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_ Abstra(_:t _ ing over propositions, referred to apistemic entrenchment
This paper presents a logical extension of Nash's  [Gardenfors 198B It is well-known that such two modelings
Cooperative Bargaining Theory. We introduce of belief states is equivalent. The main finding of the paper is

a concept of entrenchment measurement, which  thatthe ordering of epistemic entrenchment can be extended
maps propositions to real numbers, as a vehicle  into a numerical measurement over propositions so that a von
to represent agent's belief states and attitudes to-  Neumann-Morgenstern utility function is inducedith this

wards bargaining situations. We show that Nash's  quantitative representation of bargainers’ belief states, Nash’s
bargaining solution can be restated in terms of bar-  numerical requirements on bargaining solutions can be re-
gainers belief states. Negotiable items, bargaining  stated in terms of logical properties. Bargaining items, ne-
outcomes and conflicting arguments canthenbe ex-  gotiation outcomes and conflicting arguments can be also ex-

plicitly expressed in propositional logic meanwhile plicitly expressed via the extended concept of belief states.
Nash’s numerical solution to bargaining problem is The structure of the paper is the following. After a short
still applicable. motivation in this section, we extend the AGM’s epistemic
entrenchment to a map from propositions to real numbers.
1 Introduction Bargaining problem is then defined as a pair of bargainers’

nlaelief states and outcomes of bargaining is specified by a pair

Negotiation or bargaining is a process to settle disputes a  concessions made by two baraainers. In order to induce a
reach mutually beneficial agreements. Typical situations of sslons Yy tWo bargainers. inau
on Neumann-Morgenstern utility function over negotiation

negotiation are characterized by two or more agents who haV\gutcomes, the standard game-theoretical process of random-

common interests in cooperating but have conflicting inter-__ " : . ;

ests in the way of doing so. The outcomes of negotiatio23lon Over possible outcomes is applied. When all these

depend on agents’ attitudes towards their bargaining item@©n€: Nash’s bargaining solution is ready to be restated in

and their expectations from the negotiation. The represerfic!Ms Of bargainers belief states. Finally we argue that our
solution to bargaining problem can not be replaced by the

tation of bargainer’s attitudes in game theory is implicit viab lief revision based soluti thouah th h
a pair of von Neumann-Morgenstern utility functioli$ash elieT revision based solution even though they share many
common logical properties.

1950. The conflicting of interests between bargainers is We will K itional | & with finit
then implied by certain mathematical conditions of the util—man(; mopvécs)irtio?]gli/grrizg?:sl 'OREIS ﬁ?g?gz%tenvgles il';g' iz
ity functions. However, agents’ attitudes can be more expllc—said o bdogically closedbr to be zbelief seff K = Cn(K),

itly described in terms of logic. Negotiable items, ConﬂlcnnggvhereCn(K) “lpe LK - o) If Fy. F are two sets

claims, arguments of disputation and negotiation protocol
are all expressible by logical statemelfiycara 199l)Sierra of sentencesf; + F, denotesCn(F; U Fy). We shall use

et al. 1997[Kraus et al. 1998[Wooldridge and Parsons TandL_to denote the propositional constatrige andfalse,
2000[Meyeret al. 2004d[Zhanget al. 2004. One dif-  'ESPECtively.
ficulty of logical frameworks of negotiation is that quantita- 2 Entrenchment Measurement
tive criteria are harder to be applied to bargaining processesn the theory of belief revision, the belief state of an agent
which seem necessary in the analysis of negotiation situaconsists of a belief setthe beliefs held by the agentand
tions. This paper attempts to bridge the gap between tha revision operator which takes a piece of new information
guantitative analysis of game-theory and qualitative descripas input and outputs a new belief s&/e know that the be-
tion and reasoning of logic. lief state is uniquely determined by the agent’s epistemic en-
One of our basic assumption to negotiation is that outirenchment an ordering on belief§Gardenfors 1988 How-
comes of negotiation are determined by bargainers’ belieéver, we shall argue that such an ordering is not enough to
states. Representation of agent’s belief states is normally bgpecify agent’s belief states in bargaining. We will extend the
a set of beliefs and a revision operator over the belief set ironcept of epistemic entrenchment into a more general con-
terms of the theory of belief revisidiGardenfors 1988 Al- cept so that a quantitative measurement can be used to capture
ternatively, belief states can also be specified by an ordebargainers’ attitudes towards their bargaining items.



Definition 1 An entrenchment measure is a pair @f, ¢)
wheree is a real number ang is a function fromZ to the
real number seft which satisfies the following condition:

(LC) @1, - on E ¥, min{p(p1), -, plen)} < p(1).
Let K = {¢ € L : p(p) > e}, called thederived belief set of
the entrenchment measuléis easy to see thdt is logically
closed,.e., K = Cn(K), soitis a belief set. Obviouslys
is consistent iffp(L) < e. We shall callp the belief stateof
an agent and is thebottom lineof the belief state.

The following proposition shows that an entrenchment

Example 1 Consider the following negotiation scenario: a
buyer (agent 1) negotiates with a seller (agent 2) about the
price of a product. The buyer’s reserve price is less tha6
and the seller’s reserve price is no less thét0. Let's dis-
cretize the problem as follows:

p1 ={ the price is less tha10 }.

p2 ={ the price is less thaf#12 }.

ps ={ the price is less tha$14 }.

ps ={ the price is less tha$16 }.

Assume that the entrenchment measure of each agent is re-

measure uniquely determines an epistemic entrenchmen%?ecg(;ly_the f(ollovin’g ) = pilps — ps) = pilps —

thus also determines a unique belief revision function over P\'/ = P11 = P2) = p1{P2 == P3) = p1iP3

the derived belief set. pa) = p1(pa) = 4 pr(ps) = 3, pr(p2) = 2, pa(p1) = 1,
.. pl(ﬁpj):()for]:17a4

Proposition 1 Let(p, e) be an entrenchment measure akid p2(T) = pa(p1 — p2) = p2(p2 — ps) = pa(ps — pa) =

be its derived belief set. Define an orderirgover £ as p2(—p1) = 4, po(—p2) = 3, pa(—ps3) = 2, pa(—pa) = 1,

follows: for anyy, ) € L,

1LifFp o< YiffFgPt

2.1t/ pandy € K, o < 9 iff p(¢) < p(v);

3.ifpd K,p < oran¥w- o
Then< satisfies all postulates (EE1)-(EE5) for epistemic en-
trenchment (SeGardenfors 1989).

Based on the result, we can define a belief revision operato&

x that satisfies all AGM postulates: € K * ¢ if and only if
¥ € K+{¢p} and eithep(—¢) < p(—pVi)) or F =pVi.
We shall call« therevision function derived frortp, e).
Since our language is finite, it is easy to define a multipl
revision operator by the singleton revision function:
KQ®F =K % (A\F)
where(AF) is the conjunction of all the sentenceshn This
will facilitate the comparison of our results witNeyeret al.
20044 and[Zhanget al. 2004.
We remark that any epistemic entrenchment ordering ca

pQ(p]) :Oforj = 17"'74'

Suppose that both sides set their bottom lines to be
L. Then K, Cn({p1,p2,p3,ps}) and K
Cn({—p1, "p2, ~P3, "pa})- g

Note that the values of entrenchment measures reflect the
egree of entrenchment on negotiable items of each agent
rather than the agent’s preference. For instance, the buyer
in above example entrencheg more firmly thanp,; even
thoughp; is more profitable becauge is much easier to

Ckeep tham, .

Definition 2 A bargaining gameB = ((p1,e1), (p2,€2)) is
said to be a subgame of another bargaining gaie =
((p1,€1), (ph, €5)), denoted byB C B, if, for eachi = 1, 2,

n 1. pi(e) = pi(p) foranyp € K;;

be extended to an entrenchment measure while keeping the2. ¢, > e!.

ordering on sentences. Clearly such an entrenchment me
sure is not unique. An entrenchment measure contains rich

structure than an epistemic entrenchment ordering. Interest:

ingly, the extra structure of entrenchment measures cannot
captured by belief revision operations.

Theorem 1 (Independence of Monotone Transformations)
Let T be a strictly increasing monotonic transformation over
R, i.e.,, foranyz,y € R, x < yifand only ifr(z) < 7(y).
Let« and«’ be the derived revision functions frofm, ¢) and
(t0p,7(e)), respectivels. Then for anyp, K x ¢ = K ' ¢,
whereK is the belief set ofp, e).

3 Bargaining Problem

ote thatB C B’ impliesK; C K| (i = 1,2). ThereforeB

an be viewed as a kind @bnservativeconcession to each
her in the sense that each player gives up part of their initial
emands by raising their negotiable bottom lines while keep-
ing their entrenchment measurements on negotiable items un-
changed.

4 Possible Outcomes of Bargaining

We now consider the possible outcomes of a bargaining game.
Apparently the outcome of a bargaining process is the agree-
ments that are reached in the negotiation. In most situations
when the demands of two agents conflict, concessions from

We shall restrict us to the bargaining situations where only,|5vers are required. The finial negotiated outcome then con-
two parties are involved. A bargaining situation is a Situ-gists of the combination of those demands that each agent
ation in which both bargainers bring their negotiable items;pooses to retain. In this section we shall first consider all

to the negotiation table expecting to reach a common agre%‘Hossible compromises a bargaining process could reach and
ment. Whenever a conflict presents, concessions form one @hen combine these outcomes in a probabilistic fashion.

both agents are required in order to reach a compromise. For-

mally, abargaining situationor abargaining games a pair,
((p1,€1), (p2,e2)), of entrenchment measures ovérsuch
that each belief set derived by the entrenchment measures
logically consistenti.e. K; = {¢ € L: p;(¢) > e;} I/ L.

3To make the presentation simple, we do not give the entrench-
ment measurements for the whole language. The readers are invited
tis complete the measurements with reasonable ranking for the rest
of sentences.

“This exactly follows the original explanation of epistemic en-

Thanks to the anonymous reviewers for pointing out an error intrenchment. For instance, is no less entrenched thanA ) be-

the original version.
25 is the composition operator on real number functions.

causey is easier to retain thag A 1, so keepingp is less costly
thane A v from the information economics point of view.



4.1 Pure deals of bargaining We say that a pure ded) dominates another pure deal

Following [Meyeret al. 20043 and[Zhanget al. 2004, D', denoted byD - D', if either Dy > Dy A Dy 2 Dj or

we shall define an outcome of bargaining as a pair of subset®1 2 D1 A D> 5 D;. D weekly dominate®)’, denoted by

of two agents’ bargaining item sets, interpreted as the con? = D', if D1 2 Dy A Dy 2 D, o

cessions made by both agents. Considering the real-life bar- A pure dealD of a bargaining gamé is said to bePareto
gaining, bargainers normally intend to keep their highly en-optimaloverQ(B) if there does not exist another pure deal in
trenched negotiable items and to give up those less entrench&d B) which dominatesD. _ o _
items if necessary. This idea leads to the following definition The following theorem shows that if a negotiation function
of possible bargaining outcomes. takes a Pareto optimal pure deal as its outcome, then it satis-
fies all logical requirements put on negotiation functions by
[Meyeret al. 20044 and all the postulates excejperation
proposed ifZhanget al. 2004.

Definition 3 Let B = ((p1,e1), (p2,e2)) be a bargaining
game. K; (i = 1,2) is the belief set derived byp;,e;). A
pure deal ofB is a pair (D1, D) satisfying:

1. D, CK, Theorem 2 For any (D1, Ds) € Q(B), if it is Pareto opti-
%- E euDDi oL mal, then it satisfies all the postulates introduced beyer
4 i gla c [i and 3y € D, (pi() > pi(1)), theny € D; etal. 20044 for so-called concession-permissible déals

wherei = 1,2. The set of all pure deals @8 is denoted by Eg%g gz c %1%)#2) EEZ; 1,2
Q(B). (C3) If K7 U K> is consistentD; = K, fori = 1,2.
There is little need to comment on the first three conditions{C4) D1 U D is consistent. . .
They are just the statements on the type of compromises déCS)[l(f elcthgr I(% UUDE o)r K> U Dy is consistent, thei; N
sired. The last one expresses the idea that the procedu 2 = G 2) . -
of concession by both agents is in the order from lower enameorgsggeg 'ftf?é t?/\r/]g ?ﬁtrgrnecrt]rrfer?te I:ﬁ;;gﬁ'rse'gg ]E)rpe)graet(c:)_rs
trenched items to higher entrenched itemgher entrenched ivel the%/D satisfies the following conditions in?rodurt):ed b
items should be retained before any lower entrenched item hgﬁ et al. 2001 9 y
are considered to be given ugombining this condition with 1 Cg D QD ) = (Ky ®1 Do) N (Ka @2 Di)
the second implies thiedividual rationality— if an agent en- - O 2) =\ 91 2 2 &2 ~1)
trench an item as firmly as a tautology, this item will never be 2. §1 n (I% ®2D1) € K1@1 Dy and K 0(K1@1D2) ©
given up in any bargaining situation. Such an item is called 2 @2 D1
reserved item The following lemma shows that the utility value of a pure
We are now ready to define the utility of pure deals fordeal uniquely determines the deal. The fact will be used in
each player. We will evaluate an agent’s gain from a deal byhe next section.
measuring the length of the remained negotiable items of theemma 1 For D, D’ € Q(B)

agent u(D) =u(D")iff D=D".
Definition 4 For any D € €(B), define the utility of the .
deal, denoted by(D) = (u1(D), us(D)), as follows: 42 Mixeddeals o
ui(D) = pi(T) = min{p;(¢) : ¢ € D;} In many cases, a bargaining game could end in a tie that no

. . i single agreement reaches. A standard method to deal with
Example 2 Consider Example 1 again. All possible pure {he problem in game theory is to play a lottery to determine
deals of the bargaining game are: the outcome of a bargaining game. Following Nash’s utility

D; = (Cn({p2,p3,pa}), Cn({=p1})) theory, we call-D’ + (1 — r)D"” amixed deaif D’ andD"”
DS = (Cn({ps, pa}), Cn({=p1, p2})) are two pure deals or mixed deals, meaning the lottery which
D® = (Cn({pa}), Cn({=p1, w2, ~ps})) has the two possible outcomd®, and D", with probabilities

The utility values of the deals are:

u(D) = (2,0), u(D?) = (1,1), u(D3) = (1,0).

Note ~ that  (Cn({pi,p2,p3,p4}),Cn(@)) — and  “porany mixed deaD = D + (1 — ) D", the utility of
(Cn(@), C’n({ﬂpl, -2, TIP3, —|p4})) are not pure deals the deal é/an be defined as ( ) , y
becausep, and —p; are reserved items of agent 1 and 2, / "
respectively. q u(D) = ru(D") + (1 — r)u(D").

Given a bargaining gama, if Q(B) is nonempty, it must The concept of domination then can be extended to mixed
contain two extreme cases of pure deals, calledr-nothing ~ deals:for any mixed deal®, D’ € Q(B),
deals D = (=) D' iff w(D) > (>) u(D").”

—

D = (K1, Ry) andD = (R, K>)
whereR; = {p € K; : pi(p) = pi(T)}, i.e., the reserved

items of agent. holds trivially provi i
o . . y providedK; and K> are logically closed.
The utilities of the_ _aII-or-nothlng deals give the up-bound  6\;qe preciselyQ(B) is a conservative extension 6 B) by
and Igw—bound of utility values for each agent: allowing lottery deals in the formD’ + (1 — r)D"".
w(D) = (p1(T) — e1,0) andu(D) = (0, po(T) — e2). 7 R d >
P£1 15 , P2 2 For anyz,y € , x > ydenotesr; > y1 A x2 > y2 OF
x1 > y1 A xz2 > yo. ¢ > y denotes that; > y;.

r andl —r, respectively. The set of all mixed deals is denoted
by Q(B)®.

5In [Meyeret al. 20044, six postulates were introduced to
specify the rationality of concessionary. However the sixtH6),



Since the language we consider is finite, the set of puréEUR (Independence of Equivalent Utility Representafion

deals of a bargaining game is also finite. The following Let (€', d") be obtained front(2, d) by a strictly increas-
lemma is easy to prove according to the construction of mixed  ing affine transformationr(z) = (71 (z1), 2(z2))°.
deals. Thenf (Y, d') = Tﬁf(Q, d)
L - IIA (Independence of Irrelevant AlternativesfIf C © and
Lemma2 Let D*,---, D™ € Q(B) be all pure deals of a F(Q,d) € ', thenf (S, d) = f(S,d).
bargaining gameB. Any mixed deaD € Q)(B) can be ex- , . .
pressed as a linear combination &f', - --, D™, i.e., there Theorem 3 (Nash’'s Thet_)rer_n)\ bargaln_lng solutionf sat-
exist real numbersy., - - -, a,, satisfying |sf|gs all the four properties if and only ff = F, WhgrgF is
1.a;>0,j=1,---,m; defined byF'(Q2,d) = u* whereu* solves the maximization
2. ZJOTJ = problemmax{ujus : u = (ug,us) € Q,u > d}.

3. D=3 a;D’. ; 5.2 Bargaining solution with belief states
Moreoveru(D) = 3 aju(D?). We might have noticed that a solution to bargaining problem

In other words )(B) is a convex hull of2(B) if we iden- is to provide a general _model of the bargaining process rather
tify a deal with its utility pair. Obviously, the utility function than a selection function that picks up a point as outcome
over mixed deals defined above is a pair of von Neumannfrom all feasible solutions for a particular bargaining situa-
Morgenstern utility functions. tion. A surprise with Nash’s theorem is that the axioms shown
We have seen from Lemma 1 that a pure deal can pabove seem so natura] tha}t any negotiation process should fol-
uniquely determined by its utility values. However, a deal cal®W Whereas the solution is so specific that it uniquely deter-
be duplicately represented in the form of mixed deals. For in/NiN€S an outcome in any bargaining situation. The question
stance, any pure deal can be represented a® + (1 —r)D. ~ NOW IS that whether we can restate these plausible require-
To solve the problem we can either use Lemma 2 to obtaif"€nts in terms of bargainers’ belief states instead of utility
a unique representation of a deal by orthogonalizing reprefunctions. .
sentation of pure deals (or utility pairs) or apply equivalence Given a finite propositional language, I8t denote all
classification by defining an equivalent relatigh:~ D’ iff ~ bargaining games in the same propositional languaige
w(D) = u(D'). To avoid too much complexity, we omit the nonempty set of deal#\ bargaining solutioris defined as a
details of the mathematical treatment but simply assume th#inction f which maps a bargaining ganie < 5 to a mixed

forany D, D’ € Q(B), D = D' iff u(D) = u(D"). deal inQ(B). Following Nash's approach, we propose the
’ ' following axioms:
5 Bargaining solution PO (Pareto Optimality)There does not exist a de&l €

The target of bargaining theory is to find theoretical predic-  $2(B) such thatD - f(B). -

tions of what agreement, if any, will be reached by the barMD (Midpoint Domination f(B) > %D + %1_)),

gainers. John Nash in his path-breaking papers introducedEEM (Independence of Equivalent Entrenchment Measure-
an axiomatic method which permitted a unique feasible out-  men} Given a bargaining gam@ = ((p1, e1), (p2, €2)),
come to be selected as the solution of a given bargaining for any strictly increasing affine transformations
probleniNash 195{INash 1958 He formulated a list of f(r(B)) = f(B)

properties, or axioms, that he thought solution should satisfy,  wherer(B) = ((r1 0 p1, 71(e1)), (T2 © 2, T2(€2))).
and established the existence of a unique solution satisfyinga (Independence of Irrelevant Alternatiyés B’ C B and
all the axioms. In this section we shall give a brief summary F(B) € Q(B'), thenf(B') = f(B) -

of Nash'’s theory and then extend Nash’s result in terms of ' '

bargainer’s belief states. We can easily see the similarities between the above ax-
ioms and Nash's. The differences are also observable.
5.1 The Nash bargaining solution Firstly, the above axioms are presented in terms of bargain-

A bargaining game in Nash’s terminology is a péit,d),  ers’ belief statesi.e., the entrenchment measurement of two

whereQ) C %2 is a set of possible utility pairs anti e %2 agents. This is significant not only because bargainers’ be-
the disagreement point. It was assumed fhi convex and  lief states contains the logical implication of negotiation de-
compact. All bargaining games satisfying the conditions arénands but also because the entrenchment measurements are
collected in the seB. A bargaining solution is then a func- more obtainablg than_the utility functions over a!l possit_)Ie
tion f : B — R2 such thatf(Q,d) € Q. Nash proposed outcomes(combinatorial explosion can happen with possible

that a bargaining solution should possess the following fouputcomes). Secondly, our axioms are more intuitive and eas-
propertiedNash 195%: ier to verify. For instance, the MD, which is a replacement of

o Nash’s SYM, expresses the idea that a minimal amount of co-
PO (Pareto-Optimality) There does not existi, u2) € €2 gperation among the players should allow them to do at least

such that(uy, us) > f(Q,d). _ as well as the average of their preferred outcomes. When no
SYM (SymmetryIf (2, d) is symmetric, thenf1(©2,d) =  easy agreement on a deterministic outcome is obtained, the
f2(Q,d). tossing of a coin is always an option to determine a winner

8See more modern treatments and detailed explanation from °A strictly increasing affine transformation is a pair of linear real
[Roth 1979 Owen 199H Houba and Bolt 2002Napel 2002. functions with positive slope, i.er; (z) = a;x + b; wherea; > 0.



of the negotiation (see a counterpart of MD in game theory irgives a mixed deal, a lottery will be played to decide which
[Thomson 199)). Additionally, our IIA is much weaker than pure deal will be the agreement. However, the assumption
Nash’s IIA because not every convex subsefdfcan be a is not generally applicable to most of real-life bargaining. In
set of utility pairs of mixed deals. this case, we could use a pure deal that maximizes the prod-
Exactly like the Nash'’s theorem, there exists a unique baruct of utility pairs as an approximate prediction of bargaining

gaining solution possessing the above properties.

Theorem 4 There is a unique solutiofi which satisfies PO,

IEEM, MD and IIA. Moreover, the solution is the function

F(B) = D* such thatD* € Q(B) andui(D*)uz(D*) =
max (uj(D)ug(D)).

DeQ(B)

outcomes even though it is not necessarily unique (Note that
such a solution must be Pareto optimal).

6 Discussion

We have observed that a bargaining game consists of two in-
dependent entrenchment measurements on negotiable items
of two individuals. The actual values of entrenchment mea-

space, we shall only present a sketch of the second half of th
proof. We shall prove that if is a bargaining solution possessing
PO,IEEM, MD and IIA, thenf = F.

Given a bargaining gamB = ((p1, e1), (p2, e2)), let K; be the
derived belief sets oB. In the case thak’; U K> is consistent, it is
easy to show thaf(B) = F(B) = (K1, K2). So we assume that
K, U K, is inconsistent.

Let D* = F(B). Suppose thaB’ is the bargaining game derived

from B by changing its entrenchment measurement with a strictIyA

increasing affine transformation so thatw’(D*) = (4,3). By

IEEM, f(B) = D* iff f(B') = D*. SinceF satisfies IEEM,D*
also maximizes:; (D)ub (D) overQ(B’). Therefore we are left to
prove f(B') = D*.

Let B" = ((p},eh), (ph,e5)). Following Nash's argument, it
is not hard to verify that for anyp € Q(B’), (u}(D),us(D)) €
{(z,y) : z > 0,y > 0andx + y < 1} because&(B’) is convex.
Particularly,o;(T) — ej < 1.

SinceK; UK is inconsistent anf( B) is nonempty, we can pick
up two Pareto optimal pure deals frdi{B’) in the form (K1, Us)
and(Us, K2). Construct a gam&” = ((p7,€?), (05, e3)) as fol-
lowing: for eachi = 1, 2,

1. foranyy € K, pi () = pi();

2. foranyp € Cn(K;U{=(AUs=:) D\ K, p} (p)

3. el =pi(T)— 1.

It is easy to prove thatB’ is a subgame ofB” and
K| K; U {~(AUs—;)} (i 1,2). According to MD,

W"(f(B") > «"(3D" + 1D") = (4,1). On the other hand,

272
for any mixed dealD ¢ Q(B”), by Lemma 2,D = 3" o, D7,
whereD? € Q(B"). For eachy, if both D! C K; (i = 1,2), then
w' (D7) = ' (D?); otherwise eithed’ = D" or DI = T”,
which impliesuf (D7) +u} (D7) = 1. Thusuf (D) +u4 (D) < 1.
This implies uY(f(B")) + us(f(B")) < 1.  Therefore
u"(f(B")) = (3, %). Itfollows thatf(B") is expressible iB’, or
f(B") € Q(B"). According to 1A, f(B”) = f(B’). We conclude
that f(B) = f(B') = D* = F(B). q

pi(T)—1;

With the theorem we can easily see that the so
lution to the bargaining situation described in Exam-
ple 1 is the equivalent class of the pure ddaf
(Cn({p3,pa}), Cn({—p1,—p=2})), under which both agents
agree that the price of the product is less than $14 but no le

Bf the bargaining game. How could these “random” assign-
ments of an entrenchment measure determine a unique solu-
tion? Before we answer the question, let’'s explore another
example.

Example 3 [Owen 1995 Two men are offere®100 if they

can decide how to divide the money. The first man is assumed
to be very rich, while the second man HgsD capital in all.

s the first player is very rich, it is assumed that the utility of
x for the first player, wittd < = < 100, is proportional to

z, i.e. ui(x) = x. To the second player, it is assumed that
the utility of a sum of money is proportional to its (natural)
logarithm, i.e.,uz(z) = In(150 — x) — In 50.

The game-theoretical solution to the problem is sim-
ply maximizing the product of two agents’ utilities :
uy (z)uz(z) = zIn(12%=2), which gives approximately =
57.3, meaning that the first player receives $57.3 and the other
takes $43.7.

The logical solution to the problem needs a process of dis-
cretization. LetP(z) denote the proposition that the first
player receives no less tham $wherez is anatural number
(0 <z < 100) 10,

The negotiable item set of each agent is then:

K = Cn({P(z) : 0 < z < 100}) and Ky =
Cn({—-P(z) : 0 <z < 100}).

LetC = {P(z) — P(zx —1) : 0 < =z < 100}, which
is the common knowledge of both players. The associated
entrenchment measure of the first player can be defined as:

p1(p) =100 foreachp € {T} U C;

p1(P(x)) =100 — x for any0 < z < 100;

pi(p) = —1foranyy ¢ K.

The entrenchment measure of the second player is:

p2(p) = 100 for eachp € {T} U C;
p2(—P(z)) = 100 — In(£28=2) for any0 < z < 100;
pi(p) = —1foranyp ¢ K.

It is easy to verify that the bargaining solution of the game
is (Cn({P(57)}UC),Cn({—P(58)}UC)), which gives the
similar result as the game-theoretical solution.

The result seems strange: the poor man receives less
money than the rich man. This is because the poor man is so

ger to get money that he highly entrench each single dollars
8 < po(—P(z)) < 100 for any0 < = < 100))% If the
econd agent linearly entrenched its gain as the first agent, the

than $12. Note that a more refined discretization of the prob 9
lem might give a mixed deal as the solution of the bargainin
game.

The uniqueness of bargaining solution depends on the as- °Note that we treaP(x) as a proposition rather than a predicate.
sumption that both bargainers agree to randomize between 'Game-theory explains such a phenomenon as the interpersonal
outcomesj.e., whenever the solution of a bargaining game differences of attitudes towards threats or negotiation power of dif-



negotiation would end with 50 to 50. This means that the nontogic [Krauset al. 1999[Sycara 199l)Sierraet al. 1997.
linearity of the second agent’s entrenchment measurement ré-is interesting to see whether the classical results about the
sults the non-balanced allocation. In other words, the distrirelationship between cooperative solutions and noncoopera-
bution of entrenchment measurement reflects the bargaininiye solutions of bargaining problem can be extended to the
power of players. Note that the logarithm function is strictly logical models of bargaining.

monotone. Therefore the non-linearity of entrenchment mea- Nash’s axiomatic approach to bargaining has reached a
surement cannot be captured by any belief change operatiofiigh sophistication through the development of last five
(see Theorem 1). The AGM'’s entrenchment ordering is notlecadegRoth 197% Thomson 1994 Napel 2002. A vari-
enough to measure players’ bargaining power. In fact, the erety of alternative assumptions have been proposed to derive a
trenchment measurement plays two rules in bargainitsy: given solution concept. It could be a promising research topic
ordering determines a unique belief revision operation forto investigate logical properties of these alternative solutions.
minimizing the loss of bargainer’s negotiable itearsdthe  On the other hand, the logical implication of the distribution
distribution of entrenchment values decides the negotiatingf entrenchment measurements is also worthwhile to be fur-
power of bargainers ther explored.
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