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Abstract 2 Representation of Agents

While real-life negotiation between two agents is possibly
iterative, involving repeated encounters in which the agents
trade demands and concessions, for the moment we only
model a single encounter in which both agents declare their
demands simutaneously, and then each agent uses this mu-
tual information to modify their original demands to achieve
an agreement. The scenario in which an agreement is reached
only after repeated encounters is akin to the notiomxaén-
sive gameswhile the alternative scenario of a one-time en-
counter is akin to that of aormal form gamen the game
theory contextLuce and Raiffh In that context it is known
that there are translations between the two kinds of game for-
malisms, but normal form games are easier to analyse to un-
derstand the limits of what player strategies can achieve or
1 Introduction gaurantee. Likewise, we confine our attention to single en-
counter negotiation to gain intuition that will be useful in our
Negotiation has been studied in many contexts ((Rgpsen-  future work on repeated encounters.
schein and Zlotkin 94 Ideally we would like to represent We model each agent as an extended logic progam (ELP), a
all kinds of intentions, attitudes, strategies, etc. of the agentformalism introduced by Gelfond and Lifschii@elfond and
who negotiate, but the complexity would be prohibitive for Lifschitz 90 to express both classical negation and negation-
any kind of reasoning about them and their behavior. Inas-failure. Using ELPs permit us to make contradictory
game theory the usual models are greatly simplified in amdemands explicit and also admit incomplete knowledge by
attempt at rigorous analysis that can hopefully be extendedgents. The accepted semantics of ELPsaasaver setgop
to more realistic settings. Our work here can be regardedit.), which are in turn based on tistable modesemantics of
as a modest addition to recent research (d@e Vos and a less expressive formalism — general or normal logic pro-
Vermeir 04 [Foo et al. 0%) that introduced logic programs grams (NLP) — also introduced by Gelfond and Lifschitz
to reason about well-known game-theoretic scenarios. ThEGelfond and Lifschitz 8B
novel features in this paper include: (1) there is no appeal The one encounter model of negotiation is effectively the
to utilities; (2) agents are represented as general (extendegjesentation by each agent of an answer set. Based on the
logic programs; (3) a negotiation is modelled as a trade bepair of presented answer sets and assumptions about the pre-
tween two agents with their respective program solutions adisposition (risky, cautious, obstinate, dominant, etc.) of the
the commodity. A persuasive reason for adopting programagents, they will arrive at the union of the modified answer
as models of agents is that the complexity of agent intentionssets as the agreement pair. Thus, the central issue in reach-
etc., can be gradually scaled up as the simpler models atieg this agreement is how each agent should modify its an-
understood. Two directions immediately suggest themselveswer set. Since answer sets are determined by the agent pro-
model the repeated encounter negotiations, and model agegtam this modification is tantamount to changes in its pro-
epistemic states and intentions as rules. We first describe ogram. Moreover, these changes should ideally be faithful to
agent model and briefly review the relevant logic program-the intended modification of the answer set.
ming background. Then methods for weakening a progra . .
modelling partial concession by an agent in negotiation, aTg' Review of Logic Programs
examined. A brief review of recent formal postulates on ratio-In this paper the logical language is propositional (ground
nal negotiation is next. Finally we evaluate our agent progranatoms). A standard reference for the topics in this para-
concessions against these postulates. graph is the text by LloydLloyd 87]. The simplest logic

Negotiation between two agents is modelled as a
one-time encounter between two extended logic
programs. Each offers an answer set. Their mu-
tual deal can be regarded as a trade on their an-
swer sets. An agent can achieve this by weaken-
ing its program to surrender some literals that con-
flict with the offer of the other agent. We examine
how ways of weakening affects the answer sets,
and how they may be used to effect a deal. They
are shown to satisfy the classificatios of outcomes
that follow from known postulates for rational ne-
gotiation.



programs are thelefinite logic programs (DLPsn which  eralsin its head and body, and also negated literals in its
the rules are pure Horn clauses. A typical rulés of the  body. Such programs were introduced also by Gelfond and
form A — Bi,...,B, whereA, By, ..., B, are atoms. A Lifschitz [Gelfond and Lifschitz 9pwho called themex-
definite progranil is a finite collection of such rules. The tended logic programs (ELPsThere are therefore two kinds
notationhead(r) means the atom in the consequent of ruleof negation in ELPs — classicah{ and negation-as-failure
r, and body(r) means the set of atoms in its antecedent(not). Atypical ELP ruler is =A «— B, —=C,not D,not —E.
Thus for the typical rule- above we havéead(r) = Aand  The models of ELPs can be regarded as stable models of an
body(r) = {Bi,...,B,}, andr can therefore also be de- NLP in which the literals, sayl and—A are represented (or
noted byhead(r) <« body(r). the declarative semantics of encoded) respectively lgtomsA and A’. In fact this is es-
IT is its smallest Herbrand modéllr;, and its (equivalent) sentially what Gelfond and Lifschitz did in their paper that in-
operational semantics is its least fixed pdifit(IT) or what  troduced ELPs. The encoding of the preceding ELP riite
amounts to the same thing the set of query (atoms) whiclthe NLP ruler’ = A’ «+— B, C’,not D,not E', an NLP rule. If
succeed; since this is uniqgue we may call it the least modehis is done, then the original ELIR is transformed to (more
of I1. By Atoms(II) we mean the set of atoms that occur in precisely, encoded by) a NLH’, and the stable model se-
II. A rule is redundantif it is never used to answer query mantics for NLP is applicable. Each consistent stable model
B? for any atomB € [fp(II). A more formal way to define M (no pairA and A’ in it), when translated back to the origi-
redundancy is via the standdf@h | operator which records nal stable model literalsA to itself, A’ to —A), is ananswer
the rules used to produégp(II), but the informal view suf-  setof II.
fices here. The important fact is that redundant rules can b
deleted with no effect on the semantics of the program. Ong DLP Reducts
easy consequence is this: Consider a definite logic prograbi. Suppose for some sub-

i , setA C My of atoms we wish to modifyI to some definite
Lemma 1 Fora DLPII if A ¢& [fp(IT) then any ruler with programII’ with model My, such thatViy \ My = A, i.e.,
head(r) = A is redundant. some atoms are lost in the new model.

Default reasoning required the introduction of a kind of nega-  The algorithm presented below removes one atom from the
tion into logic programs, viz, inferring the negation of an model of its input program; a generalization does this for sets
atom if all attempts to demonstrate the truth of its positiveof atoms. The single atom removal algorithm is a composi-
form fails. This is the “negation-as-failure” notion of nega- tion of two sub-algorithms, the first being the well-knowm
tion, denoted bynot A, and in thegeneral logic programs ~ folding ofaprogra_m and the.otherratractlonof rules Wh(?se
(GLPs)or normal logic programs (NLPsjuch terms are al- he'ad.s are atoms i. Unfolding hgs been researched in de-
lowed in the bodies of rules. We will call them normal logic tail since Tamaki and Sa{@amaki and Sato g§4ntroduced
programs (NLPs) for short. With this generalization the bod-it in the context of program optimization, and we refer to Ar-
ies of rules split into those terms that are atoms and thos@vindan and DungAravindan and Dung g5for the results
atoms that are negated usingt, these sets are denoted re- Needed for this sub-algorithm. To recall, given a definite pro-
spectivelypos(r) andneg(r) for rule . Thus a normal rule  gramll, its unfolding with respect to an atom is a new

r can be written asiead(r) «— pos(r),not (neg(r)). An  ProgramUnfold(Il, A) obtained fromll by application of
example NLP ruler is A — B,C,not D,not E, whence the following procedure:

head(r) = {A}, pos(r) = {B,C} andneg(r) = {D, E}. 1. For each pair of ruleg andr’ in II with
As before,body(r) meanspos(r),not neg(r) and likewise head(r) = A and A € body(r’), add the rule
with Atoms(IT). The accepted semantics of NLPs is given by head(r") < body(r), body(r') — {A};

its Gelfond-Lifschitz transformiGelfond and Lifschitz 8B 2. Delete rules with A € body(r).

which we now informally recall. Leb be a set of atoms and The intuitive idea behind unfolding with resepct tbis to

Il 'an NLP. Each rule- of 1L is filtered by 5 as follows: if  gjiminate A in the bodies of rules using partial execution.
neg(r) NS # 0 thenr is blocked. Intuitively this is be-  Thjs works even if there are rulesin IT with head(r) = A
causes is considered to be a "guess” at a modellbBnd  ang 4 € body(r), i.e. there is a recursion i (which are
hence its atoms are assumed to be true. Then namwiéh — eqyjvalent to the empty prografhin 02] and are redundant)

A € neg(r) and alsad € 5 can be applicable since the “de- gjnce they will be deleted in the second step. We can further
fault” not A is false relative toS. Thg surviving .unblocked simplify the new program by deleting other redundant rules
rules may still have negated atoms in their bodies, but by asy, this manner: Remove all clausesuch thatB e head(r)
sumption these are automatically satisfiedSognd therefore  anq B ¢ body(r). We will assume that simplification is al-
can be dropped from their bodies. Hence we end up with %vays done. Besides having no rulelim fold(IL, A) with A

subset of the original rules dt in which the negated terms i, jis body, unfolding has a nice property: (see Dung, (op.
have been deleted, viz., we are back to a DLP. Since this PrQst.):

gram derived fronil is S-relative, it is customary to denote it . . .
by ITS. Being a DLPITS has a least fixed point as its semar1_Observat|on 1 Unfolding preserves the model ©f i.e., the

tics. Gelfond and Lifshitz (op. cit.) definé to be astable ~ M°d€l OfUT_LfOZd(H’_A) Is the same.
modelof IT if I fp(I1%) = S. The retraction part is this procedure.

If we further generalize the syntax of NLP to allow the Given a definite prograrfl for which every ruler
atoms to be classically negated, then each rule can litave satisfiesA ¢ body(r), the retract of atomd from



ITis a new progranRetract(I1, A) obtained from 3 it suffices to examine NLPs and stable models. The ques-
IT by deleting all rules: with head(r) = A. tions for ELPs can be decided via the NLP encoding of an

Observe thatd ¢ Atoms(Retract(IL, A)). The retract of ELP. The reduction algorithm for NLP also consists of two

; : : » steps, of which the first is unfolding. This is virtually the
2261?(2?1{2 :‘/rig?;tgdp][ggginl%gizr;t(flefmed it the conditioh¢ same as that for DLPs where unfolding4fin the body of a

Given a definite progranil with model M the fol- rule is simply the syntactic replacement 4fby the body of

lowing transformation produces a new definite programa rule with A in its head. That this body may contain positive

; : o and negated literals is not material. More precisely; i§
Reduc(1l, 1) whose model I\ {4, Le., eliminates the 4" os(r),neg(r) andr” is B — pos(r'), neg(r') then an

added rule isB < pos(r') \ {A}, pos(r), neg(r), neg(r’).
' = Unfold(I1, A);

Observation 2 Unfolding NLPs and DLPs is knowpAr-
Reduce(Tl, A) = Retract(Il', A) avindan and Dung 95to preserve models, so the commu-

. : . tativity of the upper rectange of figure 1 follows.
Retracting an atom is weaker than the operaticcootrac- y PP g g

tion in the well-known AGM theory of belief revisiofGar- ~ The commutativity of the lower rectangle is about the retract
denfors 88. In the AGM framework the contraction of an Step. Certainly we still retract all ruleswith head(r) = A,
atom A from a theoryT’ may also result in “side-effects” of as well as those withl € pos(r). The new consideration
contractions of other atoms frofi However, the retract here iS what we do with a rule: with A € neg(r). To justify

is more like its namesake in Prolog, and removes only ruleghe two ways of treating this we make a digression into two

with that atom in their heads. interpretations of negation-as-failure.

Lemma 2 The model oRReduce(I1, A) is My \ {A}. 5.1 Negation as Failure

Lemma 3 The models ofReduce(Reduce(I1, A), B) and  There are two ways of treating the retraction of a negation-as-
Reduce(Reduce(11, B), A) are the same. failure atom in a rule. We illustrate them using an an example

. i _program (call itII) adapted from[Gelfond and Lifschitz
The .proo.f. of Fh|s is by brute force, showmg the equality o0l. {Elighle(X) « HighGPA(X);Eligible(X) «
(after simplification) of the two orders of reduction. FairGPA(X),not Advantaged(X); Advantaged(X) «

If we are only interested in the semantics of the transWealthy(X)'Wealthy(a)'HighGPA(b)'FairGPA(c).}
formed program, Lemma 3 justifies the uséfduce(1l, A) ~ The informal idea of these rules is to determine eligibility

to denote any of the equivalent programs that result from thgs college applicants for scholarshipsAdvantaged(X)
algorithm when applied successively fbusing the atoms  gjgnifies that X comes from an advantaged background,
from A in any order. These lemmas imply the following 5o the second rule captures the idea that disadvantaged

proposition. applicants with only a fair GPA are still eligible.
Proposition 1 The model oReduce(I1, A) is My \ A. The only stable model ofil is S = {Wealthy(a),

HighGPA(D), FairGPA(c), Advantaged(a), Eligible(b),
5 NLP and ELP Reducts Eligible(c)}, which captures the desired outcome.

. . . . Suppose we weakenll by supressing the atom
As mentioned in section 2 above agents will be represented j,4ntaged()).  Unfolding of II with respect to this

as ELPs. Generally these do not have unique answer sets. §&ym has no effect on it. If we now delete the rule with
any reduction algorithm for them has to be a generalizatiorhdmmage(X) in the head the resulting prograrmi’
of that for DLPs. The diagram below summarizes our ap-g: {Elighle(X) «— HighGPA(X); Eligible(X)
proach. On the left hand side the objects are NLPs (ELPS)?a,irGPA(X),not Advantaged(X); Wealthy(a);

under the components of the reduction algorithm. On thEHighGPA(b);Faz'rGPA(c).} There are two ways to
right hand side the objects are DLPs. As indicated in the di‘regard not Advantaged(X) in the rule of I.  One
agram the DLPs on the right are obtained fromacorresponq,‘,ay is to simply suppress it, giving the prografi’:
ing NLP (ELP) via a Gelfond-Lifschitz transformation (GLT) (Elighle(X) «—  HighGPA(X); Eligible(X)
relative to a stable model (answer sét) The diagram is FairGPA(X); Wealthy(a): HighGPA(b); FairGPA(c)}.
generic for stable models (answer sefs)i.e. there isone 11”7 has one stable modelS” — {Wealthy(a),
for each such set. The idea is to refer questions about thPIighGPA(b),FairGPA(c),Eligible(b),Elz‘gible(c)},

stable models (answer sets) on the left to the unique mode(ghich has lost the atomdvantaged(a) from the original
(least fixed points) on the right. By the remarks in sectionsizple model.

Another way is to delete the rule in which

GLT S

P GLTPS) not Advantaged(X) occurs, givingll”’: {Eligble(X) «
Unfld unfod HighGPA(X); Wealthy(a); HighGPA(b); FairGPA(c)}.
oo T cirmsen I has one stable modelS” = {Wealthy(a),
. e HighGPA(b), FairGPA(c), Eligible(b)}, which has

- lost both Advantaged(a) and Eligible(c) from the original

Retract(Unfold(P,A),A) —= Retract(GLT(Unfold(P,A),S),A

model. Intuitively, in the absence of information about

A . .
Figure 1: Gelfond-Lifschitz commutation with reduction Advantaged(c), 5™ stil yields a desired outcome while



S"" does not. The informal reason is that the occurrence Observation 4 If 1T is a DLP then W Retract(Il, A) =
of not Advantaged(X) in the orginal rule is intuitively SRetract(Il, A) = Retract(Il, A).
interpreted as default tesin the context of fair GPAs.
Contrast this with an example rule attributed to John Mc-
Carthy: Cross < not Train, presumably occurring in
a program that decides when a car should cross a leve
crossing. The retracting &frain by just deleting it in the
rule would result in the faat'ross <, which may be danger-
ous. In this case the intuitive treatment isdeletethe rule
altogether. The difference between this use of negation-a
failure and the preceding one is that here it isugpportfor
the head of the rule.

Since NLP can have more than one stable model, the ana-
log of lemma 2 is something along the lines of: SuppSse
|s a stable model dff; if S\ {A} is non-empty it is a stable
model of WS Reduce(I1, A), whereW S is eitheriW (weak)
or S (strong). However, as suggested by the following exam-
ple, it is slightly more complicated. Consider the progrem
S{_A — not E;C — A,not D; E — not A} The stable mod-
els of " are{E} and{A4, C'}. DeletingA from them yields
{E} and{C}. On the other hand, if we do weak reduction

Hence, both ways of treating retract should be considereH:e otnlgl stablg mcs)del i$£}, while strong reduction yields
when the informal semantics is not available. e stable mode{C}.

5.2 Retracting negated literals Proposition 2 Suppose is a stable model dff and.S\ {A}
The intuitions of subsection 5.1 above suggest two ways of NON-empty.

handling thenot A terms in the bodies of rules at the retract 1 If A ¢ S thenS is also a stable model &% Reduce(TI, A),
step, viz., (1) deleteiot A in rules, and (2) delete the rules but not always of Reduce(IL, A).

whose bodies containot A. It is natural to call the former .
weakand the lattestrong Therefore, for NLPs we have two 2 If A € SthenS\{A} is a stable model of Reduce(IL, 4),
but not always ofV Reduce(I1, A).

versions of the retraction algorithm:

Weak retract: 'Let Mod(II) be the set of stable models f The gener-
Given a definite prograrl for which every rule alization of lemma 3 is:
satisfiesA ¢ pos(r), the retract of atomal from I1 Lemma 4
is a new prograniV Retract (11, A) obtained from
IT by deleting all rules- with head(r) = A, and Mod(W Reduce(W Reduce(Il, A), B)) = Mod(W Reduce
by deletingnot A from all rules. (W Reduce(I1, B), A))
Stong retract: _ Mod(SReduce(SReduce(Il, A), B)) = Mod(SReduce
Given a definite prograrf for which every rule- (SReduce(I1, B), A))
satisfiesA ¢ pos(r), the retract of atond from II T
is @ new progrant Retract(I1, A) obtained from Therefore for a set\ we have unambiguous meanings for
IT by deleting all rules- with head(r) = A, and W Reduce(I1, A) and SReduce(II, A). The following is
by deletlng all rules whose bodies contaior A. then a consequence of proposition 2.
The two overall versions of reduction for NLPs are then:Proposition 3 Supposé is a stable model off and S \ A
ProgramWW Reduce(I1, A) is obtained frondI by: is non-empty.
IT' = Unfold(Il, 4); L ANS — 0thens is a ble model of
B y N = then S is also a stable model o
W Reduce(Il, A) = W Retract(Il', A) W Reduce(II, A), but not always of Reduce(II, A).
Programs Reduce(IL, A) is obtained fronil by: 2 If A C SthenS\ A is a stable model o Reduce(I1, A),

II" = Un/fold(IL, A); but not always ofV Reduce(IT, A).

SReduce(Il, A) = SRetract(Il', A)

] Corollary 1 A ¢ S for eachS € Mod(W Reduce(I1, A)).
Analogous to the case of DLPs, both these reductions removg ¢ S for eachsS e Mod(SReduce(Il, A))
A from all stable models. To show this we refer to the com- ] .
mutative diagram in figure 1. The following observation is a Definition 1 Fix a language. An NLP (ELP) prograiii’ is a
direct consequence of the defintion of stable models. weakening of an NLP (ELP) prograit if there is a one-to-

. . o . one pairing between their models, such that for ea¢h €

Observation 3 At any horizontal level in figure 19 is a sta-

!/ i /
ble model of the program on the leftif and only if it is the IeastMOd(H ) there is anM € Mod(IT) such thath/" C M.
fixed point (or least model) of the program on the right. In weakening a program, literals are lost from its stable mod-

This observation reduces questions about a stable mfdel €S- In the negotiation context, an agent (program) may
of an NLPII to questions about the least fixed points of theChoose to surrender a particular subgeof its literals to
DLPIT (= GLT(IL, S) in the figure), and thence they can be avoid a confhct with the othe.r party. The wea}kenlngs that
answered using results from section 4. The next observatiofSult in losing no more than is necessary maximal For-

follows from the fact that there are nt terms in DLPs. mally a weakenindlI’ of IT is A-maximalif for each model
_ pair (M’, M) itis the case thal/ \ M’ C A.

'However, there is a scenario in whici” is reasonable, viz., _ ]
when it is intended to repeal affirmative action. This is analogous tdCorollary 2 S Reduce(II, A) is A-maximal whenA C S
the Train example. for eachS € Mod(II).



6 Negotiation between Programs A deal D is defined as an abstract object. Any deal is de-
Imagine an encounter between two agearasd?2 represented f|n3d1w2|th ggisnpegéﬁgsetrgri%%ga'g L‘:réKr 1e’ Sfé %)t”;"/"[tu e{(i:ﬂ-
respectively as ELPs (NLP$); andIl,. It is natural to re- (.Z =1,2), 9 fy Ol%, representing

\t}gl demands, or demand set, of agerfor simplicity agents

gard any negotiated agreement or deal between them to ha . A
a connection with the answer sets (stable models) of the twi'© assumed to be logically omniscient. The theory developed

o ; P 4nodels as being concerned with thecomeof the process of
programs.  One way to do this is to consider the “merged egotiation rather than the process by which this is reached.

programll; UTI; and its answer sets. We might then proceed -2~ e
to perform the reduction algorithm on this program, nominat(-]?h's is close to the one-time encounter model we choose for

ing subsets of literals to retract to achieve modified answeg}'sa %Zglebagcfiotromg(lj'rrgglafgr;nsg?ronfessén:-ehnecg:tr%@g()ant'n
sets according to different rationality criteria. We consider ' 12 P Ing

this approach in a companion pafesut did not evaluate its ;[2?)Li(e::)nrﬁg(-jse\:vrzligs]iSI%EhOa(%)ngggf\ilgsi%reeﬁﬁlgv?/%n. Q?Oe_al
behavior relative to rationality. Here we examine an alterna- P 9

tive and more concrete approach by regarding the encounté‘rallty postulates:

as these successive events: Agangnd?2 each choose one (0O1) O(D) = Cn(O(D))
of their answer sets, reveal the literals in the sets as their dgo?) O(D) ¥ L

mands, and then each modifies its demands to arrive at _

agreement. The modification is achieved by reductions on thaéan) If K1 U K, # L thenO(D) = Cn(K; U Ky)
agent program. Reductions effect the concession by agents §94) If O(D) U (K1 N Ky # L then(K; N K3) € O(D).

parts of their demands. This is evaluated for rationality usingO1) ensures that outcomes are theories and (O2) that out-
the postulates in the (next) subsection 6.1. comes are consistent. (O3) states that if the initial demand
We are very much aware of the simplicity of our formal- sets do not conflict, an agent will accept all demands of the
ization of agent negotiation as a one time encounter. Onether agent, i.e. agents cooperate when possible. (04) says
does not have to reflect much to see that real-life negotiathat if the outcome and common demands are consistent, then
tion involves multiple encounters. What passes for bargainall common demands have to be included. The intuitive jus-
ing is in fact repeated encounters in which the agents weaketffication is that if a potential outcomé is consistenwith
some demands, accept some of their opponent’s demands, hHe demands that the agents have in common, it would be to

come back with new demands, etc. until mutual satisfaction ishe benefit of both rather to strength@rto containall com-
reached. In the ELP context weakening can be captured as rgronly held demands.

duction, acceptance can be interpreted in two ways, and ney o A classification of deals
demands may amount to switching answer sets. Acceptan
of some demands of the other agent can be ejtlhssiveor

active The passive mode just blocks the agent from ever de

manding literals contradicting the accepted set. The activ . .
9 9 b the outcome in(K; U K»). This can only occur when

mode isprogram expansioby adding the accepted literals as e L ) .
new facts into the agent's program. This is like Prolog’s asthe combination of the initial demand sets is consistent. In

sert meta-procedure, and the dual to retract. A side effect ﬁwe ne>|<|t _typ((ja of de(:jal ongdof the agdentls,'master gets to
this active mode is the alteration of the program’s answer set&€€P all its demands. Airdominantdeal ¢ = 1,2) is one

Answer set switching can also be caused by another aspect Wh.if(f:h agent plays th(fa rhole of the ma?ter: Observe that
real-life negotiation that we have ignored, viz., preference ori"€ different supersets of the demands of agemtrrespond

derings on rules and literals. These interesting features af@ the different-dominant deals. The third type of deal is the
being investigated. class ofcooperativedeals, where the outcome is consistent

) L with the initial demand set of each agent and includes their
6.1 Postulates for Rational Negotiation common demands. Finally, we have the classenftraldeals
We review recent work by Meyer, et dMeyer et al. 03on  in which the outcome of negotiation is inconsistent with the
rationality postulates that try to capture how rational agent€ommon demands. Meyer, et al. (op cit.) defined these types
should behave in a one encounter negotiation. These postaf deals formally and proved that for any negotiation scheme
lates are expressed abstractly in logic. We will evaluate outhat satisfies the above rationality postulates every deal is one
paricular logic programming models of agents and algorithm®f these types. For our purpose here however, the preceding
for program change against these postulates so that we haigormal description suffices to classify negotiation between
some guarantees of rationality. The review below is esseriwo agents represented as NLPs (and hence as ELPs).
tially a summary of the relevant section of the cited paper .
(op. cit.). The Ié\nguage‘, of these postulates is is finil?elg 6.3 Algorithm for a Deal
generated and propositional. Falsum is denoted pipgical ~ The notation—|L means (1)-L whenL is an atom, and (2)
entailment by=, logical equivalence by and logical closure A whenL is the negation-A of atom A. Extending the no-
by Cn. A theoryis a set of sentences closed under logicaltation, by[-]A whereA is a set of literals is meant the set
entailment. M (K) denotes thenodelsof a set of sentences {[—]L | L € A}. Suppose agentsand2 declare respective
K andM («) that of a single sentenee answer setd/; and M, as their demands. The contradiction
- setContrad, of 1 is the se{L € M;|[-]L € M}, and
%Details and identities suppressed to maintain anonymity. symmetrically forContray; thusContra; = [-]Contrads

Qlehe constraints placed on outcomes by (01)-(04) lead nat-
urally to a taxonomy of deals in which we distinguish be-
ween four kinds of deals. Arivial deal is one for which



and symmetrically with indices swapped. The initial agree-are currently investigating preferences, assertions and logical
ment setdgree of both1 and2 is M; N M,. Anagentl may  closure to shed light on these issues.
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