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Abstract

ABSTRACT

Negoplan is a domain-independent decision support system which can be customised for
different application domains. Negoplan enables the representation, simulation and
support of sequential, context-dependent decision-making problems that involve the

interaction between two participants and their decision environment.

This thesis presents extensions that increase the expressiveness of Negoplan's constructs.
They enable Negoplan to represent decision-making problems that involve more than two
participants. This enlarges substantially the class of Negoplan's applications.

The usefulness of the extensions is demonstrated on a managerial decision-making
application that involves more than two participants. This Negoplan application concerns
self-training of a Business Administration student to test his managerial decision-making
skills in an environment in which Negoplan represents two other autonomously behaving
participants. The application also demonstrates the suitability of customised Negoplan as

an automated training tool.
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Introduction

1. INTRODUCTION

In many fields of study, the education of individuals is ideally achieved by the teaching of
theory followed by a practical application of this theory. Those who have enough
background knowledge to understand a new discipline are first taught the theory of that
discipline. Then, they put their theoretical knowledge into practice in supervised

environments and are provided feedback about the application of this knowledge.

Theoretical knowledge, in general, is taught in classrooms through presentations led by an
instructor. While finding skilled instructors is usually feasible, practical education may be

a challenge in some fields of study.

For example, in mathematics or finance. where the problems in general have solutions
that can be proven, one can exercise theoretical knowledge by solving problems and
comparing the results with the correct answers. In these types of studies, the practical
knowledge of those individuals can easily be tested. However, in medical or managerial
studies, where the correctness of a solution can not be proven and in which the
correctness of a solution is determined by considering many different criteria, it may not
be easy to find individuals and environments for practical learning. In such fields,
sometimes it may not be possible to improve the practical skills before the students get
into the real life problems. When decisions are unrecoverable, the lack of practical
education may produce unwanted results. That is why prototypes or other artificial
training tools that imitate realistic environments are being used to let individuals practice

their theoretical knowledge before they get involved with real life problems.

The Negoplan system (Szpakowicz et al., 1990) is a decision support system used to
simulate decision-making problems. Such problems involve a decision-maker surrounded
by other participants that influence his decisions. Negoplan represents this kind of
problems from the viewpoint of the decision-maker and simulates the action-reaction type
relations between the decision-maker and the other participants. In a simulation, if the
control of the decision-making process of the decision-maker is given to a user, Negoplan
becomes a training tool that lets the user observe the possible reactions resulting from

different sequence of decisions.

The medical decision-making problem application (Kersten er al., 1994a) has been the
most important application of Negoplan system to date. This application has been used as
a training tool, which addresses the lack of practical education in medical studies and
provides an environment in which the medical students can apply their theoretical
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knowledge in practice without requiring actual patients. This Negoplan application has
successfully shown that the system can assist the practical education in medical schools.

The simulation of a decision-making problem can be implemented in two ways: the
participants can be represented individually or they can be represented as part of the
environment surrounding the decision-maker. In the former approach, the states of the
individual participants must be distinguished and the participants’ reactions to particular
decisions of the decision-maker should be identified and defined separately. However. in
the latter approach, the expected changes in the state of the decision-maker resulting from
different decisions need to be identified and defined in the simulation, rather than

representing each participant individuaily.

These two methods can be equally effective in the simulation of a decision-making
problem, which will be used as a training tool. That is because they can both inform the
user of the validity or invalidity of a series of decisions. However, this similarity may
manifest itself only in the functionality of the simulations. Some simulations may be
more informative if the actions taken by the individual participants and their states can
also be observed from the user's point of view. This can only be achieved by representing

the participants individually.

The Negoplan system provides the constructs to represent only one major participant of a
decision-making problem other than the supported decision-maker. As a result of this
limitation, a decision-making problem that involves more than one major participant can
only be represented by treating those participants as part of the environment. One of the
achievements of this thesis is an enhancement of Negoplan that allows the representation
of more than one participant individually. A simulation of a managerial decision-making
problem that involves more than one major participant demonstrates the usefulness of the

designed and implemented extensions. though not all extensions have been actually

applied.

The simulation of the managerial decision-making problem is based on the Business
Strategy Game (Thompson and Stappenbeck, 1995) software (henceforth BSG) used as a
practical teaching tool in the "Strategic Management and Policy I" course oifered in the
Master of Business Administration program at the University of Ottawa. The software
provides the means to let student teams manage a manufacturing company by making
annual quantitative decisions over years and compete against each other in a global

market (Appendix A).

88
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The BSG is a software that provides an environment, which is almost impossible to
achieve in a teaching situation. It gives the students chance to apply their theoretical
knowledge in making quantitative decisions as in real life and to get feedback quickly. In
this sense, the BSG is a very useful training tool. However, its implementation that
requires more than one team in order to play the game limits the use of the game only to
educational institutions where naturally teams can be easily found. The purpose of
simulating in Negoplan the managerial decision-making problem addressed by the BSG
software is to avoid the need for other teams in an individual's practical education, thus to
implement a training tool that is intelligent enough to simulate autonomously behaving

teams.

Although the medical application and the BSG application of Negoplan are similar in
terms of their purposes as decision-making training tools, two major differences between
them make the latter worth implementing. One difference is that the former involves only
one participant, while the latter involves more than one participant and makes use of the
extensions of Negoplan. The other difference is that the former represents several
illnesses, but none of them shows dynamic behaviour in the real sense. Therefore, every
time the simulation is executed with a particular illness, the same behaviour is obtained
from the system for the same sequence of decisions. One of the purposes of the BSG

application is to come up with a tool that exhibits a dynamic behaviour.

Another purpose of the BSG application of Negoplan is to enable its user to make
qualitative decisions, as well as quantitative decisions. The decisions of the student
management teams in the actual game are only quantitative, which is unlikely to happen
in real life. Real management teams usually make qualitative decisions that are translated
into quantitative decisions by others. After considering this fact, the BSG application has
been implemented in Negoplan in a way that enables the user to make qualitative and

quantitative decisions.

Chapter 2 introduces the actual BSG software on which the managerial decision-making
problem simulation is based. In this chapter we present the purpose of the software, the
detailed description of all the decisions made by the student management teams and the

financial indicators that show the results of these decisions.

Chapter 3 gives an overview of the Negoplan system, its constructs with their
interpretation and its running mechanisms. The limitations of Negoplan's constructs that
prevent the representation of more than one participant of a decision-making problem
(other than the decision-maker) are also introduced in order to help understand the

extensions of Negoplan.
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The extensions of Negoplan that overcome the limitations of its existing constructs are
presented in Chapter 4. These extensions include new constructs. modifications in
Negoplan's running mechanisms and measures taken in order to prevent the inefficiency

expected as a result of the increased complexity of the applications.

Chapter 5 presents the implementation of the BSG application of Negoplan using some of
the extensions presented in Chapter 4. In this chapter, the representation of the
participants involved in the problem and their behaviour are introduced. Section 5.2 gives
the technical details of this application. Chapter 6 discusses the observations made in the
implementation phase of this application regarding the suitability of Negoplan for this

problem and the experimental results obtained by running this application.

Chapter 7 presents related work done on Negoplan and on systems similar to Negoplan.
The Negoplan system, a domain-independent decision-support system. is considered to be
an expert system shell and the related work on similar systems is based on expert system

shells that have been used for training purposes.

Chapter 8 suggests some possible improvements in the extensions and in the managerial
decision-making problem application. The thesis is concluded by discussing the

contributions of this thesis.

The references and the bibliography of Negoplan are listed in chapters 9 and 10,

respectively.
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2. THE BUSINESS STRATEGY GAME SOFTWARE

e A A A N e,

The goal of the BSG software (Thompson and Stappenbeck, 1995) is to help prepare
students for real-world decision making by giving them a chance to practice their
theoretical managerial knowledge that they acquire in classroom education. The game is
about managing a manufacturing company by making quantitative decisions. The realistic
competitive environment with several competing companies is achieved by different
teams of students taking charge of one company's business. All the companies are
assumed to be in the same business, namely athletic footwear, and to be initially at the
same state. The teams have full control on the management of their companies and their
purpose is to bring them to the leading position in the athletic footwear industry. In order
to become the industry leader, each team has to compete with each other in a growing

market, and aim to get the highest global market share.

At the beginning of the game every team has two athletic footwear manufacturing planis
in North America and can sell their products in all the three markets that are defined in
the game: North American. European and Asian. There is a growing demand for athletic
footwear products. In order to satisfy all the market demand in the following years, the
teams can either expand the production capacities of their existing plants or open a new
plant in Europe or Asia. The aspects of having more than one market to sell the products

and being able to expand makes the game more realistic and more interesting.

The game proceeds with annual quantitative decisions of each team managing a company
in the industry. The decisions are made by using the student software, (Appendix A)
which is programmed to calculate the estimated results of the decisions made. After every
teamn has made their decisions, all the decisions are collected by an evaluation software
and evaluated in order to determine the actual annual results of the decisions of each
team. The evaluation software is only available to the instructor and the teams do not
control the evaluation process, as in real life. The teams are ranked according to their
accomplishments. After having the results of their decisions, the teams continue making
decisions for the following year, considering the previous results. The game lasts a couple
of years until the results obtained by each team distinctively show the success or failure of

their strategies.

2.1. THE DECISIONS

The management team of every company is responsible for making a series of decisions.
These decisions concern production, labour, plant operation, marketing and financial
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aspects. In making all these decisions. many different environment factors must be

considered. The following sections describe each of these decisions briefly with the

relevant environmental factors and with the expected results of these decisions. The

relations between the environmental factors and the decisions were deduced from the

BSG software manual (Thompson and Stappenbeck. 1995).

2.1.1.

PRODUCTION DECISIONS

Pairs to be manufactured

The number of pairs in inventory that are unsold in the previous year, the expected
demand in the market for the coming year, the reject rate estimation and the sale

amount estirmation are the factors that need to be considered.

Percent use of long-wear material

According to the quality that is targeted for the products, the percentage of long-
wear material should be decided. More use of long-wear material will result in

higher quality, but more expensive products.

Number of models

Three choices are defined for the number of models: 50, 100 and 200. If the number
of models is higher, the products will appeal to a wider range of customers and as a
result more will be soid. However. the cost of production will be higher because of
switching between the production of different models. The number of models is
also related to the quality of the products. When the number of models is small then
the expertise of the workers increases and this results in high quality products.
However, when the number of models is high, the workers do not work on the same
model long enough to have expertise, and the quality of the products tends to be

lower.

Quality control budget & Stvling/Features budget

The amounts spent on the quality control and styling/features budgets. These
amounts are directly effective in the quality of the products in the coming year. The

more money spent per pair, the higher is the quality.

Methods improvements budget

The amount spent on the improvement of the plant efficiency. The money spent to
improve the plant efficiency acts to reduce the supervision costs as much as 25%,
reduce production run set-up costs by as much as 50% and increase the annual

6
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productivity of the workers by as much as 10%. The improvements that are the
results of this expenditure depend on the amount spent per pair. The more money

spent per pair, the higher the improvements.

2.1.2. LABOUR DECISIONS

e Number of workers employed

The number of pairs that will be produced and the worker productivity estimation

are the two factors that need to be considered for this decision.

e Annual wage & Incentive pay per pair

Annual wage per worker and incentive pay per pair are effective in worker
productivity. While a raise boosts the productivity, a cut decreases it substantially.
The worker productivity increases decreasingly as the incentive pay increases. The
increase in the worker productivity does not increase the plant capacity, rather it
decreases the number of workers that need to be employed. These decisions play
also an important role in the quality of the products, because the more income the
workers have, the more motivated they become and as a result the quality of the

products increases.

2.1.3. PLANT DECISIONS

The results of the plant decisions do not become effective immediately in the year
following the decisions, but in the next. Their payments are also made in the year they

become effective. The following are the plant decisions:

e Automation options

There are four different automation options (A, B, C and D). They have an
increasing effects on the worker productivity and decreasing effects on the
production run set-up costs by certain percentages. This is caused by the robotics-
style technology installed in the plant as a result of automation. Every option has a
predetermined cost that has an increasing effect on the cost of production. In the
determination of the automnation option, the increase in the market demand for
products and the worker productivity play important roles. The automation option
decision can be made once in the lifetime of the game, and the decision that is made

stays valid until the end of the game.
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¢ Expansion

According to the increasing demand in the market, the production capacity of the
plant can be expanded in order to satisfy the expected demand in the market. The
increase in capacity is made by at least one million pairs per year with a certain
cost. Although there is no limit on the amount a plant can be expanded, more than
necessary expansion of a plant will only have an increasing effect on the production

cost of the plant.

2.1.4. MARKETING DECISIONS

e Wholesale Price to dealers

The wholesale price to dealers is the key determinant of the market share. However,

a low price alone will not be enough for a company to become the market leader.

e Advertising Budget

The amount of money spent on advertisement has an increasing effect in the
product quantity that will be sold in the coming year. As well as the amount of
money spent for the coming year. the cumulative amount spent until that year has

also importance in that quantity.

o Number of retail dealers

Retail dealers sell products directly to customers. Therefore, the more dealers there
are, the more customers will be serviced and as a result the more products will be
sold. There is no limit on the number of retail dealers that a company can have, but
retail dealers also increase the cost of products because the company needs to

support its dealers financially.
¢ Customer rebates

There are four rebate options for the products: no rebate, $1 rebate, $3 rebate and
$5 rebate. The customers intend to buy the products that offer more rebates.
Therefore, the number of products that will be sold is expected to be more with

more rebates offered.

e Number of customer service representatives

One customer service representative can service fifty retail dealers. Having one
service representative for less than fifty retail dealers is expected to increase the

amount of products sold and having one service representative for more than fifty
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2.15.

2.2.

retail dealers is expected to diminish the amount of products sold. In order to have a
positive impact of this decision on the amount sold, the ratio should be considered

rather than its absolute value.

Delivery time

Four different delivery time options are available: four, three, two weeks and one-
week. A lower value has an increasing effect on the amount of product that will be
sold.

FINANCIAL DECISIONS

Request for short-term loan

A short-term loan comes from financial institutions in order to support the financial
status of the company. Short-term borrowing means more money (O spend on
production, therefore it can indirectly affect the amount of products that will be sold
in the coming year. Short-term loans need to be paid back in the following year
with a predetermined interest. When a company ends up with a negative cash
balance at the end of a year, it is automatically given a short-term loan to raise its

balance to zero.

Common stock shares issued

A company can support itself financially by issuing new stock shares. Issuing new

shares will decrease the price of the prevailing shares.
Bond issue

All bonds are issued for a ten-year term and they can be considered to be long-term
loans. The money borrowed by issuing ten-year bonds is repaid annually in equal
instalments with interest. The interest rate of each bond issued depends on the
company's bond rating in the year it is issued. The number of bonds a company can

issue is limited by ten, two of which have already been issued in previous years.

Dividend declaration

Annual dividend declaration is important for the stockholders and the stock price is

directly proportional to the dividend declaration.

THE FINANCIAL INDICATORS

There are five financial indicators (revenues, profit, earnings per share, return on equity

and cash balance) that show the results of the decisions made by each team.




The Business Strategy Game Software

¢ Revenue

Revenue is the total amount obtained as a result of selling products in the market.
The multiplication of the total number of products sold in a year by the price per

product gives the revenue, assuming that there is only one product.
e Net income

Net income is the amount left from the revenue after deducting all the production
costs, the depreciation costs, interest paid and taxes. This is the amount that the
company earned in that year. A large revenue does not mean that the company is

very successful, unless it also has a high percentage of net income.

e Earnings per share (EPS) & Return on equity (ROE)

EPS and ROE values are the indication of the company's profit relative to the
number of shares outstanding and to the total equity that is invested by the
stockholders. EPS is expressed in $/share and it is calculated by dividing the annual

net income of the company by the total number of outstanding shares. ROE is equal

to the percentage of the annual profit with respect to the total equity of the
stockholders. At the beginning of the game, the EPS value is very close to $1.5 and
ROE value is around 15%. An increase in these indicators will please the
company's shareholders and as a result the share price of the company will increase.
with a positive impact on the reputation of the company. Since the goal is to please
the shareholders, the management teams should set their goal in order not to
decrease the values of these indicators too much. These are relative indicators.
therefore they show the success of the management teams more realistically than

the other indicators.
e Cash

This is the amount not spent at the end of the year. If the estimated expenses for the
coming year are less than the actual expenses, the company will have a negative
cash balance and will be obliged to finance its expenses by short-term loans. A cash
balance that is close to zero without an obligation to borrow money at the end of the
year means that the company uses all of its financial resources efficiently and

makes good estimates.
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3. OVERVIEW OF THE NEGOPLAN SYSTEM

This chapter is an introduction to the Negoplan system, which gives the reader
background knowledge to understand the extensions and modifications implemented in

the system and described in the following chapters.

Section 3.1 describes the modelling methodology on which Negoplan is based and the
class of problems addressed by Negoplan according to this methodology. The Negoplan
constructs used in the representation of these problems and closely related to our
extensions of the system will be introduced in Section 3.2, accompanied by examples.
Negoplan's inference engine will be demonstrated in Section 3.3 and the limitations of the

present Negoplan system for some problems will be discussed in Section 3.4.

3.1. PROBLEMS ADDRESSED BY NEGOPLAN

Negoplan is a domain-independent decision support system which can be customised for
different application domains. Negoplan is based on the restructurable modelling
methodology (Kersten et al.. 1991) which enables the representation, simulation and
support of sequential, context-dependent decision-making problems. Making a decision is
often associated with the choice of one alternative from a given set in order to achieve

certain goals.

In sequential decision making problems. in order to achieve a principal goal, a sequence
of decisions needs to be made. Each decision made in the sequence is a contribution
towards the achievement of the principal goal and each decision highly depends on the
earlier decisions made. For instance, in a representation of a manufacturing company the
necessary decisions might include determining the quality and the amount of the
products, selecting the marketing strategy and so on. The target quality of the products
and the strategy that will be followed in marketing these products may be effective in the

determination of the amount that should be produced.

Context-dependent decision making problems are mutually related with the agents who
play a role in them. Context dependent decisions may vary depending on the state or
behaviour of their participating agents. A decision made may affect the agents and cause
their reactions. It is usually necessary to adjust context-dependent decisions after
considering the reactions of their participating agents (Szpakowicz et al., 1990). For
instance, a decision to produce low-quality products while the market tendency is towards

high-quality products may lead to a high-investment decision in advertisement in order to

11
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compensate for the wrong quality decision and achieve the target sale quantity in the

upcoming year.

The decision context—the participants and the situation—may be disregarded if the
decision is considered as a single act. If, however, there is a sequence of decisions. a

partial decision usually modifies the context in which subsequent decisions are made.

The Negoplan system permits the simulation of the interaction between two agents and
their decision environment. The organisational structure of Negoplan (Kersten. 1994)
comprises the supported agent (who may also be the user of the system). the opposing
agent (opponent) and the decision environment; this terminology reflects the original. and
later extended, purpose of Negoplan as a tool for the modelling of two-party negotiations.
The environment refers to the circumstances under which the interactions occur rather
than the physical environment. Since the opponent is directly related to the supported
agent's current and future decisions. it is considered separately from the decision

environment.

A decision-making problem is viewed from the supported agent's point of view and the
goals or the internal state of that agent is represented by the system with a hierarchical
graph that is called a problem decomposition graph (PDG). Throughout the simulation of
the decision-making problem, the PDG of the supported agent is modified in response to
the changes occurring in the states of the two agents and in their decision environment.
These modifications represent the context-dependent variations in the goals or in the

internal state of the supported agent.

The application of Negoplan for a decision-making problem simulation starts with the
definition of the supported agent's PDG and continues with the definition of the
behaviour of the supported agent in different situations, the opponent and the
environment that are participating in this decision-making problem. The representation
and the modifications of the PDG are expressed in a rule-based formalism (Kersten and
Szpakowicz, 1990). The behaviour is defined by metarules, using a declarative language
embedded in the system. Since Negoplan is implemented in Prolog, this declarative
language shares syntax with some of the Prolog's primitives. The simulation of the
problem proceeds by using logical inference, causing the agents' behaviour to occur
according to the state of the problem simulation. The realisation of this behaviour
modifies the state of the problem and the PDG of the supported agent. The state of the
problem is determined by a set of facts that introduce the states of the agents participating

in the problem.
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The medical decision-making problem simulation (Kersten er al.. 1994b) is one of the
larger applications of Negoplan. This problem involves a (simulated) patient and a
medical student who is trying to make a correct diagnosis and select an appropriate
treatment for the patient's illness. The problem is viewed from the patient's point of view
and the medical status of the patient is depicted in a PDG. The initial graph introduces all
the visible medical symptoms. The task of the medical student is to reveal the illness of
the patient by following a correct sequence of medical decisions and to come up with a
correct treatment for this illness. Some possible actions of the medical student are
medical examination, application of medical tests, learning the history of the patient and
an interim treatment. Each of these actions will have a modifying affect on the patient's
PDG, but will lead to an expected PDG only if correct actions are taken and they are
taken in a certain order. For instance, the interim treatment decision taken before medical
examination, before learning the history of the patient and before the application of
medical tests may lead to an unexpected PDG introducing negative results in the medical
status of the patient. However, the interim treatment decision taken after those decisions
and considering the facts that are collected from the results of those decisions, may lead

to a PDG introducing improved visible symptoms in the medical status of the patient.

3.2. NEGOPLAN CONSTRUCTS

A Negoplan application comprises four major components: a rule base, a metabase, a
section containing application-specific Prolog definitions and a customisation section.
The rule base contains the PDG which is a description of the problem in the form of a
decomposition hierarchy of rules. The metabase contains metafacts that characterise the
position of each agent and the metarules that are used to simulate the dynamics of the
decision problem (Noronha and Szpakowicz, 1996). The changes in the positions of the
agents may require modifications in the PDG and this is achieved by restructuring

metarules.

Negoplan constructs that are introduced in this section are only the ones that are related to
the extensions and used in the "Business Strategy Game" application. This section is
partially quoted from the Negoplan Case Author's Manual and the examples are taken
from the case study for the medical decision-making problem (Kersten et al., 1994).

A Negoplan application is mainly accomplished by customising the Negoplan's default
appearance and behaviour attributes to suit a given decision-making problem, by defining
the PDG of the supported agent and by writing metarules that determine the behaviour of

the agents participating in the problem in various situations.
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In the discussion of the Negoplan constructs, the terms that appear in italics will represent
the name of a construct, whereas a term in typewriter font will represent a text that is
typed literally. For instance, in the definition of the supported agent: us (supported
agent), us is typed literally. but supported agent is a placeholder for the actual name of

the agent.

3.2.1. PROBLEM DECOMPOSITION GRAPH

In a Negoplan application. the hierarchy of goals or the internal hierarchical organisation
of the supported agent is represented by the problem decomposition graph (Kersten and
Szpakowicz, 1994b) in which a node is described by a decomposition rule that relates a
goal to subgoals or an element of the agent’s structure to substructures. A decomposition

rule is in the form of:

fg <—f1& &f;,.

where f, denotes a goal or a structural element and fi, ..., fo are its top-level components.

An element that is not decomposed any more is called a fact.

Decomposition rules can be interpreted as implication (Kersten and Szpakowicz, 1990).
For the left-hand side of a rule to be present or achieved, all the right hand side
components should be present or achieved. The symbol & represents the logical
conjunction. For instance the "presence of the general exam follows from the presence of

the facts 40° fever and irregular pulse and normal head size and normal blood pressure”.

Each element ( f; ) on the right-hand side of a decomposition rule is written as a predicate

in Prolog and is in the form of:

name(p;, ..., Pa)-

where name indicates the nature of the element and the parameters p, ..., p. represent

details, for example, blood_pressure (normal) .

The parameters of a predicate are usually either constants or variables. In Prolog,
constants are numbers or symbolic constants which are identifiers beginning with a
lowercase letter (patient) or identifiers that are quoted ('sick Child') and variables

are identifiers beginning with an uppercase letter.

The symbol <- in an individual decomposition rule can be interpreted as an implication
(Kersten and Szpakowicz, 1990), as a consequence or as a structural decomposition. The

symbol & represents the logical conjunction. For instance, this rule:

14
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general_exam <- fever(40) &
pulsel{irregular) &
head_size(normal) &

blood_pressure (normal) .

can be described in several ways depending on the interpretation of the <- symbol. "the
presence of the facts 40° fever and irregular pulse and normal head size and normal
blood pressure implies the presence of the general exam” when it is interpreted as an
implication, "the presence of the facts 40" fever and irregular pulse and normal head size
and normal blood pressure are the consequences of the general exam” when it is
interpreted as a consequence and "a general exam consists of checking the fever, the
pulse, head size and the blood pressure” when it is interpreted as a structural

decomposition.

Negoplan does not force the reader to interpret the rules in a certain way. Therefore, in
order to interpret a PDG, it is necessary to know the way the problem is understood by its

designer.

The initial internal organisation of the medical decision-making problem represents the
medical state of a sick_child. One of the initial PDG depicts the medical state of a
sick_child who has a complaint in his intestinal_system caused by a virus with the

visible_symptoms of diarrhea. refusal_to_eat, neutral irritabilicy and

vomiting.

sick_child <- intestinal_system.
intestinal_system <- virus.

virus <- visible_symptoms.
visible_symptoms <- diarrhea &

refusal_to_eat &
irritability(neutral) &

vomiting.

Throughout the simulation of the problem, this organisation expands as a result of the
decisions taken by the medical student. The expansion that lets the student reveal the
illness of the sick_child indicates that his decisions are correct. One of such final

organisations of the medical decision-making problem is as follows:

sick_child <- intestinal_system.
intestinal_system <- virus.
virus <- visible_symptoms &

15
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general_exam &
patient_history.
visible_symptoms <- diarrhea & refusal_to_eat &
irritability(neutral) & vomiting.
general_exam <- fever (40) & pulse(irregular) &
head_size(normal) &
blood_pressure(normal) .
patient_history <= diet (no_change) &
loss_of_weight(0.4) &
family(no_similar_symptoms) &

bowel _movements (normal) .

3.2.2. METAFACTS

A predicate with a logical value true or false assigned to it is called a metafact. The
logical value assigned to a metafact reflects the existence or non-existence of that
predicate at a certain time of the simulation. With the use of side names, metafacts are
ascribed to specific agents involved in the decision-making problem, allowing the
statement represented by the predicate to be viewed, perhaps differently, by different

agents. Metafacts are written as follows :
side : predicate(...) ::= logical_value

For instance, the following two metatacts have been taken from the medical decision-

making problem:
sick_child : 'refusal to eat' ::= true
student : 'interim treatment' ::= false

The former reflects the sick_child's refusal to eat and the latter the absence of an
interim treatment request by the student at a certain time during the simulation of

the problem.

The set of metafacts that are available at a certain time of the simulation represents the

current state of the problem.

3.2.3. METARULES

The behaviour of the agents in different situations and the interactions between the agents

is defined by means of metarules. A metarule can be viewed as a cause-effect relation

16
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consisting of metafact conjunctions and special constructs. The general form of a

metarule is as follows:
triggers ==> conclusions.

The following is a fictitious metarule describing the hospitalize action taken by the
medical student if the fever of the sick_child is above 40°.

sick_child : fever (Temperature) ::= true &
{ Temperature > 40 }
==>

student : hospitalize ::= true.

A metarule is triggered only if the metafacts that are listed on its left-hand side have been
encountered in the set of metatacts at some time during the simulation. When triggered. it
results with the effects listed on its right hand-side causing some changes in the state of

the decision-making problem.

The predicates in the metafacts on the left-hand side of a metarule may have variable
parameters. These will be instantiated by its corresponding metafact when it is
encountered in the set of metafacts. A parameter can also be affected by tests or
calculations performed by embedded Prolog calls. Such a call is written in curly brackets
at the same position in a metarule that a metafact would occupy. An embedded call may
check a condition related to a parameter or may compuie its value. If an embedded call

fails, it prevents the application of the metarule in the current situation.

There are four kinds of metarules with different functionalities.

3.2.3.1. Response metarules

Response metarules describe the reactions of the agents participating to the problem that
will appear in various situations. The triggers are conjunctions of metafacts and

embedded calls.
triggers ==> metafact; & metafact;& ... & metafact, .

When a response metarule is triggered, the metafacts listed on its right-hand side are
integrated with the set of metafacts existing in the system.

The following is a fictitious response metarule describing the change in the medical
condition of the sick_child having a fever above 40°, when the medical scudent has
decided to apply interim treatment. Once this metarule has been triggered, the

(simulated) fever of the sick_child drops by 2°.

17
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sick_child : fever (Temperature) ::= true &

{ Temperature > 40 } &

student : 'interim treatment' ::= true

==>

{ New_Temperature is Temperature - 21} &
sick_child : fever (New_Temperature} ::= true &
sick_child : fever (Temperature) ::= false.

3.2.3.2. Selection metarules

When Negoplan is used as a decision support or simulation tool, it may be necessary (o
have user interaction in order to assist the decisions of an agent participating to the
decision-making problem. User assistance can be provided to the decisions of any agent
and this functionality makes Negoplan very suitable for training or evaluating the

complex decision making skills of its users.
triggers ==> select (choicey, ..., choicer) & other conclusions .

When a selection metarule is triggered, the control is given to the user to let him tailor the
right hand side of the metarule according to his objectives. The choices that are selected
by the user are transformed into metafacts with the side name of the agent that is
introduced by the selection_owner predicate and those metafacts are integrated with the

set of metafacts existing in the system.

The following is a fictitious selection metarule which is triggered when the sick_child
has diarrhea. The user is asked to select one or more among the list of possible actions.
Since in the medical decision-making problem simulation the student is decided to be
the selection owner, the selections of the user are transformed into metafacts with the side

name of the student and integrated with the set of metafacts existing in the system.

sick_child : diarrhea ::= true

==>

select { ‘contact specialist’',
‘general exam',
hospitalization,
‘patient history' )

with_message 'Choose initial actions to perform:'.
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3.2.3.3. Restructuring metarules

As a result of the decisions made and actions performed by the agents participating in the
decision-making problem, the previously defined PDG may become inadequate for the
current state of the problem and the supported agent may need to restructure its hierarchy
of goals or its internal hierarchical organisation considering the changes that have

occurred in the state of the problem.

The transformation of the PDG is performed by the restructuring metarules, which are in

the form of:
triggers ==> modify (rule,, ..., ruley) .

The rules that are given in the right hand side of the restructuring metarules either replace
or extend the existing decomposition rules that appear in the PDG. If the rule that appears
in a restructuring metarule is defined with the <- operator, this rule replaces a rule with
the same left-hand side in the current PDG. However, if the rule is defined with the <-&

operator, a rule with the same left-hand side must exist in the current PDG and it is
extended rather than replaced. For instance, an existing decomposition rule rg <- r1 &

ro will be replaced with the rule rog <- r3 & rq4, if this rule appears in a triggered
restructuring metarule. However, the same decomposition rule will be extended by the
rule rg <-& r3 & rgqresultinginrg <- r1 & r2 & r3 & r4 if this rule appears in a

triggered restructuring metarule.

The following fictitious metarule describes the restructuring of the PDG in response to
the general exam decision in the medical application. As a result of this metarule. the part
of the PDG of the sick child depicting visual symptoms related to an intestinal virus is
extended by the general exam rule. If there already is a rule that defines general exam,

it is replaced, if there is not, a new rule is added to the PDG of the sick_child.

student : 'general exam' ::= true

==>

modify ( virus( int ) <-& general_exam,
general_exam <- age( '13 months', 1 ) &

‘blood pressure'( low, 1} &

pulse( high, 1) ).

A PDG can also be restructured piece by piece, using the procedure construct in
response metarules. This mechanism makes it possible to save a change to a PDG for
further use; that is, a virtual change can be made in advance in a response metarule. When
a restructuring metarule is triggered, all the partial changes that have been saved earlier
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and the changes introduced in that metarule can be gathered together by calling the
save_all_modifications predicate. For instance, the first part of the change introduced
in the restructuring metarule shown above can be made in advance by the following right-

hand side of a fictitious response metarule:

==>

student : procedure ( virus( Int ) <-& general_exam )} ::= true.

This change can be combined with the other changes by calling the

save_all_modifications predicate in the following fictitious restructuring metarule:

student : ‘'general exam' ::= true &

{ save_all_modifications(student; !

==>

modify ( general_exam <- age( '13 months', 1 } &
‘biood pressure'( low, 1 ) &

pulse( high, 1 ) ).

3.2.3.4. Termination metarules

When a certain condition is observed during the simulation, one of the termination
metarules, which usually displays the cause of termination corresponding to that

condition, is triggered and the decision-making process is terminated.
triggers ==> terminate caises of termination.

The following termination metarule is triggered in response to the student's incorrect
hospitalisation decision. When triggered. the simulation of the problem terminates by

displaying the text provided as the cause of termination.

student : hospitalisation(_) ::= true
==>
terminate

‘Condition of the patient does not warrant hospitalisation.

3.2.4. PACKETS

Packets are used to organise metarules into modules such that at most two modules may
be active at any given time. A metarule can only belong to one packet; it is labelled with

the name of the packet as follows:
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metarule --- packetname.

The following metarule is a fictitious response metarule which belongs to the packet

called important_scage in which all the crucial decisions are made.

sick_child : fever(Temperature) ::= true &
{ Temperature > 4C }

==>

student : hospitalize ::= true

--- important_stage.

The metarules that are not labelled with any packet name belong to the global packet
which is always active during the simulation of the problem with a named packet. At any
given time, only the metarules that belong to the active packets may be triggered.
Switching to another packet is accomplished with the switch_to command, which can
appear only in modification metarules:

modification_metarule swicch_to packetnamel --- packetnameZ.

Packets can be used to represent different phases of the decision-making problem.

3.2.5. IMPLEMENTING AN APPLICATION

Implementing an application of the Negoplan system requires the determination of the
agents that will be involved in the decision-making problem and the introduction of those
agents' names into the system by means of the following Prolog predicates:

us (supported agent) .
them(opponent agent) .

neutral (environment) .

For instance, the names of the agents that participate in the medical decision-making

problem are introduced with the following predicates:

us(sick_child).
them{student) .

neutral (environment) .

In the rest of the implementation, these names are used to differentiate the facts that

belong to different sides.
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Figure 1. A snapshot from the medical decision-making problem simulation

The Negoplan user interface on Macintosh systems provides a different window for each
agent and the facts belonging to different agents are displayed in their corresponding
windows. In order to identify which agent's metafacts are displayed in which window,

these windows are given a name with the following Prolog predicates:

side_window( 'User', supported agent) .
side_window( 'Othex', opponentagent).

side_window( 'Environment', environment) .

For instance, in the medical decision-making problem simulation, the windows are given

the following names:

side_window( 'User', 'Sick infant').
side_window( 'Other', ‘'Student‘).

side_window( 'Environment', '‘Environment') .




Overview of the Negoplan System

The names of the agents that are defined to identify their metafacts and the names of the
windows that are defined to identify which agent they represent do not need to be the
same. In fact, the former names are only observable by the person who is customising the
system and the latter names are only observable by the person who is using the

application.

The user interface for the medical decision-making problem simulation is introduced in
Figure 1. The metafacts of the agents. sick_child, student and environment, are
displayed in their corresponding windows that are named as ‘Sick infant'. 'Student’
and ‘Environment'. The figure depicts the time after when the medical student
requested the patient history and general exam. These actions are displayed in the
student's window and new symptoms that are discovered as a result of these actions are

displayed in the sick_child's window.

3.3. NEGOPLAN INFERENCE ENGINE

The execution of a Negoplan application for a decision-making problem starts by loading
the initial PDG of the supported agent and the metarules defining the behaviour of the
agents participating in the problem and the interactions between them. The system can

also be given metafacts that define the initial states of the opponent and the environment.

A simulation starts with the generation of the metafacts belonging to the supported agent
from the initial PDG by using goal-directed (backward) reasoning and proceeds with
forward chaining of response, selection and termination metarules (the response cycle),
forward chaining of modification metarules (the restructuring cycle) and backward

reasoning on the modified PDG.

3.3.1. GOAL-DIRECTED (BACKWARD) REASONING

The predicates at the leaves of the PDG are identified and assigned a logical value true
or false in such a way that the topmost element of the PDG becomes crue when
backward reasoning is applied. In a PDG, if disjunctions are used, there may be more than
one alternatives which makes the topmost element of the PDG true. At the time of
backward reasoning, at each disjunction node only one subtree is arbitrarily chosen and
the predicates that are at leaves of that subtree are assigned a logical value. The predicates
that appear in the subtrees that have not been chosen are not assigned any value. Those
predicates that are assigned a value are labelled with the supported agent's name in order
to constitute its initial set of metafacts. Backward reasoning is applied to the graph at the
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beginning of the simulation and also every time it is modified after the restructuring cycle
in order to refresh the representation of the state of the supported agent.

3.3.2. RESPONSE AND RESTRUCTURING CYCLES

The response cycle can be interpreted to be the period when all the participating agents
including the environment respond to the situation. The response of the agents can be the
result of an interaction between the supported agent and the opponent or just a reaction to
a change in the environment. The behaviour of the agents that arises during the response

cycle is defined by the response, selection and termination metarules.

In the restructuring cycle the supported agent reconsiders his current state and his
objectives according to the changes that occurred in the problem state in the response
cycle. As a result of the restructuring cycle modifications may occur in the PDG. and the
decision-making problem may also switch into another phase. This behaviour of the

supported agent is defined by modification metarules.

Although more than one response metarule may be triggered in the response cycle, only
one modification metarule can be triggered in the restructuring cycle. Whenever a
response metarule is triggered. the metatacts listed on its right hand side are added to the
existing metafacts. When a restructuring metarule is triggered, the rules that are listed on
its right hand side are incorporated into the PDG of the supported agent. In the
restructuring cycle only one metarule can be triggered, because the objectives of the
supported agent are supposed to be enhanced only in one way. If there is a packet-switch
clause in the modification metarule. the metarules for the current phase are disabled and

those for the new phase are made available for chaining.

The response cycle differs from the restructuring cycle only in their conclusions. The
metarules that are triggered in both of the cycles are determined by the same forward
chaining mechanism implemented in the Negoplan system (Figure 2). At the beginning of
both cycles the existing metafacts of the opponent and the environment are added to the
supported agent's metafacts that are extracted from its PDG. The metatacts. one by one in
an unspecified order. are matched with the metafacts that appear in the left-hand side of
the metarules in the active packets. The metarules whose left-hand sides contain a
metafact that matches an existing metafact, may be triggered and are placed in a special
data structure called agenda after the matched metafact is removed from their left hand
sides. If the left-hand side of a metarule that is already on the agenda contains a metafact
that matches an existing metafact, that metafact is simply removed from its left-hand side.
Embedded Prolog calls that appear on the left-hand side of the metarules on the agenda
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execute when all the metafacts preceding it have been removed. When all the metafacts
are removed and all the embedded Prolog calls execute successfully on the left-hand side
of the metarule, that metarule is triggered and its conclusions are performed.

Applying restructuring metarules

PDG Metarules Metarules I
of the on the
Active Packets Agenda

Forward
Chaining

Backward
Reasoning

(Exis(ing Mctafncts}
Opponent’s
o rt

Environment's Applying response metarules
Metafacts

Figure 2. The Forward Chaining Mechanism of the Negoplan System

3.3.3. METARULE INDEXING MECHANISM

The forward chaining mechanism examines a metafact at a time and determines the
metarules that belong to the current packets and contain a metafact matching the
examined metafact on their left-hand sides. The forward chaining mechanism later
removes the matching metafact from the left-hand sides of those metarules and places
those metarules on the agenda giving them a chance to be triggered. If a metarule that 1s
already on the agenda contains a metafact matching the examined metafact, the forward

chaining mechanism simply removes that matching metafact.

In order to find the metarules within the current packets that contain the examined
metafact, the metarules are indexed at the beginning of the simulation according to the
packets to which they belong and according to the metafacts that they have in their left-
hand sides. The index entries are stored in rule_index clauses and have the following

structure :
rule_index (metafact, list of (packet, response metarules, modification metarules))

For instance:
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rule_index(metafactl, { [packetl,[1,2,3],1[4,7.,11]1],
{packet2, [15,161, {21]] ]).

When, for example, the forward chaining mechanism examines metafactl and the
current packet is packetl, the response metarules 1, 2 and 3 in the response cycle and the

metarules 4, 7 and 1 1 in the restructuring cycle will be piaced on the agenda.

Indexing of the metarules is performed by the metarule reader which parses the metarules
at the beginning of the simulation in order to determine which metafacts appear in their
left-hand sides. For each metafact that appears in the left hand side of a metarule and that
does not have an index entry, a new entry is added. In that entry, a new (packet, response
metarules, modification metarules) triple is constructed. The name of the packet that the
metarule belongs to is written in the packet field and the metarule number is appended to
the appropriate list of metarule numbers according to the type of that metarule. For a
metafact that appears in the left-hand side of a metarule and has an index entry, only the
metarule number is appended to the corresponding list of the triple which has the packet
where the metarule occurs. If there is already an index for the metafact, but not a (packet,
response metarules, modification metarules) triple which has the packet in which the

metarule occurs, a new triple is constructed and added to the list of triples.

3.4. LIMITATIONS OF THE PRESENT NEGOPLAN SYSTEM

The present Negoplan system has weaknesses that impose restrictions on the supported

agent and the problem domain.

The supported agent cannot learn new concepts (Kersten and Szpakowicz, 1994). The
behaviour of all agents participating in a decision-making problem is described when an
application is implemented and it can not be modified throughout the execution of the
application. In real life, throughout the decision-making processes the participants can
find reasons behind actions, goals and plans of other participants and as a result learn new
concepts. However, the supported agent can only determine and verify its own goals and

plans by considering the reactions of the others.

Another limitation of the Negoplan system is that it provides the constructs to associate
metafacts with three different entities: the supported agent, the opponent and the
environment. This creates a limitation on the number of agents that can be represented in
a decision-making problem simulation and in the definition of the metarules that
represent the behaviour of the agents in different situations. As a result of this limitation,
only the decision-making problems that involve two agents and their decision-making
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environment can be simulated by the Negoplan system. Previous applications of
Negoplan include a medical decision-making problem, a robot action planning, a car
buying decision-making problem and a labour-management negotiation. The two agents
in these applications are, respectively, the medical student and the sick child. the robot
and the terrain, the car dealer and the customer, the trade union and the management team

of the company.

Limiting a decision-making problem simulation to at most two agents actively
participating in the decision-making process may not be very realistic for many decision
problems. For instance, in the car buying application only two agents, the dealer and the
customer, are represented by the system. which is not likely to happen in real life. There
may possibly be more than one dealer who will have an effect on the decision of the
customer. Therefore for some problems. there may be a need for representing more than
one opponent and their behaviour. As well as having similar roles in the decision-making
process, the opponents can also have very different roles from each other. For instance. in
the car buying problem two used-car dealers who want to sell their cars to the customer
would be expected to behave similarly under the same situations. However, the behaviour
of a private seller who wants to sell his car to the customer would differ from the
behaviour of the used-car dealers. As a result of this aspect of the decision-making
problems, there is also a need for grouping together the opponents that are expected to

behave similarly, in order to be able to represent their behaviour with the same metarules.

Chapter 4 describes how the limitation to two agents and the environment has been
relaxed. This limitation has been selected in order to create a realistic decision-making

environment for a managerial decision-making problem involving more than two agents.
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4. EXTENSIONS OF THE NEGOPLAN SYSTEM

This chapter introduces the extensions that enable the application of the Negoplan system
for decision-making problems that involve more than one opponent. All the necessary
extensions have been implemented without changing the current meaning of the existing
Negoplan constructs. Therefore, ail the earlier decision-making problem applications that
involve only one opponent can be run in the extended Negoplan system without any

change.

The extensions of the Negoplan system are divided into three categories. The first
category includes new constructs and changes in the meaning of some existing constructs.
These changes enable the application of Negoplan for a broader class of decision-making
problems. The second category includes modifications in indexing and forward chaining
mechanisms. The third category includes changes that improve the system's
performance—it is expected to decrease for new, more complicated decision-making

problem applications.

In order to test the extensions, a Negoplan application has been implemented for a small
decision-making problem that uses almost all of the new features. In this application a
company (seller) wants to sell its products and a few other companies (buyers) make
offers to buy those products. The goal of the seller is to select the most financially
advantageous offers and to sell its products to the companies making those offers.
Whenever possible, the examples in the following sections are taken from this Negoplan
application. Its details will be presented after all the modifications related to the

extensions have been introduced.

4.1. NEW AND MODIFIED NEGOPLAN SYSTEM CONSTRUCTS

In order to enable the application of Negoplan system to be customised for decision-
making problems that involve more than one opponent, the meaning of some of its
existing constructs has been extended and some new constructs have been defined. These

changes are presented in the following two subsections.

4.1.1. CHANGES IN THE EXISTING CONSTRUCTS

While the meaning of some existing constructs is now extended, their previous meaning
has been preserved so that all the earlier applications of Negoplan system can be run by

the extended system without any change.
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In the Negoplan system without the extensions, the name of the opposing agent that
participates in the decision-making problem is introduced by the following Prolog

predicate:
them(opponent name) .

where opponent name can only be a constant. In order to allow more than one opponent
(necessary in the new type of problems), the meaning of the them predicate has been

extended by allowing a list of names as well:
them( (opponent namej, .... opponent namen}) .

where each opponent name; is a constant.

For example, the following Prolog predicate introduces five opponents in the seller-

buyers decision-making problem.
them([ buyerl, buyer2, buyer3, buyer4, buyerS 1) .

When the them predicate has only one name as argument, the Negoplan system
understands that the decision-making problem involves only one opponent. When it has a
list of names as argument, the problem is understood to involve as many opponents as
there are elements on list. Therefore, the argument of the them predicate has an important
role in the determination of the number of opponents participating in the problem and it is
used as the main indicator in the rest of the simulation whenever the number of opponents

makes a difference.

4.1.2. NEW CONSTRUCTS

This section introduces new constructs that will enable the grouping of the opponents
with similar behaviour and that will be used to refer to those opponents in metarules

defining their behaviour.

4.1.2.1. Groups, group members and generalised metarules

Some decision-making problems may involve not only opponents with different
behaviour, but also opponents that respond similarly to the same situation. Therefore,
some problems may be best implemented if it is possible to group the opponents that
behave similarly. As a result of this ability, generalised metarules can describe common
behaviour of these opponents, instead of having a copy of that metarule once for each of
these opponents. From this perspective. in extended Negoplan, a group is defined as a
collection of opponents with a common behaviour, a group member is defined as an
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opponent that belongs to a group, and a generalised metarule is defined as a metarule that

describes the common behaviour of group members.

4.1.2.1.1. Comparison with the Object-Oriented Design

The relation between a group, its members and their generalised metarules in extended
Negoplan can be conceptually compared with the relation between a class, its instances
and their methods in object-oriented design (OOD). In OOD, a class uses methods to
specify the behaviour of the objects that are its instances (Eliéns, 1995). This resembles
Negoplan with extensions where a group uses generalised metarules to specify the

behaviour of its members.

One difference between these concepts is that Negoplan extensions do not prevent group
members from having personal behaviour. However, in OOD two instances of the same
class can only be manipulated by the methods defined for that class. unless that class is a
superclass and those instances are objects of different subclasses of that superclass with

additional methods.

Another difference is that Negoplan extensions provide only one level of abstraction
while OOD can provide multi-level abstraction. Negoplan allows us to create more than
one group in an application but groups cannot be interrelated, unlike classes which can be
derived from other classes in OOD. Therefore, inheritance which is one of the most
important features of OOD is provided by these new extensions of Negoplan only to a

certain extent: between the groups and their members.

4.1.2.1.2. Implementation details

The grouping is presented to the system with a new predicate group_members, placed in a

case customisation file. The form is as follows:

group_members ( group name, [ opponent namej, ..., opponentnamey 1 ) .

where group name should be replaced with a name that represents all the opponents
behaving similarly and each opponent name; with an actual name of an opponent

belonging to the group. The number of opponents that a group can contain is restricted by
the number of opponents defined in the problem. There may be many groups, but every
opponent can appear in only one group. Some opponents might not be members of any
group.

For example, the following predicates are taken from the seller-buyers application of

Negoplan.
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group_members ( buyersa, { buyerl, buyer2 ] ).

group_members ( buyersB, { buyer3., buyer4, buyerS5] ).

These predicates represent two opponent groups with possibly different behaviour, with
two buyers and three buyers respectively. Grouping means that the behaviour of the same
group members is almost identical. There can also be some situations in which the same
group members behave differently. Grouping can be advantageous only if the similar
behaviour is more than the different behaviour of the opponents. Being in two different
groups does not restrict the opponents to have similar behaviour in some situations.

However, if there are many of such situations, it could be better to group those opponents.

This device not only helps avoid writing the same metarule once for each opponent that is
a member of a group. Grouping the opponents can also play an important role in the
maintenance of an application. For instance, the number of opponents in a group can be
changed by simply changing the number of elements in that group's definition. without
the need of updating the metarules that define their behaviour. As a result of this
convenience, an application can easily be tested with different numbers of opponents and
the user of the system can gain a better understanding of the problem. Also, modification
of a common behaviour of group members can be achieved by the modification of the

generalised metarule.

Generalisation of a metarule describing a behaviour common to a group of opponents
could be achieved by using the group name instead of a single opponent's name wherever
a member of that group is to be referred to. The generalised metarule can be interpreted as
ready to be triggered once for each group member satisfying the left-hand side of the
metarule. However, the use of the group name as a reference to the group members is not
expressive enough to describe a behaviour that must be triggered by the existence of the
facts belonging to different members of the same group. The lack of this expressive
power is explained in the remainder of this section and the method of overcoming this

problem is explained in the following section.

The following metarule is a fictitious generalised metarule that could appear in the seller-
buyers application, if group name were used for generalisation. The generalisation would
be achieved by ascribing the metafacts to the group by using the group name (buyersa)

rather than the names of individual group members.

buyersA : ‘'willing to buy' ::= true &
{ random(80, 100, Price),
random({(100, 200, Amount) }
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==>
buyersA : 'gives $./item to buy . items' (Price, Amount) ::= true

--- start.

This metarule would describe determining the product Amount to be requested from the
seller and the price to be offered for the product. The embedded Prolog call is used to
determine those values randomly within a certain range. At the time of the simulation.
this metarule is personalised for every member of the buyersa group that is in the state of
willing to buy by replacing all the occurrences of buyersa with the actual member
name. The following metarule is a personalised instance of this general metarule for the

buyer2 member that belongs to the buyersA group.

buyer2 : 'willing to buy' ::= true &
{ random(80, 100, Price),
random (100, 200, Amount) !}
==>
buyer2 : 'gives $./item to buy . items' {Price, Amount) ::= true

--- start.

Suppose that more than one metafact appearing in the left-hand side of a metarule is
ascribed to a group. Suppose too that all these metafacts are expected to belong to the
same group member. In such a situation the use of the group name to generalise that
metarule would be appropriate. The metarule would describe a behaviour which depends
on the state of one group member only. However, there may be other behaviour in the
decision problem, which responds to metafacts belonging to different members of the
same group. Such behaviour can not be described by metarules that are generalised by the
use of the group name. Consider the following partial left-hand side of a fictitious

metarule describing such a situation.

&
buyersA : ‘'willing to zuy' ::= true &
buyersA : 'bought products' ::= true &

This metarule is expected to be triggered only if one member of the buyersa group is in
the willing to buy state and another member is in the bought products state. When
a metafact ascribed to such a member matches one of the above metafacts, this metarule
is personalised by replacing all occurrences of the group name with this member's name.

For instance, the existence of the following metafact in the system,
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buyer2 : ‘willing to buy' ::= true

will cause the personalisation of the generalised metarule as follows:

&
buyer2 : 'willing to buy' ::= true &
buyer2 : 'bought products’' ::= true &

Therefore, if the group name is used as a reference to the group members, the
personalisation process of a generalised metarule does not allow metafacts in the left-
hand side to belong to different members of the same group. In order to enable the
description of such behaviour by generalised metarules, there is a need for a more
expressive approach, which is described in the following section.

2

4.1.2.2. References to groups

References to groups denote group members in describing common behaviour. The
definition of group references is presented to the system with a new predicate

group_references, placed in a case customisation file. The form is this:
group_references ( group name, [ referencey, referencey, ..., referencen } ) .

where group name is the same as in group_members and each reference; is a name that
may be used as a placeholder for the group members in the generalised metarules. There
is no restriction on the number of references that can be defined for a group. as long as
they all have unique names and as long as the same name does not appear in reference
lists for two different groups. The number of necessary references can be determined by

considering the metarule in which the most different members need to be referred to.
The following predicates are taken from the seller-buyers application.

group_references( buyersl, [ bl, b2 ] ).

group_references!{ buyers2, [ b3 1 ).

These predicates introduce to the Negoplan system the reference names that will be used
to refer the members of the buyersl and buyers2 groups in writing generalised
metarules. The first predicate introduces the reference name b1 and b2 that are used to
refer buyersl group members and the second predicate introduces the reference names

b3 that is used to refer buyers2 group members.

With references, the metarule from the previous section, which describes the process of

determining the product amount and the price, can be actually written as follows:
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bl : ‘'willing to buy' ::= true &
{ random(80, 100, Price),
random(100, 200, Amount) }
==>
bl : 'gives $./item to buy . items' (Price, Amount) ::= true

--~ start.

The use of reference b1 instead of the actual group name buyersl does not extend the
interpretation of this metarule beyond what we have discussed in the previous section.
The difference becomes visible at the time of the personalisation of the generalised
metarule. All occurrences of the reference in the metarule are replaced by the name of the
member, taken from a matching metafact. The other references to the same group are not
replaced, and they may be further replaced by other matching metafacts. Therefore it
becomes possible to describe the behaviour that requires the existence of the facts
belonging to different members of the same group. The partial left-hand side of the
metarule that has been presented in the previous section and that does not describe the

intended behaviour can be written as follows:

&
bl : ‘willing to buy' ::= true &

b2 : 'bought products' ::= true &

When a metafact ascribed to any of the buyersl group members matches one of the
generalised metafacts, above, this metarule is personalised by replacing only the
occurrences of the reference that appear in the matched metafact; the occurrences of the
other references are not affected by this personalisation step. For instance, the existence

of the following metafact in the system.
buyer2 : 'willing to buy' ::= true

will cause a partial personalisation of the generalised metarule by replacing all the

occurrences of the reference b1 with the actual name of the member buyer2, as follows:

&
buyer2 : ‘'willing to buy' ::= true &

b2 : 'bought products' ::= true &

This personalisation allows another metafact to be matched by a metafact in the system
that is ascribed to any member of the group buyersl. As a result of the use of references,
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the second metafact can match an existing metafact ascribed to buyerl or buyer2. Since
the original intention of this metarule is for the two metafacts to belong to different
members of the buyers1 group, and since it is still possible to match a metafact ascribed
to buyer2, additional control is necessary. In order to describe the intended behaviour. an

embedded Prolog call can disable the metarule if the two buyers are identical:

&
bl : 'willing to buy' ::= true &
b2 : ‘'bought products’' ::= true &
{ bl \== b2 } &

This is possible because all occurrences of a reference, including the ones in embedded

Prolog calls, are replaced with an actual member name.

As a result of the use of references, also in embedded Prolog calls, the expressive power
of metarules allows the description of the behaviour that requires the existence of the
metafacts belonging to different members of the same group. Therefore, the use of
references is more powerful than the use of group name to refer to the group members.

That's why this extension has been implemented in the Negoplan system.

4.1.3. MODIFICATIONS IN THE USER INTERFACE

The existing Negoplan system on Macintosh computers provides a window for each agent
participating in the decision-making problem in order to display their corresponding
metafacts. There are three sides, and therefore three windows. The user interface had to

be extended to allow windows for all participants.

The extension of the user-interface is based on the predicate them that defines the
opponents participating in the problem. If the argument of this predicate is a single name
that defines the existence of one opponent agent, then the extensions are not activated and
the user-interface includes three windows. However, if the argument of this predicate is a
list of names that define the existence of more than one opponent, then the extensions are
activated and user-interface is modified in order to display one window for each of the
opponents. The windows of the opponents are displayed in cascade mode among

themselves, because of the screen's space limitation.

A new menu called ochers is added to the menu bar. It allows the user to hide and show
the windows of the selected opponents. This gives the user an ability to make observation

on the opponent of the most interest to the user at different times.
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In order to give a name to each of the opponent's windows, the meaning of the

side_window predicate which is used for the opponent is also extended:
side_window( 'Other', [opponent namey, ..., opponent namepnl) .

where each opponent name; should be replaced with a name representing the opponent
defined in the them predicate. Therefore, the length of the list in the them predicate
should be the same as the length of the list in the side_window predicate with the first

argument Other.

The following side_window predicate defines the names that are ascribed to the windows

of the opponents participating in the seller-buyers application.
side_window('Other', [buyerl, buyer2, buyer3, buyer4, buyer5]) .

The names in the side_window predicate do not need to be the same as the names in the

them predicate for the opponents.
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Figure 3. A snapshot from the seller-buyers simulation
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Figure 3 is a snapshot from the execution of the seller-buyers application. It depicts the
time when the seller sold 126 pairs of shoes to buyers for $105 and 191 pairs of shoes to
buyer4 for $103. At this time, the seller has accumulated $34,913 and is not left with any
other product to sell, therefore the application is about to terminate. The buyers, buyer4
and buyers are not anymore willing to buy the product, because they already bought
some. However, although the other buyers, buyerl, buyer?2, and buyer3 are still willing
to buy some products from the seller, they will not be able to, because the products of the

seller are sold out.

4.2. MODIFICATIONS IN THE INDEXING AND FORWARD CHAINING MECHANISMS

The modifications in the existing constructs and addition of new constructs to the
Negoplan system require changes in the indexing mechanism and in the forward chaining

mechanism of Negoplan, in order for these modifications to be considered at run time.

4.2.1. MODIFICATIONS IN THE INDEXING MECHANISM

Metarules are indexed at metabase compilation time by metafacts that appear in their left-
hand sides. When an existing metafact that belongs to an opponent which is a group
member is searched in the metarule index, it is not enough to look only for an actual
opponent name. Such a metafact can also match the metafacts that appear in the
generalised metarules with group references as side names. Therefore, the metafact
should also be searched in the index by replacing its opponent's name with every
reference that is defined for the group of that opponent. The metarules found after
searching the metafact with its actual opponent name and with each reference of its

opponent's group constitute the set of metarules that have this metafact in their left-hand

sides.

It may be inefficient to search for metarules that have an existing metafact of a group
member match metafacts in their left-hand sides, because such a metafact needs to be
searched once with its actual opponent's name and once with every reference defined for
its opponent's group. In order to avoid this inefficiency, the generalised metarules are
indexed for the metafact ascribed to a group after replacing the reference with its group
name. This gives one index element for all metafacts ascribed to the same group. As a
result of this modification, such a metafact should be searched in the index once with its

actual opponent name and once with the group name of its opponent.
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For instance, the following metarule index could be created for the following two
fictitious metafacts that are ascribed to the buyers1 group members by using different
references and that appear in two different response metarules in the same packet:

(in metarule 5) bl : 'bought products' ::= true
(in metarule 7) b2 : 'bought products' ::= true
rule_index( buyersl : 'bought products' ::= true,

[ | packet, [5,7)., [1 1 1}.

An occurrence of the fact bought products with an actual opponent name in the left

hand-side of a metarule will result in the creation of a new entry in the metarule index, as

follows:
(in metarule 9) buyerl : 'bought products' ::= true
rule_index( buyerl : 'bought products' ::= true,

[ { packer, [9]., [1 ] 1).

An alternative to this approach could be to have only one index entry for the same fact
that is ascribed to different group members and to the group by using references. In this
index entry, the fact could be ascribed to the group by using the group name. With this
approach the metarules returned for an existing metafact ascribed to a group member
would also include the metarules with the same fact ascribed to different group members,
although those metafacts do not maich the existing metafact because they belong to
different group members. In order to avoid this problem, it is preferred to have one index
entry for the same metafacts ascribed to the group and one index entry for each metafact

that is ascribed to different group members.

4.2.2. MODIFICATIONS IN THE FORWARD CHAINING MECHANISM

The first major modification implemented in the forward chaining mechanism occurs in
searching the metarules that contain a metafact in their left-hand sides matching an
existing metafact. The generalised metartles are indexed differently for the metafacts
ascribed to the groups and for those ascribed to actual group members. Therefore, an
existing metafact that belongs to a group member needs to be searched in the index once
to find the metarules that are specifically related to that member and once to find the

metarules generalised for that group's members.

The following metafact is examined by the forward chaining mechanism in order to find
the metarules that contain a matching metafact in their left-hand sides.

buyerl : 'bought products' ::= true
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Since buyersl is a group member, this metafact will be searched in the index once with
its actual member name, buyerl and once with its group name, buyersl. As a result of

the first search the following index entry will be found.

rule_index( buyerl : 'bought products' ::= true,

{ { packet, {91, [1 1 1}.
As a result of the second search, the following index entry will be found.

rule_index{ buyersl : 'bought products' ::= true,

[ ! packet, {5,7], [1 1 1).

The metarules (metarule 9) that are found by the first search are put on the agenda after
simply removing the occurrence of the existing metafact from their left-hand sides.
However, the metarules (metarule 5, 7) that are found by the second search are put on the
agenda as they are, without removing the matching metafacts from their left-hand sides.
This will be done when the metarule is being personalised on the agenda.

The second major modification is for personalising the generalised metarules. Let an
existing metafact M ascribed to a group member match a metafact ascribed to that group
by a reference in the left-hand side of a generalised metarule and let this metarule not be
on the agenda yet. The metarule is put on the agenda without being personalised. If it is
already on the agenda because of another existing metafact, it stays on the agenda,
without being changed. After all the metarules containing metafacts that match the
metafact M have been put on the agenda, the left-hand sides of the metarules on the
agenda are parsed. If a metarule has a metafact matching M in its left-hand side and if
that metafact is ascribed to the group of M, that metarule is duplicated and its copy is
personalised for the member that appears in M. After this duplication process of the
generalised metarules, the forward chaining engine removes M from the left-hand sides of
the personalised metarules. Therefore after the modifications, on the agenda as well as the
personalised metarules, there may also appear some generalised metarules. The existence
of the generalised metarules on the agenda gives chance to those metarules to be triggered
for the other members of the groups. A generalised metarule that is put on the agenda can
be duplicated for a member only once. Therefore, a generalised metarule can be triggered

only once for each group member.

4.3. IMPROVEMENT IN THE NEGOPLAN SYSTEM PERFORMANCE

As well as improving the Negoplan system by broadening the decision-making problem
domain, the modifications also had some negative impact on the system performance.
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The main reason is a significant increase in the number of metafacts existing in the
system at a given time. This increase is a result of having more than one opponent in the
new decision-making problems. In order to overcome the inefficiency problem that is
expected to occur in the application of the new type of problems, three measures have

been taken. These are explained in the following subsections.

4.3.1. IMPROVEMENT IN THE EFFICIENCY OF THE INFERENCE ENGINE

In the inference engine, the metarules that contain the current existing metafact in their
left-hand sides are determined by using the metarule index. If those metarules have not
been already placed on the agenda by another existing metafact, they are placed on the
agenda now. The efficiency of this process did not change much because of the approach
used in the modification of the indexing mechanism. The number of times the metarule
index is searched for an existing metafact has increased only by one and only for the

existing metafacts that are ascribed to the group members.

The metarule index was not used, however, to look up the existing metafacts in the
metarules already on the agenda. Instead. metafacts in the left-hand sides of the metarules
on the agenda were traversed sequentially. Because of duplication, the number of
metarules that may appear on the agenda for problems with more than one opponent is
expected to be much higher than the number of metarules for problems with one
opponent. It has been found more efficient (and implemented) to improve indexing to
require traversing only the left-hand sides of the metarules that are known to contain a

matching metafact.

4.3.2. MODIFICATIONS OF THE METAFACTS

In decision-making problems with more than one opponent, the states of all opponents
need to be described by metafacts ascribed to each opponent. Therefore. the number of
metafacts is expected to be significantly higher than for problems with one opponent.
Apart from this negative impact caused by the extension of the Negoplan system. two
metafacts which are exactly the same except for the values of their arguments are also

asserted as new metafacts to the system by the current Negoplan implementation.

The following metafacts describe the non-existence of buyerl's willingness to buy 150
items for the price of $99 and for the price of $105 and they may appear in the system at

the same time.
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buyerl:‘'gives $./item to buy . irems' (99,150) ::=false

buyerl:'gives $./item to buy . irems' (105,150)::=false

The existence of the same metafact with different argument values may be informative to
the user for some decision-making problem simulation that does not have efficiency
concerns, but for some complicated simulations which are expected to have a substantial
number of metafacts, it may be necessary to decrease this number as much as possible in
order to increase the efficiency of the forward chaining mechanism. This can be partially
achieved by preventing the assertion of the same metafacts with different arguments as
different metafacts. Instead. a metafact can overwrite another metafact already in the
systern if the arguments of the old metafact are not important for the rest of the
simulation. This will prevent the cumulative increase of the number of metafacts that

appear in the system.

The metafacts_replaced predicate. introduced in the customisation file, is used to
determine the metafacts that will be replaced. If a new metafact matches a partially
instantiated metafact pattern introduced by one of the mecafacts_replaced clauses, the
existing metafact is removed and the new metafact with different argument values is

asserted.

The following metafacts_replaced predicate taken from the seller-buyers application.
introduces a metafact that will be replaced every time the same metafact is newly asserted

with different argument values.

metafacts_replaced(

buyerl : 'gives S$./item to buy . icems'(_,_) ::= true).

As a result of this definition. if the following metafact exists in the system.
buyerl:'gives $./item to buy . i-—ems' (99, 150)::=false

and the following metafact is being newly asserted to the system,
buyerl:'gives $./item to buy . i-ems' (105,150) ::=false

then the existing metafact is first removed and the new metafact is asserted. That is, one
copy of this metafact (with different argument values) is present at any time of the
simulation. The accumulation of similar metafacts with different argument values is

expected to be reduced substantially.
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4.3.3. MODIFICATIONS IN THE INDEXING MECHANISM

At the beginning of the simulation, the indexing mechanism parses all metafacts on the
left-hand sides of all the metarules. When a metafact is examined, first of all it is searched
in the index. If there is an entry which contains a metafact that matches the examined
metafact, then the metarule number of the examined metafact is appended to that index
entry. If there is no such entry, a new entry is created for that metafact. This mechanism
works without any problem for the metafacts that do not contain any uninstantiated
variables. However, if some metarules contain in their left-hand sides, metafacts that have
uninstantiated variables, this mechanism may result in a situation affecting the system

performance negatively.

The following two metafacts that appear in the left-hand sides of two different metarules

are assumed to be examined in the order they are introduced here.

(in metarule 5) buyerl: 'bought .items, for $'(Amount,Price) ::= true

(in metarule 7) buyerl: 'bought .items, for $'(143,105) ::= true

Since the first metafact is the first to be examined, it is inserted as a new index entry. The
matching of the metafacts was achieved by using the predefined = operator. At the time of
the second metafact's examination, its metarule number is appended to the list of
metarules appearing in the index entry that was created for the first metafact, because the
index entry that is created for the first metafact contains two uninstantiated variables and
matches the second metafact according to the = operator used for matching metafacts. As

a result of indexing those metarules, the index entry would be as follows:

rule_index (buyerl: 'bought .items, for $' (Amount, Price) ::=true,

{ [ packet, (5.71, (1 1 1).
This causes no problem if there is no other metafact matching the first metafact,
buyerl: 'bought .items, for $'(Amount, Price) : :=true
However, if the following metafact also exists in the left hand side of another metarule,
(in metarule 9) buyerl: 'bought .items, for $'(137,110) ::= true

this metarule will also be indexed by the same index entry because this metafact also

matches the metafact of the above index entry, and the index entry will become:

rule_index(buyerl: 'bought .items, for $' (Amount, Price) : :=true,

[ ( packet, [5.7.,91, [1 1 1).
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With this index entry, at the time of the forward chaining mechanism as a resuit of the

following existing metafact.
buyerl: 'bought .items, for $'(143,105) ::= true

the metarules 5, 7 and (unnecessarily) 9 will be put on the agenda. Having an extra
metarule in the agenda is not an error, because that extra metarule is not triggered unless
there are really existing metafacts that match the metafacts in its left-hand side. However,
when the decision-making problem is complicated, this may cause negative impact in the

performance of the system.

In order to avoid this problem, the matching process of the metafacts is achieved by a
user-defined === equality operator, a variant of the built-in == that matches different
variables. As a result of this operator. a new index entry is created for the examined
metafact unless there is already an index entry exactly for that metafact. With the use of
this operator, as a result of the three metafacts that appear in metarules 5. 7 and 9, three

metarule index entries are created, as follows:

rule_index (buyerl: ‘bought .items, for $' (Amount,Price)::=true,
{ [ packet, [S51. [1 ] 1}.
rule_index (buyerl: 'bought .items, for $'(143,105)::=true,

{ [ packet, (71, [1 1 1).
rule_index (buyerl: 'bought .items, for $'(137,110)::=true,

[ [ packec, (91, [1 1 1}.

Now, in order to find the metarules that depend on an existing metafact M, the index
should be accessed once for every entry that unifies with M. The metarule numbers

collected as a result of all accesses determine the set of metarules that depend on M.
If the existing metafact is,
buyerl: 'bought .items, for $'(143,105) ::= true

the metarule numbers that are listed in the first two metarule index entries are collected

and as a result the metarules 5 and 7 are put on the agenda.

As a result of this approach, addition of metarules on the agenda that are not dependent
on the existing metafact is prevented and the process of parsing the metarules that are on

the agenda is expected to be more efficient.
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4.4. TESTING THE EXTENSIONS

The extended Negoplan system has been tested for two main reasons. The first reason is
to find out if the execution of the existing decision-making problem applications that do
not use the extensions is affected by the implementation of the extensions. This has been
achieved by executing the earlier decision-making problem applications of the Negoplan
system without the extensions and with the extensions. The behaviour of the simulations
that are obtained as a result of executing the same problem on different Negoplan systems
have been compared. When all the earlier simulations are observed to behave exactly the
same way on the two Negoplan systems with the extensions and without the extensions, it
is concluded that the extensions do not interfere with any of the existing constructs of the

Negoplan system.

The second reason is to find out if the implemented extensions provide the behaviour that
is expected of the system. In order to determine this, an application for a small decision-
making problem involving more than one opponent has been written in the extended
Negoplan and the simulation of this problem has been observed to see whether all the

extensions have been successfully implemented.

The test application involves a company (seller) that wants to sell its products and five
other companies (buyerl, buyer2, buyer3, buyer4 and buyers) that are continuously
making offers until buying the required amount of those products. All of the offers are
presented to the seller company at the same time. The buyers whose offers are accepted
by the seller company buy the amount of products they requested and the buyers whose
offers are not accepted need to prepare a new offer for the next evaluation of the seller
by increasing the price they are offering in order to increase the chance of their offers
being accepted. The simulation continues until either all the companies have bought the
required amount of products or all the products have been sold out.

There are two groups of cpponents. The first group includes buyer1 and the buyer2. The
second group includes buyer3, buyer4 and buyers. These groups are introduced to the

Negoplan system with the following predicates:

group_members( buyersl, [ buyerl, buyer2 1 ).
group_members{ buyers2, [ buyer3, buyer4, buyer5 ] ).

The following references are defined in order to refer the members of each group in the

metarules describing the common behaviour of the group members.

group_references ( buyersl, [ bl, b2 1 ).

group_references { buyers2, [ b3 ! ).
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The behaviour of the different group members varies in the determination of the price that
will be offered for the products. The prices that are offered are determined considering
different ranges and if those prices are not accepted by the seller, the increases again are

determined differently.

The problem is viewed from the seller's point of view and the initial problem
decomposition graph introduces a seller who has initially $100 and who wants to sell

300 items of its products for at least $1c¢ per item.

seller <- ‘has $'(1C60) &

‘sells . icems for $./item' (300,100).

The simulation starts with all the opponents willing to buy products from the seller. The
amount of products they need and the price that will be offered for one item are

determined by the following generalised metarules for each group.

bl : 'willing to buy' ::= true &
{ random(60,100, Price),.
random(100,200, Amount) }

==>

bl : 'gives $./item to cuy . irems' (Price, Amount) ::= true
--- start.
b3 : ‘willing to buy' ::= true &

{ random(80,100, Price),
random{100,200, Amount) }
==>
b3 : ‘gives $./item to buy . items'(Price, Amount) ::= LIu€

--- start.

The first metarule describes the behaviour of the buyersl group and the second metarule
describes the behaviour of the buyers2 group. The only difference between their
behaviour is the range from which they determine the initial price that will be offered to
the seller. Since the members of the buyers2 group determine their price offer within
the range of 80 and 100, acceptance of their offers is more likely than the acceptance of
the offers of the buyers2 members.

After having determined the price and the amount that will be requested, the simulation
goes into an evaluation phase in which the seller accepts or rejects the offers after

considering its price criteria.
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bl:'gives $./item to buy . items' (B_Price,B_Amount) ::=true &
{ existing_metafact({ seller,
‘sells . items for $./item' (S_Amount,S_Price}, true),
S_Amount > 0,
B_Price > S_Price,
New_S_Amount is S_Amount - B_Amount }

==>

seller:'sells . items for $./item' (New_S_Amount, S_Price}::= true &
seller: 'sells . items for $./item’' {S_Amount,S_Price) ::= false &
seller : 'sells to ., . items for .$' (bl,B_Amount,B_Price) ::= true &
bl : 'gives $./item to buy . items' (B_Price,B_Amount) ::= false

--- evaluation.

The above metarule describes the conditions that need to be satisfied in order to have a
deal between the seller and a buyer and also the changes that will appear in the states of
the two parties as a result of this interaction. This metarule only describes the interaction
between the buyersi group members and the seller. The same interaction between the
buyers2 group members and the seller is described by another metarule in which only
the references (bl) to the buyersl group members are replaced with a reference to the

buyers2 group members.

This metarule can be triggered once for every buyersl group member with the conditions
that the seller still has some more products to sell and the offered price is greater than
the price expected by the seller. As a result of this metarule, the new amount of
products that needs to be sold by the seller is updated, the buyer is not anymore
interested in buying more products and a new metafact ascribed to the seller is added to
the existing metafacts describing the deal that occurred between the seller and the
buyer. For instance, if the buyer2's offer, which is $120/item to buy 135 items, is
accepted by the seller, since at the time of the personalisation of this metarule all the
references (bl) are replaced with buyer2, the following metafact will be added to the

existing metafacts.
seller : ‘'sells to ., . items for .$'(buyer2,135,120) ::= true

The following metarule describes how the money owned by the seller is updated after a
deal has been achieved between the seller and any buyersl group member.

bl : 'gives $./item to buy . items' (B_Price,B_Amount) ::= true &

seller : ‘'sells to ., . items for .$'(bl, B_Amount, B_Price) ::= true &
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{ existing_metafact( seller, 'has $' (S_Money), true),
New_S_Money is S_Money + B_Price * B_Amount }

==>

seller : 'has $'{(New_S_Money) ::= true &
seller : 'has $'(S_Money) ::= false
--- evaluation.

After all the offers have been considered by the seller, the simulation either continues
with the next phase in which the buyers increase their offers or terminates as a result of

nothing being left for sale or no more products requested by the buyers.
The termination of the simulation is defined by the following metarules.

seller : 'wants to sell . items for $./item' (S_Amount,S_Price) ::=true &
{ S_Amount < 0 }

==>

terminate 'Everything is sold’

--- evaluation.

seller : 'wants to sell . items Zor $./item' (S_Amount,S_Price)::=true &
{ \+ existing_metafact/(

Buyer, '‘gives $./item to buy . items' (B_Price, B_Amount), true) 1}
==>
terminate 'No more offers’

--- evaluation.

The first termination metarule is triggered when the amount that needs to be sold
becomes a negative value. The second termination metarule is triggered if there is no

more buyer willing to buy products from the seller.

If the seller has more products to sell and there are more buyers who are willing to buy
in the system, then the simulation goes to the phase in which the buyers reconsider their
offers, with the following restructuring metarule. 'ready for evaluation’(N) fact is
used for the purpose of counting the total number of evaluations that will appear until the

end of the simulation.

seller : 'sells . items for $./ictem' (S_Amount,S_Price)::=true &
seller : ‘has $'(S_Money) ::= true &
seller : ‘ready for evaluation'(N) ::= true &

{ existing_metafact (Any_Buyer,

'gives $./item to buy . items' (B_Price, B_Amount), true),
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S_Amount > 0 }
==>
modify (
seller <- 'sells . items for 5./item' (S_Amount,S_Price) &
'has $' (S_Money) &
'ready for evaluation'(N) )
switch_to buyers_are_bidding

--- evaluation.

The following metarules describe how the price offered per item is increased by the
members of the two groups. According to these metarules, the price is increased by the
buyers1 group members in the range of 1 and 10 and by the buyers2 group members in
the range of 1 and 20. Since the buyers2 group members increase their price offers more
than the buyersl group members, it is more likely that their offers will be accepted by

the seller.

bl : ‘gives $./item to buy . items' (Price,Amount) ::= true &
{ random(1l,10, Increase),
New_Price is Price + Increase
==>
bl : 'gives $./item to buy . items' (New_Price, Amount) ::= true

--- buyers_are_bidding.

b3 : ‘gives $./item to buy . items' (Price, Amount) ::= true &
{ random(1,20, Increase),
New_Price is Price + Increase !
==>
b3 : 'gives $./ item to buy . items' (New_Price, Amount) ::= true

--- buyers_are_bidding.

As a result of the simulation of this decision-making problem, the interaction between the
seller and the buyers appeared as expected and the new Negoplan system has been

found ready for more complicated problems.
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5. THE BUSINESS STRATEGY GAME APPLICATION

The Negoplan system is used for decision support and allows the definition of
autonomous agents by describing their behaviour in detail. Negoplan can be customised
for the managerial decision-making problem addressed by the BSG software, and provide
an environment in which the user can practice his theoretical knowledge. Unlike the BSG
software, Negoplan can create such an environment without the availability of other
teams. The user of the managerial decision-making problem application can be
represented by the supported agent of the system and can compete against the other

management teams of the companies that are simulated by opposing agents.

Section 5.1 presents the complexities of the BSG software which are not essential for
achieving the purpose of the BSG application. Section 5.2 gives a brief introduction to the
BSG application and Section 5.3 introduces the flow of the model. Some technical details
of the application is explained in Section 5.4. The strategies that can be followed by all
the teams are described in detail in Section 5.5 and the methods used in the evaluation of
these strategies are explained in Section 5.6. The problem decomposition graph (PDG) is
introduced in Section 5.7. The decision-making processes of the user and the opposing
management teams are presented in the Sections 5.8 and 5.9 and the changes that occur in
the environment during the simulation are presented in Section 5.10. This chapter is

concluded with a review in Section 5.11.

5.1. VARIETIES OF THE BUSINESS STRATEGY GAME

The variations in the BSG software allow more than one manufacturing plant and more
than one market with growing demand. These variations make the game very realistic and
practically very educational from its user's point of view. Depending on the state of the
environment and the other companies. a decision that might be very beneficial in one
situation may result in a loss in some other situations. For instance, it could be
advantageous to sell the product in a market in which the tax rate is lower than the others,
or it could be disadvantageous to ship high quality products to a geographic market where
high quality products are not in high demand. As a result of all this variety, the
management teams are not only concerned with one set of decisions. They need to make
decisions for every plant they own and for every market in which they sel