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Abstract—We present a model for bilateral negotiations that negotiation, both reactively and proactively, based on the
considers the uncertain and dynamic outside options. Outside change, and the prediction of the change of the environment.
options affect the negotiation strategies via their impact on Usually a negotiator can face more than one candidate to
the reservation price. The model is composed of three mod- . .
ules: single-threaded negotiations, synchronized multi-threaded rgach an agreement with, although only pne agreement with a
negotiations, and dynamic multi-threaded negotiations. These Single candidate is allowed. These candidates becmutsde
three models embody increased sophistication and complex- options with respect to each other for the negotiator. The
ity. The single-threaded negotiation model provides negotiation outside options contribute to the environment of the negoti-
strategies without specifically considering outside options. The ation with a candidate. A motivating example is the matching

model of synchronized multi-threaded negotiations builds on the ket in the N detaill ¢ hich allocat i
single-threaded negotiation model and considers the presence of MArKeL In the Navy detailing system, which allocates sailors

concurrently existing outside options. The model of dynamic On rotation to job vacancies (billets). Bilateral negotiations

multi-threaded negotiations expands the synchronized multi- between sailors and commands are one of the mechanisms
threaded model by considering the uncertain outside options proposed to achieve distributed detailing so that personal
that may come dynamically in the future. Experimental analysis references, such as the location and training opportunities,

is provided to characterize the impact of outside options on the b idered d tching i fi h f
reservation price and thus on the negotiation strategy. The results can be considered, and matching incentives, such as vacation

show that the utility of a negotiator improves significantly if she time and payment, can be provided. As a sailor approaches
considers outside options, and the average utility is higher when the end of his/her current duty, the detailing system reacts

she both considers the concurrent outside options and foreseestg this by creating a vacancy and putting this vacancy on the
future options. matching market. A sailor enters a rotation period and displays
on the matching market three months before the end of his/her
current tour. This situation occurs thousands of times during a

i o ) _ _ year. A sailor may find multiple jobs that he/she is qualified for
Bilateral negotiations are important mechanisms to achiejgq interested in, and similarly a Navy command in charge of

distributed conflict resolution when it is in the common interegjob may see multiple sailors available and qualified for that
of the parties to cooperate [1], [2]. Automated negotiatiogosition. Since the matching market at any time only contains
strategies have been one of the most fundamental decisiqB information that reflects available sailors and vacancies
models for implementing self-interested and autonomous i the next few months, a command and a sailor also expect
teracting software agents [3], [4]. A negotiation strategy is e possible arrival of more alternatives in the future of the
mapping from input information about trnvironmentto a  rotation time window. The outside options are an important
sequence of decisions. The environment includes all fact¢g e to consider in a negotiation between a command and a
that impact the negotiation outcome, for example, valuatioggijior for fulfilling a job vacancy.

of agreements, the possible valuation held by the “oppoRent” Existence of outside options is typical in matching markets,
and the deadline for reaching an agreement. With givepq also common in commodity and service markets [5], [2].
inputs (e.g., reservation prices and the deadline), design of f\&epting a proposal in one negotiation means refusing all
mapping, or the negotiation strategy, is important for ensurigtside options. On the other hand one may leave a negoti-
an efficient negotiation outcome. On the other hand, it lgjon before the deadline (called “opt-out’ of a negotiation)
usually not str.a|ghtfor.ward to acquire the input Ir_lformatlon fApithout reaching an agreement based on the expectation of
a negotiator situated in an uncertain and dynamic environmegiaching a more favorable agreement in outside options. We
Modeling the environment and the impact of the environmepg| the negotiation between a negotiator and one of the

is important for enabling an agent to conduct an efficiet@,tppom_:.mS a negotiatidhread Modeling the outside options
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I. INTRODUCTION



existing outside option is a negotiation thread that the negmamber of threads that the negotiator would be involved in
tiator is involved in simultaneously with another thread. This a random variable and changes with time. The item values
happens because a buyer may find multiple sellers that providethe future threads are also uncertain. The buyer acts both
the desired item and are available for negotiations at the saraactivelyto the realized outside options, apebactivelyto the
time. A sequentiallyavailable outside option is an exchang@ossible arrivals based on the prediction information. We call
opportunity that comes in the future. In a dynamic environmetitis model with both concurrently and sequentially available
sellers may not come to the market or be observed by the bugetside optiongslynamic multi-threaded negotiationi$ builds

at the same time. on the synchronized multi-threaded model but introduces

Outside options ar@ncertainin terms of bothavailability uncertainty to the threads. In both models of synchronized
and quality. The availability of outside options is uncertainand dynamic multi-threaded negotiations the negotiation strat-
because the the buyer is not sure when an outside optioregg/ in one thread can be derived from the single-threaded
available and how many are available. Tdngality of outside negotiation model, but the reservation price is calculated with
options is uncertain because the buyer cannot predict the vatlue corresponding model of outside options. Figure 1 shows
of the item provided by a seller who comes in the future, ndhe relationship between these three negotiation models.
the outcome of a negotiation thread. The items provided by
different sellers are heterogeneous in quality. A buyer does not
know the value of an item until she meets the seller and sees
the item.

Outside options impact the input to a negotiation decisi
model as a part of the environment. The existence of outsi
options changes the utility that the buyer expects from a
negotiation thread, and hence the agreement that is acceptable
for the buyer in the thread [6]. We claim thatitside options
affect the negotiation strategies via their impact on the buyer’s
reservation priceThereservation pricds the worst agreement Fi9- 1. A nested view of the model
that a negotiator can accept. For the buyer the reservation
price is the highest price she is willing to pay for the The rest of the paper is organized as follows: Section Il
negotiated good. The buyer’s reservation price depends on Bigsents each specific model. In Section IIl we provide ex-
quality/value of the good provided by the seller, and also on tRerimental results. We review related literature in Section IV.
availability of other sellers. The buyer is not willing to acceppection V concludes.

a price from a seller if that price brings a lower utility than she
expects from outside options. In other words, the buyer expects Il. THE MODEL
a utility from a thread that is not lower than from outside

i Th ted utility f tsid i b The negotiations follow aalternating-offers protocolin an
options. The expected uliity Trom outside options ecom%?ternating—offers protocol the negotiators propose and respond
the reservation utility the least utility that is acceptable in

o ; " ) alternatively, until one accepts an offer or quits the negotiation,
a negotiation thread. The reservation utility determines tgj1 y P 9 9

Dynamic multi-threaded
negotiations

Considering the outside options
coming in the future

Sychronized multi-threaded
negotiations

Considering the impact of other
concurent negotiation threads

Single-threaded

Negotiation strategies
negotiations

without outside options

f the negotiation deadlind” is reached. The actions of
reservation price of the buyer in a negotiation thread, whi 9

i : negotiator at each step in this protocol includecept
again impacts the proposal and response strategies.

The desi f fracti tiati rat b eject and propose an offemuit. A negotiation has two-
_'ne design of an efiective negotiation stralegy can be Qe incomplete information: both negotiation parties do not
vided into two parts: the first part is the design of a negotiati

. ' . . ow the reservation price of each other. Assume the buyer
strategy given the reservation price and other inputs, t P y

second part is to calculate the reservation price based on 8 an estimation of the reservation price of a seller, and
P : ) pri . & estimation is characterized by a probability distribution
model of outside options. We call the model in the first pa

I . .
single-threaded negotiations ZE’(~), where F'(z) denotes the probability that the reservation

Th del of outsid i be built with two level rice of a seller is no greater than F(x) is identical and
€ model of outside oplions can be bullt With two [eVels g dependent across all sellers. This probability distribution is
complexity based on the two forms of availability of outsid

: . Ralled theprior belief of the buyer. A negotiation strategy
options. On the first level the buyer assumes there are ecifies the action at each step conditional on the negotiation

outside options coming in the future, and makes_ de(_:'S'O tory?, and based on the reservation price and prior beliefs
based on the outside options that concurrently exist with t € the negotiators

thread under consideration. Therefore there is no uncertaintyl_here areT periods over the entire horizon for a buyer

about outside options in terms of both the number of threaggarching for a negotiation agreement to buy an item from a

and item values. When new outside options arrive, the buyseer”er_ Let a period be denoted byt = 0, ... T—1. A buyer
makes corresponding adjustments to her reservation price

. . . needs to reach an agreement with a seller before pé&riddhe
and negotiation strategyeactively We call this model on g P

negotiations with only concurrently available outside optiorfx otential sellers may come unexpectedly at different times with
9 X ony y @ PUONStterent reservation prices, and the buyer can negotiate with
synchronized multi-threaded negotiatio@n the second level

the buyer algo considers the OUtS_lde Opt'on§ 'that may COMerye history of a negotiation at timeis a sequence of the two negotiators’
dynamically in the future. Hence in the decision model thetions before.



the sellers simultaneously. The number of threads in peri&imilarly for the seller the proposal to offer or accept is within

t is denoted byn;, and the collection of threads in periad the interval [mins, maz;], where ming is the reservation

is denoted byD, = {d;}*,. The seller in the thread; is price of the seller andnaz, is the upper bound of a valid

denoted bys;. For simplicity we define the value of a selleroffer. Initially a negotiator offers the most favorable value for

as the buyer’s valuation on the item provided by the seller. Lierself: the buyer starts witin, and the seller starts with

the value of the selles; denoted byw;. If the buyer reaches mazx,. If the proposal is not accepted, a negotiator concedes

an agreement with the selleg at z, then theutility of the with time proceeding and moves toward the other end of the

buyer isv; — x. interval. The pace of concession depends on the negotiation
Denote byU (D) the expected utility of the buyer from a setstrategy and is characterized by a function of timgt),

of negotiation thread®. The reservation utilityof the buyer i € {b, s}. The proposal} to be offered by a buyer and the

in a thread is the lowest utility that the buyer expects from thaélue % to be offered by the seller at time ¢ € [0,T — 1],

thread. Given all negotiation threads the reservation utility are as follows:

OU; of the buyer in thread; is equal to the expected utility . . .

from the outside optionsdU; = U(D \ d;). The reservation xp = ming + ap(t)(mazy — ming), @

price of the buyer is the highest price acceptable to the buyer 2! = ming + (1 — a,(t))(mazs — miny), )

in that thread. The reservation prié& of the buyer in thread

d; is calculated byR; = v; — OU;, i.e., the buyer achieves theThe buyer accepts an offer, from the seller at time if it

reservation utility at the reservation price. If the reservatidf not worse than the offer she would submit in the next step,

price in a thread is known, the buyer can apply the singlee., ;™' > zt. Similarly the seller accepts an offef, from

threaded negotiation model to make the negotiation decisidhe buyer at time if 22! < zf.

in that thread. The time-dependent function;(t), ¢ € {b,s}, can be
Calculation of the expected utility from the outside optiongefined by a family of polynomial functiofs

depends on the model on the outside options, and on the

approach to estimate the expected utility from a multi-threaded a;(t) =(=)7.

negotiation formed by the outside options. In a synchronized

multi-threaded negotiation model the outside options at eachThe constant3 > 0 determines the concession pace along

period for a thread are the other concurrently existing negotféhe, or the convexity degree of the offer curve as a function

tion threads. The synchronized model maps the current outsffethe time (see Figure 2). By varying a wide range of

options to the reservation utility of each thread. The dynamitegotiation strategies can be characterized. Two sefsaain

multi-threaded negotiation model further considers the outsiBig identified to characterize two classes of strategies: Boulware

options that may come in the future at uncertain time withith 5 < 1 and Conceder with3 > 1. With a Boulware

uncertain values, and can be viewed as a synchronized modEdtegy [2] a negotiator tends to maintain the offered value

with uncertain threads. until the time is almost exhausted, then she concedes to the
In the following sections II-A, 1I-B and 1I-C these modelsreservation price quickly. With a Conceder strategy [10] a
are presented individually. negotiator goes to the reservation price rapidly and early.

No matter what value3 takes, with a constant reservation
price, the offer monotonically increases (decreases) with time
A. Single-threaded negotiations for a buyer (seller) based on the time-dependent negotiation
To calculate the optimal negotiation strategy requires gari#ategy.
theoretic analysis of the strategy equilibrium. This analysis is
not tractable V\_/hgn bpth parties have incomp_lete informatigf Synchronized multi-threaded negotiations
and the negotiation is based on an alternating-offers proto- . . L
col [7] (see Section IV-A for more information on sequential In a synchr.o.mzed rnulh-threadgd negot|at|qn _process a
bargaining with two-sided incomplete information). In the afegotiator participates in multiple bilateral negotiation threads

field some effective heuristic negotiation strategies have be\gﬁh different, simultaneous negotiation opponents. The nego-

developed to provide formal decision models for automatd@tor can reach an agreement in at most one of these threads,

negotiation agents. Among the generic single-issue quanti?é‘—d is aware of aI,I the thread; at the beginning of the Process.
tive models there are [8], [9], and [1], etc.. Since the focd:sro.m one thread's perspectl\{e the other threads are quS|de
of this paper is not in designing a single-threaded negotiati(?ﬁtlons and form a}.synchronlzed mu]u-threaded negotation.
strategy, we adopt the time-dependent negotiation strategy t-ll;QF reseryanon utility that the negotla.t(')r should set in one
is developed in Faratin et al. [8], for its simplicity, to illustrat hread d; is eq_ua_l (o the expected utility from the multi-
the integrative negotiation model with outside options. threaded negotiation formed by all other threads.

In the t|me-dep_endent_ approach time is the predomInanEAIternatively we can also use the exponential function family, and define
factor used to decide which proposal to offer or accept neﬁ;(t) = -7)” [8]. These two families are similar in their functionality
For the buyer the proposal to offer or accept is within thexcept that their sensitivity to the change of time is different with diffefént
interval [minb, maxb], where mazx;, is the reservation price For_the same big value ¢, the poly.nomial function conct_edgs faster at the
of the buyer in the negotiation thread, andn, is the lower beginning than the exponential one; then they behave similarly. For a small

. value of 3, the exponential function waits longer than the polynomial one
bound of a valid offer (we can reasonably assumg:,=0). before it starts conceding [8].



/bé—t;;;* — - respond, but in an auction only bidders propose and the
auctioneer only responds. The auctioneer cannot reject an offer
0.8f beta=10 if it is not outbidden. If there is only one bidder, the auctioneer
has to accept any valid offer submitted by the bidder, whereas
~ 06 in the negotiation the buyer can always reject an offer and
S make a counter proposal, even if the opponent is alone. In that
£ o4l beta=1 sense the buyer in a synchronized multi-threaded negotiation
' has more negotiation power than the auctioneer in a reverse
English auction. To consider this fact, in the approximation
0.2 beta=0.1 of a synchronized multi-threaded negotiation we may follow
the reverse English auction with a single threaded bilateral
o : T = 2 negotiation between the buyer and the auction winner. In the
Time later single-threaded negotiation the buyer can push further the
agreement reached in the reverse English auction. Depending
Fig. 2. Offer curves with differens on whether or not the single-threaded negotiation is included in

the approximation, and how the outcome of a single-threaded
negotiation is estimated, we can devise different heuristics of

We present four heuristics to estimate the expected utiligstimating the buyer's expected utility from a synchronized
from a synchronized multi-threaded negotiation. Three of thesaulti-threaded negotiation (see the first three heuristics in
heuristics are motivated by the commonality and difference b8ection 11-B.2).
tween a synchronized multi-threaded negotiation and a revers®8esides these heuristics motivated by auctions, another
English auction. In a reverse English auction the auctiondeeuristic is based on the assumption that if any agreement
represents the buyer and the bidders are sellers. The bugereached in a multi-threaded negotiation, the agreement
wants to buy an item from a single seller. The items frons signed with the mostompetitive opponent among all
different sellers can be heterogeneous in quality/value. Thpponents of the threads. Then we approximate the outcome of
sellers bid the prices they want to ask for in each step, aadnulti-threaded negotiation by estimating the outcome of the
the provisional winning bid is the one that brings the highestngle-threaded negotiation with the most competitive seller
utility to the buyer (considering the heterogeneity of itenfsee thdearning heuristic in Section 1I-B.2). The sellef; in
values). An outbhidden seller decreases her bid from stepthlweadd; is morecompetitivethan the sellers in other threads
step to outperform the winning bid in each step, until shié s; can give more utility to the buyer, i.ey;, = v; — r;
quits or the auction terminates. The auction terminates whisngreater thary;, d; € D \ d;, wherer; is the reservation
no outperforming bid is given, and an agreement is reachedpaice of the seller in thread;, andD = {d;,...,dn} is the
the final outstanding bid with the seller that submits the bidollection of threads. The amoupt is the maximum utility
Since a seller can decrease her bid as low as the reservatiat the buyer can achieve from the negotiation thréadA
price, and the utility of the buyer is equal to the item valubigher maximum utility implies that a seller has more space
minus the price in the agreement, the resulting winner is th@ concede and therefore is more likely to win an agreement
seller that has the highest difference between the item valuih the buyer.
and the reservation price. In the rest of Section 1I-B we shall first derive some

Both a synchronized multi-threaded negotiation and a reelevant variables in part 1), and then present the heuristics
verse English auction are one-to-many dynamic mechanisfos estimating the buyer’s expected utility from a synchronized
in which sellers compete for one single contract by makingulti-threaded negotiation in part 2).
sequential concessions. The competition among bidders in d) Calculation of relevant variablesWe can first have a
reverse English auction is realized via the winner selectigmediction of a reverse English auction’s result [11]. Since a
mechanism. In a synchronized multi-threaded negotiation theller gains negative profit at any price agreement lower than
negotiator achieves indirect competition among opponents bgr reservation price, a seller has to quit the auction when
setting a reservation price that is more aggressive than she current outstanding offer reaches the seller’s reservation
would without outside options. Facing a more aggressiyeice, i.e., the seller has to bid lower than her reservation
buyer negotiator the sellers with higher reservation prices price to outbid that offer. Assume the required minimum bid
lower quality goods will be less likely to reach an agreemerdecrement is infinitely small. In the unique strategy equilib-
Although we cannot expect that a synchronized multi-threadegdm a seller continuously decreases her bid until she reaches
negotiation generates exactly the same outcome as a revéiesereservation price or the auction terminates. The auction
English auction, the latter, which has been well analyzédrminates when the second most competitive seller asks for
theoretically [11], could be used as an approximation of theer reservation price, and the most competitive seller wins the
former mechanism. auction at that price (if we ignore the slight increment of the

However, a synchronized multi-threaded negotiation is alswility brought by the winner’s final offer against the utility
different from a reverse English auction. The major differendsy the second most competitive seller’s final offer). Therefore
lies in the fact that in the negotiation mechanism (witthe buyer will achieve a utility from the auction equal to the
an alternating-offers protocol) both parties can propose asélcond highest maximum utility.



Since the outcome of the single-threaded negotiation withe last one is based on the outcome of a single-threaded
the most competitive seller depends on how much utility thatgotiation with the most competitive opponent.

seller can provide at the upper limit (the width of the “zone , Conservative estimatiorA synchronized multi-threaded

of agreement”), we also need to know the distribution of the

highest maximum utility.
In the following we derive the probability distributions of

the highest and second highest maximum utility of a set
of threadsD = {di,...,dn}. Because the buyer does not
know the reservation price of a seller, she does not know
the maximum utility of a thread either. Based on the prior
belief F'(-) on the reservation price of a seller, the negotiator
can derive the probability distribution of the maximum utility.

From the probability distribution of the maximum utility in

each thread, the probability distribution of the highest and

second highest maximum utility can be calculated.
Let G;(y) denote the probability of the maximum utility in
threadd; being less than or equal to Let G (y) andG?(y) be

the probability distributions of the highest and second highest

maximum utility. The probability density functions &f;(y),
G'(y) and G*(y) are denoted byg;(y), g'(y) and ¢*(y)

respectivelyG*(y) is equal to the product of the probabilities

that the maximum utility is less than or equal goin each
thread.G?(y) is equal toG*(y) plus the probability that the
highest maximum utility is greater thay, and the second
highest maximum utility is less than or equal 0 These
probabilities can be calculated by the following formulas:

Gi(y) = Pr(vi—r; <y) = Pr(r; > vi—y) = 1-F(v; —y),
Gy =[] G,
d;eD
N

Gy =Gy +> (1-Giw) [] G-

i=1 d;€D\d;

The corresponding probability density functions, or the «
derivatives of these (cumulative) probability distribution func-

tions, are as follows:

9a(y) = —f(va —y),

9w => g [ &

d;€D d;eD\d;
N N
FW=9'w-> e ][] Gw+> 1~
i=1 d;€D\d; i=1

Gi(:‘/))[Zd_jeD\di 9;(y) HdmeD\{d,;,dj} G (y)]-

2) Estimation heuristics:We provide four heuristic ap-
proaches to estimate the expected utilityD) from a multi-
threaded negotiation composed by thredds To calculate
the reservation utility of a thread in a synchronized multi-
threaded negotiationD is the set of all threads excluding

negotiation is approximated by a reverse English auction.
The estimated utility of the buyer is equal to the expected
second highest maximum utility:

U(D) = /Oy yg* (y)dy

where g is the upper bound of the possible utility that
the negotiator can achieve. If the lower bound of an
acceptable price for a seller is and the upper bound

of a buyer’s valuation i, theny = v —r.

Medium estimation:In this approach a synchronized
multi-threaded negotiation is approximated by a reverse
English auction followed by a single-threaded negotiation
between the buyer and the winning seller, to consider
the bargaining power of the buyer when the buyer can
reject and propose in an alternating-offers negotiation.
In this approximation the buyer can push further in
the single-threaded negotiation the result reached in the
auction. Assume the single-threaded negotiation ends at
the middle between the buyer's and the winning seller’s
reservation prices, if the buyer’s reservation price is
higher than the winning sellefsThe buyer’s reservation
price in the single-threaded negotiation is equal to the
price reached in the auction, which brings a utility equal
to the second highest maximum utility. At the seller’s
reservation price in the single threaded negotiation, the
buyer gets a utility equal to the highest maximum utility.
Therefore the expected utility of the buyer after the
single-threaded negotiation is the average of the expected
highest and second highest maximum utility:

U(D) = (/Oy yg® (y)dy + /Oy yg' (y)dy)/2.

Uniform approximation:In the medium estimation we
assume an agreement can be reached in a single-threaded
negotiation as long as there is a zone of agreement, i.e.,
the buyer’s reservation price is higher than the seller’s. In
this approach we further consider the probability that a
negotiation may fail even if there is a zone of agreement,
when negotiators do not know each other’s reservation
prices. Previous research has established an efficient
bargaining result with two-sided incomplete information
between a buyer and a seller based on game theoretic
analysis when both parties’ reservation prices follow
uniform distributions [12]. Based on this result, if both
parties’ reservation prices distribute uniformly 1],

an agreement occurs if and only if the buyer’s reservation
price exceeds the seller’s by at leagt. In other words,

an agreement cannot be reached if the buyer’s reservation
price is less than the seller's plus 1/4 of the maxi-
mum possible difference between the parties’ reservation
prices. We can approximate the probability distributions

d. Among thes_e he;urlstlgs the first three h.eurlstlcs. are ba_seqf the buyer’s reservation price is lower than the seller’s, there is no “zone
on the approximation with a reverse English auction, whil& agreement” and the negotiation will fail.



of negotiators’ reservation prices by uniform distributions 1, then we expect negotiators to concede constantly on
and apply this result to calculate the probability of reach- average. The result of learning is expected to be close to
ing an agreement. In this heuristic an agreement cannot the result of a negotiation with = 1 for both negotiators:

be reached in the single-threaded negotiation between the

buyer and the winning seller if the maximum utility of v if o> r

the winning seller is less than a quarter of the highest z(v, 1) { é*”_r otherwise )
possible utilityy = v—r. In this case of bargaining failure ’

the buyer achieves the reservation utility, which is equal ~assuming the upper bound of an offer is 1 and the lower
to the second highest maximum utility and is reached in  bound is 6.

the reverse English auction. If an agreement is reached in

the single-threaded negotiation, it is reached at the m|dc&e Dynamic multi-threaded negotiations

between both parties’ reservation prices (same as in the D N hi Gati
“medium estimation” heuristic). Therefore in the case of uring an agreement searching process negotiation oppo-

reaching an agreement the buyer achieves the mediﬂﬁpts can be d|scoyered sequentially 'and new nggotlatlons
of the highest and the second highest maximum utilit re launched dynamically. For an ongoing negotiation thread

The probability of reaching an agreement in the singld] he outside options not only include the other simultaneous
threaded negotiation |sf /49 y)dy, and the buyer's negotiation threads, but also the threads that may be launched

utility is estimated by: in the future. Foreseeing possible arrivals of outside options
in the future, a negotiator must decide how much to offer in
_ the current negotiation, and when to stop searching for future
foy yg* (y)dy + fo yg* (y)dy / g (y)dy + opportunities and accept an offer from the current negotiation.
2 /4 4 If a negotiator knows the number of outside options that will
7l 7l come, and the value of the opponent in each outside option,
[wrwaa- [ fwa
0 y/4

U(D)

then the negotiator can apply the synchronized multi-threaded

negotiation model to calculate the appropriate reservation price
Learning: Assume the buyer can learn the distributioin each thread. But usually a negotiator is not sure about the
of agreements in a single-threaded negotiation based amival of, and the opponents’ values in, future outside options.
the previous negotiations [13]. The result of learninThe reservation utility of a thread is the expected utility of
is represented by (v,r), the expected outcome of thea multi-threaded negotiation - including other simultaneous
negotiation when the reservation prices of the buyer amitkeads and threads launched in the future - with a stochastic
the seller in the negotiation ateandr respectively. The thread number and uncertain item value. To set the reservation
data onv, » and x can come from the survey of theutility of a threadd, the buyer has to estimate the expected
market, or other third party statistics. This learning istility from a dynamic multi-threaded negotiation excluding
possible in a market where negotiations are repetitivihe threadd. In the following of this section we present an
The matching market in the Navy detailing system is sucpproach of estimating the expected utility from a dynamic
a market where thousands of sailors are relocated eanblti-threaded negotiation.
year and same jobs are repetitively offered on the market.Following a usual way of modeling uncertain arrivals,
If the sellers; in the threadd; is the winning seller, we assume the arrival of outside options follows a Poisson
then the probability density of her reservation pricés process [14]. In each period there is probabilitythat the

J(r)4;epra, (1 — F(v; —vi + 1)), where the product is negotiator finds an alternative and launches a negotiation

the probablllty that no other threa} has the maximum thread. The granularity of each period is small enough so that
utility v; —r; greater than the maximum utility, —; in  the probability that there are more than one arrival in one
threadd;. The expected utility from the threat] is equal period is zero. In a Poisson process the number of arrivals
to v; — x(vs, ;). Then the expected utility from a multi- (7, p) during an interval with lengthr follows a Poisson
threaded negotiation is approximated by the expectchmbuuon,pw( ) = Pr(n(t,p) = n) = e 7 (PT [15].
utility from the most competitive thread in a single threaghenote by ®(y) = Pr(v < y) the probab|||ty that an
situation. The latter utility is equal to the sum of eaclypponent's value is no greater thauiThis arrival probabilityp
thread's expected utility; — z(v;, ;) multiplied by the together with the item value distributiah(-) allows the buyer
probability of that thread being the most competitivgo forecast the number as well as the quality of the outside
thread, [, cp\q, (1 — F(v; — vi + 7)), conditional on  options arriving during the rest of the negotiation horizon.
the real|zat|on of the seller’s reservation price Thestates, of the system is defined as the number of past or

existing threads:;®, and the value of the opponent in each

Z / —x Uz, ) Swith 8 = 1, the proposal by the buyer at timeis xl = vt/T, and
d.eD by the seller isz! = 1 — ¢(1 — r)/T. a¥ = 2} = v/(1 +v — r) when
t=T/(1+v— r)
Hd €D\d; ( o F( j Vit T))dF( ) 6We count the past threads in the state because they affect the probability

If h d d d Ei%rlbutlon of the maximum utilities of the existing threads. The threads that
negotlators use the time- ependent strategy and t e survived generally have higher maximum utilities than the threads that
parameters is chosen randomly with the mean equal t@ave ended earlier.



threadd;, s; = {n, {v;};"*,}. The evolution of the system multi-threaded negotiation. By combining different outside

state follows the rule option models and estimation approaches, we can have dif-
{n; +1,{v;}?, Uv} if an opponent with value fergnt decisiqn modgls for bilate'ral negotigtions With. outside
St41 = v arrives at period options. In this section we provide experiments to illustrate
Py if no arrival at periodt. the models in the solution framework and the performance

N ) results. In the solution framework that we have presented, the

Let U;(s) be the utility that the negotiator expects from thegseryation utility is an important system variable that decides
dynamic multi-threaded negotiation when she sees the Sysigg reservation price, which impacts the offer curve based on
states; at period¢. Following Sect_k_)n [I-B we can calcu!atethe negotiation strategy. In Section Ill-A we show how the
U({n,{vi}j_,}), the expected utility from a synchronizedigservation utility of a negotiation thread evolves with time and

multi-threaded negotiation with threads and the opponentpe change of outside options in the synchronized and dynamic
in threadd; valuedv;, i = 1,...,n. The expected utility in iti-threaded negotiation models. We then show the impact
each period follows the recursion of outside options on the negotiation strategy by showing

U(se) = (1= p)Ussr (81) + pEo[Ups1 ({ne + 1, {v;} 7, U}, th.e offer curves adjgsted by the re§ervation p.rice's, compared
(4) W|tr_1 the orlgmal_basw offer curve without c0n3|derlng_ (_)UtSlde
Ur_1(s7_1) = Uls_1). 0pt|on_s. In Section IlI-B we compare the_average_utlllty o_f a

negotiator when she (1) does not consider outside options,

From another perspectivé (s;) is the expectation o (sr—1)  (2) when she only considers concurrent outside options, i.e.,
with respect tosy_, which depends on;. Since the number the synchronized multi-threaded negotiation model, and (3)

of arrivals n(r, p) during an interval with length- follows \vhen she considers both concurrent outside options and future

a Poisson distribution, equivalently we can calculate the exrrivals, i.e., the dynamic multi-threaded negotiation model.

pected utility by: In the experiments the negotiation deadlifie= 20. The
reservation price of a seller follows a uniform distribution
Uy(s1) = Ey[E, npsn [Ung+n, {v,}7 U Lo} . on the mte_rva_I[O, 1]. The value of a sellgr_’s item is also
t(st) nl {o L O {ne 4, foskity Udvihizn ] uniformly distributed on[0,1]. The probability that a new

®)

. . seller arrives in a period i, and p takes the values
where n follows a Poisson distribution?, r—.(-), and v; P ¥ p

independently follows the identical distributio@(-), i = {0.05,0.10,0.15,0.20, 0.25}. Th.e pa'ramete;@ in the time-
dependent strategy of a negotiator is chosen randomly so that

ne+1,...,ns + 1. ; < . . .
. . . ... with even probability a negotiator in a thread is a Conceder
The expected utility of a dynamic multi-threaded negonatlggé > 1) (F))r a Bo%ware?(i < 1). If a negotiator is a

d .

process at each period with each state can be calcul onceder,3~! follows a uniform distribution on|0, 1]. If

backward from the final period following Equation 4, % negotiator is a Boulware} is a random variable with a

forward following Equation 5 without calculating the the” . R . .
S S . . . -yniform distribution on[0, 1]. For each arrival probability, we
expected utilities in each intermediate period. But even with h . 100 i d th ity of
the forward computing the computation of the expected utilirepeat t e_experlment times and t © average utility 0
. . ) ?ﬁq buyer is calculated. The expected utility of a dynamic
will be expensive because the number of states is exponential, .. - .
. , myltl—threaded negotiation process was calculated with the
with respect to the number of opponent’s values. If there aredl | ximation formula. Equation 7 (Section 11-C)
most V threads and for each opponent there &fepossible kP = '
values, then the number of possible states will & . To i it d off
simplify the computation we can approximate the result Hy- Re;ervaﬂon ut|_|t|es and ofter curves o
having the opponent value instances replaced by the expecteWe illustrate the impact of outside options on the negotiation
valued, i.e., strategy by a specific example. In this example- 0.2 and

n B3 = 1.262727". The values and arrival times of outside options
Us(st) = (1=p)Uss1(se) +pUss1 ({ne+1, {vi}i2,U0})]; (6) i the instance are illustrated in Figure 3.

as an approximation of Equation 4, and To illustrate the evolution of the rggervation utjlity of a
N mein thread, we collect the reservation utilities of the first thread
Ue(se) = E[U({ne +n,{vi}i2, U{o}2, "3 (7)  along time. Figure 4 shows the reservation utilities calculated

as an approximation of Equation 5. The compromise due Ydth different estimation approaches and grouped by the
this simplification is not significant if the expected utility ofoutside option models.

a synchronized thread is or can be approximated by a lineafi9uré 4 shows that with all different estimation heuris-
function of the opponents’ values. tics the reservation utility based on the synchronized model

(Section II-B) monotonically increases with time because the
number of threads increases with time. It is interesting to

I1l. EXPERIMENTS ) = i
_ _note that the reservation utility based on the dynamic model
In Section Il we have presented two models of the outsi¢8ecion |1-C) is not a monotonic function of time. This is

options, the synchronized and dynamic multi-threaded negqfls ., se there are two forces that drive the change of the

ation models, and four heuristic approaches, the consenvatidgaryation utility: time and arrival of threads. When the
estimation, the medium estimation, the uniform approximation

and learning approach, to estimate the expected utility in &@The multiple experiments with differept and 3 show the same pattern.
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08 Time and values of arrivals resulting reservation utility with consideration of future outside
— | options is generally higher than without considering the future
M | outside option’

The offer curves in the first thread calculated based on
different estimation approaches and outside option models are
05¢ ] shown in Figure 5. The model noted by “Single” is the model
04f 1 without considering outside options. When the buyer does not
03t ] consider outside options the offer increases with time as the
o2 ] buyer constantly concedes (with changing pace). But with
ol H | a synchronized or dynamic model the buyer may proceed,

H i.e., decrease the offered price from the previous one, when

o 5 Tf:e I5 20 a valuable new opponent arrives (e.g., at time 11). This is

because the reservation utility of the buyer increases when

Fig. 3. Time and values of arrivals she sees a new seller that offers a high-value item. When

there are no new arrivals, the buyer will concede as time

goes by. The concession pace in the synchronized model is

the same as in the single-threaded model, but it is greater in

negotiator approaches the deadline with time passing, & gynamic model. This is because in the dynamic model the

possibility to have new arrivals decreases and it drives thgyer expects fewer new arrivals and the reservation utility

reservation utility down. On the other hand the reservatifycreases with passing time. The offers without considering

utility would incrt_—zase with the arrival of a new negotiatiorb.utside options are higher than the offers with considering

opponent, especially when the value of the new opponentgsyy concurrent negotiation threads, which are again generally

high. Therefore in the dynamic model the reservation utilityigher than the offers with additional considerations of outside
deceases with time when there is no new_gr‘?l\_/a‘l there  gptions that may come in the futdreThis is consistent

is a new arrival, whether the reservation utility increases Qfith the observation that the reservation utility based on the

decreases depends on the value of the new opponent. If &)&cnhronized model is generally less than the one based on
value of the new opponent is relatively high, the reservatiqRe dynamic model.

utility will increase, otherwise decrease. No matter which

estimation approach or outside option model is used, the
B. Performance results

8An exception is with the learning heuristic. Based on this heuristic the In this section We ex?-mm.e and compare the average utilities
reservation utility in the dynamic model slightly increases with time when ridhat a buyer obtains with different models.
arrivals come after period 17 (see Figure 4), and from period 12 to period Figure 6 is Composed of four subplots. Each subplot shows

19 the reservation utility (offer) based on the synchronized model is sligh% ili f . f th ival babili
higher (lower) than the one based on the dynamic model (see Figures 4 g average utility as a function of the arrival probability

5). This is because in the learning heuristic the winning opponent is assunfz@sed on one reservation utility estimation approach, and with
to be fhe opponent ith the largest maximum utilty 7. But based on _ different outside option modélsThe figure implies that for all

the estimate of the agreement by Equation 3, the expected utility from thread, . . . .

i, if an agreement is reached in this thread, is equabite- = (v;, i) — estimation approaches and outside option models, the average
v;(v; —1;)/(14+v; —r;). It not only depends on the maximum utility —r;,

but also on the item value;. Based on this equation more threads do not °The standard deviation ranges from abda% to 30% of the mean, with
necessarily mean a higher expected utility, although generally it is true. Mdree percentage decreasing with the increase of the arrival probability. This
threads implies that the assumed winning opporettie opponent with the high level of standard deviation is due to the introduction of multiple random
highest maximum utility, is guaranteed a higher maximum utility- ;. But  variables including the number of threads, the negotiation strategy parameter
the estimated utility from the negotiation with the assumed winning opponefitof a negotiator, the item value in a thread and the reservation price of a
could be lower if the value of this opponent is very low. seller, that all contribute to the dispersion of the results.
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utility increases with the arrival probability. This is intuitiveboth negotiators tend to concede quickyi§ very large), an
and should be true for a reasonable negotiation strategy.optimistic estimation approach such as the medium approach
higher arrival probability implies more options on expectatiomay be better. On the other hand if both negotiators tend
and should result in better outcome for the negotiator. Furthter hold on their positionsA is very small), the conservative
more, when the arrival probability is very small, the dynamiestimation approach may be better.

model and the synchronized model are close in the average

utility, and their advantage over the single-threaded negotiation

model is small. When the arrival probability increases, the util- IV. RELATED WORK

ity differences between these models also generally inctease The research work on bilateral negotiations has been con-

Figure 6 also shows that the average utility based on thgcted in the fields of game theory, and artificial intelligence
dynamic model is higher than the one based on the Syi) The research in game theory focuses on outcomes
chronized model, which again brings a higher average utilifjfat satisfy certain axioms, or the strategy equilibrium of
than the single-threaded model in which no outside option &yents, based on some rigorous assumptions. Researchers in
considered. Compared to the other heuristics, with the learnip@ fieid of Al contribute efforts to develop software agents
heuristic the utility difference between the dynamic model anghich should be able to negotiate in an intelligent way
the synchronized model is very small. It is because based @0 pehalf of their users. Heuristic approaches are usually
the learning heuristic the reservation utility is less sensitive {Raq in the complex situations for which game theoretic
the number of outside options. This can also be observedgjRg|ysis is untractable. Research in economics and Al have
Figure 4, where the change of the reservation utility with thgfferent methodologies and concerns, yet their contributions
arrival of outside options is less based on the learning heuristigmplement each other. Insights and theoretical foundations
than based on the other heuristics. _ ~ developed in game theory provide good heuristics for Al, and

The experimental results show that there is no estimation aRe Al approaches provide solutions to negotiations in realistic
proach dominating the others. This is because the performagegironments. The computationally feasible solutions provided
of an approach depends on the negotiators’ offer curves.plf Al allow approximate implementations of theoretic results

that are developed in a game-theoretic model and that may not

10again for the learning heuristic this trend of increasing utility differencde tractable to compute. In the rest of this section we provide a
between the dynamic model and the synchronized model with the increasg @jiew of related work from both perspectives of game theory
the arrival probability is not obvious. This is due to the same reason explainedd . . fth . | f
in the footnote 8: with the learning heuristic, more threads do not absolutw' Al. For an extensive version of the review, please refer to
bring a higher utility. Li, et al. [16].



10
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Fig. 6. The average utilities with varying arrival probability

A. The game theory perspective In non-cooperative bargaining theory the outcome of a ne-

Game theory can be divided into two branches: cooperatig@tiation depends on the process or protocol of the negotiation.
and non-cooperative game theofyooperative game theory Based on the protocol_a negotlat]on can be a sta’qc (one-
abstracts away from specific rules of a game and is mairit}ot) game or a dynamic (sequential) game. @hernating-
concerned with finding a solution given a set of possibfifers protocol[17] is a widely used protocol for sequential
outcomes. The solution is required to satisfy certain plausidi@rgaining. In this protocol the two parties take turns to make
properties, such as stability or faimess, which are call@joPosals. In each stage the party who receives a proposal
axioms. Non-cooperative game thegrpn the other hand, immediately replies by accepting or rejecting the proposal.
is concerned with specific games with a well-defined set §f She accepts, the negotiation ends; otherwise she makes a
rules and game strategies, which are known beforehand by BigPosal to the other party and the negotiation proceeds to
players. A bargainingtrategyspecifies the action of a playerthe next stage. Rubinstein [20] shows that when utilities are
at each step given historical informatidrof the negotiation. discounted with time, in an infinite bargaining game following
Non-cooperative game theory uses the notion of an equilibridff alternating-offers protocol, the unique subgame perfect
strategy to define rational behavior of players, which jointigauilibrium? is identical to the Nash bargaining solution,
decide the outcome of a game[17][18]. and the equmprlum strategy mphes immediate agreement.

In cooperative bargaining theory the Nash bargaining sBased on Rubinstein's model, Binmore et al. [21] established
lution has been widely used as a modeling tool for negotiHi€ outside option principle Based on the outside option
tions [19]. The Nash bargaining solution is characterized Bfinciple, only those outside options with payoffs that are
the payoff pairs = (z1,22) which maximizes the SO_Ca“edsupen_o_rto the pgyoffs of Rubinstein’s eq_u_lllb_rlum, or the_ Nash
Nash productz; —d; )*(z2—d2)?, whered; andd, are player bargaining solu.tlon,_ hgve effect on ECIUI.|I.bI’I.um strategies. In
1's and player 2's outcomes in case of a disagreemeand SOMe cases this pnpmple ylelds an equilibrium payoff that is
0 are the bargaining powers of player 1 and player 2. Wi@ﬁergnt from the split-the-difference Qutcomg. Cupygt [22] re-
outside options, theisagreement pointd;, d») can be placed examlngd thg robustn('as.s of the outqde option principle based
at the breakdown pointso thatd; is equal to the utility of ©Nn Rubinstein’s bargaining model. His paper argues that the
negotiatori, i = 1,2, from outside options as the negotiatiorfhanges that provoke an outside option on a bargaining game

breaks down. The bargaining outcome so generated is calf&Pend crucially on if one or both players have the possibility
the split-the-differenceesult. of opting out, and if they can take their outside option either as

There is no historical information if the negotiation is a one-shot game, 12In a subgame perfect equilibriurfor a sequential game, the strategies
in which all players take an action simultaneously and then the game endwonstitute a Nash equilibrium for each continuation game.
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proposers or as responders. The outside option principle haldsen the theoretical equilibrium analysis is intractable.

only when there is not a gap between the best and the worsWith outside options specifically considered, Gantner [31]
continuation subgame payoffs. Muthoo [23] studies a modetesents a bilateral negotiation model with incomplete in-
of the situation in which two players are bargaining face-tdermation and the alternating-offers protocol. The outside
face over the partition of a cake, and one of the players caption is modelled as a standard sequential search process.
choose to temporarily leave the negotiating table to search fiar simplify the analysis the paper assumes that the item has
an outside option. It concludes that the equilibrium outconmnly two values, high or low, for a negotiator. In our paper we
does not depend on whether a bargainer is allowed to retwamsider a general situation in which the item value space is
to the negotiation table to resume bargaining after havimgntinuous, and outside options are also negotiations that may
searched for some finite time. Moreover, it shows that theppen simultaneously and dynamically.

strategic bargaining-search game approximately implements a

Nash bargaining solution. .

All these papers mentioned above are based on the si u_The Al perspective
ation with complete information, i.e., the negotiators know Negotiations have received wide attention from the dis-
perfectly the preferences and outside options of each otH&buted Al community as a pervasive mechanism for dis-
When a negotiator holds private information on the prefetributed conflict resolution between intelligent computational
ence/valuation, it is not feasible to apply the outside optigtgents [1]. An introduction to negotiation agents is provided in
principle. This is because a negotiator does not know tf@2]. For a survey on negotiation models in the Al field please
Rubinstein’s equilibrium, which requires the knowledge of theefer to Jennings et al. [3] and Gerding et al. [33]. Lomuscio et
preferences on both sides. Hence it is impossible to compaie[4] identified the main parameters on which any automated
the utility of the Rubinstein’s equilibrium with the utility from negotiation depends and provided a classification scheme for
outside options, even when the latter is known. Our model Begotiation models.
the impact of outside options follows the same rule as theThe environment that a negotiator is situated in greatly
split-the-difference principle: the minimum utility acceptablémpacts the course of negotiation actions. Instead of focusing
(the disagreement point) is equal to the utility from outsiden analyzing the strategy equilibrium as a function of (the dis-
options (the breakdown point). tribution of) valuations and historical information as in game

With incomplete information bargaining inefficiency willtheory, researchers in Al are interested in designing flexible
be caused by the informational asymmetry: first, an agre@dd sophisticated negotiation agents in complex environments.
ment may be delayed, which is necessary for the partieskaratin et al. [8] devised a negotiation model that defines a
convey private information credibly, and to screen or signginge of strategies and tactics for generating proposals based
the private information of the negotiators [24]; second, ever time, resource, and behaviors of negotiators. We adopt their
when the buyer’s valuation exceeds the seller’s valuation, th@e-based strategy for the single-threaded negotiation model,
trade occurs with a probability strictly less than one in aput focus on the outside options in the environment.
equilibrium outcome [12], [7]. This inefficiency in reaching an Sim et al. [34], [35] proposed a market-driven model for
agreement is reflected in our estimation heuristic, the uniforsi@signing negotiation agents that make adjustable rates of
approximation heuristic. Ausubel and Deneckere [25] establishncession by reacting to some essential market situations that
that the optimal static bargaining mechanisambe replicated could change over time. The market-driven strategies were
in sequential bargaining games, in other words, there need fisther augmented in Sim and Wang [36] with a set of fuzzy
be any additional inefficiency arising from the dynamic naturglles to enhance the flexibility of negotiation agents. The
of bargaining®. This conclusion justifies our application ofmarket situations include trading opportunities, competition,
the optimal result of a static bargaining model to sequentigg@maining trading time, and eagerness. Multiple trading op-
negotiations in the uniform approximation heuristic. portunities in the market can be regarded as outside options

Although a unique SPNE can be found by backward indudgainst each other for a negotiator. In their model the number
tions for a sequential bargaining game with complete info@f trading opportunities influences the aggregated probability
mation, the rich information setting in a sequential bargainir@f conflict, which determines the probability of completing
game with two-sided incomplete information causes wealgh deal in the current negotiation cycle. With more trading
of sequential equilibria, and makes the equilibrium analysgpportunities, the probability of completing a deal is higher,
extremely difficult [26], [7]. Actually little is known about the and it follows that the negotiator's concession is smaller in the
sequential equilibrium strategies with two-sided incomplefeext cycle based on the spread decision function.
information. There are a few papers, such as [27], [28], [29], Krovi et al. [37] devised a genetic algorithm-based model of
[30], that characterize, but not explicitly specify, some equiregotiations, and examined the impact of task, agent, and com-
libria in certain restrictive or extreme situatidfisWe adopt a munication characteristics on agent behaviors as well as the
heuristic negotiation strategy to suggest an effective solutiontcome of negotiations. In our work the outside options affect

the negotiation strategies via their impact on the reservation
13This is based on the assumption that the valuation distribution functiopsice. An agent is not only able to adjust the strategy reactively

exhibit monotonic hazard rates. . . . . s
to the emerging outside options (in the synchronized model),
14For example, the preferences of negotiators are uniformly distributed [ZE ging P ( Yy )

delay of communications is allowed and there is no negotiation deadline [237; t also Set.the reservation Uti”ty_proaCti_Vely by predicting the
[27], or one party makes all the offers [27], [28], [30]. arrival and impact of future outside options (in the dynamic
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model). Since the objective of a negotiator is to maximizZieased on the time-dependent negotiation strategy. We do
the expected utility achieved in the entire negotiation horizonpt claim that the heuristics or the negotiation strategy we
acting proactively can prevent some short-sighted behavign®vide in this paper are complete. Rather they reflect solutions
that do not take into account the impact of the behavior dhat have been proven useful or plausible. Other negotiation
the future. For example, a negotiator would over compromisérategies and approaches to estimate the utility from a multi-
and increase the probability of reaching less attractive de#ttseaded negotiation can be plugged in the solution frame-
without foreseeing the possible outside options arriving iwork, depending on the assumptions and requirements of the
the future. Or a negotiator would be too tough to reach umderlying application. These different models can construct
deal without predicting the reducing probability of havin@ library of decision functions to support the decision of
more outside options with time proceeding. The benefit okgotiation agents in different environments.
appropriately planning the future is shown by the advantageln this solution we have focused on the negotiation strategy
of the dynamic model against the synchronized model in thhen the negotiator faces uncertain outside options. We did
experimental results. not explicitly model the behavior of the negotiation opponents
Among the papers that specifically and particularly considefen they also have outside options. The outside options of
outside options, there are Nguyen and Jennings [38], [39], amal opponent are unknown to the negotiator and influence the
Byde and Preist et al. [40], [41]. Nguyen and Jennings [38Fservation price of the opponent. Since the reservation price is
[39] presented a heuristic model that enables an agent to ganvate information, the outside options of an opponent can be
ticipate in multiple, concurrent bi-lateral negotiations withoutaken into consideration in this solution framework if the prior
considering the future arrivals of outside options. In this modbklief on the opponent’s reservation price also includes the
the buyer that has outside options can accept an offer fronprbabilistic information on her outside options. Alternatively
seller, with the agreement binding only on the seller but not @md more explicitly, we can introduce the probability of a
the buyer. In other words, the buyer can decline the agreemealler's opting-out action to reflect the availability of outside
that is not finalized if she finds a better deal later. This protocoptions to the seller. As a buyer has no information about the
is extremely buyer-biased as the buyer is guaranteed the tmstilable outside options of a seller, she sees the opting-out
offer she can find from all different threads. In reality the buyeaf a seller as a random event, and the opting-out probability
is usually not a monopoly player. Sellers may also have outsidepends on time and the current offer. Learning/modeling this
options and can opt out or withdraw an offer before the buyepting-out probability and incorporating the probability in the
finalizes the decision. The alternating offers protocol adopteegotiation strategy are augmentations for future work.
in our paper is fair to both sides. With this protocol a negotiator
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