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Abstract

A negotiation team is a set of agents with common and possibly also conflicting preferences that forms one
of the parties of a negotiation. A negotiation team is involved in two decision making processes simulta-
neously, a negotiation with the opponents, and an intra-team process to decide on the moves to make in
the negotiation. This article focuses on negotiation team decision making for circumstances that require
unanimity of team decisions. Existing agent-based approaches only guarantee unanimity in teams negoti-
ating in domains exclusively composed of predictable and compatible issues. This article presents a model
for negotiation teams that guarantees unanimous team decisions in domains consisting of predictable and
compatible, and alsounpredictable issues. Moreover, the article explores the influence of using opponent, and
team member models in the proposing strategies that team members use. Experimental results show that
the team benefits if team members employ Bayesian learning to model their teammates’ preferences.
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1. Introduction et al., 1998; Sierra and Dignum, 2001; Oliveira and
Rocha, 2001; He et al., 2003). In an agent-based e-
commerce system, autonomous agents act on behalf
of their users with the goal of finding and closing
satisfactory deals. Automated negotiation is one
of the most common approaches when implement-
ing these systems since they allow different elec-
tronic parties to reach agreements by exchanging
offers and feedback (Lomuscio et al., 2003; Nguyen
and Jennings, 2005; Buffett and Spencer, 2007; lau,
2007; Chan et al., 2008). The benefits of automated
negotiation and agent-based e-commerce are many.
Being brief, some of the most important include:

In the last decade, there has been an increase
in the profit earned by electronic commerce sys-
tems. This increase has lead to a strong interest
of the academic world in researching problems re-
lated to e-commerce (Ngai and Wat, 2002; Grieger,
2003; Wareham et al., 2005). As of today, most e-
commerce systems rely on users manually browsing
their catalogs and selecting which goods they desire
to buy. This task may end up being time consuming
and suboptimal in terms of users’ preferences, es-
pecially as the number of items and services offered
on the Web increases. Therefore, it is necessary

to propose mechanisms that helps costumers take e As stated, browsing online catalogs for an op-
better decisions while saving their time efforts. timal deal may be time consuming. The state-
Agent-based electronic commerce has been pro- of-the-art in automated negotiation can com-
posed as a solution to such problems (Guttman plete complex negotiations for multiple issues
in less than a few minutes (Klein et al., 2003a;
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log. Additionally, its personal agent is directed
by the preferences of the user in the negotia-
tion, which should result in deals that are ad-
justed to the personal liking of the individual.
Personalization has been reported to increase
user satisfaction in many computational sys-
tems (Ball et al., 2006; Liang et al., 2007). On
the other hand, a dynamic process like auto-
mated negotiation allows sellers to adapt their
deals to the users’ preferences, their current
business needs, and their competitor dynamics
(He et al., 2003).

e Agreements achieved by human negotiators,
suffer from the leaving money on the nego-
tiation table effect (Thompson, 2003). This
means that human negotiators are content
with current agreements, which are usually
suboptimal, when they could have performed
much better. Agents in automated negotiation
have been reported to provide agreements close
to the optimal solution (Lai et al., 2008).

e Compared to centralized and offline ap-
proaches (e.g., preference aggregation, recom-
mendation approaches, etc.), automated nego-
tiation is a dynamic and parallel process. For
instance, some centralized approaches like pref-
erence aggregation are computationally hard
especially if the preference space is combina-
torial (Chevaleyre et al., 2007). On the other
hand, recommendation approaches only filter
prospective deals, but they do not close specific
contracts adapted to business needs. Contrar-
ily, automated negotiation can be adapted to
current business needs (e.g., concede to gain
customers and close fast deals). Additionally,
as stated above, team members are also moti-
vated by their own personal interests. There-
fore, it is possible that some team members
show opportunistic behavior inside the team.
In such cases, preference aggregation may be
manipulated by exaggerating preferences. Ad-
ditionally, each parties’ preferences are private,
therefore making it difficult for the other par-
ties to exploit and manipulate. This latter fac-
tor is important, since nowadays most users in
electronic applications care about the informa-
tion they filtrate in systems (Taylor, 2003).

Most negotiation mechanisms proposed for e-
commerce settings have focused on solving bilat-
eral or multiparty negotiations where parties are

individual agents (Faratin et al., 1998; Zeng and
Sycara, 1998; Klein et al., 2003b; Nguyen and Jen-
nings, 2005; Coehoorn and Jennings, 2004; Buf-
fett and Spencer, 2007; Lai et al., 2008; Williams
et al., 2011; Sanchez-Anguix et al., 2013; Aydogan
and Yolum, 2012). However, some real life scenar-
ios involve negotiation parties that are not neces-
sarily formed by single individuals. Instead, each
party may be formed by more than a single individ-
ual. For instance, imagine that a group of travelers
wants to go on a holiday together. As a group, they
have to negotiate with several travel agencies to get
the best travel package for the group. Despite shar-
ing a common goal, each member in the multiplayer
party may also be motivated by its own personal
interests Mannix (2005); Halevy (2008). Therefore,
the group not only faces a possibly difficult nego-
tiation with the travel agency, but it also needs to
deal with the conflict present in the group. This
type of multi-individual negotiating party has been
studied in the social sciences under the name of ne-
gotiation team (Thompson et al., 1996; Brodt and
Thompson, 2001).

As far as the authors are concerned, multi-
individual parties have been overlooked in auto-
mated negotiation research. The use of computa-
tional models for negotiation teams opens doors for
new types of interesting and novel applications in
electronic commerce. The inclusion of agent-based
negotiation teams allows for e-commerce systems to
deploy dynamic deal mechanisms for groups, mak-
ing of e-commerce a more social system. Classi-
cally, when purchasing for groups in e-commerce
systems, one representative takes decisions for the
whole group. Either he makes decisions accord-
ing to his own preferences or the group needs to
engage in a human negotiation which is usually a
costly process due to different schedules, logistics,
lack of communication problems or interpersonal
conflict (Behfar et al., 2008). With the inclusion
of agent-based negotiation teams these problems
are eluded since autonomous agents take decisions
jointly while saving time and efforts for their users.

We believe that agent-based negotiation teams
could provide potentially interesting new services :

e Electronic markets for groups of travelers:
Online travel agencies offer their services by
means of online catalogs where users can
browse different products like flights, hotels,
restaurants, activities, etc. = The possibili-
ties for travels are vast, and usually a single



travel operator may offer thousands of possi-
ble trip packages/services. Exhaustively look-
ing through this online catalog for an optimal
deal becomes an unfeasible task for humans.
Additionally, more often than not, travel is a
social activity for groups (e.g., friends, family,
young people, etc.). Users can benefit from
agent-based negotiation teams since they can
exhaustively look for deals while taking the
preferences of the group into account and sav-
ing efforts. Service providers can also bene-
fit from these models since they could adapt
their business strategies in a dynamic way and
add a level of personalization that may help to
retain customers. Moreover, offering the pos-
sibility for groups to close travel deals based
on their preferences is a value-added service,
that as far as we know, is not currently of-
fered by the industry. As an example of its
application, users may indicate to their per-
sonal agents their desire to go on a travel to-
gether. Then, the agents prepare to negotiate
with different travel agencies in order to pro-
vide a complete and satisfactory travel package
for the users. The fact that the negotiation is
carried out automatically by electronic agents
also gives room to looking for several alterna-
tives in parallel. Once several trip packages
have been negotiated, the personal agents may
communicate the agreements to users, who can
validate them in the last instance.

Electronic support for agricultural coopera-
tives: Agricultural cooperatives are supposed
to be democratic institutions where groups of
farmers join together to save resources for the
distribution of their products. One of the main
problems of agricultural cooperatives is the
principal-agent problem (Ortmann and King,
2007). Basically, despite being democratic in-
stitutions, agricultural cooperatives are man-
aged by a board of directors who take deci-
sions on behalf of the democratic institution.
It has been reported in the literature (Ort-
mann and King, 2007) that dissatisfaction in
cooperatives comes from the fact that the goals
of members are not aligned with those of the
managers. As a novel application for electronic
commerce, agent-based negotiation teams may
provide support for the processes that are car-
ried out by cooperatives. For instance, the
negotiations between agricultural cooperatives

and distributors may be supported by an elec-
tronic market where the agricultural coopera-
tive is modeled as an agent-based negotiation
team. Each member may be represented by an
electronic and personal agent that participates
in the negotiation team according to the pref-
erences of its owner. This way, if the model
is capable of ensuring unanimity with regards
to team decisions, it may be possible to avoid
the principal-agent problem. Of course, agri-
cultural cooperatives are large institutions and
considerable research has still to be done to
provide scalable and fair computational mod-
els. However, research as the one presented in
this article contributes to the obtention of such
models in the long term.

e Groups of energy producers in the smart grid:
The smart grid is addressed to be the next
generation network for electricity distribution
(Farhangi, 2010). In this network, energy
generation may come from geographically dis-
tributed small generators (e.g., green energy
generators) that have to compete with large
energy producers. Decisions at the smart grid
have to be taken dynamically since energy pro-
duction and consumption may vary or face un-
expected events (Ramchurn et al., 2012). Re-
cently, agent-based electronic commerce has
been proposed as proper paradigm for this sce-
nario due to its dynamic nature and adaptive
response (Brazier et al., 2002; Lamparter et al.,
2010; Morais et al., 2012; Ramchurn et al.,
2012). If small generators want to compete
with large generators like power plants, they
may need to group together and act together
as a single generator. Agent-based negotiation
teams can give support for the group decision
making of small generators in a dynamic en-
vironment like the smart grid. For instance,
an agent-based negotiation team for the smart
grid may decide on different contract attributes
like energy price for different time slots, con-
tract duration and cancellation fees with dif-
ferent energy consumers.

The applications described above present benefits
for electronic commerce systems. However, there
are still several issues that need to be solved for de-
ploying real applications based on agent-based ne-
gotiation teams due to the novelty of the topic. One
of the main issues that should be addressed when



designing agent-based negotiation team models is
unanimity. The authors argue that, whenever it is
possible, it is desirable for the final agreement with
the opponent to be unanimously acceptable for all
of the team members. When the members of the
negotiation team are going to interact in the long
term, the intra-team strategy should avoid one or
some of the team members being clearly at disad-
vantage (e.g., unacceptable deal) with respect to
the other team members. In the first place, the
aforementioned situation may end up in users per-
ceiving unfairness, which may affect commitment
to the decision, group attachment, and trust (Ko-
rsgaard et al., 1995). And second, but not the least
important, users that are not satisfied with agree-
ments found automatically may end up leaving the
electronic commerce application.

The existing approaches (Sanchez-Anguix et al.,
2011, 2012a,b) have focused on achieving unani-
mously acceptable agreements for negotiation do-
mains exclusively comprised by predictable and
compatible issues among the team members. An
issue is predictable and compatible if the preference
order over issue values is the same for team mem-
bers and this fact is known from the domain (e.g.,
price in a team of buyers). While some e-commerce
domains are exclusively composed by these issues,
many domains also contain issues whose preferen-
tial ordering over issue values is not known from the
domain (i.e., unpredictable issues). For instance, it
is difficult to predict from a set of cities which rank-
ing represents the preferences of a traveler, which
can diverge from the preferences of other travelers.

This article advances the state of the art in agent-
based electronic commerce in two different ways.
Firstly, it introduces a new model for agent-based
negotiation teams, which could support dynamic
negotiations for groups of autonomous agents rep-
resenting their users. Secondly, the present model
is capable of assuring that the final agreement is
unanimously acceptable for all of the team mem-
bers in domains that contain both predictable and
compatible and unpredictable issues. We propose an
intra-team protocol in which a team mediator helps
team members to reach unanimously acceptable de-
cisions. Furthermore, we propose two negotiation
strategies for team members: a basic negotiation
strategy based on concession tactics and a nego-
tiation strategy using Bayesian learning to model
teammates’ and opponent’s preferences for unpre-
dictable issues. The model is capable of outper-
forming state-of-the-art approaches for agent-based

negotiation teams. We describe our general frame-
work in Section 2 and the intra-team protocol that
allows team members to reach unanimity in Section
3. After that, we propose two negotiation strategies
for team members in Section 4 and we explain why
unanimity is guaranteed among team members in
Section 5. After analyzing the experiments in Sec-
tion 6, we relate our work to existing approaches
and discuss future lines of work in Section 7.

2. Overview of the Negotiation Framework

Let A represent a negotiation team consisting of
|A| = M different team members and a trusted
team mediator med,, and let a € A represent a
team member in negotiation team A. Let op rep-
resent the opponent party of the negotiation team.
The negotiation between team and opponent is car-
ried out in a bilateral fashion, using an alternating-
offers protocol (Rubinstein, 1982). In this proto-
col, one of the two parties is the initiating party
and sends the first offer to the other party or re-
sponding party. The responding party receives the
offer and decides whether or not he/she accepts the
offer. Accordingly, she or he may accept the cur-
rent offer or send a counter-offer. If the responding
agent sends a counter-offer, the initiating party has
to decide whether he/she accepts the counter-offer
or not. If the counter-offer is rejected, the process
is repeated in a turn-taking fashion until a deal is
mutually accepted (successful negotiation) or one
of the parties decides to quit the negotiation since
its deadline has been reached (failed negotiation).
Concerning inter-party communications, the team
mediator interacts with the opponent by sending
team’s proposals and transmitting opponent deci-
sions to team members. The team mediator plays a
key role since it coordinates the team members and
helps them reach unanimously acceptable deals.

Let X be the object under negotiation, j €
{1, ...,n} be the issues under negotiation, D; be the
negotiation domain or valid values for issue j and
x; € Dj represent a valid value for issue j. Each
agent’s preferences are represented by means of a
private additive utility function. We assume that
there is no preferential interdependency among ne-
gotiation issues; that is, the valuation given to a
certain issue does not affect preference on the valua-
tion of other negotiation issues. The utility function
for an agent in our framework can be formalized as



follows:
U(X) = lel(xl)—&-wng(xg)—i-...—i-ann(xn). (1)

where w; represents the importance given to issue
j by the agent, and V; : z; — [0,1] is a scoring
function for issue j that gives the score that the
agent assigns to an issue value z;. It is assumed

n
that > w,,; = 1 and w,; > 0, and then U(.) is
j=1
a function scaled in [0,1], where 0 represents the
least desirable negotiation deals, and 1 represents
the most desirable negotiation deals. For agents,
RU € [0, 1] represents the reservation utility or the
minimum level of utility to consider an agreement
as acceptable.

In the proposed framework, private information
and bounded rationality are assumed. The former
has been introduced above: information regarding
agents’ preferences is private, and so are the strate-
gies and minimum acceptable values of each agent.
This is true even among team members, since prior
to the negotiation they do not know any informa-
tion regarding other teammates’ preferences. The
only information available is obtained via interac-
tions in the intra-team protocol. The latter refers
to the fact that given the limited time, informa-
tion privacy, and limited computational resources,
agents cannot calculate the optimal strategy to be
carried out during the negotiation. Instead, they
employ heuristic strategies that aim to be as good
as possible in terms of the achievable utility.

2.1. Unanimously acceptable agreements

Each team member a € A has a reservation util-
ity RU, € [0,1] that represents the minimum util-
ity that satisfies the team member’s need. Each
outcome whose utility is lower than the reservation
utility is unacceptable for the team member. As
stated along this article, we consider that unanim-
ity in a negotiation team is of extreme importance.
An offer is unanimously acceptable for a team A if
it is acceptable for all of the team members inside
the negotiation team:

Va € A,U,(X) > RU,. (2)

The proposed intra-team strategy will assure
that team members only accept those offers that
are unanimously acceptable for all the team mem-
bers and that offers proposed to the opponent are
over each team members’ reservation utilities, thus,
making it unanimously acceptable.

2.2. Types of negotiation issues among team mem-
bers

Among the different negotiation issues that com-
pose the negotiation domain, we consider that
there are issues that are predictable and compatible
among team members and issues that are unpre-
dictable among team members.

Formally, we can define an issue j with domain
D; as compatible among team members if for each
possible pair of team members a,b € A and for
each pair of issue values v1,v2 € Dj, the following
expression is true:

Va,j(v2) > Vo (v1) = Vi j(v2) = Vi j(v1).  (3)

Hence, an issue is compatible among team members
if one of the team members can increase its utility
by selecting a certain issue value with respect to
the current assignment, then the rest of team mem-
bers stay at the same utility or they also increase
their utility. Thus, there is no preferential conflict
among issue values between the team members, and
there is full potential for cooperation among team
members with respect to compatible issues. Figure
1 shows two examples of compatible issues among
two agents (top part) and an example of a non com-
patible issue (bottom part). As it can be observed,
in the case of price (top left), both agents obtain a
better valuation when choosing a lower price value
with respect to a high price value. Thus, Equation
3 holds and it is a compatible issue for both agents.
In the case of the city of destination (top right), the
issue is also compatible among the two agents. For
any pair of cities, if one of the agents prefers one of
the cities with respect to other city, the other agent
also holds the same preferential relationship. For
instance, both agents prefer Paris to Berlin, Berlin
to London, and London to Madrid. However, in the
case of the type of room (bottom part), the blue
agent prefers an individual room with respect to an
apartment, whereas the red agent prefers exactly
the opposite. Thus, there is no full potential for co-
operation among team members in that negotiation
issue since conflict is present.

The concept of predictability and unpredictabil-
ity (Hindriks and Tykhonov, 2010; Marsa-Maestre
et al., 2013) is related to vertical and horizon-
tal issues found in economics literature (Stole,
1995). The definition of predictable issues matches
with vertical issues, while the definition of un-
predictable issues matches with horizontal issues.
From this point on, we will use the concepts of



o

Price ($)

1
0.8
0.6

s

>0.4
0.2

10 20 30 40 50 60 70 80 90 100 London Paris

Madrid Berlin
City of destination

il

Individual Double

Triple Apartment

Type of room

Figure 1: Two compatible issues among two agents (top) and a non compatible issue among two agents (bottom).

unpredictable/predictable and we will briefly intro-
duce them. An issue is predictable for an agent if
the preference ordering of issue values is known in
the negotiation domain. Therefore, an issue is com-
patible and predictable among team members if the
preferences regarding issue values are known in the
negotiation domain and increasing the utility of one
of the team members by selecting one specific issue
value results in other team members staying at the
same utility or also increasing their respective util-
ities. For instance, from the examples in Figure 1,
one can consider that inside a team of buyers the
price is a compatible and predictable issue among
team members since it is known that all of the buy-
ers prefer low prices to high prices, and reducing
the price results in all of the buyers increasing their
utility or staying at the same utility. On the other
hand, an issue is unpredictable among team mem-
bers if the preference ordering of the issue values
cannot be accurately predicted and Equation 3 may
not hold for that issue. In the case of Figure 1,
the city of destination is a compatible issue among
the two agents. Nevertheless, in a travel negotia-
tion domain it is not true that all of the travelers
will hold the same preference ranking over the issue

values and without additional knowledge, the pref-
erence ordering may not be predicted accurately.
Hence, it is an unpredictable issue. With respect
to the type of room, the preference ordering over
issue values may vary for the travelers. Moreover,
we cannot predict their preference ordering directly,
thus making the issue unpredictable.

In this framework, PR denotes the set of pre-
dictable and compatible issues among team mem-
bers, while UN denotes the set of unpredictable is-
sues.

2.3. Forbidden unpredictable partial offers among
team members

We define an unpredictable partial offer X' as
a partial offer that has a concrete instantiation
of all the unpredictable issues in UN. The utility
of an. unpredictable partial offer is calculated as
Ua(X') = 22 wa;Va;(zs).

jeUN

For a team member a € A, an unpredictable par-
tial offer X~ will never be part of an acceptable offer
(i.e., it will never be an unanimously acceptable of-
fer for the team) when the sum of the utility of X’
and the maximum utility that can be obtained from



predictable issues maz PR, = Y Wq,; is less than
jePR

its reservation value RU,, since any full offer that
completes X " is below the reservation utility. For a
team member a, we refer to the set of unpredictable
partial offers that will never be part of an accept-
able offer as forbidden unpredictable partial offers,
F, (see Equation 4).

F, = {X |Us(X) + mazPR, < RU,}  (4)

It is worth noting that F;, does not represent the
whole negotiation space that is unacceptable for a,
but just a portion of it. In fact, some unpredictable
partial offers that are not contained in F, can be-
come unacceptable when the agent does not get the
value needed from predictable issues. The size of F,,
may grow as the reservation utility increases. Thus,
agents with high reservation utilities are expected
to have larger sets of F, than agents with low reser-
vation utilities.

2.4. Case of Study

In this article we have employed a case of study
(i.e., a negotiation domain) that is extracted from
a possible tourism electronic market. The case of
study is used to illustrate and test the proposed
negotiation framework.

A group of travelers wants to go on a holiday
together and arrange their accommodation. The
group negotiates with a hotel on the following is-
sues.

e Price (p): It represents the price per night
that each traveler pays to the hotel for the
booking service. The value goes from 2008%,
which is the minimum rate applicable by the
hotel, to 400$, which is the maximum rate
found in the hotel. This negotiation issue is
considered to be predictable and compatible
among team members since all of the travel-
ers obviously prefer low prices to high prices.
Contrarily, the hotel prefers high prices to low
prices.

e Cancellation fee (c¢f): This issue represents
the amount of the final price that each friend
pays if the reservation is canceled. Possible
values for this negotiation issue go from 0% to
50%. This is a predictable and compatible is-
sue among team members since all of the trav-
elers prefer low cancellation fees to high can-
cellation fees. On the contrary, the opponent

prefers high cancellation fees to low cancella-
tion fees.

Arranged Foods Included (af): The hotel
may also offer some meals included in deal with
the travelers. The type of meal plans included
are none, breakfast, breakfast+Ilunch, break-
fast+dinner, lunch+dinner, and all. In our ne-
gotiation scenario, we have considered that this
negotiation issue is unpredictable among team
members since preferences of team members on
this issue may vary and it cannot be assumed
to be same for each member.

Type of room (t¢r): The four travelers can
be accommodated in different types of room
depending on their preferences. More specif-
ically, the hotel offers 4 individual rooms, 2
twin rooms, 1 triple and 1 individual room, or
1 apartment. The type of room is an unpre-
dictable negotiation issue among team mem-
bers.

Payment method (pm): The amount of
money paid by the travelers may be paid by
different methods. The hotel allows for the
payment to be made in cash, via credit card,
by bank transfer, in a 8 months deferred pay-
ment through the bank, and in a 6 months de-
ferred payment. This negotiation issue is un-
predictable since team members may prefer to
choose different payment methods and we can-
not predict their preference ordering directly.

Room orientation (r0): If possible, the team
members can decide upon an orientation for
the balcony of their rooms. The different op-
tions are inner garden, main street, pool, sea,
and outer garden. This issue is also considered
an unpredictable issue among team members.

Free amenity (fa): As a token of generos-
ity for booking as a group, the hotel offers one
free service to all of the team members. More
specifically, the team members can choose be-
tween gym service, free wi-fi, 1 free drink per
day, 1 free spa session, pool service, cable tv
service, and one free guided tour. Since the
preferences of team members vary for this is-
sue and no assumption about their preferences
can be made, this issue is also considered as
unpredictable.



To sum up, for this case study we have that
PR= {p,cf} and UN= {af,tr,pm,ro,fa} with a to-
tal of 4200 different combinations of discrete issue
values (af,tr,pm,ro,fa) and two real issues (p,cf).
We assume that the team mediator knows which is-
sues are predictable and can apply an operator that
determines the best value for team members from a
given set. For unpredictable issues, team members
can have different types of valuation functions and
the mediator does not know which issue values are
better for team members. Each team member may
assign different weights (i.e., priorities) to negotia-
tion issues and the opponent’s valuation functions
and issue weights may be different from those of
team members. The team mediator does not know
the weights given by agents to the different issues.

3. Intra-Team Protocol

In a negotiation involving a negotiation team,
the intra-team protocol defines how and when de-
cisions are taken regarding the negotiation. In this
framework, we propose an intra-team protocol that
is governed by the trusted team mediator medy,4.
Basically, the team mediator regulates the interac-
tions that can be carried out among team mem-
bers and, accordingly, helps team members reach-
ing unanimous acceptable decisions inside the team
during the negotiation. The proposed protocol is
clearly differentiated into two different phases: Pre-
negotiation and Negotiation. On the one hand, dur-
ing the pre-negotiation, the mediator helps team
members identifying potential offers that are not
unanimously acceptable for every teammate. On
the other hand, during the negotiation the mediator
coordinates the offer proposal mechanism, which is
composed of a voting process for unpredictable is-
sues and an iterated building process for predictable
issues, and the offer acceptance mechanism for of-
fers that come from the opponent. We describe
those phases in a detailed way in the following sec-
tions 3.1 and 3.2. An overview of all of the com-
munications carried out in the negotiation model
are depicted in Figure 2. It specifies the protocols
carried out within the team and the communica-
tions carried out with the opponent by means of
Agent UML (Bauer et al., 2001) sequence diagrams.
More detailed views of the intra-team protocols for
the pre-negotiation, evaluation opponent’s propos-
als and proposing offers can be observed in Figures
3, 4, and 5 respectively.

3.1. Pre-negotiation Phase

In the pre-negotiation phase, the mediator co-
ordinates the following intra-team protocol to dis-
cover the set of forbidden unpredictable partial of-
fers F4 for the team . The set of forbidden unpre-
dictable partial offers for the team, Fs, is defined
as Fa = {X'|3a € A, X’ € F,}. This means that
any unpredictable partial offer in F'4 is never part
of an acceptable offer for at least one team mem-
ber. Thus, these unpredictable partial offers should
be avoided for the team since the goal of the nego-
tiation model is reaching unanimously acceptable
agreements.

A formal description of the pre-negotiation pro-
tocol is presented in Figure 3. The picture describes
the protocol by means of Agent UML sequence di-
agrams. According to the proposed protocol, the
team mediator initiates the pre-negotiation phase
by asking each team member a to calculate its
own set of forbidden unpredictable partial offers F,
(message 1 in Figure 3). Each team member builds
its own (forbidden) set as requested, and it is com-
municated to the mediator privately (message 2 in
Figure 3). When the mediator receives the sets from
the team members, it aggregates them in order to
construct the set of forbidden unpredictable partial

offers for team A, Fy = |J F,. Then, the team
acA
mediator makes public the list of forbidden unpre-

dictable partial offers of the team F4 (message 3
in Figure 3). It should be stated that, since any
unpredictable partial offer in this set will prevent
one of the team members from reaching its reser-
vation utility, the team is not allowed to generate
an offer involving any of these partial offers in Fjy.
After the team mediator has shared F'4 with team
members, the negotiation phase starts.

The reader may realize that it is possible that
during this phase, most of the unpredictable par-
tial offers are pruned. In that case, it means that
there is little potential for cooperation among team
members. This issue can be observed by the team
mediator prior to starting any negotiation process.
In that case, the team mediator may suggest the
team not to negotiate and save the computational
resources used in the negotiation. If the team is
not static and can be dynamically formed, it may
suggest team members to disband the team and
look for other potential partners. However, this
team/coalition formation(Gaston and desJardins,
2005; Rahwan et al., 2009) is outside of the scope
of this work since we focus on studying the perfor-
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Figure 2: Overview of the communications carried out by the team mediator.
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Figure 3: Overview of the intra-team protocol carried out during the pre-negotiation

mance of the negotiation model. We consider the
use of the information provided with forbidden un-
predictable partial offers for negotiation team for-
mation as a future line of work. In general, combi-
nations of team members that prune a small portion
of the space should be more similar among them,
and it should be more easy to achieve cooperation.

3.2. Negotiation Phase

In the negotiation, two mechanisms are carried
out at each round: a mechanism for deciding to ac-
cept/reject the opponent’s offer (Evaluation of Op-
ponent’s Offer), and a mechanism for proposing an
offer to the opponent (Offer Proposal). For the for-
mer, a unanimity voting process is employed, while
for the latter an offer building process is governed
by the team mediator.

3.2.1. Fwvaluation of Opponent’s Offer

This mechanism is carried out each time the team
mediator receives an offer from the opponent. Since
the main goal of the proposed intra-team strategy
is achieving unanimously acceptable agreements for
the team, a unanimity voting is carried out to de-
cide whether or not the opponent’s offer is accept-
able for the team. With this mechanism, as long
as one of the team members is not satisfied with
the opponent’s offer, the offer is not accepted by
the team, precluding the team from reaching agree-
ments that are not unanimously acceptable. A for-
malization of the protocol followed in this mech-
anism can be observed in Figure 4. The picture
shows the formalization employing sequence dia-
grams from Agent UML. The intra-team protocol
used for this mechanism goes as follows. First, the
team mediator receives the offer X! from the op-
ponent at time ¢. If X* involves any forbidden un-
predictable partial offer in F'4, the opponent offer
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is automatically rejected. However, the opponent’s
offer is also informed to team members in order to
allow each team member to process the new infor-
mation leaked by the opponent if they see it nec-
essary (message 1 in Figure 4). Otherwise, if the
combination of unpredictable issue values is not in
F4, in order to see whether the offer is unanimously
acceptable for team members, the mediator makes
the opponent’s offer public among team members
and starts an anonymous voting process (message
2 in Figure 4). Each team member a € A states
to the mediator whether he is willing to accept X*
(positive vote) or to reject it (negative vote) at that
specific instant (messages 3.a or 3.b in Figure 4).
Since our aim is to guarantee unanimity, the offer
is only accepted if all of the team members emit a
positive vote (message 4.a in Figure 4). Otherwise,
the offer is rejected and a counter-offer is proposed
as explained in Section 3.2.2.

3.2.2. Offer Proposal

Proposing an offer to the opponent is a complex
task, since the space of offers may be huge and the
preferences of the team members should be reflected
in the offer sent to the opponent, and, in our case,
the offer sent should be unanimously acceptable for
team members. The process is divided into two
sub-phases: constructing an unpredictable partial
offer, and setting up predictable issues. In both
phases, the team mediator acts according to Algo-
rithm 3.1. We include another formal description of
the interactions between the mediator and a team
member during the offer proposal. This informa-
tion can be found in Figure 5, which depicts the
intra-team protocol specified in and Agent UML
sequence diagram.

e Constructing an unpredictable partial
offer: The first step is to propose an un-
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Figure 4: Overview of the intra-team protocol employed to evaluate opponent’s offers.

predictable partial offer, a partial offer which
has all of the unpredictable issues instantiated.
Since team members know from F4 the list of
unpredictable partial offers that will not re-
sult in unanimously acceptable offers under
any circumstance, any offer proposed by the
team should avoid being constructed from un-
predictable partial offers found in F4. The
method used to propose offers to the oppo-
nent relies on the fact that unpredictable is-
sues are those where intra-team conflict may
be present, whereas there is full potential for
cooperation in predictable and compatible is-
sues. Hence, in order to build an offer to be
sent to the opponent, it seems more appro-
priate to jointly set unpredictable issue val-
ues first and then, depending on the remaining
needs of team members, allow team members
to set compatible and predictable issues as they
require for reaching their demands. The pro-
posed mechanism for the first part, proposing
an unpredictable partial offer, is based on vot-
ing and social choice. The voting process goes
as follows.

1. The mediator asks each team member to
anonymously propose one unpredictable
partial offer X! (message 1 in Figure 5).

2. Each team member privately sends its
proposal to the mediator, who gathers
all of the proposals in a list that will be
later sent to team members. If any un-
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predictable partial offer proposed by a is
contained in F'4, the mediator automati-
cally ignores this proposal (message 2 in
Figure 5).

3. Once all of the proposals have been gath-
ered, the mediator makes public the list
of proposal UPO™ among team mem-
bers and opens a Borda scoring process
(Nurmi, 2010) on proposed candidates
(message 3 in Figure 5).

4. Fach team member anonymously scores
candidates and sends the scores to the
team mediator (message 4 in Figure 5).

5. The team mediator sums up scores and se-
lects the winner candidate with the high-
est score X;f, making it public among
team members (message 5 in Figure 5).
This candidate, an unpredictable partial
offer, will be the base for the full offer that
will be sent to the opponent.

e Setting up predictable and compatible
issue values: Once unpredictable issues have
been set, it is necessary to set predictable and
compatible issues to construct a complete offer.
As it has been stated along this article, there
is full potential for cooperation among team
members in these issues since increasing the
utility of one of the team members by select-
ing one issue value will result in the other team
members staying at the same utility or increas-



ing their utility. Obviously, the selected unpre-
dictable partial offer will not satisfy equally
the needs of all the team members. Never-
theless, team members can make use of pre-
dictable and compatible issues to satisfy their
remaining needs while not generating conflict
inside the team. To complete the partial offer
X;lt, an iterative mechanism that we proposed
in (Sanchez-Anguix et al., 2012a) is used to
build the final offer issue per issue. The mecha-
nism follows an order for predictable and com-
patible issues that is constructed by the me-
diator at each round according to the history
of the opponent’s concessions. The rationale
used to build this order is that the opponent
would concede less on those predictable issues
more important for him in the first negotia-
tion rounds, whereas it would concede more
on those predictable issues that are less impor-
tant. Thus, the order established by the team
mediator attempts to order predictable and
compatible issues in ascending order of impor-
tance for the opponent. The general idea be-
hind this ordering is attempting to satisfy team
members’ demands with those predictable is-
sues less important for the opponent first. The
order is updated as new information becomes
available from the offers sent by the opponent.
Based on this order, the iterative mechanism
goes as follows.

6. The mediator selects the first predictable
issue j and asks team members, given the
current partial offer X;‘t, the necessary
value z; for j to get as close as possible
to their current demands (message 6 in
Figure 5).

7. Accordingly, each team member a informs
the mediator privately about the most
convenient value z,_; for that issue (mes-
sage 7 in Figure 5). To decide the final
value z; for the issue j, the trusted media-
tor aggregates agents’ opinions (since the
issue is predictable) by means of a func-
tion that, for team members, returns the
most preferred issue value from a given
set (best(.)). After deciding the value z;,
XX is updated with z;.

8. The mediator asks the team whether or
not the new partial offer is already satis-
factory at round ¢ (message 8 in Figure

12

5).

9. Each team member emits an affirmative
response if the current partial offer cov-
ers its current demands and a negative
response if it still has not covered its de-
mands (message 9.a or 9.b in Figure 5).
Those agents that agree with the current
state of X X leave the iterative mechanism
for this offer since they already are satis-
fied with the current partial offer. The
process steps back to the selection of the
next issue.

10. The process continues until all of the pre-
dictable issues have been set or until all
of the team members have left the it-
erative mechanism. In the latter case,
the remaining issues are set attempting
to maximize the opponent’s preferences.
Once the offer is complete, it is announced
among team members and sent to the op-

ponent (message 10.b in Figure 5).

Algorithm 3.1. Pseudo-algorithm for the offer
construction from the point of view of the medi-
ator. Send (message — condition ) means that
message is sent to every agent that fulfills condi-
tion

1:

. /*Proposing an unpredictable offer*/
: Send (REQUEST X! —s Va € A)

: Receive (INFORM X} +— Ya € A)

S UPO' = (U X\t) — Fa

[T U S

19:
20:

a€cA

: Send (REQUEST Borda on UPO' —s Va €

A)

: Receive (INFORM score, <— Va € A)
: Xt = argmaz Y score(a, X')

X'eUPO'tacA

: Send (INFORM X} +— Va € A)
10:
11:
12:
13:
14:
15:
16:
17:
18:

order = build_predictable_order(); A’ = A
/*Setting predictable issues*/
for all j € order do
Send (REQUEST value for j — Vala € A’)
Receive (INFORM z,; «— Vala € A’)
x; = best({zq jla € A'})
X{ = X} Uln,) |
Send (REQUEST Satisfied with X ¢ —
Vae A')
for allae A’ do
Receive (INFORM ac, (X)) «— a)



21: if ac,(X'}) = true then
22: A=A —{a}

23: end if

24:  end for

25:  if A’ =0 then

26: break;

27:  end if

28: end for

29: for all j € order A issue_not_set(j) do
30:  x; = maximize_for_opponent(j)

st X = XU )

32: end for

33 Xt = X}

4. Team Members’ Strategies

The team mediator defines the coordination
mechanisms inside the team. However, each team
member’s internal strategy has a great effect on
team dynamics. In this article, we propose two
types of strategy for team members. According
to the first strategy (i.e., our basic team member),
the team member only proposes unpredictable par-
tial offers based on its own utility. In the second
strategy, team members model the preferences of
the team and the opponent on unpredictable par-
tial offers. Then, in the mechanism employed to
set unpredictable partial offers, each team member
selects the candidate that guarantees that it can
reach its current aspirations at time t, and max-
imizes the probability of being acceptable for the
opponent and the team. The learning mechanism
employed by these team members is Bayesian learn-
ing (i.e., Bayesian team member).

4.1. Basic Strategy for Team Members

Since negotiations are time-bounded in our
framework, we consider that team members have
to perform some kind of concession if an agreement
is to be found. For this purpose we have designed
basic team members as agents whose demands are
controlled by an individual and private concession
strategy. More specifically, the concession strategy
for a team member a € A is based on time-based
tactics s,(t) (Faratin et al., 1998; Lai et al., 2008).
It estimates the utility demanded by a at time ¢
by using the formula in Equation 5, where RU, is
its reservation utility, 7" is the negotiation deadline,
and S, is the concession speed, which determines
how fast the agent’s demands are lowered towards
RU,.
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sq(t) =1— (1 — RU,) x (%)%

(5)

Based on this concession tactic, each team mem-
ber participates in the intra-team protocol with
their demands regulated by his private concession
tactic. Next, we define how team members take
their decisions: evaluating the opponent’s offer, and
proposing an offer for the opponent.

4.1.1. Evaluation of Opponent’s Offer

Given an offer X* proposed by the opponent at
instant ¢, the team member emits a positive vote in
the unanimity voting process if it reports a utility
greater than or equal to its current demands s,(¢).
Otherwise, a negative vote is emitted.

if 5,(t) < U,(X?)
otherwise

true

false (6)

oealx) = {

4.1.2. Offer Proposal

As documented in Section 3.2, team members
interact at three points during the offer proposal.
First, they propose an unpredictable partial offer
to the team mediator. Since each team member a
has its demands regulated by a time-based tactic,
when proposing an unpredictable partial offer to the

mediator at instant ¢, the proposed unpredictable
partial offer X! fulfills:

Xt ¢ Fa A (Ua(X.0) +mazPR, > s,(1)  (7)

Hence, agent a selects an unpredictable partial
offer which is not forbidden inside the team (since
it will be ignored by the team mediator) and whose
utility allows him to achieve or surpass its current
demands at time t. 