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ing in May 2020. Following a note from Gregory’s family, the paper
includes a section of a book chapter dealing with negotiation pro-
tocols. It shows how negotiation, as a purposeful process governed
by explicit and implicit rules has protocols that can be employed
to help negotiators orient themselves in this process. In particu-
lar, with respect to e-negotiations, the paper stresses the need to
have a shared and clear understanding of the terms that are used
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omy or ontology. The paper distinguishes three principal aspects
of negotiations: decision and choice; language; and process. It also
identifies key challenges related to the successful implementation of
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A note from Gregory Kersten’s family

In the early 2000s, Gregory Kersten started to write a book on negotiations with
the working title of Negotiations and E-negotiations: Analysis, Management

and Support. Over the years, the scope of the book grew, alongside with its
length and depth. Parts of it weaved their way in and out of the many papers
that Gregory wrote, for which he would often enlist us, his wife and children, to
proof read and copy-edit. The topics he covered surfaced during much-cherished
dinners, family travels, chairlift rides, and one-on-one conversations.

Gregory’s unexpected passing in May 2020 left his book unfinished. We are
considering what to do with this work. In the meantime, we wanted to share an
excerpt of the book with the C&C journal, as this community held an important
place in Gregory’s heart and mind.

The text provided here has been left un-edited, with the exception of foot-
notes, citations, and minor grammatical changes∗. What follows is the intro-

∗Submitted and accepted in December 2020.
∗some insignificant changes have been introduced due to adjustment to the journal style

and rules (eds.).
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duction to the book as well as part of Chapter 18, entitled E-negotiation design

and engineering. The excerpt here provided is section five of the Chapter, which
is entitled Negotiation protocols. It focuses on taxonomy, ontology, and proto-
cols. It describes the characteristics of negotiation protocols, sequences and
processes, their rules and the transition between them.

The full Chapter consists of six sections. The first section, Internet and ne-

gotiations, focuses on e-negotiation systems, including socio-technical systems
and their functions. Section two, Software engineering, focuses on domain en-
gineering, requirement engineering, and software design. Section three, The

extended Montreal taxonomy describes media reference and negotiation phase
models, taxonomy and top-level structure, negotiation constructs, and problem
types. Section four is devoted to mechanism design as well as an examination of
different mechanisms, including market mechanisms. Section five is reproduced
below. The concluding section of the chapter, Protocol representation deals with
sequences, processes and rules, protocol modification as well as closed protocols.

Gregory cared deeply about those studying and pushing the boundaries of
research on negotiation and e-negotiation. We hope that this excerpt sparks
interest in those passionate about this topic.

If you are interested in receiving access to the other sections of the chapter

or learning more about Gregory Kersten’s manuscript, please email negotiation-

book@kerstens.org.

Margaret, Mik, Marta, and Mark Kersten

Book Introduction

There is a long tradition of studying conflict and negotiations from such perspec-

tives as psychology, sociology, political science and management science. Nego-

tiations today, as so many other human endeavours, involve information and

communication technologies. Some negotiations are conducted via email, fax,

and videoconferencing systems. Other negotiations involve the use of software

packages to determine options, analyze scenarios, and conduct simulations. Yet

other negotiations involve software agents that automate certain tasks or even

the whole process. In effect, research in negotiations and in tools for negotiations

has been undertaken in computer science, software engineering and management

information systems.

In the past, there was often little relationship between human and social

sciences on one hand, and engineering and computer science on the other. Be-

havioural researchers used tools and software; engineers and computer scientists

implemented models and rules resulting from laboratory and field experiments.

Increasingly, the designers and developers need to have comprehensive knowl-

edge about future users of their products. Their products affect the users’ facul-

ties, the way they perceive, reason and communicate; they also change the social

groups and socio-economic interactions.
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One purpose of this book is to provide software designers and developers

with a single point of entry where they can find knowledge about negotiators and

negotiations coming from human and social sciences. Therefore, several chap-

ters are devoted to behavioural issues with an effort to present this knowledge

in a structured and organized manner. To this end a common terminology is

proposed, representations providing high-level perspectives are formulated, and

theories and models are categorized.

In a similar manner the book presents formal models and procedures. Many

of them have already found their ways in software; others may be used in the

future. They may also provide a basis to design new models and procedures.

These models and procedures also provide a bridge between behavioural research

and engineering. They help to gain insights into standard types of behaviours

and understand the opportunities for activities undertaken by software.

The software, its use and potential are discussed in detail. The purpose is to

provide human and social scientists with a single point of entry to the current

situation in the use and development of e-negotiation systems and tools. Inas-

much as engineers and computer scientists need to gain a deep understanding of

the human and social perspectives and ways they may impact these perspectives,

behavioural researchers need to understand the power of software in performing

cognitively complex tasks and replacing humans in many mundane and difficult

activities.

Negotiation is a fascinating and multifaceted process. It is not possible to

present in any detail all of its facets and provide all the linkages that contribute

to its richness and complexity; the more so that there is no one negotiation type

or category. Negotiation is a process of managing and resolving conflicts, hence

it is a positivistic process. In a similar manner, putting together the many

different approaches, perspectives and models of negotiators and negotiations

has a positivistic aim. This aim is to aid researchers, designers and developers

in their work and provide students with a source, which they can use to better

understand the many aspects of negotiations.

1. Negotiation protocols

† In some situations, we may design a single negotiation mechanism and imple-
ment it in software. Consider the web-assisted claim settlement mechanism of
Cybersettle‡. It is simple in that it requires both parties to enter three offers
and splits the difference between two overlapping offers. If there are no overlap-
ping offers, then the parties may use a human facilitator; terminating the use
of software.

The Cybersettle settlement mechanism is simple, but it also requires other
mechanisms to be implemented so that its users can be assured of security,

†as mentioned before, the text provided is Section 5 of Chapter 18 of the book (eds.).
‡http://www.cybersettle.com
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privacy, and non-reputation. The software may need mechanisms to maintain
its reliability, achieve ease of use and provide linkages with telephone services.
Thus, even if a single mechanism is at the core of the ens (electronic negotiation
system), typically there are other mechanisms implemented in the system.

There are complex negotiations, in which the participants may wish to co-
operate with agents (human and/or software), use tools for risk assessment and
preference elicitation, and use visualization tools, etc. These enss will have
many mechanisms and the question is about their use for a particular nego-
tiation. Protocols, which in negotiations between the representatives of gov-
ernments have been used to structure the process and guide the parties, can
provide similar function in e-negotiations. They can organize the process and
coordinate the use of different mechanisms.

The distinction between mechanisms and protocols is not strict; it may be
possible to construct a single mechanism that controls all activities leading to
the achievement of a particular goal. Because such a mechanism would have
components coming from different domains, and the relationship between com-
ponents would be complex, an internal organizing mechanism may be necessary.
Therefore, it is often easier and simpler to distinguish between protocols and
mechanisms. A simple rule may be that mechanisms tell their users what they
can do to use the mechanism, while protocols tell them when they can use a
mechanism and what other (possible alternatives) mechanisms they can or will
use.

1.1. Taxonomy, ontology, and protocols

Protocols help the negotiators to orient themselves in the process. They also
organize software components that participate in the process. Therefore, they
need to use terms that can be unequivocally understood by the negotiators and
software. Because of a plethora of overlapping and contradicting terms, it is
necessary to use a taxonomy or ontology, if one exists.§

1.1.1. Negotiation constructs and ENS components

Negotiation is a purposeful process governed by explicit and implicit rules. In
face-to-face negotiations many of the rules are ill-defined and some are clarified
only during the process. Some rules may be explicit while others are implicit.
The rules may be rooted in the parties’ cultural and professional backgrounds
and applied in every given situation. Certain rules of communication and offer
exchange may be established during the initial phase of negotiations. Other

§These two terms, taxonomy and ontology are sometimes used interchangeably and some-
times are assigned different meanings. Taxonomy is a hierarchically organized list of terms
pertaining to a domain of interest. Ontology is a taxonomy that also contains grammar that
can be used to associate terms to express the behaviors, properties and relationships in the
domain.
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rules may be established ad hoc, for example, when the parties are close to an
agreement, they may decide on the “split-the difference” rule.

Behavioral researchers proposed rules and other models for different nego-
tiation types and negotiators’ characteristics and behaviors. These rules are
based on the studies of real-life and simulated negotiations. Their purpose is to
provide prescriptions for students and practitioners.

Rules and other models constructed with the purpose of advising negotiators
may be ambiguous, due to the assumption that the negotiators know when and
how to use them. This lack of precision gives the negotiators flexibility in
adapting the rules to a particular situation.

In face-to-face negotiations, many of the constructs comprising the extended
Montreal taxonomy (emt) are rarely fully specified. An attempt to specify
many constructs would impose prohibitive cognitive, information and time re-
quirements on the participants. The effort and time required for collecting and
processing information about the various constructs would lead to learning and
obtaining a thorough understanding of the participants, the problem and the
negotiation process at the cost of finding an agreement efficiently. In the ex-
treme, the negotiators would spend so much time on gathering and verifying
information that they would have no time to negotiate.

E-negotiations require that some constructs be clearly specified. What and
how many constructs are fully specified depends on the roles and functions of the
ens. In automated negotiations the construct specification needs to be complete

so that the software agents can undertake the required negotiation tasks and
be able to reach an agreement. In e-negotiations that involve people, some con-
structs are embedded in the system and some are left for the people to formulate.
In email-based negotiations the key specification is message attributes (e.g., re-
cipient address, time stamp, and message title). Other specifications may refer
to message threading and a deleting policy. There are not many constructs that
need to be defined in email-based negotiations, because software activities are
limited to communication, storage and display of information; software does not
participate in the constructs’ formulation and evaluation.

In most enss the constructs’ specification is incomplete, with some constructs
being completely implemented in software, some partially implemented, and the
implementation of some being left to the users.

Negotiation constructs are implemented in the ens components. The exe-
cution of a software component transforms information obtained from the ens
users, other components, and external sources into actions and updates con-
structs.

The selection and implementation of the negotiation constructs, and the in-
formation exchange are important ens design activities. Specifically, the main

ENS design issues are:
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1. The specification of the constructs that are formulated solely by the sys-
tem, those that are formulated jointly by the system and its users, and
those that are the sole responsibility of the users;

2. The selection of models and procedures used for construct implementation;
3. The design of ens and its components together with the assignment of

constructs to components; and
4. The specification of the communication among components, between the

components and the ens users, and with other systems.

During the design phase of an ENS, decisions are made regarding the division of
work between the system and its users. When they partake in the e-negotiation,
they collect, process and produce information in order to achieve outcomes that
the users desire. The ens activities have to follow rules and procedures, which
must be well defined. The users also need to follow certain rules to provide the
system with information and obtained required output. The collection of these
rules and procedures is the negotiation protocol.

1.1.2. Decision, communication and process

Negotiation constructs can be used to describe the negotiation and its structure.
They also help to specify the permissible negotiators’ behaviors and conditions
for their movement through the process; such a description is known as a nego-
tiator protocol (see Ströbel, 2001; De Dreu, Weingard and Kwon, 2000). This
view of the protocol deals with different communication acts but not with their
content. It restricts the participants’ moves but gives them the freedom to do
anything they wish when they are in a given state.

Software agents do not yet have the degree of intelligence and common sense
that would allow them to function effectively when their communication content
and form are not prescribed. In automated negotiations and also when software
agents’ aid people, the content of the agents’ communiqués is determined by
a protocol (Muller, 1996). It is not only software agents that may need such
a protocol; human negotiators may also need help in making sure that they
communicate using language and terms that convey the intended message and
in a form that is acceptable to the recipient (e.g., is polite and dutiful).

Protocols may also guide the actions of both human and software agents’
independent activities, such as preference assessment, search for a counterpart,
and offer analysis decision. Such a protocol guides the agents through the
decision-making, helping them to engage in an informed and justified process
by, for example, suggesting that they consider their needs and objectives, and
available resources.

When we discuss protocols it is useful to consider three principal categories
of negotiation: (1) decision and choice; (2) language; and (3) process (Muller,
1996). Each category addresses a different question:
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1. What to communicate?
2. How to formulate the message?
3. When to present the message?

The categories, their relationships to the negotiation and their main constructs
are illustrated in Fig. 1.

Decision and choice involve all activities that a negotiation participant un-
dertakes individually and without involvement of her counterparts. These activ-
ities include the person’s consideration of the relevant attributes and preferences,
formulation of reservation and aspiration levels, and the specification of feasi-
ble and acceptable alternatives. They may follow the prescriptions of decision
analysis and they may be supported with decision aids. In this category we also
have individual activities directly pertaining to the negotiation, for example,
strategy selection and decision about making concessions and their size.

Process refers to the structure or model of the negotiation process, focusing
on the joint actions and interactions of the negotiators, which may also include
their individual actions.

Language refers to the terms used to describe information; its purpose is to
formulate the communication content. In face-to-face negotiation language may
be informal and the communiqué’s meaning may not be clear, so the negotiators
spend much time on clarifying the intended message. In e-negotiations, and
especially in negotiations conducted by and with software agents, the language
has to be well structured and unambiguous.

The negotiation language primitives are terms indicating the state and/or
action; for example, propose, request, answer, and refuse. The object structure

is the configuration of primitives used to describe a negotiation concept, such
as, act, offer, rejection and request. Ontology (or taxonomy, if ontology is
not available) is used to formulate meaningful statements using primitives and
objects.

Ontology may describe the domain of the subject of the negotiation, for ex-
ample, it may be a comprehensive description of air pollution together with the
possible remedies. This description includes the entities that cause and reduce
pollution, the pollutants, their properties such as intensity of pollution, usage
and costs, and the relationships among the entities. In such a case, an ontology
can be used as domain knowledge, helping the negotiators to understand and
formulate the problem, and construct and analyze solutions, and also to formu-
late messages and understand the messages sent by others, who use the same
ontology.

An ontology may also describe the negotiation as domain, i.e., a comprehen-
sive knowledge base of negotiations. This allows a user of such an ontology to
follow its relationship and select desirable properties and attributes of negotia-
tion concepts in order to achieve an agreement.
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Figure 1. Three negotiation protocols and their key constructs. Adapted from
Muller (1996), p. 213

The distinction between domain knowledge and process knowledge is impor-
tant albeit in practice we must have a little (or more than a little) of both: we
have to know the negotiation subject and we must know something about the
process and its possible results. It is important, because a negotiation ontol-
ogy can cover everything that pertains to the negotiation problems, processes,
strategies, offers and so on. If we had such an ontology, then its positioning in
Fig. 1 would be incorrect. This comprehensive knowledge of negotiation would
include every possible negotiation protocol. Typically, however, there is a clear
distinction between problem knowledge, process knowledge and language used
for communication.

The construction of negotiation and other ontologies has been undertaken in
the multi-agent system (mas) community. Ontologies can provide the general
framework for software agents’ participation in negotiations. The agents can
use it to view and compare protocols that are implemented in this ontology and
decide on the one that fits best the particular type of negotiation they need to
conduct (Tamma et al., 2005).

The construction of a negotiation ontology is a large and difficult enterprise.
Several ontologies have been proposed, but they are very narrow in scope and
applicable for only research and testing of software agents’ behavior (Dong,
Hussain and Chang, 2008).
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The partial taxonomy, which I discuss in this chapter, indicates the scope
of such an endeavor and its difficulty. A possible approach is to do it in stages
and in a piece-meal fashion. The downside of such an approach includes the
necessary overlapping of the results, and the introduction of contradictions and
redundancies. But this would give us ontologies and taxonomies narrowly fo-
cused on one or a few negotiation types, as well as protocols serving different
purposes. These results could immediately be tested and compared, leading to
more comprehensive taxonomies, ontologies and protocols.

Out of necessity, researchers and designers take a narrow and focused ap-
proach to the construction of taxonomies, ontologies and protocols. This per-
spective is reflected in Fig. 1; the ontology scope is limited to the content of
communication, it helps the users to understand and agree on meaning of terms
and messages. There are three separate protocols indicated, each responsible
for the organization of the activities associated with the respective category.

Ontologies and protocols are required for flexible and capable negotiation
software agents. They are also very useful in the design of enss and agents
collaborating with and helping human negotiators. There is large specialized
literature on multi-agent systems and their interactions, therefore in the next
section I only briefly mention some of the developments in this area and present
a very simple communication protocol.

1.1.3. Ontologies and language protocols

Software agents that engage in fully autonomous negotiation, cooperation and
other social processes require the capability to undertake purposeful actions,
select strategies that guide these actions, and effectively communicate with oth-
ers (Ermolayev and Keberla, 2000). The agents that are able to access and use
a common ontology can engage in negotiation without being specifically pro-
grammed to do this, exchange information about the negotiation mechanism,
formulate a shared view and agree on the meaning of concepts (see Tamma et
al., 2005, p. 225).

An example of an architecture that includes negotiating agents who have
decision-making skills and are able to search for, choose and use the most suit-
able communication protocol, is presented in Fig. 2. This high-level architecture
is proposed by the Foundation for Intelligent Physical Agents (FIPA) as the on-
tology service reference model; its purpose is for the agents to operate in open
environments. The reference model is adapted here for the negotiation context.

The three negotiating agents, shown in Fig. 2, request services from a de-
dicated ontology agent. The services include location of ontologies that are
relevant for the agents’ tasks, translation of different ontologies’ expressions
and terms, analysis of differences between terms, translation of different content
languages and communication protocols (e.g., okbc, oql, http) into the one
that is preferred by the negotiating agents.
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Figure 2. Ontology services for software agents’ negotiations (adapted from
FIPA, 2000, p. 7)

The agents access the ontologies (via the Ontology agent) in order to en-
gage in the ontology-based communication, which is controlled by the agents’
strategies and tactics and the language protocols.¶

A very simple language protocol is illustrated in Fig. 3; it is an example of
an interaction protocol proposed by FIPA (FIPA, 2002).

The protocol determines that the transaction initiator prepares a proposal
during activity A. This activity is completed when the initiator sends a message
with a proposition of performing a certain action. The participant analyzes
the proposal and may also perform other actions (B), which end when the
participant responds with either an acceptance of the proposal or its rejection.
Following the receipt of the response, the initiator undertakes either actions C1

or C2.

Similar protocols have been designed for various auction and negotiation
mechanisms. They are often significantly more complex than the protocol shown
in Fig. 3; have many more objects, interactions, and participants, but the idea
is the same.

¶These types of protocols should be called communication rather than language protocols.
Because the former term is widely used in network and computer-to-computer communication,
terms like interaction protocol and language protocol have been used in communication among
software agents.
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Figure 3. Language protocol example (from FIPA, 2002)

1.2. Negotiation protocols and their characteristics

Negotiation protocols have two meanings. In diplomacy, a protocol prescribes
the permissible rules of interactions—the etiquette. The second meaning refers
to the document describing a successful discussion, an agreement, various clauses
that govern the agreement implementation, and permissible actions which the
parties may take in order to enforce the agreement or when its implementation
fails. The use of a software in negotiation requires that this software undertakes
known and defined activities.

1.2.1. Definition

The negotiation phase model provides an overall framework within which activ-
ities pertain to the formulation of constructs and that the constructs themselves
can be positioned. The process of construct formulation that takes place during
e-negotiations is governed by the negotiation protocol. Every ens component
that receives information has to “know” how to process it and what to do with
the output; it must follow a pre-defined set of communication and processing
rules.

Computer scientists working on the design of automated negotiations pro-
posed that the software agents’ behavior be controlled with a negotiation pro-
tocol, see Cranor and Resnick (2000), Jennings et al. (2001), or Benyoucef and
Keller (2000). The scope and degree of control of the interactions between users
and the ens need not be as complete and detailed as in automated negotiations.
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Some level of the organization of the processing and communication tasks is,
however, necessary. Thus, every ens needs to follow rules and procedures em-
bedded in its protocol.

E-negotiation protocol is a process model guiding information processing and
communication tasks of the entities, participating in the process.

Protocols impose—explicitly or implicitly—restrictions on their activities
through the specification of permissible inputs. Their two key functions, guiding
processing and communication tasks, have causal character. This means that
the allowable tasks and activities in one state are dependent on: (1) the tasks
undertaken in the earlier states, (2) the situation in the current state, and (3)
the expected future states. This causality can be represented with rules or a
model that is equivalent to the rule-based model.

The restriction on the permissible inputs may be explicitly implemented in
the protocol, or it may be associated with the state in which this input is re-
quired. In the latter case, the protocol rules activate the negotiation state in
which the restrictions are formulated. This implicit specification of restrictions
is advantageous, because it increases the flexibility of the protocol application.
The same protocol can be used for different e-negotiation processes. For exam-
ple, the protocol need only invoke the offer construction state; the particular
manner in which the offer is entered is then handled by the formula used in the
offer construction state.

Negotiation protocols are not necessarily explicitly specified. In many early
enss, and also in some recent systems, the protocols are implicit; their users
must follow a particular implementation of the e-negotiation process. To be
able to move from one activity or task, they have to provide information that
the system requires. Neither the system nor its users can choose an activity but
have to follow the pre-defined “hard-wired” sequence. For each of these systems,
however, it is possible to re-construct and formally represent the protocol that
the system and its users follow.

The simplest example of an implicit negotiation protocol is the one used in an
e-mail system. Its users can communicate using text, and possibly attachments
containing text, charts and other graphics. In this way the system restricts
the permissible inputs. It places every message in a specific place, sequences
messages, and notifies the user about new messages. The protocol is very simple
and known to every email user.

Protocols may be implicit or explicitly specified. Implicit protocols do not
allow their users to control an ens execution. The protocol is implemented in
a control program, which decides what component and when a component is
activated. Explicit protocols display rules, activating components, and let users
activate these rules.

Systems with active components allowing their users to control the com-
ponents’ sequencing and execution need explicit protocols. For example, the
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user may be able to submit one, two or more offers at the same time; she may
submit a complete package or only values of selected issues; or she may make
a conditional offer. Similarly, the system may suggest one or more packages;
propose that no offer be made; or suggest loosening soft constraints that restrict
the values of one or more issues. In these situations the selection of a particular
solution opens a new path of contiguous activities; every possible path selected
by the user and/or system has to lead to the desired negotiation outcomes.

1.2.2. Protocol design

At present, knowledge about protocol design comes from two very different
sources. The first source is artificial intelligence and software engineering. While
these two areas have little in common with negotiations among people, there has
been a significant amount of theoretical and applied research on the cooperation
and negotiation among software agents, see Jennings (1995), Kraus (2001), or
Zlotkin (1996). Practical applications focus on the division and allocation of
tasks and resources among computers and other systems (e.g., industrial print-
ers, databases and robots).

The second source of knowledge is social science, in particular, all its ar-
eas concerned with behavioral research on negotiations and negotiators. Be-
cause there have been no studies of actual e-negotiations and there are only
preliminary results from experimental research based on negotiation teaching,
the protocol designers have to adapt results from face-to-face negotiations to
e-negotiations. This is a tentative approach, because e-negotiation participants
may exhibit behaviors, use strategies and tactics, and undertake activities that
are quite different from those employed in face-to-face negotiations. It also
poses difficulties for the designers, because they need to construct formal repre-
sentation of often imprecise and vague prescriptions and ill-defined negotiation
constructs.

The Montreal taxonomy (Ströbel and Weinhardt, 2003) and its extension
given in Section 3‖, provides ens designers with the terminology, a description
of the negotiation constructs, and their roles in the process and the relationships
between them. This taxonomy allows us to describe the process and justify its
activities. This, in turn, makes it possible for the e-negotiation participants to:
(1) select the specific e-negotiation they wish to conduct; (2) know what the
system is doing and why; and (3) understand their tasks and how these tasks
may contribute to the negotiation outcomes.

In face-to-face negotiations the decision regarding the protocol, most often
only partial, is solely in the hands of the negotiators and/or those on whose
behalf they negotiate. The activities the negotiators undertake depend on their
own and the counterparts’ characteristics and orientation, the strategies and
tactics they choose and the negotiation phase (see Fig. 4).

‖This is the reference to the Section 3 in Gregory Kersten’s entire book (eds.)
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The relationship between negotiation and e-negotiation is illustrated in Fig.
4. The information that causes an e-negotiation activity to be undertaken is
embedded in the protocol. It is the information which negotiators use purpose-
fully but it also may be the information that describes their characteristics and
perceptions, and which influences their activities.

The negotiation protocol selects the system’s components which process data
and/or request input from the user (Fig. 4). Information about the completion
(successful or unsuccessful) of an activity is passed to the protocol, which selects
the next activity. In this way the protocol controls the ens and guides the users’
activities.

The relationship between strategies and tactics in negotiations and the pro-
tocol in e-negotiation is associated with the consideration of the negotiation
protocol as the top-level component that organizes activities of all ens compo-
nents, oversees activities of ens users, and synchronizes activities of both users
and system components. At this level there is no indication of ownership; a
part of the protocol may be owned by and/or accessible only to one user and
not others so that she can protect her information and undertake actions which
others are not able to see.

1.2.3. Protocol types and properties

Several types of protocols are possible; a list of different protocols and the short
explanations are given in Table 1.

In the consideration of closed and open protocols we need to introduce two
perspectives: the user perspective and the system perspective. Systems that
support only completely structured exchange of information and disallow ex-
change of free-text messages are closed from both these perspectives. Examples
of these systems are auction systems, in which the parties may submit only the
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issue values. Early ENSs such as nego (Kersten, 1985), rains (Hordijk, 1991)
and Web-hipre (Mustojaki and Hämäläinen, 2000) are examples of systems in
which implicit closed protocols were implemented. Closed protocols are also
used in automated negotiations; with the negotiation software agents following
the predefined set of rules.

Table 1. Types of e-negotiation protocols

Type Description

Closed All rules are defined a priori; no rule can be added or modi-
fied

Open Rules may be constructed and added during the negotiation
Private Guides the user’s activities and defines her valid actions
Public Defines the rules of interactions between the negotiators
Comprehensive Can be used for different types of negotiations
Specialized Applicable to one or a few negotiation types

A system that allows for exchange of free-text messages may follow a closed
protocol. Its users, however, may introduce and agree upon new rules, which
they follow irrespectively of the rules that the system follows. For example,
users of the Inspire system may ignore the system’s components used for of-
fer exchange and conduct the negotiation solely via the exchange of messages
(Kersten and Noronha, 1999). The system does not recognize these messages
as offers and it cannot use its analytical and graphical components. If the users
achieve an agreement, Inspire does not recognize it and thus cannot assess its
efficiency. In effect, while Inspire follows a closed protocol, users may follow an
open one.

From the user perspective most protocols of the recently developed ENSs are
open. With the exception of systems for on-line auction and bidding systems
this trend will continue, because of the need to provide negotiators with systems
that allow them to engage in unrestricted discussions.

From the system’s and thus, the system designer’s perspective an ENS with
open negotiation protocol requires a facility for the user or facilitator to con-
struct and add new rules. Open protocols add complexity in the system con-
struction and use, but they may be required to account for the negotiators’
learning and encountering problems that cannot be addressed with any existing
rule.

It is useful to distinguish between private and public rules. Private rules
are used to, for example, educate the negotiator, and help her select a strategy,
evaluate counter-offers, make concessions and formulate arguments.

Public rules are used to set up the agenda, the kind of deals that the par-
ticipants can make, message structure, and allowable sequence of offers and
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counter-offers. They may include the requirement that the negotiation is con-
ducted in good faith or that an issue that both parties agreed upon cannot be
renegotiated.

Another distinction of protocols is with respect to their comprehensiveness;
comprehensive protocols are those which can be used for several different types
of e-negotiations. They allow using the ens, in which they are implemented, for
different negotiation processes and problems. There are few ENSs that imple-
ment comprehensive protocols and most of them deal with auctions (Ströbel,
2003; Benyoucef et al., 2001). Inss was an early attempt to construct a system
for several negotiation types. The Invite platform is an example of software
capable of supporting many negotiation types.

A specialized protocol is the one that describes one or a few negotiation
types and problems. Examples include SmartSettle, Inspire and WebNS.

E-negotiation protocols can be characterized by several desirable properties
presented in Table 2.

Table 2. Properties of e-negotiation protocols

Property Description

Input consistency All available information is considered for processing
Transparency Users can observe and understand ENS behavior and

actions
Explicability Reasons for action selection are justifiable
Tractability The purpose of every potential activity can be justified
Satisfiability The protocol is not inconsistent; it is possible to reach a

concluding state of the negotiation (e.g., an agreement
or breakdown)

Completeness Interactions between the users and the ENS are suffi-
cient to achieve the goal of the negotiation.

Input consistency means that no information, available to the system, can
be ignored even if this means the need to resolve possible input inconsistencies.
For example, if batna and the reservation levels are available, then they are
both considered in assessing a counter-offer.

Protocol transparency is required for users to know what activities the sys-
tem is undertaking. It does not necessarily mean that the user understands
the role of every element of the protocol and every component of the system.
Elements may be grouped together jointly and applicable to one negotiation
activity. Transparency also means that the user understands the sequence of
the system’s activities and can position each activity in the negotiation phase
model. For example, a set of rules used to assess the counter-part as a hard
negotiator is linked (through the opponent’s assessment) with a set of rules used
to make a concession.
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The explicability property ensures that the activity selected by the protocol
is traceable and the system can justify it.

The tractability property is more general than explicability; it refers to the
protocol’s capability to justify all activities that can potentially be undertaken.

The satisfiability property ensures that the negotiators, who begin the ne-
gotiations using a given protocol, are able to reach a state that—according to
the protocol designers—concludes this negotiation. In other words, there is at
least one such sequence of states that leads from the negotiation opening state
(beginning) to a final, negotiation termination state, either an agreement or a
breakdown. It is a weaker property than completeness, which assures that every
path that begins with the initial state leads to a final state.

The completeness property means that the activities undertaken by the user
and the system under the guidance of the protocol lead to the negotiation goal,
which is the achievement of the agreement or the realization that an agreement
cannot be reached and the negotiation has to be terminated. Although this
second goal may be considered a failure, it is important that the protocol allow
for the process termination.

The completeness property assures that there are no “gaps” in the protocol
and that for every negotiation situation there is an activity that can be under-
taken so that the process continues. For every state, in which the negotiators
and the systems find themselves, there is always at least one sequence of activi-
ties leading to the negotiation conclusion. This property also assures that there
is no activity that can be undertaken by the system that cannot be invoked by
the protocol.

1.3. Phases, states and activities

E-negotiations and negotiations alike can be seen as a sequence of activities. The
purpose of an activity is to formulate or reformulate the negotiation construct
to which it pertains.

Some of the activities are necessary; they must be undertaken by the ne-
gotiators or the system for the negotiation to take place. For example, the
negotiator has to consider (learn about) the problem, formulate and propose
offers, assess counter-offers, and accept or reject a compromise proposal. Other
activities may, but do not have to be undertaken. For example, the negotiator
may send a message, attach an explanation to the offer or define aspiration
levels.

Every activity takes place in a given negotiation state that belongs to one
negotiation phase. In e-negotiations the activities are undertaken by the nego-
tiators and by the systems they are using. Some activities may be combined,
for example, the system may request that the user make an offer and write its
justification, or the negotiator may, at the same time, view the counter-offer
and read the negotiation problem. This introduces the possibility that the sys-
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tem and the user are at the same time in different states. Furthermore, in one
ens, some activities may be combined, while in another system they may be
considered separately.

An example, illustrating the relationship between the negotiation phases,
sequences, activities and outcomes is shown in Fig. 5.

A phase is decomposed into sequences of similar or complementary activi-
ties. In every sequence one or more activities are undertaken. In general, the
activity’s result is an output specifying one or more values of an outcome or
which enables the undertaking of another activity. There may also be activities
that coordinate the process or are required for user-system interaction (e.g.,
the negotiator’s confirmation of the offer submission and logging out from the
negotiation).

One or more activities may be used to obtain the same outcome. In Fig. 5,
Activities 1, 2 and 4 are used to formulate Outcome 1.

At any point of the negotiation the user and the system are in the state
of performing an activity from a particular sequence. Completion of all activ-
ities, associated with this state, moves the negotiation to another state. The
completion of Activities 1 and 2 moves the negotiation to Sequence 2 and the
completion of Activity 2 in Sequence 2 moves the negotiation to Sequence 3. As
can be seen, the same activities may appear in different sequences, for example,
in two or more states the negotiator may write a message to her counterpart or
read the negotiation problem.

Completion of some activities creates a situation when more than one move
is possible. Upon completion of Activity 3, the move to either Sequence 4 or
Sequence 2 of the preceding phase is possible (Fig. 5). This allows the negotiator
to cycle through a series of the same states; for example, the negotiator adds
a negotiation issue, then formulates options for this issue, adds another issue,
and so on.
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Activity 3

Activity 4
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Outcome 3

Sequence 5

Activity 1

Activity 5

Phase 1

Figure 5. Phases, activities and outcomes
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The moves between phases and states (Fig. 5) represent the process from the
perspective of one negotiator. A similar representation may be constructed for
other negotiators. The exchange of information between the negotiators invokes
activities that the negotiator may undertake; external information activates
Sequence 5, in which Activities 1 and 5 are undertaken. For example, an offer
submitted by a counterpart invokes a state in which the negotiator evaluates
this offer (Sequence 5). Based on the counter-offer evaluation, the negotiator
moves to the state in which she constructs and submits an offer (Sequence 4).

From the above description of the activities undertaken in various negotia-
tion sequences it follows that sequences may be visited more than once. It also
follows that the same activity may be undertaken in several sequences and the
completion of an activity leads the negotiator and/or the system to the next
sequence. An exception is the set of activities undertaken by the negotiator’s
counterparts.

The activities undertaken by the counterpart (e.g., activity “submit offer”)
are associated with the counterpart’s state. However, the information they
produce activates the negotiator’s state (e.g., in Fig. 5, Sequence 5 is activated
by the information provided by the counterpart).

I mentioned above that some negotiation activities have to be undertaken
and others may, but do not have to be undertaken. This distinction, together
with the distinction between the negotiator’s and the counterparts’ activities,
allow for categorization of negotiation states into the following three types:

1. Mandatory sequences comprise activities which the user or the system has
to undertake;

2. Optional sequences comprise activities that may but do not have to be
undertaken; and

3. Intervening sequences are activated by information that is external to and
not controlled by the user or the system.

The distinction between the three sequence-types is context-dependent. In the
example presented in Fig. 5, Sequence 2 is mandatory for Sequence 1, that is,
the completion of Activity 1 moves the negotiation to Sequence 2. However,
when the negotiation is in Sequence 3, then Sequence 2 becomes optional; the
negotiator (or the system) may either move to Sequence 2 or to Sequence 4. The
negotiator may cycle between Sequence 2 and 3, but to move to a new state at
some point she has to select Sequence 4. Thus, Sequence 4 is mandatory for
Sequence 3.
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