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Abstract. This paperstudiesthe influenceof the agents’information stateson

the negotiationequilibrium. This analysisis undetaken by examininga rangeof

negotiationscenariosn which theamoun of informationthatagentshave about
their opponet’s parameterss systematicallyaried. For eachsuchscenariowe

shav that a unique equilibrium exists and we investigatehow the information
statesof agentsinfluencethe distribution property of the equilibrium solution.
Our studyshaws the relative impactsof the oppments parameter®n the nego-

tiation outcome Theresultsobtainedareusefulfor decisionmakingin situations
whereanagenthastheoptionof choosig whomto negotiatewith, from amonga
setof bagainerspnthe basisof its informationstate Our analysisalsoindicates
which of its opporent’s parameteranagentshouldlearnin orderto maximizeits

utility.

1 Intr oduction

Negotiation is a meandor agentso commuicateand compomiseto reachmutwally
beneficialagreemats.In suchsituationsthe agerts have acomman interestin cooger
ating, but have conflictinginterestsover exactly how to coopeate. Putdifferently, the
agentscanall berefit from reachingagreenenton an outcorre (from a setof possible
outcones),but have corflicting interestsover the setof outaomes.The main prodem
thatconfrontsagentdn sucha situationis to decide how to coopeate- befaethey ac-
tually coopeateandobtainthe fruits of thatcooperation.On the onehand eachagent
wouldlik e to reachsomeagreementratherthandisagreeandnot reachary agreemen
But, ontheotherhand eachagenwouldlik eto reachanagreenentthatis asfavouréle
to it aspossible.

To this end,a nunber of negatiation mockls have beendeveloped (seesection5
for moredetails). Thesemocdkls cover a broadrange of agenttypesandervironments.
However to provide a focusfor our work, we conceltrate on oneto-ore negotiations,
with adeadine, betweerabuyerandaseller In thistypeof competitive encounter, each
agenthasto make decisionsabou generéing offers and counteroffers in sucha way
thattheir own utility from the final agreemehis maxinized. An essentialnput to this
decisiomrmakingprocesssinformation heredefinedasary factorthateffedstheability



of anindividual to make chdcesin a given situation.For instancen bagainingbetween
abuyerandaseller informationcovers theagents own parametes (lik e its resenation
priceor its prefeencesver possibleoutcanes),aswell asthoseof its opponent.

Existing modés for bamaining with deadlires are of two types:thosewith com-
pleteinformation andthosewith incompete information. In the former setting,agents
know everything abouteachothers charactestics,aswell astheirown [3]. In thelat-
ter setting,agentdack information on somespecificparametes abou their oppaent.
For instancetherecould be uncetainty over their discowunting factor[13], resenation
price[4], ordeadlind14]. Givensuchuncetainty, thesemodelsstudytheimpactonthe
stratgyic behaior of theagerts. Our objectie hereis notthesame Thuswe do notad-
dresgheissueof uncertaity perse,but ratherwe analysegheimpactonthe negotiation
outcone of knowing variows piecesof informationabou the oppaents paraneters.
Thuswe explore arangeof neggotiation scenariody varying the degree of information
anagenthasaboutits opponent.

In particular we corsiderthreepiecesof informationto be centralto the way that
anagentnegdiatesin our context. Firstly, the deadlineby whenthe negatiation must
be comgeted (which may be different for eachparty) Secondly the time at which
agreementis reachedcan effect the agentsin differentways[2]. An agen cangain
utility with time andhave theincentie to reacha late agreemat (within its deadline)
In sucha caseit is saidto be a patiert player Alternatively, the agen canlose utility
with time and have anincentive to reachan early agreerent. It is thensaidto be an
impatientplayer Thirdly, theagentsresenationlimits alsoinfluencethe outcone. We
therefae studythe effect of all theseparaneterson theequilibiium solution.

Against this baclgrourd, we analysethe mutud strateic behaior of agentsfor
varying degreesof information. In eachof thesesituationswe determire equilibrium
stratggiesandstudyhow theinformationstateof agentsnfluercesthedistributionprop-
erty of the equilibrium outcone; thatis, how the gainsfrom tradearedivided between
the agens. We saythat an agenthasmore (less)bargaining power thanits opponent
if this division is more (less)favourableto it thanto its oppment. This analysis has
not previously beenundetakenandsothis representshe main conttibution of this pa-
per. We believe suchananalysiss particulaty usefu for decisionmakingin situations
whereanagen hastheoptionof chosingwhomto negatiatewith, from amorg a setof
bamgainers onthebasisof theirinformationstate Additionally, ourresultsalsoindicate
which of its opponents paranetersanagentshoud learnin orde to maximizeits utility
andmake it amoreeffective bagainer

The remainde of the paperis structued in the following manrer. Section2 de-
tails our negatiation mockl. Section3 deterninesthe optimalandequilibrium stratgjies
by varying the informationstateof the participatirg agentsIn section4 we compae
theinfluene of the various negtiation paraneterson the baigaining power of agents.
Section5 discusseselatedwork. Finally in section6 we presenthe conclwsionsand
outlinethe averuesof furtherresearch.



2 The Negotiation Model

We useanalternatingoffers protacol for our study Let b denotethe buyer, s theseller
and[P2,., Ps..] dende the rangeof valuesfor price thatis accepthle to agenta,
wherea € {b, s}. @ dendesagenta’s oppment.A pricethatis acceptale to bothb and
s, i.e.,thezoneof agreerent(Z), is theintenal [PS,,.,, Pt ,.]. Thedifferencebetween
PY .. andP: . is calledthe price-surplus T¢ dendesagen a’s deadline Let p! _,
dende the price offered by agentb at time ¢. Negotiation startswhenthefirst offer is
made.Whenan aget, say s, receves anoffer attime ¢, i.e., p{_, , it ratesthe offer
usingits utility function U*. If U*(p}_, _,t) is greaterthanthe utility of the courter-
offer agents is readyto sendat time ¢/, i.e., pt_,, with ' > ¢ thenagents accepts.
Otherwisea courter-offer is made.

Sincebothagerts have adeadline we assumehatthey useatime depewlentfunc-
tion [1] for generatig offers. Thesetacticsvary the price depenéhg on the remainirg
negdiation time, modelled asthe above definedconstantT’ . In thesefunctiors, the
domimantfactorusedto decidewhich valueto offer next is time ¢. Theinitial offeris a
pointin theinterval [P2,,,, P2 .. ]. Agentsdefineaconstank® thatwhenmultiplied by
thesizeof theintenal determiresthepriceto be offeredin thefirst proposalby a. The
offer madeby a attime ¢ (0 < ¢t < T'?) is definedin termsof the negatiation decision
function (NDF), F'¢, asfollows:

¢ _ | Pt FU)(Pras — Phin) ford
Pasa = {Pfhm + (1= F*(0)(Praz — Prin) for s.

A wide rangeof functions canbe definedby varying the way in which F 2(t) is
compued(see[1] for moredetails). However, functionsmustensurehat0 < F *(t) <
1, F*(0) = k* andF*(T*) = 1. Thatis, the offer will alwaysbe betweerthe value
range atthebeginningit will givetheinitial constabhandwhenthe deadlireis reache
it will offer theresenation value FunctionF *(t) is definedasfollows:

in(t, T%)\ *
Fo(t) = k* + (1 - k%) (L”( : ))
Ta
An infinite numker of functionscanbedefinedfor differentvaluesof ¢). However, two
extreme setsshow clearly differentpatternsof behaiour (seeFigurel).

1. Boulwae (B) [12]. For thisfunction, ¢y < 1 andtheinitial offer is maintainedill
time is almostexhaustedwhentheagentconceds upto its resenation value.

2. Conceder(C) [11]. For this function, ¢ > 1 andthe agern goesto its resenation
valuevely quicky. Wheniy = 1 priceis increasedinearly (L).

Thevalueof a counteroffer depend on theinitial price (IP) at which the agentstarts
negatiation, thefinal price (FP)beyond whichit doesnotconce&, v andT . A vector
V, of thesefour variables,i.e., V = [IP, FR T'¢, ] forms the agents strategy. The
negdtiation outcomegO) is anelemenof {(p, t), C'}, where(p, t) denoteshepriceand
timeatwhich agreerentis reachd andC' denoteghe conflictoutcane.
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Fig. 1. NegotiationDecisionFunctions

Whenb's strat@y is [P2,;,,, P, T?, B] ands’sstrat@y is [P}, ., P2...., T*, B),
the outcone (O1) thatresultsis shavn in Figure2(a) As shavn in thefigure, agree-
mentis reachedat a price P;,;,, + (price-surplus/2) andatatime closeto T'°. Sim-
ilarly whenthe NDF in both strateyiesis replacedwith C, agreementis reachedat the
sameprice but nearthe beginning of negdtiation. Figure 2(b) illustratesa negotiation
conflict. The stratgjiesfor b ands are[P? .., P ..., T%, B] and[P}, .., P5...., T*, B]
respectidy andT'® < T?. As agentshave uneaial deadliresandbothagentsusethe B
function, the stratgiesdo not corverge andresultin a conflict. In geneal, agentscan
avoid conflictby usinga strateyy thatoffers a mutuallyacceptablerice(i.e., within Z)
by amutuallyacceptabléime (theearlierdeadine).

Agerts’ utilities aredefinedwith thefollowing two von Neumam-Morgensterrutil-

ity functiors [5] thatincomporatethe effectsof discowunting andbaimgaining costs:
Ut(p,t) = Uy (p)Us(t) where a € {b,s}

UI’,’ is a deceasingfunction of priceand U, is an increasig function of price. For
anagent,if U2 increasesvith time thenthe agentgairs utility over time andhasthe
incentive to reacha late agreemat. But if U* decreasewith time thentheagentioses
with time andhasthe incentive to reachan early agreenant. Agentsare saidto have
similar time prefeencesf bothgainontime or bothloseontime; otherwisethey have
conflictingtime prefeences.

3 Equilibrium Outcomes

Eachagenthasaresenationlimit, adeadlineanda utility function. Thusb ands each
have threeparametes, dended { P?, .., T?, U} and{Ps,. ,T¢,U*} respectiely. The
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Fig. 2. lllustrationof anagreemat anda negotiationconflict

outcone of negotiation depemls on all thesesix parametes. The information stateof
an agentis the information it hasabou the negotiation paraneters.An agents own
paraméeersareknown to it, but theinformationit hasaboutthe opponents paraneters
varies.The informationstate/* of anagenta is thusa setof two elementsThe first
elementdended F'* is a 3-tude contairing its own parametes. This forms the fixed
partof I%. The secondelement,derotedV ¢, is ann-tupe (whewre n variesbetween
oneandthree)contairing informationabou its oppnert’s paraneters.This forms the
variable partof I*. Thus

I° = {F*,V}, F* = (P}

maw’Tb’Ub> andfF” = < Tsm'ersaUs)

In the following subsectionsve vary n. betweenone andthree.For eachvalue of n,
we determire b's optimalstratgy S® on the basisof I® ands’s optimalstratey S* on
the basisof I* whereb ands arevon NeumanMorgensternexpectedutility maximiz-
ers.As describedn the previous section,an agen’s stratgy is a four elementvecta
V = [IP,FP,T,NDF]. Thisis optimal if the four elementssatisfy the constraint
of avoiding conflict andalsoresultin agreenentat the maximum possibleutility. We
thenprove thatthis mutualstrateyic behaior of agerts, wherebothusetheirrespectre
optimalstratgies,form sequentiakquilibium points [10, 8].

3.1 V containsasingleelement

We corsiderthreecasesvhereV @ contairs the opponents deadling resenation price

and utility. For the utility of the opponentwe do not take the completefunction, but
only its attitudetowards time. This is becausein practice,it is easierfor anager to
know its oppaents attitudetowardstime ratherthanthe entireutility function.
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Fig. 3. Possiblestratgiesandassociatedutcomes

1. Deadline When agentsknow eachothes’ deadlire, the information statesare

Vb ={T?®} andV?® = {T*}.

Optimal strateges In theabsencef P?,

IP = P! (averylow pricethatliesoutsideZ), FP = P? ., andoffering FP
before the earlierdeadline Thus the third elementof the strategy become T ? if
(T* < T®) andT? if (T® < T*?). Giventhis, thelastelemen, i.e., the NDF, that
optimiseghetime of agreemeneeddo bedetermired. Figure3 depictsthe nego-
tiation outcomefor eachof the threeNDFs. Note thatin this figure the Boulware
function is an extremeBoulwareandthe Concedeffunction is similarly extreme.
T dendestheearlierdeadine. Thedashedinesindicates’s stratgyy andthe solid
linesindicae b's stratgy. Notethattheactualvalues of IP andFPin s’s strateyy are
notknown to b. IP is takenassomevaluegreatetthan P!, .. andFP assomevalue
lessthan P? ... Out of the threeNDFs we needto determire the onethatalways
givesb the bestpossibleutility. b canhave two possibleattitudestowards time. It
cangainutility with time andhave theincertive to reachalate agreenentor it can
loseutility with time andhave theincertive to reachanearly agreerent. Consider
the casewhereb gainsontime. If s usesthe BoulwareNDF, then,asseenin Fig-
ure 3(a),theoutcone canbe O, O, or O3 depemrlingonb’s stratgy. Out of these
three,O3 resultsin agreementat the lowestprice andhighest time. Thusif s uses
theBoulwareNDF, it is bestfor b to alsousetheBoulwareNDF. Similarly if s uses
the Conceder(or Linear) NDF, (seeFigures3(b) and 3(c)) the mostfavourable
outcone to b is Og (or Oy) generatedy the Boulware NDF. Thusif b gairs on
time, irrespectve of s's stratey, it is bestfor it to alwaysusethe B NDF. b's opti-
mal strat@y is therefoe S® = [Pt . P! . T,B]. Considerthe otherpossibility
whereb losesutility ontime. Herewe considerscenariosvhereZ is smallandT
is large. Sothegainin utility in time from O3 to O4 (andOg to O5) outweidhsthe

in+ b CANEensurecorvergenceby makirg



lossin utility from price.In otherwords,agerts awaystry to minimize the time
of agreenentaslong asthe price is within the zoneof agreement. As shawvn in
Figures3(a) 3(b) and 3(c), irrespetive of s’s stratgy, b canminimize the time
of agrementby usingthe Conce@r NDF. b's optimd strateyy therebre becomes
Sb = [Prl;n'ru Prl;m,za T: C] AnaIOngIM S* = [Prfzaarn P;'Lirn T, B/C] Wherepﬁmz

is somehigh priceoutsideZ andthelastelemenin S¢ is B if s gainsontime and
C'if it losesontime.

Sinceanagen’s optimal stratgy doesnot dependon its opponents stratay, nei-
theragen hasthe incertive to deviate from it atary point during negctiation. We
now prove thatthis mutual strategic behaior of agentforms a sequentiakquilib-
rium point. As agentsdo not have information abou their oppaments stratgy or
utility, negdtiation canbe consideredas a gameG of incompleteinformation. A
strategy profile andbelief systempair is a sequetial equilibrium of an extensive
gameif it is sequetial rationd andconsistent[8]. A systemof beliefsy in G isa
specificatiorof a probability z € [0, 1] for eachdecisionnode z in G suchthat

> @) =1

z€l
for all informationsetsl. In otherwords, i representstheagen’s beliefsabou the
history of negdtiation. The playefs strat@ies satisfy sequentiarationdity if for
eachinformationsetof eachplayera, the stratey of playera is a bestresponse
to the other players stratgies, given a’s beliefsin thatinformation set. The re-
quirenmentfor p to be consistentvith the stratey profile is asfollows. Evenat an
information setthatis not reachedf all playes adtereto their stratgies, it is re-
quiredthataplayer’s beliefbederivedfrom somestratey profileusingBayes'rule.

Propasition 1. Thele exists sequetial equilibiium of G atthepoirt S® x S°.

Prodf. The first threelevels of the extersive form for this game(G) are shovn

in Figure4. At nodel, oneof theplayes, sayb, startsnegdtiation usingits optimal
stratgy S°. After thefirst offer, play reachesiode2. At this level, it is players’s
turnto malke adecisionl; beconestheinformationsetfor s sinceit is unavare of
the stratgyy usedby b andhencedoesnotknow which of thethreenodes?2, 3 or 4,

play hasreachd. However, irrespectve of exactly which node play reachest this
level (i.e., irrespectve of s's belief abou the history of negatiation), the domirant
stratgyy for s is S*°. Play now reaclesnock 5 (sinceboth agentsuseB) at which
b makesa move. At this point b doesnot knaw exactly which nodethe play is at,
but it knows thatits informationsetl 5 is reachedvith probability 1 (probability of
reachingotherdecisionnodesatthis level is 0). Thedomnantstrateyy for b atthis
informationset(andatall others)is S°. Thusateveryinformationsetatwhichit is
b'sturnto move, its optimalstrateyy is S® andat every informationsetat which it

is s’sturnto make a move, its optimalstratayy is S*. Thestrateyy prdiile S* x S*
therefae satisfiegherequilementdor sequentiatatiorality. Furthemore,atevery

information setthe optimal stratgjiesarealsodomirant strategjies. This makesthe
stratgy prdile S® x S* a sequetial equilibium pointirrespectve of the agents’



Fig. 4. Extensve form of the nggotiationgame

beliefsaboutthe historyof negatiation.

Coroallary 1. Theequilibriumat S x S* is unique

Thisis adirectcorsequencef the above proof. As the optimal strategjiesfor both
agentsare dominant stratgies at eachof their information sets,there doesnot
exist ary otherequilibrium (neither a pure nor a mixed strategy) wherean agent
usesa stratgy otherthanits optimalstratgy. Theequlibrium solutionis therefae
unigwe. O

Theequilibium outconesfor V¢ = {T%} in thefour possiblenegotiationscenar
ios arelistedin tablel.

. Reservatiorprice (RP?). HereV® = {Ps. } andV*® = {P? .}. In theabsence

of T'%, b canensurecorvergerceif it startsmakirg offersat P, andreactesP?, ..

by 7. Usingthesameanalysisasfor V¢ = {T%},wegetS® = [Ps,. Pt .. B/C,T®.
Thethird elemenis B if b is patientandC if it is impatieri. Similarly the optimal
stratgy for s become S® = [P? .., P2, ,B/C,T?]. The proof of proposition 1
canalsobe usedto shav thata unique equilibium existsat S® x S* in this case.
Theequilibium outconesfor V@ = { RP%} arealsolistedin table1l.

. Attitudetowardstime (A%). HereV? = {4%} andV?® = {A4°} andagentsknov
whetherthe oppaents utility increaser decreasewith time (G or L) but not
the completeutility function. In the absenceof ary otherinformation aboutthe
oppment,the stratgjies availableto the agentsare S® = [P?. P} B/C,T"]
andS® = [P3,,., P, B/C,T*]. However asillustratedin Figure 2(b), these
stratgiesdo not ensureagreemenandcanresultin conflict.



Ve || b,s|| Equilibrium BargainingPower
outcome Price | Time
T¢ [G,G] (T,P) | (P°=P°)|[(P®=P?
T [LL|| (To,P) || P°=P® |(P®=P°)
T¢ ||G.L|| (T, P || (PP > P?) |(P° > P?)
T% [[LG|| (T, Plao) || (P° > P?) [(P° > PP)
RP%(|G,G| (T, P:;,)t [[(P® > P*){[(P? = P?)
(T, Ppaz)t ||(P° > P°)i
RPA||LL]] (To,P) | (P°=P%|(P°= Ps)
RPY||GL|[ (To, P5:n) || (P° > P?) (P > PY)
RP%||L,G|| (To, Plos) || (P* > P?) [(P? > P¥)
7%, |GG (T, P3:.)1 [(P? > P*)t|(P° = P?)
RP* (T, Praz)t | (P° > P*)}
T2, [LL|[(To, P T[(PP > P*)t(PP = P?)
RP* (To, Praa)i||(P° > P°)i
T¢, ||G.L|| (T, P51t [[(PP > P*)t|(P® > P?)
RP® (T, Ppaz)t ||(P° > P°)i
7%, LG (T, P5:)T [|(P? > P*)t|(P® > PP)
RP? (T, Prao)t|[(P° > P°)}

Table 1. Equilibriumoutcomesndbamgainingpower for differentV*s. G indicateshattheagent
gainsontime andL thatit losesontime. T, denoteshe beginning of negotiation,T" the earlier

deadline P denoteg ZintPmaz ) + indicatesthe outcomeif T* < T° andf if T® < T°.

3.2 V2 containstwo elements

We now corsidertheeffectof differentparaneterpairsontheneggdiation equilibrium.

1. Deadline Reservatiomprice. HereV?® = {7, P2 . } andV'® = {T?, P!, .. }. With
this information availableto bothagentsthe optimd stratgjiescanbe determine
usingbackvardinductian asfollows. Considethecasewhere(T * < T*) asshavn
in Figure5. Thethick line dendesb’s strateggy andthedashedinesdende s's strat-
egy. No matterwhichstrat@y s usesijt is boundto reachP;; ... by T sinceit would
have to quit if agreenentis notreachedy T'%. b canusethis informationto maxi-
mizeits utility by never offeringa pricemore thanP;,,,, priortoT*. If b gainson
time, its optimalstratey, Sb,is[P? ., P2 .  B,T?]sinceB hasthepropertyof not

reachingP; . beforeT*. Ontheotherhand|f b losesontime, it triesto reachan

earlyagreemenandS® becones[P? ., P2 .  C,T?]. Theoptimalstratey for s,

Se, will be[P3,,., Ps.., B, T*]if it gairs utility with timeor [P?, .., PS,;,,, C,T?]

if it losesutility with time. In the othercasewhere(T” < T%), s will maxi-

mize its utility by never offering a price lower thanP? __ beforeT®. ThusS? is

mazx

(P2 ues PLos» B, T if it gainsontime,and[ P, ..., maw,(] T*]if it losesontime.
Stis[PL.., Pt .., B, T?] if it gainsontimeand[P?,,,., Pt .., C, T® if it loseson

time. Hereagainthe proof of proposition1 canbe usedto show the existenceof a
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unigwe equlibrium at S® x S®. The equilibrium outcanesfor V¢ = {T% RP?%}
arelistedin tablel.

2. Reservatiomprice, Attitudetowardstime HereV'® = {P?. ~ A*}andV® = {P? .
An agert's optimal stratgly whenV ¢ = {RP?} is indegendentof its opponert’'s
stratgy. Adding the opporent’s attitude towardstime to V ¢ therebre givesthe
sameeqilibrium stratgjiesandoutcoms asfor V¢ = { RP%}.

3. Deadline Attitudetowardstime As in the previous case this gives the sameequi-
librium outconesasfor V@ = {T4}.

yus

3.3 V2 containsthr eeelements

HereV? = {T% Ps..,A°} andV?® = {T® PP . AP} The optimal stratgjies of
agentdor Ve = {T'% RP%} donotdependntheoppaentsattitudetowardstime (see
sectionfor n = 2). This givesthesameequilibium outcome asfor V ¢ = {T% RP%}.
But A% canbeusedto infer the oppaents NDF. For (n = 1) and(n = 2) we shoved
thata patien playeruseshe BoulwareNDF andanimpatientplayeruseshe Conceer
NDF. This makes G a gane of perfectinformationandboth agentscanpre-canpute
thenegotiationoutcomewith theavailableinformation.Theoutcone is the sameasthe
oneobtairedwithout A® (seetablel) but its inclusioneliminateshe needfor agertsto
gothrowghthe processof negotiationto arrive atit.

4 Agents’ Bargaining Power

Thedistribution property of a negotiationoutcone relatesto theissueof how thegains
from tradearedividedbetweertheplayers.Theprice P, andtime T, of theequilibrium
agreementreflectstherelatiorship betweertheagents’baigainingpowers. We saythat



anagenthasmore(less)baigaining power thanits opporentif (P.,T.) is more(less)
in its favour thanits oppment.Assumethatthe price-suplusis split betweerb ands in

theratioz : y. Theagent is saidto have more(less)power overpriceif z > y(z < y).

In otherwords,an agents baiganing power is deternined on the basisof its shareof

the price-surfus. Regading thetime of agreenent, if b prefas anearlyagreenentbut

s prefes alateagreemrentandthe actualtime of agreenentis the earlierdeadlire, then
s is saidto have morebaigaining power over time. Note thatwe do not usethe agents’
utility functionsto determire their bagaining power sincethesefunctions canbe sub-
jective. We now studythe influerce of the agens’ informationabouttheir opponen’s

paraméeersonthebamgainingpower. Theseresultsaresummaisedin tablel.

1. Influenceof oppmentsdeadlire. Whenagentknow eachothers’deadlinethepa-
tientagen hasequalor more powerthanits oppaentoverbothpriceandtime. This
canbeexplainedasfollows. Consideffirst the casewhereagentshave similar time
prefeencesThepricesurplusis divided equally betweertheagentqseeprevious
section)giving themequalpower over price. Whenbothgainon time, agreenant
is reacledatthe earlierdeadlineandwhenbothloseontime, agrements reachd
towardsthe beginning of negotiation. In othe words,the time of agreementis as
favourable as possibleto both agentsgiving them equalpower over time. When
agentshave conflicting time preferaces,the entire price-surplusgoesto the pa-
tientagentandagrementis reachd at the earlierdeadline This happnsbecause
althoudh the impatientplayerattemptsto reachan early agreerent by usingthe
ConcedeNDF, its opponents stratgy delaysagreementill the earlierdeadlire.
Thusboth P, andT, arein favour of the patientagert giving it morepower thanits
oppaent.

2. Influenceof opporent’s reservation-pice. Whenageis know eachothers’reser
vationprice,the patientagen haseithermoreor lesspower thanits oppaentand
theimpatien agen hasequa or lesspower thanits oppaentover price. With re-
spectto time, the patientagen hasequalor lesspower thanits opponentandthe
impatientagern hasequalor morepower thanits opponent.This canbe explained
asfollows. Considersimilar time preferencedirst. Whenboth gan on time, the
price-suplus goesto the agen with the longer deadlinegiving it morepower than
its opponent.Whenbothloseontime, theprice-suplusis dividedequdly between
the agentsgiving themequalpower over P,. Agreementis reachedat the earlier
deadlinewhenboth gain on time andat the beginning of negatiation whenboth
loseontime. ThusT, is asfavourale aspossibleto bothagentgiving themequal
power. When agentshave conflicting time prefeencesthe price-suplus goesto
the patientagentand agreemenis reachedowardsthe beginning of negotiation.
This happes becausehe initial offersare P2, for b and PP, for s. Thetime
of agreementis in favour of the impatientagent.Thusthe patientagenthasmore
powerover P, but theimpatientager hasmore poweroverT,.

3. Influenceof dealline andreservationprice. Whenagentknow eachothers’dead
line and resengtion price, the agentwith the longer deadlinealways has more
power thanits oppmentover price. An agents power over time depels on its
attitudetowardstime. The patientagenthasequal or more power thanits oppc
nentover time. This paraméer comhbnation always gives the entire price-surfus



to the agentwith the longe deadine giving it more power over price. Agreenent
is reachedht the earlierdeadlinewhenat leastoneagert gainson time andat the
baginning of negdtiation whenbothloseon time. Thus agentshave equalpowerin
the caseof like time preferaces but the patientagen getsmorepower in the case
of conflictingtime prefereces.

4. Influenceof opponent’s attitudetowardstime Adding this informationwhenthere
is no existing information, or whenthereis informationon ary other single pa-
rameter(or a paraneterpair) doesri alter the equilibrium stratejies or the out-
come.However addirg this information in additionto both deadlineandresera-
tion priceeliminatesghe needfor negatiation betweeragentsasthe solutioncanbe
pre-canputed

We now illustratehow theresultsfrom table1 canbeusedwhenb hasthe option of
chomingbetweertwo sellers,s; andss, onthebasisof its informationstate.Consider
thecasewhereagentknow eachothers’deadliresandresenationprices. Assumethat
b gainson time and (T** < T% < T®). The equilibium outcone is (T'%1, P2, )
if b negotiateswith s; and (T'*2, P22 ) if b negotiateswith s,. If (U(T**, P2 ) >
Ub(T*, P? )), thenb hasmore bamgaining power over s; thanit hasover s», i.e.,
(P% > P) andit therebrechooses; . If (U*(T*1, P&, ) < UY(T*1, P2L,.)), then
(P) > P ) andb chooses:.

Consideranothercasewhereb ands; know eachothers deadliresandb and s,
know eachothefs deadlins andresenation prices.b’s equilibium outcone with s ; is
(1%, Iﬁ%%) if s; gainsontimeand(7T**, P, ) if s; losesontime.Ontheother
hand the equilibfium outcorne betweerb ands , is always (T2, P2 ) andb getsthe
entireprice-suplus.Fromsy, b getsonly half theprice-suplusif s; gairsontime.Also
sinceb is a patiert playet it prefes T2 to 7. Thus P? > P? .

In termsof finding which paraneteranagentshouldlearnaboutits oppment,con-
siderthe exampe of animpatien agen. In this case bothb ands canbe betteroff if
they learnRP?, ratherthanT'® or A% (seetable1). Thusoutof thethree themostcru-
cial pieceof information for animpatiert agentto learnis the opponents resenation
price RP%.

5 RelatedWork

A numler of stratgic mocelshave beendevelopedto explain thedeadine effectonthe
bargainingoutcane.Thesecanbeseparatethto modelswith completenformationand
thosewith inconplete information. The recentonesamongthe comgete information
modelsnclude [3] and [9]. FershtmamndSeidmanmockel deadlire effedsin amulti-

periodsequentiabaigaining model in whichtheplayerwhowill proposein eachperiad

is chosenby a lottery. Equilibrium behaior in this model depeis on the discount

factor;if it is low, agreenentis reache in the first period but if it is high enowh,
thenthe gamewill endin the last periodwith the propcerreceving all the surplus.
Ma andManove’s modelis alsooneof completenformationbut with imperfect player
contrd over the timing of the offers. Agreemets in this modé tendto be madenear
the deadlineand the division of surplis is closeto an even split. In contastto this,



in our mockel, whenthereis conpleteinformation,the time of agreerentis T\, when
both agentsareimpatiert and7T" othewise. Note that the time of agreemat doesnot
depemn ontheactualdiscountimy factor Theentirepricesurplusgoes to theagentwith
thelongerdeadline

Turning now to the inconpleteinformationmodes: [7, 6] is a studyof the strate-
gic behaviour of agentsvhenthereis inconpleteinformationabaut eachothers utility
functions. [13] mocels uncetainty over the players discouwnting factors. [4] analy-
sesbagaining in which resenation pricesare uncetain, [14] consides uncertairy
over agentdeadlinesand [2] addresseancertaintyover bothdeadlineandresenation
prices. Theseexisting modelsstudythe stratgic behaior of agentsby considring a
particularscenarian which thereis uncetainty over a chosemegatiation paraneter
Our aim, on the otherhand,is to determire the relative influenes of suchparaneters
on the negatiation outcomefor a model basedon negdtiation decisionfunctiors. We
therefae determire equilibiium outcormesfor a rangeof scenariody varying the in-
formation stateof agerts. On the basisof equilibrium agreemets, we determire their
bargainingpower.

6 Conclusions

In this papemwe analysedheprocessof bilateralnegctiation by varying theinformation
stateof agentsWe determired equilibrium pointsfor a nunberof scenarioandanal-
ysedtherelative influercesof negotiation parametes on the equilibrium outcane.Our

studyrevealsthatfor any negatiation scenarigtherearetwo possiblevaluesfor thetime

of the equilibium agreenant: the beginning of negotiatian or the earlierdeadine. The
price of the equilibrium agreemehalsohasonly two possiblevalues.Eitherthe entire
price-suplusgoesto asingleagentor bothagentgyetanequalshareof it. Onthebasis
of equilibium agreemats we deterninedthe relationsiip betweeragents’baigaining

powers.

In ourpresenstudy theinformationof bothagens wassymmeyric, i.e.,bothagents
hadinformationon the sameparaneter(s)abou eachother In future we will exterd
our analysisto deternine negatiation equilibia where agens have unequal amounts
andtypesof information. For instance the buyer hasinformation abaut the sellers
deadlire or its resenation price but the sellerhasno informationaboutthe buyer
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