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Abstract. Thispaperanalyzetheproces®of automatedhegotiationbetweertwo
competitve agentsthat have firm deadlines and incompleteinformation about
their opporent. Generallyspeaking the outcomeof a negotiation depenls on
mary parameters—includg theagentspreferencegheirresenationlimits, their
attitudetoward time andthe stratgiesthey use.Althoughin mostrealisticsitu-
ationsit is not possiblefor agentsto have completeinformation abou eachof
theseparameteror its opporent, it is notuncanmonfor agentso have partial
informationaboutsomeof them.Undersuchuncertaintyour aimis to determine
how an agentcanexploit its availableinformationto selectan optimal strategy.
Here,in particular the optimal stratgiesaredeterminecconsideringall possible
waysin which time caneffect negotiation. Moreover, we list the condtions for
corvergencewhenboth agentsusetheir respectie optimal stratgiesand study
the effect of time on negotiationoutcome.

1 Intr oduction

Automateal negatiationis akey form of interaction in systemsompsedof autonanous
agents[3]. Given its ubiquity, suchnegotiatians exist in mary different shapesand
forms (see[7] for ataxanomy) Here,however, we conside a particularclassof auto-
matednegotiation; namely competitive baigaining over a singleissue(price) between
two agentghat both have firm deadlires. This is exemplified by the e-commercesce-
narioin which a buyer agen anda selleragentnegdtiate over the price of a goodor
service Thebuyerclearlyprefersalow price,while thesellerprefersahighone(herce
the competitive natureof the encourter). In additionto attemptirg to obtainthe best
price,agens alsousuallyneedto ensurghatnegatiation endsbeforea certaindeadlire.
However, the endpoint may not be the only way in which time influen@s negotiation
behaiour. Consideithecasen whichtheserviceis providedimmediatelyafternegati-
ationendssuccessfullysayatpriceP andtime T). In somesituationsit is notsufiicient
merelyfor anagentto ensurghatT is ary time lessthanits deadine. This maybethe
casefor instancepecaus®neof theagentssaythebuyer, couldbelosingutility with
time asaresultof notgettingtheservice Ontheotherhard, thesellermaypertapsgain
more utility by providing the serviceaslate aspossible.Thus,in this case the seller



triesto maximize T (within thelimit of its deadline)andthe buyertriesto minimizeT.
In short,it is clearthatagentcanhave differert attitudestowardtime.
Geneally speakig, the mostcomnon time effectsin bargaining situationsare[6]:

— Discounting Benefitsrecevedimmediatdy by anagentarepreferedto the same
benefitsecevedin thefuture.

— Bamgaining Cost: Thebamgainingprocgessitself mayincur somecostto anagent.

— SuddenTermimation: An agentmay have a deadlire beyondwhich it canrot con-
tinue negatiation.

In additionto time, the outmme of a negotiation typically dep&dson mary other
paraméers;suchasthe agents’prefaencestheir resenation limits, andthe strategies
they use.Althoughin mostrealisticcasest is not possiblefor agentso have comgete
informationaboutall of theseparametesfor its oppment,it is notuncanmonto have
partialinformationabait someof them.For instance an agentmay have information
abou its oppments prefeencespr its deadlire. In this paper we focus on situations
whereanagert hasthefollowing informationaboutits opponent?:

— A setof possiblevaluesfor theoppmentsresenationlimit andabinary probability
distribution overthesevalues.

— A setof possiblevaluesfor theopponents deadlineandabinary probability distri-
bution overthesevalues.

With thisinformationanager canoptimize its utility from priceandtime. However
we do not assumehat agentshave full informationaboutthe preferencef their op-
ponent or the strateyy thatthey use.lt is knowvn (conmonknowledge)thatbothagents
usea stratgyy that variestheir negotiation stancewith time, but the particulartype of
time depenlentstrategy that an agentusesis not known to its opponent.Undersuch
uncetainty, our aim is to determire how an ager canexploit the availableinforma-
tion to selecta stratgyy thatmaximisesits expectea utility. Moreover, whenbothagents
have this information abou oneandher, we determire the impactof this information
ontheoutcone of negotiation. This analysisis importart becageit enablesisto con-
structsoftwareagentghatwill optimally negatiate on behalfof usersgiventheir state
of knowledgein a givencontext.

The remainekr of the paperis structuredn the following manner Section2 dis-
cussegelatedwork. Section3 describeghe basicsof our negdtiation modé. Section
4 deterninesthe optimal stratgjiesfor agentswith incompete informationabouteach
other In sections we analyzethe outcone of negotiationwhenbothagens usetheirre-
spectve optimalstratgies.Finally, in section6 we presehthe conclsionsandoutline
someaventesfor future work.

2 RelatedWork

Gametheoetic researchypically dealswith cooiination and negatiation issuesby
assumingthat agentshave complde information about eachother and then giving

! Thisinformationis privatein the sensehatthevaluesthatanagenthasabott its oppaentare
notknown to theoppment.



pre-canputedsolutiors to specific prablems[10]. However this perfect information
assumptionis limiting becauseauncetainty is endemicin mostrealistic applications.
Harsawi et al [2] give a genealized solutionfor two personbaigaining games with
incompete information. However thereis no notion of timing issuesin their mockl.
Anothe importantmodelof strategyic baigainingis theinfinite horizon alternatimg offer
game[11]. Sincethis hasa unique solution whereagentsagreeon a split immed-
ately, it hasbeenappliedto automateahegotiation[5]. However while this modeltakes
time into consideation, it againassumeperfect information. Faratinet al.s negdtia-
tionframawork [1] modelstime asagents’ deadlinesndis notbasedntheassumptia
thatagentshave perfectinformation.Howeverin thismodeltheagents utility funcions
depenl only on negotiationissuedik e price andquality, but areindependentof time.

Perhap the work that is most closely relatedto oursis that of Sandhém and
Vulkan[12]. In their work on bagaining with deadlinesthey considerthe probability
distribution over agentdeadlineso be comman knowledge.Specifically they addess
theprodemof splitting theprice-supluswhichis knowvn to bothagentsThey shav that
the optimd strat@y is onein which agens wait until thefirst deadline at which point
one agentconce@s everything to the other Thusagens only ever make two offers,
they eitherdemaud the entiresurplws or no surplusat all. This givesthe entiresurplus
of priceto theagentwith thelongerdeadlire. But becaseof theoffers madeby agents,
the deadlire effect completelyoverridestime discourting: an agents paydf doesnot
chang with its discourting factor In contrastjn ourwork we take a binary probability
distribution over agentdeadlires,but we considerthis to be privateknowledge.ln ad-
dition to this, we alsotake a binary probaility distribution over the pricesurplus.But
theagentsdonotknow their opponents bagainingcostor discouting factor Our opti-
mal stratgjiestoo give the entiresurplusof priceto the agentwith thelongerdeadlire.
However becausef the differencen initial offers,our resultsbring out the difference
betweenthe effect of deadlinesandtime discounting. Thatis, the deadine effect on
paydfs to agentsdoesnot suppessthe effect of time discouwnting.

3 The Negotiation Model

We useanalternatingoffersnegdtiation protacol for ourstudy Let b dende thebuyer, s
thesellerandlet [P2..., P2 ..] dende therange of valuesfor pricethatareaccepthle
to agen a, wherea € {b,s}. A valuefor price thatis acceptale to both b ands,
lies betweertheir resenationprices,i.e., in theintenal [P2,.., Pt 1. Thedifference
betweenP?, ., and P%,.. is the price-surgus. Let p!_, = dende the price offered by
agenth to agents attime ¢. Negotiationstartswhenthefirst offer is madeby anagent.
Whenanagent,say s, receies anoffer from agen b attime ¢, i.e.,pf_, , it ratesthe
offer usingits utility fundion U?. If thevalueof U* for p!_, ~attimet is greaterthan
the valueof the courter-offer agents is readyto sendattimet’, i.e.,pt_,, with #' > t,
thenagents acceptsOtherwisea counteroffer is made ThustheactionA thatagents
takesattime ¢ is definedas:

Quit if t > T° whereT"* is thesellers deadlire
AS(t',ph_,,) = { Accept if U* fromp}_,, > U® from counteroffer p*_,,
pt_,, otherwise



e=50 (Conceder)

e=0.02 (Boulware)

Fig. 1. Functionsfor the computatiorof F'(t)

Given the fact that both agentshave (different) deadlineswe assumethat both
agentsusea stratgy that variestheir negotiation behaiour with respectto the pas-
sageof time. Thus,time is the predaninantfactorusedto decidewhich valueto offer
in thenext negotiationmove. Heresuchstratgiesarecalledtime-degnden (from[1]).
Beforedetermirng the optimalstrategies(in sectiond), we briefly introducethe differ-
enttypesof time depeentstratgiesthatwe consider Thesestratgiesvary thevalue
of price depenling on the remainirg negctiation time, modeledasthe above definal
constantl’®. Asin [1], theinitial offer is apointin theintenal [P2.., P%,.]. Agents
definea constan k¢ that multiplied by the size of interval determins the price to be
offeredin thefirst proposalby agern a. Also the offer madeby agen a to agentb at
timet (0 < t < T?) isthenmodeledasafunction F'® dependingon time asfollows:

P, = { Prin + F*(t)(Prag — Priin) for the buyer
o= T Pl 4+ (1= Fo(t)) (P, — Plyy) for theseller

mar

A wide rangeof time depenlentfunctiors canbe definal by varying the way in
which F*(t) is compued. However, functions mustensurethat0 < F*(t) < 1,
F*(0) = k* and F*(T*) = 1. Thatis, the offer will alwaysbe betweenthe value
range atthebeginningit will givetheinitial constabhandwhenthe deadlireis reache
it will offer theresenration value FunctionF ¢(t) is definedasfollows[1]:

min(t, T“)) g

Fot) = k* + (1 - k%) ( pll

Thesefamiliesof functionsrepresenaninfinite numter of possiblestratejies,onefor
eachvalueof e. However, depemnling on the value of e, two extreme setsshawv clearly
differentpatterrs of behaiour (seeFig. 1):

1. Boulwae[9]: For this stratgy e < 1 andtheinitial offer is maintainedill time is
almostexhawsted,whentheagentconce@supto its resenationvalue.



2. Concedel[8]: For this stratgly e > 1 andthe agentgoesto its resenetion value
very quickly. Whene = 1 thepriceis increasedinearly.

Thevalueof acourter-offer depend ontheinitial price(IP) atwhichtheagentstarts
negatiation,thefinal price(FP)beyondwhichtheagen doesnotconcee, e andT *. Let
V beavecta of thesefour vaiiables,i.e.,V =[IP, FR e, T'*]. We call this the counter
offer vector. Let P® denoteP?, .., P* denoteP;,. , P € [P, P*] andT € [0,T]. The
negdtiation outcomeD is anelemeniof {(P,T), C}, wherethepair (P, T') dendesthe
price andtimeatwhich agreerentis reachd andC' denoteghe conflict situation.

Agents' utility functins. Theutility derived by agentsdepemnisonthefinal agreenent
ontheprice P andtheduratian of negatiationT". However, utility from priceto anagent
is independenf its utility from time, i.e., thebuyeralwaysprefersalow priceandthe
selleralwaysprefes a high price. Thus:

U:PxT—-%R a € (b,s)

We considetthefollowing two von Neumam-Morgensternutility functions[4] asthey
incorporatethe effectsof discouning andbaigaining costs:

1. Additiveform:
UY(P,T) = Uy (P) + U (T)

whereU, andU¢ areunidimensionaltility funcions. Thisformis adequée when
the only effed of time is a baigaining costwhich is indepemnlentof the final out-
come We definedU s asU}}(P) = (P — P) for thebuyerandU (P) = (P — P*)
for the seller U wasdefinedasU2(T) = ¢*T. Thus when(¢* > 0) theagent
gainsutility with time andwhen(c® < 0) theager losesutility with time.

2. Multiplicative form:

UY(P,T) = U, (P)U(T)

where ashefae, U andU;* areunidmensionalitility functions.Hereprefereces
for attribute P, given the otherattribute T', do not depenl on thelevel of T'. This
form is adequatevhenthe effeds of time arebamgainingcostanddiscowting. U
wasdefinedasbeforeandU? wasdefinedasU2(T) = (c?)T. Thuswhen(c® > 1)
the agentgainsutility with time andwhen(¢* < 1) the agentlosesutility with
time.

Agenta’s utility from conflictis definedasU(C) = 0.

4 Optimal Negotiation Strategies

An agentsngyotiationstrateg)y defineshesequeneof actionst takesduring thecourse
of negotiation. In our case,this equateso determirng the value of a courter-offer
which, in turn, depemls on the counteroffer vecta V. The information thatan agent
hasabou the negotiation parametegis calledits negatiation ervironmen In order to



determire an optimal stratgy an ager needsto find valuesfor V, on the basisof its

negatiation ernvironment, that maximizeits utility. Sincean agents utility depadson

two paraneters,price andtime (seesection3), it determiresthe optimal price P, and
theoptimd time T, for reachinganagreemat. An optimd stratgy thusmakescourter-

offers thatresultin the negotiation outcome(P,,, 75,).

4.1 Negofiation Environments

We modelthe negatiation environmen E°® for anagentb, asa 9-tuge

(7—87a37ai7 Psaﬁsa g:Tbana Ub)
where:

— T* dendesatwo elementvectorthatcontaingossiblevaluesfor s’s deadlinesuch
thatthefirst elemen T} is lessthanthe secondelementl’s;

— a® denoteghe prabability thats’s deadine is T — theprobalility thatit is 7' is
therefae (1 — a*);

— a? denots the value of a® on the basisof which the buyer selectsan optimal
strat@y;

— P# derotesa two elementvectorthat containspossiblevaluesfor s's resenation
pricesuchthatthefirst elementP; is lessthanthesecondelemen PJ;

— p® dendesthe prolability thats’s resenation priceis Py — the prolkability thatit
is Ps is therdore (1 — 3%);

— p2 dendesthevalueof 3° onthebasisof whichthe sellerselectsanoptimal strat-
egy;

— T*derotesthebuyers deadine;

— P? denotsthebuya’s resenation price;

— U? dendesthebuye’s utility which is a function of price andtime thatdecreaes
with priceandeitherincrease®r decraseswith time.

Elemens 7%, a®,P* and3® representhe informationthat b hasabouts. This is
theagents private information.Ouraimis to deternine optimalstrategjiesfor agentsy
consideing all possiblewaysin whichtime caneffect negotiation. Thusdepenling on
the type of utility function U® andthe relationbetweerl’#, Ts andT®, the following
six ervironmentsaredefined:

EY: WhenTy§ < T*® andb gairs utility with time, i.e.,U? is anincreaingfunction
of time.

E%:WhenT§ < T < T3 andb gainsutility with time.

E%: WhenTy{ > T® andb gairs utility with time.

EY: WhenTy < T® andb losesutility with time,i.e.,U® is andecreasingunction
of time.

E!:WhenT§ < T < T3 andb losesutility with time.

E%: WhenT§ > T* andb losesutility with time.

Theenvironmer for the sellercanbe definedanalgously



Fig. 2. Possiblebuyer stratgiesin ervironmentsE; and E»

4.2 Negoiation Strateges

We formally definean agert's stratgy (S¢) as a function that mapsits negotiation
ervironmen, E¢, andtime, T, to the courter-offer vecta attime (T + 1). Thus S¢ :
(E*,T) — VIl Let O betheoutcanethatresultsfrom stratgy S . S® is theoptimal
stratgyy for agenta if it maximzesU *(0).

For ary ervironment £, S dendesthe correspondiry optimd strateyy. The op-
timal stratgies are determired for eachof the above six ervironmers. An optimal
stratgy shoudd resultin agreementat the optimal price and at the optimal time. An
agents prefeencefor priceis independen of time, i.e., the buyer alwaysprefersalow
price andthe selleralways prefas a high price . We therebre determire the optimal
stratgyy assuming3® = 1 (sectiord.3).This givestheoptimaltime for reacling agres-
ment. Thenfor this optimal time we find the strateyy that gives the optimal price by
takingthe actualvalueof 3°. Thisis explainedin section4.4. Theresultingstratgy is
therefae optimalin bothtime andprice.

4.3 Optimal Strategesin Particular Environmentswheng® =1

This sectiondetailsthe optimal stratayy for eachof the environmentsnotedabove. The
analysisis from the perspetive of the buyer, althoudh strateyiesfor the sellercanbe
definedanalogaisly.

Environment E2. In thisenvironmen boththedeadinesof s arelessthanT ®. As both
agentsusetime depemlenttactics,s will conceleupto P{ latestby T} or T';. Hence
it is enowghif b usessomestratgy thatcorcedesonly upto Py . Sinceutility increses
with time until 7', b getsmaximum utility if agreenentis reachedaslate aspossible.
Sincetherearetwo possiblevaluesfor thesellers deadine, negotiationcouldendeither
atTy or T}y andtherearetwo possiblestratgliesb canusein this case(seeFig. 2A). It

couldusea strateyy (s?) thatstartsat P% . andapprachesP; atTj andthenmales
no furthercorcessiondill 7§, or astrat@y (s5) thatstartsat P? ;. andappioachesP;

min
attime T . Thesecanbe definedmoreformally asfollows:



EU

70
b
60 | Max EUP

50—
AvVQg
40

Min EU}
30

b
20 EU,

10 _|

Alpha

Fig. 3. Effectof & onthe EU to buyerin E;

sy(EL,T) = [Py

min?

P¢, Boulware, T¢] if T < T¥ andP# othewiseand
P¢, Boulware,T] for all valuesof T

By usingstratay s?, b getsautility of U®(P¢, T¢) with probability o anda utility of
U(Pg,T) with probability (1 — o®). NotethatT lies betweenTy and7; depenling
on s's stratgy. Sothe expectedutility to b, EU®, from strateyy s® is

EUY = o?U(P},T) + (1 = *)U" (P}, T)

whereT} < T < T3. Ontheotherhand,if b usesstrateyy s5, it getsa utility of U®(C)
with probalility «® andautility of Uy (P¢, T) with prabability (1 —a*). Soits expeded
utility from stratey s becanes

EU = o*U(C) + (1 — o®)Ub(PE, T).

Turning now to anexpaimentalevaluationof thesestrateies.Agentbd’s utility was
definedasfollows 2

. b_

Ub(P,T) _ mln(l’PbPiinln)T forT < T

0 forT > T

Thusb's utility linearly increasesith price andtime wheremin(1, P,,P_b#”') gives

a value between0 and 1. The expectedutility to b from ary stratey depewﬁd onthe
following paraneters:[T¢, T3, T?, P, P*, Pt . of]. Let 6 denotethe lengthof time
intenal betweer ¥ andTy . For all contexts we assigned’y = 30, P® = 70, P, =
20, Pf = 30 andT® = 100. In our experimentswe compued the expectedutility for

2n all the experimentsreportedin this sectionwe obtainedsimilar resultsfor additive and
multiplicative forms of utility functions.We thereforedescribeherethe experimeris for only
onemultiplicative form.



EU
Max EU,

70—
60—
50— Min EU,
40—

307 Max EU,

20—
107 Min EU,,

\ \ \ \ - Alpha
0.2 0.4 o6 08 1

Fig. 4. Effectof & onthe EU to buyerin E»

differentvaluesof §;. For eachvalueof §; we varieda® betweerD and1 andfoundthe
EU? in eachcaseln thefirsttermfor EU? from strateyy s4, bothparaneterso U?, i.e.,
P¢ andT?, areconstantsin theseconderm, P} is constanbut 7' couldbe ary value
in theinterval T to T depeningonthestratgy thatthesellerusesAs aresultwe get
arang of valuesfor EU? from strateyy s%. Sinceutility to b is anincreasingunction
of time, for the sameprice P}, b getsmaximum utility at 7’5 andminimum utility at
T¢. All otherpossiblevaluesfor EU® lie within this range. We therefae conputedthe
average EU? for everyvalueof o.®. All theparametesto U® in the EU? from strateyy
s$ areconstantsThis givesasinglevaluefor EU® for evely valueof a®.

The resultsof this experimentfor 8¢ = 40 areasshawn in Fig. 3. For valuesof
a® upto 0.3, strat@y s5 givesa higher EU°® thanthe average EU°® from stratayy s}.
For highervalues of o®, theaverag EU® from s? beconeshigher thanthe EU® from
sb. Let o derote the valueof a® belav which s} is betterthans? andabove which
s} is betterthans$. This valueof a? depend on thevalueof ;. As we increzed?;,
therewasa correspondig increaein thevalueof o.f. A decreasén 6; resultedin a
correspnding decreasén 2. Thustheoptimalstratgy S? is s} whena® < o ands?
whena® > a?.

EnvironmentEg. As oneof thepossibledeadlinefor theselle; T3, is greatethanT™®,
b needto conce@ upto P? in orderto maximizeits chan@sof reachinganagreemen
Againit coulduseoneof two possiblestrat@ies(seeFig. 2B). A stratgy s thatstarts
at Pt . andappoachesP® atT® by crossingP; atTy, or astratgy s5 thatstartsat
P? .. andappoachesP® atT?, crossingP; somevherein theinterva betweerl’ and
T®. Thatis,
S (B, T) = { [PYn, Pf, Boulware, T¢] if T <T§

1= [Pg, Pb, Boulware,(T® — T§)] if T > T¢
s5(ES, T) =[Pt ,., P, Boulware, T for all valuesof T'.
By usings!, b getsautility of U®(P¢, T}) with prokability o andutility [AU® (P, T) +
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Fig. 5. Optimalbuyerstratgieswhenutility decreasewith time

(1=X\)U?(C)] with probability (1—a?). A dendestheprokability thatthesellercrosses
P? priorto T*. Sothe expededutility to b from stratey s is

EU} = o*UM(P{,T}) + (1 — o*)AUY (P, T) + (1 = WU (C)]

where(Pf < P < PY) and(T} < T < T?).

If b usesstratayy s} it getsa utility of U*(C) with prabability o® anda utility of
[AUP(P,T) + (1 — \)U®(C)] with probalility (1 — «®) where(Pf < P < P?) and
(Tf < T < T"). Sob’s expectedutility from s4 becomes

EUS = a*U(C) + (1 — «®)[A\UY(P,T) + (1 — \)U(C)]

In our experimentalevaluationof thesestratejies,we getarangeof valuesfor EU °
from bothstratgiess® andsf. We assigned\ = 1. Theresultsof our experiments(for
the samevaluesof all othervariables asin ervironmen 1) are showvn in Fig. 4. The
averag EU® from strat@y s} washigher thanthe averageEU ® from s} for all values
of a®. Notethatin this casetherelationshigoetweens$ ands} does notdepenl onthe
valueof ;. Thus theoptimd stratagyy S3 is s& for all values of a®.

Environment E2. Sinceboth possibledeadlinefor the selleraregreaterthan'®, b
hasto usea stratgy S} thatstartsat P’ ;. andconce@supto P® by 7. Thusfor all
valuesof T'

SY(ES, T) = [P,

In theremainirg threeervironmernis b’s utility decreasewith time, andit canmax-
imizeits utility by usinga stratgy thatendsnegadtiation asearlyaspossible.

P?, Boulware, T"]

in?

Environment E%. HereT;y < T° andthe buyermaximizesits utility by minimizing
price by corcedingonly upto P{ sinceit knows from its ervironmentthats will offer
Py latestby T or T35 . In additionto thisit canmaximizeits utility from time by offering
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Fig. 6. Possiblebuyerstratgieswhens # 1

Py asearlyaspossible Thusb’s beststratgy S} is to offer P§ every time startingfrom
its first offer (seeFig. 5A). Thus
Si(E.T) = [P,

min?

P}, Conceder,T;)
for all valuesof T' andthe courter-offersarealways Py’.

Envir onmentEg. In this ervironmentb’s beststrateyy is to offer P{ from the startof
negatiationtill . If T} is theactualdeadlirefor theseller negatiationwouldendlatest
by T at price P7. Ontheotherhand if T is the seller’s actualdeadline negotiation
couldcontine beyond T'¢# (depeningonthesellers stratgy). b now hasto concee up
to P® attheendof T} sinceT? is lessthanTy. The stratgy S¢ is shavn in Fig. 5B.
Thus
SY(ED,T) = { [PY.., P, Conceder, fbl’f] if T <Tp

’ [Pf, Py, Conceder, (T® —T{)] if T > Ty

Environment E§. In this ervironmen b's beststrateyy S¢ is to conceleupto P at
the beginning of negotiationsinceU *(P%, 1) > U®(P?#,2). Thus
S¢(Es,T) = [Py,

min?’

P?, Conceder, T"]
for all valuesof T andthe courter-offersare P® throughou negadtiation.

4.4 Optimal Strategesin Particular Environmentswhen 32 # 1

Theabove strat@iesgive anoptimalvalue for T if ° = 1. Whenpg?® # 1 anoptimal
valuefor price needsto be deternined. Therearetwo possiblevaluesfor the sellers
resenation limit, P¢ with prabability 3¢ and P§ with probaility (1 — 8°). b now has
two possiblestrat@ies(seeFig. 6). It canconceleupto P by T (stratgyy s?) andget
anEU?" of

EUY = B°U"(P{,T) + (1 - °)U°(C)



Fig. 7. Effectof 8 onthe EU to buyer

or concee upto P3 by T (stratey sb) andgetan EU® of

EUy = °U°(P,T) + (1 = B°)U"(P3,T)

where(Py < P < Pj).

In termsof our experimentalevalugion, the EU ® from ary stratgy depadsonthe
following parametes: [P¢, P§, PY, P® . T, 3*]. We assigned?? = 30, P§ = 50. For
all cortexts we assignedP® = 70, P?. = 20,T = 50 andT® = 100. We varied 3*
betweer0 and1 andcompued the EU ° for both stratgjiesfor eachvalueof 3. The
resultsof this expelimentareasshovnin Fig. 7. For valuesof 5 ¢ upto 0.65theaverag
utility from s washigherthanthe EU® from strateyy s%. For valuesof 3¢ higher than
0.65 the EU? from strat@y s¢ becamehigherthantheaverage EU® from stratey s5.
Let 3¢ denotethe value of 3 below which s is betterthan s} andabaove which s8
is betterthansj. Let 7 dende the differencebetweenP? and P§. The value of 3¢
depenlsonthevalueof #?. As we increased? therewasa correspadingdecreasén
thevalue of §2. Thedecreasén 62 resultedn acorrespondig increasen §2. Thusfor
(8° < B) theoptimalpriceis P§ andfor (8° > (%) theoptimalpriceis Pf.

5 Negotiation Outcomes

We now determinethe outcane of negatiation whenboth agens usetheir respectie
optimalstratgjiesasdeterninedin table1. Sincethebuyerandsellercoud eithergain
or loseutility with time, we have thefollowing four possibilities:

1. Bothbuyerandsellergainutility with time.
2. Buyergairs andsellerlosesutility with time.
3. Buyerlosesandsellergairs utility with time.
4. Bothbuyerandsellerloseutility with time.

Theordeing onthedeadliresof b ands will be oneof thefollowing:



|Environment] Optimal Strategyy |

B [PL,., P¢, Boulware,Ts] for all valuesof T if (o < af)
[PL;.., P¢, Boulware,T7] for all valuesof T' if (o > af)

E} [PY.., P:, Boulware T{] if T < T¢

[PS, Pb, Boulware (T°-T%)]if T > T¢
B3 [P2:., P°, Boulware, T°] for all valuesof T
ES [PL.., P:, Concede T3] for all valuesof T'
E! [P, P, ConcederTy] if T < T5

[P, P®, Conceder(T®- T{)] if T > T
E2 [PL;.., P®, Concede T°] for all valuesof T

Table 1. Optimal Stratgiesfor the Buyer (P; denoteghe optimalvaluefor the sellersresena-

tion price)

1. Tf < T§ < TP < T} (D1)
2. TV < Tb < T# < T§ (D2)
3. Tf < TP < T§ < T? (D3)
4. T < TP < TS < T§ (D4)
5. T} < T8 < T§ < T (D5)
6. T? < Tf < T¢ < T (D6)

We considerthe casewhereb gainswith time ands loseswith time anddeternine
the outcame of negatiation for all possibleorderingsof deadlinesFor ordeing D1,
let T} be s's actualdeadlire (seeFig. 8A). This correspondsto E§ for the sellerand
its optimd strat@y is Sg. For agen b it correspndsto E? (with a high valuefor o)
irrespectve of whetherits deadlire is TPor 7. Let P? and P? dende the optimd val-
uesfor the sellers minimum resengtion price andbuyer’s maximunm resenationprice
respectiely. Thuswhenb usesstrat@y S?, s usesS§, andthe outcone of negotiation
becones(P?,T¢). Ontheotherhard, if T is s’s actualdeadine (seeFig. 8B), it cor-
respomisto EZ for the sellerandits optimal strat@y is Sg. For the buyerit is E? and
its optimd strat@y is S? (a? is low). Thenegdtiation outcanenow becones (P2, T5).
In bothcasessinceb’s deadlireis greatetthans’s deadlire, it getstheentiresurplis of
price.

D2is similarto D1 exceptthatb ands areinterchaigedandthenegdtiation outcane
is (P%,T?) whenT? is b’s actualdeadlineand(P?, T?) whenT is b’s actualdeadine
(seeFig. 8Cand8D).

For D3, let T} be s's actualdeadlire (seeFig. 8E). This correspadsto E¢ for
s andits optimd stratey is S§. For the buyerit is E! if its deadine is 7P and E?
(with «® high)if its deadlireis 7'¢. Usingthe correspadingoptimalstrateies,in both
caseghe negotiation outcone is (P2, T7). If T3 is s's actualdeadline(seeFig. 8F),
this correspadsto E¢ for s andits optimal stratgy is SZ. Now if T} is b's actual
deadlire (E3), its optimal strat@y is S5 andthe negdtiation outcaneis (P!, T}); the
entiresurplusof pricegoesto S. But if T0is b's actualdeadine (E? with o® low), its
optimalsstrategy givestheoutcane (P2, T%¥) andtheentiresurplusof pricegoesto b.

For D4, let T be the sellers actualdeadline(seeFig. 8 G). This correspadsto
E; for thesellerandits optimalstratey is S¢. If T} or T? is b's actualdeadine (E3),
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Fig. 8. NegotiationOutcome(thick linesdenotesellerstratgyy anddottedlinesbuyer strateyy)

thenits optimal strat@y is S in bothcasesThe negotiationoutcaneis (P2, T¢). The
entiresurplusof price goesto b. Onthe otherhand if 75 is s's actualdeadine (E%),
its optimal stratayy is S? (seeFig. 8H).The optimal stratey for b is S irrespectve of
whetherits actualdeadlire is T or T??. The correspading outcone of negdtiation is
(PP, T}y or (PP, T?), andthe entiresurplusgoesto s. In the sameway the outcane of
negatiation, if bothagentausethe optimalstratgiesasdetermiredin section3, canbe
found for all the remairing casesTheseresultsaresummaizedin table2. Todenotes
thebeginning of negotiation.

As seenfrom table 2, the negdtiation outcane remainsthe samein the first three
casesj.e.,whenbothagentgyainutility with time, or whenary oneof themgainsand
the otherloseswith time. This hapgensbecausehe agert that gairs utility with time
delaysin makingan offer thatis acceptableéo the oppmenttill the earliestdeadlineis
reachedWhenbothagentdoseutility with time,they makethemaximum requirel con-
cessiorat the earliestoppatunity, i.e. the startof negotiation. Agreenentis therefae
reacheditthe beginning of negdtiation.

5.1 Conditions for corvergenceof optimal strategies

Thevaluesof a andg$ arecrucialin determiring b's optimalstratgy. For instancen
negatiation ernvironmen E?, theagents optimd strategyy S? is s§ when(a® < af) and
S is st when(a® > af). Thusin orde for thestratgjiesto corverge, anagen, sayb’s,
degreeof beliefa® abouts’s deadine mustbelessthana? whentheactualdeadlire for
s is Ty andit mustbegreateithana? whentheactualdeadlinefor s is T'F.



Casel, 2 and3 Cased
DeadlineOrdering| Seller's Deadline|NegotiationOutcomé NegotiationOutcome
Buyer's Deadline || Buyers Deadline
17 Be.I7)| (B 17) ||(P5 . To)| (Pg.To)
D1 T? TS T? TS
I3 (P 15)] (P 15) ||(F5 . To)| (F5.To)
T? T3 T? T3
7 (P ID)| (P.T3) ||(Pp.To)| (Po.To)
D2 T? TS T? TS
Ts (Po.TD)| (P T3) [[(Py.To)] (Pg.To)
7 T3 7 T3
T (FP5.T7)| (P T7) ||(P5.To)| (Fs.To)
D3 T? T2 T? T2
15 (P3.IV)| (P5.T5) [|(P3.To)| (P5.To)
TP T3 7 T3
T (P T7)| (P T7) ||(P5.To)| (Fs.To)
D4 T? TS T? TS
I3 (P.TY)| (P5,T3) ||(P3.To)| (Ps,To)
TP T3 7 T3
Tt (P TV (P3.TF) ||(Pg.To)| (Ps.To)
D5 T? TS T? TS
T35 (P3.IV)| (P5.T5) [|(P3.To)| (Ps.To)
T? T3 T? T3
17 (Po.T)| (Ps.TF) [[(P3To)| (Ps,To)
D6 T? TS T? TS
T3 (Po.T7)| (Po.T3) [[(Ps.To)| (Po.To)
7 T; v T;

Table 2. Outcomeof negotiationwhenbothagentausetheir respectre optimal stratejies

Similarly the optimal valuefor price depemnis on the valueof 3. For instancefor
the buyer, the optimal priceis P§ if (8% < f2) andit is P? if (85 > B%). Thus
convergenceis guarameedonly whenthe valuesof a® and 3¢ satisfy the following
condtions:

1. (af < af)if (T? =T3) and(a® > af) if (T'* =T7) for thebuyer
2. (ab < al)if (T* =T}) and(a® > ab) if (T® = T?) for theseller
3. (B < B3)if (P* = P5)and(pB*® > B%) if (P° = Pf) for thebuyer
4. (B® < B) if (P = P§) and(B® > BP) if (P = P}) for theseller

5.2 Payoffs to agents

The utility that an outcone yields to an agentis a function of price andtime. The
factorsthat deternine the outcomeof negotiation arethe agents’ deadlins andtheir
discourning or baigainingcosts We therefae analyzetheir effect ontheutilities to both
agents.



Effect of deadlines on the payoffs. As seenfrom table2, whenagentshave uneqial
deadlires,theentiresurplusof pricegoesto theagentwith thelonge deadlire.

Effect of discounting/bargaining costs on payoffs. Whenatleastoneagentgairs util-

ity with time, agreementis reachedat the earlier deadlire; whenboth lose on time,

agreenentis reactedtowardthebeginning of negotiation.Let thepair (U }, U}) derote
theutility to » ands whenbothgainwith time, (U2, U2) whenb gainsands loseswith

time, (U, U2) whenb losesands gainswith time and (U}, Uz ) whenbothlosewith

time. Whentheeffect of time onthetwo agentss notidentical,i.e., whenoneof them
gainsutility with time andthe otherlosesthefollowing resultwasobsered.Theagent
thatgairs on time getsthe sameutility ascompaed to the casewhereboth gainwith

time, i.e., for thebuyer (U} = U?) andfor theseller(U}! = U2). Theagentthatloses
ontime getslessutility with time getsalower utility whencomparedto the casewhere
bothgainor bothlosewith time, i.e.,for thebuyer(U} < U}) and(U < U}) andfor

theseller(U2 < U?) and(U2 < U}).

6 Conclusions

This paper deternined what the optimal negotiation stratgjiesare for agentsthatfind
themseles in ervironmerts with differentinformationstates Specifically we corsid-
eredsituationswhereagetts have uncetain informationabou two negatiation param
eters(the oppaents deadine andresenation limit) but do not have ary information
abou their oppaments bagaining cost,discownting factoror strateyy. We listed cond-
tionsfor convergenceof theseoptimal stratgiesandstudiedthe effect of time on the
negdiation outcane. In thefuturewe intendto extendour analysisto determinéf this
mutualstratgic behaior leadsto equilibria andthenanalyzesituationswhereagents
have limited information aboutothernegdtiation paraméers like the opponents bar
gainirg cost,its discownting factoror its strategyy to comparetheirrelative influerceson
thenegdtiation outcone.
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