ek b ey | 612 ot

\70{)4

puilse (e

Mechanism Design

4ald (5u¥ 5i LIS
LFTJJG OKM;‘J ‘Ls-u.nd-ledc éds_lil:ﬁ‘d
C)‘J‘é‘z étg.‘id‘d

http://courses.fouladi.ir/mas



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

Y U-LQLGA.%‘;LQ‘Q.L\.\:.&_\»
LS . " - % ‘SLQ‘J-OLC

SELF-INTERESTED AGENTS

il Bolbe Jole ya S0 g 0 (58
.Aﬁwng‘JJﬁwudeLuacgdyalwéiﬂ/JSSJ#C\JLL_..“\;

e llbiadia o Jole clla L Lo
:Waau&A@J#stﬁ

1S oS 5 paa 5o 4S 4 alal 65500 Jole S sl m b J gl O
sl (5,180 1 US55 59 0l 48 S aas Jiole S vl (San g9 O

&
&



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

-

roleais> slaminmmy
puailss ol b

MECHANISM DESIGN

S
&

5 ol L3 s




Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

roleais> slaminmmy

puailso gl b

ousS2e 55k B — ibasasS (50 sl
GENERALIZED GAME THEORY — INVERSE GAME THEORY

TN 53 s
Mechanism Design Game Theory

aadlsa oo (55b skl Lo
S s 1 650 S5 el

ou 9520 (5 5 (s ylaa

Inverse Game Theory

didbiasansd (5l (s i
Generalized Game Theory

H‘szwl&a@|3j¢\)d
e 4 4K b 1 50
Lo oslle wel s So 40

* 0

7Y



-

roleais> slaminmmy

MECHANISM DESIGN

‘\ Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

o
&

aslassagia o delen > 1

VZ-(O, (97,) asla gl ) &D&jidﬁ‘.ﬁﬂ

J..Ssoua.;_ﬁmLAA.ATJ.:JJJAJJ|J&ALCQL;3;J36‘)‘A§UBJJ|@U

.J‘)\A‘AUZ'JALQ&JSHL'JKJJL#

el ST T Jole sl s L (Jole .53) 6 3ol

La bele
Agents

-~

Laae] y

Outcomes

SISyl pmbs
Valuation Function

Agent§ Types



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

selainl LA glagls

SOCIAL CHOICE FUNCTIONS

i€ (s 3lusal 1y solaial QLA aull S axal 2 o punilSe ol ko

o= f(A), with 8 = (6;) the profile of types.

..sj.i-gaa.sL‘....f(Q) (54.:\_4.50‘.;@“&:\3‘.3.3“)8‘)§‘
el gai 5 0 Hlate (anii oS ghs (ylan Lol

caas (IR, (07) 95 £ 55 4S s s Jole 58 51 Lo sias ail g3 wls



-

(iloslons) punsilss (o Sl

THE (COMPUTATIONAL) MECHANISM DESIGN PROBLEM

 iliulas ausilsa al b

cpedlSe ealsle o Gdla Gl b
lew) Glin sa b 50 O sl wel s AT (6 g 0 LaJole culaa

0= £(6)

Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

o
&



A u-LaL:A.n:“' Sl

LAJTG:) g lacaly 4

PAYMENTS AND PAYOFFS

:‘3333&QJJQSJ.‘LS\JeidALcJ.inSUL%\L;\ﬁ
ﬁ.}.&du.o{a‘.%l‘LSJ@‘JPXO)&‘JJ:‘(AB%&GS‘OMT&#J

ui(07 6)2) — Vi (07 (9@) + pZ(O)
ST o2 Slas iyl + WENRRY
Payoff Valuation Payment

c il G0 g 8 g H3 S aasSLe LS e c ole

41’&"‘“‘{;'“"‘."\9‘.)3‘\9

ol S sl s ol 18z 50! ()

‘\ Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

o
&



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

-

roleais> slaminmmy

ol p sLaaals § S350 il slags Hls

STRATEGIC GAMES AND OUTCOME FUNCTIONS

o
&

el S 550 el (65 05840 LT (o2 g5 4SS oo IS8 (plaa iS5 55

M = (Augap)

L dale 515 8 5a g0 sLA S (54 gons Layias
Actions
g(a) — 0 0€ Ouslp S 0a0s oS el asl 3 pals
Outcome Function
D= (pz(O)) ol asa s @als s ol S Jole 5 (gl s SEN Ry Sk
Payment Function
a a; \Uq S e LTI Julad L ol (R

azl (dominant) W& < S5 af (0;) S 5 < anal g2 e

u;(a_;, a

*

7

(0:)) > ui(a—;, a;), for any (a—_;, a;).



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

-
S Bl 5L 2o b
THE (COMPUTATIONAL) MECHANISM DESIGN PROBLEM

el G R e 1 e et B o
Jf(0) pelaal (138 b & 5 0; 53,6 LV (0,0;) oS00 w5 51 Ll s
‘p(O) C.\:L‘JJ,Q @BQJ‘g(a) =0 JATJJ (’:’B :Ai wm&uscs&mw
u;(0,0;) = v;(0,0;) + pi(0) Sl 5 sl 50 = (6;)
asde i g(at(8)) = £(6)
S 53 il (550 e slagiiS Jolss Jaol, S a”(0) = (a;(60;)) o 5o«
e M = (4;,9,0)

MW&&ﬁﬁ@(QJH@‘JJ
WS e (5 jhwoulay W sl iS ol f pelaial GiasS ol

o
&



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

-

A ole s slomiumi
e s

and Gaega o 1 Jbs

SECOND-PRICE AUCTION

L3518 3 9 5 (S selS e Sed K 5o e S M) WIS I8 S 5 Jole 72
018 T8 15 G IS G ) G idians oS padas e lole 4 15 YIS ol pal s2 oo
il 15 0 (Jsle 0T g 3) Jole 5 o231y (s 1825
b panads T YK € el JLle sl 0 € {1,2, ... 1} sl S

01 8 5 LT Jole (513835
v;(0,60;) = 0; if o =14 and 0 otherwise.
selaial (a8 L
f(@l, “ o ey Hn) — arg maxz{é’z}

o o linie 0l B o g addats O S bl anil€o S o Lo g

o
&



"
(3lasalane) puasilSs (o) b alinus

JAQ‘JZCJA:\BQ:\AJJG‘JAZJGA

SECOND-PRICE AUCTION

Landl Galy S
pi(0) = 0 for all ¢
e_ue.}ls.o QKQT
Ml — (AM g, O)

Lanal Gl S
pi = — max;£;{0; }

ui(o, (9@) = (9@ — man;éi{@j} if o = ¢ and 0 otherwise.
Ms = (Ai, 9,p)

Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

S
&



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

Al

SHlwuld Jo!

-

roleais> slaminmmy

THE REVELATION PRINCIPLE

M = (Azagap)

faiS galin (aiS o olusnly 1) f o€ panile 33L sl 1)

o
&



Y

SHlwuld Jo!

-

u-LALcA.na“v GLQ‘Q.HM.‘Q_\M

THE REVELATION PRINCIPLE

R\ Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

o
&

prenilSe b 93 IR (slagiaS S f elaial pau S b S S
M — (szgap>
H..j.}ls.a byl sla il g faliQT‘ng s 5lwesliy Lil8
! __
M — (627 fvp)
O oo &S el (g5Lwsalsy L6 50

a0 GRS GBasa p sd sul Hshds S8 gd o Gl A Jole 5o )

15\9)1&4-3
ol 0055 22819 £ 95 uls GBS MY s i Jele Lo Ll S

S Hlw s Juo

The Revelation Principle

S B aeil€e paloh o )y soanie gl 4 aas e |y Gl 0ol Lo 4 (53l oo



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

\O

-

(Qmthdetild

SHlwuld Jo!
THE REVELATION PRINCIPLE
strategy 81(91)
type O, >
Original outcome
. >
Mechanism
strategy s, (0, )
type O, >
I I —_— | | ] | | | I | | |
o | I
strategy
type O, - "1 s, (0,) > |
Original | outcome
Mechanism g
strategy O
type O, >

'——JL——
V)
S
—
D
3
~—

New Mechanism

cpaobins (o3 98l y Julad SO L waa S S a5 g0 G S

ol sad suls (81, +or,Sp) Jobss ol Lol auil<e K



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

\F

e,

asdious sLaad] anailse

roleais> slaminmmy

DIRECT-REVELATION MECHANISM

pod 4 pnilSe Sy

M = <@Z7f7p)

aas iR Glie 9 4S8 gl o il 9 sulis &) guads Jole 5o 51 T Hu S

L]
’U};b/

aadiivus (sLidl awsilse

Direct-Revelation Mechanism




Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

\\% roleais> slaminmmy
et il il aasles

STRATEGY-PROOF MECHANISM

aﬁg#&ug@élw&@ ‘553|J3m|6§|43u44:ls.4
M — (@Z f p) Strategy-Proof Mechanism
’dJ

il ladele sdan gl LI i (truth-telling) o Sewly o 5a

18 bl Jol (sdauisy

(oS (s 3lsaly (5550 el mdls ananilSe S b 53 15 elaial (23K 0l S adil i S
‘-SJ“'L“"JAJGJQJMWWK‘JAL*“JSEGUJCSJL‘“°JE%(S‘JJu-&‘)@.—.‘A"KUT



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

A

-

roleais> slaminmmy
et il il aasles

(520) e G covand (e 9o o s Jle
STRATEGY-PROOF MECHANISM: EXAMPLE: SECOND-PRICE SEALED-BID (VICKREY) AUCTION

oS o o3 5o Eloa (stlie (51 s 1) ) paliue (L) a5
M3(6i7 f7 p)
caass slgidug ciaad S dS 0 gl o Gl 9A Jole o 51 ()
cel sala | algidog G YL € Wb o pasads lole 4 YIS (Y

caaas alal cdda s sleidig Ga8YL Gaega Oloaes b s 5 Jole (¥

Ly algidng 1) (Boa (a8l (6,18 L85 b Jole 5o



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

4

i

roleais> slaminmmy

THE GROVES MECHANISM

o
&

n

f(@) — arg Igleag & Vz'(07 9z')

:‘A:uhdu.o ‘a.l%_s‘ ‘J JfJ GL&CAA‘J#J
pi(£(0)) = wi(f(6),05) — hi(6-)
JFt
el o) gA LS hz(é_z) O s S

A

L8 GBS 15 (Bu A g 9 S anal A o Jale 5o 5l gl S anniilSe SO o

(a2l opliie 0 (sl a3l g 53 L il 55 e 4S) was o IR, 0 (1 ole

o) ‘533|J3.w| é‘é jjl‘; e.w:\:slS.o «< S - o0 c;:sli




Y. rolesis slomimmwy

THE CLARKE MECHANISM

L el 5918 ailSe 3 pald alls SO SHIS S
hi(0-s) = p_vi(f(6-2),6))
J7#t
el o 813 LS 5T 51 Jole o€l olaial g K B & f(0_;) of ys <
f'(0) = argmax ) v;(0,0,)

ocO —
J7Fi

Saal (3 A0 JU gacay S S acasilSo csolin ol s pa g b € 5 s e ol

Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

&
&



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

AR

-

ole s slomiumi
S S ausilSo

e 3 38558 (sl - JUe
THE CLARKE MECHANISM: SHORTEST PATH

Sl 15 SIS S Ho enlB s 8 50 (s ae (386 S anal pa o

el B 2 O(Sjﬁb)ilfﬁcsljadlﬂ\)aidgﬂ

(el J g 0 Jole g 5 San) ailapad 1) (b oa stiba Lo
TauS dawlao |y (o2l g paue (o yioli oS aadl 95 o 4 95

cl saas (3386 6S el (590 oo L ) Gl 0wl
(oTJb st =) el O ¢ 63 slola T Jole
rol ) ool Jale IS5 )
vi(0,0;) = —0; if i € 0 and 0 otherwise.

(1Sl 235580 L ) S o e 6 (Lo za 55 15 e 03 5365 S f(0) elaal (23S s

o
&



Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

iy

-

roleais> slaminmmy

dasly t saas (a6 S 18l B

THE CLARKE MECHANISM: SHORTEST PATH

o
&

i€ |y e Gl w3155 e oSS aunilSe S

S el 1 (Gl 38 S35 el g g Jole a3
(‘M‘JSSSP&JJQ‘L)&Q@ bd.a’be)l&‘ L;LA‘L;;:JA LS‘J" bwufjml:&iw
J‘):\iL;ACJJHJ:\JCAA|JJ=\ZJALCJA‘L\

2 /
pi=0,—C+C

ZC)TJJ‘(S

AN

[ Jole o g3 sadadel gansa 6
spue (380 S Jasl, Jsb
UL O983 soe (o 3eBS dasl, dsb (O

Sl (6 5yl a8l g (53] 850 JU gy Ao oyl







Prepared by Kazim Fouladi | Fall 2022 | 4t Edition

Y

roleais> slo

-

e Y

N MORGAN&CLAYPOOL PUBLISHERS
é\a‘: -

A Concise Introduction
to Multiagent Systems
and Distributed Artificial

Intelligence

Nikos Vlassis

Nikos Vlassis,

A Concise Introduction to Multiagent Systems and
Distributed Artificial Intelligence,

Morgan & Claypool, 2007.

Chapter 6

K%

CHAPTER 6

Mechanism Design

In this chapter we study the problem of mechanism design, which is the development of
agent interaction protocols that explicitly take into account the fact that the agents may be
self-interested. We discuss the revelation principle and the Vickrey—Clarke—Groves (VCG)
mechanism that allows us to build successful protocols in a variety of cases.

6.1 SELF-INTERESTEDAGENTS

In the previous chapters we saw several examples of multiagent systems that consist of collab-
orative agents. The fact that the agents in such systems must collaborate for a common goal
allows the development of algorithms, like the coordination algorithms of Chapter 4, in which
the agents are assumed to be truthful to each other and behave as instructed. A soccer robot, for
instance, would never violate a role assignment protocol like the one in Fig. 4.2, as this could
potentially harm the performance of its team.

In many practical applications, however, we have to deal with self-interested agents, for
instance agents that act on behalf of some owner who wants to maximize his or her own profit.
A typical case is a software agent that participates in an electronic auction on the Internet.
Deeveloping an algorithm or protocol for such a system is a much more challenging task than in
the collaborative case. First, we have to motivate an agent to participate in the protocol, which
is not @ priors the case. Second, we have to take into account the fact that an agent may try to
manipulate the protocol for his own interest, leading to suboptimal results. The latter includes
the possibility that the agent may lie, if needed.

The development of protocols that are stable (non-manipulable) and individually rational
for the agents (no agent is worse off by participating) is the subject of mechanism design or
implementation theory. As we will see next, a standard way to deal with the above two problems
is to provide payments to the agents in exchange for their services.

6.2 THEMECHANISM DESIGN PROBLEM
In Chapter 3 we used the model of a strategic game to describe a situation in which a group
of agents interact with each other. The primitives of such a game are the action sets 4; and
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FProtocols for Strategic Agents:
Mechanism Design

Ag we disoussed in the previous chaper, social choice theory is nonstrategic; it
takes the preferences of the agents as given, and fvestigates ways m which they
can be aggregated. But of course those preferences are usually not known. What
vou have, instead, is that the varous agents declare their praferences, which they
may do truthfully or not. Assuming the agents are self interested, in general they
will not revesl their true preferences. Since as 8 designer you wizh to find an
opimas] oucome with respect to the agents” me preferences (e.g., electing a leader
that truly reflects the agents’ preferences), optimizing with respect to the declared
preferences will nof in general achieve the objective.

Intreduction

Mechamizm design is a sirategic version of socizl choice theory, which sdds the
assumption that agents will behave 5o a: to mardmize their individual payofs. For
example, in an election agents may not vors their mue preference.

Example: strategic veting
Consider again our babysitting example This time, in additien te Will, Liam
and Vic you mmst also babysit their devious new friend, Ray. Again you imvite
each child to select their favorite among the three activides—going to the video
arcade (), playing basketball (5), and geing for a leimrely car ride (o). As baforz,
you announce that yon will select the activity with the highest mumber of votes,
breaking ties alphabetcally. Consider the case in which the tue prefersnces of the
kids are as follows:
Wik b=axc
Liam: braw=~c
Vic: axexb
BRay: c=a=h

Will, Liam and Vic are sweet souls who always tell you their tme preferences.
But little Fay, he is always figuring things out and o be goes through the follow-




