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

Loosing: Z w; < g

Jjel

jeCU{j}

Winning:
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Rule Set 2:
vis2({a}) =0 no rules apply
aNb—5 Vis2({b}) =2+-2=0 2" and 4% rules
vis2({c}) =4 3 rule
b — 2 vis2({a,b}) =5+2+-2=5 5t, 2" and 4% rules
c—4 vis2({a, c}) =4 34 rule
bA\—-c— —2 Viso({b, c}) = 2+4 =6 27 and 3¢ rules

VrSZ({a, b, C}) = 54+2+4 =11 [I*,2"and 3" rules
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FIND-COALITION(7)
1 L; < set of all coalitions that include .
2 S «— argmaxgep, v;(S5)
3 Broadcast S and wait for all other broadcasts, put these into S™* set.
4 Sar ¢ argmaxges- v;(S)
5 if i € Shax
é 6 then join Sy .x
- 7 return
§ 8 for j € Siax
- 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
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Chapter 4

Characteristic Form Games and Coalition Formation

There i= another type of game studied in game theory: the characteristic form
game or coalition game (Osborne and Rubinstein, 1999). In these games the agents
decide how to form coalitions emong themselves and each cosalition receives some
utility. For example, a group of people, esch with different skills, all want to start
new companies. The problem they fece is deciding how to divide themselves into
subgroups such that esch subgroup hes the needed set of skills to sueceed in the
marketplace. Similarly, a group of agent= with different skills must decide how to
divide itself into subgroups so as handle ss many tesks as possible in the most
efficient manner. Because the agents must cooperate with each other in order o
form coalitions and an agent cannot unilsterally decide that it will form a coslition
with & second sgent, these games are known as cooperative games. Multiagent
researchers have also extended the basie charactoristic form into to the more general
coalition formation, which we also present in this chapter.

It is imteresting to note that most game theory texthooks focus exclusively on
non-cooperative grmes s these heve found many spplications in Economics and
Business and heve been the focus of most of the ressarch. However, when building
multiagent systems we find that cooperstive games are much more useful since they
clearly and immediately model the problem of which agents should perform which

4.1 Characteristic Form Games

Formally, & game in charscteristic form includes & set A = [1,.._, Al} of agents.
The agents are assumed to deliberate snd the final result of the deliberation is
sn outcome i = {uy,... u, ) € M which s just & vector of utilities, one for
each agent. There is also a rule V() that maps every coalition § C A to a utility
possibility set, that is V(8) c R Notice that V () returns a set of utility voctors,
not & single utility vector. As such, V() provides us the set of payoffs thet players
in § can achieve it they form a eoalition. For example, for the players {1,2 3} we
might have that V({1,2}) = [(5,4},(3,6)} meaning that if sgents 1 and 2 formed
& coalition they could either get 5 for agent 1 and 4 for agent 2, or they could get 3
for agent 1 and 6 for agent 2. The function V' must be defined for all subsets of 4.

A special case of the charscteristic form game-the one nearly all multiagent
resoarch focuses on—is the transferable utility game in characteristic form. This
game assumes that the players 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
to specify the total amount of money the coalition will receive and decide later how
this money will be distributed among the agents in the coalition. More formally, we
defing a transferabls utility game

Definition 4.1 (Tranferable utility characteristic form game). These games consist
of a set of agents A = {1,... . A} and a cherscteristic function o{8) — R defined
for every 5 C A

The characteristic function v(S) i also sometimes simply reforred to ss the
value function for the coalitions. Characteristic form games with transfarable

51

CHARACTERIETIC PORM
COALTTION

COOPERATIVE GAMES

OUTCOME

TRANSFERABLE UTILITY

CHARACTERISTIC FUNCTION
VALUE FUNCTION




