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Abstract

Traditionally, negotiation support was based on normative and prescriptive research; its us-
ers were analysts and experts. The purpose of the recently developed e-negotiation systemsis
to provide negotiators with services and to satisfy their requirements rather than direct their
activities so that they conform to rationality and optimality principles. This orientation is
typical to software engineering. Due to the difficulties in reconciling results of prescriptive
and descriptive studies the e-negotiation design specifications are often based on selected de-
scriptive approaches at the expense of the prescriptive support. This paper presents selected
results from negotiation and e-negotiation research and discusses methodological founda-
tions for e-negotiation system design and development. Based on review of methodological
foundations and the scientific and engineering perspectives on negotiations, an e-negotiation
view integration model is proposed. The purpose of the model is to allow for the integration
of behavioural, scientific and engineering views on e-negotiations.

Keywords

Negotiation, dectronic negotiation, moddling, negotiation analyss, decison support, negotiation
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1. Introduction

Negotiation is a process of socid interaction and communication that involves digtribution and redis-
tribution of power, resources, and commitments. It involves two or more people who make deci-
sons and engage in exchange of information in order to determine a compromise. Many important
decisions have to be negotiated because people need to share and distribute scarce resources. The
interpersond character, the participants independence as the decison-making entities and their in-
terdependencein their inability to achieve gods unilaterdly contribute to the negotiation complexity.

The decision-making aspect of the negotiation process requires that participants collect and process
information to determine feasible dternatives, and to formulate offers and arguments. The communi-
cation aspect of negotiations involves information exchange, including offers and arguments, in order
to influence and motivate the participants counterparts. Collecting and processing new information
involves learning, leading to modifications and adjustment of the decison problem, and the interac-
tion and communication.

Severd systems based on gpplied mathematics have been implemented and used in research and
traning (Yuan et d. 1998; Kersten and Noronha 1999; Bui et a. 2001). They show the potentia of
decison-theoretic models in e-negotiations. Software agents and choice models based on collabo-
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rative filtering and recommender modd s reinforce the engineering, user-oriented gpproach to nego-
tiations. A number of prototype systems have been developed and tested with the purpose of pro-
viding a complete or partid automation of negotiations, these provide support, suggest offers and
predict outcomes based on past experience (Guttman and Maes 1998; Maes et a. 1999; Sandholm
1999). The orientation on practica relevance and user satisfaction is even more evident in systems
deployed on the Web that provide e ectronic negotiation platforms for business and other organiza-
tions (FreeMarkets 2002; Moai 2002; Ozro 2002).

These few examples illudrate efforts for the design of human-machine systems that incorporate cer-
tain results of gpplied mathematics. Some of these systems were designed from the software engi-
neering point of view and their objective was to meet users requirements and solve their practical
problems. Others were desgned with the perspective of teaching negotiators how they should make
decisons and communicate with their counter-parts.

Economic and socid sciences recognized that people are often biased and make routine mistakes
and misrepresentations. Tools that alow making decisons faster may amplify the impact of the mis-
takes because their users have less time to ponder and search for dternatives. This implies that,
rather than focusing on decision-making speed and efficiency the effort may be focused on learning
and understanding both the decison-makers themselves, their decison problems, and the solutions
narrow and broad implications.

Two points of reference may be thus identified:

1. The pragmatic point of reference is based on the identification of the needs of e-negotiation
participants. It provides a bads for the information system (1S) research and software engi-
neering efforts that are concerned with the identification of users and their requirements.

2. The normative and prescriptive point of reference is rooted in negotiation research and the
identification of the negotiators cognitive and other limitations, misconceptions, and the impact
of the negotiators Situation and their background on the process and its outcomes.

Idedlly both points of reference should be used in the design of e-negotiation systems and their in-
corporation in negotiation processes. The difficulty is that IS research and software engineering have
often narrow perspective of the users and their immediate needs. The Sudies of, for example, the
user interface, technology adoption and software internationalization have mostly been concerned
with the “surface-level” user requirements with little congderation to the richness and complexity of
the users.

On the other hand negotiation research does not provide clear indication regarding the process
complexity and the users multiple and sometimes conflicted characterigtics. During the past few
decades a variety of approaches and models of negotiation process have been proposed. Re-
searchers used different assumptions, terminologies and notions to formulate concepts and models.
This led to inconsstencies and contradictions (Gulliver 1979, p. 69) making integration of comple-
mentary models difficult. Such integration is necessary to condruct systems that meet dl require-
ments of their users rather than a selected few.

The proliferation of eectronic marketplaces and virtud organizations, and the increasing collabora
tion among people and organizations using Internet technologies will lead to the design and devel-
opment of new systems. These efforts will be undertaken by computer scientists and software engi-
neers because they have the required expertise. They build systems that meet various user require-
ments and facilitate efficient negotiations sometime usng—as we witnessed in severd studies and
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on-line sysems—methods that are effective but not necessarily correct from the decison- or game-
theoretical viewpoints. One reason is that there is a lack of methods and procedures that can be
readily adapted to desgn systems capable of providing comprehensive support to negotiators or
engaging in negotiations. Researchers in negotiations need to take a fresh look at their work and
provide guidance regarding the implementation of methods and models they devised.

To make development of negotiation systems better informed we need to take a fresh look at the
negotiation models and methods from the perspective of their design, implementation and use. On
the one hand, recent work on negotiation support systems and negotiation software agents has cre-
ated some new opportunities and posed new questions for negotiation research. On the other, the
richness and complexity of negotiations is matched with multiplicity of research perspectives from
many different fields. The results are often difficult to compare and integrate.

This paper makes an attempt to integrate a number of results in negotiation research from the per-
gpective of their use in the design and development of information systems which aid negotiators and
which undertake some or al negotiation activities. These systems participate in electronic negotia-
tions, or e-negotiations: processes in which information is formulated, exchanged via and proc-
esed with, the use of software. The focus is on multi-issue bilateral negotiation supported or
conducted by software.

In Section 2 e-negotiation processes and systems are discussed. Three perspectives on the study
and mode negotiations and negotiators are discussed in Section 3. They, together with briefly out-
lined methodologica foundations, are used to formulate the scientific view of negotiations. The soft-
ware engineering views on e-negotiations presented in Section 4 correspond to the scientific views.
The scientific and engineering views, and the five types of models, are used to propose, in Section 5,
the e-negotiation view integration (ENVI) modd. The purpose of ENVI is to provide a bass for
the integration of perspectives, gpproaches and models from economic and socia sciences, com-
puter sciences and information systems, and management to design e-negotiation processes and
systems. Section 6 presents conclusions and future work in e-negotiation engineering.

2. E-negotiation processes and systems

E-negotiations are negotiation processes that are fully or partialy conducted with the use of soft-
ware. The software may be dedicated systems, such as negotiation support systems (NSSs) and
negotiation software agents (NSAS); systems supporting individua negotiators (e.g., decison sup-
port systems (DSSs) and knowledge based systems (KBSs)); systems that are used for communi-
cation purposes (e.g., email and chat); systems used for collaboration and organization of informae-
tion (eg., workflow systems, project management systems and group support systems); and various
organization systems that alow for the verification of aternatives and assessment of their impact on
the indices measuring organizations performance. In e-business and e-commerce software tools
may aso be part of the infradtructure, for example, systems for auctions and bilateral negotiations
avalable in aparticular eemarketplace.

E-negotiations processes, as well as many other people-machine processes, may be considered
from two perspectives. (1) processng which focuses on the use of various software engines and
sarvers, and (2) interaction which focuses on the communication between people and systems. The
first perspective pertains to the decision-making aspect of negotiations; the second—to the commu-

nication aspect.
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The first perspective, briefly outlined above, is concerned with the congtruction, implementation and
use of modds that are used for information processing. The second perspective is concerned with
electronic media (EM) which use digita channels to transport data; it is an extenson of the active
interface concept.

No | Function Typical activities

Communication, presentation and interaction

1. | Transport and storage | Transport of information among heterogeneous systems; storage in
distributed systems; security.

2. | Search and retrieval Search of information; selection; comparison and aggregation of dis-
tributed information.

3. Formatting, presenta- | Data formatting for other systems use; data visuaization, dternative

tion and interaction data presentation, user-system interaction.
Modéelling and content formulation
4, Decision problem Formulation and andysis of the decison problems; feasible aterna-
formulation tives; decision space, measurement.
5. Decision-maker speci- | Specification of constructs describing decision makers; preferences,
fication measures for aternative comparison; negotiators models and styles.
6. | Offer and message Formulation of offers and concessions; analysis of messages and a-
construction and guments; argumentation models.
evauation

7. Counterpart analyss | Construction and verification of models of negotiation counterparts,
evauation and prediction of their behaviour, strategies and tactics.

8. | What-if and sengitivity | Anaysis of offer and counter-offer implications; anaysis of the impli-
analyses cation of different offers on the counterparts reactions; assessment
of the potential compromise solutions.

0. Process, history and Construction of the negotiation history; process analysis, prog-

their analyss ress/regress assessment; history-based predictions.
10. | Knowledge seeking Access and use of external information and knowledge about nego-
and use tiation Stuations and issues arising during the process, comparative
analysis.

11. | Negotiation protocols | Specification of, and adherence to, the negotiation agenda and rules

12. | Strategies and tactics | Formulation, implementation and assessment of Strategies and tactics

Table 1. Functions of e-negotiation media and systems

EM may support smple communication acts between the participants (e.g., emall, chat) or provide
tools that alow for complex, multimedia interactions (e.g., emarkets, eectronic tables). The con+
cern of EM isto tranamit and present content in away that can be used by various participants, both
human and atificia. EM are not concerned with the way this content is produced and with the use
of resources required for production. Their objective is to provide (1) transport and storage; (2)
search and retrievd, and (3) format and presentation, which are the firgt three types of functions
liged in Table 1. To meet these objectives computationaly complex activities may need to be ur
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dertaken. EM may dso rely on modds, but the difference between the processng and interaction
perspectives is in the focus. The use of modes is to provide indghts and better understanding
through, for example, the use of different visudization techniques, and search and retrievd of infor-
metion.

EM provide the basis for the activities focussed on information processing in that they dlow for &-
fective interactions. Nine types of functions that are specific to negotiations and based on theories of
individuad decison-making, communication and negotiation are identified in Table 1. Systems that
undertake these activities provide content that is used by the negotiators and software agents.

Within each type there are various tasks, some require negotiator intervention, others can be con-
ducted by software autonomoudy. The divison of the scope of involvement between the negotiator
and software in the activities depends on the level of negotiation automation. On one extreme,
the negotiator controls the conduct of every activity. On the other end of the spectrum the negotiator
provides the system with information about the problem, a measure for dternative comparison and
the negotiation rules, the system then engages in the negotiation on behdf of the user. Based on the
level of support and automation four broad types of e-negotiations are discussed below: communi-
cation systems, negotiation support systems, electronic negotiation tables and negotiation software
agents. The digtinction is from the perspective of the primary god of the system rather than the set of
technologies used.

Local sytems | Megotiator | Web-based systems | Megotiators
e ——— | 4 e |
|| Megotiation || | I _ | -
| support || : Communication systems . :
i system ]I g L
8- o .
i - | | Decision support systems | |
| Decision | I 2 e .|
i support | | | i
: system | : : Megotiation support systems | :
o P " hmli 70:
E Kng:;i%ge- i ‘: [} Negotiation software agents :
|| system : : N
i | | Negotiation tables |
'l Software : : :
E 2l [ : E-marekiplaces [ |
e | | o
| : ___________________________ | £
: “= { Fax, telephone, video, F2F

Figure 1. E-negotiation tools, systems and media

Severd different configurations of the software used in e-negotiations are shown in Figure 1. The
locd systems are developed to provide support to individua negotiators, the Web-based systems
fadlitate and support activities involving two or more negotistors.

Tools, sysems and media ligted in Figure 1 may be configured in different e-negotiation platforms.
The smplest platforms—from the perspective of providing services and support—are the communi-
cation systems and e-marketplaces. Platforms that include decision and negotiation support contrib-
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ute to content production. With the introduction of the reasoning capability such systems as NSAs
can engage in negotiations autonomoudy thus producing content with little or no input from people.

E-negotiation is a process in which both people and information systems (1Ss) participate. In Figure
1, the possible interactions are indicated. A negotiator may use resources available on the Web
(eg., an NSS) to negotiate with other negotiators. She may also use local systems for decison-
making support (eg., aDSS) or ghe may act asa principa with aloca sysemm communicating with
a Web-based system, possibly negotiating on her behalf. A negotiator may dso hire an NSA and
use local resources to communicate and supervise the NSA.

The e-negotiation may be undertaken solely with the use of Web-based systems or it may be aug-
mented with traditiona communication media, such as fax or face-to-face (F2F). Traditiond nego-
tiations may dso use locd 1Ss; what distinguishes e-negotiation from them is the use of Web-based
gsysems. All these systems use digita media to establish communication and interaction between
people and/or other systems.

3. The science of negotiations

3.1 Threeorientations

The engineering gpproach to e-negotiation systems design requires making use of models that de-
scribe different negotiation characteristics and processes. The richness and complexity of negotia-
tions on one hand and the dgnificance of the negotiated decisons on the other led to numerous
dudies in a number of research disciplines. One perspective for the studies comparison is their
normative, prescriptive and descriptive orientation (Bell et a. 1991).

The focus of normative studies is on the design of models of rationa negotiators and procedures of
interactions among them. Prescriptive studies are concerned with design of procedures that define
the goodness of the negotiation process and its outcomes, identify ‘good’ processes and compro-
mises, and help negotiators to achieve good outcomes. Descriptive studies are involved with under-
standing of how people negotiate, why they engage in a particular type of a process, and why par-
ticular outcomes are achieved.

Studies in economic sciences concentrated on the design of forma models of negotiations which,
under rationality assumptions, alowed for the selection of an efficient and stable compromise (Nash
1954; Y oung 1975; Munier 1993; Roth 1995b; Harsanyi 1997). Normative approaches, based on
the economic rationality, have been expanded with studies in experimental economics seeking rea-
sons underlying deviations from retiondity and extending the problematique, from well-defined rep-
resentations of negotiators and negotiations to Stuations in which previous and later events may in-
fluence behaviours and decisions (Roth 1995a; Sethi and Somanathan 2001).

Many of the developments in management science, decison andyss and negotiation andyss have
precriptive orientation. Modds based on the multi-attribute utility theory, optimization models and
multiple criteria decision making are examples of solutions proposed to represent and support nego-
tistors (Bui 1994; Kilgour 1996; Teich 1996). Being concerned with providing a meaningful and
hel pful support, they typicaly take external perspective, that is, models are developed to dlow ana-
lysts to help negotiators to make good decisions.
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Studies in behavioura sciences, politica science and law concentrate on the description and andys's
of negotiators perceptions, assessments and interactions, and their implications for the process and
outcomes. Individua differences, socid influences and Stuationa characterigtics were discussed in
many papersin psychology, sociology and anthropology (Rubin and Brown 1975; Druckman 1977,
Gulliver 1979; Pruitt 1981; Bazerman et a. 2000). People€' s use of irrdlevant information, their n-
congstencies and deviaions from rationality principles were discussed by Kahneman and Tversky
(1979) and gpplied to negotiations by Bazerman (1998), Nede et d. (1987) and others.

Many descriptive studies of negotiations resulted in suggestions about “good” approaches and be-
haviours. The difference between prescriptive research and descriptive research is tha the former
proposes amode of a negotiator and the latter outlines activities that a negotiator should undertake.
This difference is highlighted in negotiation analyss which is based on prescriptive/descriptive orien-
tation concerned with providing advice to utility maximizing negotiators given information about their
(not necessarily rationd) counterparts (Sebenius 1992; Y oung and Parks 1994).

The results of normative, prescriptive and descriptive studies have been gpplied in numerous infor-
meation systems developed to support one or more negotiators, and to conduct some or al negotia-
tion activities autonomoudy. Normative models, mostly based on game theory, were used in e
search and amulation (Rapoport and Chammah 1965; Lendenmann and Rapoport 1980; Axerod
1984). Early decison and negotiation support systems (DSSs and NSSs) were based on prescrip-
tive modds (Korhonen 1986; Jarke et a. 1987; Thiessen and Loucks 1994); their role was to give
users efficient solutions and indicate what is good for them. These systems were used to study and
teach negotiations, hence their prescriptive orientation was judtified.

Dramatic increase in computer literacy among managers, coupled with improvements in computer
technologies (e.g., the user interface and context-dependent help) and the incorporation of artificid
intelligence, alowed congtruction of systems that could take negotiators requirements into account
and provide advice that the users sought rather than ought to obtain. Some of the systems used de-
cison and negotiation andyds in an indrumental manner without srict enforcement of logica con-
sstency (Rangaswamy and Shell 1997; Kersten and Noronha 1999; Bui et d. 2001). The objective
of these systems was to provide users with a structured process support and easy to use tools for
preference dicitation and offer assessment. Other systems provided expert advice for a particular
type of the negatiation (Rangaswamy et a. 1989), manipulation and synthesis of negotiation casesto
provide support (Matwin et a. 1989; Sycara 1989), and manipulation and assessment of negotia-
tors perceptions (Bonham 1993). Although these systemns used logically consistent procedures they
were not based on rationaity assumptions. Those which required preference formulation and utility
construction used it as arough and tentative measure rather than as an expression of the negotiator's
true utility.

3.2 Methodological foundations

The three orientations on the science of decison making and negotiation can be used to formulate
the scientific views on the participants involved in the processes, their characteridtics, roles and
theories, the approaches and the modes used for the congtruction of their representations. Four
views and two types of processes are presented in Figure 2.
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Phases
Scientific
views Problem, knowledge Process, exchange
. Decision-maker, Negotialors, principals,
Participants principal, agent agents, third parties
e Preferences, risk attitude, power, style, culture,
Characleristics independence. Human-artificial
Flan Analysis, choice, assessment, advice
| Offer and concession
Theories Problem models ! I :
: making models
ittt LAicige: mecele Argumentation models
Models Expert models 9

Expert models

Figure 2. Scientific views on negotiations

The two types of processes are;

1.

Pre-negotiation processes which include formulation and andyss of the negotiation problem,
the incorporation of context of the problem, and in the access and use knowledge about the
participants, problem and context; and

Negotiation and post-negotiation processes which include drategies and tactics, context in
which the negotiation takes place, and the exchange of information, including offers and argu-
ments.

The four views take into account the following:

1.

The participants involved in decison-making and negotiation include the negotiator, advisor,
principad and an agent (e.g., NSA) who represents the principd. Third parties and stakeholders
(e.g., public and interest groups) may aso be involved.

Participants may have different set of characteristics such as their preferences, atitude to risk,
attitude and concern towards others, power, negotiation style, and culture. We aso distinguish
between people and NSAs as the gpproach to the modelling of their behaviour and actions dif-
fer.

The third view represents the participants  roles that define sets of activities, for example, anay-
gs, decison-making or advice. The differentiation of roles is related to participants grouping,
however it is separated here because one participant may perform severd roles (e.g., a nego-
tiator may perform dl roles), and a group of participants may jointly perform one role (eg., an
expert group providing advice to the negotiator).

Both characteristics and roles are studied and generdized in order to formulate theories,
framewor ks and models. They represent the fourth view; they are tangible results of the scien-
tific gpproach to negotiations.

The differentiation between two types of processes and participants, indicated in Figure 1, dlows us
to distinguish two categories of models. Modds of the problem, individua choice and expert know-
edge are used in pre-negotiation processes. The negotiation and post-negotiation processes are de-
scribed with models that incorporate the dynamic aspect of the negotiation, choice and concesson
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models, argumentation models, and models which describe the negotiation protocol. We dso i+
clude expert models that can be used during the negotiation.

The two types of processes and four views provide the basis for the categorization of approachesto
negotiation modelling. Focussing on a particular group of participants, their characteristics and roles,
together with the sdection of a research orientation, leads to the formulation of assumptions and
congtruction of models that represent the participants negotiation activities. We use this categoriza-
tion to review models that have been used in negotiations and e-negotiations.

4. Engineering approach

4.2 Softwareengineering

The god of the scientific approach to negotiation is to understand the participants behaviour, and
the impact of the Stuational, contextua, individual and group characterigtics on the process and out-
comes. Design of systems that are useful and can satisfy negotiators requirements reflect the engi-
neering approach to negatiation. The engineering approach is concerned with the use of every pos-
shble result in order to find solutions to practica problems. “Engineering is the professon in which a
knowledge of the mathematicad and naturd sciences, gained by study, experience, and practice, is
gpplied with judgment to develop ways to utilize, economicdly, the materids and forces of nature
for the benefit of mankind.” (ABET 1992). The “benefit of the mankind” defines the purpose of e+
gineering which often is formulated in terms of finding solutions to practica problems and satisfying
customer requirements (AIAA 2002).

Software engineering is based on two principles: (1) the utilization of the mathematica results in the
design and congtruction of systems, and (2) the use of behavioura and cognitive results to determine
the needs, cgpabilities and requirements of the systems users. Thisis of particular importance in the
design of systems which are immersed in a socia setting, address socid problems and involve many
different users. Thus negotiation engineering needs to incorporate the normative, prescriptive and
descriptive orientations. The difficulty isthat the results of these three orientetions are difficult to rec-
oncile, some are based on undefined assumptions, and others use ill-defined and contradictory cor-
cepts (Gulliver 1979 30; Kersten 2001). The need to design ussful systems meseting users' require-
ments resulted in arbitrary bundling of methods accompanied by claims of their usefulnessin awide
range of negotiation processes.

Software engineering is composed of steps encompassing methods, tools and procedures that are
used in the development process. The steps are referred to as software engineering paradigms, such
as the classc life cycle, prototyping, rapid application development, and object-orientation. Every
software project follows three phases: definition, development and maintenance, regardless of the
paradigm selected (Pressman 2001). The focus of the definition phase is the specification of the
key requirements of the system, including definition of the problem, identification of users and their
requirements, identification of the information the system will process, and modds and procedures
used for processing on production of outputs. Three key e ements considered in the definition phase
are identified are presented in Figure 3.
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Engineering views

Problem Models, | Users'
requirements | procedures | reqguirements

Reqguirements, models, method
representation

Definition

Design

Development
phases

Protocols, algorithms, procedures,

Implementation
plementartio solvers

Transaction Transaction objects

Transaction, communication, security.
databases

Infrastructure

Figure 3. Software engineering per spective

The development phase comprises software design and implementation, see Figure 3. Design
trandates the requirements, models and methods into the set of representations that are subsequently
implemented, i.e., coded and tested (Pressman 2001).

The outcome of the implementation phase is a software program. Its activities result in transaction
objects and it uses different forms of services provided by other programs, including transaction
processing systems, communication and security systems, database management systems and so on.

4.2 Electronic media model

Communicetion, one of the key dements of every negotiation, is conducted with the use of one or
more media. Traditiona negotiations are conducted face-to-face, via telephone, or paper and pen.
E-negotiations are processes that use dectronic media (EM), i.e, media with digita channels to
transport data and to alow the negotiators to communicate and coordinate their activities.

Media used in traditiond negotiations are not designed specificdly to help negotiators and support
the process. Therefore, while they may require engineering, the purpose is generd communication
rather than negotiation. In contrast, in e-negotiations the issue of media design and their relaionship
to other participating components gains importance. This is because the medium may: (1) be con+
structed for the specific purpose of supporting or facilitating one or more of e-negotiation activities,
(2) itisether a software program or it is generated by software so it is—directly or indirectly—con-
sructed by software engineers; and (3) it is a component of a complex engineered system in that it
uses, controls and is controlled by other programs.

Therole of dectronic media on dl activities conducted with the use of Internet technologies (eg., e
business, on-line learning, virtud communities and e-government) led researchers attention to the
issues of their design. Schmid and others (Schmid and Lechner 1999; Lechner and Schmid 2000)
propose a media reference model (MRM) in which media are described in terms of (1) language
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employed in communication, (2) channels trangporting information, and (3) an organization describ-
ing the roles of the participants and protocols defining the permissible interactions.

The MRM modd, depicted in Figure 4, is used to describe the role of mediain a community that,
according to the model, comprises agents and media. The community members (i.e., agents) under-
take activities that belong to one of the four phases: (1) knowledge seeking, (2) communication of
intentions and requests, (3) specification of contracts and agreements, and (4) meeting obligations
and performing contract tasks. The agent’s activities are implemented in media. This means that vir-
tud communities can exig, if appropriate media are built dlowing for communication, coordination
and access to gorage facilities. Also in the implementation view, the modd is represented in oft-
ware leading to MRM having two views that overlgp with software engineering perspective (i.e,
transaction and infrastructure views).

Phases

Knowledge Intention Contract Contract
Views seeking specification  fulfilment
Community Business community: roles, protocols
view
Implementation Processes
Transaction Infarmation jeurﬂglrfé Contracting || Setllement
Infrastructure Transaction infrastructure

Figure 4. Media reference model (Schmid and Lechner 1999)

The importance of the MRM mode is its focus on the integration of socia and engineering perspec-
tives through linking the community view, describing the members needs, interests, roles and aso
protocols that they have to conform to, with the implementation view in which descriptive modd of
the community, its members and their activities is defined. For these reasons Strébel (2001) adapts
the modd to congtruct a media-implementation SilkRoad platform where the exchange of objects is
coordinated through an agent (human and artificid) interaction. The novdty of SIkRoad lies in its
ability to generate different e-negotiations media for a given requirement set.

Both the strength and the weakness of the MRM s its focus on media. The strengths are mentioned
above. The weskness isto narrow a concept of community comprising agents and media to account
for systems that support the negotiators and facilitate the process. The computational processes that
am a such activities as the specification of decison dternatives, their comparison and evaluation,
integration of interests, and interpretation of offers, and which are undertaken by DSS, NSS and
software agents need not belong to the community but their importance and impact cannot be i
nored. Although the MRM dlows for the community members to search for information and knowi-
edge these activities need not be done by the members themsalves but by others: people, software
agents and/or support sysems. Extension of the community with these entities, while possible,
makes little sense because—in the on-line environment—its boundaries would disappesr.
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The MRM modd is concerned with trangport and presentation but it is not sufficiently rich for the
purpose of e-negotiation which can be conducted by people and software agents belonging to dif-
ferent communities, communicating with experts and usang support tools. The sgnificance of the e-
negotiation is that the processng and storage of information and production of knowledge becomes
possible. The loss of a wide communication bandwidth that dlows for the use of al senses and the
use of media that use much narrower bandwidth can possibly be offset with the computational &
pabilities coupled with access to information and knowledge stored in computer networks.

5. E-negotiation view integration

E-negatiation is a socia process embedded in technology. The minima technol ogy-based functions
are communication, presentation and interaction in a Smple text-based form. At the other end e
negotiation may involve negatiators, decison and negotiation support systems, knowledge based
systems and media, dl of which are active and creating content. The participants of e-negotiations
and the relationships among them comprise an e-negotiation system (ENS).

If the negotiators are software agents then the whole system needs to be engineered. If the negotia-
tors are people then the remaining components of the system need to be engineered to meet the s
ers needs and requirements. To achieve this we need a comprehensve e-negotiation reference that
integrates the scientific perspective discussed in Section 3 and the engineering perspective discussed
in Section 4.

As the garting point we use the MRM model discussed in Section 4. This mode is modified and
extended in order to:

Incorporate the three orientations, theories and modelling approaches;

Position e-negotiations in a broader organizationa and socid context;

Strengthen the role of processes which may incorporate different action types,
Differentiate between users and other participants, and their roles and characteritics; and

A 0w DN P

5. Edablish the rlaionship between the scientific and engineering approaches to e-negotiations.

The proposad e-negotiation view integration (ENVI) mode—shown in Figure 5—has sx views
(three scientific and three engineering) and four negotiation phases (pre-negotiation, negotiation,
post-settlement, and knowledge integration).

The three scientific views are: (1) theories, models and approaches (2) the user group; and (3) par-
ticipants and other stakeholders' roles and characteristics. The first view is used to formaly define
and represent decision makers, negotiators and other users who comprise the second view. These
users have different characteristics and play different roles in negotiations. They need to be identified
because of ther different informational and communication requirements.

The three views now correspond to the definition and design views in the engineering modd illus-
trated in Figure 3. Therefore, the engineering views comprise now three views (4) implementation;
(5) transaction; and (6) infrastructure.

The user group view identifies dl participants and stakeholders, including organizations and socia
groups, who are involved in the negotiation process, evauation of agreement, its implementation and
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the codification of acquired knowledge for further use. The participants and stakeholders have dif-
ferent roles and characterigtics. The theoretical views depend on the users' type, their characteristics
and processes. The normétive, prescriptive and descriptive modelling orientations and the underlying
theories are used in theories, models and approaches.

E

negotlation
S— Engineering | INteractions
Phases approaches
Problem Exchange Agreament Integration Seiantific E‘
Views Conbext Assassmant Implication Learning approaches
Kmnowledge Reasoning Implermentation Knowledge
Thearies Individual, group, Process, User, problem, Leaming and )
Approaches organization argumentation expert, planning, hnowledge I i
Modals SOy prodocol, expser conbral management I @
8 Negatiat - 2
N agotiatars L el | ]
E User group Decision-maker raegCtamior principals, tamganzation, | R <
I 1 third party f ’ others R
] stakeholdars
7]
Support, advice, analysis, choice. Orivanization
Roles Attitude, power, style, cullure, independence, human- o o
Characteristics artificial aize, culture, type 1.
; S
E
=t 1 S
Implementation Interaction profocols, procedures, solvers g
[}
m
=
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Oiffars,
8] | B 5 e
3 Transaction Data, information arguments, WL! neris, DHTERY U |
= plans knowledge |1l
= documents | L
£ ! ! i W
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Infrastruciure Tranaaction, communication, security, database, knowledge bass

Figure 5. E-negotiation view integration (ENVI) model

The implementation, transaction and infrastructure views correspond to the engineering approach to
e-negotiation. The implementation view identifies protocols, agorithms and procedures necessary to
redize different modes, define the sequences of tasks, actions and services, and bind models to
service providing modules. The transaction view provides various generic services, including com-
munication, interaction, solution, sorage and retrievd. Findly, the infrastructure view provides the
means for the physica implementation of the selected services, databases and knowledge bases.

The MRM modd groups al services in four action types (Schmid and Lechner 1999). In an effort
to relate the scientific and engineering gpproaches the processes required to construct, anayze and
solve models of the problem, user, argumentation, negotiation process and so on are distinguished
from services which implement these processes. Note that the meaning of “process’ is generic and it
involves a series of activities and interactions leading to the achievement of a specific god, for ex-
ample, amodd, solution, expertise or argument.

The four phases identified in the ENVI modd describe: (1) preparation to negotiation; (2) negotia-
tion; (3) agreement and podt-settlement activities;, and (4) integration of lessons learned from the

negotiation.
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The direct outcome of the e-negotiation may be an agreement or a deadlock. In many Stuations,
however, there is aso another outcome often of no less importance, namely knowledge that the par-
ticipants and stakeholders gain and which can be used in the future. Therefore the processes -
volved in learning and knowledge management are identified in the proposed ENVI modd.

To illugrate the rdationship of the scientific and engineering views the relaionships between them
are illugtrated with severd arrows. The arrows that correspond to the negotiation studies show illus-
trate the use of theories in congtructing models and solution procedures. The arrows that indicate
engineering activities present the use of models and procedures in the design and implementation of
tools and systems. In addition, arrows are added to show interactions between the users, tools and
systems. While the first two sets of arrows represent the integration of the scientific and engineering
processes in order to construct ENSs, the third group of arrows represent their use.

The god of negotiation and other decision processes is to determine a solution in which possible
implications are assessed and which is implemented. Negotiations are undertaken in a particular
context that needs to be recognized. Through the agreement implementation the parties change this
context. This often requires preparation of documents and plans which can be undertaken with plan-
ning and control models.

6. Conclusions

The objective of this paper is to build a case for e-negotiation engineering which—as we tried to
show—can and should integrate various results from dl the fieds of negotiation research. Not al
developments in negotiation and e-negotiation research are presented in thisreview. Smilarly, not all
approaches to modelling and representation to NSSs and NSAs are discussed. The effort was on
providing specification of ENSs functions and configurations followed by selected perspectives and
models led to the e-negotiation view integration modd (ENVI) in which the scientific and engineer-
ing views and phases are identified.

Negotiation process is often fluid, multifaceted, rich in content and context, involves negotiators and
other stakeholders. It has been considered an art of interpersonal skills, persuasion, motivation, ur
derstanding, body language, etc. Raffa (Raiffa 1982), in his semind work on studying and repre-
senting negotiations using applied mathematics, affirmed the role of the scientific approach.

Advancesin decision and negotiation andyss, behavioural research, cognitive science, Al and cont
putationd linguistics made it possible to match the richness of the negotiation with configurations of
complementary modds. More work on the integration of the existing normative and precriptive
models to represent both the art and science of negotiations is necessary. Models that are proposed
in experimental economics, anthropology, psychology and other areas that incorporate the socia
concepts as fairness, reciprocity, attitude and culture alow to enrich the expressive powers of ENM
and to establish some form of synergy between the user and the system. The ENVI modd provides
aframework for the positioning of various models and procedures, specification of their rolesin the
e-negotiation process, and specification of the relaionships among them. Through integration of the
scientific and engineering views the mode aso provides a consstent progress from theoretical solu-
tions to their implementations in the form of tools, systems and protocols.

Severd research directions may be suggested. Behavioural studies of users who engage in e
negotiations link the engineering with descriptive perspectives. More research on protocols, in par-
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ticular comparison and integration of protocols proposed in behavioura studies and those designed
for NSAs s required. People have different agendas, expectations, attitudes; they aso differ in their
culturd, socid and educationa backgrounds. The same goes for organizations. It is an open ques-
tion if these differences ought to be incorporated in ENSs that support, and in NSAs that represent,
people and organizations. Descriptive research provides strong arguments for culturaly- and ®-
cialy-sendtive ENSs but software engineering recognizes these differences a the interface leve
through software internationdization architecture. More research on the roles that systems play in
negotiations (and other social processes), their impact on these processes, and their influences on
the behaviour of the participants is required. Another research direction is to use ENVI to classfy
models and procedures, and tools and systems, and to propose architectures for ENSs that corre-
spond to different types of negotiations.
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