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Abstract. Alternating-offers is the most prominent negotiation pro-
tocol for automatic bilateral bargaining. Nevertheless, in most set-
tings it is still not known how two fully rational agents should behave
in the protocol. In this paper we study the finite-horizon alternating-
offers protocol under one-sided uncertain deadlines. We make a
novel use of backward induction in studying bargaining withuncer-
tainty; we employ a “natural” system of beliefs and find, whenit
exists, the pertinent pure strategy sequential equilibrium. We further
show, as an intrinsic limitation of the protocol, that for some param-
eter values there is no pure strategy sequential equilibrium, whatever
system of beliefs is employed.

1 Introduction

Automated negotiation is a prominent research area of distributed
artificial intelligence which studies the processes whereby rational
software agents try to solve disputes and reach mutually beneficial
agreements [7]. It is well known that the automation of the negotiat-
ing agents leads to more effective negotiations since agents are more
efficient than humans in finding optimal agreements [14].

Among the negotiation settings for commercial transactions, a
very common one isbargaining: a buyer and a seller try to agree
on the choice of the value of some variables, namedissues, that de-
fine the transaction they are carrying out (e.g. the price andquantity
of a traded good). The formalized study of bargaining is commonly
carried out with game-theoretical tools [9] in which one distinguishes
the negotiationprotocol and the negotiationstrategies: the protocol
sets the negotiation rules, specifying which actions are allowed and
when [10]; the strategy defines an agent’s possible specific behavior
in the negotiation. Given a protocol, rational agents should employ
strategies that maximize their payoffs, and the classic game-theoretic
approach prescribes that agents employ equilibrium strategies, where
the notion of equilibrium is Nash equilibrium or extensions[5].

The best known protocol for bilateral bargaining, thealternating-
offersprotocol, pioneered by Ståhl [16], has reached an outstanding
place in literature thanks to Rubinstein [11], and comes in many vari-
ations. Basically, an agent starts by offering values for the issues un-
der dispute to her opponent, who can accept or make a counteroffer or
exit the negotiation. If a counteroffer is made, the processis repeated
until one of the agents accepts or exits the negotiation. There can be
one or more bargained issues, leading respectively toone-issueand
multi-issuebargaining. The issues are usually continuous, i.e. they
are real-valued variables. The agents have reservation values, tempo-
ral utility discount factors, and negotiation deadlines. If the agents
have finite negotiation deadlines, the protocol is afinite-horizonone;
otherwise, it isinfinite-horizon.
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Although much economics and computer science literature deals
with the alternating-offers protocol (see e.g. [7]), several major prob-
lems are still open, the main ones concerningmulti-issueand in-
complete informationbargaining. Easy and general solutions are cur-
rently available when the bargaining is on one issue and every per-
tinent information is common knowledge between the two agents,
but both assumptions are very restrictive. The problem of efficient
multi-issue bargaining has been addressed in [2]. The problem of in-
complete knowledge is harder. Rubinstein [12] has providedthe first
results about uncertainty over two possible time discount factors of
one of the two agents. Several other authors have followed his re-
search line, providing results on very narrow lacks of information
completeness. We refer to [1] for a survey.

Given the difficulties in finding classic solutions to alternating-
offers problems with incomplete information, several authors have
proposed non-standard approaches. The best known proposalis Fa-
tima, Wooldridge, and Jennings’s framework in [4]. Their approach
is based on thenegotiation decision functionsparadigm [3], where
the agents are supposed to constraint themselves to employ one of
some predefined bidding tactics in their bargaining.

The aim of our paper is to analyze and solve the finite-horizon
alternating-offers protocol under incomplete information on the bar-
gaining deadline of one of the two agents (one-sidedincomplete in-
formation). We adopt a classical approach, where the agentsare not
a priori assumed self-restricted to any class of strategies, in the be-
lief that this approach is more coherent with the multiagentsystem
paradigm (see, e.g., the discussion in [15]). Furthermore,in accor-
dance with virtually all the literature on the topic, we employ pure
strategies rather than mixed ones.

Our original contributions are: (1) the solution of the single-issue
finite-horizon alternating-offers bargaining under one-sided uncer-
tainty on deadlines, for a wide range of bargaining parameters; (2) the
proof of non-existence of a general solution in pure strategies.

The paper is structured as follows: in the next section we review
the finite-horizon alternating-offers protocol with complete informa-
tion and its well known solution, in order to introduce basiccon-
cepts and state notation; in Section 3 we analyze the protocol under
one-sided uncertain deadlines; in Section 4 we show that thegeneral
problem has no solution in pure strategies; Section 5 summarizes our
conclusions.

2 Complete information alternating-offers

The protocol we study is a discrete time finite-horizon alternating-
offers bargaining protocol on one continuous issue (say, a price).2

2 The multi-issue problem [2] is orthogonal to the incompleteinformation
problem. So, for the sake of simplicity, we consider one-issue bargaining.



Formally, the buyerb and the sellers can act at timest ∈ N. The
player functionι : N → {b, s} returns the agent that acts at timet

and is such thatι(t) 6= ι(t + 1). Possible actionsσt
ι(t) of agentι(t)

at timet > 0 are:

(1) offer(x), wherex ∈ R,
(2) exit,
(3) accept.

At t = 0 the only allowed actions are (1) and (2). If σt
ι(t) = accept

the bargaining stops and theoutcomeis (x, t), wherex is the tuple
such thatσt−1

ι(t−1) = offer(x). If σt
ι(t) = exit the bargaining stops and

the outcome isNoAgreement . Otherwise the bargaining continues
to the next time point.

Each agenti has an utility function Ui : (R × N) ∪
{NoAgreement} → R, that represents her gain on the possible
bargaining outcomes. Each utility functionUi depends on three pa-
rameters of agenti:

• thereservation priceRPi ∈ R
+,

• the temporal discount factorδi ∈ (0, 1],
• thedeadlineTi ∈ N, Ti > 0.

Exactly, if the outcome of the bargaining is an agreement(x, t), then
the utility functionsUb andUs are respectively:

Ub(x, t) =
n

(RPb − x)δt
b

if t ≤ Tb
−1 otherwise , Us(x, t) =

n

(x− RPs)δt
s if t ≤ Ts

−1 otherwise .

If the outcome isNoAgreement , then Ub(NoAgreement) =
Us(NoAgreement ) = 0.3

Some standard hypothesis are assumed.Feasibility: RPb ≥ RPs.
Rationality: it is common knowledge that each agent will act to max-
imize her utility. Benevolence: it is common knowledge that if an
agent has to choose between two outcomes which are indifferent for
her but not for her opponent, she will choose the one that is better for
her opponent.

The bargaining strategies that the agents should select also depend
on the knowledge that the agents have of the protocol and of each
other’s utility function. Incomplete informationbargaining it is as-
sumed that the protocol and the utility functions (including the values
of RPi, δi andTi) are common knowledge between the two agents.

The appropriate notion of solution for a complete information ex-
tensive form game like the one we are dealing with issubgame per-
fect equilibrium[6]. Subgame perfect equilibrium strategies can be
easily found bybackward induction, as we discuss in the following.

No agent is willing to bargain after her deadline, when any
agreement would have negative utility. Therefore, at timeT =
min{Tb, Ts} the acting agent – let’s says – would accept any of-
fer with non-negative utility. Therefore, at timeT − 1 her opponent
b could safely offerRPs (which would be accepted) or could ac-
cept any possible previous offerx which is not worse than offering
RPs (i.e.,Ub(x, T − 1) ≥ Ub(RPs, T )). Therefore, at timeT − 2
agents could safely offer the maximumx such thatUb(x, T − 1) ≥
Ub(RPs, T ), i.e. x such thatUb(x, T − 1) = Ub(RPs, T ), or ac-
cept any possible previous offer which is not worse than offering x.
This reasoning can be inductively carried on until the beginning of
the game, finding an offer that agentι(0) would do and her opponent
would accept.

At each time pointt, from T back, it is therefore possible to know
which offer would be made by agentι(t) if she would make an offer:

3 Notice that employment ofUi = −1 after agenti’s deadline allows a
rational behaviour of the agent after her deadline: an agentprefers to exit
the negotiation than to reach any agreement.

we denote this series of offers byx∗(t). In order to provide a recur-
sive formula forx∗(t), we introduce the notion of backward propa-
gation: given valuex and agenti, we callbackward propagationof
valuex for agenti the valuey such thatUi(y, t − 1) = Ui(x, t);
we will employ the arrow notationx←i for backward propagations.4

The calculation ofx∗(t) can now be stated like this:

x
∗(t − 1) =

n

RPι(t) if t = T

(x∗(t))←ι(t) if t < T
,

and is computationally linear withT . A backward induction and the
relevantx∗(t) values can be plotted on the space(x, t) as in Figure 1.

The backward induction reasoning so far sketched proves thefol-
lowing result [9]:

Proposition 2.1 Finite-horizon alternating-offers over single-issue
bargaining with complete information has one and only one subgame
perfect equilibrium. The equilibrium strategies fort < T are

σ
t
ι(t) =



accept if

(

t > 0

σ
t−1
ι(t−1)

= offer(x) with Uι(t)(x, t) ≥ Uι(t)(x
∗(t), t + 1)

offer(x∗(t)) otherwise

and whent = T

σ
t

ι(T ) =
n

accept if σ
T−1

ι(T−1)
= offer(x) with U

ι(T )
(x, T ) ≥ 0

exit otherwise
.

The agreement is therefore achieved at timet = 1 on the pricex∗(0).
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Figure 1. Backward induction withRPb = 1, RPs = 0, δb = 0.7,
δs = 0.7, Tb = 9, Ts = 10, ι(0) = b

3 Alternating-Offers with Uncertain Deadlines

Let us consider one-issue alternating-offers bargaining when one of
the two agents does not exactly know her opponent’s deadline. We
will assume that the uncertain deadline is the buyer’s.

As is customary in game theory in order to avoid underdeter-
mined problems, we assume thatb’s possible deadlines are dis-
tributed according to a probability distribution onR+ which is com-
mon knowledge between the agents. We further assume that thesup-
port of b’s deadline distribution is bounded; and since the agents

4 If a valuex is backward propagatedn times along the level curves of agent
i, we writex

←n[i]. If a value is backward propagated along the level curves
of more than one agent, we list them left to right in the subscript; for in-
stance,x

←i3[j] is valuex backward propagated along the level curves of
agenti and subsequently three times along the curves of agentj.
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can act only at timest ∈ N, we can assume, without lost of gen-
erality, thatb’s deadline has a finite distribution onN. We denote
by Tb = {Tb1 , . . . , Tbm} the set of possible deadlines ofb, by
P0

b = {α0
b1

, . . . , α0
bm

} the pertinent probability distribution, and by
BT 0

b the coupleBT 0
b =

˙

Tb,P
0
b

¸

. Agentb’s real deadline is known
only to b itself: it is herprivate information.

In games with uncertainty, rational agents try to maximize their ex-
pected utilities relying on their beliefs about the opponent’s private
information and such beliefs are updated during the game, depending
on which actions have been actually undertaken. The set of beliefs
held by each agent over the other’s private information after every
possible sequence of actions in the game is called asystem of beliefs
and is usually denoted byµ. This beliefs are probabilistic and their
values at timet = 0 is a given problem data. How beliefs evolve dur-
ing the game, instead, is part of the solution which should befound
for the game. A solution to an incomplete information bargaining is
therefore a suitable couplea = 〈µ, σ〉 calledassessment.

An assessmenta = 〈µ, σ〉 must be such that the strategies inσ

are mutual best responses given the probabilistic beliefs in µ (ratio-
nality); and the beliefs inµ must reasonably depend on the actions
prescribed byσ (consistency). Different notions of solution differ on
how they specify these two requirements.

We will employ the most common notion of solution for incom-
plete information bargaining, namely the thesequential equilibrium
of Kreps and Wilson [8]. For a sequential equilibriuma∗ = 〈µ∗, σ∗〉,
with σ∗ = 〈σ∗b , σ∗s〉, the rationality requirement is specified asse-
quential rationality. Informally, after every possible sequence of ac-
tions S, on or off the equilibrium path, the strategyσ∗s must maxi-
mizes’s expected utility givens’s beliefs prescribed byµ for S, and
given thatb will there on act according toσ∗b ; andvice versa. The no-
tion of consistency is defined as follows: assessmenta is consistent
in the sense of Kreps and Wilson(or simplyconsistent) if there exists
a sequencean of assessments, each with completely mixed strate-
gies and such that the beliefs are updated according to Bayesrule,
that converges toa.

The method we will employ to find sequential equilibria is: (1)
a priori fix a reasonable system of beliefsµ; (2) use backward in-
duction to find, if they exist, the strategiesσ of sequentially rational
assessmentsa with beliefsµ; (3) a posterioriprove the consistency
of the assessment.

We will use a system of beliefsµ which is easy and natural: af-
ter any sequence of actions, agents just excludes those deadlines
Tbh

, among the initially possible ones, that have already expired and
normalizes the probabilities of the future ones. Thus, in particular,
the beliefs about the deadlines after a sequence of actionsS depend
only on the length ofS. For it will be useful later, we introduce the
deadline functiond(t), whose value is the probability, given at time
t according toµ, that timet itself is a deadline for agentb.

Given the system of beliefsµ, we can find the sequentially rational
strategies by backward induction. But the use of backward induction
in this context is more involved than in the complete information
bargaining and requires some explanations.

With complete information the backward induction can startat the
earlier of the two deadlines; but with our incomplete information
framework, the earlier deadline is nota priori known. Nevertheless,
the backward induction can start atT = min{maxh{Tbh

}, Ts}},
because it isa priori known that after timeT agentb will exit the ne-
gotiation; if the bargaining process would reach timeT , then agent
gent ι(T ) would accept any nonnegative utility offer; therefore, at
timeT − 1 agentι(T − 1), if she would make an offer, would offer
ι(T )’s reservation price.

It is therefore possible, like in the complete information setting of
Section 2, to backward infer the offersx∗(t) that the agents would
do if they would choose to make an offer. But there are some com-
plications in the construction of the optimal offersx∗(t).

In the complete information case the valuesx∗(t) are (i) the op-
timal offers, (ii) the values to be backward propagated, and (iii) the
backward propagated values. In incomplete information bargaining,
instead, this three series of values are distinct in general. Let us see
these topics in more detail.

First, in complete information bargaining the optimal offer x∗(t)
is simply the backward propagation ofx∗(t + 1); with incomplete
information this is not generally true: the backward propagated value
is only the best among the surely accepted offers. But if at a time t,
such thatι(t) = s, there is a high probability that timet + 1 is a
deadline ofb, then agents could prefer to offerRPb rather than offer
the best among the surely accepted offers, although offerRPb could
be rejected (ift + 1 is notb’s real deadline).

Second, as optimal offers of agents = ι(t + 1) could be rejected,
the value that should be backward propagated from timet + 1 to
time t, in order to obtain the best one among the offers ofb at time
t that would be surely accepted bys, is not x∗(t + 1) in general.
The right value to be backward propagated is the value that wecall
equivalent valueand is defined as follows: given an offerx of s,
the equivalent value ofx, denoted bye(t), is the value such that
Us(e(t), 0) = EUs(x).5 If offered value(e∗(t + 1))←s at timet,
agents would accept it instead of offeringx∗(t + 1); if offered a
worse value, she would refuse it and counterofferx∗(t + 1).

Summarily, backward propagation should be applied in general to
equivalent valuese∗ rather than to best offersx∗, and best offersx∗

of agents are not always the backward propagated values. Formulas
to find equivalent values and best offers are easy to find. Ifι(t) =
b then e∗(t) = x∗(t) andx∗(t) = (e∗(t + 1))←s Conversely, if
ι(t) = s then e∗(t) = RPs + δt−1 · EUs(x

∗(t)) and x∗(t) =
arg max

x=RPb,(e∗(t+1))←b

{EUs(x)} where:

EUs(RPb) =
`

1− d(t)
´

·

„

d(t + 1) · Us(RPb, t + 1) +
`

1 − d(t + 1)
´

·

· Us
`

x∗(t + 1), t + 2
´

«

EUs
`

(e∗(t + 1))←b

´

=
`

1 − d(t)
´

· Ub

``

e∗(t + 1)
´

←b, t + 1
´

Given x∗(·), the optimal strategyσ∗i for agenti at time t is: if
t is i’s deadline and att − 1 she received an offer that gives her
negative utility, then exit; ift is i’s deadline and att− 1 she received
an offer that gives her nonnegative utility, then accept; ift is not i’s
deadline and at timet−1 she received an offer not worse for her than
(x∗(t))←i, then accept; otherwise offerx∗(t).

The above backward construction provides the sequentiallyratio-
nal strategies with the system of beliefsµ we have chosen, when they
exist. But actually, they could not exist with some parameter setting.
This can happen because one agent (precisely, the buyer) might de-
viate from strategyσ∗ to offer something unacceptable for the oppo-
nent in order to be refused and to later be in a much stronger position
and gain more. An example is given in Fig. 2. Here the backwardin-
duction construction imposes that at time6 an offering buyer should
make offere7

←s; but it is easily seen that it is more convenient for
her to offer something unacceptable (e.g.,RPs), then receive coun-
terofferRPb, and finally re-counterofferRPs at time8 (that would
be surely accepted).

This anomaly arises because different types of buyers mighthave
different optimal offers, thus revealing their private information and
thus not allowing the seller to adopt the simple system of beliefs µ.

5 Clearly, the equivalent value of a surely accepted offer ofs is the offer itself.
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Figure 2. Non-existence of equilibrium withRPb = 1, RPs = 0,
δb = 0.8, δs = 0.8, 〈Tb = {5, 8, 9}, P 0

b
= {0.5, 0.3, 0.2}〉, Ts = 10,

ι(0) = b: x
←2[b] < e7

←s

This happens when an “early deadline buyer” would offer the back-
ward propagation of the seller’s equivalent value at the next time
point, while a “late deadline buyer” would let time pass by toreach
the part of the bargaining process where backward inductionpre-
scribes her utility to be higher. Precisely, this happens when t is a
possible deadline ofb, the optimal strategy ofs at timet − 1 is to
offer RPb, andUb(x

∗(t − 2), t− 2) < Ub(x
∗(t), t). In other words

it is not sequentially rational forb to offer x∗(t − 2), but it is more
convenient to deviate from thex∗(t − 2) to offer x∗(t) at t. This is
the condition for the sequential rationality of strategiesσ∗i .

In Fig. 3 we depict an example of bargaining under one-sided un-
certain deadlines that satisfies the above condition, so that the devised
strategies are sequentially rational.
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Figure 3. Backward induction withRPb = 1, RPs = 0, δb = 0.7,
δs = 0.7, 〈Tb = {5, 8, 9}, P 0

b
= {0.5, 0.3, 0.2}〉, Ts = 10, ι(0) = b: the

existence is given bye7
←s < x

←2[b]

We can now state the following:

Theorem 3.1 If for all t such thatι(t) = b holdsUb(x
∗(t− 2), t −

2) ≥ Ub(x
∗(t), t), then the assessmenta = 〈µ, σ∗〉 above described

is a sequential equilibrium.

Proof sketch.The sequential rationality is easily seen from the above
discussion. Consistency can be proved by the assessment sequence
an = 〈µn, σn〉 where:

• σn is the totally mixed strategy profile such that before the real
deadline of an agent there is probability1 − 1

n
of performing the

action prescribed byσ and the remaining probability1
n

is uni-
formly distributed among the other allowed actions; while at the
deadline or after it there is probability1 − 1

n2 of performing the
action prescribed byσ and the remaining probability1

n2 is uni-
formly distributed among the other allowed actions.

• µn is the system of beliefs obtained applying Bayes rule starting
from the samea priori probability distributionP 0

b as inµ.

Each assessmentan is “Bayes consistent” by construction. The con-
vergence ofσn to σ∗ is trivial. As to µn, given any arbitrary le-
gal sequenceS of actions (such that the bargaining does not end
at the end ofS and such thats is the agent acting afterS), call
P S

n = 〈αS
n,b1

, αS
n,b2

, . . . , αS
n,bm

〉 the probabilities that agents as-
signs tob’s deadlines after sequenceS according toµn. Sequence
S might contain actions that could be interpreted as being in accor-
dance to the strategiesσ∗ (i.e. actions that that are the actions pre-
scribed by strategiesσ∗ for some deadlineTbi

); beτ the time of the
latest such action inS (if there are no such actions, setτ = −1 by
convention). Bet = |S|. Some calculation shows that, ift ≤ T , then

α
S
n,bi

=

8

>

>

>

>

>

>

>

>

>

<

>

>

>

>

>

>

>

>

>

:

0 if Tbi
≤ τ

1

n
t−Tbi

· α
0
bi

P

Tbh
≥t

α0
bh

+
P

τ<Tbh
≤t

1

n
t−Tbh

· α0
bh

if τ < Tbi
≤ t

α
0
bi

P

Tbh
>t

α0
bh

+
P

τ<Tbh
<t

1

n
t−Tbh

· α0
bh

if t < Tbi

Therefore

lim
n→+∞

α
S
n,bi

=

8

>

>

<

>

>

:

0 if Tbi
≤ t

α
0
bi

P

Tbh
≥t

α0
bh

if t < Tbi

ThereforeP S
n converges to the beliefs prescribed byµ in S. Thus

µn converges toµ. 2

4 Unsolvable Bargaining

The non-existence problem is an intrinsic limitation of theprotocol.
In fact, alternating-offers protocol under uncertain deadlines does not
always admit pure strategy sequential equilibria. The sequential equi-
librium theory assures the existence of at least one sequential equilib-
rium in mixed strategies [8], but the use of mixed strategy equilibria
is not considered fully satisfying [13].

In this section we produce an example of bargaining that doesnot
admit any pure strategy sequential equilibrium. The example does
not even admit aweak sequential equilibrium[5] (a weaker notion of
sequential equilibrium). Basically, an assessment is a weak sequen-
tial equilibrium if it is sequentially rational andweakly consistent
(i.e., consistent on the equilibrium path).

Our example is depicted in Fig. 4. Theb’s deadline can be either
at time2 (buyer bearly) or at time10 (buyer blate). Shown in the
figure is the backward induction construction that would have been
produced by our method, but this does not lead to a solution, because
if agentb’s real deadline would be10, she would not offere1

←s at

4
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Figure 4. Non-existence of equilibrium withRPb = 1, RPs = 0,
δb = 0.75, δs = 0.75, 〈Tb = {2, 10}, P 0
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time t = 0 but would find more convenient to offer something unac-
ceptable fors in order to offerx

←3[bs] at timet = 2. In what follows
we prove by contradiction that no pure strategy assessment works.

Theorem 4.1 Alternating-offers bargaining with uncertain dead-
lines does not always admit a (weak) sequential equilibriumin pure
strategies.

Proof.Consider the bargaining of Fig. 4. By contradiction, bea∗ =
〈σ∗, µ∗〉 a pure strategy weak sequential equilibrium. At any time
t > 2 the only possible system of beliefs for agents at the equi-
librium prescribes that the deadline ofb is 10; therefore, fort ≥ 2
the equilibrium strategies must be those prescribed by the backward
induction construction. At timet = 1, instead, the beliefs ofs at the
equilibrium depend on which are the equilibrium actions of agentb
at timet = 0. Two cases are possible (i) σ∗bearly

(0) = σ∗blate
(0) or

(ii ) σ∗bearly
(0) 6= σ∗blate

(0). We treat the two cases separately.
(i) If σ∗bearly

(0) = σ∗blate
(0), then by Bayes rule the beliefs of

s at t = 1 on the equilibrium path are the initial ones (i.e.,Pb =
{0.9, 0.1}). Therefore, if att = 0 agentb acts at the equilibrium,
then att = 1 the optimal strategy of agents is to accept any offer
greater than or equal toe1

←s and otherwise offerRPb. Thus, at time
t = 0 the optimal strategy forbearly is to offere1

←s; instead, att = 0
the optimal strategy forblate is to offer anything lesser thane1

←s in
order to be rejected and then, att = 2 offer x

←3[bs] that will be
accepted. Soσ∗bearly

(0) 6= σ∗blate
(0).

(ii ) If σ∗bearly
(0) 6= σ∗blate

(0) then by Bayes rule the beliefs ofs

att = 1 on the equilibrium path are: if actionσ∗bearly
(0) is observed,

thenPb = {1, 0}; if actionσ∗blate
(0) is observed, thenPb = {0, 1}.

Therefore, if att = 0 agentb acts at the equilibrium, then att = 1
the optimal strategy of agents is:

• if σ∗bearly
(0) is observed, then accept any offer greater than or

equal to(RPb)←s and otherwise offerRPb;
• if σ∗blate

(0) is observed, then accept any offer greater than or equal
to x
←4[bs] and otherwise offerx

←3[bs]b.

Thus, at timet = 0 the optimal strategy for bothbearly andblate is
to offerx

←4[bs]; soσ∗bearly
(0) = σ∗blate

(0).
In conclusion it is neitherσ∗bearly

(0) = σ∗blate
(0) nor σ∗bearly

(0)
6= σ∗blate

(0). Hence the pure strategy assessmenta∗ = 〈σ∗, µ∗〉 is
not a weak sequential equilibrium.2

5 Conclusions

In this work we studied the effect of one-sided uncertain deadlines in
the alternating-offers bargaining protocol with agents whose strate-
gies are not self-constrained to any particular set of tactics. Al-
though our study considers only one-sided uncertainty, theobtained
results are particularly significant: (1) the equilibrium strategies can
be found, when they exist, employing a simple backward procedure;
(2) alternating-offers protocol does not always admit equilibrium in
pure strategies.

The first result states that, for a wide range of bargaining param-
eters, the determination of equilibrium strategies of fully rational
agents with one-sided uncertain deadlines can be simply tackled and
the equilibrium prescribes that agreement is reached almost always
at time1.

The second result is more critical. The possible non-existence
of a pure strategy equilibrium limits the possible employment of
alternating-offers in real settings. Therefore the protocol should be
modified (for example with the strategic delay option), or employing
mixed strategies.

In future work we plan to analyze alternating-offers with strate-
gic delay, as well as carry on the study of incomplete informa-
tion alternating-offers with two-sided uncertainty over deadlines, dis-
count factors, and reservation prices.
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