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COALITIONAL STRUCTURE

%
CS =arg max v(CS)

CSepartitions of Ag

(N = |Ag]| : 2N 4 sene S5 (s sla)) il sland)

Zn:S(n,i)

S(nk) =%Z<—1>f =y

n
(U(N2) ples 31 5w 54350 5 L3131 slass) asa ¢ 53 Sl il sue S(MK)

Prepared by Kazim Fouladi | Fall 2017 | 3¢ Edition

P



3351 LA L wal g3

COALITIONAL STRUCTURE GENERATION

LS alA IS aa b Sl dp 4Kl dial o s pnaial

LR

‘33..\333,:&3 SIS e‘AS s AfL.a e

J.aa‘.;
Urae lacddial 4 ladele )8l
-l SIS HBALW S 580 S

Prepared by Kazim Fouladi | Fall 2017 | 3" Edition

—
’”’;ﬁb/



SIS A (¢ jlwdiags (saliue

-

roleais slagiumw

DIVIDING THE BENEFITS

%JK&QQ\S@&&‘JJ&JJG‘):S&A@
h{.&&b«d)ﬁi‘b@ﬁ»g&m%ﬂgﬁgd

tda Y
M S5 0 5A (saien g (s 5l Sle (S5 Ko (330
(-l ol 53 537 ok Jolds ¥ sans &)

Prepared by Kazim Fouladi | Fall 2017 | 3" Edition

P



-

roleais slagiumw

DIVIDING THE BENEFITS

JJ:‘iLSALSJZ‘%«%W“SJA&:“JJJAJJ&ng

(05K swsal | fn sl eslana 5 0l 65 et VI SO (slisel
(s A ooKaa a5 e Lael 1505

-

43:\.\3
il Gliaie wl pilie 5

Prepared by Kazim Fouladi | Fall 2017 | 3" Edition

P



-

FORMALISING COOPERATIVE SCENARIOS

<f1.g~ I/>
AGE TR v:2%9 5 R

LyJele s4e ganso SIb i pals
A Set of Agents The Characteristic Function of the Game

35S 5,Kaa 16 S wil 5 e € Y531 o TV(C) = k &1 gars yuns
fJJJTQ.A.HJ‘L}‘JkGJA.AJJ—A—uL@JT‘\S

Prepared by Kazim Fouladi | Fall 2017 | 3" Edition

P



‘.“adl‘g:\;\..t b SIS e!.AS “

gholesis> slaminnay

WHICH COALITION SHOULD I JOIN?

BN sla b Lu Gl g G Sage
¢l Hlaaly SIS <o Lj

Sas ol o
€ el JU gy, SN slisel s4an (gl o LT
canilas 8L OGN
a3 5 cadie S Hl iz g 5A b a5 e S0l L

Mgdm‘gﬁ;&wﬁdjﬁa\’?\,omgbgéﬂé)
(S 3 35S I o L soml s o Lk Sl K05 s

a3 MR K sl s s SEG Lel a3¥ o pis K (55l

Prepared by Kazim Fouladi | Fall 2017 | 3" Edition

-
,y};ﬁb/



-

S (53l S e

THE CORE OF A COALITIONAL GAME
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THE CORE OF A COALITIONAL GAME
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HOW TO SHARE THE BENEFITS OF COOPERATION: SHAPLEY VALUE
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HOW TO SHARE THE BENEFITS OF COOPERATION: SHAPLEY VALUE
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The marginal contribution may be
affected by the order in which agents
join a codlition. This is because an
agent may have a larger contribution
if it is the first to join, than if it is the
last!
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Core non-emptiness

Determining whether or not the core of a
weighted voting game is non-empty can be
done in polynomial.

The core is non-empty iff there is an agent
present in every winning codlition.

To check if agent i is present in every
winning coalition:

e (s a list of all agents except i

» All weights are positive

If 7 is present in all winning solutions, then
any coalition without i must be loosing, i.e.:

Loosing: Z w; < q

Jjec

Z wj > g

JjeCuU{j}

Winning:
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Marginal Contribution Nets Representation

. 5 visi({a}) =0,
Rule Set 1: a /\ b — 0 V(b)) =2
h — 9 visi({a, b})=5+2=7
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Marginal Contribution Nets Representation

Rule Set 2:
vis2({a}) =0 no rules apply
alNb—5H vis2({b}) =2+-2=0 2" and 4" rules
vis2({c}) =4 3rd rule
b— 2 vis2({a, b}) = 5+2+-2=5 |5t 27 and 4t rules
c—4 vis2({a, c}) = 4 3" rule
b N\ —C — —2 sz({b, C}) =2+4=6 2" and 3 rules

vis2({a, b, ¢}) = 5+2+4 =11 [1*52™and 3" rules
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DISTRIBUTED COALITION FORMATION: SHEHORY AND KRAUS ALGORITHM
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FIND-COALITION(7)
1 L; « set of all coalitions that include 7.
2 S «— argmaxger, v;(S)
3 Broadcast S} and wait for all other broadcasts, put these into S™* set.
4 Spaz ¢ arg maxgeg= vi(S)
5 if i € Smax
3 6 then join S|«
?:0 7 return
2 8 for j € Shax
: 9 do Delete all coalitions in L; that contain j
3 10 if L; is not empty
5 11 then goto 2
g 12 return
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Chapter 4

Characteristic Form Games and Coalition Formation

There & another type of game studied in game theory: the characteristic form
game or coalition game (Oshorne and Rubinstein, 1099). In these games the agents
decide how to form coalitions among themselves and each conlition receives some
utility. For example, a group of people, each with different skills, all want to start
new companies. The problem they face is deciding bow to divide themsehves into
subgroupe such that each subgroup has the needed set of skills to succead in the
marketplace. Similarly, a group of agents with different skills must decide how to
divide itself into subgroups so as handle as many tasks ss posible in the most
efficient manner. Becanse the agents must cooperate with esch other in order to
form coalitions and an agent cannot unilaterally decide that it will form a coslition
with & second sgent, these games are known ss cooperative games. Multiagent
resenrchers have also extended the basic characteristic form into to the more general
coalition formation, which we also present in this chapter.

It is interesting to note that most game theory textbooks focus exclusively on
non-cooperstive games ss these have found many spplications in Economics snd
Business and have been the focus of most of the ressarch. However, when building
multiagent systems we find that cooperative games are much more useful since they
elearly and immediately model the problem of which agents should perform which
tasks.

4.1 Characteristic Form Games

Formally, s game in chamcteristic form incldes n set 4 = {1,...,[A]} of ugents.
The agents are assumed to delibernte and the final result of the deliberation is
an outcome i = (t,.... 1) € R4 which s just & vector of utilities, one for

each agent. There is also a rule V() that maps every coalition § A w0 a miliy
possibility sot, that s V(5) © R Notice that V{S) retums a set of utility vectors,
not. & single utility vector. As such, V{-) provides us the set of payulfs thet players
in § can achieve it they form a eoalition. For example, for the plavers {1.2,3} we
might have that V{{1,2}) = {(5,4),(3,6)} mesning that if agents 1 and 2 formed
a coulition thay could either get 5 for agent 1 and 4 for agent 2, or thoy eould get 3
for agent 1 and 6 for agent 2. The function V must be defined for all subsets of A

A spocial case of the charaeteristic form game the one nearly all multisgent
research focuses on - is the transferable utility game in characteristic form. This
game assumes that the pleyvers can exchange utilities among themselves as they see
fit. For example, if the utility payments are in the form of money then we only need
ta specify the total amount of money the coalition will receive and decide later how
this money will be distributed among the agencs in the coulition. Mors formally, we
define a transferable utility game

Definition 4.1 (Tranferable utility characteristic form game). These games conaist
of o set of agents A = [1,... A} and a characteristic function v{S) — R defined
forevery SC A.

The characteristic function v(S) is also sometimes simply referred to as the
value function for the coalitions. Characteristic form games with transferable

CHARACTERISTIC FORM
COALITION

COOPERATIVE CaMES

OUTCOME

TRANSFERABLE UTILITY

CHARACTERISTIC FUNCTION
VALUE FUNCTION




