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RUBINSTEIN’S ALTERNATING OFFERS MODEL WITH DISCOUNT FACTOR
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RUBINSTEIN’S ALTERNATING OFFERS MODEL WITH DISCOUNT FACTOR

Prepared by Kazim Fouladi | Fall 2017 | 3" Edition

P

0=0.9
Round | 1’s share | 2’s share | Total value | Offerer
n—73 0.819 0.181 0.97—4 2
n—2 0.91 0.09 0.9"—3 1
n—1 0.9 0.1 0.9"2 2
n | 0 0.971 1
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RUBINSTEIN’S ALTERNATING OFFERS MODEL WITH DISCOUNT FACTOR

Theorem (Alternating Offers Bargaining Strategy). The Rubinstein’s alternat-
ing offers game where the agents have complementary linear utilities has a unique
subgame perfect equilibrium strategy where

e agent 1 proposes a deal
PO s
L=\
and accepts the offer §; from j only if ui(0;) < u;(07),

e agent j proposes a deal
T =N
and accepts the offer §; from i only if u;(6;) < u;(6)).
(Rubinstein, 1982; Muthoo, 1999).
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RUBINSTEIN’S ALTERNATING OFFERS MODEL WITH DISCOUNT FACTOR
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We can understand how these deals are derived by noting that since both agents
have utilities that decrease with time the best deal will be reached in the first
step. That means that each agent must propose a deal that the other will accept.
Specifically, agent i must propose a deal §; such that u;(d;) = A\ju;(d7) because if
it proposes a deal that gives j lower utility then j will reject it and if it proposes a
deal that gives j higher utility then ¢ is needlessly giving up some of its own utility.
Conversely, j must propose a deal d; such that u;(07) = Aju;(d;). We thus have two
equations.

Since u;(0) = 6 and u;(d) = 1 -6, we can replace these definitions into the above
equations to get

1= 67 = \(1—67)
5% = \d7

Upon solving these two equations for ¢ and 0* we get the equilibrium values
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THE MONOTONIC CONCESSION PROTOCOL
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The Monotonic Concession Protocol

MONOTONIC-CONCESSION
d; < arg maxg u;(9)
Propose ¢;
Receive d; proposal

then Accept 9;

else 0; < ¢, such that u;(6)) > € + u;(;) and w;(9]) > u;(67)
goto 2
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The Zeuthen Strategy
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The Zeuthen Strategy

ZEUTHEN-MONOTONIC-CONCESSION

—t

0; < arg maxg u;(0)
Propose 9;
Receive 0; proposal
then Accept 9;
wi(6i)—ui(d;)
. w6500 (5
risk; < — ,ij((gj;
if risk; < risk;
then §; < §; such that risk;(d;) > risk;(d})
goto 2

risk; <

© 00 ~J O Ot = Wi

—_
-
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THE ZEUTHEN STRATEGY
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The Zeuthen Strategy

Theorem 6.2 (Zeuthen converges to Nash solution). If both agents use the Zeuthen
strategy they will converge to a Nash bargaining solution deal, that is, a deal that
maximizes the product of the utilities (Harsanyi, 1965).

-3 55 (5 glase L8305 Jole 50 slasiu; SATAK o &€ Al 5o 05 885 (55 il JSiio

Prepared by Kazim Fouladi | Fall 2017 | 3¢ Edition

P



\iid

-

roleais slagiumw
Sl yo S5 (50 ,Slae JST g 5

ONE-STEP PROTOCOL

Prepared by Kazim Fouladi | Fall 2017 | 3¢ Edition

P

Sl o (IS5 g o
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ONE-STEP-NEGOTIATION
B {8 |Yarus(8)u; (8) = ui(8yuy(5'))
d; < argmaxsep u;(0)
Propose §;
Receive 9
if w;(0;)u;(05) < ui(di)u;(6:)
then Report error, j is not following strategy.
Coordinate with j to choose randomly between 0; and 9;.
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NEGOTIATION AS DISTRIBUTED SEARCH

A A Deals that Pareto dominate 6°

° Hill-climbing on
P the Pareto landscape. The
° quadrant to the top and right
of Y contains all the deals
Uj (5) PS ° ¢ that dominate 6°, similarly

/[ for §'. There are no deals that

dominate 6 and yet it is not

the social welfare or Nash bar-
) >® > gaining solution.
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Bargaining Costs

Agent 1 pays ¢y, agent 2 pays ¢;.
¢1 = ¢3¢ Any split is in Nash-equilibrium.

c1 < c2: Agent 1 gets all.

c1 > c: Agent 1 gets c,, agent 2 gets 1 —c».
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Chapter &
Negotiation

A negotiation problem i one where multiple agents try to come to an agreement
or deal. Fach agent is assumed 1o have a preference over all possible deals, The
agents send messages to each other in the hope of finding a deal that all agents can
agres on. These agents face an imeresting problem. They want to maximiz their
own utility but they also face the risk of 2 break-down in negotiation, or expiration
of a deadline for agreement. As such, ench agent must negotiate earcfully, trading
off any utility it gains from a tentative against a possibly better deal or the risk of
1 hreakdown in negotiation

decide whether the eurrent deal s good enough or whether it should ask for
more and risk apreement filure.

Amomated negotiation can be very useful in multiapent systems as it provides
a distributed method of aggregating distributed knowledge. That is, in a prob-
lem where each agent has different local knowledgr negotiation can be an effective
method for finding the one global course of action which maximizes utility without
having to aggregate all local knowledge in a central location. In fact, the metaphor
of autonomous agents cooperating in this manner 1o solve o problom that eannot
be solvad by any ene agent, due to limited abilities or knowledge, was the eentral
metaphor from which the fleld of distributed artificial intalligenes, later known as
multiagent systoms, emergee (Davis and Smith, 1983). The metaphor is hasad on
the observation that teams of scentists, businesses, citizens, and others regularly

DEAL

negotiate over future coumses of action and the result of these iatis can in-
corporate more than any one indi i i, 005).
For example, in a NASA rover mission to Mars the various engineering teams and
science teams negotiate over what feature to include in the rover. The sdentists
are concerned with having the proper equipment in Mars so that they can do good
sciance while the engineers try to ensure that everything will work 15 expectad.
Often it is the ease that one side doss not understand exaetly why the other wants
or rejects a particular feature but by negotisting with each other they arrive at a
raver that is engineered solidly enough to survive the trip to Mars and has enongh
equipment to do useful science while there. This, negotiation results in the aggre
gation of knowledge from multiple individuals in order to make decisions which are
better, for the whole, than if they were made by any one individual

6.1 The Bargaining Prablem

A specific version of the negotiation problem has been studied in game theory. It is
known 1s the hargaining problem (Nash, 1950, In the hargaining problem, we
say that ench agent f has a utility function »; dofinad over the set of all possible
deals A That is, we © A — R We also assume that there is a special deal -
which is the no-deal deal Without loes of generality we will assume that for all
agpnts ug(d-) = 0 5o that the agents will prefer no deal than accepting any deal
with negative utility. The problem then is finding 2 protoce] £ which will lead the
agents to the best deal. But, as with all the game theory we have studied, it is not
obwious which deal is the best one. Many solutions eoncepts have been propased
We provide an overview of them in the neoxt sections.

L

See (Squyres, 2005) far the full
stcey an the MER mission to
Man. An cxsiting read.

HARGAINING PIOBLEM

See (Osborne and Ruhinstein,
1999, Chapter T) or {Oshorne
nnd Rubinstein, 1990) for
more extended introduction to

bargnising.




