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ABSTRACT. Any interaction involving individuals, whose objectives are conflicting with each other,
may establish a negotiation process. In a negotiation, each party should develop his/her own strategy and,
normally, a win-lose vision is frequently adopted. The main consequence of this behavior is a result, in
which both parties lose, especially when the negotiation involves more than one aspect, such as negotiations resulting from purchases of material for construction industry, where aspects like price, quality and
lead-time should be considered. Most of the negotiation involving construction industry adopts a win-lose
vision; and, commonly, only the issue price is considered. The goal of this paper is to propose a framework
to support negotiations between two parties (buyer and seller) in the supply chain of construction industry.
The combination of a win-win strategy with a multicriteria analysis produces a best compromise solution
for both parties. A simulation of negotiation using realistic data is presented.
Keywords: negotiation support system, multicriteria analysis, construction industry.

1

INTRODUCTION

A negotiation between buyers and suppliers arises from the existence of conflicting objectives
among the parties in a purchase. For example, as far as objective price is concerned, suppliers
always want the highest profit while buyers wants to pay as little as possible for a product or
service that is being negotiated.
In the negotiation process, each party (buyer or seller) develops his own strategy in order to
achieve his objective; also, usually a win-lose behavior is adopted. A possible consequence of
this behavior is that, in some situations, both parties lose, especially when the negotiation process
involves other issues beyond the price. For example, from the point of view of the buyer, he can
achieve the lowest price in the purchase, however the acquired product or service has a very low
quality; in this case, the seller also loses since a product/service with a very low quality can affect
the trust between the parties.
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Therefore in order to improve the quality of a negotiation, a win-win behavior should be adopted
instead of win-lose behavior. Consequently, the parties should accept trade-offs between different
issues involved in a purchase. These trade-offs can be assessed through a structured negotiation
process. Several methods were developed in order to support negotiation process: Lim & Benbasat (1993), Holsapple et al. (1998), Sandholm et al. (1999), Sandholm (2000), Lomuscio et
al. (2003), Klein et al. (2003), Luo et al. (2003), Lai et al. (2004), Lai et al. (2006), Guo & Lim
(2007), López-Carmona et al. (2009) and Zhang et al. (2011).
Some authors point out that the supplier selection is a decision-making problem with multiple
issues (Weber et al. 1991; Holt, 1998; Degraeve et al., 2000; De Boer et al., 2001; Ha & Krishnan, 2008; Wu et al., 2010; Ho et al., 2010). Dickson (1966) created a set with 23 issues, which
he thinks should be considered in a supplier selection.
In this sense, a multi-criteria analysis can be an important tool to support decisions related to
suppliers’ selection, in which multiple criteria are being considered (Schramm & Morais, 2012).
This kind of analysis supports decision-makers in organizing and synthesizing such information
in a way which leads them to feel comfortable and confident about making a decision, guaranteeing that all criteria involved in the decision process will be properly taken into account (Belton
& Stewart, 2002).
Some suppliers selection models discussed in the specialized literature adopt a multicriteria
approach in their evaluation processes (Weber et al. 1991; Holt, 1998; Degraeve et al., 2000;
De Boer et al., 2001; Ha & Krishnan, 2008; Wu et al., 2010; Ho et al., 2010). However, these
models are based on a singleton values for assessing the performance of the suppliers in the issues considered. This kind of evaluation is very restrictive for performing bargain between the
parties in order to achieve better results for both in purchasing process. The use of an evaluation
process based on interval values for the offers can increase the region of negotiation between the
parties and, consequently, improve the final results for both buyer and supplier.
As far as construction industry is concerned, the supplier selections processes do not adopt a
multicriteria approach – only the issue related to price of materials is considered. As a consequence, other important issues in a purchase negotiation process are neglected. This behavior
was diagnosed in a survey conducted by Verma & Pullman (1998), whose results indicated that,
although managers of different supply chains said that the aspect quality is the most important objective to be considered in supplier evaluating, they select the suppliers according to the
lowest price offered by them and their delivery performance. This limitation of the negotiation
process undermines the achievement of other goals and, paradoxically, affects the profitability of
the business.
The gaps identified in the supplier selection processes discussed in the specialized literature,
particularly the models that are intended to the construction industry, motivated the development of a protocol for suppliers’ selection in construction industry, which combines multicriteria
analysis and negotiation techniques. The core of this protocol is a framework to support bilateral
and multi-issue negotiations between construction companies (buyers) and suppliers (sellers).
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The remainder of this paper is organized as follows. After the background for negotiation in
Section 2, we present the general protocol for suppliers’ selection in Section 3. The proposed
negotiation framework and its example are presented in Sections 4 and 5, respectively. Finally,
in Section 6, the conclusions are drawn.
2

BACKGROUND FOR NEGOTIATIONS

According to Wang & Zionts (2008), negotiation is a way for parties to reach an agreement in
a dispute or in a joint decision-making. A negotiation is appropriated in situations in which the
involved parties have different interests and values (Raiffa, 1982).
In human negotiations, the negotiators’ bargaining determines the price or other issues. However,
a negotiation related to multiple issues becomes more complex than one involving only one
(Lai et al., 2006).
In this sense, it is possible to develop a classification for the negotiation problems according
to the number of parties and issues involved. The typologies have own characteristics and they
require the development of a specific theoretical framework which should aim to build a contention agreement. A negotiation among two parties or more can be classified as distributive or
integrative (Raiffa, 1982).
2.1

Distributive negotiation

In distributive negotiations, only one issue is considered and the parties have almost strictly
opposing interests on that issue. Whether a party gets more, less another party gain and they
want as much as they can get with some exceptions. Of course, if a party is too greedy or if its
opponent is too greedy, or if both are too greedy, they both will fail in the process to reach an
agreement that would mean profits or incomes for both (Raiffa, 1982).
Wang & Zionts (2008) simulated distributive negotiation in order to verify the agreement effectiveness involving one single issue (such as price). Integrative negotiations involve more than
one issue; this kind of negotiation is more complex than negotiations involving only one (Lai et
al., 2006). The following section presents some aspects of integrative negotiation.
2.2

Integrative negotiation

According to Zhang et al. (2011), in integrative negotiation, involving multiple issues, a decision of a party depends on her/his preference on all issues considered. A traditional way to make
tractable integrative negotiation involves primarily characterizing the preferences with a utility
function. In this sense, negotiators make decisions based on their respective utility functions
for different aspects (issues). However, Lai et al. (2004, 2006) emphasize that it is not trivial
to define each utility function for all issues related to the negotiation, especially when there are
conflict in the preferences of multiple issues, i.e., how much an individual is willing to lose in
one issue to win in another or vice versa. This will depend on the multi-issue utility function
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that an individual will get when all issues are being considered simultaneously in the negotiation
process. Nevertheless, the preference elicitation process as recommended in the Multi-Attribute
Utility Theory (MAUT) (Keeney & Raiffa, 1976) requires much time and, in some cases, it is
considered intractable.
Lai et al. (2004) argue that multi-issue negotiation is a useful mechanism due to its advantage to
generate win-win solutions for both parties. A win-win result can be obtained through trade-offs
among the possible gains that can be obtained in the different involved issues. In the searching
for win-win solutions, Lai et al. (2004) argue that rational negotiators should not “leave extra
money on the table”. Another characteristics of integrative negotiations is that the parties are not
strict competitors and it is no longer true that if one party gets more, the other party necessarily
has to get less – both can be winners in this process. They can cooperate in order to increase the
size of the pie that they eventually will have to divide (Raiffa, 1982).
As a consequence of the above characteristics, the concept of Pareto-optimal solution emerges:
Pareto-optimal solution is a solution that cannot be improved further without sacrificing someone’s utility, i.e., if there is another solution from which a party may get more than from this
Pareto-optimal solution, then the other party must get less by that another solution.
Klein et al. (2003) proposed a mediation framework for negotiations involving complex contracts, where there are multiple parties negotiating about many aspects. According to Zhang et
al. (2011), the proposed framework is a good example of an approach to solve the problem of
interdependence between issues.
Lai et al. (2006) developed a Pareto-efficient model for negotiation problems with multi-issue
with the following characteristics: parties are self-interested, information is incomplete, and
the utility functions are nonlinear and not explicitly known. Their model includes an unbiased
mediator, who applies a query learning to keep the agreements nearest from the set of Paretoefficient solutions, named Pareto-Efficient Frontier (PEF), without heavy computing. Lin & Chou
(2004) also proposed a mediation protocol that can be applied in a bilateral and multiple issues
negotiation with the uncertainty for both parties, who are no self-interested.
According to Lai et al. (2004), before starting a multi-issue negotiation, the parties must decide
about two aspects: (a) procedure and (b) implementation. These two decisions is the base for a
framework for multi-issue negotiations (Fig. 1).
In relation to the procedure, the parties can choose one of the following options: separate negotiation, simultaneous negotiation and sequential negotiation. In the separate negotiation, the
parties negotiate each issue separately (independently and simultaneously); the sequence of the
issues is irrelevant. In the simultaneous negotiation, both parties negotiate a complete package
related to all issues, simultaneously. In the sequential negotiation, both parties negotiate issue
by issue sequentially, i.e., this is the issue-by-issue negotiation where the negotiators must also
decide the order in which they will negotiate each issue; a negotiation agenda is necessary.
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Figure 1 – Framework for the types of multi-issue negotiations (Source: Lai et al., 2004).

The agreement implementation can be sequential or simultaneous. In the sequential case, when
an agreement in one of the issues is reached, then it is implemented; while, in the simultaneous
case, the agreements are implemented jointly, after reaching a joint agreement about all issue.
Lai et al. (2004) performed a literature review in the multi-issue negotiation field and they defined that there are three types of research related to Game Theory and Artificial Intelligence
(AI): (i) issue by issue negotiation, (ii) multi-issue cooperative negotiating, and (iii) multi-issue
negotiation with heuristics methods. In the first type, an agreement is built through a multi-issue
negotiation strategy, which examines each aspect individually and interactively; in addition, the
frameworks consider parties as non-cooperative and they are built for environments with incomplete and asymmetric information, where an agenda containing the order in which issues will be
treated is proposed. In the second type is used a multi-issue concession strategy based on additive aggregation model and the PEF (Nash, 1950; Keeney & Raiffa, 1976; Raiffa, 1982), whose
parties are considered cooperative and they have complete and symmetrical information about
their environments. In the last type, an agreement is reached through a hybrid negotiation strategy, which uses the first two types of theoretical framework with the focus in automated models
based on autonomous agents for multi-issue negotiation and in negotiation strategies tractable.
The last type is related to AI. An autonomous agent is a computer system located in a particular type of environment, which is capable of autonomous action in order to achieve their projected goals. The agent-based technology has emerged as a new paradigm for conceptualizing,
designing and implementing software systems (Jiao et al., 2006).
2.3

Negotiation Support Systems (NSS)

Guo & Lim (2007) point out that NSS are a special support systems class developed to seek
consensus and to solve conflicts in negotiation problems. They are designed to assist parties in
reaching mutually satisfactory decisions through supporting information analysis and communication protocols. The works in this field are focused in the theoretical framework for design and
implementation of NSS (Holsapple et al., 1998; Lim & Benbasat, 1993; López-Carmona et al.,
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2009), as well as in the negotiation problems related to modeling and representation (Sandholm
et al., 1999; Sandholm, 2000; Lomuscio et al., 2003; Klein et al., 2003; Luo et al., 2003; Lai et
al., 2004, 2006; Guo & Lim, 2007; Zhang et al. 2011; etc.).
NSS are designed to aid negotiators during the different negotiation process stages and they are
used to (Braun et al., 2006): (i) structure and analyze a particular negotiation problem; (ii) elicit
preferences and use them to construct a utility function; (iii) determine feasible and efficient
alternatives; (iv) define a set of tactics for negotiation; (v) visualize different aspects of the
problem and the process; and (vi) facilitate communication.
There are fifteen postulates for a NSS design activity, which are distributed among the definitions
of the eight basic parameters for the negotiation process. These parameters are in Holsapple et al.
(1998) theoretical framework and will be described on Section 4.1. Guo & Lim (2007) declared
that any negotiation could not be understood without the definition of these eight parameters.
3

GENERAL PROTOCOL FOR SUPPLIERS SELECTION

The general protocol to achieve a deal defines the procedures that are necessary to execute the
phases of the process for suppliers’ selection: (i) invitation; (ii) bidding; and (iii) designation.
The protocol will be used as basis for the establishment of the initial proposal of the negotiation
process to be conducted between the construction company and its suppliers.
The invitation phase is divided into five steps: (a) definition of aspects; (b) formulation of
invitation-letters; (c) sending invitation-letters to suppliers; (d) production of offers by suppliers;
and (e) submission of offers by suppliers. In the first step, the manager responsible for purchase
will define the issues, which must be considered during the suppliers selection of building materials; for example, lead time, price and quality. In the second step, he/she will formulate the
invitation-letters and, in the third step, he/she will send these letters to the potential suppliers
who comply with company requirements, inviting them to submit their offers. In the fourth step,
the invited suppliers will evaluate the issues, which are being considered by the company; then,
they will prepare their offers to be sent to the company. In the last step, the invited suppliers
will submit their offers to the construction company. The Figure 2 shows the flowchart for the
invitation phase.
The bidding phase is divided into three steps: (a) evaluation of proposals; (b) negotiation with
suppliers; and (c) signing a contract. In the first step, the construction company will create an
evaluation matrix according to the framework presented in Section 4. Then, during the second
step, the company will conduct the negotiation process itself based on the framework. Finally,
during the third step, an agreement over each issue negotiated is achieved and a contract between
the company and the supplier, who had better performance, is signed. The Figure 3 shows the
flowchart for the bidding phase, emphasizing the negotiation step, since it is the main goal of
this paper.
During the designation phase, a list with building material and its respective suppliers will be
created. Moreover, it will be created a schedule for delivery, which will be based on the production schedule of the construction company. The Figure 4 shows the flowchart for the designation phase.
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Figure 2 – Flowchart for the invitation phase.

Figure 3 – Flowchart for the bidding phase.

4

PROPOSED FRAMEWORK

In this section, we describe a bilateral and multi-issue NSS proposed framework based on mediation, which may be used in the negotiation step showed in the bidding phase of the general
protocol for supplier selection by construction companies (buyers) and their suppliers (sellers).
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Figure 4 – Flowchart for the designation phase.

Chen & Huang (2007) have already proposed a model for selection of suppliers, which combines
multicriteria analysis and negotiation approaches. The core idea of that model is a selection process, supported by a multicriteria method, followed by a negotiation with the selected candidate
only. Here, we intend to create a mechanism to support negotiation with all suppliers, who submitted proposals according to a protocol, and the selection process can be performed based on
the suppliers’ performance during the negotiation.
According to the Figure 1, the type of negotiation procedure adopted in this proposed framework
is simultaneous and the type of agreement implementation is also simultaneous.
Negotiations that took place at the bidding phase has the following features and rules: two parties bargaining – construction company and suppliers; parties are monolithic; negotiation can
be repetitive, however, there is not linkage effects (for example, if a supplier is able to sell two
materials for the construction company, the effects of one negotiation will not affect other negotiations); there are more than one issue to be negotiated; an agreement is necessary, i.e., the
construction company will reach an agreement with one supplier of each material; ratifications
are not needed; threats are not possible; there are restrictions of time and costs related to time,
even assuming that the negotiation will take place in advance before the start of construction; a
contract is mandatory; the negotiations are private, i.e., the parties will not disclose negotiations
details with the population which will be affected by the negotiation process; both parties are
considered fully cooperative partners; there is a mediator in the negotiation process.
Based on those features and rules of negotiation, the framework to support the negotiation process
will be developed below. It will take into account the issues defined in the invitation phase and
the offers submitted by suppliers in that phase. The flowchart with the proposed NSS procedures
is shown in Figure 5.
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Figure 5 – Flowchart of NSS proposed.

4.1

Problem structuring phase

The NSS is structured according to the Holsapple et al. (1998) theoretical framework:
N = (I, E, ACC E PT, L OC, S, M, R, A) ,
where, I represents the issues and their respective spaces, E denotes the set of the entities involved, ACCEPT indicates the agreement region of parties in the issues space and LOC represents the parties location in the negotiation process, i.e., where the parties’ offers performance
are located in the issues space at instant time t . S and M are the strategies and the movements of
entities, respectively. R indicates the negotiation rules, which have been defined in the beginning
of the proposed framework, and A denotes assistance and support by intervenors. In this work,
the mediator is the type of intervenor used to support the parties in the negotiation.
The mediator is an impartial observer who tries to support negotiators in their investigations
to find an agreement. He/she supports the negotiation process, but he/she does not have any
authority to dictate a solution. Several negotiation frameworks based on this mediation concept
are proposed in the literature. According to Zhang et al. (2011), the first framework was proposed
by Fisher (1978), which was improved by Ehtamo & Hämäläinen (2001). Lin & Chou (2004)
also proposed a mediation framework based on the approach suggested by Fisher (1978). All
methods described by these authors are based on cooperative negotiators who cannot be regarded
as self-interested in negotiation process.

Pesquisa Operacional, Vol. 33(3), 2013

i

i
i

i

i

i
“main” — 2013/12/3 — 23:33 — page 500 — #10

i

500

i

A BILATERAL AND MULTI-ISSUE NEGOTIATION FRAMEWORK

In integrative negotiations, parties are often faced with hard decisions, which cannot be made
through a rational strategy. A barrier may arise, if both negotiators refuse to make concessions,
simultaneously. Because of the fear in losing the offer advantages for the opponent, seller and
buyer are not willing to be the first to give an offer. Mediation is required in those situations
(Zhang et al., 2011).
To establish the variables I and E, the mediator will carry out the development of a decision matrix associating the set of alternatives (suppliers) with the criteria (issues), where rows represent
suppliers and columns denote issues. The matrix size is m × n, where m is the number of suppliers and n is the number of issues. Let Ai j = (ai1 , ai2 , . . . , ain ) as the supplier i th , where ai j
is the one-dimensional performance of supplier i in the issue j ( j = 1, 2, . . . , n). The invitation
phase will be used as input in this procedure.
Then, to establish the variable ACCEPT, the mediator together with the parties will define the
best and worst agreements which are related to the best and worst expected performances in
the offers, according to construction company and supplier point-of-view. The variable LOC at
instant time t = 0 will be related to the offers made in the invitation phase and at instant t = 1
will be related to Pareto-efficient solution.
4.2

Definition of strategies and movements for the negotiation

In a negotiation, the strategies and movements are developed in order to maximize the parties’
gains. Each party may develop specific movements and strategies, which will be used with the
utility or value functions definition for different issues. The strategies and movements are represented by the S and M parameters of the Holsapple et al. (1998) NSS theoretical framework.
During this procedure implementation, parties may consider the following questions (Holsapple
et al., 1998): Should I change my acceptance region? Should I attack all dimensions of an issue
as a whole package or settle them one by one? If handled one by one, what should the sequence
be? Should I solve the easy one first or the difficult one first? On which dimensions should I
remain firm and on which should I be more flexible? Could I use some linkage strategy among
the dimensions of an issue? What kind of pace should I have in making concessions? How
open should I be? Should my initial location be reasonable or should it be extreme, allowing me
greater latitude for adjustments? For the authors, the answers will shape party’s strategy and this
strategy plays a crucial role, making movements in the issue solution space.
According to Holsapple et al. (1998), for each party ei (where, i = 1, 2, . . . , I ) there should
be a strategic function (S) as the following:
Sit +1 = i (I, LOC t , ei , R, A, t ) ,

(1)

where, Sit +1 is the set of candidate strategies for party ei which will be selected for pursuing a
new location at time t + 1; i is entity ei ’s strategy function; LOC t is the set of all entities’
locations at time t (i.e., the current state of negotiation process).
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There are many negotiation strategies available in the literature (Zhang et al., 2011; Louta et
al., 2008; Lai et al., 2006; etc.). In this paper, we adopt a concession strategy to determine
the value levels desired by negotiators, it is based on Scoring Additive System (SAS) and on
a simulation of the whole packages of offerings, named Complete Packages Dance (CPD).
In order to find multi-issue Pareto-efficient outcomes we will also use a search strategy in PEF.
The combined use of those strategies achieves maximum win-win outcomes for both parties.
In addition, the proposed framework in this paper is focused in a bilateral and multi-issue
negotiation, whose negotiators are considered cooperative and the information is symmetric.
As they are fully cooperative negotiators, thus, there is only a single strategy for both parties.
In integrative negotiations, when is adopted a SAS the reserve prices of parties become the best
compromise values reached for both, based on the CPD and the PEF.
4.3

Definition of Scoring Additive System

Raiffa (1982) define a SAS as a scoring system, in which seller and buyer assign values to
different levels within each issue. This valuation will be performed through a tradeoff analysis
between different issues. One way to valuate issue is assigning a physical performance (money,
for example) to each of issues, but this alternative is not always convenient and interesting.
In many situations, it is appropriate to develop a scoring system based on abstract linear value
functions for seller and buyer, for example. If there are more than two issues and if the tradeoffs
between levels within any two issues are preferentially independent in other issues, then, a SAS is
appropriate for the negotiation problem. Moreover, it is important to notice that some negotiators
begin the negotiation offering a fully package of offers, of course favorable to his/her side, and
the opponent responds with another package of counter-offer. Then, it can be seen that the CPD
corresponds to a set of all possible offers combinations, which both parties can offer during
the negotiation. In our framework, the initial proposal will be formulated as established in the
general protocol selection.
In the SAS proposed we suppose that (based on Raiffa, 1982): i(i = 1, 2) denotes a negotiator;
j ( j = 1, 2, . . . , J ) denotes an issue; x j is a general performance of j th issue with domain
[a j , b j ] for j ( j = 1, 2, . . . , J ); Vi j (x j ) is the value related to negotiator i on j issue at x j ; wi j

is the importance weight assigned by negotiator i on j issue, where Jj=1 wi j = 1 (for i = 1, 2);
the total value for contract x = (x 1 , . . . , x j ) is given by equation:
Vi (x) =

J


wi j Vi j (x j )

(2)

j =1

Moreover, if weight V1 is 1 and V2 is λ (which can be varied to get different points on the efficient
frontier) it is possible to see that
V1 (x) + λV2(x) =

J



w1 j V1 j (x j ) + λw2 j V2 j (x j ) .
j =1
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Hence, if it is needed to choose x to maximize V1(x) + λV2 (x), then it is possible to choose x j in
(λ)
[a j , b j ] to maximize w1 j V1 j (x j )+λw2 j V2 j (x j ), for j = 1, . . . , J . Let x j be an optimum point


(λ)
(λ)
(λ)
for that λ and let x (λ) = (x 1 , . . . , x j , . . . , x J ). The joint evaluation V1 (x (λ) , V2(x (λ) will
be a point on efficient frontier whose supporting tangent line is the locus of points for which V1 +
λV2 = V1(x (λ) ) + λV2(x (λ) ). The analysis can be easily generalized to situations involving more
I
than two negotiators, assuming i = 1, 2, . . . , I and in lieu of V1(x)+λV2 (x) using i=1
λi Vi (x)
for a set of (λ1 , . . . , λ I ) weights. In this case, x (λ)
is
a
maximizer
of:
j


λi wi j Vi (x j ), and all goes through as before .

(3)

i

Since the formalization of the SAS the mediator should clarify four factors: the type of value
function to be adopted in every aspect; the negotiators preference on the offers package in the
PEF; the method in which negotiators will establish the relative importance of issues; and how
the weights values will be assigned to each issue.
In this sense, the proposed framework also contributes with NSS design and implementation processes through a literature research about theoretical approaches which can develop knowledge
about those four factor implicitly addressed by Raiffa (1982). Those four factors are discussed
below in order that they are listed above.
4.4

Elicitation of value functions

The mediator should elicit the value functions for each one-dimensional issue of negotiation. If
uncertainty is considered, then this function should be elicited as established in one-dimensional
utility theory and MAUT (Vincke, 1992; Keeney & Raiffa, 1976).
The proposed framework does not consider uncertainty and it assumes a linear value function for
each one-dimensional issue. The types of linear value functions are based on the Simple MultiAttribute Rating Technique (SMART) family of multi-criteria decision-aid methods, which are
proposed by Edwards (1977) and Edwards & Barron (1994).
This family uses the strategy of heroic approximation in order to justify the linear approximation of a one-dimensional value and the use of an additive aggregation model; the method also
requires an additive independence between one-dimensional values of all criteria.
One of the advantages of the SMART family methods over other unique synthesis criterion methods, such as MAUT, is related to the fact that the decision makers find it easy to understand the
concepts and parameters inherent in the method, which makes the preference modeling simpler
and, consequently, increases the effectiveness of applying the methods. All these aspects make
SMART based methods very appropriate to be applied on this proposed negotiation framework.
Therefore, besides to provide some standard shapes to the value functions, this family of methods
also assists in the development of a procedure to determine the order of importance of the issues
and their respective weights. Compensatory multi-criteria methods, such as SMART methods,
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have constant of scale, wi j , that represents trade-offs among criteria; however, in the literature
about SMART methods, the term weight is used instead of constant of scale.
4.5

Definition of preferences and Pareto-Efficient Frontier

PEF is a region in which there are possible maximum joint gains (Raiffa, 1982). In order to
determine the efficient-frontier, it is necessary to collected information from both parties; thus,
the parties must work in collaboration with each other. In our framework, the mediator will
perform an individual analysis with the negotiator in order to identify the individual preferences
for the packages through the assumptions presented in Nash (1950). Through this analysis, the
mediator will perform the procedure to consolidate the CPD.
Negotiators, considered rational, can achieve an agreement about a PEF through Nash’s axioms (Nash, 1950). These axioms were integrated to the Utility Theory (Keeney & Raiffa, 1976;
Raiffa, 1982) in order to allow that the preference of each individual, about the maximization of
his/her gains in a negotiation, can be expresses by a mathematical model and, consequently, to
achieve an agreement, which provides maximum joint gains.
In these axioms, the parties, involved in a negotiation, are considered completely rational. In
this sense, they can compare, with precision, their preferences in relation to several aspects; they
have the same skill to negotiate; and they have total information about the preference of his/her
respective partner in negotiation process.
Based on these premises, it was formulated a general model to supports a negotiation, which
attempts to these axioms. Suppose A and B are elements that compose a set S of offers involved
in a negotiation; suppose also that each party has his/her own preference for each offer. Let p be
the preference of a negotiator in relation to an offer A, where 0 ≤ p ≤ 1, the preference of the
same negotiator in relation to the offer B is given by (1 − p). With the following assumptions, it
is possible to apply the Utility Theory for a single individual:
1. A negotiator suggests two possible offers and he/she can decide which is preferable or if
they are equally desirable.
2. The ordering produced in the first assumption is transitive; if A is better than B and B is
better than C then A is better than C.
3. Any probability combination of equally desirable states is just as desirable as either.
4. If A, B, and C are as in assumption 2, then there is a probability combination of A and C
which is just as desirable as C. This amount is related to an assumption of continuity.
5. If 0 ≤ p ≤ 1 and A and B are equally desirable, then p A + (1 − p)C and p B + (1 − p)C
are equally desirable. Also, if A and B are equally desirable, A may be substituted for B
in any desirability ordering relationship satisfied by B.
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The resulting utility function of the Nash (1950) axioms is not unique, i.e., if u is such function,
then it is also a linear equation given by au + b, where a > 0. Moreover, such utility function
must satisfy the following assumptions: (a) u(A) > u(B) is equivalent to A is more desirable
than B, etc.; (b) if 0 ≤ p ≤ 1, thus, u[ p A + (1 − p)B] = pu(A) + (1 − p)u(B).
Until this moment we have addressed the axioms for each single negotiator; however, as in a negotiation will be involved at least two negotiators we must enlarge the assumptions for these
situations. In general, Nash (1950) defines the joint probability of any two negotiators as a
combination of their individual probabilities. Thus, if [x 1, x 2] is the joint probability of two
parties for A offer, if [y1, y2] is the joint probability to B offer and if 0 ≤ p ≤ 1, thus
p[x 1 , x 2] + (1 − p)[y1 , y2] will be defined as [ px 1 + (1 − p)y1 , px 2 + (1 − p)y2]. Give that
u 1 and u 2 are the utility functions for two negotiators and given that c(S) represents the solution
point (or the agreement point between the parties) in a set S which is convex and compact and it
includes the origin, so we assume that:
6. If α is a point in S such that there exists another point β in S with the property u 1 (β) >
u 1 (α) and u 2 (β) > u 2(α), thus a = c(S). This assumption shows the idea of each negotiator wants maximize his/her own utility in final agreement of bargaining process.
7. If the set T includes the set S and c(T ) is in S, thus c(T ) = c(S). It is said that a set S is
symmetric if there are utility operators u 1 and u 2 such that when (a, b) is contained in S,
(b, a) is also contained in S, such that the graph becomes symmetrical with respect to the
line u 1 = u 2 . This assumption shows the following idea: If two rational individuals would
agree that c(T ) would be a fair bargain and if T were the set of possible bargains, then
they should be willing to make an agreement, lesser restrictiveness. It is not to attempt to
arrive at any bargains represented by points outside of the set S, if S contained the point
c(T ). If S were contained in T this would reduce their situation to one with S as the set of
possibilities. Hence, c(S) should equal c(T ) .
8. If S is symmetric and u 1 and u 2 show this, thus c(S) is a point in the form (a, a), i.e., a
point on the line u 1 = u 2 . This assumption shows the equality of bargaining skill related
to negotiators in bargaining process.
These assumptions define that the Pareto-efficient solution is a point in the set S, which is located in the first quadrant of the corresponding graph, where the two negotiators utilities will be
maximized. This point exists because of the compact size of this set. In addition, the convexity
property of this set makes this point of agreement unique.
4.6

Definition of the order of importance for the issues

The order of relative importance for the issues will be established through step 7 of the SMARTS
(Simple Multi-Attribute Rating Technique, Swing Weights) method proposed by Edwards (1977)
and Edwards & Barron (1994) and it should be done for both company and suppliers. As far as
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SMARTS method is concerned, the seventh step in this method yields the rank order of the
issues, i.e. the mediator will ask negotiators the questions proposed in the method, whose goal
will be build a rank order of the issues.
4.7

Elicitation of weights for each issue

The SMARTER (Simple Multi-Attribute Rating Technique, Exploiting Ranks) method will be
used in this procedure. It is divided into nine steps, which includes the first six steps of SMART
method, the seventh step of SMARTS method, which is the swing weights, correcting the intellectual error of SMART when defining a ranking of criteria according to their relative importance
(Edwards & Barron, 1994); the eighth step of SMARTER which establishes the weight value of a
criterion according to its respective ranking based on the Rank Order Centroid (ROC) approach;
and finally the nineth step is to decide (Edwards & Barron, 1994 and Barron & Barrett, 1996).
Barron & Barrett (1996) developed a formally justified approach whose purpose was to create a
procedure for values’ elicitation related to the weights of each issue. This approach establishes
the weights of issues according to their relative importance, which has been defined in the procedure 6 of our framework proposed. This approach is called Rank Order Centroid (ROC) or
simply ROC weights. Therefore, the mediator will use this approach to define the values of the
weights for every issue, according to builder and supplier point-of-view.
As far as SMARTER method is concerned, the assessment of criteria weights values in this
method is simpler than other SMART family methods, since it uses the ROC approach to calculate the weights. ROC weights lead to the identification of the best compromise option 75 to
87% of the time, depending on simulation details. In the ROC approach proposed by Barron &
Barrett (1996) the weights are calculated according to the following expression:
If w1 ≥ w2 ≥ · · · ≥ wk then,
w1 = (1 + 1/2 + 1/3 + · · · + 1/K )/K
w2 = (0 + 1/2 + 1/3 + · · · + 1/K )/K
w3 = (0 + 0 + 1/3 + · · · + 1/K )/K
w K = (0 + · · · + 0 + 1/K )/K
Usually, if K is the number of issues, then the weight of the k th issue is:
wk = (1/K )

K


(1/ i) .

(4)

i=k

4.8

Establishment of Complete Packages Dance and outcomes analyses

In this procedure will be established the fully packages of offers for both builder and for suppliers. This procedure is performed through a simulation of CPD. The mediator will analyze the
simulation with the purpose to present the “fully package solution” which will be considered the
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best compromise solution. This “package” is the best compromise solution for both, that is, it is
the solution found in PEF and it satisfies the Nash axioms described above. This solution if can
be better for any of the negotiators, it will give worse value for another.
5

EXAMPLE OF APPLICATION

This example is based on a selection of suppliers to multi-use mortar, used by a construction
industry in Recife, Pernambuco, which was supported by a multicriteria model proposed by
Schramm & Morais (2012). The following issues were considered in the negotiation of multiuse mortar: lead time (I1), transports costs (I2), failure rate (I3) and price (I4).
In relation to the strategic behavior adopted by the parties, it was assumed that they are fully
cooperative negotiators, thus, there is only a single strategy for both parties, buyer = seller ,
which is represented by the function MaxVb (P k ) + Vs (P k ), where Vb and Vs are the values
functions assigned to the buyer and seller, respectively, and P k is an k th point of the region
of acceptable offers. The region of acceptable offers is defined according to the information
presented by the parties related with the best and worst agreement for each issue, according to
the point of view of each party.
During the selection process performed by Schramm & Morais (2012), the company received
five offers from its suppliers. A negotiation, supported by the framework, between the company
and the fourth supplier (A4 ) will be simulated, in order to show how the proposal works. The set
of offers presented by A4 during the ending of invitation phase (production and submission of
offers by suppliers) is: I1 = 10 days; I2 = R$ 1.43; I3 = 7.93%; and I4 = R$ 7.19.
Considering a negotiation process with the supplier A4 , the best and worst agreement for both
parties were defined according to the rule established in the problem structuring phase (Table 1).
The best performance complete package of the buyer (α + ) and the best performance complete
package of the seller A4 (β + ) are assumed to have the highest value (100). On the other hand, the
worst performance complete package of the buyer and of the seller A4 , α and β− , respectively,
are assumed to have the lowest value (0).
Table 1 – Best and worst agreements.

Agreements
Best Agreement for the buyer (α+ )
Worst Agreement for the buyer (α− )
Best Agreement for the seller (β + )
Worst Agreement for the seller (β− )

One-dimensional performance
for each Issue
I1
I2
I3
I4
days
R$
%
R$
5
18
18
5

1.10
1.85
1.85
1.10

7.60
12.30
12.30
7.60

7.19
10.95
10.95
7.19

The procedure for elicitation of value function allows the mediator to define the types of value
functions for each aspect and each party. For the company (buyer), all issues are assumed to have
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the function type b of SMART method, while for the supplier (seller), all issues are assumed to
have the function type a of SMART method (Edwards & Barron, 1994). Figure 6 illustrates two
graphics, which describes the linear one-dimensional value functions for issue I3 and for issue
I4, according to the point of view of the company and the seller, respectively.

Figure 6 – (a) Company’s value function for I3 and (b) Supplier’s value function for I4.

The preference of the parties for the offer packages are based on the assumptions assumed during
the procedure to define preferences. Then, it was performed the procedure to define the order of
importance among the issues, presented in Table 2.
Table 2 – Ranking of importance among the issues.
Issues

Ranking of importance
(Company)

Ranking of importance
(Supplier)

I1
I2
I3
I4

4◦
3◦
1◦
2◦

2◦
3◦
4◦
1◦

According to the rules established on the proposed framework, the elicitation of weights of issues
will be based on the method proposed by Barron & Barrett (1996). The Table 3 shows the weights
for each issue.
Table 3 – ROC weights for issues.
Weights
Company
Supplier

Issues
I1

I2

I3

I4

0.0626
0.2708

0.1458
0.1458

0.5208
0.0626

0.2708
0.5208

Finally, a CPD for each 625 packages was established. To determine the better packages, it
was calculated the total value, which corresponds to the sum of company’s value Vb (P k ) and
supplier’s value Vs (P k ) for each package, then, the packages were ranked in crescent ordering
of their total value.
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The Table 4 presents a sample of 15 fully packages and its respective values. The package P 625
corresponds to the best compromise agreement and the package P 1 corresponds to the worst
agreement. The others packages are the ones which have the 13 betters results into the 625
available results.
Table 4 – Sample of fully packages.
Packages
k
506
501
521
516
511
522
531
537
551
514
447
424
1
625
223

Pk
18; 1.66; 07.6; 10.95
18; 1.85; 07.6; 10.95
18; 1.10; 07.6; 10.95
18; 1.29; 07.6; 10.95
18; 1.47; 07.6; 10.95
15; 1.10; 07.6; 10.95
18; 1.66; 07.6; 10.01
15; 1.47; 07.6; 10.01
18; 1.85; 07.6; 09.07
08; 1.47; 07.6; 10.95
15; 1.10; 08.8; 09.07
08; 1.10; 08.8; 10.01
18; 1.85; 12.3; 10.95
05; 1.10; 07.6; 07.19
11; 1.10; 11.1; 08.13

Values
Vb (P k ) Vs (P k )
55.77
90.05
52.08
93.74
66.66
79.16
62.97
82.85
59.47
86.35
68.10
72.91
62.54
77.03
67.68
67.08
65.62
67.70
64.28
65.52
68.35
48.47
64.95
46.91
0.00
100.00
100.00
0.00
51.56
30.18

Vb (P k ) + Vs (P k )
145.82
145.82
145.82
145.82
145.82
141.02
139.57
134.77
133.32
129.80
116.82
111.86
100.00
100.00
81.74

Observing the packages P 506 , P 501 , P 521 , P 516 and P 511 , we note that they have a total value
equal to 145.82; however, only the package P 521 complies with the assumptions assumed in the
procedure for preference definition and for PEF definition. In the other packages, if the supplier’s
value increases, then the company’s value decreases and vice-versa. Therefore, the package
(I1 = 18 days; I2 = R$ 1.10; I3 = 7.60%; I4 = R$10.95), with Vb (P 521 ) = 66.66 and
Vs (P 521 ) = 79.16 may be chosen. At this moment, the parties could sign the contract required
and conclude the bidding phase.
It is also noted that the package P 522 offers a bigger value to the Company than the package P 521
and, consequently, the purchase manager can suggest an agreement about this condition. To do
this, the supplier must accept a reduction of about 6 points in his/her value.
The combined use of concession and search strategies on Pareto-efficient frontier allows achieve
maximum win-win results for both parties. This solution would not have been easily found if
the two parties were working alone in the negotiation process, that is, if they were not acting
cooperatively.

Pesquisa Operacional, Vol. 33(3), 2013

i

i
i

i

i

i
“main” — 2013/12/3 — 23:33 — page 509 — #19

i

FERNANDO SCHRAMM and DANIELLE COSTA MORAIS

6

i

509

CONCLUSIONS

The paper presents a multicriteria additive framework to support a bilateral and multi-issue
negotiation between a buyer and a material supplier (seller), in which the stakeholders can reach
a deal based on their strategies of concession and search in the efficient Pareto-frontier. This system plays the role of a mediator, that is, it supports the negotiators to reach the Pareto-efficient
optimal solution, which meets their own interests; however, the negotiators are responsible to
decide if the solution, provided by the system, will be chosen to achieve the agreement. With
this automated algorithm for negotiation, the negotiators could reach a Pareto-efficient contract
with gains for both parties. Moreover, the mechanism for mediation is stable in the context of a
negotiation, that is, the negotiators’ behavior can be foreseen.
An important contribution is related with the development of strategies for negotiations between
two parties, which allow that both reach multi-issues Pareto-efficient results. The combined use
of concession strategies and investigation of efficient Pareto-frontier allows achieve maximum
results for both parties. However, when negotiators do not accept the solution found by the proposed framework, thus a conflict situation may arise. In such situations, it will be necessary to
develop a mediation protocol for solving conflicts.
The limitations of the traditional supplier selection models motivated the design of the new
framework proposed in this paper. The overall supplier evaluation in the traditional models is
performed on a singleton values for the offers in each issue, which limits the parties bargaining power as well as the set of possible solutions in each issue. In the proposed framework,
an approach is structured in order to carry out bilateral negotiations. This approach allows an
overall supplier evaluation based on interval values for the offers in each issue. This feature
of the proposed framework increases the supplier bargaining power as well as his/her region of
negotiation. The result of the framework can be used to construct a ranking of suppliers based
on their overall performance on the negotiation process. Besides choosing the best supplier, the
new proposal increases the construction company bargaining power that is prioritized in the
proposed framework.
The development of the framework was intended to the construction industry due to the increasing of this industry in Brazil, since the last ten years. Consequently, the management problems
which already existed in this supply chain became even more evident. For instance, in this supply
chain the material price is commonly the only issue taken into account in the purchasing process;
other important issues are neglected. In this context, the proposed protocol with a negotiation
framework based on multiple issues is able to define structured procedures that improve the
quality of the purchasing process and, consequently, the competitiveness of the construction
industry supply chain.
In this paper we had focused in the proposal of a new framework for a negotiation process,
showing an example of application based on a selection of suppliers, which was supported by a
multicriteria model proposed by Schramm & Morais (2012). Therefore, a real case study with
the intention to analyze the feelings of the decision makers and how they feel comfortable can be
focus of a future work.
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The application of the framework shows that negotiators do not need to provide key-information
during the process. For future works, it is suggested the development of a protocol for communication between the parties involved, which is based on a mediated interventions, in order to
attempt to the cases in which revelation of key-information is necessary.
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