nash Equilibrium when they report
their true internal value. Our work is different with the majority of studies since we
disallow the transfer of money. In the two-facility game in a metric space, we manage
to prove theoretical lower and upper bounds for the approximation ratio in both the
deterministic and randomized cases. Our bounds are tight up to a constant and

significantly improve the best known results.

Keywords: Nash Equilibrium; Pricing; Truthful Mechanism; Facility Game
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F1E 3|X

R (sEd. EMD) h, S50 NEHEZ AR, AT R TR e
MARVFRTEEN, mRAE R XTI S 5 5 AN Ge i@ M =5 47 30 w8 n
W RE SRS, BRIl (B34, AEE1EED.

— AT RIE T 1950 AE ) 2B ], XA “INAE A (Prisoner’s
Dilemma)”: &7 ik SEIL A F1 B, K ZF ML W, JRR T 7 TR

o HHHERRIGIE, FI AR
o H_HHESERATE, WIIRIRANFRN A
o FHHA—IOANTE, NWRAFEESLEISREE, SAIEH DI 10 4F,
RGBT -
1.1 AR e ) SR AR A

A FRRTETR A FEHRETE
B FHRICR [F] I B o £ ASLRIVEEI: B 3RH 10 4F
BAEWEI R BILRVEEG AN 10 4 [7] i R A

TERZ5EEE LA, B CNER B PRSI A: i B AR
AR, A RNZEERRA SRR QAR EES e B AR, A xS
FRATIRRD AT RS DRI T A SR GRS T B, M ci dn T #R R ik
FIERFE AR, DR )E P EREEIE 2 RN 2R P4

XTI A RN FERRA IR SRS, AR . 25
B (Rationality) s, BATEAE NV ARGH S B R A HBLN, B D 4 e
PR, R AN REESC IR N R TE SR, A LY.

ARG AR, BB AP 1]

AR A E S . R Ea N EERET, a2 E5EET
OIS A EE S, SRR AT MR ML 2 5, MESGEN DN T
o B E IR RIS, A3 A S o SR AP 2 5 5 BRAR ) o T AR S IR SN
AR B QRO SRR, X ] AR 1 e 4 i O FE
TENT -

Vo, XEEEAEESEEMILE(Collusion), [H I A BK R 2 1 SR 4R % R ) RN
BT, 2 WA SCH SCRR IR B 8 20



BAH=E W, HTEANZ5ELEEMMBEER R, AR T “AN
524215 B %% (Games with Incomplete Information)”, I 55 ZEAJF 58 UL -4 4
Bfis . FRAP BT —Fh 2 iUk, @ M T AR R R N T, SRR
Pitr, JF Bas ST — AN AL E i SR

KX — BN EIE— 25, AT LSRR A8 5L [40].

B AN RN T o BT AR, 4R s R SRS A A e A .
IR 22 5 Be % 8 PR 1) 2 5 38 el 1847, B O RN, Rk B4 =y B A,
B LA R B I W ?

FOETR IR T “AHLH]% T (Mechanism Design)” 58, & BERIF— N ER
MO, AEASRTHAE RS CE SN . Bt S mAIEE) RafRe k. RimE—4
M TEE fG, S 58 WA AR, AT B 4 3% BUR SRBE 2 — N g A 354 .
L BT P B BB — TN A A, W TS ML (Truthful Mechanism), 4554~
25X ERERE CHENEEAMN, JHEHX—AT AL 914 .

WL 1T HH B 3 44 49 T2 Vickrey #1352 (B FREE @ ML) . fEXAMA 3L
BUI R, AR, e s e E RS %, (R TR EAT 2R
TREMTERN I A 2. ATRLIER, ERXAPUEI, EIRE iR A RO
EN R B, fE Rl b, Vickrey. Clarke F1 Groves =/ AB$2H T
VCG #3 BIUOTUSLar ) gh ¥ 22 AN 5 i B R S5 40 R VCG LI 75 il 4
BB RIEIS 2354, BVEEANZ 55 BT — & etk Bamnia &4k
285, REMREBHHAERPLEIE? AT AN @R 'A%k s
SHHLE &,

KT XM sL, ol LS REH T RERIL S [26].



F2E M THIE M [a)

2.1 BAE=

B WX 2 AR R, N5 N 22 18] BE B R AR 4 4, KR () BRIV 38 SRR (L
MSN, QQ) FI#LxZ Mk (4l MSN Space, BN FIHEL, F2&iEAN5AZ[E
MIHER, HAEMELEE. M Google Feprfgeil & i I8, A Fikmts
W3k Facebook 5 & T &4 H BT Mt U5 In R 2 1 . AMTE & ERE], vy
P LA EAE W2, O RARREEBEF], B AR L. X —FRATH &
FEATAZ 48T 7 i S

FILATROLE], B ANAEIG SR T AR IR = 2 28 BRI NI, [Fl), Xt
TARZ ARG = i, JCHOR T8, 9 E ST &8 IX — 3k i
Ja, ARTE AT AR R R BRI B 20 w4 S 1) SR ES Zune, AT RALER A
P 5 TG & R R, RO s i i .

FATTIX B 2% i A — 7 i 1 A (singlle-item) AR A 0 BR B IS (multi-unit)
I HAFNEAE L FANF B — B (unit-demand) . X — 4 A, 518 2 92FRi
) AT B R, BRI A WSS Windows 7, B R IETICEE Zune, #RT]
DL 2 b e

[FET, FATDCOAREAE G, BITEX BB 8 P e, L2504 i —
EMr. REHTEAMHELE, B, EOEEN FRECNE S AR5 2,
S, SRR AN T BE I B (0 S i A R B, Bl A RAG FE 1 )
A =, BVEREBAEN, K EUE DL R RERHE/ NS 7 B 45 5 L R
R, 0T R BT P e R — A . FRATI R H b, (53R
(EINEIN NG

HT AL I, B SEFAEW T 7w fh 5, KX i 2GR B8 e
W S P AR g . RLRT A TAE [21] [1] [23] [29], FATA AR F-3E 67, Bl
AN NP IER R, AN SE AT REME . SIANX—RRZ G, He
AEZHERET RO, mEEAZESE), RSz RS E
B, A AT LGRS mAR A



FESRI AR S, [21] [A]WF5T 7 ALATEE N BsE e AT TEE SR
SENT, CLRPIPIE 2 1, #RIR A TFROER A, IR HAAN, TR E Hr
i T RN e S . R T, R E IR R AR A . AR
Yi:

o Hartline 25 A\ PURIISALR, A4 SEGH P HAR U ], ot A~ S 5% 801 2 A [7 i
kg CEARRPENAS ), TR KX SARYESC AT A KGO, REH - R
Ko [21)45 HHE U M2, AT — B0 KX v, XHE — KK 0,
I HAEW] 7 S RICEN I ZAE LR A . (B2, X TIEZ 7 L5 R
REGTIM,  DRIEARAG 1 H P B SKRE 7T o

e Akhlaghpour % A IR, ot BT i A SR EE RIRE (R ARG, (EL 2 B 25 e ]
RIFERS 2 IR B A, BOR SR AL SR — IR I DRI RS2 A AL IR I S o 3% — AR
—RBRE, B an [1145 R 73 B AR 80T 25 B8 1 Sk 500 RR % 175 &
ERERRE, ER—DMET,  [HEH 7 RKAIEAE KA, BHT
JAI N HIFEE, AW IR K5, BRI IE RIS Mg

2.1.1 FE=E

FERAT ST, AV — A EN LR, BRI AREARK AL .
BAVEE T [P R A S, ERBCE P L R — Bl e #5572 5
K, FFHAEM I TR N HAR R X A D E SRk . XEYE [11HKHAF
T, BAIAFZ G RHAL LK 1 JOE 8 DB, £ e ERIE T
SRS PR

AT KSR ity (100 B2 B IR AP 2537041, XA A JTHE S, (B
& B AL LHEN RIAEE, RELFFHRXMIER TG R,
(7 I AT VB S M LA 7 2 I ) S AHL -

FERX AR, FATTH SRR NE A KK MRS AR SAH, A W RS KK
R AR SZ(EATZ) CAMSIRTRENE S, MR AMR T LA SO, ATEM 1
X T AL DU S gh 251k

AT L ZETTRRAT -

o FRATE LT KK BERNEAT Y. ARATTI) SRS RO DL S A2 . X B BUE

TR SESHR L S P (strategic) (¥, Al T2 70 A Hofh SRS S, it H 2

® Games of Incomplete Information, & I, [28]% 8 =,
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“HIEHIL” Wk Fe. X SRTANRTAE 21080 [AAAB RO, B9
IWASEGGRFALET, R YE 1 ui Ca e I S8 i N 8 5 I R g
(dominant strategy)

o HECERTA K OEIERS, AT T RERIRME N . BIOYRATHE L& 73K
FHIRMEE, AR BB, K= m T [2115 [ E & i.

o FRAIZH T B —AFE AR SR A, ARS8 AN X RS PR R A R A T
X HAMEE, AT 7R rEs, IF BRI E N R RN B (B
ZNIERIHET, BIRIEE F AR E W .

o JRATICTE T 2 IS [A] BV, RSB SR AR RIS A S K A E T . TERE
X BRI RN . FEE NS, AT 3 DI B b i o kA
BAE, AT AR ) 2 7 AT Wb AL T X — Bk AR

2.1.2 tfHxTI1E

ST AR 4A5 Bk, F7E 1967 4F Harsanyi B it T —&X T2 5F 1013
=(belief)” FHMER, HPaFEGNSEENLMSS5HMRENES, 84
ZHENCHAMSB 5 H KX TWRHEES TGS, S5 LM IR T AR,
Z53H NG BHRIES 55 K28 (type). — MEOHTK 2003 4 (1) TAE,
Battigalli 1 Siniscalchi P 7 — i i AT 0 W AN 52 415 Bk i T A,
H HAEW 7% A TR 5 DU Mg A58 i S5 e, S8 Mo BiX — A5 3RA11)
5. FEEFRI TAET, Chen 5 Micali W7t TP S 5 H AR w4
BRI FHIAT N, HHEL T ESHHESERER.

KT, BB E M, B DOE A MRS R
ML (truthful mechanism), RS SEZ AR E VR B O ESLOE N, Hifis
B A8 OCT X7 TR I PE TAERT S, [39] [31]). T BN it 1) G P
B, AN TAER NS 204 (competitive analysis) HIfEEIR, ¥E/DEH
AN il B R I 5 A 24 VRS 70, WF AT A O S MU, S ORI A A B 7 R v 2
) H K py O IeI e

X FAEAE M2 Hh i LAl 2, 1R 2 SCoRIGE IR S 7E T, B —MA 4]
GRS (AR NEE), B i S 9 R AT, sk Rl R . X
— ) B AR NP-Hard (1) 0¥, (EHh g — 83 200 T4, 4t T AliE
A1 2 TS . SRRATTIVIE T —FE, A T 75 256 1m) R Hh PR 2611 Can
submodularity 23, 2t B4y,



2.2 [G)RHEIR

FREXFE— DA TG B EN B A 7 HRIEH & Windows 7, AnA
WIEER, HHiIANEFX Windows 7 WALy, € [a;, bi], HEFv IR T35 7045
Ua;, b)) XBa; 50 AERFERE, bj=a; 20; vi@REEE, REHIANLEH
AT LVE S, BRI AN, REnA SEEM B — M M4, A 55 i SE 5000 38 A 3K
FATAE— RN S 5Ty = 0,

WL T7 9 Windows 7 5E p , i 45 n A>3k 5K TR 8 R R AT & (d g, ... d)) € {0,137,
Hrpd; = 1RRFINEFKREML, 0 RARAL, A LR E N

w=d;- (v —p+ X Tid;)
W GRBEAIL, RN 0, 7 WU EE N OB Dk 220 A% o =B, WX iA R
i) ) ) SR 5 I R 3K, WS K A N T

A, HTOHEN v IALTE, TATRBERAF A KKy L2
q; = Pr[d; = 1]. BERF S KR KB ERA v, — p + X2 Tjiq; -

EX 2-1: 4EN i, UMEREq = (91,92 - qn) € [0,1]™H 2

qi = Prvi~U(ai.bi) [vi —pt Zjii Tﬁqj = O] (2-1)

I, PR — AR Tpros, =ifiprisE.

=R TR AT L, FHe EXT R 1 Al simg UL Brgh A3 i (Pure
Strategy Bayesian Nash Equilibrium). FA7[RI1Z D1rH-Hrgh -394 ) e L (0L [28]
% 8.E %), Hd;:[a;b;] - {0,1}FE KKK, WERET (), d_;())EAR,
HL KR FERIE; (1), H A SRR NG d_; (), S TR & -

@,(d;(),d_;()) = Ey[d;(v) - (v; — p + X Tiod; 0)))]
EX 2-2: FIEEA() = (d,(), .., dp O)BHARAE DRI E, =
vi,di(),  @(d;(),d;() = @(di(),d_;())

N AR, K IRATEE X 2-1 g CMEZR S, 5 DU gh A S5 0 &
fE 7 —E.

W21 e, BAEER CUE O OENAIY; > p — Xk Tiig, P
WE S, A AN S fR S DU S a2 ez, A BOE KSR I8 DL gl
R, A NI SENER (Hv;~U (a;, b)) 2 2 X 2-1,

WERA: Wd() = (di(), ..., dn ()20 2 VU s 45, H.
q; = Pry,[d;(v;) = 1SRG SEMER, IR TH 5SS B WA it



,(d;(-),d_;()) = Evi [di(vi) ) (vi —-p+t ]Ev_i[Zj:ti Tjidj(vj)])]
=E, [di(v) - (vi —p + Xj2: Tiiq;)]
AL, A A ()R U RN 31, d; () RATERTE Y, — p + X jw Tjiq N IE R
JECLY, g = Prld;(v;)) = 1] = Pr{v; —p + ¥, Tjiq; > 0], W28 X 2-1.
Rk, *TF B ECROENAIY; > p — X Tug BRI, A5 WA K7
f5Eng, Bd;(v) =1[v; —p + Xz Tjiq; > 0], HADRRMERET, RAWL T
W (2-2) e KA B I, A2 DU gh A 3516 m

(2-2)

S ARSI R B R, oA T i)

1. Yl — 47

2. HIARME—, ST APAE A BRI G 3 i 2

3. Y49 AT DAYE & TR [ P KR4 2

by WSEFTIFRE, R SR IIEME GRAE DU H8), ok s
fhrpfei ks ?

B FRIRATH VR ATR, e bk

2.3 HEIERTR

ROL [B1H AR, FATX AR AE DU gh A 2 s IR i, %
JEXFEI) — MRS RE, WEAEHREANT, BIIE g NI . 25—
5, RIMESS5IA NI, WA 2 NfiTb; > piiif—EMEEEL,; 2
“EE, ARl T AR AT AR 0 MW SEER, 32D RTT E SR SRR
Ry =G, SO SEE DN IRl R R e

FEIX 4, BATRAIEWNX — i Redesh, JF HE OBk B Bt Ry “A60
¥ilg” q. FAeldth, FATATCLE SC RIS q, REYIMECERTE NI SE, $%
NOREEEIEAT AR > N BRI S Ao« T P A P R 2 3 A2 i SOE L 2-1 1Y
L TP VA UL Ty

U R YL, X BN Z A LT AR AR E 1, {H X IR 5w AT 4 A
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2.3.1 B)ERNERKENX
N, BRATHECAWE S e X — AR, IR —se ik Fi. N T ik
e, BERBMNESANX(R-1), Hv,~U(a;, b)RN:

( 0, bi_p+z Tia; =0
Jj#i
0 = < 1, a—p+ qutiTjiqj =1 (2-3)
bi —p +Xj»iTjiqj otherwise
L b — a; ,

BB BATH med P A2 £ R 5, 5 W MR

b —p+ Xz Tjiq;
qi = med {0,1, bl- — é]_i J ]} (2_4)
H EURA, FAELR 3 X
EX 2-3: HEMpLERS, &R RS, [0,1]" - [0,1]":
b —p+ X« T4,
[ﬁ,(q)]i = med {0,1, pb- — ;' / q]} (2-5)

Rl f,(q) = ¢ HACUq X Tpltshifis. dElf, Rdms, FAmedik
BN 2-4: 4Eqt € [0,1]", g € [0,1]", M KT B RN AL
' =q* =vV1i<i<ng =gq}
FAUHIRATTAT LUE X gt < g2
KT fo(@)BmEERMER, ZERRIENE. Tk Tqi Rt SEpll
q' = q%, Fif,(qY) = f,(q?). BRFEANHKLET, =0, WLMER
[/»(@V)], = med {0,1, bim P+ 2w Tﬁq}} > med {0,1, bi =P+ Xy Tﬁqu}

b; —a; b; —a;
= [, (@],

HUGEXRTpifitt: $Ep, <p,ARq, WH2f, (@) = f,, (@, FFES L
BB IR BATH T LI BRI £, (q) RTE A B 8 1 -

Wl 2-2: 48D <p2.q' 2 q% fiRS, (@) = f,(4%)-

Z, FATET LA i ARG SR B <AEIDIRAE” A CRIDIRAS”

BN 2-5: 4iEp, IINESL™ (@ = £, £,(q) ), FeA RS, lE R
mi%; 0=1(0,..0),1=(1,..,1). EX:




EWH: q(p) = lim £;™(0)
S ) = lim £ (1)

P75 B X LA 5 SRS AT BRI . B SRR, AT (0) % T m i
W, HA FRG £ ()% Fmea ik, B F 50, SIRAEER, BATH %R
AP . FEHE X 2-3 FHEEIL LS, H1f, (q()) = q() UKL, () =
q), MEtEq@)5q)FISARTHrtEp .

2.3.2 ER MR
TR PG T 1 — S, A AT TR 5 S B e AR e ) 2
FEEH
AR 2-3: Hyis 2 LR R
a) “4Ep, q(p) <q@);
b) “iEp, E&a¥fiq, Hq@) < q<q(@);
0) iEp, LA HITq(p)WHEIRG < qp), Ha®) = £ (@), Bk
AR — 52 T O FI R UI%E AR F5fblith, (T4iq = q(p). &
a = £(@);
d) ZEkEp, < p2» ﬁg(m) = q(p2), q(p1) = q(p2)
iERR
a) A0 <1, FEHIfHIBIAMEALO) < £, = £70) < £);
b) BT X q = f,(q) = £, (q), BRIEO < q < 1ULJ £, HI i
£0) < f,(@) < f,(1) = = £700) < £ (q) < £, (1);
¢) HIXIFRYE, AR F AN —L . S, (q()) = q(p), TS, H
B
0<q<q®) = £,0) < f,(q) < f,(gp)) > -
= £700) < £7(@) < £ (@)
= q(p) < £,7(q) < q()
ST T —REE (0) = q(0) = £,(a®) = - = £, (q(p));
£ (q) = limp o0 £ (@)X — IR IFEAENE, EILLT™(0) <
(@) < £™ (qp))ix— @ it B ARIE



d) X—REANHEELMA RS RN (v 2-2).
(41 = D2 ANO=Z0= fpl(o) 2 fpz(o)

pL < P2 A f, (0) = £, (0) = £2(0) = £2(0)

= £2(0) = £57(0) = q(p) = q(p,)
KA FATEEG(p,) = q(p,)m

2.4 %ILEE
2.4.1 —ANERE 2 B F

TRV v ST W R, AL N, B
A 2 T 1) PSR g, g2 BLAEHEAT IR ARSI AR X — 2R 1, B
T T

[ay, b1] = [0,2], IEai:bli’] =[01](2<i<n)

Tii41=05(1<i<n—-2), Thyn=Typ1=1  HET;=0
EXAMBIT T, £7200) = (1/2,1/22,..,1/2772,0,0), HEATLARHL
£TEE000) = (1/2,1/22, ...,1/2772, k /21 k /2D, 0<k<2m2
FTERAD0) = (1/2,1/2%,..,1/2772, (k + 1)/27 4, k/2"71),0 < k < 22

£000) = (1/2,1/22,...,1/2"2,1,1)
Al WA TR EFRE Q™) AR eGSR SR, W2 iR e . B3 TR

& B, AT EHE (line sweep method) . X — J7 VA AT PAZE £ K,
B PY, SRAFAEWEISMT . SR, [FIE B nT DO B i #p .

2.4.2 A% (Line Sweep Method)
AR, BNV ERAFEII B R q 5L, OSSR R %2 2R 40

Ho 58 X EEH pREY
EX 2-6: 5E R Eq € [0,1]", & XS EES:[0,1]" - {0,137, L.

0, q; = 0
[S(@l;=9* 4. €(0,1) (2-6)
1, q; = 1

X BIRATFRL0,* 13 I 3R NEER (structure) , - Hidqg~S(q)
FRERE TN HESL: ks p 2RI, BIRq(p) = 0. BHilF(Kp, AKX
— N Zlp = py, EBq)ITIEHBAERE, 74 T HHZEK (structure
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change) . TM7EX[Ap € (pp, p )W, WL q() KSR BB, Tk “4h
TR RAEAED = pyeeee PAE R, AFTEIR TGP, > pp > -+ > Py H15:
q((p,©))~s* =0
q((p2,p1))~s' € {0+, 1}"

AP Do) ~5™1 € 05,17
q((—0,pp))~s™ =1

X RAE AT TR B LG AL B R R, R4 a8 2-3-d),
WLt q(p) W R BRI TE, Wt L IR0 < st < - < s™TT <1, HH
B EEIm < 2n (A1 < i < nik 2 KEWIREHZH0 >x x> 1), ML
FNRE BRI CE W (py, p) W), BATERF Flq(p) &% T pri it 4L,
ISR st - X q(p) 2R T IR E, B SR

28 ERTIR, A5 0T DLORASIE SN, LS S ) PAp R 284 BR B30 A6 0 24 1l
q(p), (ETLIE S MR RS . X — B0 HVEGE BTl KR e CGEE
DA JER, SR SERIGE I E N TEARTRE N RIS, BATENH
W T — AR E &M, (BEREEEBIX R,

2.5 X ARSI RFIREE

€ X Lij =T/ (b — a;)s HMEL; =Ty = 0o FEX—5H, AT 0] R
In—ASxd 5Ema K7 B BR 1 T — L™k AT EX A, BIY; L = X, T/ (b — a;) < 1o
EIX—IRFIT, BAGE BB, HRgEE—, Hq@) =q@). 1
— RN TG L BRI — A 5 SO

BTATRFRAREAE L s 21, 453 FIZuW U 0 = [n], AR Z NE
£ (zero set). T {EHE(working set) #1175 4E (one set). H:

s; =0(Vi € Z), s; =% (Vi e W), s; =1(Vi € 0)
BATH xy FBon M Ex B IR PR EEW ERIBRE], FFHIE (x,, 2, x0) = X0 ALy &
ANFERELAEW X W ERIBR,  fyw Ron BREFEW LRI PRA

Vi 454 2 8] 1 bl R 1 B L, BB E X
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2.5.1 BE4T5 5iERR

HIERI MR I Sp, = maxgcjen by 2D > p I, 24515 = 0;
Bl kep < ol RQIFRHIIAEE. Hql = q(p) = 0.

A ERA CE MBI F mp,, CRADWII " = qp ) MEH I Rst
I EL RATELE S qE = limy Ly, q(p)> BT HARRSRAR T — i 525
Pesr <Pe» P EHIsE BLEVD € [perr, )W HIq(D)-

R IR = 1HERE B 3 2 1.

EX 2-7: BUEFTA KR A&, FRATE L5 £, B8N R ) R £
9p: [0,1]™ = R™, T2

o) -2t

H L, 5 g, 15 R

+ [Lq];

(0, lf[gp] <0
[£,), = med{0,1,[g,] } il if [g5), > 1
- (4

[ gp ,0therwise

N bi— bi— b
%&x:(1pt’ 1Pt _ npt)
bi—aq b1—a bTL an

p = pr — AT HRIFERERIE: gp,-(@) =x+ey+ qu
Bikp € (pg, pe— )N NS H R B2 FIZ U W U 0 = [n]. RIESEHIK
FEX 2-6, gpfIE X 2-7, ARIGEHIAES Q" = limy,., q(p), M-
Vi€ Z, [gpt(qt)] [x+Lq']; <0
View, [gpt(qt)]i =[x + Lq']; € (0,1] 2-7)
Vi €0, [gpt(qt)]i =[x+Lq"]; =1

L) AT

bp—an

Pauk, AT LR il T #
Step 1: X/ Fi€Z, fii#lx+ Lqt); =0, ZBNTHAMZELBAW ZEL: X TFieW,
fidx + Lq']; = 1, ZNTHH MW ELFEAOZES
PAVRRSFER, 21T Step 1 FIbH )5, HrrinE S5stAH%E, BlIXEL “ghH)
A7 61 ep Mpe + €32 0D, — e, AW Bq(p) 2 T HIRLL R AR AL . BEAD,
£ Step 1 2 Ja, 73 #1201 -
Vi€ Z, [gpt(qt)] [x +Lq']; <0
VieWw, [gpt(qt)] =[x+ Lq"]; € [0,1) (2-8)
weo[%gfﬂ [x+Lqt]; =1

12



FEETRIWD T, BATTHE X FeM&ttmEr(e), AN &
MISTEGIE 22 HFE N, ST <€ < enpmr KT EMD = pr — el A
T4 /202, 1y (6), 1)

Step2: & X/i&Er(e) e R", £

ryw(€) = el — Lyxw) 'yw + @iy

= (I — L) ™ yw + [x+ Lq'ly (&9)
S AE I FEHE L7 A0
rz(€) =xz + €y; + Lzxwrw(€) + Lzxo1p
=€z + Lzxw( = Lysxw) "yw) + [x + Lq"];
T9(€) = xp + €Yo + LoxwTw(€) + Loxo1o (2-10)
=€Wo + Loxw (I = Lyxw)'yw) + [x + Lg‘]o
ZeNTE Flfr () A2 HKTFe HIZEHER 4, AUk
r(e) =ev+ (x+ Lqb), v ER"
Step 3: 7/ FH LG
o . (0—[x+Lq']l;) . (1-[x+Lq"];
€min = Min jmin o ,min ” (2-12)

B ERATRE (2-11) 58 XA

SIHE 2-1: v € RT3 Hepp > 0o

HEBA: 1T — Ly EXTAME, FlLy o BIFFAEE AL N T 1, R AR
I3 M A I S AR PR

vy = (I = Lysaw) 7Yw = (I + Lwsxw + Lisaw + = )yw (2-12)

B A Ly s B EERE, Hyl 8K IE, #v, € R, Bbsh, E1Z(2-10)%!
V; =Yz + LzxwVw € lel'vo =Yo + LoxwVw € ]R'Jro" Hifiv € R} RIG4E%
4:(2-8), 1 N€Emin HIE XFRMNAMER Fle iy > 0. =

BRI GBS URRATT, FoCh -9 HLCA S Ty € [pr — €min P

[ 2B WL 3817
SIH 2-2: V0 <€ < €in> g(pt —€) =(0z,1y(e),1p)-

SERR: %D = po— e, BATARRREHLD0) = £(g9). X%
2 R

firii2—-3c) o o
M 2-3d) = q' = q(p) < q(p) —=q{®) = £, (0) = £, ("

NT BT, MUEX)y = Xy + Lyxolo N IR, IR B354 1) 52 e

13



qQiy = X + Lysaw @iy (%)
FIFH R B TE (BRI 2-2), WA N o
(fo—e(@) = (02, ey + qiy, 15)
D (@) = - (02, €y + iy, 10))
> (02, Xy + €yw + Lxw (eyw + aiy), 15)

) ® , (2-13)
= (04, €(I + Lysuw)yYw + qu, 10)

(m) (qt) = (02 e(I + Lysw + -+ L) yw + qly, 10)

XT(2-13)F A GE IR R m — o, ATHI:
a(pc— €) = £,20(%) = (02, € — L) ™ Yw + @iy, 10) = (02,74 (), 1)

wq' = (05, 1ry(e),1p)e REO<e<eny, —EH

[9p,-c@)]lw =Tw(e) € [0,1]™]

{ [gpt—e(q’)]z =12(6) <0y

[gp,—e(@)]o =10(€) =27(0) = 1,
WIEfSgfR R, BAVRES, _(q) = q', Wq' T4~ B, FIH 8 2-3b)
LLEq(p: — €) = q IR ferq(p, —€) = q', XKW Step 1L HHIFE &G

Hlo m

P41 = Dt — €mins 4 = (04,1 (€in), 1o)o FE LT DA K
HAEDe Moo R AARE € I E X — EAFAEREA

LEWA[X+ €niny +LqtT; =18 FHI€ZA[x+ €piny + LqtT1]; =0
AT WL, 75T —/MERTFEE, BN NS08 TAEEW .. R
2-2, Pt > ¢ + IVRRIHESR M = limy, Ly, q)KIRTEAL, 3K
ATAT AR AT IR =P8R X AP OVRID S 7R 1 .

TEIX HLAf— /MU . ConstrainedLineSweepMethod f1iR [FI{E 2 — A~ i Hlq, &
Gl TAERECENp € RTHGEMIM . Mo, q@)2 DK Tpiiny Bk ER L,
B 2n + 1. N T R, BATZ 67 g BT G
SRR, FHHARE L PR 1447, —B—BIWE.

O AR T R R R
el + Lyxw + -+ Lisi)Yw + @iy < €min(I = L) 'yw + iy < 1y

14



Algorithm 1: ConstrainedLineSweepMethod

Input: n,T,a,b.
Output:  The pessimistic equilibrium function q:p ~ q(p).
Lij < Tji/(b; — ap);
P1 < MaXi<i<n by;
4@l p,,e) < 0;
Ze[nl; We;, 00, tel;
While q(p;) # 1 Do
q" < q(po);
Forall i € Z s.t. (bl - pt)/(bl — ai) + Z] Luq]t =0 Do
Z < Z\{i}; W« WU}
8. Forall i e W sit. (b; —p.)/(b; —a;) + XjLijqi =1 Do
W< WN\{i}; 0 <0u{};
9. y < (1/by—ay),1/(by, — ay),...,.1/(b, —a))T;
10. vy < (= Lysw) ™ Yw; {See Eq. (2-9)}
11. Vz < ¥z + Lzoxwvw; {See Eq. (2-10)}
t t
12. Emin = Min {miniez {0_[x:iLq ]i}, min;ey, {1_[x:iLq ]i}}; {See Eq. (2-11)}
13. Pt+1 < Pt — Emins
14. Q(P)|[pt+1,pt) < (04,1 (p: — ), 10,

15. t—t+1;
16. End While

17 qO)(=ppy < 1,
18. Return q;

N o ak wbd e

2.5.2 i

RYE B8, DLEEZRES R m < 2n, FRATEH:

EER 2-1: MR — LAT XA P2 AR, Sk 1 £ 2 Wi | Ay, W) R
RFAT W A p X NHAE S W q(p) I TR s KA A

L b, AT ER AR G MR R, IR TN IRATE =T LA

I 2-2: HEFEL - LAT EX AR S ILE, WHEREMEp, q) =q@)-

MERR: SOWAEN & p TAAEN DN AR St < q*, SRISCELL, 2

x_(bl—p by —p bn—p)T
“\b,—a;’b;—a;,’ b, —a,

WEg,(q) =x+Lq. HT

[, @], = med {0,1,[g,(@)],}
BATHBEO < £,(¢7) - f,(q") < 9,(@) — 9,(q") = L(q* — q") - EZHBHIIE
@Y = 4t f,(qD) = ¢ BIERAGET

15



0<q°-q'<L(g*—q")=>U-L)q*-q") <0
WA =q?*—q' >0, ¥H = argmax;A;, HA; >0, "[LLET
[(I = L)A]; = A; — z Li;A; > z Lij (8 —24;) 20
j j
T iE. WAREHEq = q°. u

TERE IR N AR — AN AT, o) e B ORI I, 31X ] LA — AN
T 2

B Rfn = 2%, [ay,by] = [ay, by] =[0,1], Ty = Tpy = 100, AHEK:
iE2p > 1 q(p) = (0,0)"; Zp < 1 Hq@) = LD

EAHAERR G, IR B2, Blq(1) # lim,,,_ q(p). FAIK
S5 L HL LR GAIE q()0e . FiEs:, TERBEX ARG, R 4HE
SeVEAPAE . HEEME, XEMp = pp — e NS HsOARE — IR IERH (BHZ5E
HE 185, 617), HZEpMp, + eFlp, — e, AIEEHIL0 —» 1) —HERAT,
B NETI0 - * > 1,

X—ANHMERRZ R, 2T LT RAS AL

(I = Lyxw) ™t # nlli_r)lgo(l + Lysw + -+ Ly

BSEARQR-12) AT

2.6 FCRRFIRVFIFEE

Y LM, AE Step 2 1, WER Ly BRORFFAEAEAREASN T 1, BATR 2 )
REBRAE . TATHUE IR I 15T, HBALE Step 1 HRAFH) “4528407 A
SR, BlMpMp, + B Np, — eltt, I~ AR LY 2R T . ik, FRATA
AR R, B
1) 7EStep 1AL b, gkt e MIME Rk H— N TAEE TRk e Witk
ANZ0,

2) Hi/NE AR 0] \ (O U k) = ZuW \ {k}FF#IH, KT R ER
15q (pe — €)» UL R€ppy - I EATR LUER] R AR R — NS5 AR
RPer1 = P — Epin A EEUII W q(pr — €) = (q' (pr — €), Lougy)-

N, BATNA A5 3 GIEBIZ L [22]4 503 T & 2 8.3.1):

SIE 2-3: AU MEM (Vi j M;; > 00, FFE— N IEZRRRHER Fx > 0
WiEMx = Ax. HrhA S8, ST M A RHAEE 1) B B

16



(T Loy oy R AE GURERE, AR 31 B E R T ity > O Lty =
Auy BA > 1. AT uy, SRR TFER [n] b, E Luzyo = 05000 -

t
_1—q
k = argmin
kewurz0 Uy

Ty # 0y AL BB 8y 2 0 H% > 0. Bk

P51 B S RERAT, fFp = p bR E KA — AR, Bl kM TAEREW NS
S0, EEIPXA TR E BHZ, BAE Step 1 PN TW. X H 4R
THTCHR R BIHIEAN0 - 1THBEER

S5I# 2-4: Ve >0, [q(p;— )]k = 1-

ERR: BT LA E— AN > 0 Bou < ey (1 Ty, > Ovi, XFEHIS— T
1), JEELE PO LR A BAVRGI6 = (200 /(1 + 24+ 4 2m70), Hifim

YN
Ty, —e M 1E X h:[0,1]" - [0,1]™:
{[fpt—e(q)]i = med{0,1,x; + €y; + [Lq];}
[h(@)]; = med{0,1,x; + 6u; + [Lq];}
BAMRRE qly = Xy + Lypsw @l AL, B SEAL(2-13) A IVEWT T 20471
fo—e(@") = h(q") = (0, xy, + Suy + Lyyxwqw, 10)
= (02, Suy, + qiy, 1)
2 (%) = h({05, 6y, + qly, 10))
> (02,81 + Lyyxu)uw + qiy, 15)
=(02,6(1 + Duy, + qiy, 15)

(2-14)

m) )(q) = (07, 5L+ A+ -+ A" Yy + gy, 10)
1 —
= (Oz'< qk) uy + qiy, 1p)
Ug
T AR FRA Tk Fr i TR, ﬁjuéﬁniﬁ[mz, (1;—1‘3"5) wy + qty, 10)]k =1, Bve>0,

WA lq(p: — Ok 2 [f(m) (@), = 1. BIRATEKED < p I RIZ N TAEEWIEN
40, [

VIRILARI T R HEI T Ym < m

t
S+ A+ -+ 2™ Duy, +qf, < <

1_
q")uw +qt <1y
Uy
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W' =w\{k},0' =0 U {k}. #FREMNFE—In' =n—|0]| <nllJ T
Ao XA TR SR R AE [n] \ O BRI, FFHARESEAO NI SER — e ik
) 3K

viezZuw’,  [a;bi] = [ai + Zjeo, Ty, by + Zjeo, Tji] (2-15)

I WA AR, T RURAHE R — M pi, i 8 AR . X —
SR E a2k, PR S, R 204 1. R —AN 5 B
FERAT, X FAEED < pe, TR IAERI T[] 8 1) AR i — — X L

SI¥ 2-5: Vp <p., q(p) =(q' (), 1o,) HHhq' (p)2 TR T I
WA B e) @R 34, 2 B I N 34, o A A 1 A R

WERR: JAT WDUE . BATE e 2 UG (p), 1o, Y2 it FHIESH, 2R)5
4 HAEIIHI K TG (0), 10,) < q(p)- BIFXTALER G, 775 B E] firidl 2-3a,
BORE R VLB IA(G' (), Lo, M A2 5170 AL ) A6 L3180

o Wq=(q'() 1) BAHETRKILML,(q) = q- IRYE T FEF [af, bi]HI%E X,

®BIMEe4HEvie[n]\ 0,

[/>(@)], = med {0,1,

bi —p + Xjem Tjiq;
bi — ai

bi —p + Zjemno Tjid)) _ .

bl —a] i

= med {0,1,

I ERATA FTEAEM[f,(@]or = 17 KE[f(@)]or < 1y, HHIAi € 0875
[, (@) < 1. AL, (@) < qFFth, @I FIRIEMETT RIET™ (@) <
fp(m‘l)(q)o BT A HA AR IERIR, XL
q" = lim £"™(q) < f,(@)

TR BRESf HHESNE, q X T kgp I, EARYE v 2-3b,
[P < q; < (@l <1. Hi€e0=0"\{k}, EH51=[q@)];<
[q)] 7 JE: Hi=k, XF5H5E2-47/E. FEAREAL@Q = q.

o  BAVIAETH MM q)H) T I ST FUERHIEL, JATO 2 MiE
[q()]or = 1o0 Bifg AT REFHFREEEL, FHHEX0 = [n]\ 0. Hid
XTI R E S, LRSS F eR o f, B R, FRATTVE AN T 4
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Algorithm 2: LineSweepMethod

Input: nT,a,b.
Output:  The pessimistic equilibrium function gq:p ~ q(p).

1 Ly« Ty/(bi — ap;
2. py < Maxigicn by;
3. g(p)l[pl,oo) < 0;
4. Ze<[n]; We0; 0«0 te1,;
5. While q(p;) # 1 Do
6. q" < q(py);
7. Forall i€ Z sit. (bl—pt)/(bl—al)+Z]LUq]t =0 Do
Z < Z\{i}; W e Wui);
8. Forall i e W sit. (b; —p.)/(b; —a;) + XjLijqi =1 Do
W e<W\{i}; 0 <0u{i}
9. If all eigenvalues of L,y are smaller than 1 in norm Then
10. y < (1/(by — ay),1/(by — a3), ...,1/(by — ap))";
11. vy < (= Lysw)  yw; {See Eq. (2-9)}
12. Vz « Yz + LzxwVw, {See Eq. (2-10)}
i . 0—[x+th] . . 1—[x+th] .
13. €Emin = Min {mmiez {v—i‘},mmiew {v—ll}}' {See Eq. (2-11)}
14. Pt+1 < Pt — €mins
15. Q(P)|[pt+1,pt) {0z, (p: — ), 1o);
16. Else
17. uy, < eigenvector of Ly, .y With eigenvalue no smaller than 1;
18. k < argmingey 01 — qi) /ux}; {See Eq. (2-14) }
19. 0«<0uUf{k};, 0=[n]\oO;
20. Vi€ 0, [a;,b]] « [a; + Xjeo Tji» by + Ljeo Tjil: {See Eq. (2-15)}
21. q' < LineSweepMethod(|0|,Tgxg,a’,b’);
22. g(p)l(—oo,pt) < (Q’(P): 10)1
23. Return gq;
24, End If
25. t—t+1;
26. End While
27. ﬂ(p)l(—oo.pt) «1;
Return gq;
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05,150 < q®) = £(05) = [f(05,15)]5 < [f,(@®)]s = [a®)]5
= (00,10 <q®) = £,205) = [0, 10)]5 < [f(@@N]o = [a@)]s
= (3P05),100<q®) = P06 = I, (5P 050, 10))ler < [f,(@EN]5 = [4D)]5

= (05,16 < a) i.e. (g @) 10) < )
EAE5ER T, m

ZUt, WATELB AR TTERME N Tp < p RS Hiq(), i 1
SRR R . AT FRAT B LR J5 RS R S e R 2 v, BRI —T7E
M ZBNHA A S . 5 BT, qp)2— o B, RS
2n+ 1. N TS, AVBISMHEAT R ) MT7E, I AEEFE— A5
IR 45 #, W LASERE ndvk 2 28 15 AR 22 47 RAE 2 1F .

BATE W T e,

EH 2-3: AMERFFET, BEHHELET,; =0,T; = 0, MHE 2 7L Wit
BN, AT BLORAAE AN o B B i q (p) T TSR e Kl o

MERR: % 2 PRI B R R, WT DAAE 2 T (] sk e 3R
AT BRI A W e 2 ] DUPE 22 0 18] YA DL SR R4 1 Y, R UE W
3 IR B AR M ORIIE

XTTRTH F L R B — R Z i (R, HRS R R R EEHAR S, HH
THEAL IR RN . ik, R XS SRR AR S MO, JRATTBEIT T4
R B SR AR, BRI T LSRR .

XTI RE, RS H R EA S n . BR8N R
I ) 52 2 5 2 22 i) n

2.7 INGS

fEX—mH, AT XA E A (B2 K 1O BN v, A
[a;, b )P E3 704, H ORISR ZE RIS A 5T AR AT, A3
7 2 IS, FESRIE 1R DU g A s b i) e MR A il T
XK MBI, FATTIA Y SR8 I FE A I —ME N H SRR .

© R FATTNS AR AE 1 AR A, E AR SR R A SR A 38 T 1) B . X R RO RRAE 1] B AT
BRI BIER], B (2-14), R BRI 1) B AORE B2 ORAUE 1 FATT AT BLIE B 3t SR Y kB AT
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— AR RS, FTA SKEARE R T BRI ok BT B QSRS .
FERX BT, FAT 2 A ] LA B S K it — NS B E N, iR
MR R R . (HS PRI, X BRI SO AT g AN A 1T,
AIRERTT LB B A P4 (Al 2-3b)), SRS I SRR 22 /0 DR,
SESK I 3 RS AR OR B ORALE

KT R A e R SE EA W2 M52 TAERT AkAT, A — L8 8 v A 753
WHIT. BOCERAIEEE Al LS A T B A AR SC [40]80E S1FEE ISR R .

21



$E3TF TERESSHAIENH

3.1 OB =

WATNGFF b () — AN e BN T BURFHHRIZE — AN A i LA 15
VRN KARNRSS « FTA e R T 2 ERABAT T SRR, S8 )5 BUR X 25 2,
B B E I E R E . AR R B B CLRRAE B 5l () 1 TR R R
5 kIR, UM BT A B2 f MEBTA i R 3 0l 0 B BB I BE B 2 A, IX R AR
e+t 22 A (social cost). TEAR ZAHHL T, BURHFAREAEE IR B SIC iR AL,
PR NEE 2 AN, RTREN TN AR s e AR bk

T 2K ) RS PR A 0 - ] R (facility game). ZEREHE [ E, 43 5 (agent)
TCARMATI P AE RO AL A, JF H s — - HLH] (mechanism) iz 32 75 22 2 7 R Ot 17
TEGGF, HLHI AR AL 2 3% #¥F (social choice). EfAKUL, HESE5EMT
BT B, FRAELE TR E RS AN o B, % B mT DUE R A 2
W TR IR T2 58Sl ik B S BERIRR], T
WA PG OL AR A, R RG] N T RS ALH] (truthful mechanism) FIHES:, &0k
E TART— /N2 5 # #A R I 0 Fik B CRE B3RRl. — AN SRR E S fig
ZH A Z AL (group truthful mechanism), ‘B ARIE TAEAT—H 23 54 # AR E IS &
RO AB N AT R IR BRI SOBAE R — T 4a H

ehik ) LA SR RGBT L. EERETRT, A E
MU T 32 %M. 2240 [7] [30] [5] [38]WF 9t T —4EELLk 1%, [371WF7 1
BB IIET . (HAE, X8 TAEBA B 706 T X 4h 2 BRAR AR AL BT A o

NSRRI £ BE AR e LA Wit A2 46 1999 4E i Nisan A1 Ronen [ EE 2 T4F [31]
BT RARH o FERIE R -H4E R, A M4 2 0 TAE LA R R o e Ll e i o1
AR AR 2 BB A R AT A S S L. (812102, FERI
Vickrey-Clarke-Groves AL B Mg L ar =y, Rk in R Rir &4 25, Al
(1 325 1k il R A TT AR 2% 5 GRAIE S e At 2 A 11

MR Z BT, ML RE A Gy, B 25 RIE 1l ) &,
Schummer 1 Vohra BelyE & 2 73X — 8, 222 — MR e . fik,
Procaccia F1 Tennenholtz PIE 2 5 5 T “ %A £455 5 HOHLHI BT X — iR
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X — AR AT LB 2 Dekel 25 A M 8l kH 25 74 2% =] (incentive compatible
learning) I 5%

M E BV I 7 BE K%, Procaccia F Tennenholtz B35 T X BEI AT S AL,
EXHMETHIEA, B A A AR A i A AL 2 Ay £, X FEIAL
A Ey Al AT ZE TR R Tty ) B3 dE, KR TRZ
AL B RT3 A BT, T AN A2 PR R v B 52 2 PR 3 RS o

YT 4EEAAG Y, A A5 5 22 Rl ik dik, Procaccia A1 Tennenholtz
BNER Tn— 200 B3, DARLSIOT S, 320 v (B ML = . ek
G s A P15 T AR E R T 2. AN, BRSNS N PR T BENLTE K
A {Z MLl (randomized truthful mechanism), F45%n/2/8) 5 LA 1.0450) R 3.
AR I LI B A B i /N — N AR R ), T A B AR T R T
X IR P AR T 4l Y 5 4 BB

BbAk, Alon N BLEE T 14— B RS A ik k. A LAl T E R
A LL R AT AE AL ) e B 2, (HRARGE T R — Aot s 2kl . fEARTE S,
AT TG bk, FHHIRATE R T T— R EESE. R, X
HHHE AR BRI, HATUUEER [2J8 [33iX M LA R3S XA & .
3.1.1 FE Rk

X M R S TRl Y ) stz bk 1) R, FRATTREAE T R E LRI IE ARG . X
eI — AN Ot etk A, B I R R R N AL . AR T =A
F S

FA R EME T ENR L TR HE—RE, IEE—REE
7R A] (R S AR T, 3 A2 AN TR0t ) 55— IR R 50 R Ft o X 1 [33]
SERR . FEUEIE R, FRATRIAPIAS B e SCINES . 4B 7] {5 (partial group
truthfulness), UL 1% % (image set). XIS e T BB E & hE, LR —8K
JEREZ R AL, P A] Rexs 4 5 e i) TAEA EE RN .

BATREE AR, —RTHENAHENSI . FATE 7 —AN% il
B, ATDEE RN GRORPIBAD T ROL, MR BT i) E A A
Lrom), HHRBE—FELEL T TE. X—4R5WAME 45844
tt, ATRLE WBEHLA TS — M GRA KRS S5) AIENIRHH I EER T
=R

>~No
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PANWHE =GR, 22— D TER R ENLR], JF HAE R RS RO R I A7 28
PEO(m)ILMALE . PriE st  R?, HIE _E P i & E SCONM R 18] i 55 9
KR o EAFVE R B2, Stk 7 &, FERR T —4EELZR LAAI Y 2 1]
BoXRRE R EF AT BN, OISR A DR AIMER), S RA R
(ELOE

PATPRBAT SRS AT ACE RS R R LA ATME RN EBAR, A
NS RGESE T, NIA RRMRAEER .

R31 BURHE S 5 AT RS R A AR

e PR S L] BEMLIERT (S AL
5 (n—2 [33D 5 4 (n/2 [27D
—HELR  FH. n-1)/2 2 27D  FR: (1045 [27])
EF: n—1 (NIA) EH: 4 (NIA)
izl TR n—1)/2 2 27D F&: (1045 [27]

- E5 NIA (NJA) EH: 4 (NIA)
—BREEERE p, m—1)/2 QR7D  FR: (1045 [27]

3.1.2 XTIk

Wbk ) BEAL R = H T WA e TE B ECN PE A B R —
AN, HFHSS5EGN LIRE SR E L. E 4K
Gibbard-Satterthwaite 5 # MIPIEIRIAT, WS 5% M o] UHEEEE, 1k
I ME— AT E LR M, RS 53R ER IR, ™Rk E — AN
NS 5FH M E .

FEOSAN R, S5 ENMEFAS TR, R, XT—4%H
R ELL, S 5#H N YH — N RIERRLE, MXMEESEEH O E.
[T 70 T X SRk A e () 1) . fE 2 S, [30] [5] [38]%) — 4k ELL& 1% 2 T il
ENLHIM T e %0, BRI E# vT LS 7] BarberdfE [4] B4 H A VEAN AT .
BRI, MNTHASEZ WAL (EERE—gLMET) —HALE
R HE

W& T #t4xpi Az 4k, Procaccia A1 Tennenholtz B & Alon 25 A BEHF5E T 5
— A B bR —— s KA, HXTAEHLEIE X — H AR Tt Tim el B3
HeAh,  [33] [R71EWTIT T 5 — Rk ) 8, KA S 5E BRI ZAMLE,
I HLA B P AR It 78 P A o B I R A 2
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3.2 F&EEmA

FQ, )FERERDE, Hhd:Qx Q- REER. FRFHN b,y € QiR
Eied(x,y). EHZXTATA Kx € Q, BATHI(x,x) = 0,

WN = [n] = {1,2,..n}IrANZ 5%, HENZS5#F BBy, € Q.
FATHx = (x1, x5, . x) T"n — N HBLUEACE (location profile) .

FEkixikht g, — A HREMHLE] (deterministic mechanism) 1445 EHh
HEEEEx, $ kAN BRI E, R AR Q" - QF. R Rk

BLRIHEE A f (x) = {4, 1y, ... L}y BN S 5EH P, 25 fil Wi i R -
cost(f(x),x;) = mln {d(l x;)}

,...

— A BEHLMEHLFI (randomi zed mechanlsm) RSO 5 AQF), XH
A(QF) RAEZRIQF A BRI SN2 5 35 0 A e ORI -5 gl it (i A 22
FRES:

cost(f (), x) = By | min {4 x)]

BATHx_; = (opy e Xim g, Xigq, o X)) TRR TiLIAMRERC B, 5 X
X = (x;, X_;)o KA, S c N2—HSEHN, JATHx = (x5, x_g) KRR
MCE, HrhShmzs 5 ittty HMS5EE b _s. N1 RELZN, Al
e F R f(nx-) = f(x, 223)) f(xs, x_5) = f({x5,X_5)) -

Jﬁtﬂ??‘%?m?ﬁﬂfH@?ﬁ%ﬁiﬂiﬁﬁéﬁﬁfﬁnﬁ\%'ﬁﬁE‘JEEZIK‘Z%D:

SC(f,%) = ) cost(f (@), %)

i=1
HERAAEIMEE T, XMt lise —MIEE. T b Ex, FRATH
OPT(x) R S (AL 22 AR o FRATTRR— MWL fA I ALy, W 5% B (1 k- Fic
BHBx e Qr,
SC(f,x) < yOPT(x)

X—EEEM Tk = 20018, HFRZ N kbl @l By 17— A =
R LAAE, FRATERE TP ARG —4EBE LR o 1138 52 Sl - R L EL S
FERE; G 2St € R2H HoE XEE AW ARSI . A6 T B
BRI E L, 5[] ik —3.

DUAE, BADEAIAEHLH], AR AT S HL i H 1E 2R X

EX 3-1: — M HUHZRAE (truthful) (1), GRS A 5E WA RELL
ek b6 B, SRIRTFRI 28 T4 R, 25 € S 5350, M E R Ex = (x;, x_;) € Q"
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DAL AR AR AL Bx) € Q, #A:
cost(f (x;, x_;), x;) < cost(f(x;,x_;), x;)
EN 3-2: —/MLHZEETE (group truthful) (1Y, R E—HS 5%
[FI e ARABATIIALE, #A 2D— D AABEA] 248K, L EETHEES N,
BB Ex = (x5, x_5) € Q" LABATMTEIRIGA Bxg € QISI, #RAFLED € STl

COSt(f(xS; x—S)l xi) < COSt(f(x_’g, x—S)l xi)
3.2.1 HF4AFA[{E (Partial Group Truthfulness)

ZEHBFAEE LR R, FRATE R AR ]S
EX 3-3: —MHHIEHARERMS (partial group truthful) (¥, WHYEE
—HIEF MBS 5%, FNGEIRMIIOME, BN NEAREIRR ik
Ui, AEFTELESCN, MEREY = (x5, x_g) € 0", Hrbxs = (x,...,x), LLK
AR AL B € QIS1, RATA:
cost(f (xs,x_g),x) < cost(f (x5, x_g), x)
MBS FRE, & 3-3 P MeE—HS 5FHER—MIE, IamiIA
BE RN REHR I B3R Mo SCERATTAT LA H
BTG = FABE = {5
FEFE TR S EE R, FRATPIGE B A 1) — N R 7 1Al 2 B -
SI¥8 3-1: {EAWHEIENE @ F, —ANAERIPLE], R E .
WERR: A 552 X 3-3 HFRIHIL 5. Ak, WS = {s1, 55 .., 51} Mxg 2
xs TS5 Hs TR B . RN B E T4
sj Eahx 1<j<i
PO <i<): {sju&x;i i<j<l

FAb N _Ehex_g

R E S
cost(f(Py), x) = cost(f((x, ...,x), x_g), x)
PAN
cost(f(P;), x) = cost(f(xg,x_g), x)
AT T ARKFUED cost(f (Po), x) < cost(f(P), x)-

YO IR [2] [B3]WATRA T AR AE M EE Lo WA S AR TR T O5RE S A AREAR
fE-ANEA, MEMRIELHK, A NRRAANE, JFHEDSA DA T .
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M1 <i<IF, {EREPT S5 OEMEx. HNBRITFEES S #H s ik
Bl KITHE, XHOEP_,. RIEATEHHIRE XL, 5% s AREE KRR
A, WH R cost(f (Py), x) < cost(f(Pi—q), x) o X P X FERR MBI AT 2 458 .
|

BAEA— AP, T RO EIEH R TR, 7522 IS B
LS PR o AEAS — M2, B nTE B B B R PR itk 3,
WA TR AR IR AL, X AT REXS A Ja I B g — P s dR A T (8 .

3.3 MHEMIEINEMETH

FEIX—17, FRATIE A A e P n (S L A b 9%"7‘10 XA TSR —4E
BTN, K] DL EEY R — R E . 31T B s 4 R R
# [33]1[27]-

TR E S B0 it v B, kA A AR PR A R 0 A B RCE
Jiti, AR REALE], (HE R AR fRUEn — 265Ul [33]. Bk, K
IR FEE R L b, 5A EFEvEm.

3.3.1 &% (Image Set)

TAVAHI FE— L85G T kBt bk o) @ PR 0T, X 6 P R A9t FH Rk B — 15 it
gk, HBERVF 2 R R AR LA TR
AT RE (image set) MIMES. A tEiLHlf, € XS5HIKT
B Ex ML, NHx B BN, B B3 vT #eBCE A B K 5T
Li(x_y) = flxpx_y)

RIS EIEH 7, XA EIURf, ER S EEL (x_ ) HEiRIE
WAL E, MEBE. ERINE, GERERT S 5&IGE. R i
RE VA BRI N SR — B, S A DB B Al 1

SIH 3-2: Brf2—hBUE L A AT E N, I H (e, x) € Q" AT
A

cost(f(x;, x_;),x;) = _inf d(y,x;)
yeli(x_;)

MERR: AR Ay € L(x_ )i 2d(v*, x;) < cost(f(x;, x_;), %)«
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HGEENE X, FEEXH Y € f(x!,x_;). BESHHIEMBx, M. i
AL B O B X, RIS AR cost(f (x, x_p), x;) AR A
d(y*, x;). X5fRAMEHLHITE n

EAGI AR T, MRENSEZTER, ROV ELE - DNCEEH i
T E b, B ALER IR s, BB MR E XM
PR R FRAT T4 H -

#EIR 31 RNk NE A R R ENLE, I Hax = (g, x_;) € Q" Wik
z € f(x), WrtNZAze€ f(z,x_;)-

MERR: HRAEBENE XL, ze f(x) = flx,x_;), Prbhz € ;(x_;). R¥a513H
3-2, cost(f(z,x_), z) = infyer,x_py Ay, 2), (HAFRI A LR 0(E Az € I;(x_;)).
zi b, Vhze f(z,x_;). m

FERRBATA IR B 25 51 38 3-2 (1) 3 — N E AR

IR 3-2: W (x )& — ANkt bk R TS AL %, BE R
Qd), WAL DRQFHIAE GBI NERIOFTHE S E RN

MAERATRBENMSY RAZANZS5H. SN, ITEX—4H=5
BSHHERIE N — DR Ta_s WKL

=] fexs

SRR T E RO, 513 3-20 HE1S 3-1 DASAHER 3-2 70 i 1 BRE R
A

Ho|

SIHE 3-3 (S7AZIEE 3-2): Lf /e — ANk BMEIEIL A T L) . e —4l

%%5%‘5 cN, 'fEﬁ%xs = (x; ---;x)7 ijE‘x—S € Qn_ls' ° ﬁiﬂ‘]ﬁ
cost(f(xg,x_g),x) = e ir(lf )d(y, X)

Js(x—s

WERR: FATSRBAFAER Dy € Js(x_g)ibi2d(y*, x) < cost(f (x5, X_g), %)«

HG R E X, FAEXGTH Y™ € f(xs, x_g). MIFFAREAEHPER ([H125]
H 3-1), STHS5ENEEERTIR B B3R, Kt

cost(f (xs, x_s), x) < cost(f (x5, x_g),x) < d(¥", x;)

SHTFIE. n

Fefeltth, FRATA a0 T AR

IR 3-3 (AL 3-1): fre—kwiEdkhk i @ el ELEl. 4GE—4H2
H5%ScN, HHx_geqm B, AT

vx €Js(x_s),  x € f((x,..,%),x_g)
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WL 3-4 (BFEML 3-2): Js(x_)RQPIHI%.
3.3.2 TRAIERA

FEIK—TeR, AV T R e B, IR HHED].

FETR 3-1: X TAE MR TILG LA Bl R, A (TR 5 Y R L
LI, A A

FATT T AEN, KR R — K B

x(a,b) =(a,a,..,a,b,b,..,b,1)
(n-1)/2 (n-1)/2

Hrfa < b < LRFASH. A LTS, 2Ma=—1,b = O, —MIELFIE
LAELIRBLED, AAZ0K B — AN RO AE QBT 5% — AN BEMEIEDIAT : Hafib
) B 8 e /N OB % WL SASZ0K — A B EE @, BRI, 53— AMiEE L
. (R, BRAPREE B, —ANAT{E LA A [ LI PR R -

R, fEx(a, b)), oA S R Ea, FANANS 5 R A ED,
KRB RNV AR R4 T (.

BEE Sy (S, )R ALAENL E a s M AR L 2 15 2 (R ety M Ax_s, (Bix_s,)
BARAES, (S, FiNB 5% Lilb (o), JRER 12 5% B &ilE
X

Io(b) = ]sa(x—sa) = lsa((b' b, 1))
Ip(a) =Js,(x_s,) =J5,((a, ...,a,1))
SIH 3-4: B4 HAR) kbl ) @, R f R —MRIE T I AN T
QAT LR, RAXMEfTa < b <1, BHa € f(x(a,b))-
WERA: =b = TR RS B8 IUE5 28D < IR, (B) - BATE Sl ],
Io(b) N (=0,b) = (—o0,b), WL KIITiE: KBAFEC < bipifLc & 14(b)

a & b 1

K31 KTFc ablia, +elfiE X

HE, Ma > —col i, fETAAFFIUTPILEILE], #RLIEalfTiE —
AN, HIRIE AN BAE ) /M. XL, (B) N (—oo,b) %= @, FRATATLAE X
@, = SUpyer, ) {x < c} o BN (D)7 — MR (EHZHER 3-4), FlTHa, € 1,(b).

Rk, i 3.1 R, BfiTHa, <c<b. B EAE X, BILEEH
(a,c]nly(b) = 0. EFUFEMO<e < (c—a)/2, TEEEIL,D)F, Ha, + e
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R, e, GEA M), EHARIESIH 33, a. € f(x(a, + 6 b))-
A Ee = = < =%, JRHH B FIE:
x'=(a,+¢€a,+e..,a,+€,b,b,..,b,a,)

(n—1)/2 (n-1)/2

Wi FHEa, € f(x(a, + € b)), LLEIER 3-2, FA15IEa, € F(x). AI &, T
W f AR B AR, B S A D ARSI AN TR
YR JE . AT BRI 2 AU e 71, AT 14(b) N (oo, b) =
(=00, b).

Ja, iR 3-3, PUERX TEEMNa <b, ¥Hae€ f(x(a b)). Mk
Ta = b, SRRBAN.

{6 MR, FRATIEREE D] I/ 51 2.

SIE 3-5: HE 4B BB NE E. (R— MRE TN T
AL, B ARHERTa < b <1, Wb € f(x(a,b)).

MERR: 513 Ma = 1N2 BN . WAEFEEa < 1 HI,(a). FRATIEUEH
I,(a) N (a,1) +# D

A, () N (0,1) = @, %EREx (0, 20). AAEMETRNS 5%, ]
A R BN (@) 0 (0, 1) = 00 I, BEOGERHARSE DR 28,
MR AL 2 AL URS, 1% GIAT fR /N T UL A B BT I - TR,
AT LU e €1,(a) N (a, 1)

B R RBATEAEM, (a) N (a,1) = (a,1). REAFEFEC € (a, )i Ec & 1,(a),
WAL, ¢ # cgo

(a) (b)
3.2 %TFco, ¢, b, A" f15E X
e < co (K 3.2(a)), FATE Xb* = infye,(q)fx > c}o BN, (a)72 4 (H
w3-4), BATEL el(@bla<c<b*<cy<1,
R ik X, BATMIEc, b)) n1,(a) = 0. IHEERIO0 <e < (b*—0)/2,
AT LAE BIFER L, ()T, Eb* — eldE I e b™ (XA siME—) . BRIk, MR 4E 5]
33, b* € f(x(b* —€,b)). PUERMIE e =225 <220, e HBRINTRHE:

3 3
x' =(a,a,..,a,b*—¢€b*—¢, .., b*—€,b*)
(n—-1)/2 n-1)/2
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RIEb* € f(x(b* — €, b))HIFEE, LLAHER 3-1, LAHD* € f(x). A&, ik
f AT TRCE B ARt ELE‘JH:%)&K%B@Q"%@, Efﬁﬁdﬂ:n?_lﬁ‘]ﬁwtb
FIE, B i it AR e .

ke > ¢ (E3.2(b)), FATE Xb, = supyer,y{x < c}o HIT1,(a)52 L,
BAVF0iED, € 1,(a), HHa<cy<h, <c<1.

RYE_EikE X, FATHE D, c]nl,(a) = 0. FMEEMRO0 <e < (c—b,)/2,
B (@), Bb, + eI Kgb, GXASpiME—). K, WR¥E513 3-3,
b. € f(x(b, +€,b)). BAEHAE Ee = min {2,222}, I LA A1 FACH

x"=(a,a,..,a,b,+€b,+¢€,..,b,+€,b,)
(n-1)/2 n-1)/2

R¥ED, € f(x(b, + € D)FEK, LARIMER3-1, WHD, € f(x"). W&, L
W f U] J3CE 5 S Bt ,%LB’\JH%EEZIK%B@/I\%%, L?fﬂﬁd\?%—lﬂ‘]iﬂu
Lor &, Bx it 2 A e .

2E BTk, BRATEW T1,(a) N (a,1) = (a,1). FARAEHER 3-3, 7 LA H %
fiEfla<b <1, #HD € f(x(a,b)). FERFIX—LRXTb=adiFHb=1,
RSREI . =

DUAE, BAIZ e AR .

IR 3-1 ROIERR: FATE B TAECE

=000~~~ 1

) 2I 2I L | 2
(n—l)/2 u,_n’/

(n-1)/2
HR4E 5 FE 3-4 A5 B 3-5, ARl {ZHLEIf, ﬁu%?%ﬁ?d\?%ﬁﬁﬁw tt,

MO T LIRBRE, fAAREAF—FIOL BITCE /N Bl SR SR N1, ST
SRR 2 A S S A=, R AT B A SUAE ORI P 3 5 (R4
T AT T 6 - "

3.3.3 itig

PATH T FRAE - JEE LTS TGN, IR E AT DL B e 31— IR
JEEA . TR — SRR B SR, anf, AbATTAT DA R R (F B4, B
B RAX M. AEHEWEE T, &TSaq—n - 200 EFHLH], S53A7
MR AR SR M A (HAg, X MR RS EA - E R
. B, Br 7 ELME (WEE 35 B, WALHE LR ENR K LA, —Fh
RATREAREMTE LA, X TR EAE alFHLE T, svr 2.
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WM 5y LR RE, BRATII A S B ) AHES B kA B e ik AL 1
it (ke >2). HEZ, ERXMIEET, RERL -4EEZk, RATAAKIEXA T2
TR M. FFAH, — A E B R R A

pF 4R A B =Bk ), RS SR, R PURIEAE T A
R AALEE .

3.4 Bt ECHLE] (Proportional Mechanism)

FERT 5, BATTE R 7 AR PR Al E ML A BEORIE— MR (IE2R
PE) MATlbt . AR5 E, BATR S itk iR U, B AN R R HO R
FLRBEALIERL ] . ToEdb 2 /T, BUA IR BEALIEN L] R BEORIEn /205 I 1oL
bb, HRBEAE —4EEA N AROL. FRATHIALE] AT DL AT o 2 8] A BROL

EE £ 53 ECHLE -

EHIEE Y = (xq, xg, .o, X)) PN BEH T HBIEIE S LR B BB AL A 2]
B8 WNTHENLEI D25, BN 551/l E S, JREE
— MR ELEL = x4t
BIE: N =d(, x) NS H5ESHE-ADREREE . RATL,
WS 5%), I8 AN ETEL = xib. ©

dj

IR

Yken dk

KL LB ML, — 5 S R e S LA oL E, IR HUE
BB, SEASEE IS A BOENEE SR IELL . XA AR
RN “ Heil sy e HLf).

K WURIA IS BB SRR R, A2 5% I
ATLLS S ZITE R, XX, Y, Z RIS, SRIRMRIN R TZRNA . H2,
FATE AT LU IR X, Frp 23R BB X RS . X AR A 1A
5 IRIE I AR

3.4.1 "5

JEFR 3-2: e hib e R BB A AL AT A Y
MERR: AT cost, (f (%), x,) RN E 2B — NI E Ex, J5, S5 &F i
HA . B F cost; (f (%), x;) = 0. X T ittt S AN :

CMRAEZ S5 FILRAMFER A E, B BATHIBUERE S A B R AE L A .
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BN 1
ost(f (), x) =~ ) costi(f(),%) =~ > cost(F (), x)

n
k=1 k+i

FEICEY = (x), x_;), KPS H5FEiRA CHALE M Elx . T IER AT
B, TANTAFEIEIDN T Mk = 1,
cost, (f (x), x;) = cost (f (x), x;)
PAH FATTE 78 28— Wi fExg Ak o B2 5E Xd; = d(ly, %) = d(xg, %), A
costy (f (x), x;) AT LA %,
Yi=14d; min{d;, d(x;, x])} _ Xj=id; min{d;, d(x;, x])}
Z?=1 d]' - Z;'l=1 dj
Brd! = d(ly,x}), SEINBEEWRIE, W RAN
Yjzid; min{d;, d(x;, xj)} d; min{d;, d (x;, x{)}
Y di+(di—dy) Y. di+(di—dy)
W PL EPIA RIS AR Z JFRATE N K R
costy (f(x'), x;) = 0t x) 21 &y | di mintdy, (o, x0))
T TS A A (A —d) Y d + (d—dy)
WMRd; < d;, HGIAME—INCE KT T cost (f(x),x;), TEE _TidESF . Kb IRAT]

RBEFEE] > d;INEV. BATE
cost, (f(x"), x;) — costy (f(x), x;)
_ —(d;j —dy)costy (f (x),x;) | dimin{d;, d(x;, x{)}
X di+(dp—dy) Yiodi+(d] —dy)

DAL ikt R E B SCRP AT
d; min{d;, d(x;, x;)} — (di — d;)cost, (f(x),x;) = 0 (3-1)
TATR L P A5 HUER] .
o W¥min{d; d(x;, x{)} = d;, AEXG-N)BOLE N = d] — d;FFH
d; > costy (f (x),x;) . HPaE KNS 52 /D 0] DIl P (e x, A5 — 4
W, T IR AN B it PR B 2 d (g, &) = djo
o WHEmin{d;, d(x;, x)} = d(x;, x)), AEXRG-DBEHL, KAd] =d; =
costy (f (%), %), VARd(x;,x}) =d)—d; - XHEEHERBHTEETNRQ,)F
M=AA%R, HEH =dl,x)hEd; = d(l,x;).
I, FATTERC T UER . m
MELEREB AT AR 2, AT Ee ) 2 Be AL AR FTE ), 72— R —
e e TR FER: R —ANS5F LG ZIPHEE — RS (RIEEx,) 1
BENLE S, MARKIAA R IE I Tk At
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3.4.2 MHSMABIITMEL

X, JAE—BJERE T, 3T Ll 7 Bo L], % TSt
S HEAAEE o FRATTHREUE B T X A E 2

B 3-3: UM HEFE T, SRR E A, R 4 L.

MEMENEx, Wf MmN BOER A E . Ba c NJYRILHR
A B BRI S 5 HE M NES, B = N\a. HATHOPT, X nat G425
HIIMAZAN, OPTe KRB I 2 53 RAZ AN 4%, BLEOPT = OPT, +
OPTj.

Fflsth, FATE Lcost, (Hicostg) FIATHILLGI M EEALHI T, Frfa (HB)
PS5 ERIRAZ . WF, (8iF) FoRFATHRINGE ikl 2 5%k,
fEa (FB) FIXAFEALEAF . FRATTRE BN o B B AL 2 A e BR A, it 2 0t
HE[costy + costgle HITF MFp R Mg, MR 1 i g —A4
X4, DAt

E[cost, + costg] = Pr[F,] - E[cost, + costg|F,] + Pr[Fz] - E[cost, + costg|F]

RIS G B, K B IRATH E[cost, + costg|F,] = E[cost,|F,] +
E[costg|F, [iEAT PR SEBAHIE5 18 AT LAXFE[cost, + costg|Fpl 15t

5|# 3-6: E[cost,|F,] < 20PT,.

WERR: FATHE[costalFy] < — iea Xjea (X ), FIIFRATAT LLTE 42 205 5

= el

SRR . IRAEOPT, = Yiea d(x;, o) DAL =MAATE, BATA LG 2

al - OPT, = Y lal d(x fi) =5 9 9 (@dCx, fo) +dCy, £,))
iEa i€a jea
i€a jea

FH 5| BT m
SIE 3-7: E[costy|F,] < 20PT, + 40PT;.
MERR: € X
costg‘i i= Y jep min{d (xy, x;), d (x;, x;) }
NBATHI LA 73 B g, 55 —40k i T 2 5%k, Bl T2 5%iE, g
S 5FKMAZ . HPk)ZRHH—IER TS 5FkFMET, B
LS 5FIMER. TATE:
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il o

E[costg|F,] Z IZ costB‘ P(ilk) + Z lz cost’ﬁf'i - P(ilk) (3-2)

kea i€Ea kEa iep

X (3-2) AN EE — T, FATBIS S AN iht, JFHRBH T 2 5% 25
MRt (= x5 ) R BE 25 A BR 1

I;l l;costgl P(ilk) _; ;(;d(xk X; ) Z]:l:;k(;{)x])
Z Zd(xk x;) < 20PT,

ica kea

(3-3)

Hrp e — P AE % 1T 5] 2 3-6.

agents in a agents in /i
he = 184
dj 3
agent j

Kl3.3 %?D d; Mle; 1) 5E X

X (3-2) A K2R 0, A TR [ 5E Kk € e, K SRAN 5 BL I 0 8 0l PR
Wl R RATE E L (= x), FHHd; = dly, xp) FibRILE. K 3.3, A1z

XD = d(ly, fp) NeE— DBl 5 R IR . teAh, X TR HZ 5%,
PATEE Xej = d(fp, x) NS 5EjRIBT R B IR, I Hoy 7 &L,
/—TE)ZSJ' = d]' - ejo g%%ﬂj; OPT'B = Zjeﬁej °

R SIERAINE SR, s TR A, B0, RA1—EHE,eps, = 0, HH

AR LR XTS5 KU, TR L f A (vt S fp R TE

T

J& o
BUEBATT S FIT 2 58 BB A

Z costlg‘i -P(ilk) = z (Z mln{d d(x;, x])}> Z]EN )

iep iep \Jjep

(3-4)
e; +s;
= Zl—‘:‘ Z min{e; + s;, d(x;, x;)}

TR LN € T S\ o
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WRAE=MAEN, BATEdOg,x) < e +e;, k8 FRITH:

ei+Sl

k,i .
costy” - P(ilk) < —Zmln{e +s;,e; +e;}
B e +s; Ze
Z]ezve + 5 J
(3-5)
+ Z Z min{s;, e;}
ZJEN e] +SJ

+ Z —Z min{s;, e;}

iep Ljen € + S B

B Je RN =T ) 25— T ™A% 55 T X jep € = OPTpo X T3RAIAYSE 000, K
iTkimin{s;, e} 40 /8UMs;, FHT Y jepe; + 55 = Xjepsj, TN Zjeﬁ e =
OPTj.

PAEHEE =T, BATX — ¥ min{s;, e 408 e . MR =AAFR, A
e+ D zd,- =s; <D, LAld;+e =D. [Hit,

s;|Ble;

m1n{s,e}< lﬁ :
Z e; J Z e; + s;
jen € F JEN €j T 5j

1D (3-6)
<) e < 20PTy
s jen t )
KRR E—MAFERZE T (B2Yeps, = 0)
ZZe +ZSJZZZe +5; zd +e =|B|-D

JEB JEB JjEB
&, B=IEIE—, nTPISH

Z costg" - P(ilk) < 40PTy
i€

4 (3-3)F1(3-7)1 A\ (3-2), A4 2E[costy|F,] < 20PT, + 40PTz. m

(3-7)

WAE, FATCEUERLE TR — 5 1) 3 e 2

TEXR 3-3 BYNERA: FRATH LA R AN SE SR 4t
E[cost, + costg] < max{IE[costa + costg|F,], E[cost, + costﬁlFB]}
max{E[cost,|F,] + E[costg|F,], E[cost, |Fz] + E[costg|Fj]}
max{20PT, + 20PT, + 40PTg, 20PT; + 20PT; + 40PT, }
40PT, + 40PTB = 40PT

I IA
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H A E[costy | Fg| ME[costg|Fg | L5, &l 5] 3 3-6 A5 3-7 KX FRIA . m
3.4.3 g

AT AT ARTE, BSR4 E AT, AT LLFl 4 meHL
FIIARIE LA R K. BRERALEREx = (6,0,0,...,0,1), A PLIEYSe - 07 H
BA 22 S 5ER, AT L5 BEpL] e bt 4.

BADBEERR], WIS TEHLHIFEA R AT AE M. 25 R Ll
N, B -AHBE OS], R —MER BRI

BAVEWF 7T T Letg] 2 FEHLHIAE = BEMEIEIE 0 B AN R . 2B — AN R 2
XFE: AT S FRA TR FIRE R, KT8 = AN, R LIE e 7E A
N2 5% FREAGE B, BRIEEMER, S5X0N255 2 H1E AN B0 B
MEREE . ANERZ, FATRE] T —AFHANEIRM RG], UEH T IXAHLHEIAZ
s, @

B R gL b, SO R TSR BT AN R 4 )
Fify 28 M IR PR B 2 A A A R o, 58 = AN, BEALIEHCZE FEAS
5% FiRAE b, HFHEEIME, 535320004 RO EE 5 108
EREEE o X AL AT DRI S A I A LE o

3.5 [E_ERHLH

R, A1 AR b AT (ST, ), K ELST © R 4ERK LA
R, ARy € ST, dCr, y)RE Shx, yFimR IS I KR . R4
BT LUK R RIIA— (L, BEESTRAMBR K 1. R, 3 3.3 WEEIMNE 0T
FEK BAIAE . TR BT DA AE SR PR, . I TR K 4t — AW s
HOSELRE R (BB, FRESIE AR — LA AT AL . 7R3 SO R, RATTAOSS
R,

O RRARBIRZXFEN: BT NS EE, MEFELNSE5E, A1+ 0 F A
5%, MB1+x+yEEINSSE ., XK En LK, FIE T RADE T DU E 8 — A Wit X
BAETL =0 EXANRE T, BEY =100,x =10%,n; = 50,n, = 4. 2L AF M B H T LA,
EMNEVRM S5, TTURERA KA E S+ kR 3KF .
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right

circle

K3.4 [ 73 AL

B 53 B -
HEMENEX = (01, %, .., X)), DRI KITTBCE fEx 4b . a1 3.4(a), FAl]
FH %1 2o IR 1L I B o ARy [R5 7 G 7 PRS2 I3El . FATAR e — AN 2
L, H—MRAVER. WANB MR BAELMR ERIREE S 535 2H fk
EEA, FF HARB T AR B ey DL R, CUnSRAA 1) e 2 5%, L ILEAS
EW, BIANB = 0. ¥ Xdy = max;e, d(xq,x;), YA Mdg = max;ep d(xq, x;) (Ul
RBNZE, & Xdg =0 AL SEWE 7 e 26 — A5t -

o Wd, <dy, Wil iEELFRR L, HIL A Amin{max{dg, 2d,},1/

o WA, >dy, WHELEAELFRLLE, HFL AR Amin{max{d,, 2dz},1/

U xR # LY BE IR T2 AR T A
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FERXAHLEI A, 25— it BB AR — NS 5% LI E, /2 dictatorship.
TATH KR [RIAER AL BT, AR — 2k E 2k, JFHESR N2 5E LRI
B IR IXFEoR, BATT AT EUM B X6 158 70 FC AL i) B AR A5 BE VS 2

RREL R, Sofim (B 255 0L Ndy (Bi—dy). WA
mAWMZ 5EHERNEE, KTREWRS 5% (dg >dy), BATREE
S RCE AL AL bR ymax{dp, 2d,}AIOZ B 15300, FATPRE R AN B0t LA 5 e i
AABR N — max{dy, 2dp}At. FTLABRAE, IXFERIAEE L ERINLHI R AR E R .

B, HIANINE LA B2 B {5, Aebrmax{dp, 2d,} (Bi— max{dy, 2dp})
AuReCa T U &y, BIE T AR (BOEFED, R EE. Bk, T
I8 1), PATAE R A FRCE — NIRRT, SRR A et i ARl 171/2 R
At AN SREE AN BOEARR N T —1/2), IR AT TR T B LG 1 2 AL .

FERETNORAUER AR 2R XA BRI RN EILAE O i, FATRAE
AT ELBRIERRNS 5ERAE “REmS 5% 7 RUMKGES BT &L Kz
HIIRAS “lebimZ 54E 7.

3.5.1 HEA[EMH

B 3-4: [A 5 BChLi 2B TS 1

HERR: BAIREHARHAFTER, WEew, FE—MIERE
x = (%1, %, 0, %n), —HB5HS < N, URMATHARIIN Bxg, FEGEANSE
HiE€S, HBEITAE KA

cost(f (x5, x_s), x;) < cost(f (x),x;)
AR—ftE, BAVBRBN TR eI BEREGd, = dg, MA—FTEEd, < dgil
UEBE R H Bk, T f(x), A, € LA YR,

MNE—-NS5H, WEf)REEE N0, KL B A~aS 56k, B
1¢S. HIERATCLAIE, 1Ef (g, x_o)H, FH—ANEHKIREx AL E . FRAT
Bef (xs, x_s) = {ly, L} HC RN BT MR, C 3o ML B L, IS
FIREEE, XAk, FrAATFNSSHEMEC, b, FIEBHNS 5HEIEC, .

SARHE, L ATTREAEL BUE L, PRONISFERE TR A BE DR 1o RIIRA 1A
R LA T -

B 4: 1 € €. SeiEBBIBP NS 5HMAREL FIRFL B AR,
LEGE LI —A, — @ g, Kk aS c AL Rdg = dg-
PRk, BT IGENS 5EEEC, B, N T BB, 1 ditEc, b
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FHLRIEd (L, 15) < d(ly, ). TR, < dIHERA, B E&iEy
TBHMSHEASTR. N TIERIX— 5, AR LS55 WIRTESH,
WARS 5 T . RSB 5E N, . EEFI, = x, NTAERE, BN
TMp CARAR T ERA, HAEETIR . B, # x,, HRRITA
d(ly,15) = min{2dg, 1/2} = min{2dg, 1/2} = d(l4, ;)
H5EA1RTd, 1) < d(ly, LSBT E.
1B 2: 15 € Cpo MITHRIE L RAIIERE, Ah AR eE NS 550, kit
ScB. WM, dy =dy. FATE—BRIEL AL AL E 57> = FhF1E L.
59 2.4 1, = %0 ATHE, =2, Biad, =3, BEldy >
wmid, = % FATLIAREL, = LINATR S 5FA TRk, REa
ERT AT AR a1 > - FATHd) = dy = dp = 2. N T 3A,
L aitE AR E, OSBRI AAEB Y . (H2 XM ARRK
A, FA:
min{max{dy, 2d,},1/2} = min{2d},1/2} = %
B 2.2 1, # 2, HFHILELE (B3ER)
m$5¢@,ﬁmﬂﬁ%<%oHﬁ%ﬁ%%%ﬂﬁ@%%ﬁ%@&
ed(x;, 1), BN € Lo BARM, FERXFME N AR B H) 2 5 #H#R
ANBESRA, RO Bl B BT SR =2 L
1B 2.3 1, # 2, HHLERE (REHER)
W AT dp < 3 Udy < djy < 3 W FALRT S 5%k € B, d(x,, 13)
HKe 2> 2d) — d, MfEHEZDRdgFNEAEdg < dy < djo
EXOARKTETWMRE —NMEERNEEdy 7, WEHTTE.
& e FEE I R 45 n

3.5.2 XA SMARIIEMEL

TEFE 3-5: [ ECHLEI L AL AN S — 1.

WERR: X —MEL M Bx, HRRMMIFHEH 55 3.4.2 TR afphe
EHIE Lo BATH IR B/ N LR I a2 55 B I RN
N ELE BT EB N2 5 5 8 SR AR IR, 2T 5 W, 1, 01 = @ FATHI |1,
BRI KEE, |Ig|RRIMKE. 55, OPT = |I,| + |l

ARtk FAMEL = %1 € Iy, JFHdy = dp, HRRIEIATHINLS], 28

M, e L.
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RKAT5 3.4.2 1, FRATE Lcosty = Yieq cost(f (x), x) Ha P HIFTHZ 5%
HIAZ A, costg = Niep cost(f (x), x ) NBHHIFTA Z HEH KA. A[LLE
#, costy < (la| — DOPT, FAL € 1,, I Ha T BHETS5% 51, IR E A
i |le| < OPT, BTy = LM H S A 0. 3T KRIATHIEM costy < |B|OPT,
R R LAE A THIn — 1. B 5, K 2Ncost = cost, + costg < (n — 1)OPT.

Wk, € lg, BHMEANS5E, BBLm it E S AL ||, BRE
costp < |,8||Iﬁ| < |B|OPT.

R, € Ig, FATRp WAL B A S 5%, g IR L RA RS 5% .
BATE Ay, xp) = dg, d(ly, %) = dgo WHx,, x, FRELH (K] 3.4(b), AT
WENF G RIEBIRATIBE], L, L IRTEx,, x, 9 AU AFE ISR L, e
Y, RS, x Mg, BAOSOEL, LT —F. MR € 1,B#EL, ¢ IpH
SR E, Wikx, € I, Jkx, € I, HEDH—AHAL.

o WRx, €, (EI3.4(c)), || = dyFAx, Flx, [N H A EIR F. HZRH
MEANS 5%, BELELZd, <d,, XEWE

costg < |Bld, < |BllI]| < |B|OPT

o Wfx, &1, TATUAAx, €1, (K 3.4(d)). FATILEHIE|L,| = dg, BN
Xy Flocg [FINFAEIX B b Wb, B 2 5 & #AE A LIRLH, FRATH
MIELT AN 53&, Rk, LA —FH WA SBIEd,, L) /2. HET
I, & gVl ex, € s, BATHES L, # x,. EXHMER T, MRAERAE
BUHIEIE S d(ly, L) < 2dg. 281, BAMKSRE

d(l, 1)
costg < |B| 12 22 < |Bldg < |BlII,] < |B|OPT
uEEE, n
3.5.3 iig

FATERX BAM R — A0 o Bk o0 T B 43 B AL AU BA LG B R B © 220k 2 1
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Robust Mechanism Design
Introduction

Combinatorial Auction is a kind of auction in which bidders are allowed to bid
for a union of goods, instead of only bidding for single good in traditional auction.
Maximizing revenue or/and social welfare is one of the goals in designing auction
mechanisms. Traditionally based on equilibria, mechanisms are found to be
vulnerable to:

e Collusion. VCG is vulnerable when 2 players collude.

e Complexity. Some mechanisms require exponential number of rounds or
communications.

e Privacy. Players publicly report their own utility functions

e Equilibrium Selection. There may be several Nash equilibria, while the
property holds for just some of them.

In an unpublished manuscript of Micali and Valiant ™, they advocate
overcoming the above weakness by designing mechanisms in a resilient way. This
idea has then been formalized and well-discussed in a paper ' submitted to
STOC’10. Notice that several attempts have been made upon this new definition and
they succeeded in designing a few mechanisms robust against collusion, complexity,
privacy and equilibrium selection BB,

This new solution concept is not equilibrium-based. Only occasionally, the new
concept coincides with traditional ones:

e Strictly dominated strategy. A special case when only a single strategy
survives after the elimination.

e The unique subgame-perfect equilibrium. Another special case in games
of extensive form.

REMARK 1:

e Games of normal form:players act simultaneously and the mechanism
decides the outcome.

e Games of extensive form: a tree-structured mechanism and the player chooses
among possible moves at each node.
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Technically, the new concept is based on an elementary notion, iterative
elimination of distinguishably dominated strategies. This new notion bridges a
currently vast chasm: that between elimination of strictly dominated strategies and
the elimination of weakly dominated strategies.

REMARK 2:
e B strictly dominates A: choosing B always gives a better outcome than
choosing A, no matter what the other player(s) do.
e B weakly dominates A: There is at least one set of opponents' action for
which B is superior, and all other sets of opponents’ actions give B at least the

same payoff as A.
Equilibrium Selection

As noticed in [2], elimination of weakly dominated strategies is unlike to be
sufficiently meaningful. Therefore, the problem of equilibrium selection vanishes
when the mechanism yields a (single) equilibrium:

e With strictly dominant-strategy. Such mechanism is rare and proved to be
unable to guarantee even constant fraction of the property. ¢!

e With survived strategy through iterated elimination of strictly dominated
strategies. Shown by Abreu and Matsushima '), and further extended by
Glazer and Perry 1 mechanisms of this kind are capable of achieving all
desired properties, but under strong assumptions: each player perfectly knows
the utility functions of all players.

Notice that in the second kind mentioned above, the strictly dominated strategy
is not yet defined when players do not have the perfect knowledge of other players’
utilities. To overcome such obstacle, they consider the iterated elimination of

distinguishably dominated strategies.
Preliminaries

Combinatorial Auctions. In a combinatorial auction with n players and
multiple goods for sale,
e The true valuation of a player i for asubset S of goods: TV;(S).
e An allocationA consists of a partition of goods A = A, 44, ... A,, Where A,
represents the unallocated goods
e An outcomeQ) consists of an allocationA and a price profile P, where P; is
the payment by i.
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e We consider unrestricted auction: TV;(S) is independent of TV;(S') forany
i,8)+(,S).

e The utility of a player i: u;(A,P) =TV;(4;) — P;.

Extensive-Form Public-Action Mechanisms. They mechanism must specify
the decision nodes, the players’ acting at each node, the set of actions available to
each player at each node, and the auction outcome associated to each terminal node
— leaf of the game tree. The mechanism is of public action.

A player i’s strategy specifies i’s action at each decision node, and let ¢ be a
play consists of a profile of strategies. H(o)denotes the history of the play, and
M (o) denotes the auction outcome (A4, P) associated to H(o). Besides, a
mechanism must provide an opt-out strategy OUT; satisfying: u;(M(OUT; U 6_;)),
for each strategy subprofile o_;. All definitions above may be probabilistic.

Generalized Contexts and Auctions. Agame G = (C, M) has two
components: a context C and a mechanismM. The context describes the players,
possible outcomes, players’ utilities for each outcome, and the players’ knowledge.
The mechanism describes which strategies are available to the players and how each
profile yields an outcome.

DEFINITION 4: A (generalized) (auction) contextC = (TV, (C,I), EK) consists of
three components:

e The true-valuation profileTV.

e The collusion structure(C,I), where C is a partition of (collusive) players,
and [ is the set of players i s.t. {i} € C. We use agent to denote either an
independent player or a collusive set and call a player in Ias independent.

e In contrast to the internal knowledge of A which is TV,, we define the
external-knowledge vector EK: for each agent A€ C, EK, is a set of
valuation subprofiles for the players outside A, satisfying TV_, € EK,.

Now we define the relevant knowledge of an agent. Essentially this is the

outcome with maximum welfare known to its members.
DerFINITION 5 (MKW Benchmark): Given a context ¢ and an agentA, we define
RK , the (total) relevant knowledge of A, to be the outcome with maximum revene
among all outcomes (A4, P) such that, for all player j:

o If j€A, then P, =TV;(4;)

o If j&cA then V;(4;) =P forall VeEK,
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The maximum known welfare of A, MIKW 4, is the revenue of RK 4. The
maximum known welfare of C is denoted by MKW = max_;cc MKW 4.

The above two definitions come from [5]. There are actually two more types of
benchmarks other than MKW defined in [5] and[3]. To avoid the ambiguity, here |
define them in slightly different ways. For comes the MIKW!, which denotes the
maximal known welfare upon independent players.

DEFINITION 6 (MKW! Benchmark): Given a context ¢ and the independent
player set I:
MKW’ = max MKW/;

Next comes the MIEEW, which is defined over the external knowledge of
independent players, and thus more restricted than MKW .

DEFINITION 7 (MEW Benchmark): Given a context ¢ and an independent player
i, we define RK; the (external) relevant knowledge of i, to be the outcome with
maximum revenue among all outcomes (A4, P) such that, for all player j:

e |If j=1i,then P, =0,4; = @. (External Sale Only)

o If j#ithen Vi(4;) =P, forall VeEKy.”

The maximum external welfare of i, MIEEW,, is the revenue of RK;. The
maximum external welfare of C is denoted by MEW = max;c; MEW;.

The Results

The Relationship Between Three Benchmarks. Notice that MKW'is a
benchmark more demanding than MIEW. Indeed, MIEW is only defined over the
external knowledge of independent players. By contrast, MIKW! allows any player
i to assign goods to any player, including herself. Thus, MIKW’ captures the total
(i.e., both internal and external) relevant knowledge of all players, in a
collusion-resilient way. We go one step forward. To leverage the total knowledge of
not only just the independent players, but also the colluded players, is more
demanding. This is the so-called collusion-leveraging. The above definition of
MIKW is coincident with such idea.

Informal Statement of the Results. If we define the total performance to be
the summation of revenue and social welfare:

1. There exists a mechanism guaranteeing a revenue of MIEW/2.[3]
2. There exists a mechanism guaranteeing a total performance of MKW/ /3.

© There are actually more subtle requirements like P,=0 if A4;=¢ in[3]. Itis unknown at this
moment that whether these requirements can be removed in their proofs.
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3. There exists a mechanism guaranteeing a total performance MKW/6."[5]
4. There exists a mechanism guaranteeing perfect revenue when players have
perfect knowledge.[4]
Notice that result 2 is a direct corollary of result 1. For any ¢ between 0 and 1,
one can transform a collusion-resilient mechanism M guaranteeing revenue
> ¢cMEW into a (collusion-resilient) mechanism with: 1) a total performance
= iM]KW’; 2) a revenue no less than i times the total relevant knowledge of

the “second-best-informed independent player”. Essentially the new mechanism M’
runs M with probability i and the “second-price” auction® with probability i

Distinguishable Dominance and Rationally Robust Implementation

We first come to the concept of distinguishable dominance in replace of the old
strictly/weakly dominance. Whenever we say S is a vector of strategy sets in
auction (C, M), we assume that each S, is a set of strategies for agent A € C. We
also define the Cartesian closure of Sas S = []aec S4, and define
E = HBE(C,B;tA Sp-

DerINITION 8 (Distinguishable Strategies): In auction G = (C, M), let S be a
vector of strategy sets, and let g, and o, be two different strategies for some agent
A. Then, we say that o, and o, are distinguishable over S if 3t_, € S_, such
that H(o, U 1_,) # H(o, U T_,). In this case, we say that 7_,distinguishesg, and
a,.over S;else, o, and o, areequivalent over S.
DerINITION 9 (Distinguishably Dominated Strategies): In auction G = (C, M), let
S be a vector of strategy sets, and let g, and o, be two different strategies for
some agent A. Then, we say that ¢, is distinguishably dominated by g, over S
(i.e.g,distinguishably dominatesa,over S), if:

e g, and g, are distinguishable over S;

o E[uy(M(ay Ut_y))] <E[us(M(a, Ut_y))] for all strategy sub-vectors

T_,4 distinguishing g, and o, over S.

DEerINITION 10 (Compatible Contexts): In auction G = (C, M), we say that context

C' is compatible with agent A € C if:
e (' and C have the same set of players and the same set of goods;
o TVE=TVE

® This bound is said to be able to be improved to 1/(2 + 2\/7) in the footnote of [5].

® In this auction each player bids a value together with a subset of goods. The player with the
highest bid wins but pays the second highest value. All other goods remain unallocated and other
players pay nothing.
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e EKS=EKS
Notice that it can be implied that RK§ = RKf;'. In the following, the rationally
robust play is defined in the way that distinguishably dominated strategies are
eliminated through a two iterations, assuming the possible occurrence of any
compatible contexts. In a high level, an agent chooses to give up some strategy if for
all compatible contexts, this strategy is distinguishably dominated.
DerINITION 11 (L4-Rationally Robust Plays): In auction G = (C, M), given agent

A.
1. Let 2 =TIz be a profile of strategy sets, such that ? is the set of all

possible strategies of i accordingto M.

2. Define £}, to be the set of strategies in £j that are not distinguishably
dominated over £° in G, and Z¢ tobe [TaecZé 4

3. We say that a strategy o, € Zé‘A is globally distinguishably dominated if
there exists a strategy g, € £t ,, such that for all contexts ¢’ compatible
with A, g, distinguishably dominates g, over Zé,, where Zé, is defined
as X} butfor auction (€', M).

4. We denote by %, the set of all strategies in £, that are not globally
distinguishably dominated.

5. We say that a strategy vector o is an L,-rationally robust play of auction G
if o, € 2%, forall agent A.

REMARK 3: fixing the mechanism M, we have:

1. $},is the same for any C compatable with A. If fact, the set % is
independent ofC, and the strategies of A that are undominated over Xx°
solely depends on A’s own TV,,EK,. This makes the third item in Definition
11 well defined, i.e. o5 € 35,4 = 25 .

2. x}is dependent on C. For example, given two contexts C and C’
compatible with some agent A. Although we have that %, =Zé,’A,
however, for some other agent B # 4, it is very likely to have 3%, # 3¢/ p,
because even agent B’s own true value TVy differs in these two cases.

The 1/6 Mechanism on the Total Performance

In the description of the mechanism
e {1,..,n} isassumed to be the set of players;

e ¢, e,ande, are three arbitrarily small constants in (0,1) s.t. 2ne, < €;.
e Anoutcome (4,P) is called reasonable if each P; is non-negative;
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An allocation A is said to be for a set C of players if A; =@ whenever
Jj&cC,
Numbered steps refer to steps taken by players, bulleted ones to steps taken
by the mechanism.
Mechanism M
Set A; =0 and P; = 0 for each player i.
(Outcome (A4, P) will be the final outcome when exited)
Each player i, simultaneously with the others, publicly announces three
things:
a. a subset of players including i, C; (allegedly the collusive set to
which i belongs);
b. an allocation for C;, S' (allegedly the allocation desired by C;);
c. a reasonable outcome, Q' = (a’,m') (allegedly the relevant
knowledge of ;).
Set: R, = REV(Q'), = argmax; R; (ties broken lexicographically), and
R’ = maxgc, R;.
(We shall refer to player = the star player, and to R’ as the “second highest
announced revenue”)
For each player i for which C; includes a player j suchthat i & C;, do:
o reset P, =P;+ R, + ¢, (i.e. punish i with afine of R, + ¢,)
o for each j€C; st i &C;, reset P,=P,+R,+€; and P, =P; —
R, — €.
(i.e. let i pay jthe amountof R, + €;)
If there is a punishment in the above step, HALT. (no good allocation)
Publicly flip a biased coin c¢; with probability ¢ in Heads. If Heads,
uniformly and randomly choose a player i, reset x=i and R’ = 0. (This
reset happens rarely)
Publicly flip a fair coin c,. If Heads, set A = S* and HALT.

(If Tails) Each player i such that i ¢ C, and = >1 publicly, and
simultaneously with others, announce YES or NO. (i.e. declares whether he
wants to receive a; with price ] — €;)

Reset allocation and prices as follows:

o P.=R'—ney,;
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o for each player i such that either i € C, or m; = 0, reset A; = a;;
o for each player i suchthat i ¢ C, and =; > 1:if i announced NO,
then P, = P, + m; (i.e., = is punished due to i announcing NO);
else, A;=af, =P, +n; —€,, and P, =P, — (n] —€;) (i.e., *
is rewarded due to i announcing YES).
e Finally, reset P, =P, —¢e,(1 — ﬁRi) for each player i (i.e.,, to break
“utility ties”, a small reward is added to each player)
LEMMAS8. For all agents € and all o, € X, the following two properties hold in
Step 1:
e foralliecC,CccC
e for any two different iy, i, € C, i, € C;, iff i; € Cy,.
LEMMA9. For all agents € and all o, € X}, if * & C, then in Step 2, for all
players i in C\C, s.t. m/ > 1:
e i announces YES whenever TV;(a;) = n};
e i announces NO whenever TV;(a;) < m}
LEMMA 10. For all agents € and all o, € X%, if x € C, then in Step 2, for all
players i in C\C, s.t. m; =1, i always announces YES.
LEMMA 11. For all agents C and all o, € X%, and player j € C suchthat j isthe
lexicographical first player among all with REV(Q') = maxyec REV(Q¥), we have
that HiddenV;(%;) = REV(RK,). Where:

HiddenV,(Q) = z TV.(A,) + z P, s.t.0Q=(AP)
kecC ké¢C

LEMMA 12. For all agents ¢ and all o, € £2, we have that
maxec REV(Q*) > REV(RK.)/3.
THEOREM 6. For all contexts € and all L,-rationally robust plays oof (C, M), we

have that
(1 — e) MKW

E[REV(M(0))] + E[SW(M(0))] = c €1

Open Questions

e Consider the benchmark of a-SW + b - REV?

e To improve the proof of LEMMA 12? Very likely.

e Impossibility result? An revenue upper bound of % by Guang Yang, under
the strong assumption that:1) the final outcome is chosen using a single
player’s EK; 2) there exists some general knowledge — belief about other

player’s external knowledge.
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