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ABSTRACT 

Decision making for value-based design in Value Management (VM) is very 

complicated due to the involvement of many parties. In such situation where the 
designer, project manager, facility manager and others are involved in choosing a 

single alternative from a set of solutions, a negotiation support is required to evaluate 

and rank the solution before engaging into negotiation. This research presents a 

conceptual model of negotiation support for VM. It consists of developing the 

appropriate research approach, methodology of negotiation and agent-based 

negotiation in VM. 

The research objectives are to find a theoretical basis and research approach for 

negotiation support methodology on VM, to develop a decision model for technical 

solution options in a satisfying function/cost preferences, to investigate negotiation 

style and outcome and analyze the correlation between them for the basis of scenarios 

on the agent system, to develop a model for agreement options and coalition 

algorithms on value-based decision, to validate the coalition algorithms and introduce 

an initial model of Negotiation Support for Value Management (NSVM). A 

triangulation methodology has been used to fulfill the objectives. It combines 

simultaneous triangulation by using case studies and survey methods and sequential 

triangulation in which results of one method are essential in planning the next method 

(theoretical mapping, survey research, focus group, case study and conceptual 

modeling). 

The methodology is based on a theoretical approach which consists of value-based 

decision nature in construction VM, multicriteria group decision making, game 

theory, negotiation theory, and agent-based development. This methodology 

combines value analysis method using Function Analysis System Technique (FAST); 

Life Cycle Cost analysis, group decision analysis method based on Analytical 

Hierarchy Process (AHP), and Game theory-based agent system to develop a 

negotiation support. 
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The negotiation support bridges theoretical gap between automated design in 

construction domain and automated negotiation in information technology domain by 

providing a structured methodology which can lead to systematic support system and 

automated negotiation for VM process. It will contribute to the Value Management 

body of knowledge as an advanced method for creativity and analysis phase, since the 

practice of this knowledge is teamwork based. 
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ABSTRAK 

Membuat keputusan berkaitan rekabentuk yang berasaskan nilai dalam pengurusan 

nilai adalah sangat rumit memandangkan banyak pihak yang terlibat. Terdapat 

kebimbangan yang berbeza disebabkan oleh keutamaan, pengalaman, dan latar 

belakang yang berlainan. Dalam situasi di mana perekabentuk, pengurus projek, 

pengurus bangunan serta yang lainnya terlibat dalam pemilihan alternatif tunggal 
daripada satu set penyelesaian, sistem sokongan perundingan begitu diperlukan bagi 

tujuan penilaian dan penyelesaian sebelum meneruskan rundingan. Penyelidikan ini 

memaparkan satu model konsepsi sistem sokongan perundingan untuk pengurusan 

nilai. 

Objektif penyelidikan ini adalah untuk mencari asas teori dan pendekatan 

penyelidikan untuk metodologi sistem sokongan perundingan bagi pengurusan nilai, 

membina sifat-sifat keputusan, membina model untuk pilihan persetujuan, 

pembentukan gabungan dan model empirik untuk gaya dan hasil perundingan; 

membangunkan teori permainan berasaskan kepuasan; membina model untuk analisis 

konsep tukar ganti dalam proses perundingan; dan membangunkan model konsepsi 

sistem sokongan perundingan dalam pengurusan nilai untuk bidang pembinaan. 

Metodologi triangulasi digunakan untuk mencapai objektif penyelidikan. Metodologi 

ini menggabungkan triangulasi serentak dan triangulasi berurutan. Triangulasi 

serentak menggabungkan dua kaedah iaitu kualitatif dan kuantitatif yang dilakukan 

secara serentak. Triangulasi berurutan adalah kaedah di mana output daripada satu 

kaedah menjadi input untuk kaedah seterusnya. Keseluruhannya terdapat lima kaedah 

yang digunakan dalam penyelidikan ini iaitu theoretical mapping, focus group, case 

study, survey research dan conceptual model. 

Teknik membuat keputusan digunakan untuk menentukan nilai relatif antara alternatif 

penyelesaian dan analisis tukar ganti antara fungsi dan kos untuk menghasilkan nilai 

terbaik dalam merekabentuk sistem bangunan. Metodologi ini berdasarkan 

pendekatan secara teori yang mengandungi sifat keputusan yang berasaskan nilai 
dalam pengurusan nilai untuk bidang pembinaan, penghasilan keputusan secara 
berkumpulan berasaskan pelbagai kriteria, teori permainan, teori perundingan, dan 
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pembangunan berasaskan ejen. Metodologi ini menggabungkan kaedah analisis nilai 

seperti Function Analysis System Technique (FAST), Life Cycle Cost dan kaedah 

analisis keputusan berkumpulan yang berdasarkan Analytical Hierarchy Process 

(AHP), dan Teori Permainan berasaskan sistem ejen yang digunakan untuk 

membangunkan sistem sokongan perundingan. 

Sokongan perundingan ini merapatkan jurang di antara teori automasi rekabentuk 
dalam domain pembinaan dan teori automasi perundingan dalam domain teknologi 

maklumat dengan menyediakan metodologi berstruktur yang boleh menjurus kepada 

sistem sokongan sistematik dan automasi perundingan bagi proses pengurusan nilai. 

Ini akan membantu menjadikan bidang pengetahuan pengurusan nilai sebagai satu 

kaedah termaju bagi fasa kreatif dan analisis, memandangkan pengetahuan ini 

berasaskan kepada kerja berkumpulan. 
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GLOSSARY 

The Glossary overviews relevant terms in the field of multi agent system, negotiation, 

value management and building construction. Sources of the Glossary are: ASTM 

(2004), Bluman (2004), Bytheway (2007), Stirling (2003), Warszawski (1999), and 
Weiss (1999) 

Agent 

An autonomous, reactive, pro-active computer system, typically with a 
central locus of control, that is at least able to communicate with other 
agents via some kind of communication language. Another common view 
of an agent is that of an active object or a bounded process with the ability 
to perceive, reason, and act. 

Agent Oriented Programming 

An approach to building agents, which proposes programming them in 
terms of mentalistic notions such as belief, desire, and intention. 

Agent-based Negotiation 

Negotiation conducted by agent. 
Analysis of Variance (ANOVA) 

A statistical technique used to test a hypothesis concerning the means of 
three or more populations 

Analytical Hierarchy Process 

An approach to decision making that involves structuring multiple choice 
criteria into a hierarchy, assessing the relative importance of these criteria, 
comparing alternatives for each criterion, and determining an overall 
ranking of the alternatives. 

Automated Negotiation 

A key form of interaction in complex systems composed of autonomous 
agents. Negotiation is a process of making offers and counteroffers, with the 
aim of finding an acceptable agreement. During negotiation, each offer is 
based on its own utility and expectation of what other agent do. This means 
that a multi criteria decision making is need to be taken for each offer 

Basic Function 

A function that describes the principal task that must be performed when 
analyzing a subject or project. 

Building Decision 

A decision regarding the design, financing, engineering, construction, 
management, or operating of a building. 

xxv 



Building System 

An aggregation or assemblage of items joined in regular interaction or 
interdependence in buildings or building construction. 

Central Limit Theory 

A theorem that states that as the sample size increases, the shape of the 
distribution of the sample means taken from the population with mean µ 
and standard deviation a will approach a normal distribution. 

Coalition 

Any subset of the set of players. A set of agents that work together to solve 
joint problem. Often used as a synonym for ensemble, group, and team. 

Coalition Formation 

The process where agents form coalitions that work together to solve joint 
problem via coordinating their actions within each coalition. Each agent 
belongs to exactly one coalition. 

Collaboration 

Generally, "working together". Collaboration often refers to forms of high- 
level cooperation that require a mutual understanding and a shared view of 
the task being solved by several interacting entities. 

Correlation 

A statistical method used to determine whether a linear relationship exists 
between variables. 

Correlation Coefficient 

A statistic or parameter that measures the strength and direction of a linear 
relationship between two variables. 

Descriptive Statistics 

A branch of statistics that consists of the collection, organization, 
summarization, and presentation of data. 

Goals 

A mutually consistent set of desires 

Cooperative Games 

Game in which players are able to make enforceable contracts. 
FAST 

The acronym for Function Analysis System Technique. A technique 
developed by Charles W Bytheway to analyze the functions of many subject 
or project by determining Why and How those functions are performed and 
establishes their relationship to each other. 

F-test 

A statistical test used to compare two variances or three or more means. 
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Function 

The natural characteristic action performed by a product or service. A name 
that consists of an active verb and a noun. 

Function Analysis System Technique 

A horizontal chart depiction of the functions within a project with Why- 
How rules. 

Future Value/ Future Work 

The value of a benefit or a cost at some point in the future, considering the 
time value of money 

Game 

Interaction among rational, mutually aware players, where the decisions of 
some players impacts the payoffs of others 

Game Theory 

A branch of applied mathematics and economics that studies situations 
where multiple players make decisions in an attempt to maximize returns 

Grand Coalition 

The coalition containing all players 
GUI 

A graphical user interface (GUI) is a type of user interface item that allows 
people to interact with programs in more ways than typing such as 
computers; hand-held devices or gaming devices; household appliances and 
office equipment with images rather than text commands 

Independent Variables 

Variables in a model that are controlled by the environment and that 
influence the results of a decision 

Life Cycle Cost 

A technique of economic evaluation that sums over a given study period the 
costs of initial investment (less resale value), replacements, operations 
(including energy use) and maintenance and repair of an investment 
decision (expresses in present or annual value terms) 

Linear Programming 

A mathematical model for optimal solution of resource allocation problems 
Job Plan 

A structured discipline to carry out a value study. 
Maintenance and Repair Cost 

The total of labor, material, and other related cots incurred in conducting 
corrective and preventative maintenance and repair on a building, or on its 
system and components, or on both. 
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MATLAB 

A numerical computing environment and fourth generation programming 
language. Developed by The MathWorks, MATLAB allows matrix 
manipulation, plotting of functions and data, implementation of algorithms, 
creation of user interfaces, and interfacing with programs in other languages 

Multi-agent System 

A system composed of multiple, interacting agents. 
Multiple Regression 

A study that seeks to determine whether several independent variables are 
related to a dependent variable. 

Negotiation 

An interactive process between two or more parties seeking to find common 
ground on an issue or issues of mutual interest or dispute 

Non-Cooperative Games 

Game in which players are unable to make enforceable contracts outside of 
those specifically modeled in the game 

Ontology 

Generally, a specification of the objects, concepts, classes, functions and 
relationship in an area of interest. 

Operating Cost 

The expenses incurred during the normal operation of a building or a 
building system or component including labor, materials, utilities, and other 
related costs. 

Optimization 

A mathematical that formalizes the concept "only the best will do". 
Optimizing requires a global comparison of the attributes of all options 
against each other to select the one with the highest utility. Optimization 
requires the formation of a single utility to aggregate all relevant attribute of 
an option into a single function. 

Pareto Optimal 

A measure of efficiency. An outcome of a game is Pareto optimal if there is 
no other outcome that makes every player at least as well off and at least 
one player strictly better off. 

Payoffs 

Numbers which represent the motivations for the players. Payoffs may 
represent profit, quantity, "utility, " or other continuous measures (cardinal 
payoffs), or may simply rank the desirability of outcomes (ordinal payoffs). 
In all cases, the payoffs must reflect the motivations of the particular player 
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Present Value/ Present Worth 

The value of a benefit or cost found by discounting future cash flows to the 
base time. 

Protocol 

A structured exchange of message leading to some defined outcome. A 
Protocol prescribes how communication and synchronization between 
groups of agents take place. 

P-value 

The actual probability of getting the sample mean value if the null 
hypothesis is true. 

Replacement Cost 

Building component replacement and related costs, included in the capital 
budget that are expected to be incurred during the study period. 

Rational 

To behave in a way that is suitable or even optimal for goal attainment. 
Rationality 

An assumptions made in game theory. Rationality implies that every player 
is motivated by maximizing own payoff. Every player always maximizes 
his utility, thus being able to perfectly calculate the probabilistic result of 
every action. 

Salvage Value 

Value of an asset, assigned for tax computation purpose, that is expected to 
remain at the end of the depreciation period. 

Satisfying 

A mathematically rigorous notion of good enough. Satisfying requires a 
local comparison of positive and negative attributes of each option 
individually. Satisfying approach employs a dual utilities approach, which 
are attributes that are desirable to the decision maker and the attribute that is 
undesirable. Satisfying is contrary to (see) optimization. 

Secondary Function 

A function that supports the basic function and results from the specific 
design approach to achieve the basic function. 

Scatter Plot 

A graph of the independent and dependent variables in regression and 
correlation analysis 

Stakeholders 

Anyone who affects the project or is affected by the project, other than the 
owner/user. 
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Software Agent 

An agent that is implemented in software 

Standard Deviation 

The square root of the (see) variance 

Time Value of Money 

The-time-dependent value of money stemming both from changes in the 
purchasing power or money (that is inflation or deflation) and from the real 
earning potential of alternative investments overtime. 

Trade-Off 

Referred to as a `concession' where one or more parties to a negotiation 
engage in conceding, yielding, or compromising on issues under negotiation 
and do so either willingly or unwillingly 

Triangulation 

Application and combination of several research methodologies in the study 
of the same phenomenon 

Value 

The lowest cost to reliably provide the required functions at the desired time 
and place with the essential quality and other performance factors to meet 
user requirements. 

Value Analysis 

An approach to improving the value of a product or process by 
understanding its constituent components and their associated costs. It then 
seeks to find improvements to the components by either reducing their cost 
or increasing the value of the functions 

Value-based Decision 

An organized effort directed in value analysis techniques to analyze the 
functions of systems, equipment, facilities, services, and supplies for the 
purpose of achieving the essential function at the lowest life cycle cost 
consistent with the required performance, reliability, quality and safety 

Value-based Design Decision 

A value-based approach to design decision rationale. 
Value Engineering 

A systematic method to improve the "value" of goods or products and 
services by using an examination of function 

Valuelink 

An internet database to support business in using value engineering. It 
contains a growing library of successful studies, federal regulation, legal 
cases, and product information. It is developed by Value Links, Inc. 

xxx 



Value Management 

A structured methodology for applying value analysis or function analysis 
to increase customer or user value. 

Variance 

The average of the squares of the distance that each value is from the mean. 
Why-How Logic 

A continuous process of asking the Why-How logic questions of every 
function that surfaces as a FAST diagram or a FAST tree is being 
developed. The logic must be pursued until a consensus is reached and the 
logic holds in both directions. 

ZEUS 

A software agent development containing domain of rules engine and 
scripting environment; distributed multi-agent simulations. It is license by 
open source. The programming language is visual editors and code 
generators 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background and Motivation 

Different project participants and often geographically distributed (Sense, 2008; Ng et 

al., 2005; Evaristo et al., 2004; Nidiffer and Dolan, 2005), need to cooperate and 

collaborate to perform various construction activities. Howard et al (1989) and 
Ghanbari (2006) notes that construction projects are characterized by their 

complexity, which provides the basis for fragmentation in the AEC/FM (architecture, 

engineering, construction, and facility management). In the context of decision 

making, the decision criteria of the many stakeholders keep increasing in terms of 
both number and complexity (Kumaraswamy, 2004, pp. 133). A better understanding 

of collaborative engineering principles will lead to more effective design and use of 

complex systems composed of people, corporate knowledge, engineering processes, 

and automation technology (Parker, 2000; Huang et al., 2006a). 

One of collaborative activities in construction practices is Value Management (VM) 

as collaborative design which is an activity in which multiple stakeholders are 
involved as it requires multiple bodies of knowledge (Woodhead, 2007). VM is 

multidisciplinary, seeking to maximize the creative potential of all departmental and 

project participants working together. Venkataraman and Pinto (2008) wrote that the 
key to effective VM is to involve all appropriate stakeholders in the process of 

structured team thinking, so that the needs of the main parties can be accommodated 

wherever possible. The involvement depends on the level and stage of the VM 

process. The cross-functional framework of VM ensures that there is improved 

communication, teamwork, and a shared understanding among the key participants. 
VM becomes an approach that enhances the communication of a common 

understanding between team members as to project's fundamentals. In the natural 

characteristic of construction industry, it means that a tool for decision team is 

necessary. Hence, negotiation will be appropriate for decision process on VM. 
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1.1.1 Project Value Objectives and VM 

The reasons that projects need VM come from many researchers and practitioner 

(Venkataraman and Pinto, 2008, pp. 171). First, VM prevent the poor definition of a 

project goal that affects cost and time overruns. It is also prevent long-term user 

dissatisfaction by forcing organization to identify the need for, and scope of, any 

project at the earliest possible stage. Second VM attempts to eliminate elements that 

contribute to poor project value by developing an understanding of the VM processes 

in all project participants. 

There are infinite varieties of definitions for the term "value" (Kaufman, 2001). 

Succinctly put, for the purpose of this study, "value" is defined as a measure of how 

well the owner's objectives are met and is typically documented as a set of project 

objectives. The owner's ability to understand, prioritize, and articulate project value 

objectives is critical to overall project success (Kerzner, 2003 and Cha, 2003). The 

right combination of project value objectives is the set of objectives that will provide 

an optimum value for the owner. Therefore, the concept of value in the context of a 

capital project should be established by the project owner to reflect unique business 

goals, project objectives, need, and desires (Leung et al., 2002). 

In this research, these processes are referred to as Value-based Design Decision 

(VDD) in VM. VDD is an organized effort directed in VM techniques to analyze the 
functions of systems, equipment, facilities, services, and supplies for achieving the 

essential function at the lowest life cycle cost consistent with the required 

performance, reliability, quality and safety (Kelly et al., 2005; Kaufman, 2001). This 

is inline with the statements made by Shen and Liu (2004) which stated VM in 

construction is increasingly seen as the term to describe the total process of enhancing 

a project value from concept to operation. 

Li et al. (2004) reported that, both analytical modeling and simulation methods in 

performance evaluation made a significant progress over the past few years. However, 

the efficacy of some mechanisms through particular performance evaluation 

technique does not mean that the mechanism will be adopted, or even considered as 
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usable. Rather, it may be rejected for a number of reasons; the most common ones 
being that it is either "too complex" or "too costly". Further Li et al. (2004) argue 

that "whilst cost is an important consideration, it is only one of the parameters 
influencing the decision process, and therefore, cannot be considered in isolation". 

Currently, there is no single individual or set of VM that ensure the best value of a 

project in all situations. In addition, the vast majority of available VM are impractical 

to implement on a single project (Lenzer 2001, Kaufman and McCuish, 2002). Thus, 

VM should be selected based on the needs of an individual project or a set of 

circumstances. Factors such as uniqueness, size, complexity, resource ability, and 

location can make dramatic difference in the appropriateness and effectiveness of any 

individual VM. 

1.1.2 The Requirements of Negotiation Support for VM 

VM is a structured and analytical process that seeks to achieve value by identifying all 

necessary functions at the lowest cost, while maintaining with the required levels of 

quality and performance (SAVE International, 2001). It also means that VM identifies 

and eliminates unnecessary cost based on function analysis (Mukhopadhyaya, 2003; 

Younker, 2003). Unnecessary cost is cost with contributed nothing to quality, use, life 

cycle appearance or desired customer feature. It is nature on design process. 

VM has been widely adopted in many countries over several decades as a very 

effective tool to meet the increasing demands for value enhancement by clients 
(Dell'Isola, 1982; Kirk and Spreckelmeyer, 1988; Basha and Gab-Allah, 1991; 

Barton, 2000; Liu, 2003; Jaapar et al, 2009; Cheah and Ting, 2005; Wan, 2006, Lin 

and Shen, 2007). Value-based decision is an effort of VM process. It improves the 

value of a facility through identifying opportunities to remove unnecessary costs. 

VM is seen as a process that involved multi disciplines and teamwork effort, hence, 

negotiation becomes an important role in the value-based decision process of a 

component or an element or a building system. A support system is required for 

negotiation in value-based decision on VM process. It can start from a function 
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analysis system technique (FAST) to get the attributes of the function. The attributes 

will become the criteria in the decision making process. A pair-wise comparison can 
be used as a method in the decision process since each stakeholder or decision maker 
has his/her own preference. 

This research will provide an approach and develop a framework for negotiation in 

building system decision. In a VM process, the framework is facilitated by the 

implementation of an agent system and it will help to reduce cost and to improve 

value of building system decision in construction projects. It will also bridge the gap 
between automated design which were identified earlier by Anumba, et al. (2002), 

Kim and Russel (2003), Halfawy (1998), Khedro (1994), Ugwu et al. (1999) on the 

construction domain in relation to automated negotiation (Matsatsinis and Delias, 

2003; Morge and Beaune, 2004; Wanyama, 2006; Wanyama and Far, 2007; Vo and 
Padgham, 2007) in Information Technology (IT) domain. This significance of the 

framework is illustrated in Figure 1.1. 

--------- -+ 
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i 
i 
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(GROUP DECISION in MCDM) 
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Figure 1.1 Bridging a Theoretical Gap between Automated Design in Construction 
Domain and Automated Negotiation in IT Domain 
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Many researchers suggested applying Game Theory in automated negotiation 
(Binmore and Vulkan, 1999). However, the negotiation support model for VM 

processes has not been developed. The characteristic of value criteria cannot be 

applied to previous research. Existing models that are commonly accepted are 

optimization-based models, for example aggregation methods, but these are not able 

to solve the problem of value criteria on VM. This research applies the satisfying 

game method where function and cost of solution techniques for a building system as 

value criteria can be formulated on coalition algorithms. 

1.1.3 The Need of Agent-based Negotiation for VM 

An agent system (Bond and Gasser, 1988) provides a decentralized approach to 

modeling the fragmented construction engineering and management problems. Such 

fragmented problems, though widely recognized, are difficult to be solved using other 

approaches. Ugwu et al. (1999) writes that the idea of incorporating agent system into 

the construction industry provides a novel approach in tackling distributed problems. 
The solution from agent system will lead to better quality, more economical, safer and 

more optimal solutions (Ugwu et al., 1999). The additional problems posed by the use 

of heterogeneous software tools are well known and need to be overcome by the 

adoption of new approaches, such as the use of Intelligent Agent (IA). IA consists of 

self-contained knowledge based (k-b) systems that are able to tackle specialist 

problems and can interact with one another (and/or with humans) within a 

collaborative framework (Anumba et al., 2005). 

In a system composed of multiple autonomous agents, negotiation is a key form of 
interaction that enables groups of agents to arrive at a mutual agreement regarding 
belief, goal or plan (Beer et al., 1999; Ren and Anumba, 2004). Particularly, because 

agents are autonomous and in many cases, are self-motivated, they must influence and 

convince others to proceed in certain ways. Negotiation is used more specifically for 

conflict resolution (Pena-Mora and Wang, 1998), task allocation, resource allocation, 

and decision making (Hamel et al., 2005). The potential benefits of agent negotiation 
include saving time and money, efficiency for computation intense negotiations in 

search for optimal results, and the ability to incorporate multiple negotiation strategies 
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for changing environments (Anumba et al., 2005, p. 48). Bogg et al. (2008) notes why 

interest in agent system is increasing. It is because of its ability to provide robustness 

and efficiency, to allow extending legacy systems and to solve problems in which 

data, expertise or control are distributed. Even though research in the application of 

agent-based negotiation in construction industry has been extensive, none of them has 

focused on multi-criteria agent-based negotiation. 

1.2 Problem Statement 

Various project participants, often geographically distributed, need to cooperate and 

collaborate to perform various construction activities. The inability to realize the 

computerization benefits in the construction industry can be attributed to the 

fragmentation within the industry and the gaps in the design and construction 

processes. 

Experience with design and construction gaps and fragmentation of the industry has 

created a strong demand for integration of all parties in design and construction 

process. It makes the research issues to focus on rapid generation of engineering 

solutions, rigorous evaluation of decisions, fundamental understanding on the nature 

of collaborative design problems. 

Negotiation is used more specifically for conflict resolution and is required in task 

allocation, resource allocation, and decision-making. The potential benefits of agent 

negotiation include saving time and money, efficiency in computationally-intense 

negotiations search for optimal results, and the ability to incorporate multiple 

negotiation strategies for changing environments. 

As an effort for VM, value-based design decision analyze the functions of systems, 

equipment, facilities, services, and supplies for the purpose of achieving the essential 

function at the lowest life cycle cost, consistent with the required performance, 

reliability, quality and safety. Value Analysis (VA) in construction is increasingly 

seen as the term to describe the total process of enhancing a project value from 

conception to operation. 
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1.3 Research Aim and Objectives 

The aim of this research project is to develop a negotiation support model for multi- 

criteria group decision making in the process of VM applications in construction. 

Given the aim, the specific objectives of the study are: 

1. To find a theoretical basis and research approach for negotiation support 

methodology on VM. 

2. To develop a decision model for technical solution options in a satisfying 

function/cost preferences. For value-based group decision. 

3. To investigate negotiation style and outcome and analyze the correlation 

between them for the basis of scenarios on the agent system. 

4. To develop a model for agreement options and coalition algorithms on 

value-based group decision as a basis for Negotiation Support for Value 

Management (NSVM). 

5. To validate the coalition algorithms and introduce an initial model of 

NSVM. 

1.4 Significance of Research 

The significance of achieving the objectives and its contributions are highlighted 

below: 

1. Provide an approach for a better decision-making which will improve the 

value of construction projects. 

2. Provide a framework to facilitate automated negotiation in a collaborative 

negotiation between all parties in a value-based design decision. The 

negotiation support system concept will bridge the theoretical gap between 

automated design and automated negotiation. 

3. Contribute to the body of knowledge in the decision-making science domain 

by initiating an advanced tool for negotiation. 

4. Provide an advanced method in phase of creativity and analysis in VM 

process since the practice of VM knowledge is teamwork-based. 
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1.5 Contributions of Study 

The methodology for the negotiation support system on VM developed in this 

research can assist VM to conduct negotiation process in its practices. It means that 

this methodology contributes to VM body of knowledge by adding a negotiation 

process to the practice of VM. The results from its application on building system 

selection on VM also contributes to the group decision and negotiation process of the 

American Society for Testing and Materials (ASTM) Standard, Book of Building 

Economics (ASTM, 2004). 

The coalition algorithms developed in this research can be used for any development 

research on group decision and negotiation in VM within the construction industry. 

Negotiation support model arising from this research gives contribution for a better 

application of multi-discipline and teamwork on VM practice. As the area of the 

research covers the domain of VM, construction, operation research and Artificial 

Intelligence (AI), the support model also contributes to the development of research 

on these areas. Some publications of this research in the areas of Operation Research 

and Artificial Intelligence prove that the algorithms developed for the support model 

can be accepted in these areas. 

1.6 Thesis Organization 

The thesis is structured into eight chapters which progresses in accordance to the 
identified research objectives. A set of appendices is provided which contains case 

studies, supporting information and the result of data collection and analysis. The 

first chapter comprises of an introduction, the listing of the five objectives, and the 

description of the context and scope of the research. Chapter Two presents the 
findings of the literature review on VM, group decision, negotiation and agent-based 

negotiation. The definitions, problems, current practices, previous studies, guidelines, 

and areas of improvement are also reviewed. A theoretical mapping is presented in 

this chapter as a synthesis from the literature review and previous research. 

Chapter Three presents the research design and methodology. This chapter discusses 

the research framework, methodological approach, ontological and epistemological 
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issues. A triangulation method has been used to reach the objectives. The 

methodological triangulation combines independent complementary research 

methods, which are Simultaneous Triangulation by use of both qualitative and 

quantitative methods and Sequential Triangulation in which the results of one method 

are essential in planning the next method. This methodology involves a mapping 

theory, survey method, case study, focus group, and conceptual modeling, which have 

been applied in a logical manner following the research stages. 

Chapter Four presents the findings of literature review in which to build a framework 

of methodology for developing the negotiation support on VM. It is built on a 

theoretical mapping based on the literature review conducted on Chapter Two. In this 

chapter, an application of the methodology to VM processes on building system 

selection is also presented. The stages of application are building system selection, a 

process model development and building system evaluation. This chapter also 

highlights the novelty of the research, which is, the use of methodology based on an 

extensive literature review for negotiation support on VM. The application of the 

methodology was based on the current practice in the construction industry. 

Chapter Five presents the result from a questionnaire survey on negotiation styles and 

negotiation outcomes. It contains the result of multiple regression analysis to 

investigate correlation between negotiation style and negotiation outcome. The result 

from this becomes the input for the scenario of agent negotiation. A mathematical 

modeling of regression is to be developed and presented in a logical manner in the 

next chapter. 

Chapter Six presents the core of the negotiation support model for VM in 

construction. Agreement option, coalition formation and trade off analysis were 

presented in a logical manner and in the form of a mathematical model. This chapter 

consists of the process of identifying agreement options, analysis of agreement 

options and coalition formation. Trade off analysis is determined by a role expert in 

evaluation of technical solution. 
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Chapter Seven presents the process of conceptual modeling to develop the negotiation 

support for VM. It describes the rationale of using agent technology, major 

characteristics of the decision and negotiation support, agent negotiation protocol, the 

strategic approach of negotiation agents and the rationale for accepting and rejecting 

offers. A Prometheus Design Tool (PDT) application is introduced, starting with the 

reasons for using Prometheus, description of the system specification, architectural 

and detailed design. 

Chapter Eight presents the conclusion of the research. Firstly, this chapter revisits the 

objectives of the research. Proof of fulfillment of the research objectives is then given. 

This is followed by an overall conclusion of the research. A brief description of the 

scope of originality of this research is then given. This is followed by a brief 

discussion on the limitation of the model developed in this research and a brief 

account of future work in the areas of multi-criteria, multi-person decision-making 

and its automated system in value management domain. 

The thesis is structured in such a way to follow the six logical sequences of 

developing the conceptual model of NSVM. Firstly, value-based decision making 

area in the literature review was investigated separately to get familiarized. Secondly, 

the issues on the applications of group decision and negotiation in VM were 

examined. Thirdly, a theoretical framework for the methodology of negotiation 

support model was developed. Fourthly, applying the methodology for building 

system selection process to identify and analyze agreement option and coalition 

formation. Fifthly, establish empirical understanding about negotiation styles and 

negotiation outcomes as the basis for agent negotiation scenario. Sixthly, to develop 

the conceptual model based on the methodology and coalition algorithm. 

Four appendices are presented in Volume 2 as part of this thesis. The appendices are: 
Appendix A is about five Case Studies on building system selection. Appendix B is 

about input and calculation of respondent's data for Analytical Hierarchy Process; 

Appendix C is about input and analysis of respondent for negotiation styles and 

outcomes, and Appendix D is about list of publications based on this research 
(Utomo, et al., 2008a-c; Utomo, et al., 2009a-e). 



11 
Research 

Publications 

N 
(O 

O 

..... ..... 

: a) ..... o 
o 
N 

ýM 
:Vv, 

w 
ý rn w_ w 

0 U) 
U) 

N ln 

: U) tU 
4. ýºýýýý5 

... 
ý 

öoHt 

NN LU 

'NQ 

EL 0Un. 
_ 

j- 
-----`...... 

I. 
-r, -W-4 

; U; 
"a+ rn ;Q+ CD 

... r U 
.... 

i U 

i 

a± .Hi............. r 
.. 

Ö±p ý5 
*. 

O 

_c"ö 
"NXN 

: ä; wcn: 3 
;v 

"ZaN 
U) Uý"ý 

+Um~ u- 
W 

------- co 

rn 
< 

" 00 ... 
.o 

L) 
....... 3 

fl- 
"Ü_ý 

J 
6t 

uý Cl) 
m 

ý"ý 
"L 

Ya...... 
" 

_ Co 
°- 1 92 a: 
Co 

0 0 N 
Ný,...... 
MN 

Nt3: 2, 
. Uý" 

co °a 
. F. 

,d 
:Z 

a) öW 

mW rnW 

<w 
10 
.z "N 

ýo 
"z 

Research framework 

CO CL 
.ON` 
7 ýp 7 fC 
U_ýN 

Uý 

LL 

C 
O _ý N 
.ýCN Q) ý 

_ýýQ. 
C 

o75 mý Eaý 
C OiA F-0 S2 

=0w co cý " - (A 
N 4) E2 o Cp 

NUC -O 
U) NýýCÜ Co 
ECNU 

"ý d) N 
OTNLN 

dÜýQ-, 83 Uc 

V 

-if ------------------------- _-- 
FT-77- 

C 
O 

O O- ýC 

NO=O 

TO0 E 

CE 
QýýO 

(C 
D1 

-I- 
Q) NC 

CTN 
ONNEo 

NjC 
OU 

ýÖM 

CU 15 0) C 
NNo 

mýý 
ö 
ýy 

am 

Mapping theory 

C 
0 

co 
0 

E 
wL Oý 
cp 
O pý 
M co 

ý 

> 

ý ý 
C v ä) 

N 

CCCý 
0.0- , .2N 
Tm mmE 
N«Nw. 0 

O-OO 
rn rn 

(n CNCO 

T 
V 

.C 
a 
E 
w 

Thesis 
Report 

..::.:. Co 
ý 
CL M 

': U 

------------------------- ...... ý............. ------------- --- 
TC 
O) OC 
OccN 

-OO O) N .07N 
O (0 ý 

cu c9 
Lp 

-0 0ýC 
Nw c1) m 

E 

C 
.p 

0 
öEö 

mvýTi 
V>>N 
e-- 0N 
CL 

Research design and method 

Lý 

C 

CD 
E 
a) 
O) a) m 

7C 
co 

>E 

CC 
O 

C+C 
ao"ý ro 
7 .ý 

ý. N 
OO U O) NU 

(ý OC 'O '0 

....................................................... 
C 
0 
Ü 

ý 
O 

C 

T3 
C jO 

O` Z5 

Yý 
C> 

O 
10 

mý 

EC 
QI ý 
:3ý 
Oý äN 

C 

4 

NO 

Cp 
N pý 
m 

QC 

N 
ý 
a) Q. 
tß 

t 
U 

=r-ý-=-=-' --- :............................................................... . 
N 

> 
Ü 

ý 
ý 

ý 
C 

C m in 

ý fN 

U 
O 

ä 

. .........................................................................................................................................: 

tf> 
ý w n 
m r 0 

v 
ä> 
Q: 
c6 i 

U: 

CL 

L 
U 

¬0) 

:s 
U 

Figure 1.2 Research Frameworks, Process and Related Publication 



12 

CHAPTER TWO 

LITERATURE REVIEW AND THEORETICAL MAPPING 

2.1 Introduction 

This research is built upon three main bodies of knowledge, which have been 

explored extensively and for which concrete results have been established. This work 

is strongly related to group decision and negotiation engineering as it aims precisely 

at providing a framework to support the negotiation in design activity. In this chapter, 
firstly, the basic concept, methods and application of VM in construction industry is 

explained including application of information technology in VM. Secondly, this 

chapter presents a literature review on design decision and group decision making. 
This part of the chapter consists of design and decision theory, multi-criteria decision 

making, group decision and its support system, and cooperative game theory. The 

cooperative game theory is explored to get a theoretical basis for the negotiation 

algorithm. 

The third part of this chapter discusses the theory, previous and related work on 

agent-based negotiation. It covers multi-agent systems, automated negotiation, and 

multi-criteria agent based negotiation. In this part, an extensive review is conducted 

especially on multi-criteria agent based negotiation and negotiation protocol. 

The contribution to body of knowledge is the result of the intersection of knowledge 

and science in which this research is done. These are VM, group decision, negotiation 

and agent based negotiation. The intersection of these three reveals two research areas 

which are multi-criteria group decision on value based design decision and multi- 

criteria agent based negotiation. Through extensive literature review this research lies 

at the intersection between the last two, which are multi-criteria group decision on 

value-based decision and multi-criteria agent based negotiation. This chapter presents 

a theoretical mapping to demonstrate the new area of this research. The new area is in 

between automated negotiation and automated design and advance method for VM 

process. 
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2.2 Value Management 

VM is defined as "a structured, organized team approach to identify the functions of a 

project, product, or service that will recognize techniques and provide the necessary 

functions to meet the required performance at the lowest overall cost" (SAVE 

International, 2001). VM has evolved from Value Analysis (VA), first developed by 

Lawrence Miles of the General Electric Company (GEC) in the 1940s. VM was first 

applied to building industry by Dell'Isola (1982) and application of this technique in 

the construction industry expanded quickly. The term VM was first used by the 

United States General Service Administration in 1974 to reflect value techniques. The 

techniques were not confined to technical issues but evolved into more management 

activities and company policy (Macedo et al., 1978). VM has become a blanket term 

covering all value techniques previously entitled "value control", "value planning", 
"value engineering" or "value analysis". 

2.2.1 Value 

In this part, definition and terminology of value from many researchers, 

understanding of VA, Value Engineering (VE) and VM are presented. Review on 

value and rationality on decision is discussed in the last part of this section. 

A. Definition and Terminology 

The Oxford English Dictionary (2003) defines "value" as "that amount of some 

commodity, medium of exchange, etc that is considered to be an equivalent for 

something else. " There is no single definition of value and its meaning is abstract or 

ambiguous (Cha, 2003). In the study, Cha also noted many different definitions of 

value from many authors (Gage, 1967; Clawson, 1970; Miles, 1972; Macedo, 1978; 

Kirk and Spreckelmeyer, 1998; and Goodpasture, 2002). English is the only western 
language that uses the two words `value' and `worth' interchangeably. Webster's New 

College Dictionary (2008) defines `value' as "a fair return or equivalent in goods or 

services or money for something exchanged". On the other hand, worth is a monetary 

value measured by its qualities or by the esteem in which it is held. Worth is defined 

as ̀ the lowest cost to perform basic functions reliably' (Kaufman, 2001). 
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European standard of VM (British Standards Institution, 2000; Male et al., 2006) 

defines `value' as ̀ satisfaction of needs' divided by `use of resources'. An alternative 
definition is `required functionality' divided by `life cycle cost', so value can be 

increased by reducing cost (or resources) or by increasing the satisfaction of needs for 

a given cost (Thomas and Thomas, 2005). It will become a basic measurement of 

trade off to get the highest value of a product. Park (1999) reported some definitions 

of value based on the Proceeding of The Society of America Value Engineers, in 

which many authors gave definitions of value. 

Historically, value was classified by Aristotle (Shields, 2007) into seven categories: 

economic, political, social, aesthetic, ethical, religious, and judicial. Among the seven 

categories, economic value has been the main concern of industry. Economic value 

consists of four distinct value types, including cost value, exchange value, esteem 

value, and use value (Clawson, 1970). Use value, referred to as the relationship of 

cost to function has long been regarded as the most fundamental element in industry. 

Miles (1972), who was the first to introduce the term "value" into the industry, 

defined "value" as "the relationship between function and cost" using the following 

equation: Value = Function/Cost. This equation also was applied as mathematical 

ratio in literature (Shillito and Marle, 1992; Tan and Yang, 1996; Maramaldo, 2000). 

It is possible to increase the value of a product by increasing its function even when 

this results in greater cost, if the added function increases more than the additional 

cost. 

Kirk and Spreckelmeyer (1998) created the term "value index" to effectively quantify 

the abstract nature of value by combining both functional and cost components as 
follows: Value Index = Cost/Worth. The meaning of value may be opened to 

interpretation but generally, the value of a product will be judged on some factors 

such as high level of performance, capability, emotional appeal, style, etc, relative to 

its cost (Crow, 2002). This can be expressed as: 

Value = (Performance + Capability)/Cost = Function/Cost. 
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This leads to the concept of functional worth, which is defined as the lowest cost to 

provide a given function (Kelly and Male, 1993; Kaufman, 2001), where Cost refers 

to the present actual cost and Worth refers to the minimum cost for the assigned 
functions. The definition given above may be applicable to functions that are 

quantifiable; however, less tangible functions may influence a customer's perception 
to the value of a product, e. g. those concerned with aesthetic quality. 

The varieties of definitions of value in the literature are summarized in Table 2.1. 

Table 2.1 Definition of Value 

Name 

Adam Smith on 
Buchan (2006) and 
Butler (2007) 

Walker (1866) 

Gage (1967) 

Clawson (1970) 

Miles (1972) 

Macedo et al. (1978) 

Dell'Isola (1982) 

Kelly and Male 
(1993) 

Kirk and 
Spreckelmeyer 
(1998) 

Kaufman (2001) 

Definition 
Smith believed that the word value has two different meanings, and 
sometimes expresses the utility of some particular object, and sometimes 
the power of purchasing other goods which the possession of that object 
conveys. The one may be called "value in use", the other, "value in 
exchange". Value in exchange is the power of a commodity to purchase 
other goods-its price. Value in use is the want-satisfying power of a 
commodity, the utility received by holding or consuming a good. 

Value is the exchange power which one commodity or service has in 
relation to another. An object, to possess value, must be desired by some 
one who is willing to render a service or equivalent in order to obtain it, for 
the reason that he cannot have it without. 

A relationship between cost, use, and esteem of a product or project. 

A balance of the cost of essential function with quality, reliability, safety, 
appearance, and ease of maintenance. 

A relationship between function and cost. 
Value = Function/cost 

A relationship between product worth to product cost or its components. 

A fair equivalence in services or commodities that an owner receives in 
exchange for money. 

A measure expressed in currency, effort, exchange or on a comparative 
scale, which reflects the desire to obtain or retain an item or service. 

A measure of actual cost divided by minimum cost. 
Value Index = Cost/Worth 

Value = [(Esteem) (Exchange) (Utility)]/[Cost] 

Goodpasture (2002) A balance of quality, resources, and risk. 
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Name 

Maramaldo (2002) 

Krishnamurty (2006) 

Bryant in Park 
(1999: 92); Fishman 
et al. (2006: 18); 
Yang (2007: 91) 

Harris in Park 
(1999: 92); Yang 
(2007: 91) 

Fallon in Park 
(1999: 92); Yang 
(2007: 91) 

Wasserman in Park 
(1999: 92); Yang 
(2007: 91) 

Woodhead (2007) 

Seni(2007) 

Table 2.1 Definition of Value (Continued) 

Definition 

Identified two different types of value for the same object: the value for the 
user (Vu) and the value for the producer (Vp) of such object. The formula 
of Vu according to Miles (1972) Vu= function/cost. Maramaldo proposed 
the formula for Vp = (ROI; NP)/Risk. 

Value is a numerical quantity to illustrate goodness of attribute under 
certainty. 

Value theory deals with trade off under certainty in multi-attribute 
problems. Mutual preferential independence is generally tested in value 
assessment. 

Value = [(wants)+(needs)]/(resources) 
Value = [(Self function)+(Use functions)]/[(Money)+(People)] 

Value = (Worth)/(Effort) 

Value = (Objectives)/(Cost) 

Value = (Function)/(Cost) 

Value = (Utility)/(Cost) 

Value = (Performance)/(Cost) 

Value is context dependent and the context is a collection of interacting 
system. 

Technological value as the function theory of value is the least developed 
in the field of study of value. Seni presented a technology value as a new 
kind of value theory with another two which are philosophical theories and 
scientific theories. Technological value to a buyer is the worth to him of 
performing the needed functions. In other words, V(x) = W(x) where the 
W(x) of something x to someone is its opportunity cost or what she is 
willing to forego to obtain it. For a user, Technological value is simply the 
ratio of the cost of the artifact performing exactly and only those functions 
needed or demanded to the cost of the actual artifact evaluated. In other 
words, VI(x) = W(x)/C(x), where C(x) is his life cycle cost. The 
technological value to a producer is the opportunity cost c(x) to him of 
offering or producing an artifact that he has designed and produced to 
perform exactly and only those functions he believes his customer needs or 
wants. The value index for the producer then is VI(x) = c(x)/C(x), both 
indices express the ratio of ideal to actual functionality. 

Drucker (1993) pointed out that cost is only part of value. Therefore, definitions of 

value that place emphasis only on cost may be misleading. Further, Drucker (1993) 
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maintained that "what the customer considers value is so complicated that value 

should be articulated by the customer". In addition, value can be represented as a 

balance of quality, resources, and risk to satisfy a customer's needs (Goodpasture 

2002). A study conducted by Koga (2000) revealed various interpretations of value 

from project management's perspective. They include: 

a. The right mix of function, aesthetics, quality, time, and cost from the 

owner's perspective. 
b. Whether or not the owner's expectations are met. 

c. The assembly that meets the owner's needs at a good level of quality 

without depriving the owner of any benefits. 

d. The reflection of what owner wants. 

B. VA, VE and VM 

Value has been affected by the evolution of its own techniques. The evolution can be 

traced from typical definitions of three value terms in literature to provide a good 

understanding. They are VA, VE, and VM. They are still used interchangeably in the 

literature and it is not possible to isolate one area for investigation without reference 

to the others (Kaufman, 2001; Liu, 2003; Cha, 2003; Kelly et al., 2004; Wan, 2006). 

Miles (1961,1972, and then 1989) started with VA as a philosophy implemented by 

the use of a specific set of techniques, a body of knowledge, and a group of learned 

skill. VA is also an organized creative approach. It has a purpose to identify 

unnecessary cost. Zimmerman and Hart (1982) defined VE as "a systematized 

approach to seek out the best functional balance between the cost, reliability, and 

performance or a product or project". Kelly and Male (1993) described VM as "a 

structured, organized team approach to identifying the function of a project, product, 

or service with recognized techniques and provide the necessary functions to meet the 

required performance at the lowest overall cost". Kaufman (2001) argued that VA and 

VE only describe the use of the process, but do not define the terms. VM is a 

methodology, whereas VE and VA describe the application of this methodology. VE 

which is product oriented, deals with problems or opportunities involving the physical 

sciences. On other hand, VA deals with problems or opportunities involving 
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management, administrative system, etc (people oriented). Kaufman illustrated the 

relationship of these terms as presented in Figure 2.1 

The methodology 

VM 

Value Criteria 

VA :1 The product The process -IAP 

Application 

Figure 2.1 VM Components (Kaufman, 2001: 10) 

Value criteria describe the efforts to establish performance standards and approach for 

governing the effective application of the value disciplines. VM evolved from the 

traditional paradigm of VA and VE (Kaufman, 2001; Cha, 2003; Leung and Liu, 

2003; Liu, 2003; Wan, 2006). VM is used to resolve soft, dynamic and multifaceted 

problems on strategic level. Liu (2003) illustrated the VA and VE as subsets of the 

total VM figure (Figure 2.2). In construction process, the scope of VM covers all 

phases of construction from inception to operation, VE scope covers design and 

construction phase while VA scope covers the construction/operation phase. 

Strategic & 
soft issue 

VM 

VA 

Tactic & 
hard issue v 

VE 

Inception Design 

VE 

Construction/operation 

Figure 2.2 Evolution of VM (Liu, 2003: 27) 

Evolution of VM from tactic and hard issue to strategic and soft issue was described 

by Dawson (2002) and Liu (2003) involving five main changes which are: 

a. From `process' to `people'. VM requires more emphasis on the understanding 

and appreciation of human synergistic. 
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b. VM are moving from the remedial paradigm to the preventive paradigm (from 

curative to preventative). 

c. VM practice has broadened but has not left behind its technical roots. 
d. VM is ongoing throughout the whole concept, design and construct continuum 

rather than a once only activity. 

e. VM participants are from technical personnel to the highest level of decision 

makers. 

C. Value and Rationality in Decision Making 

According to Green (1994a), the discipline of decision theory lies between 'risky 

choice' and 'riskless choice'. An example is a multi-attribute utility theory (MAUT), 

which has been primarily applied within the domain of riskless choice. MAUT 

attempts to provide a rational means of determining the utility of alternative decision 

outcomes. The construction of the utility function depends upon various techniques 

of utility elicitation that has also attracted a considerable amount of criticism. MAUT 

is essentially mathematical in nature but its validity depends upon several limiting 

assumptions. 

Another example is the theory of risky choice, which is concerned with the 

maximization of value under conditions of uncertainty and considers four normative 

models; expected (monetary) value (EV), expected utility (EU), subjective expected 

value (SEV) and finally subjective expected utility (SEU). A review by Green 

(1994b) in decision making demonstrated that none of the rational rules of decision 

theory succeeded in explaining how people actually make decisions in practice. 

Decision makers were shown to be incapable of making decisions in economical 

rationality. They consistently displayed biases when assigning probabilities to 

degrees of belief. 

Green and Simister (1996) gave three different decision models to distinguish value 
for money which depends on rationality. The first is a descriptive decision model, 

which bears no overriding adherence to the axiom of rationality. The second category 

of decision model is normative in nature, where value for money depends upon 
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substantive rationality. The last is a prescriptive decision model. It differs from one 

and two, in that it recognizes the limitations of bounded rationality and therefore 

seeks to satisfy rather than to optimize (Stirling, 2003). Value for money is seen not to 

depend upon substantive rationality, but on procedural rationality. From this point of 

view, rationality is seen to lie in the process of analysis, rather than in the decision 

content (Green, 1994a). 

A bounded rationality concept by Simon (1997) has been proposed by Cell (1999) to 

Job Plan in Section 2.2.2A. The bounded rationality concept by Simon (1997) states 

that: 

"The capacity of the human mind for formulating and solving complex 
problems is very small compared with the size of the problems whose solution 
is required. for objectively rational behavior in the real world or even for a 
reasonable approximation to such objective rationality". 

Three categories of bounds by Simon are: (1) mental skills, habits, and reflexes, (2) 

extent of knowledge and information possessed, and (3) value or conceptions of 

purpose differentiation between the individual and organization. Cell (1999) argued 

that VANE/VM studies and analysis mean nothing if the recommendation are not 

approved and implemented. 

2.2.2 Methodology of Value Management 

VM is focused on the examination of functions aimed at identifying and eliminating 

unnecessary cost (Kelly and Male, 2002) but as noted by Mukhopadhyaya (2003), 

there is no deterioration of quality parameters while eliminating cost. VM is based on 

scientific methods of data collection from reliable sources and on functional 

requirements. The functional requirements try to fulfill the needs, wants, and desires 

of the customers. A multidisciplinary team approach is advocated to avoid erroneous 
decisions of an individual. This section presents three main methodologies of VM 

which are job plan, function analysis and Function Analysis System Technique 

(FAST), and Life Cycle Cost (LCC). 
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A. Job Plan 

Job plan is a disciplined approach consisting of sequenced steps through problem 

solving process to distinguish VM from other cost cutting processes (Dell'Isolla, 

1977, Kaufman, 2001). Miles (1972) developed the original five-step job plan, 

although in practice some modifications have been done. The five steps of job plan 
include: 

a. Information 

Evaluation of all available information related to VM project and translation 

of that information into function term. This stage characterized a decision as 

complete information. Function analysis using FAST is developed at this 

step. 
b. Speculating/Creativity 

This step is a process of developing a large quantity of ideas (not solutions) 

to achieve those functions that relate to the problem definition. One of the 

tools for this process is brainstorming. 

c. Planning or Analysis 

At this step, evaluation of the ideas generated on creative phase using 

weighted guidelines. 

d. Execution (Evaluation or Development) 

This step selects and prepares the `best' alternative for improving value by 

clustering the selected ideas. The decision for best idea is generated by 

evaluation tool and life cycle cost. Fong, Hills and Hayles (2007) applied the 

job plan for the knowledge creation process within VM teams. 

e. Reporting and Presentation 

Seeking approval and funding to implement those actions to resolve the 

problem or opportunity objectives. VM team presents the proposal to a 

management board. 

In addition, there is a pre study phase before information phase. The objective of pre 

study is to provide an opportunity for all parties to understand the project issues and 

constraints, therefore to give and receive information. Another phase is post study. 
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The objective of this phase is to ensure the proper implementation of the approved 

recommendation from a value study. 

B. Function Analysis and FAST 

Understanding of functionality is important because it represents a part of the design 

rationale (Kitamura and Mizoguchi, 1999). In conceptual design, a designer 

decomposes a required function into sub function called functional decomposition. 

Kitamura et al. (2000) proposed a knowledge server to provide alternative ways to 

achieve required function. The word function is commonly used, and has many 

definitions. Kaufman (2001) defined function as `an intent or purpose that a product 

or service is expected to perform'. The classifications of functions as they relate to 

product performance are basic function and secondary function. Kitamura and 

Mizoguchi (1999) suggested that, 

"A function of a component can be represented by a transitive verb of which 
grammatical subject is the component and of which grammatical object are the 
entities coming in and going out of the component". 

It can be concluded that function depends on the context but should be local in 

description. 

Basic function is defined as the principal reasons for the existence of the product or 

service, operating in its normally prescribed manner. Secondary function is the 

method selected to carry out the basic function or those functions, and features 

supporting the basic functions (SAVE International, 1998). Kaufman (2001) gave four 

rules that govern the basic functions. Once defined, a basic function cannot be 

changed. Kaufman (2001) and Sato and Kaufman (2005) also states that the cost to 

satisfy a basic function is usually less than 5% of the total product cost. The loss of 

the basic function causes the loss of the market value and worth of the product or 

service. 

Miles (1972) always emphasized that VM has one specific purpose, which is the 

identification and elimination of unnecessary cost. Function Analysis is the 

systematic process of identifying functions and their associated costs, and assessing 
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the necessity of those functions based on established criteria for the product or 

service. The concept of function analysis is clearly fundamental to the process of VM 

(Barton, 1991; Davis and Yeomans, 1996; Zackrison, 1997). Function analysis 

enables a systematic identification and clear definition of client requirements and 
improved understanding of various stakeholders' objectives and the effective 

accomplishment of those functions (Shen, 1993). It means that function analysis 

should include identification of functions, classification of functions, functional 

models, establishing function worth, cost functions, establishing value index and 

selection of function for study (SAVE International, 1998). 

On the ontology of the functional concepts proposed by Kitamura and Mizoguchi 

(1999), there are two different groups of functions based on function type and Meta 

function. Function type is defined as `to make', `to maintain', and `to hold'. The 

object words of these verbs are the base function of components. Keuneke (1991) said 

that the function type represents the type of goal achieved by the function. On the 

other side, Meta functions represent a role of a base function called an agent function 

and objective function. Kitamura and Mizoguchi further defined additional six types 

of Meta function which are "to provide", "to improve, "to enhance", "to contribute", 

and "to control". The functions `to make', `to maintain', `to hold', `to provide' and `to 

improve' are grouped as mandatory contribution, and `to enhance' and `to contribute' 

are optional contribution. The last Meta function `to control' is an opposite function 

for the function "to contribute". 

There is a relationship between function and value, the solutions that yield such value 

and the functions such solution performs (Woodhead, 2007). Value increases when 
functions are optimally aligned with processes, outcomes and purposes (Berawi, 

2006). There are several methods of function analysis; one of the most important and 

useful is FAST by Bytheway (1965). The other two methods are natural or intuitive 

search and interactions with the external environment (Wan, 2006). 

FAST is an evolution of the VA process created by Bytheway (1965 and 2007). 

FAST permits people with different technical backgrounds to effectively 

communicate and resolve issues that require multi-disciplined considerations. FAST 
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builds by linking the simply expressed, verb-noun functions to describe complex 

systems. FAST diagrams are used to prioritize the objectives or functions of the 

product. Once the objectives are prioritized, the options that would return the most 

value based on predetermined value criteria can be evaluated. 

Using the verb-noun rules in function analysis FAST creates a common language. It 

allows multi-disciplined team members to contribute equally and communicate with 

one another while addressing the problem objectively without bias (Kaufman and 
Woodhead, 2006). The problem should be structured until the product development 

team members are satisfied that the real problem is identified. After agreeing on the 

problem statement, the single most important output of the multi-disciplined team 

engaged in developing a FAST model is consensus. The team members must discuss 

and reconfigure the FAST model until consensus is reached and all participating team 

members are satisfied that their concerns are expressed in the model. 

Based on the FAST model of Bytheway (1965 and 2007), the FAST model has a 

horizontal directional orientation described as the HOW-WHY dimension. This 

dimension is described in this manner because HOW and WHY questions are asked to 

structure the logic of the system's functions. Starting with a question HOW that 

function is performed to develop a more specific approach. This line of questioning 

and thinking is read from left to right. There is essential logic associated with the 

FAST HOW-WHY directional orientation. First, when undertaking any task it is best 

to start with the goals of the task, and then explore methods to achieve the goals. 
When addressing any function on the FAST model with the question WHY, the 

function to its left expresses the goal of that function. The question HOW, is 

answered by the function on the right, and is a method to perform that function being 

addressed. Crow (2002) argued that a system diagram starts at the beginning of the 

system and ends with its goal. A FAST model, reading from left to right, starts with 

the goal, and ends at the beginning of the "system" that will achieve that goal. 

FAST model is non dimensional; however after completing the model it can be 

dimensioned. Figure 2.3 shows a typical FAST diagram and a sample of FAST by 

Shen et al. (2004) for a commercial center is presented in Figure 2.4. 
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HOW 

Basic 
Function 

WHEN 

Required 
secondary 
function 

Required 
secondary 
function 

Function that / 

\nappens at 
the same 
time as other 
functions 

Same time Same time 

Figure 2.3 Typical FAST diagram (European Commission Publication, 1994) 

HOW 

Attract users 

Ensure comfort 
Ensure safety 

Satisfy users 

Required 
secondary 
function 

'*'WHY 

Provide privacy 
Provide services 
Enable interactions 

Enable communication 

A world class 
commercial 
center 

Assure appearance 
Enable diversity 
Create feature 

Ensure convenience 

Ensure efficiency 

Encourage environmental 
protection 

Ensure access 
Ensure clarity 

Minimize cost 
Maximizes net-to gross 

Minimize energy use 
Minimize waste 
Encourage recycling 
Encourage reuse 

WHY 

Function that 
happened all 

the time 

Figure 2.4 Sample FAST diagram of Commercial Center (Shen et al., 2004) 



26 

C. LCC 

The term `life cycle cost' means a process for evaluating the total economic worth of 

a usable project segment by analyzing initial costs and discounted future costs, such 

as maintenance, user costs, reconstruction, rehabilitation, restoring, and resurfacing 

costs, over the life of the project segment (Kirk and Dell'Isola, 1995; Barringer, 

2003). LCC is an essential design process for controlling the initial and future cost of 

building ownership. LCC can be implemented at any level of the design process and 

can be an effective tool for evaluation of existing building systems. LCC can be used 

to evaluate the cost of a full range of projects, from an entire site complex to a 

specific building component. As defined earlier, LCC is the total discounted cost of 

owning, operating, maintaining, and disposing of a building or a building system over 

a period. LCC equation can be broken down into three variables: the pertinent costs 

of ownership, the period of time over which these costs are incurred, and the discount 

rate that is applied to future costs to equate them with present day costs (Bull, 1993; 

Landers, 1996; Seo et al., 2002). 

As the total cost of ownership, LCC are summations of cost estimates from inception 

to disposal for both equipment and projects as determined by an analytical study and 

estimate of total costs experienced in annual time increments during the project life 

with consideration for the time value of money (Liu et al., 2008). The objective of 

LCC analysis (Barringer, 2003) is to choose the most cost effective approach from a 

series of alternatives to achieve the lowest long-term cost of ownership. LCC is an 

economic model over the project life span. Usually the cost of operation, 

maintenance, and disposal costs exceed all other first costs many times over. 

For calculation of LCC, the following equation is used. 

Present worth (Pw) of LCC = Investment cost 
+ Pw operation cost 

+ Pw maintenance cost 

+ Pw energy cost 
+ Pw replacement cost 

+ Pw salvage value (2.1) 
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Present worth (Pw) can be calculated using theory of time value of money by 

Equations (2.2) and (2.3) as follows: 

P= 
1+i 

F(1+i) (2.2) 

(1+t)" -1 P=A 
r(1+i)" 

(2.3) 

Where P= present value; F= future value; A= annual value; i= rate (%) per period; 

N= number of periods (years). 

2.2.3 Value Management in Construction 

The application of VM in construction is varied as reported by many researches 

(Shen, 2003; Jaapar et al. 2009). Fang and Rogerson (1999) used the concept of VE 

and VM on Quality Management for design control by applying FAST and cost 

analysis for all design processes. Some adaptation were used with emphasis on worth 

rather than value. Basha and GabAllah (1991) reported a study of VE in Egyptian 

bridge construction. This study was one of the earliest VE studies in Egypt. 

Omigbodun (2001) applied VE on building project to obtain an optimal solution to the 

design problem. The multidisciplinary team obtained a solution that emphasized the 

function of the project, and the best judgment of the team in making the final choice, 

which resulted in a cost effective design for the project. Shen and Liu (2004) reported 

the application of VM in the construction industry in China. A 25 case VM project 

was presented with total estimated cost of 18,350 Million Yuan with average cost 

saving of 8% for each project. The participants in the projects were original design 

team, client representative, internal VM manager, staff contractor, invited VM expert, 

and in door construction staff of client. Qing and WanHua (2007) applied 

combination of Quality Function Deployment (QFD) and VANM and weighting 

factor criteria analysis to determine the best value airport from a choice of four 

potential new airports. Their study evaluated various schemes of the second Beijing 

Capital Airport for maximizing value. 
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Studies on group decision and computer aids in VM (Table 2.2) have been carried out 

by many researchers. Even though there are many qualitative researches on VM 

negotiation (Leung et al., 2002; Kelly and Male, 1993; Thomas and Thomas, 2005), 

none of them discussed negotiation support for VM. This section presents a review of 
VM in construction, which consists of timing and framework for implementing VM, 

performance, benefits and critiques of VM in construction. 

A. Framework and Timing for Implementing VM in Construction 

The implementation framework of VM was described by Wan (2006) in l-long Kong, 

and in Malaysia the same issues were addressed by Jaapar (2006). It addresses the 

following key issues: terminology and definition, composition of VM team, timing for 

using VM, management of a VM workshop, job plan, and techniques and tools used 
for VM studies. The approach to the implementation of VM should be tailored 

according to the different purposes, perspective, users and context (Liu, 2003). Liu 

(2003), and Kelly and Male (1993) presented a table (Table 2.2) to show the 

comparison between VA, VE, and VM in construction. 

VM should be performed as early as possible. The potential for value enhancement 

was illustrated by Norton and McElligott (1995) in Figure 2.5. This figure shows the 

cost required when making any changes and the resistance to change increases when 

VM is used later. 

Cost to make 
change. 

COST 

ý ýý 

Briefing Schematic Detail Final design for 
design design construction 

Design 
TIME 

Construction 

Figure 2.5 Timing for Implementing VM (Norton and McElligott, 1995) 
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ITEM 

Table 2.2 Comparison between VA, VE, VM in Construction 
(Kelly and Male, 1993; Liu, 2003) 

VA VE VM 

Objective To achieve the necessary 
functions for minimum 
cost of components. 

Subjects Existing detail design/ 

solutions. 

Timing After the schematic 
design stage of a project. 

Nature A remedial process. 

Levels Components 

Value Value improved by 
improving reducing cost of 
approach elements. 

Techniques Giving importance to 
functional analysis. 

Outputs Remedial proposals for 

cost reduction. 

Participants Mainly by technical 
persons 

To achieve the necessary To maximize value of an 
functions for minimum entire project for clients. 
cost of a project. 

Existing design/ solutions. Existing design/ solutions 
and soft subjects such as 
proposals. 

In the stage of design and From the concept to 
construction of a project. occupancy of a project. 

A remedial, auditing and A proactive, explorative and 
preventative process. preventative process. 

Components and elements All levels identified by 
Kelly and Male (1993) that 
are project, element, 
component. 

Value improved by Value improved by 
alternative design. integrating owner's 

subjective and objective 
value criteria. 

Giving importance to Giving importance by 
facilitating workshop and relevant stakeholders 
functional analysis. involved, consensus 

building and the multi 
attribute rating technique. 

Remedial proposals and Project objectives, 
alternative designs, and specifications, alternative 
solutions. solutions based on the 

client's value system. 

Technical persons and Relevant stakeholders 
client/user representatives 

B. Performance of VM in Construction 

Many researchers (Thomson and Austin, 2001; Lin and Shen, 2007; Male et al., 2005) 

cited that VM is well established in construction. Therefore, an organization in the 

construction industry has to know whether adequate return has been achieved or not 

on their investment in VM studies. A performance measurement based on critical 

success factors (CSFs) is needed. Many studies have been conducted to identify the 
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CSFs of VM studies. A benchmarking conducted by Male et al. (1998) revealed 10 

CSFs for VM. By reviewing literature, Shen and Lin (2003) identified 15 CSFs in 

VM, but both of them did not identify the performance indicators that link to the 

CSFs. Evidences from current academic literature still highlighted that VM remains ill 

understood, lacks professional standing, has ongoing barriers to successful 
implementation (Male et al., 2005; Jaapar, 2006), and has been quoted as declining 

(Male et al., 2005). The existing literatures show that different researchers embrace 
different concepts on the performance measurement of VM studies (Lin and Shen, 

2007). But VM should be seen as embracing a more holistic service to deliver value 

and viewed as a mode of management that is interventionist, challenging and change 

oriented (Male et al., 2005). 

Although VM techniques are used in construction projects, goals are not always easy 

to identify or agreed upon (Leung, Ng and Cheung, 2002). These problems arise 
because of the environment in the construction industry that is more integrated and 

complicated. In addressing this problem, Cha and O'Connor (2005) proposed a 

selection method to identify the most beneficial VM process for the construction 
industry. The computerized selection tool facilitates implementation of the VM 

process in the construction industry, and maximizes the potential benefits to a 

particular project. Further Cha and O'Connor (2006) presented 44 established VM 

processes, which represent the current state of VM practices in the construction 
industry. Using fuzzy AHP, the research concluded that implementation of one or 

more VM process option is an important strategy in maximizing the value or a 

project. It can be said that the performance of VM in construction depends on wider 

applications of VM process in a project. 

C. Benefits and Critiques on Application of VM in Construction 

The application of VM in construction does have some benefits but at the same time it 

also receives some criticisms. Some of the benefits and criticisms noted from previous 

research works and practices are described in the following sections. 
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Benefits of VM in Construction 

Many studies reported benefits of VM in construction. Macedo et al. (1978) supported 
by Norton and McElligott (1995) noted that cost efficiency is the most beneficial of 

VM applications. Kubal (1994) maintained construction process improvement by 

VM including project schedule improvement, higher quality project, cost effective 

material, cost or schedule effective design, and efficient maintenance or operating 

systems. Diverse benefit was declared by Kirk and Del' Isolla (1995) which are 

monetary value terms and non monetary value terms such as aesthetic/image, 
flexibility, safety and conformity with political consideration. Benefit also can be 

either tangible or qualitative (Goodpasture, 2002). Wan (2006: 82-84) reported a 

comprehensive benefit of VM in construction including: 

a. Project cost savings. 
b. Time savings in design, construction, approvals. 

c. Improved project management structures and systems. 
d. Consideration of options. 

e. Expediting decisions. 

f. Minimizing wastage. 

g. Forecasting risk. 

h. Concentrating expenditure on adding value. 
i. Improving communication and understanding. 

Critiques on VM in Construction 

Although VM has been applied in construction for about 50 years and obtained high 

reputation, critiques on it have never ceased. Typical critiques on VM in the 

construction industry include (Liu, 2003; Wan, 2006): 

a. Time consuming and interruption to the flow of design work. 
b. Late VM intervention in practice. 

c. Adversative attitude of original design team is not easy to be implemented. 

d. Design liability of VM proposal. 

e. Lack of a defined approach to functional analysis in practice. 
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f. Focusing attention on high cost elements assumes that the existing value 

g" 

system of a project is correct. 
Contractor's reluctance to propose VM for reason of possible project delay, 

which cannot be claimed to client. 

2.2.4 Decision and Computer Aid in VM 

The decision for selecting the best idea in VM is distinguishable in two stages in the 

job plans, which are evaluation phase and development phase (Park, 1999; Hobbs, et 

al., 2003; Mandelbaum and Reed, 2006). Many decision methods for screening and 

selection techniques have been proposed for VA, VE, and VM. Park (1999) made a 

comprehensive compilation of all the methods. Based on the work by Park, and some 

methods from the literature, a more comprehensive decision method for VM is 

presented in a chronological order as in Table 2.3. 

Table 2.3 Decision Methods for VM 
Methods What How 

Paired Comparison/ 
Numerical Comparison 
Technique (Mudge, 1967, 
Woodhead, 2005) 

Direct Magnitude 
Estimation (Meyer, 1971; 
Park, 1999) 

Pareto Voting (Shillito, 
1973; West, 2008) 

Weighted Constraints 
(Department of Defense, 
1968 and 2001; 
Mandelbaum and Reed, 
006; Fan et al., 2008) 

To determine the best 
alternative or the relative 
weighting and/or ranking of 
a number of alternatives. 

To determine the best 
alternative or the relative 
weighting and/or ranking of 
a large number of 
alternative. 

To reduce a large number of 
alternatives to a more 
manageable number. 

To make ranking and/or 
screening of alternatives on 
preliminary stage or rapid 
approximate. 

Each alternative is compared to every 
other alternative and a rating is 
established depending on the length of 
time required to make the decision of 
relative importance. 

Each group member is asked to rate the 
relative importance of alternatives 
based on any comparative magnitude 
system desired. Comparison are based 
on geometric means and normalized for 
direct comparison on a common scale. 

Based on Pareto's Laws of 
misdistribution or the 80-20 concept. 

Alternatives are classified into 
categories. Comparison is made by 
feature comparison and or establishing 
advantage and disadvantages. Ranking 
can be accomplished by the use of a 
direct and simple comparative rating. 

Criteria Analysis To evaluate the performance It makes use of function matrices to 
(DeMarle, 1971) of design alternative in new graphically show the relationship of 

product design. component to function. 



33 

Table 2.3 Decision Methods for VM (Continued) 
Methods What How 

Cluster Analysis (Shillito, 
1974) 

Combinix (Fallon, 1971) 

Eliminate Low Potential 
Ideas (Mandelbaum and 
Reed, 2006) 

Cost Function Analysis 
(Park, 1999; Mandelbaum 
and Reed, 2006) 

AHP (Sanchez et al., 
2005) and the 
combination with fuzzy 
data (Nagasawa, 1997; 
Huang et al., 2005; 
Hongxia and Zhipeng, 
2007) 

To determine the best 
combination of choice 
among a number of 
alternative rather than the 
one best choice. 

To make a decision by 
comparing alternatives with 
the use of the combinix 
scoreboard. 

To refine and select several 
numbers of choice 

To determine the extent to 
which alternatives can 
perform a function and the 
cost involved. 

To select the best 
alternatives in a multi- 
criteria decision. 

Determine the balanced combination 
that will satisfy a large number of 
market requirements. 

The scoreboard provides a matrix for 
combining the benefits that make up a 
requirement and for noting the relative 
importance so that various courses of 
action or choice may be selected. 

Classifying ideas into three categories 
that are ̀ Yes' for ideas that appear to 
be feasible and have a relatively high 
probability of success. ̀ May be' for 
ideas that have potential but appear to 
need additional refinement or work 
before becoming a proposal and ̀ Not 
now' for ideas that have little or no 
potential at this time. 

Relates cost to function in a way that 
makes evaluation of the function value 
possible and permits comparison to be 
made. 

Pair wise comparison and 
normalization by matrix algorithms. 
The input for relative value should be 

measured of its consistency. 

Further, this part of the chapter also reviews some previous researches on decision in 

VM, group decision in VM and computer aid in VM. 

A. Decision in Value Management 

Bragaw, Grasso and Garverick (1997) in their research indicated that higher value 

results can be achieved without necessarily incurring higher costs (more resource, 

more time, more cash), despite their suggestion that value based decision making can 
help managers achieve a balanced overall strategy and a balance between short-term 

and long-term performance goals. Their research also suggested that organizations 
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adopting value based decision making should review the criteria used to measure and 

evaluate performance, as excessive emphasis on short-term financial performance 

may limit the effectiveness of value based decision making. Mukhopadhyaya (2003) 

argued that while reducing or eliminating cost, VM took into account that there is no 

deterioration of quality parameters. Based on functional requirements VM tries to 

fulfill the need, wants and desire of the customer. VM advocates a multidisciplinary 

team approach, and it is based on scientific methods of data collections from reliable 

source. 

Weighting and scoring technique is relevant in VM exercise (Basha and Gab-Allah, 

1991; Al-Hammad and Hassanain, 1996; Nassar, 2005; Cariaga, et al., 2007, Qing and 
WanHua, 2007), where a decision needs to be made in selecting an option from a 

number of competing options, and the best option is not immediately identifiable. 

Weighting and scoring lie at the heart of many decision support systems including the 

technique of multi-attribute value theory, which itself is related to value trees by 

determining the criteria which the options are to be judged, and not to select the 

criteria which are highly correlated ( Kelly et al., 2004). A paired comparison is done 

to determine the weighting to be given to each attribute (Woodhead, 2005; Sanchez, 

et al., 2005; Fan et al., 2007). The combination of paired comparison method with 
fuzzy mathematics was used by many researchers (Nagasawa, 1997; Huang et al., 
2005; Sanchez et al., 2005; Hongxia and Zhipeng, 2007). 

There are many studies in VM in construction on decision making using multicriteria 
decision making, such as Al-Hammad and Hassanain (1996) in assessment of exterior 
building wall system; Jiang (2005) in steel structure supply chain and Fisher (1999) in 

the modification of value engineering and its decision in the petrochemical industry. 

Qingan, Qin and Hong (1999) in applied VA in material design concrete selection 

using combination method with fuzzy mathematics. Clemen (2001) argued that 
decision analysis techniques can then applied to determine the relative value of the 

alternative solutions for performing the function. 

Hongxia and Zhipeng (2007) used function factors and cost factor performance. 
Applying a multistage fuzzy comprehensive appraisal and Analytical Hierarchy 
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Process (AHP), the research revealed an extensive appraisal of performance. Sanchez 

et al. (2005) applied multi-criteria evaluation methodology to real decision making 

problem involving two structural alternatives of a warehouse (prefabricated concrete 

and metal clad) by five criteria (cost, time, durability, modifiability, fire resistant). By 

applying group decision and aggregation with fuzzy data, their research presented a 

determination process to select the solution. The group decision makers were quantity 

surveyor (budget expert), project engineer (the author of the project) and construction 

manager. 

B. Group Decision in VM 

VM is a method of facilitated group decision making with many anticipated outcomes 
from different stakeholders, and process needs and wants to produce the best way to 

perform those functions after generating and evaluating creative options (Woodhead 

and Downs, 2001). The decision making process in VM can be broken down into six 

steps (Kelly et al., 2004, Thomas and Thomas, 2005): 

a. Information gathering and benchmarking e. g., creating cost and quality 

models. 
b. Function analysis, the exercise of stating the project purpose as a verb-noun 

phrase. 

c. Creativity phase, which does not stop with the first workable idea. 

d. Evaluation of ideas generated using life-cycle cost analysis and benefit-cost 

comparisons. 

e. Development of those ideas into a workable preferred alternative. 

Kelly and Male (1993) stated that VM is a multidisciplinary, team oriented approach 

to problem solving. This concept, supported by Ashworth and Hogg (2000) and Kirk 

et al. (2002), describes value based approach as a new approach and methodology that 

involves using a multidisciplinary team including representatives of the owner, user, 
facility manager, and constructor. Real-time decisions are reached using value based 

methods in a team setting: function analysis, quality modeling, group 

creativity/innovation techniques, life-cycle costing, design/cost simulation modeling, 

and choosing by advantages (Bytheway, 2007). Thomas and Thomas (2005), and 
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Kelly et al. (2004) wrote that VM is an integrated full team approach to identifying 

the needs of the project, proposing and developing alternative ways of delivering 

those needs at the appropriate price. It means that value management becomes an 

approach that enhances the communication of a common understanding between team 

members as to project's fundamentals. In the natural characteristic of construction 
industry, it means that a tool for decision team is necessary. Negotiation will be 

appropriate for that aim. 

Further, Thomas and Thomas (2005) explained that group decision and teamwork 

exist at all stages of VM process. At the stage of information exchange, the workshop 

team will share information on project cost, program, design, role and responsibility, 

so all members of the team have a common understanding of all critical elements of 

the project. It is said that the group decision is incomplete information for all 

members. At the evaluation stage which decision on selecting technical solution will 
be made, team will jointly evaluate and prioritize these ideas that they believe add 

value to the project/ product. 

Many researches on group decision in VM have been reported. Among others are 

SMART (Simple Multi Attribute Rating Technique) methodology by Green (1994), 

GDSVM (Group Decision Support for Value Management) by Shen and Chung 

(2003), IVMS (Interactive Value Management System) by Shen and Kelly (2008) and 

Case-based reasoning on VM by Naderpajeuk and Afshar (2008). Hobbs, Kirk and 

Turk (2003) presented a qualitative group decision in VM practice on National Park 

Service facilities. The group consisted of facilitator, project manager, architect, 
landscape architect, civil engineer, cost estimator, concession facility operator, park 

operations and housing officer. Green (1994) proposed SMART methodology for 

VM. The proposed methodology combined the practicality of traditional VM with 

theoretical rigor of operational research. By applying a longitudinal case study by 

naturalistic inquiry, Green provided the wider theoretical justification for the 

proposed methodology with reference to the established typology of social science. 
Two years later Green and Simister (1996) proposed a revised theoretical framework 

for VM based on the principle of Group Decision Support (GDS). By identifying the 
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GDS methodology for the purpose of VM within the context of building design, the 

proposal by Green and Simister contrasted the dominant paradigm of VM. The GDS 

was based on an underlying ontological position of social constructivism. The work of 

Green and Simister (1996), and Green (1994) gave a huge benefit to the theoretical 

basis and foundation of group decision support on VM. 

A proposal of GDS in VM was also presented by Shen and Chung (2003) and the 

extension of the research was presented by Shen et al. (2004) by applying a computer 

program to run an experiment of their proposed GDS. The group decision support 

system (GDSS) is an interactive computer based information system that combines 

the capabilities of communication technology, database technology, computer 

technologies, and decision technologies to support the identification, analysis, 

formulation, evaluation, and solution of semi-structured or unstructured problems by a 

group in a user friendly computing environments. A similar model of GDSS named 

IVMS (Interactive Value Management System) was reported by Fan, Shen and Kelly 

(2008). Even though the GDS does not adopt any artificial intelligent algorithms, the 

GDS is very useful when it comes to completing all phase of VM process. A 

comparative study between the GDSS and the traditional VM workshop was 

presented by Fan, Shen and Lin (2007), and based on a laboratory experiment; the 

results showed that IVMS has a positive influence on idea generation in VM 

workshop. 

C. Computer Tools in VM 

To date, there have been two types of approaches to computerizing the VM process 

which are the conventional and Artificial Intelligent approaches. A lot of work has 

been done by other researchers in using computers to support VM, but again none of 

them discussed negotiation support in VM. The computer tools consist of database, 

knowledge based system, expert system and internet based computer application. A 

summary of the various computer tools in VM is provided in Table 2.4. 
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Table 2.4 Computer Tools in VA, VE, and VM 

1. CONVENTIONAL PROGRAMMING 

No 
Developer/ 

author 

I Riverso 

2 Park 

3 US Navy 

4 Value Link 
(Alcantara, 
1996) 

5 Alcantara 

6 The National 
Science, Florida 
Gulf Coast 
University 
(Alcantara, 
1996) 

7 Assaf, Jannadi 
and Tamimi 

8 Putra and Kit 

Year Name and Description 
Content and 

1984 

Application 

LCC database. Used for the evaluation and Database 

comparison of design and construction 
methods during the original design work or 
during application of VE. Also used for the 
collection and organizations of LCC data for 
building systems within VE studies. 

1994 VEPRO. A comprehensive computer models Spreadsheet, the 
parallel with VE job plan phases. Integrated rule based 
contemporary programming technology. system, database 
VEPRO is designed, structured, and features 
programmed for all necessary techniques 
involved in the VE process. 

1995 Value Engineering Information System C++ in DOS and 
(VEIS) Database for storing and retrieving Windows 
data related to VE, approximately 700 studies version 
and over 20,000 proposals. 

1995 VALUELINK: database on the internet Database, 
developed to support business in using VE. It internet 

contains a growing library of successful 
studies, federal regulation, legal cases and 
product information. 

1996 DRIVEN (Design Rationale in Value Windows 
Engineering) Computer program for 
representing design rationale information 
during information phase in VE. 

1996 CREW (Constructability Review and SGI Platform 
Evaluation for Workgroups) is a computer using IRIX 

application that supports the VE evaluation operating system 
process. It integrates design rationale, VE 
criteria and user evaluations to various 
graphical elements. 

2000 Computer system for application of value A database 

engineering methodology. Integrated computer 
computerized system for the VE technique program, 
and life cycle cost. Consists of interactive FoxProWindow 

panels, representing the systematic approach 
(job plan) of a VE study. 

2002 VEWA (Value Engineering Web-based Database driven 
Application). It was developed as a portal, web-based 
which integrates the VE participants, VE data application 
and VE methodology. It can perform the 
prestudy phase of VE study during detail 
design stage. 
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Table 2.4 Computer Tools in VA, VE, and VM (Continued) 

No 
Developer/ 

author 
Year Name and Description 

Content and 
Application 

9 Shen Chung, Li 2004 GSSforVE (Group Support System for 

and Shen Improving Value Management Studies in 
Construction). The system consists of two 
stage communication, electronic project 
information center and virtual VM workshop 
and modeling tools. 

Web-based 
application 
HTML and ASP 
language 

10 Cha and 2005 Database computerization of Value Database 
Connor 2006 Management process selection. 

1I Bytheway 2007 Facilitate FAST diagram by developing a Web based 

composite merged diagram from individual electronic 
logic diagram. This model is useful for team brainstorming 

members in different locations who frequently 
meet to coordinate and solve various 
problems. 

12 Fan, Shen and 2008 IVMS (Interactive Value Management Web-based 
Lin System), a GDSS (Group Decision Support electronic 

System): supported workshop in a value brainstorming 
engineering process. Face to face mode using 
interface and projector. User request and 
response controlled by web and database 
server. 

2. ARTIFICIAL INTELLIGENT 

No 
Developer/ 

author 
Year Name and Description 

Content and 
Anulication 

I Gibbs 1989 P/VEX (Value Engineering Expert System) -aA database 

prototype expert system supporting the search engine 
information, speculation, and analysis phase 
of a VE study, domain area in the design of 
missile systems. 

3 Shen and 1991 ESVMDOB (Expert System for Value Expert system 
Brandon Management in the Design of Office 

Building). It contains two main knowledge 

sources which are (1) CDMM (Concept 
Design Analysis Module) - deals with the 
conceptual definition of an office building. (2) 
SDAM (Schematic Design Analysis Module) 

- seeks to optimize the schematic design of 
buildings by using cost estimating expertise to 
continually monitor LCC as the design work 
progress. 

3 O. Katai, H. 1992 COMPUTER ASSISTED VE: Standardized Knowledge 
Kawakami, T. and generalized way of functional analysis 
Sawargi based on Artificial Intelligent technique. 
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Table 2.4 Computer Tools in VA, VE, and VM (Continued) 

No Developer/ 
author 

Year Name and Description 
Content and 
Application 

4 Taher 1992 VALUEEXPERT: a knowledge-based system 
(KBS) for value engineering in building 
design. It is designed to criticize a proposed 
design and offer alternatives to all parts of the 
proposed system that can offer the required 
functions at a lower initial or Life Cycle Cost. 
Its domain is alternative of roofing system. 

5 Kawakami, 1996 Knowledge acquisition method for conceptual 
Katai, Sawargi, design based on value engineering and 
Konishi and Axiomatic Design Theory. 
Iwai 

6 AI-Yousefi 1999 KBS technology in VE process. Knowledge 
based on VE practice in Saudi Arabia. 

7 Kit 2000 ESPASD (An Expert System for Preliminary 
Air Conditioning System Design). It has been 
developed to deal with phases I and II of air 
conditioning system (ACS) design, using 
selection decision methods such as value 
engineering, quality function deployment and 
multiple criteria decision making. The domain 
is air conditioning design. 

8 Hussein 2001 VEESSHD (Value Engineering Expert System 
in Suburban Highway). It was designed to 
select the reasoning technique, ruled-based 
reasoning or case-based reasoning or both. 
Knowledge and data were extracted from the 
National Cooperative Highway Research 
Program (NCHRP) Report 282. 

9 Azimzadeh 2000 COSTEFF (Cost Effectiveness) is an expert 
system prototype model developed to assist 
Civil Engineer to realize their organizational 
need to cost effectiveness program and their 
own organization's computerized system. 

10 Naderpajouh 2008 A conceptual expert case-based reasoning 
and Afshar (CBR) framework to form a coherent basis for 

the provision of practically suitable VE expert 
models using fuzzy approach to handle 
uncertainty in the evaluating phase of VE 
methodology. 
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A lot of work has been done in decision, group decision and computerization in VM, 

but none of them discusses a negotiation support for VM. 

2.3 Design and Group Decision Making 

Design is a fundamental human activity. All designs involve creativity (the generation 

of alternative solutions) and decision (choice among those alternatives), both 

creativity and decision are ineffable and mysterious (Scott, 1999). When design is 

conducted by more than one person, communication becomes as fundamental as 

creativity and decision. Decision must be made jointly in a group. Many techniques, 

methods, and tools have been developed and studied for group decision making. In 

this situation, negotiation plays an important role in many design decision, and is 

usually conducted informally. 

This part of the chapter presents a review on theoretical background and previous 

researches on design and group decision making. It consists of four sections. The first 

section presents the theoretical basis of design and decision, and explores design as a 
decision making process. In section two, multi-criteria decision making methods are 
discussed with focus on multi-attribute decision making methods, and in particular 

analytical hierarchy process. Section three reviews group decision theory and its 

support system, with focus on multi-attribute group decision. An extensive review on 
Cooperative Game Theory is presented in section four. It will be a basis of negotiation 

support presented in the next chapter. 

2.3.1 Design and Decision Making 

Decision making in general, and engineering decision making, in particular, often 
involve the balancing of multiple, potentially conflicting requirements (Sen and Yang, 

1998). The performance attributes of the chosen solution meet some functional 

requirements in an engineering design. Some other complicating factors that appear in 

many decision making problem in engineering design are those related to the 

complexity of the task, the need to take account of subjective as well as objective 
factors, and the inherent uncertainty in a given situation. Complexity is often handled 
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by some form of decomposition, and design decision making often requires the 

examination of subjective as well as objective criteria. 

Decision making of all kinds involves the choice of one or more alternatives from a 

list of options. The list of options would normally be more or less acceptable solutions 

for the problem at hand and consequences, both good and bad, flow from the exercise 

of choice. The aim of rational decision making therefore is to maximize the positive 

consequences and minimize the negative ones. Rational decision making involves 

choice within the context of multiple measures of performance or multiple criteria. 

A. Design Theory 

There are six distinct areas of engineering research design (Scott, 1999: 7) that are 

descriptive model; prescriptive model; computer based models; language 

representation and environments for design; analysis in support of design; and design 

in product life cycle and process. Design permeates the activities of all engineering 

disciplines (Durham, 2006) for examples civil engineer working on large scale 

infrastructure system and building system, bio engineer creating new sensors for 

human health monitoring, mechanical engineer developing a new alternative energy 

sources. Design in engineering crosses all the disciplinary domains. A building 

system design theory can consist of theories of function, proportion, 

construction, heating, ventilation etc. 

B. Decision Theory 

The decision theory first postulate is a set of `axioms of rational behavior' (Thurston, 

2006; Simon, 1997). From this axiom, it builds mathematical models of a decision 

maker's preferences in such a way as to identify the option that would be chosen if 

that decision maker is consistent, rational and unbiased. Howard (1966 and 1988), 

Kam and Fischer (2006) tend to define decision in building industry as an irrevocable 

allocation of resources. Information, preference, and choice are the three parts that 

form the `decision basis'. Thus, the quality of a decision is judged by the decision 

basis rather than the outcome of a decision. Kam and Fischer noted that the more 
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informed the decision stakeholders are about the information, preference, and choice, 
the better the decision basis and the decision quality. 

Holsapple and Whinston (2001) proposed a classification of decision making as 
illustrated in Figure 2.6. 

Decision making 

Individual 

Unilateral 

Team 

Multi participants 

Negotiated 

Group Organization 

Figure 2.6 Decision Making Classification (Holsapple and Whinston, 2001) 

Under this classification, the decision making can be individual or multi-participants. 
The multi-participants option has two possible scenarios i. e. unilateral or negotiated. 
If the decision is unilateral, that means that just one of the participants has the 

deciding power. The structure is denominated as team. If the decision is negotiated, 

then two decision making structures are possible: a group and an organization. The 

main difference between them lies in the authority distribution among members of the 

respective decision making structure. In group structure, all members have the same 

authority in the decision making process. In an organization structure, the members 
have different levels of authority, which could mean that for instance the number of 

votes of each member could be different. 

Simon (1997) proposed a decision classification that identifies the following phases: 
intelligence, design, choice, and implementation. Li (2007) modified this 

classification as a generic decision making process as illustrated in Figure 2.7. From 

the literature review on decision theory, it can be concluded that generally there are 

three key elements of decision making process: identification of option or choices; 
development of expectations on the outcomes of each choice; and formulation of a 

system of value for rating. 
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r-lpý 

Intelli fence Phases 

- Organizational objectives 
- Search and scanning procedures 
- Data collection 
- Problem identification 

- Problem classification 
- Problem statements 

Design Phases 

- Formulate a model 
- Set criteria for choices 
- Set criteria for alternatives 
- Predict and measure outcome 

Choice Phase 

- Solution to the model 
- Sensitivity analysis 
- Selection of the best alternative 
- Plan for implementation 

- Design of a control system 

T 
Implementation Phases 

N-- 

T 
Figure 2.7 Classification Phase of Decision Making (Li, 2006; Simon, 1997) 

C. Design is a Decision Making Process 

Design decision is one of the decision making processes with multiple criteria that 

rank a number of alternatives, each of which is ranked separately by several ranking 

of criteria. This problem of multiple criteria is different with social choice problems. 

The difference makes decision with multiple criteria has deep implications for the 

applicability of the theorem to design decision making. Decision making is integral to 

the civil engineering and building construction design process, and is an important 

element in nearly all phases of design. Viewing design as a decision making process 

recognizes the substantial role that decision theory can play in design (Sen and Yang, 

1998; Lewis et al., 2006; Li, 2007). Decision making in a particular design can be 

helpfully visualized as a collection of activities of generating and refining design 

alternatives, and then selecting a single design or a set of designs (Scott and 
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Antonsson, 2000) in the context of completing technical or functional requirements 

(Sen and Yang, 1998). At this point, decision making can be viewed as a process of 

modeling a decision scenario resulting in a mapping from the design option space to 

the performance attribute space. In this outlook, Thurston (2006) suggested that a 

utility function is constructed that reflects the designer preference while considering 

trade-offs among system attributes and the risk attitude towards uncertainty. 

According to Webster's New World Dictionary (1996), decision making is defined as 

`the act of making up one's mind, judging, or reaching a conclusion about something'. 

This definition does not clearly indicate the relation between decision making and 

design. Tate (1995) stated that `in design, decision making is most important. This is 

because designer must make many types of decisions for example the choice among 

various alternatives in order to create or select the best design, (or) the development 

of a set of suitable requirements'. Many researchers (Scott and Antonsson, 2000; Li et 

al., 2004) supported Tate argument and suggested the role of decision making in 

engineering design. Li (2007) derived from Hazelrigg (1996), noted that decision 

making is the core of all design activities. It starts at problem definition stage by 

deciding the customer/client's requirements, and defining constraint and targets and at 

alternative generation phase by exploring design space and selecting concept (Geslin, 

2006). 

2.3.2 Multi-Criteria Decision Making 

The analysis of the way people make decision (prescriptive theories) or the way 

people ought to make decisions (normative theories) is perhaps as old as the recorded 

history of mankind. However, the development of the perfect decision making method 
for rational real life decision making still remains an elusive goal (Triantaphyllou, 

2000). This part of the chapter discusses definition, theory, method and application of 

Multi-criteria Decision Making (MCDM). A review focusing on Multi attribute 

Decision Making (MADM) as a subcategory of MCDM has been conducted. The 

reported research is based on negotiation in a multi attribute model using Analytical 

Hierarchy Process (AHP) method. 
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A. Definition, Theory and Application 

Multi-criteria decision making (MCDM) is one of the most well known branches of 
decision making. MCDM is divided into Multi-objective decision making (MODM) 

and Multi-attribute decision making (MADM) (Hwang, 1987; Chen and Hwang, 

1991; Li, 2007). The relationship among MCDM, MADM and MODM is presented in 

Figure 2.8. 

Attributes 
(Selection, MADMý 

With direction 

Constraint 

Figure 2.8 Relationship between MCDM, MADM, MODM (Sen and Yang, 1998; Li, 2007) 

The main differences in the characteristics of MODM and MADM are presented in 

Table 2.5. 

Table 2.5 Characteristic of MODM and MADM 

MODM 

I. Continuous 1. Discrete 

Gpals 

MADM 

2. Typical example is mathematical programming 2. The set of decision alternatives has been 
problems with multiple objective functions. predetermined. 

MCDM addresses decision making with multiple, possibly conflicting criteria that 

simply indicates attributes or objectives. There are four MCDM methods, namely, 
Pareto optimality for reselected alternatives, MADM methods, MODM methods, and 
intelligent decision support. 

1. Pareto optimality solution (Sen and Yang, 1998: 12, Li, 2007: 43) is defined as the 

solution X' if no XEQ exists such that f, (X) <_ &*) *) for all iE {1,2,..., k} 

and f, (X) <_ f, (X *) for at least one j, where jE {1,2,..., k} . The definition of the 

Pareto optimality indicates that there is not other feasible solution in design space 
has same or better performance than the Pareto optimal solution, considering all 

criteria and the Pareto optimal solution does not have the best performance in all 

criteria. 

Objectives 
*(Synthess, MODM) 



47 

2. MADM methods are developed to handle concept selection, an alternative from a 

menu or catalogue, based on prioritized attributes of the alternatives. The best 

solution is determined from finite and usually small set of alternatives. The 

selection is performed based on the evaluation of the attributes and their 

preference information. Detailed of this methods is presented in section 2.2.3 of 

this chapter. 

3. The best design on MODM is selected from a large set of alternatives which 

satisfy the given requirements and objectives. Optimization will be performed to 

maximize or minimize the associates' objectives, and the final selected solution is 

a design with the best values of the objectives. Some of MODM methods are: (1) 

Additive Weighting Method that is a parametric method to employ a weighted 

sum of the objectives function and minimize the function to obtain the Pareto 

optimal solutions. (2) Goal programming, a technique that requires the decision 

maker to determine goals for all the objectives that are expected to be achieved. In 

this method, the best solution is the design that has minimum weighted deviation 

from the ideal solution where all the goals are exactly met. This method allows 

setting the preemptive weights to the objectives and the preemptive weights may 

have different achievement levels. (3) Physical Programming as a technique 

closely related to goal programming that uses a set of soft class function to 

represent the decision maker's physical preferences. 

4. Intelligent decision support is an information system that uses data and multi- 

criteria decision making models to organize information for decision situations 

and interact with decision maker. Some of the methods on Intelligent Decision 

Support are (1) Distributed Decision support as a decision making process in 

which the participating people own different specialized knowledge, execute 

different specialized task, and communicate with each other through a computer 

environment which aim at the support of the entire process. (2) Artificial 

Intelligent as an area of a computer science that focuses on making intelligent 

machines, especially intelligent computer programs that can engage on behaviors 

that humans consider intelligent. (3) Expert system which is a problem solving 

program to combine the knowledge of human experts and mimic the way human 
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experts' reason. The goal of the expert system is to emulate the problem solving 

process of an expert whose knowledge was used in developing the system. (4) 

Neural network as an information processing technique that is inspired by the way 

that biological nervous systems, such as the brain, process information. The 

structure of the neural networks consists of a large number of highly 

interconnected processing elements or neurons to simulate the human reasoning 

process. (5) Data mining as one of the solutions for data explorations. It has been 

coined to describe a variety of techniques to identify rules/patterns of information, 

or decision making knowledge in a large amount of structured or unstructured 
data, and extract these in such a way that they can be put to use in the area such as 
decision support, prediction, forecasting and estimation. 

The first step in any MCDM problem is to define the set of alternatives and the set of 
decision criteria that the alternatives need to be evaluated with (Rogers et al., 2000). 

The task appeals more to the art aspect of MCDM than to the science one. Another 

very critical step of any MCDM problem is to accurately estimate the pertinent data. 

Very often in MCDM problems, the data cannot be known in terms of absolute 

values. Therefore, many decision making methods attempt to determine the relative 
importance, or weight, of the alternatives in terms of each criterion involved in a 

given MCDM problem. Wang (2007) reported a research applying techniques 

developed in MCDM for a negotiation. 

There are many MCDM application researches that are reported in the literature on 

management science and operation research. A brief summary the most significant 

areas to which MCDM has contributed can be noted as follow: Finance and 

Economics (business failure prediction, credit risk assessment, portfolio selection and 

management, company mergers and acquisitions, financial planning, country risk 

evaluation, regional economic policy specification), Agriculture, Education, Human 

resource management (job evaluation, personnel selection), Transportation (highway 

planning, subway design), Marketing (customer's satisfaction, design of market 

penetration strategy, retail evaluation), Environmental management and energy 

planning (forest management, waste management, power plant site, water resource 

planning), and Building and built environment (optimization of building energy use). 
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B. Multi Attribute Decision Making Method (MADM) 

Generally, MADM methods can be classified into compensatory and non 

compensatory based on the treatment of the attribute information. The classification 

of MADM is based on many characteristics such as (1) Type of data: deterministic, 

stochastic, or fuzzy, or combination, and (2) Number of decision maker: single or 

group. Several MADM methods are listed in Figure 2.9 and Figure 2.10 as taxonomy 

of MADM in the form of a tree diagram to help decision-makers select suitable 

MADM method (Sen and Yang, 1998; Li, 2007, Triantaphyllou, 2000). 

Characteristic Methodology 

Dominance 
No Maximau 
Information Maximai 

Multi-Attribute 
Decision 
Making N 

Information 
on the 
Attributes 

n 
Standard level 

Ordinal 

Cardinal 

ý10 

ý 

Conjunctive Method 

Disjunctive Method 

Elimination by Aspect 
Lexicographic semi order 
Lexicographic method 

Weighted sum model 
Weighted product model 
Analytic Hierarchy Process 
ELECTRE 
TOPSIS 

Figure 2.9 A Taxonomy of MADM Methods (according to Chen and Hwang, 1991) 

C. Analytical Hierarchy Process 

Analytical Hierarchy Process (AHP) by Saaty (1994 and 2004) is a powerful and 

flexible decision process. By reducing complex decision to a series of one-to-one 

comparison, then synthesizing the result, AHP provides a clear rationale for the best 

decision. The AHP is a framework of logic and problem resolving achieved by 

organizing perceptions, feelings, judgments, and memories into hierarchy of forces 

that influences decision result (Dey, 2006). 
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Figure 2.10 Decision tree of MADM 
(Adopted from Sen and Yang, 1998; Triantaphyllou, 2000; Li, 2007) 
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The AHP can be used successfully with a group decision (Moreno-Jiminez et al., 

2005; Gargallo et al., 2007; Wanyama, 2006, Saaty and Peniwati, 2007) and 

negotiation (Wang and Zionts, 2008). AHP has been widely applied at a variety of 

decision making level such as strategic level (Bushan and Rai, 2004) and operation 

level (ram et al., 2007). Also in many scenario such as choice as a selection of one 

alternative from a set of alternatives, resource allocation as a finding process, best 

combination of alternatives subject to a variety of constraints, benchmarking of 

processes or system with others (Chen and Huang, 2007). 

AHP is also applied in different areas of construction management (Lin et al., 2008) 

such as project management (Al-Harbi, 2001), contractor selection (Fong and Choi, 

2000; Kahraman et al., 2003; Hsieh et al., 2004; Cheng and Li, 2004), procurements 

(Cheung et al., 2001), Construction safety management (Teo and Ling, 2006; Chan et 

al., 2004), project proposal evaluation (Su et al., 2006; Bertolini et al., 2006), green 

building evaluation (Chang et al., 2007), equipment/material selection (Shapira and 

Goldenberg, 2005; Vlacic et al., 1997), and facility location determination (Yang and 

Le, 1997). 

Even though AHP is a proven method in many applications, it has a weakness in 

assessing the relative importance weights of various criteria (Triantaphyllou, 2000). 

The weakness primarily is from two limitations that are: 

a. The difficulty of using Saaty's discrete 9-value scale to reflect the belief of 

decision makers in the relative importance relationship among various 

criteria, and 
b. The difficulty of identifying the in-between numbers of non discrete sets. 

Many researches in AHP field have been conducted to fulfill these 

limitations. 

AHP decomposes a complex MCDM problem into a system of hierarchies. The final 

step in the AHP deals with the structure of an in Xn matrix (where in is the number of 

alternatives and n is the number of criteria). The matrix is constructed by using the 

relative importance of the alternatives of each criterion. The vector (a; 1, ai2, ai3,.... ai, n) 
for each i is the principal eigenvector of an nXn reciprocal matrix which is 
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determined by pairwise comparisons of the impact of the in alternatives on the i-th 

criterion. The conventional AHP consists of three stages: (1) modeling by 

constructing the hierarchy that represents the problem, (2) valuating by judge that 

reflect the preference of the actor involved in the decision process, and (3) 

prioritization and synthesis by providing the priorities of the compared alternatives. 

The AHP is a powerful and flexible decision making process to help people set 

priorities and make the best decision when both its qualitative and quantitative aspects 

of a decision need to be considered. The relative importance of pair wise comparison 

could be: equal (1), moderate (3), strong (5), very strong, demonstrated (7) or extreme 
(9). Sometimes one needs compromised judgments (2; 4; 6; 8) or reciprocal values 
(1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2). For pair wise comparisons between n similar 

activities with respect to the criterion Ck, a matrix Acs; _ (a; j)i, j_n is a preferred form. If 

there are "n" items that need to be compared for a given matrix, a total of n(n-1)12 
judgments are needed. For each set of factors, a matrix "A" of pair wise comparison 

can be derived. 

rQll 
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(2.4) 

Then, the product of relative importance for each row of alternatives and criteria is 

calculated by the following equation: 

fl 

(2.5) 
ý_ý 

From the pair wise comparison matrix, the eigenvector and the maximum eigenvalue 

can be calculated using the right eigenvector method by employing the following 

equation: 
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A (i =1,2,..., ný - ; 
=i nw, 

(2.6) 

Then the vector w, is derived by the following equation: 

w; = in, (i =1,2,..., n) (2.7) 

Afterwards, the normalization of vector it,, will determine the weights of alternatives 

and decision criteria by: 

ýý 
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(i = 1,2,..., ný 
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IA 

(2.8) 

From that equation, the matrix of weights of alternatives (under each decision 

criterion) and decision criteria, W= [ii'j, w2,,..., w� ]T, is formed. Gathering the weights 

of all alternatives under each decision criterion i, for iC [1, n], a matrix of weights of 

alternatives under all decision criteria, H, is formed. Matrix H is denoted as follows: 
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(2.9) 
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In addition, a matrix R is also formed for all decision criteria: R= [WJ, w2, ..., w;, ..., w�]T. 
The matrix of alternative final score, S, is calculated by the product of the two 

matrices H and R. Finally, the best solution of a problem is determined by finding the 

maximum value of S matrix, i. e. max (Si, s2, ..., SO 
Where, 

A= pair wise comparison matrix 

u;; = relative importance of alternative/decision criteria "i" compared to 

alternative/decision criteria `j" 
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n= number of alternatives in the set 

m= number of alternatives in the set 

S= matrix of alternative final score 
H= matrix of weight of alternatives under all decision criteria 

R= matrix of weights of decision criteria 

H= matrix of weight of alternatives under all decision criteria 

W= matrix of weights of alternatives (under each decision criterion) and 

decision criteria. 

w; = weights of alternatives (under each decision criterion) and decision criteria. 

wij = weight of alternative j under decision criterion i 

w, = n`f' power root of m; 

m; = product or relative importance for each row of alternatives and decision 

criteria 
Xn, 

ax = largest eigenvalue of matrix A 

AHP measures the overall consistency of judgments by means of a consistency ratio: 

CRACK; = CIAck =RC,,. The higher the consistency ratio, the less consistent the 

preferences are. The AHP does not require decision makers to be perfectly consistent, 

but rather provides a measure of consistency. This is one of the outstanding aspects of 

AHP from other multi-criteria techniques (Moreno-Jiminez et al., 2005). This is 

achieved by the use of consistency ratio (CR). This was proposed by Saaty (1994) to 

measure the inconsistency of the decision makers when eliciting the judgments in a 

way that is formal, elegant and intrinsic to the mathematical procedure in the pair 

wise comparison using the following formula: 

CR_CI 
RI 

Where 

CR = consistency ratio, CI = consistency index, 

RI = random consistency index, for n=8, the value of RI is 1.41. 

(2.10) 
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Besides, CI is defined as: 

= 

ý"maý 
- CI 

n-1 
(2.11) 

Where 

CI = consistency index 

n= number of alternatives in the set 

A,,, 
ý = largest eigenvalue. For consistent reciprocal matrix, the largest eigenvalue is 

equal to the size of comparison matrix '. max = max 

The value of CR should preferably be less than 0.1. If it is found to be greater than 

0.1, the results of pair wise comparison need to be reevaluated. The value of the 

consistency ratio should be 10% or less. Under this condition, the priorities can be 

calculated. According to the AHP, the best alternative (in the maximization case) is 

indicated by the following relationship (Triantaphyllou, 2000). 

ti 

Aý= max ýaW for i 
AHP -score J l. 

J=j 

2.3.3 Group Decision Making and Its Support System 

(2.12) 

This part of the chapter presents a definition and method of group decision making 

and its support system. A review focuses on multi-attribute group decision making in 

a cooperative group environment. 

A. Definition and Method 

Group decision making (GDN) is defined as decision situation in which there are 

more than one individual involved. Those group members have their own attitudes 

and motivations; recognize the `existence of a common problem, and attempt to reach 

a collective decision' (Lu et al., 2007; Chu, 2008). Moving from a single decision 

maker to a multiple decision maker setting introduces a great deal of complexity into 

the analysis. The group decision making concept can be applied to Multi Attribute 

Decision Making (MADM) techniques (Rao, 2007). The advantages and 

disadvantages of group decision making have been summarized by Hunt (1992). 
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Nevertheless, there are benefits and drawbacks of group decision making, manager 

should avoid judging the value of group decision making solely on the quality of 

decision reached (Barry, 2004). Baron and Kerr (2003: 205-206) gave a 

comprehensive approach for group decision making. Their approach suggests the 

followings: 

a. Group setting can have dramatic effects on all phenomena of motivation, 

perception, performance, behavior, aggression and problem solving. 

b. Group can have a profound impact on what is true and good; what should 
be done. 

c. Group is a major source of comfort, orientation and sense of identity. This 

would appear to explain why even rejection and ridicule from total 

strangers are so avidly avoided. 
d. Group process phenomena are highly significant for many contemporary 

world problems. 

There are many methods on group decision making. In summaries done by Couger 

(1995), Peniwati (2007) and Vetschera (2005), a model that consists of three groups 

of criteria was proposed for methods evaluation. First is structuring that includes 

analogy/association, boundary examination, brainstorming/brain-writing, 

morphological connection and why-what's stopping. Second is structural and 

measuring group that consists of methods that are Bayesian analysis, MAUT (multi 

attribute utility theory) and AHP. In this group of group decision making methods, 

Lin et al. (2008) proposed a modification and extension of TOPSIS (Triantaphyllou, 

2000) to a group decision environments by adopting Minkowski distance function to 

solve the overweight problem in the original TOPSIS technique, the grey number 

operations to deal with the problem of uncertain information, and the aggregation 

approach to integrate experts evaluation. 

Third is ordering and ranking group including some methods such as voting, nominal 

group techniques, Delphi, disjointed incremental, matrix evaluation, goal 

programming, conjoint analysis and outranking. Included in this group is data 

envelopment analysis (DEA) (Angiz et al., 2009) by mathematical model which is 
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converted into a multi objective linear programming model from which the optimal 

solution is obtained. 

Generally, in a group decision system, the method of calculating the group utility 

(group composite performance score) of alternative A; (for i=1,2,..., N) is as follows: 

For each attribute Bj (for j= 1,2,..., M) the individual weights of importance of the 

attributes are aggregated into the group weights wj (for j= 1,2,..., M). 

n 

11S(k). tivj 

wj = 
k-1 

17 
ý1 
k=1 

g(k) 

j= 1,2,..., M (2.13) 

The group qualification Q; ý of the alternative Ai against the attribute Bj is: 

11 
lg(k)m,, 

j= 1,2,... M, i= 1,2,.., M (2.14) 
Ylg(k) 
k=1 

Y_ 1 g(k) need not be equal to 1. 

The group utility P; of alternative A; is determined as the weighted algebraic mean of 

the aggregates qualification values with the aggregated weights 
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(2.15) 

The best alternative of group decision is the one associated with the highest value of 

P;. 

Two methods namely Aggregation of Individual Judgment (AIJ) and Aggregation of 

Individual Priorities (AIP) usually used to obtain the local priorities in group decision 

based on AHP (Gargallo et al., 2007; Matsatsinis et al., 2005; Scott and Antonsson, 
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2000). A comprehensive study of theory and methodology to evaluate rankings on 

group decision with regard to the possible number of agreements and conflicts was 

presented by Ray and Triantaphyllou (1998). In the group decision making 

concerning problems with uncertainties, a decision maker can provide imprecise or 

linguistic preference information using linguistic variables or fuzzy numbers (Dias 

and Climaco 2005; Chuu, 2009). 

B. Cooperative and Noncooperative Aspect of Group Decision 

When the decision environment becomes more complex, decision making requires 

multiple perspectives of different people because one decision maker does not have 

enough knowledge to well solve a problem alone. It is therefore very important to 

determine what makes a decision making effective, and to increase the level of overall 

satisfaction for the solution across the group. There is a need to distinguish between 

non cooperative multi member decision making and cooperative group decision 

making. Lawson (2008) observed in engineering system context that many group 

decision making problems are influenced by non cooperative behaviors of 

stakeholders. However, there are many examples where group decision making 

processes are cooperative that is to find the best possible solution to a technical 

problem. Lawson (2008) also summarized three categories of group decision making 

with regard to the aspects of cooperative and non cooperative: 

a. Type 0 group decision: Non interactive and non cooperative group 

decision making processes where outcomes are generated through blind 

voting. 
b. Type 1 group decision: Non cooperative group decision making processes 

where outcomes are generated through negotiation and bargaining. 

c. Type 2 group decision: Group decision making processes where outcomes 

are influenced by both the non cooperative and cooperative behaviors of 

stakeholders. 

There are two approaches in prior works of group decision making which are 

qualitative and quantitative. The qualitative approaches on the cooperative aspect of 

decision making that examines how members of a group jointly build reputations and 
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influence others while attempting to make a decision. It addresses both the 

cooperative and non cooperative aspects of group decision making. Quantitative 

approaches focus exclusively on noncooperation (Contreras, 1997; McCain, 2004; 

Brandenburger, 2007). The work in quantitative approach generally follows the 

axiomatic approach. Collaboration in group decision making is a continuous process. 

Different phases in the evolution of a group decision making structure require an 

ongoing managerial task of balancing cooperation and non cooperation to develop the 

benefits of multiple competitive (Lawson, 2008). 

C. Group Decision Support 

DeSanctis and Gallupe (1987) defined Group Decision Support System (GDSS) as 

interactive computer based system that combines communication, computing, and 
decision support technologies to facilitate formulation and solution of unstructured 

problems by a group of people. There are two types of group decision system, which 

are decision making focused system and communication focused system. GDSS is 

focused on decision making/solving problems rather than providing means to 

communicate more efficiently. A major problem in supporting multi-criteria group 
decision is the aggregation of group preference. Davey and Olson (1998) proposed a 

multiple criteria group decision support systems by categorizing into two groups: 

value oriented, and goal oriented that consists of individual preferences, aggregation 

techniques, and conflict resolution. 

There has been many research works in the area of application of decision support 

system in the construction industry. The application is divided into three types. The 

first type is knowledge based/expert system applied for construction planning, 

contractual dispute, site investigation, equipment selection, monitoring and risk 

management (Wanous, 2000; Alkass and Harris, 1988; Alshawi and Hope, 1989; 

Baldwin and Ofeifa, 1993; Boussabaine, 1991; Thorpe, Tah and Mc Caffer, 1992). 

The second type of application is Artificial Neural Network and fuzzy system applied 

to planning, duration and cost forecasting, project selection and contractor pre- 

qualification (Adeli, 2001; Boussabane and Kala, 1998; Provenzano, 2003; Tah and 
Car, 2000). And the last application is hybrid (integrated) systems and web-based 



60 

systems for construction contracting by integrating operation research, artificial 

intelligence, and statistical and financial methods (Khosrowshahi and Howes, 2005). 

Most studies of negotiation support concentrate on negotiation process modeling and 

data modeling rather than on strategies and efficiency for a multiple criteria decision 

making problem, in which many criteria are taken into account as attributes for 

decision making (Du and Chen, 2007). 

2.3.4 Cooperative Game Theory 

Game theory is a branch of mathematics that is concerned with the actions of 
individuals who are conscious that their actions affect each other (Rasmusen, 1989; 

Contreras, 1997). Games in which the participant cannot make commitments to 

coordinate their strategies are non cooperative games, and the solution is non 

cooperative solution. Conversely, games in which the participants can make 

commitments to coordinate their strategies are cooperative games, and the solution is 

a cooperative solution (McCain, 2004). Contreras (1997) explained the solutions 

concept for cooperative games is to seek equity and fairness, whereas in non 

cooperative games players maximize their own utility functions. Brandenburger 

(2007) differentiated the cooperative games from noncooperative games in the way 

they formalize interdependence among the players. They also differ as procedural 

game theory is applied for non cooperative games; whereas the cooperative games use 

combinatorial game theory. 

The summary of history of game theory from Kelly (2003) is presented in this 

paragraph. Game theory was conceived in the seventeenth century by mathematicians 

to solve gambling problems. Game theory in the modern era was developed by Ernst 

Zermelo (Zermelo's theorem) in 1913, Emile Borel (mixed strategy game) in 1921, 

John Von Neumann (who proved the minimax theorem) in 1926 and Jean Ville 

(modification of minimax theorem) in 1938, and Herman Weyl in 1950. Further John 

Nash in 1951 by generalizing the minimax theorem or called Nash equilibrium, 
Duncan Luce and Howard Raiffa in 1957 (games and decision), John Harsanyi in 

1967 (theory of games of incomplete information), Harold Kuhn in 1953 (removed 

the two-person zero sum restriction from Zermelo's theorem by Nash equilibrium). 
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Repeated games in which players are allowed to learn from previous interactions were 
developed by Harsanyi. Shapley and Shubik in 1954 developed an application game 

theory to socio political, Banzhaf in 1965 invented indices of power. Shapley 

developed an index of power; Donald Gillies invented the concept of the core of a 

game and defined his `value' for multi person games in 1964. Robin Farquharson in 

1969 invited the concept of strategic voting. On the mathematical side, Mares (2001) 

developed fuzzy cooperative games to accommodate cooperation with vague 

expectations. Most recently, game theory has been expanded into management theory, 

evolutionary biology and computer science. 

Although game theory has successful developed an understanding of how rational 

players make decisions under interdependent circumstances, several criticisms have 

been made of some of its assumptions. First is rationality as the basis of assumption in 

which players who act irrationally gain the upper hand in some games. Second 

criticism is indeterminacy in which game theory sometimes fail to deliver unique 

solution. This is because it has a more one equilibrium. Third criticism is 

inconsistency, which concerns the technique of backward induction and the 

assumption of common knowledge of rationality. Based on these criticisms, Kelly 

(2003) and many other authors suggest that game theory cannot be held responsible 
for selfish behavior. Game theory primarily seeks to provide a prescriptive analysis 

that better equips players to make good strategic decision. 

This part of the chapter presents theoretical framework to cooperative game theory, 

following Kahan and Rapoport (1984), as the basis for coalition formation that has 

been used in this research. Cooperative game theory has developed numerous 

solutions to the coalition problem. Gomes (1999) noted a complete solution for 

cooperative game including stable sets by Von Neumann and Morgenstein, the core 

and the Shapley value by Shapley, the Nash bargaining solutions by Nash, the 

bargaining set by Aumann and Maschler, the Kernel by Davis and Maschler, the 

nucleoulus by Schmeidler, and cooperative models of valuation and coalition 
formation by Shenoy, Aumann and Dreze, Hart and Kurz, and Auman and Myerson. 
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A. Decision Making Using Game Theory 

Game theory is the theory of independent and interdependent decision making. 

Decision making in the form of an abstract model is represented by game theory. It is 

not the social reality of decision making itself. It is concerned with decision making in 

organizations where the outcome depends on the decisions of two or more 

autonomous players, one of which may be nature itself, and where no single decision 

maker has full control over the outcome. Game theory aims to find optimal solutions 

to situations of conflict and cooperation under the assumption of rationality of players 
(Contreras, 1997; McCain, 2004; Geslin, 2006; Barron, 2008) on the nature of 

strategic selection, which inclines a group of decisions towards the rational and 

optimal (Kelly, 2003). 
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Figure 2.11 Taxonomy of Games (Kelly, 2003: 7) 
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Kelly (2003) divided game into three categories, game of chance, game of skill, and 

game of strategy. Another classification with a comprehensive explanation is 

presented by Aliprantis and Chakrabarti (2006). Games of chance are one player 

games against nature, whereas games of skill are one player games whose defining 

property, a single player who has complete control over all the outcomes. An 

illustration of taxonomy of games is given in Figure 2.11. 

B. Cooperative Games 

Cooperative game theory concepts have been used, but they were suited to 
decentralized multitask environment (Klusch and Shehory, 1996; Shehory and Kraus, 

1996). Cooperative games are often defined in terms of a characteristic function 

which specifies the outcomes that each coalition can achieve for itself. For some 

games, outcomes are specified in terms of the total utility that a coalition can divide 

(transferable utility). For other games, utility is nontransferable that the achievement 

of the coalition cannot be characterized by a single number. A cooperative game 

consists of two elements that are first (i) a set of player N={1,2,..., n}. Members of 
N run from 1 to n. The second is a characteristic function specifying the value created 
by different subsets of the player in a game. The characteristic function (v) associates 

with every subset S of N, denoted v(S). In a cooperative game, it is a pair (N, v), 

where N is a finite set and v is a function that maps subsets of N to members. 

C. Coalition and Characteristic Function 

This research takes negotiation into consideration in which the players may choose to 

cooperate by forming coalitions. Coalition has been used in many researches in 

negotiation (Kraus, 2001a) and cooperative games such as Contreras (1997) for 

transmission planning in power system, Zarour and Bouzidi (2006) for cooperative 
information agent-based systems, Wanyama (2006) for COTS selection, and Soh and 
Tsatsouls (2002) who proposed a coalition approach that identifies and builds sub 

optimal yet satisfying coalitions. Cooperation is the nature in team work on Value 

Management workshop (Miles, 1972; Dell'Isolla, 1982; Kaufman, 2001). A coalition 
is any subset CcN, or numbered collection of players in which there are n>1 players 
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numbered 1,2, ..., n and set of all the players N= {l, 2,... n}. Coalition is formed by 

making binding agreements in order to benefit every member of the coalition so that 

all members might receive more than they could individually on their own. Von 

Neumann and Morgensten (1944) expressed the characteristic function called 

superaddilivity as follows: 

v(S v T) >_ v(S)+ v(T), for all S, TcN, Sn T=o (2.16) 

Since there are 2" possible subsets of N, there are 2" possible coalitions. If N={ 1,2} or 

coalitions with two members, the number of possible coalitions are 2"= {O, 1,2,12}. In 

every coalition there is empty coalition that is a coalition made up of no members (the 

null setqi) and a grand coalition N consisting of all the players (Contreras, 1997; 

Kelly, 2003; Barron, 2008). The benefit of a coalition can be quantified by 

characteristic function. The characteristic function of a coalition CCN is the largest 

guaranteed payoff to the coalition. A characteristic function of an n-person 

cooperative game can be expressed as in Equation 2.17 as follows: 

11 
v(o) =0 and v(N)>_ i=ý v(i) (2.17) 

A coalition structure is a means of describing how the players divide themselves into 

mutually exclusive coalitions. It can be described by a set S= {S1, S2,....., S,, } of the m 

coalitions that are formed. The set S is a partition of N that satisfies three conditions 

as presented in Equations 2.18,2.19, and 2.20: 

Si : ý, 0, j =1,....., m (2.18) 

S; nSf=o forall I=j, and (2.19) 

U Sl =N (check) (2.20) 
. 
S, ES 

It means that each player belongs to one and only one of the in nonempty coalitions 

within the coalition structure, and none of the players in any coalition in is connected 

to other players not in the coalition. An axiom of the characteristic function in all 
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coalition must be superadditive. With the assumption of superadditivity, the players 

have the incentive to form and joint the grand coalition N. 

The quantitative representation of a player's outcome at the end of a game is called 

payoff. The collection of payoffs to all players may be expressed as the row vector 

x= (x,,, x1..... x�) of each player's payoff in alphabetical order. Games in which at 

least one possible coalition can increase the total payoff of its member are called 

essential. Those are called inessential in which there is not coalition that improves the 

total payoff. In a condition xi be the share of the value of v (N) received by player 
i=1,2,... n, a payoff vector will not be a reasonable candidate for a solution unless it 

satisfies Equations 2.21and 2.22 (Kelly, 2003). It is called an imputation (Barron, 

2008): 

i=11 

v(N) _Yx, (Group rationality) (2.21) 

This equation states that any reasonable payoff vector must give all the players an 

amount that equals the amount that a grand coalition would attain. 

x; >_ v({i}), for each i c= N (Individual rationality) (2.22) 

This equation says that player I must receive a payoffs at least as large as what player 

I receives by self v({i}). The main objective in cooperative game theory is to 

determine the imputation that results in a fair allocation of the total rewards. If 

coalition rationality is added to an imputation (rationality for every subset of players) 

a new solution concept named core will be revealed. The concept of core introduced 

by Gillies in 1953 (Contreras, 1997: 19) can be defined as a set of imputations 

satisfying individual, collective, and coalitional rationality. The coalitional rationality 
is shown in Equation 2.23 as follows: 

Y x, >_ N(S), for all ieS, for all ScN (2.23) 
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Core also can be defined as a cost distribution of the grand coalition such that no other 

coalition can obtain an outcome better for all its members than the current assignment. 
For example: 
1. Players ={1,2,31 
2. All nonempty subset (named as coalition) = {1}, {2}, {3}, {1,2}, {1,3}, {2,3}, 

{ 1,2,3 1 

3. A cost function c related to all coalitions, 

c({ 11) = v1, c({2}) = v2, .... ,c ({ 1,2,3 }) = v7. 
4. c(S) is the amount that players in the S coalitions have to pay collectively in order 

to have access to a service. 
5. The cost allocation {xl, x2, x3} such that: 

- xl + x2 + x3 = c({ 1,2,3}).... Pareto optimum 

- xl <c({1}) 

- x2 < c({2}) 

0< c({3}) 

xl +x2 <c({1,2}) 

xl +0<c( 11,31) 

x2 + x3 <c ({2,3}) 

Formation of coalition for executing tasks is useful both in multi agent system (MAS) 

and distributed problem solving (DPS) environments (Sandholm and Lesser, 1997). It 

is common for the stakeholders to form coalition during negotiation in order to 

increase their individual welfare (Kraus, 2001a). Game theory techniques for coalition 
formation have been applied. Work in game theory describes which coalition will 
form in n-person games under different setting and how the players will distribute the 

benefits of the cooperation among themselves 

D. Indices of Power 

The understanding of distribution and analysis of power among players in a multi 

person game comes from the perspective of how participants exercise it or how others 

perceive it. Kelly (2003) explained that in cooperative multi-person majority games, 

coalition is free to form and disintegrate as the agenda changes. A coalition is said to 
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consist of factions voting together, by agreement or by chance, allocating an amount 

proportional to the benefit each coalition derives from having a specific player as a 

member (Barron, 2008). Shapley (1953) gives a way for the solutions by Shapely 

value. The Shapely value as noted by Contreras (1997: 25) is an a priori worth to each 

player or playing a game that is a function of the characteristic function v and any 

coalition structure. 

Barron (2008) simplified the Shapley proof by the following equation: 

x=ý [v(s) - I'(s -1)] ýZu} 
(IS -1)! (N - 

IN! 
S) ! 

1=1,2,..., n (2.24) 

Where Ili is the set of all coalitions ScN containing i as a member(i E S), ISI = 

number of member in S, and N=n. The equation contains two meanings. First is the 

benefit of the fixed player i to the coalition and second is the total grand coalition 
benefits that should be allocated to player i. This form presented by Shapley is by 

combinatorial procedure. In his procedure, a single player starts the game alone, and 

then players are added, one at a time, until n players have been admitted and grand 

coalition is formed. After joining the coalition, each player receives the full amount of 

payoff that they have entered to the coalition. 

2.4 Agent-based Negotiation 

This part of the chapter presents four sections on negotiation agent review. The first 

section is about basic theory of agent, intelligent agent and multi-agent system and its 

application. Section two presents a review of previous research works on automated 

negotiation that can be solved using agent system. In this section, a review on 

negotiation theory, negotiation support and negotiation research on game theory and 

multi-agents systems are presented. Research on multi-criteria agent based negotiation 

and negotiation protocol are reviewed in depth in section three. This section ends with 

a review on applications of agent based negotiation in construction environment. 
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2.4.1 Agent, Intelligent Agent and Multi Agent System 

This subchapter discusses agent, intelligent agents, and multi-agent system and its 

application. 

A. Agent and Intelligent Agent 

Intelligent agent is a new paradigm of software system development. Agents can be 

understood as an incremental extension of previous software technologies (Table 2.6). 

Agents add two things to passivity of objects (Parunak et al., 1997), which are local 

treatment of control and local initiative (usually expressed as local goals). 

Table 2.6 Agent in Historical Perspective 

Programming How does a unit What does a unit do When does a unit 
behave? 

Monolithic 

Structured 

Object-oriented 

Agent-oriented 

when it runs? 

External 

External 

Local 

Local 

run? 

External 

External 

External 

Local 

External 

Local 

Local 

Local 

Source: Parunak, Baker and Clark (1997) 

An agent is a computer system that is situated in some environment and is capable of 

autonomous action in that environment in order to meet its design objectives 

(Wooldridge, 2009). lintelligent agent consists of self contained knowledge based (k- 

b) systems that are able to tackle specialist problems and interact with one another 

(and/or with humans) within a collaborative framework. Nwana (1996) took 

Wooldridge and Jennings (1995) definition and reduced it to three behavioral 

attributes, any of which must be possessed by a software agent. These attributes of an 

agent proposed by Nwana are: 

a. Autonomy: agents can operate on their own without the need for human 

guidance. They have individual internal states and goals, and act to meet 

their goals. A key element of autonomy is pro-activeness. 
b. Cooperation: agents need to possess a social ability to interact with other 

agents and possibly humans via some communication language. 
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c. Learning: agents would have to learn as they react and/or interact with their 

external environment. A key attribute of any intelligent being is its ability to 

learn. 

B. MAS and Its Applications 

Multi-agent System is a fast developing information technology (IT) where a number 

of intelligent agents (IA), representing real world entities, cooperate or compete to 

reach the desired objectives of their owners. Multi-agent System (MAS) has evolved 
from the area of Distributed Artificial Intelligence (DAI) (Bond and Gasser, 1988), 

which basically represents the intelligent part of distributed problem solving. The 

study of multi-agent system began in the field of DAI (Distributed Artificial 

Intelligence) about 20 years ago. Today these systems are not simply a research topic, 

but also beginning to become an important subject of academic teaching, and 
industrial and commercial applications (Weiss, 1999). DAI is the study of distributed 

but centrally designed Al systems and involves the design of a multiple agent 
distributed system with a problem to solve or a task to accomplish (Turban and 
Aronson, 2000: 714). 

A multi-agent system can be defined as "a loosely-coupled network of problem 

solvers that work together to solve problems that are beyond their individual 

capabilities or knowledge of each problem solver" (Sugumaran, 2008). These 

problems solver, or agents, can be distributed and/or heterogeneous. MAS has a wide 

range of applications in diverse fields such as manufacturing, electronic commerce, 

and information retrieval. Wooldridge (2009) and Moyaux (2004) noted some 

similarities and differences between multi-agent system and some other fields. 

Because of the similarities, agents have been applied in some of the fields and in 

many real world applications for functionally or geographically distributed. The 

similarities and differences are presented in Table 2.7. 

An agent is software that can autonomously perform routine tasks with a degree of 
intelligence. Agents can be applied to filter data, interpret information, monitor 

activities, decision support, etc. Agents in application domains typically possess four 
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key characteristics, i. e. autonomy, reactivity, communication and goal driven. They 

are capable of acting autonomously, cooperatively, and collectively. Agent 

technologies are intended to reduce risks of collaborations for concurrent, distributed 

and collaborative information processing particularly for the concurrent and 
distributed decision and manufacturing (Tang, 2004). 

Table 2.7 Similarity and Differences of Agents and Other Fields 
(Moyaux, 2004; Wooldridge, 2009) 

Fields Similarity Differences 

Distributed/ By definition, multi-agent 
concurrent system system is a special case of 

distributed/ concurrent system 

Artificial Intelligence Historically multi-agent system 
was born from distributed 
artificial intelligence, which is a 
subfield of artificial intelligence. 

Game Theory These theories also deal with 
self interested agents, and more 
precisely with interactions 
among agents. Now, game 
theory has more applications in 
multi-agent system. 

Social Science Social sciences study the 
dynamics of human societies 
while multi-agent system is 
concerned with artificial 
societies. 

Agents are autonomous. 
Synchronization and coordination 
is achieved at run time while in 
distributed/ concurrent system, the 
synchronization and coordination 
are not structured at design time. 

2. Negotiation is important in multi- 
agent system while it is unknown 
in distributed/concurrent system. 

Artificial intelligence studied the 
components of intelligence 
(learning, planning, understanding 
image) while the goal of agents is 
the integration of these elements. 

2. Artificial intelligence ignored 
social ability in system while the 
ability is important in agent. 

Concept on game theory is descriptive 
and builds on the nation of rationality 
while game theory assumes that agents 
are rational, the programming of this 
rationality is the problem itself in multi- 
agent system. 

It is not certain that the best way of 
building artificial societies is based on 
human societies. 

Multi-agent system has been used in many fields. Jennings et al. (2001) classified 
these applications in four classes, which are: 
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a. Industrial applications, the areas include manufacturing, process control, 

telecommunication, air traffic control, and transportation systems. 
b. Commercial applications including information management, electronic 

commerce, and business process management. 

c. Entertainment applications including games and interactive theater and 

cinema. 

d. Medical applications in the areas of patient monitoring and rescue team 

management. 

Nevertheless some researches cannot be classified according to the classifications by 

Jennings (Moyaux, 2004). 

2.4.2 Automated Negotiation 

Approaches to automated negotiation are discussed in this section by firstly 

introducing a review to theory of negotiation followed by a discussion of previous 

researches on automated negotiation and its support system including negotiation 

research on game theory and multi-agent system. Thirdly, a review on research in 

multi-criteria agent based negotiation is presented and lastly agent-based negotiation 

research in construction is reviewed. Negotiation research in group decision making 
has been done in construction domain. Many researches have been conducted in 

negotiation on game theory and multi-agent system (Holsapple et al., 1996; McCalley 

et al., 2003, Kettunen, 1999; Wanyama, 2006; Kraus, 2001a and 2001b; Kraus et al., 
1995; Raiffa, 2003, Yaoyuenyong, et al., 2005). Many of them discussed conflict 

resolution and negotiation in construction (Anderson et al., 2002; Al-Tabtabai and 
Thomas, 2004; Kassab et al., 2006; PenaMora and Tamaki, 2001; Cheung et al., 
2004). Others researches are in the areas of negotiation on construction supplier 

selection (Chen and Huang, 2007) and on construction material selection (Barker et 

al., 2001). Further researches on negotiation in construction become automated by 

applying multi-agent system (see Table 2.7). 

Rosenschein and Zlotkin (1994) presented a domain theory for automated negotiation. 
The authors used concepts from game theory and mechanism design theory in order to 
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study agents' strategies in different domains and under different mechanisms. Rahwan 

(2004) combined the agent system and concept of game to develop a conceptual and 
formal framework for interest-based negotiation among computational agents. This 

part of the chapter reviews some literature theory of negotiation, automated 

negotiation and its support system, and on game theory and multi-agent system. 

A. Theory of Negotiation 

There are various definitions of negotiation. Negotiation is conceptualized as a means 

through which two or more purposive actors arrive at specific settlements or outcomes 

under conditions of strategic interactions or interdependent decision making (Young, 

1975; Bellucci and Zelexnikow, 1998). In literature, the terms `negotiation' and 

`group decision making' are also used interchangeably (Kettunen, 1999). From the 

fundamental knowledge, negotiation is defined as a joint decision making process of 

two or more parties working together to reach a mutually acceptable agreement over 

one or more issues (Cohen, 2002; Yaoyuenyong et al., 2005). Based on the 

fundamental definition, Raiffa (2003) classified negotiation into two broad categories 

that are distributive negotiation (positional bargaining) that usually results in a win- 

lose situation, and integrative negotiation (interest based) that results in a win-win 

situation. 

Ren, Anumba and Ugwu (2005) discussed two major negotiations theories which are 

mechanical theory and behavior theory. The mechanical approaches are mainly 

mathematical models based on the rational behavior assumption (game theory and 

economic theory). This approach provides important theoretical models for the 

development of the computer negotiation system, whereas the behavior theory 

addresses the complex human response in negotiation. 

Negotiation is a fundamental form of human interactions. The theory of negotiation 
has its roots in a number of different disciplines including decision science, economic 
bargaining theory, social physiology, political science, industrial sociology and social 

anthropology (McCalley et al., 2003; Lai, 1989). Holsapple et al. (1996) characterized 

the negotiation theory that is N= (I, E, ACCEPT, LOC, S, M, R, A) . Where I is the 
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issue to be negotiated, E is the set of entities, ACCEPT represents the entities 

acceptance regions, LOC indicates the entities locations, S and M denote entities 

strategies and movements, R denotes the rule of negotiation, and A indicates 

assistance from an intervener. Four different negotiation situations have been 

examined and analyzed in terms of the construct of the theory (Holsapple et al., 

1998). They include two person bargaining (Rubinstein, 1982), Nemawashi decision 

making (Watabe et al., 1992), group decision making (Luce and Raiffa, 1957) and 

negotiation support experiments (Jones and Jelassi, 1989). Kersten (1997) noted five 

theories of negotiation and group decision namely game theory, decision analysis and 

MCDM, negotiation analysis, cognitive theory, and artificial intelligence. The 

theories form a perspective for research on automated negotiation and its support 

system. 

In the Handbook of Work and Organizational Psychology: Personal Psychology (Van 

de Vliert and Mastenbroek, 1998), it is written that negotiation is the most important 

form of cooperation. One can only speak of negotiation if the parties have opposite 

interests when determining their outcomes. It is the behavior that takes place when 

members of an organization or their representatives attempt to agree about sharing or 

exchanging something among themselves, irrespective whether the agreement 

concerns money, aims, procedures, personnel, influence, work, resources, time and 

other things. Further Van de Vliert and Mastenbroek (1998) argued that negotiation 

aims towards agreement and not necessarily the achievement of agreement. This aim 

can lead to a compromise of the conflicting interests, complete capitulation by one of 

the parties (p. 326). Some definitions of negotiation that consider multiple criteria 

decision making problem are presented by Du and Chen (2007). Oliver (1997) 

considered negotiation to be the searching process in multidimensional problems. 

Krovi et al. (1999) and Nune et al. (2000) defined a negotiation contrary, one as a way 

of resolving criteria between two or more parties with opposite positions, and another 

as a process for reaching a consensus rather than between opponents. 

This concept was supported by Kraus (2001 a) on negotiation support that defines 

negotiation as a means of compromise to reach mutually beneficial agreements. In 

social science there are two main approaches to the development of theories relating 
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to negotiation, these are formal theory of bargaining and the negotiation guides 

approach. The concept of compromise has a contrary meaning in the definition of 

negotiation by Rosenschein and Zlotkin (1994). They defined negotiation as a kind of 
decision making where two or more parties jointly search a space of solutions with the 

goal of reaching consensus. On the Habermas definition (Van den Hove, 2006), 

consensus has a different meaning from compromise. The meanings respectively are 

understanding and deal. 

In the context of Value Management process, negotiation is part of group dynamics 

and team skills (Kelly and Male, 1993). In the VM process, negotiation as an attempt 

to resolve interests and not positions. The position is clear and explicit, but interests 

are deeper issues such as: fears, desires, and motivations that lie behind positions, as 

explained clearly by Fisher and Urry (1987). 

B. Automated Negotiation and Its Support System 

Automated negotiation means all parties involved are software agents while most 

current online negotiation still depends on human activities (Jennings et al., 2001). 

Game theory based negotiation and multi attribute utilizing theory based negotiation 
(Wang, 2006) and a heuristic (Zeleznikow and Bellucci, 2004) are theoretical 

approaches for automated negotiation. The field of artificial intelligence in particular 

multi-agent methods can be useful for negotiation support (Morge and Beaune, 2004; 

Wanyama and Far, 2007). It is based on multi-agent negotiation. All agents are 

registered by a middle agent transmitting proposals and counter proposals to other 

agents. Automated negotiation and its support system provide three kinds of 
functionality (Morge and Beaune, 2004). Firstly, it facilitates the exchange of 
information among users. Secondly, it provides decision modeling or group-decision 

techniques to reduce the noise and uncertainty that occur in the process of 

synchronous tele-cooperation. Finally, it provides negotiation support. The field of 
Artificial Intelligence in particular multi-agent methods can be useful for negotiation 

support. It is based on multi-agent negotiation. Each agent assists a user in the multi- 

criteria decision making and negotiates according to this decision modeling with other 

agents, each of them representing a user. All agents are registered by a middle agent 
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transmitting proposals and counterproposals to other agents. This system provides 

addition functionalities to negotiate a joint representation of the problem and to 

automatically justify proposals based on this joint representation. 

Kersten and Lai (2007) provided a historical overview of software used to support 

negotiations, aid negotiations, and automate one or more negotiation activities. For 

this purpose they presented a relationship among various kinds of software system 

designed to support negotiation and its methodology as illustrated in Figure 2.12. 
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1 
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Figure 2.12 Software Systems in Negotiation Facilitation, Support and Automation 
(Kersten and Lai, 2007: p. 555) 

As indicated in Figure 2.12 and suggested by Lim and Benbasat (1992), a negotiation 

support system (NSS) requires all the capabilities of a DSS and has to facilitate 

communication between the negotiators. With the addition of coordination function 

(Holsapple et al., 1996; Kersten and Lai, 2007) a definition of NSS can be 

constructed. Kersten and Lai (2007) also presented a review from many studies of 

ENS design, development, e-negotiations and automated negotiations. Those studies 

were interdisciplinary and undertaken at the juxtaposition of psychology and 

sociology, information system and computer science, management and economics, 

engineering, ethics, and anthropology (Eichler et al., 2003; Holsapple et al. 1998). A 

more recent review on the area of research in analysis and support of group decision 

and negotiation show that most works are concentrated on negotiation modeling and 

negotiation support system, MCDM approaches to group and negotiation support 
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(Wang and Zionts, 2008) and taxonomy of group decision support system (Kersten, 

1997). 

In developing the basic theory of negotiation for support system and automated 

negotiation, Wang et al. (2006) distinguished two types of negotiation identified as 

distributive negotiation (known as zero sum and competitive negotiation) and 

integrative negotiation (known as collaborative and cooperative negotiation). There 

are several theoretical approaches for automated negotiations for example; game 

theory based negotiation, auction based negotiation, and multi-attribute utilizing 

theory based negotiation (Figure 2.13). 
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C. Negotiation Research on Game Theory and Multi Agent System 

A negotiation research field in game theory and Multi-agent System can be studied in 

the field of automated negotiation. A lot of researches on automated negotiation 

models have been developed. Buttner (2006) proposed taxonomy for classifying 

automated negotiation as summarized in Figure 2.13. There are four criteria on the 

taxonomy which are process, restrictions, structure and theoretical foundation. The 

criteria of theoretic foundations seem to be inadequately researched. For this 

limitation, Buttner (2006) considered bounded rationality and imperfect information. 

Kelly (2003) introduced multi person games consisting of three or more players, and 
differ theoretically from single and two persons games because they potentially 
involve coalition. As an interactive communication among agents to facilitate a 
distributed search process, negotiation can be used to effectively coordinate the 

behavior of agents in multi-agent systems. The automated negotiation means all 

parties involved are software agents while most current online negotiation still 

depends on human activities. 

The system developed by Morge and Beaune (2004) provides addition functionalities 

to negotiate a joint representation of the problem. All agents share the same goal with 

their own alternatives and criteria called activities. The activities can move, expand 

and retract during negotiation. When an agent proposes a new alternative or criteria, it 

will be send to all agents. Nevertheless, Morge and Beaune (2004) applied the 

concept of game theory; they are not developing the system in a coalition formation 

possibility. Their system also has a contrary with their basic algorithm of negotiation, 

which is a non cooperative. Non cooperative negotiation is a framework where agents 

may have different goals and try to maximize their own good with no concern for the 

global good. Du and Chen (2007) proposed a negotiation system that uses a utility 
function to measure the total utility of a settlement and allows human involvement in 

the depiction and revision of utility functions during the bargaining process. The 

system also allows the negotiation to involve multiple weighted bargaining criteria, a 
function that is normally considered complex in the area of game theory study. 
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Negotiation has been a subject of central interest in multi-agent system (Kraus, 

2001a). It can be defined as the interactive communication among agents to facilitate 

a distributive search process. Zhang (2002), Chen and Huang (2007) and Scott (1999) 

proved that negotiation is an important technique that can be used to effectively 

coordinate the behavior of agents in MAS. Following the Muller (1997) suggestion, 

Zhang (2002) noted three categories of negotiation on MAS, which are: 

a. Negotiation language 

It concerns the inter-agent communication part of negotiation, semantics, and 

usage in terms of a negotiation protocol. 
b. Negotiation decision 

It deals with intra-agent part of negotiation including definition of utility 

function and the representation and structure of the agents' preferences. Utility 

functions also have been studied extensively in game theory approaches to 

multi-agent system. 

c. Negotiation process 
It is concerned with the global negotiation behavior of the individual agent and 

the negotiating society. 

By negotiation algorithms based MAS, Zhang presented that the total amount of work 

to be done in MAS with negotiation is less than or equal to the total work in 

centralized coordination system. Two approaches to develop the theorems relating to 

the negotiation process were proposed by Kraus et al. (1995). The first is informal 

theory, which attempts to identify possible strategies for a negotiator and to assist a 

negotiator in achieving optimal results. Another approach is the formal theory of 

bargaining originating from the work of Nash (1951) who attempted to construct 

formal models of negotiation environments. 

2.4.3 Multi-Criteria Agent-based Negotiation 

This part of the research discusses the multi-criteria agent based negotiation in two 

research reviews. First is a review on research in multicriteria agent based negotiation 

and second is a review on research in protocol negotiation for multi-criteria based. 
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A. Research on Multi-criteria Agent based Negotiation 

The multi-criteria decision making problem is mainly used in the decision support 

system. Delias and Matsatsinis (2007) demonstrated how a well established branch of 

decision theory - multiple criteria decision making can serve as a background for the 

agents' decision making feature. They proposed the approach for modeling agents 

including a multi-criteria methodology. It guides the agents to be as consistent as 

possible with the decision maker's preferences. From the point of view of the 

artificial intelligence, it is possible to apply the MCDM principle to the agent actions 

autonomously (Tucnik et al., 2006). Oliveira et al. (1999) presented a sample proof 

that multi-criteria negotiation is extremely useful in a large number of situations 

where more than one single parameter is simultaneously taking part in the same 

negotiation. In this case, the first difficulty is preference definition and the second is 

mutual evaluation of each possible value. 

Agents can be applied to filter data, interpret information, decision support, etc. There 

are various applications of agent technologies reported in many engineering fields in 

recent years. Nevertheless, there is very little research related to the applications of 

multiagent systems to problems in the construction industry. The research ranges from 

collaborative automated design to automated claim negotiation. Other applications are 

project performance to project management. From the little amount of applications, 

none of them applied agent software to the problem of group choice in multi-criteria 
decision making. Thus, these still remains a theoretical and empirical gap between 

automated negotiation and automated group decision. 

Two basic properties of software agents are that they are autonomous (independent 

and make their own decisions; in a multi-agent system it means that system tends to 
be decentralized) and situated in an environment, but the differences is the type of 

environment. Typical agents environments are dynamic (change rapidly), 

unpredictable (not possible to predict the future states of the environment) and 

unreliable (the actions that an agent can perform may fail for reasons that are beyond 

the agent's control). A key issue in agent architecture is balancing reactiveness and 

proactiveness (Padgham and Winikoff, 2004). 
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B. Review on Negotiation Protocol 

In a multi-agent competition situation, there is a need to define a mechanism that 

allows agents to resolve their conflicts and to reach a cooperative agreement. Those 

mechanisms are usually called negotiation protocols (Wang, 2006; Wanyama and Far, 

2007). The agent negotiation protocol facilitates the solving of group decision 

making. Kraus (2001a) presented two basis for technique of negotiation protocol, 

which are hybrid of analytic and artificial intelligence. These techniques were adapted 

in many researches such as Wanyama and Far (2007), and Morge and Beaune (2004). 

The analytic component of the protocol utilizes a game theory model of an n-person 

general sum game with complete information to determine the agreement option, 

while the knowledge-based (artificial intelligence) component of the protocol is based 

on strategic negotiation on MAS. A review of negotiation protocol reported by many 

researchers is presented in Table 2.8. 

Table 2.8 Research Review on Protocol Negotiation on Agent System 

No Author Protocol Remarks 

I Ray and Stakeholders have the same concern and hence 
Triantaphyllou the same evaluation criteria. 
(1998) 

2 Oliveira et al. Multiissue, multivendor Negotiation process. 
(1999) The buyer will start a negotiation session by 

announcing his request together with the list of 
the accepted values and correspondent 
evaluations. The sellers are forced to move from 
maximizing their utility to reducing in order to 
increase the buyer's utility. 

3 Kraus (2001 a) One agent makes an offer, other agents respond 
independently to accept, reject or opting out. 
Negotiation stop if all agents accept the offer or 
one of the agents opts out. 

4 Matsio and Ito Each agent evaluates the alternative product 
(2003) according to the needs and preference of its 

client. Agents negotiate to choose a single 
product from available alternatives. 

A negotiation model 
based on the possible 
number of agreements 
and conflicts on the 
relative importance of 
evaluation criteria. 

Retail electronic market 
involving one buyer 
and many merchants. It 
is restricted of the bids 
evaluation function to 
linear function. No 
coalition formation on 
support agent. 

Does not consider 
coalition formation 
among stakeholders. 

Group choice decision 
support system for 
electronic commerce. 
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Table 2.8 Research Review on Protocol Negotiation on Agent System (Continued) 

No Author Protocol Remarks 

5 Morge and Allowing agents to select the evaluation criteria 
Beaune (2004) and adjust their preference independently until 

they agree on a single alternative solution, 
Similar to Kraus (2001). The agent i proposes its 
advocate alternative to agent j, this alternative 
should be the most preferred alternative for 
agent j (with the highest priorities with respect 
to the goal) to be immediately accepted. If not, 
agent j tries to change the preference order of 
alternatives by adjusting judgments in pair wise 
comparison matrix. If proposal is not accepted, 
it will send a counter proposal. The negotiation 
will be stopped, when an alternative is approved 
unanimously. 

6 Matsatsinis Using UTA rather than AHP to estimate criteria 
and Delias weight. 
(2004) 

Step 1: Input data of criteria, alternatives and 
negotiator preference data. 

Step 2: Implementing UTA II method 
(Matsatsinis and Delias, 2003) to estimate 
criteria weights. 

Step 3: Formulation of the global aggregative 
function to evaluate the alternatives. Step 4: 
Ranking the alternatives. 

Step 5: Check the alternatives. 

Step 6: Negotiators information. 

Step 7: Negotiate with the decision maker. 

Step 8: Negotiation failure. 

Stage 9: Select the alternative, Step 10: 
Negotiators evaluation. 

7 Wanyama and Using game theory model to determine the 
Far (2006) `best' solution for various coalition of the 

negotiating agents. Hybrid of analytic (game) 
and artificial intelligent (Al) techniques 
(knowledge based). 

8 Xue, Li, Shen Adapted from Barbuceanu and Lo (2000). 
and Wang 
(2006) 

9 Xue, Wang Each agent offers best solution and sent to other 
and Shen agents. If all agents accept, negotiation is 
(2006) finished. If some agent did not accept, they will 

continue to generate a new solution. Allow a 
mutually acceptable solution. 

Information sharing 
among stakeholders, 
auto negotiation 
between agents, 
modeling of group 
decision making. 

MCDM with mediator 
that responsible for the 
communication among 
agents (negotiators). 

This model utilizes an 
analytical-synthetic 
approach, since it 
implements UTA II and 
need predefined 
alternatives. 

Applied for COTS 
selection. 

Supply chain 
coordination. 

Large-scale construction 
projects (LCP) supply 
chain coordination 
(SCC). 
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2.4.4 Related Works on Agent-based Negotiation in Construction 

There is very little research related to the applications of multi-agent systems (MAS) 

to problems in the construction industry. Outside the construction industry, the 

concept of MAS has been widely applied in many diverse areas ranging from process 

engineering to air traffic applications (Jennings and Wooldridge, 1998) to 

performance management (Nassar, 2005: 311-313). Table 2.9 gives a research review 

on many researches in agent based negotiation in construction. 

, Tin and Lu (2004) presented protocol, information model and agent based system to 

support engineering negotiation. They argued that design decision means to explore 

new design spaces, seek new opportunities and arrive at innovative design. It is not 

merely for conflict resolutions. Kim and Russel (2003) developed a conceptual 

framework for intelligent earthwork systems to enhance the intelligence of 

construction equipment. The system is intended to automatically generate plans for 

construction equipment and provide means of cooperation between equipment. The 

implementation of the proposed system will improve worker safety, quality of work, 

and reduce duration. 

Dzeng and Lin (2004) presented an agent based system to help construction 

contractors negotiate with their suppliers via the internet. Anumba et al. (2003) 

developed a multi-agent system framework for the collaborative design of light 

industrial buildings. In this case, agents try to automate the interaction and negotiation 

between the design members. Ren et al. (2003) developed a multi-agent system to 

enhance the efficiency of construction claim negotiation. This system named 
MASCOT, uses autonomous agents, representing project participants, who negotiate 

with each other to resolve construction claims. 

Kim and Paulson (2003) presented an agent based compensatory negotiation 

methodology to facilitate the distributed coordination of project schedule changes. 
Their research helps subcontractors to coordinate their different schedules by working 

together towards better results. Anumba et al. (2002) presented a prototype system 

using the agent technology to enhance the collaborative design of portal frame 
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structures. Lee et al. (2001) proposed an agent based approach for assisting in design 

collaboration across heterogeneous platforms. Yan et al. (2000) used multiagent 

system to support project management in a distributed environment. Project activities, 

resources, and specific project management task are represented as agents in a 

network. 

Petrie et al. (1995) presented a novel approach for managing complex distributed 

project using agent based systems. The study has demonstrated how the various 

phases of a project including design, planning, and construction can be distributed but 

coordinated by using a facilitating agent. Sthub (1995) addressed the issue of project 

controls in a distributed environment. The author developed a data structure to 

establish communication between distributed project management databases and 

software packages. The model is very useful for companies performing projects using 

a set of heterogeneous project management computer systems. Smith (1992) proposed 

an intelligent planning system for project management. 

Nassar (2005) introduced a framework for managing a distributed project 

performance system using multi-agent systems. The research presented a systematic 

and comprehensive integrated model for performance management. A systematic and 

unified construction performance measurement methodology was developed to 

evaluate and integrate all project objectives including cost, schedule, cash flow, 

profitability, safety, quality, project team satisfaction, and client satisfaction. 

Khedro (1994) presented a distributed problem solving approach for collaborative 

multidisciplinary design in general, and collaborative facility design and engineering 
in particular, and proposed agent based software integration as a vehicle of 
implementing approach. The research demonstrated how some design tasks can be 

concurrently performed by different designers and engineers using different design 

software application; how designers can communicate design information and change 

partially and incrementally, and how appropriate design information and changes are 

automatically inferred and transferred to different design software applications 

sharing related aspects of the same design. It also demonstrated some aspects of the 

progressive negotiation strategy for resolving conflicts. 
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Table 2.9 Research on Agent Negotiation in Construction Industry 

Topics 

General 

Author 

Anumba, Ugwu, Ren (Eds) (2004) 

Ren and Anumba (2003) 

Planning and Scheduling Yan, Khupal, and Bode (2000) 

Kim, Paulson, Petrie, and Lesser (2000) 

Chun and Wong (2000) 

Kim and Pulson (2003) 

Supply chain Castro-Lacouture and Skibniewski (2002) 

Ng and Li (2005) 

Tah(2005) 

Xue, Li, Shen, and Wang (2005) 

Xue, Wang, Shen (2006) 

Collaborative design Khedro (1994), (1996) 

Pena Mora and Wang (1998) 

Halfawy (1998) 

Pena Mora, Hussein, Vadhavkar, and Benjamin (2000) 

Klein, Faratin, Sayama, and Bar-Yam (2002) 

Anumba, Ugwu, Newham, Thorpe (2002) 

Wang, Shen, Xie, Neelamkavil, and Pardasani (2002) 

Anumba, Ren, Thorpe, Ugwu, Newnham (2003) 

Kumaraswamy, Ng, Ugwu, Palaneeswaran, and Rahman 
(2004) 

Chira, Chira, and Roche (2005) 

Huang, Trappey, and Yao (2006a) 

Jin and Lu (2004) 

Geslin (2006) 

Claim negotiation Ren and Anumba (2003) 

Ren, Anumba, and Ugwu (2005) 

Project Performance Nassar (2005) 

Facilities Ercoskun and Dikbas (2005) 

Sayda and Taylor (2007) 
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IIalfawy (1998), using multi-agent collaborative framework, developed and 
implemented a concurrent engineering methodology and a computational 
infrastructure that would enable these companies to share and exchange design and 

construction information, support the interoperability of their heterogeneous and 

distributed software systems, and to facilitate the communication and collaboration of 

the geographically distributed project team members. 

In the field of construction supply chain, many researches have been conducted in the 

area of applied agent system. Castro-Lacouture and Skibniewski (2002) used 

Teamwork Integration Evaluation (TIE) to measure the coordination performance of 

all participants. They proposed a protocol that consists of inquiry, passing, 

negotiating, announcing, and approving. The system is available for 2 agents. Ng and 

Li (2005) developed a prototype agent for simulation model in Java-based tool of 

MadKit' M. Tah (2005) simulated a prototype collaborative supply network 

preplanning application. The agent system was developed using the ZEUS agent 

building toolkit; no coalition formation was allowed. Xue et al. (2005) studied supply 

chain coordination based on agent technology and multi-attribute negotiation and 

multi-attribute utility theories. They developed the agent system using the ZEUS 

agent building toolkit. There is no coalition formation on their coordinator agent. Xue, 

Wang and Shen (2006) developed a multi-agent based multi-attribute negotiation 

framework for large scale construction projects (LCP) supply chain coordination. The 

stakeholders were owner, designer, subcontractor (groundwork, civil and structure, 

building service, finishing work), and supplier (concrete, finishing material). They also 

developed the agent system using the ZEUS agent building toolkit and no coalition 

formation was allowed in their system. 

In facility management domain, Ercoskum and Dikbas (2005) presented a Meta model 
for integrating facility management process; the model consists of three modules; 

User Service Entrenched Repository, Issue Tracker for Service Management and 
System for Habitual Architectural Practice and Engineering Design. Their system is 

based on agent technology using data mining techniques without coalition formation. 

Another research by Sayda and Taylor (2007) is an intelligent control and asset 
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management system as a supervisory agent and a reactive agent. The system is 

deployed as a distributed interconnection of MATLAB computational agents, which 

runs on a network of several Windows XP workstations. Al is used for coordinating 

the systems internal behavior and managing the external manufacturing process. Even 

though research in the application of agent based negotiation in construction industry 

has been extensive, none of them have focused on multi-criteria agent based 

negotiation. 

2.5 Theoretical Mapping 

Based on the literature review of previous research works, a theoretical mapping can 

be developed to show the position of the present research in the domain of 

knowledge. On the first level, there are four domains of science and knowledge 

namely value management, decision science, and negotiation theory and agent 

system. Each of the domains has been reported by many series of research as 

presented in Figure 2.14. The second level consists of three research domains based 

on the intersection of each of the knowledge on the first level. The research domains 

are: first, value based decision which comes from the application of decision science 

on VA, VE, VM; second, group decision and negotiation from decision theory and 

negotiation theory; and third, automated negotiation. Many examples of research in 

the three areas have been reported as shown. 

The third level consists of two research domains. One is combining value-based 

decision and group decision in the field of VA, VE, and VM, the other is combining 

agents and negotiation. Both research areas are in the context of multi-criteria 

environment. The research reported in this dissertation is derived from the intersection 

of the two knowledge domains of value based management and agent based 

negotiation. 

This theoretical mapping not only shows the position of the research on theoretical 

domain but also as the theoretical basis of this research, and proof of fulfillment of the 
first objective of this research that is to find a theoretical basis for negotiation support 

on VM. This review has also become a basis for building the framework of 
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negotiation support for VM which is reported in Chapter 4. A clear theoretical 

mapping gives a better understanding of the significance of this research and area of 

contribution to the body of knowledge. 
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Figure 2.14 Theoretical Approaches for Research Goal 
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The review on literature and previous research works also has identified a theoretical 

gap between automated negotiation and automated design, both of which have 

limitations. Automated negotiation is limited to determining preferences and technical 

solutions, where research in this area focuses on algorithm of automation of 

negotiation. On the other hand, automated design is limited to the application of 

traditional negotiation method on the strategic level of a design decision. The 

theoretical gap can be identified on the theoretical mapping by looking at the left hand 

side and right side of Figure 2.14. The side of VM on the left represents and leads to 

automated design, while agent and MAS on the right represent and lead to automated 

negotiation. 

2.6 Summary of the Chapter 

A comprehensive literature review has been conducted based on previous related 

studies in VM, group decision including game theory, and automated negotiation 
including agent-based negotiation and combination multi criteria and agent system. 

This chapter reviewed comprehensive previous researches in computer tolls for VM, 

protocol negotiation on agent system and agent negotiation on construction industry. 

Based on the findings of the literature review, negotiation in VM is seen to be a 

complex and dynamic process in which all stakeholders aim to get the best solution 
for all. There are three schools of thoughts concerning negotiation on value based 

design decision. The first considers the teamwork process in VM; the second 

considers group decision theory; and the third considers automated negotiation theory. 

A theoretical mapping, which becomes the theoretical basis for this research has also 

been developed from the literature review. The theoretical gap between automated 

negotiation and automated design provides the opportunity for research to be 

undertaken. Furthermore, the review also reveals that there has not been any work in 

negotiation support for group decision in VM, which has been one of the motivations 

for this research. 

Further, the theoretical mapping will be used to develop research approach presented 
in Chapter Four. Based on the theoretical basis, a methodology for developing of 
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NSVM was built. The research methodology for the present work is explained in the 

next chapter. 
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CHAPTER THREE 

RESEARCH DESIGN AND METHODOLOGY 

3.1 Introduction 

This chapter presents research design and methodology. It discusses the research 

framework, methodological approach, ontological, and epistemological issues. A 

Triangulation method was used to reach the objectives. The Triangulation 

Methodology (Thurmond, 2001; Love et al., 2002; Knight and Ruddock, 2008; 

Fellows and Liu, 2008) combines independent complementary research methods i. e. 

Simultaneous Triangulation by the use of both qualitative and quantitative methods, 

and Sequential Triangulation, in which the results of one method are essential for 

planning the next method. This methodology involves a mapping theory, survey 

methods, case study, focus group, and conceptual modeling. They have been applied 

in a logical manner following the research stages. The research methods include goal, 

data collecting, analysis and tools. 

This chapter contains five sections. It starts with an introduction in Section One and 

ends with a summary in Section Five. Section Two discusses research framework and 

methodology. In this section, a diagram of Triangulation methodology for this 

research is presented. Section Three presents the methodological approach, 

ontological, and epistemological issues of this research. How the qualitative and 

quantitative methodologies are applied in this research is presented in this section, 
including the goal of each method. Section Four describes the details of each method 

applied for this research involving the triangulation of these methods. The methods 

are theoretical and conceptual mapping from literature reviews and previous studies. 
Other methods are conceptual model building for the NSVM; survey using 

questionnaire for negotiation styles and negotiation outcomes investigation; case 

study; and focus group meeting. 
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3.2 Research Framework and Methodology 

The term "methodology" used here has the ordinary meaning of `a system of 

methods' for achieving a certain end. The rationale for proposing a methodology was 

that none had been described for negotiation support model on Value Management 

(VM). Emory and Cooper (1991: 15-16) suggest that a well-constructed research 

project should meet the following guidelines: 

The purpose of the research, or the problem involved, should he clearly 
defined and sharply delineated in terms as unambiguous as possible. The 
research procedures used should be described in sufficient detail to permit 
another researcher to repeat the research. The research should report, with 
complete frankness, flaws in procedural design and estimate their effect upon 
the findings. Analysis of the data should be adequate to reveal its 
significance, and the methods of analysis used should be appropriate. 
Conclusions should be confined to those justified by the data of the research 
and limited to those for which the data provide an adequate basis ". 

The choice of research methodology should depend on the features and context of the 

research project. Research design is the plan and structure of investigation so 

conceived as to obtain the research objectives. The plan is the overall scheme or 

program of the research. A research design expresses both the structure of the 

problem and the plan of investigation used to obtain empirical evidence on relation 

related problem. It is also recognized that research design is a complex concept that 

must be viewed from at least eight different perspectives (Liu, 2003). They are: 

degree of problem crystallization; method of data collection; research control 

variables; the purpose of the study; the time dimension; the topical scope; the research 

environment, and subjects' perception. 

This research aims to develop a negotiation support model for VM. Since such an 

endeavor involves many complex and interdependent issues, it is necessary to 

undertake a holistic exploration of the research theory and methods that relate to the 

project. A triangulation methodology was applied by combining several research 

methodologies in the study of the same phenomenon. These research methodologies 
include empirical study using survey method, focus group for qualitative approach, 
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case study for quantitative and qualitative approach, and a conceptual model 
development methodology. 

Having identified the aim and objectives of the research project and clarified the 

ontological and epistemological issues, a research framework was developed with 

which to carry out the research project. Figure 3.1 illustrates diagrammatically the 

research framework in a Triangulation methodology. A comprehensive literature 

review was undertaken to obtain an overall understanding of VM, group decision, and 

agent-based system. A theoretical framework was established to act as a basis for the 

methodology of NSVM. The methodology was developed by using intersectional 

analysis of theoretical synthesis. A questionnaire surveys was used to validate the 

variables identified in the study of negotiation styles and outcomes, the mathematical 

models were identified, categorized and prioritized in this survey. 

3.3 Methodological Approach, Ontological, and Epistemological Issues 

There are two types of research strategies namely `quantitative research' and 

`qualitative research'. The first research uses numbers and statistical methods, and the 

second research focus and involves an interpretive, naturalistic approach to its subject 

matter. The former is based on numerical measurements of specific aspects of 

phenomena. Abstracting from particular instances to seek general descriptions or to 

test causal hypotheses, it seeks measurements and analyses that are easily replicable 
by other researcher (King et al, 1994). The latter involves the use and collection of a 

variety of empirical materials - case study, personal experience, introspective, life 

story, interview, observational, historical, interactional, and visual texts - that 

describe routine and problematic moments and meanings in people's lives (Denzin 

and Lincoln, 1994). 

Morgan and Smircich (1980) argued that the choice of research instrument also 
depends on critical skills of applied philosophical awareness rather than methods- 
level decision-making. The choice and adequacy of a method embodies a variety of 

assumptions regarding the nature of knowledge and the methods through which that 

knowledge can be obtained, as well as a set of root assumptions about the nature of 
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the phenomena to be investigated. All approaches to science are based on interrelated 

sets of assumptions regarding ontology, human nature and epistemology (Burrell and 

Morgan, 1979). There is a relationship between ontology, epistemology and 

methodology. 

Ontology has been described as ̀ a theory which claims to describe what the world is 

like - in a fundamental, foundational sense - for authentic knowledge of it to be 

possible (Barnes and Gregory, 1997), or in the simple word of Gruber (1993) is a 

specification of a conceptualization. It can be understood as assumptions about the 

nature of reality (Philimore and Goodson, 2004). 

Epistemology in its general form is a study of knowledge through which `rules' can 
be established to identify what is to be counted as ̀ true' (Barnes and Gregory, 1997). 

Epistemology is the study of method for acquiring knowledge. It encompasses the 

nature of concepts, the formulation of concepts, the validity of the senses, logical 

reasoning, as well as thoughts, ideas, memories, emotions, and all things mental. It is 

concerned whether these relationships are valid (Landauer and Rowlands, 2006). The 

epistemology focuses on analyzing the specific processes through which reality is 

created. 

In analyzing data through sophisticated quantitative approaches, such as multivariate 

statistical analysis, scientists are in effect attempting to reduce the role of human 

beings to elements subject to the influence of a more or less deterministic set of 
forces. Quantitative techniques have an important role to play in the analysis and 

understanding of the process, and in defining the informational properties. However, 

the utility is much more restricted in the more subjectivist positions identified on the 

subjective-objective continuum; scientist must therefore have to investigate from 

within the subject of study and employ research techniques appropriate to that task. 

Researchers should be flexible and therefore they are recommended to select a variety 

of methods rated appropriate to the research problem under investigations (Burgess, 

1984). Modern-day scientific approach is inductive and deductive, as well as 

objective and subjective. Design validity is more likely to be built into the research 
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study when the researcher is open to both paradigms than when one or the other is 

precluded. In this research study, quantitative approaches used include questionnaire 

survey while qualitative approaches adopted include focus group and case study; the 

two approaches were used to complement each other. 

Table 3.1 Research Methods Applied under Triangulation Methodology 

Method Goal Data Collection Analysis and tools Report 

Theoretical To find theoretical 
Mapping basis for NSVM 

To develop research 
approach for NSVM 
methodology 

Conceptual To develop 
modeling conceptual model of 

negotiation support 
for value 
management 

Survey To investigate the 
negotiation style and 
outcome on 
construction practice 

To develop 
correlation model 
between style and 
outcome 

Focus group To determine the 
function of a building 
system 

Case study To investigate 
individual and group 
decision preference 
among stakeholders 
in design decision 
practice 

Literature 

Previous related 
studies 

Model of style and 
outcome from 
survey. 

Qualitative method 
to collect idea. 

Algorithm of 
agreement options, 
coalition formation 
and trade off. 

Questionnaire by 
mail and email 

Group discussion, 
brainstorming, 
note. 

Questionnaire pair 
wise comparison 

Literature review Chapter 2 
and Chapter 
3 

Prometheus Design Chapter 6 
Tools (PDT) for: and Chapter 

7 
Developing system 
specification, 
Architectural design, 
Detail design and 
Checking for 
Completeness and 
Consistency 

Multiple regression Chapter 5 
analysis, ANOVA, F- 
test, t-test. 

Function Analysis Chapter 4 
System Technique 

Analytical Hierarchy Chapter 4 
Process: and 6 

Pair wise comparison 
analysis, 

Normalization, 

Consistency analysis 

Group preferences 
analysis 
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3.4 Research Methods 

Five research methods were applied for this research project; which are theoretical 

mapping, conceptual modeling method, questionnaire survey method, case study, and 
Focus group meeting. Detailed description of the goal, method for data collection and 

analysis, and its report in the thesis are presented in Table 3.1. 

3.4.1 Triangulation Research Methods 

Fellow and Liu (2008) wrote that triangulation in construction research is the use of 

two or more research methods to investigate something. They gave samples which are 

experiments and interviews in a case study project. Six years before, Love et al., 

(2002) proposed and introduced triangulation in construction management research. 
Their suggestion is to answer debate in the construction management (CM) research 

literature as to which research methodology is the most appropriate for CM research 

problems. They argued that post modernity and multi-level research can extend the 

scope of CM theory. Many researchers suggest that triangulation is a research 

technique which employs both quantitative (validation) and qualitative (inquiry) 

studies. From this point, Thurmond (2001) gives detailed definition. By referring to 

Denzin (1970) and Kimchi et al., (1991), Thurmond explained that Triangulation is 

the combination of two or more data sources, investigators, methodological 

approaches, theoretical perspectives, or analytical methods within the same study. 
These combinations result in data triangulation, investigator triangulation, 

methodological triangulation, theoretical triangulation or analytical triangulation. 

Dainty (2008) put "triangulation" in the classification of multi-strategy research in 

Methodological Pluralism. Consisting of "complementary" and "facilitation", 

"triangulation" refers to the use of qualitative research to corroborate quantitative 

research, whereas the complementary refers to "is where one research strategy is 

employed in order to aid research using another approach" while facilitation refers to 
is where two strategies are employed in order to dovetail different aspects of an 

investigation". 
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Further, Jacobsen (2004) defines the term `combination in Triangulation' into two 
kinds which arc: 

a. Simultaneous Triangulation by the use of both qualitative and quantitative 

methods at the same time. 
b. Sequential Triangulation in which the results of one method are essential for 

planning the next method. 

In this research, methods triangulation was employed. This approach involves using 

more than one research method and data collection technique, because each addresses 

a different dimension of the problem in developing the NSVM. Two kinds of 
Triangulation by Jacobsen (2004) were applied. By Simultaneous Triangulation, five 

methods give result to develop the NSVM model. Literature review and mapping 
theory give a theoretical basis and build the methodological approach for NSVM 

model. Qualitative research is conducted through Focus Group and Case Study 

methods. Both methods generated satisfying options for value-based decision. A 

generic decision model for the foundation of the NSVM model was built. Quantitative 

research is conducted through Survey and Conceptual Modeling. The result from the 

survey is a mathematical model of correlation between negotiation styles and 

negotiation outcomes among managers in the construction industry in Malaysia and 
Indonesia. Conceptual modeling reveals a basis of algorithm for NSVM. 

By Sequential Triangulation, the result of literature review is used for research 

approach. The research approach is the basis for Focus Group and all of seven case 

studies in the next stage. The data on the function and life cycle cost of technical 

solution for building system which was obtained from the Focus Group research were 

applied to these case studies. These data are also applied for Conceptual Modeling. 

The result from the survey conducted is used to the algorithms on Conceptual 

Modeling. Figure 3.1 presents how objectives have been fulfilled by the methodology. 
This illustrates which method is appropriate for which objective. The process to fulfill 

these objectives also follows the simultaneous and sequential Triangulation. 
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Figure 3.1 Triangulation of the Research Methods 

3.4.2 Theoretical Mapping Method 

Theoretical/Conceptual Mapping is used for two purposes, which are to summarize 

the information obtained from an individual source and to synthesize information 

obtained from a different source. Alias and Suradi (2008) wrote that Literature 

Review is a multistage process that involves scanning the information, making notes 

of what have been read, synthesizing and structuring the information, writing a critical 

review of the literature and building a bibliography (Rowley and Slack, 2004). 

Concepts mapping have been suggested as one of the tools that can help in making 

sense of information while conducting a literature review (Carnot, 2006). What is 

more important, representing information in concepts maps will provide a tool for 



98 

potentially seeing the interconnections between areas that were not previously 

apparent (Novak and Gowin, 1984). The term theoretical mapping is used by Evans 

and Gruba (2002) and Crowley (2007) as a beginning stage process of literature 

review before critical review stage. 

In this research, theoretical mapping is also used to show the position of this research 
in relation to the research area of certain fields. By using intersection to present 

connection between some research fields, a map of this research in the area of science 

and knowledge can be identified. 

3.4.3 Conceptual Model Building 

An information system can be viewed as a real-life model of an organization. 

Therefore, the problem in developing an information system may be regarded as a 

problem of model description. These models are developed using the requirements 

engineering approach. Requirements engineering involves investigating the problem 

and the requirements of the user community and developing a specification of the 

desired system (Kung, 1993; Theodoulidis and Loucopoulos, 1993). 

Contributions to the field of conceptual modeling have come from research areas such 

as artificial intelligence, programming languages and database design (Bera and 
Golshani, 1993). In recent years, interest in these fields has also been demonstrated by 

linguist and researchers in the field of business administration and management. 
Developing a system is a design task of which the final specification cannot be known 

in advance. In particular, the area of requirements modeling and analysis is 

characterized by informality and uncertainty. Because of the nature of the task, it is 

important to capture large bodies of knowledge about the universe of discourse which 
is subsequently abstracted into a formal specification. The development of such 

specification is carried out using what is known as ̀ conceptual modeling'. 

Conceptual modeling is the process of identifying high-level concept and tools to 

solve the problems posed by the complexity of a new application. The result of the 

conceptual modeling process is a conceptual model which can be defined as a 
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collection of specification statements that are relevant to some problem (Lindland et 

at., 1994; Meghini, 1991). A conceptual model represents abstraction, assumptions, 

and constraints about the system being modeled. 

A good conceptual model should satisfy the following criteria (Elmasri and Navathe, 

1989; Theodoulidis and Loucopoulos, 1993): (A) Understandability that the model 

should include pre-defined constructs and it should be understandable by the one's to 

whom it is intended. (B) Expressiveness that refers to the symbols and constructs 

used in the model and should have the necessary power to capture all the aspects of 

the system. (C) Implementation independence that the conceptual model should be 

independent from any implementation details. (D) Formality that the model should 
be consistent and concerned with the verification issue of the model. E) Robustness 

that the model should be robust because the modeling process is not fully mechanized 

yet. The model can be changed many times during its life cycle and the model should 
be flexible so that components could be easily added and deleted. 

The development of conceptual models has benefited from contributions in many 
fields. Much of the work in these fields has progressed independently; however, many 

similarities exist among these models. This type of modeling techniques is attempting 

to provide the following as objectives of a conceptual model (Heuser and Peres, 1993; 

Kung, 1993): 

a. Provide facilities for gathering and representing world knowledge in a natural 

and convenient way. 

b. Provide facilities for organizing and structuring the knowledge in order to be 

easily understood. 

c. Provide graphical representations for enhancing the readability of a 

specification 

d. Support the process of abstraction 

e. Support the mapping procedures for generating database level specification 

from a conceptual schema 
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In this research, a conceptual modeling was used to represent agent negotiation 

between all stakeholders involved in Value Management process. A Prometheus 

Design Tools was used to help in developing the conceptual model of negotiation and 

also to test completeness and consistency of the model. Table 3.2 presents the 

conceptual model which has been developed in this research. 

Table 3.2 Conceptual Model on the Development of NSVM 

Model Reported in Relationship Diagram 

Multiple regression Chapter 5 Correlation styles and 
models of negotiation outcomes model 
styles and outcomes. 

Scenario of 
Agreement options Chapter 6 

coalition 
and coalition 
algorithms for payoff 
optimum and best fit 
options. Payoff optimum Best fit 

model model 

---,. 
E 

NSVM PDT Ch 7 on apter 
Initial model of NSVM on PDT 

3.4.4 Questionnaire Survey Method 

Questionnaire is probably the widely used data collection technique for surveys. It is 

used for descriptive and analytical surveys in order to find out facts, opinions and 

views on what is happening, who, where, how many or how much. Groves, Fowler, 

Couper (2004) offer a rule of thumb for deciding the most beneficial survey method. 

They suggest that if the researcher is more interested in the depth and quality of data 

than in having a large number of responses, then the interviewing technique should be 

considered. If the questions are easy to answer and a large number of responses are 

required to complete statistical analysis, then self-completed questionnaires may be 

more suitable. Hence, it is clear that survey research can be used for either 

quantitative or qualitative research. 
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In this research project, in order to test the current negotiation style and outcome 

within the construction industry in Malaysia and Indonesia, a large sample selected 

randomly across the country was necessary to provide quantitative data, and to reflect 

the level of knowledge and degree of negotiation practice. Therefore, a mailed 

questionnaire was the most suitable way by which to ask specific questions. The 

advantages of a mailed questionnaire are that it is low cost, has a relatively small 

biasing error, anonymity, and accessibility. Telephone interviews were used to obtain 

missing data and to clarify ambiguous answer. Detailed application of this method in 

the research is presented in Chapter Four. 

3.4.5 Case Study 

Case study research appears to be highly relevant to an industry that is project driven. 

However, application of case study approach within the construction management 

research community is seemingly at a relatively low level (Provebs and Gameson, 

2008). A case study is an exploratory research technique that investigates one or a few 

situations that are similar to the researcher's problem situation. Case study research 

consists of detailed investigations, often with data collected over a period, of 

phenomena, within their context. The aim is to provide analyses of the context and 

processes to illuminate the theoretical issues being studied (Hartley, 2004). Case 

study is particularly suited to research questions which require detailed understanding 

of social or organizational processes because of the rich data collected within its 

context. It is used when the researcher intends to support his/her argument by in-depth 

analysis of a person, a group of persons, an organization or a particular project 

(Naoum, 1998). Case study is also designed as a learning vehicle with specific 

objectives in mind. The typical rationale for using the case study method is the 

availability of a special case that seems merit intensive investigation (Rubin and 

Babbie, 1997). 

In this research, case study was conducted to find the preferences for building system 

selection by way of special questionnaires which will be evaluated by the Analytical 

Hierarchy Process. Data of the Case Studies which have been conducted in this 

research are shown on Table 3.3. Two case studies are explained on the main text of 
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this dissertation. The first case study on roof system is discussed in Chapter Four and 

Chapter Six. The second case study on reducing impact of mud disaster is presented 
in Chapter Seven. Another five case studies are presented on Appendix A. 

Table 3.3 Case Studies on the NSVM 

Building Systems Number of Number of criteria 
Stakeholders function cost 

Number 
of Options 

Reported in 

I Rool' system 

2 Civil engineering 
system to reduce 
impact mud disaster 

3535 Chapter 4,6 

5216 Chapter 7 

3 11igh-rise building 3824 Appendix A and B 
column 

4 Wall system 5615 Appendix A and B 

5 11ighway guardrail 5623 Appendix A and B 

6 Support bridge 3823 Appendix A and B 

7 Building energy 3343 Appendix A and B 
system 

3.4.6 Focus Group Meeting 

Focus groups are carefully planned discussions stimulated within a predefined group 

environment to obtain perceptions about a defined area of interest in a permissive, 

non-judgmental environment (Sink, 1991; Krueger, 1984). They are facilitated by the 

researcher and designed to promote interactions and self-disclosure among 

participants who can share their perspective. One of the strengths of focus groups is 

their ability to collect data about similarities and differences in participants' opinions 

and preferences in a flexible environment (Morgan, 1997). In this study, focus group 

meeting allowed the researcher to respond to and explore participants' attitudes, 
beliefs and feelings about the function of a building system. From the same group 

meeting, a set of functions can be obtained by applying FAST. Report on the Focus 

Groups conducted in this research is presented in Table 3.4. 
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No Subject 

Table 3.4 Report of Focus Group 

Date 

i Roof system 
selection 

21,22 May 
2008 

Participants 

In house Architect and design 
teams, Facility Manager and 
teams, PM Client 

2I ligh-rise building 22 May 2008 Designers (3 persons), In 
column selection house Programmer, and 

Construction Manager from 
Client/ Developer 

3 Wall system selection 14-15 Property manager and team (2 
February 2008 persons), in house QS, in 

house architects (4 persons), 
PM Client, Engineers from 
consultant (3 persons) 

4 Highway guardrail 14-15 In house (Engineer, Architect, 
selection February 2008 QS, PM, Estate Management). 

Total 12 persons. 

5 Support bridge 26-27 May In house (Estate Manager, 
selection 2008 Engineer, PM Client). Total 3 

6 Building energy 17-18 
system selection December 

2007 

persons. 

Facility Management team (4 
persons), Design Management 
team (3 persons), PM Client. 

Remarks 

Private project at 
a developer/ real 
estate company. 

7 Reducing impact 19,20 May Project manager from Project on a 
mud disaster proposal 2008 government, engineer from Government 

university, three persons from organization 
NGO (on behalf community) 

3.5 Summary of the Chapter 

As presented in this chapter, the Triangulation method, which combines a variety of 

research methods, is suitable to achieve all the objectives of the research. Through 

Sequential Triangulation, a research approach is developed based on theoretical 

mapping, whereby the result of the first method becomes input and basis for 

qualitative research. The result of the qualitative research becomes input for 

quantitative research. Through Simultaneous Triangulation, all five methods become 

input for developing the model of NSVM. 

Some detailed methodology is presented in the following chapters, which are model 

of satisfying options in Chapter 4; survey research for negotiation style and outcomes 
in Chapter 5; model of agreement options in Chapter 6, and initial model of NSVM on 
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PDT in Chapter 7. Development of the framework for the negotiation support is 

described in the following chapter. 
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CHAPTER FOUR 

FRAMEWORK OF METHODOLOGY FOR NEGOTIATION SUPPORT ON 

VALUE-BASED DECISIONS 

4.1 Introduction 

This chapter critically evaluates the model of value-based decisions as applied to 

building system selections. The model is the basis for group decisions and negotiation 

as presented in this research. Firstly, a research approach was determined to form the 

basis of the methodology for NSVM. A framework of the methodology was then 

developed. The methodology is applied to a building system selection, in this case, a 

roof system. 

This chapter contains four sections beginning with an introduction and followed by a 

discussion of the research approach and the framework of methodology for 

developing NSVM. The research approach is based on theoretical mapping discussed 

in Chapter Two. The model of the value-based decision and negotiation is presented 
in this section and developed as a methodology for application to the NSVM. The 

section also discusses the definition of decision criteria and preference elicitation. In 

the third section, the application of the value-based decision model on a building 

system selection is discussed. This is followed by case studies in Appendix A. A 

summary of this chapter is presented in the final section of the chapter. 

4.2 Framework of Methodology for Negotiation Support 

The framework of methodology for negotiation support consists of research approach 
for negotiation on VM, value-based decision and negotiation process; and definition 

of decision criteria and preference elicitation. 
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4.2.1 Research Approach for Negotiation on VM 

This section outlines the approach taken to develop the NSVM methodology. It 

consists of agent-based systems; game theory; negotiation theory; multi-criteria 
decision-making; and the nature of VM in construction. Figure 4.1 illustrates the 

theories and research approach applied in developing the methodology. Game theory 

and negotiation theory form the pillars of the collaborative negotiation research in the 
domain of multi-agent systems. All theories are founded at the base of the domain of 

group choice, in multi-criteria decision- making towards constructing the value-based 
decision. 

Methodology for 
NSVM 

Agent-based system 

ii 

The nature of value management in construction 

Figure 4.1 Research Approach for Methodology 

4.2.2 Value-based Decision and Negotiation Process 

The methodology of NSVM combines value-based processes, multi-criteria decision- 

making process, negotiation base coalition process and agent-based negotiation 

development. Figure 4.2 represents these processes. It consists of four stages based on 

the process. The first and second stages are discussed in this chapter, whereas third 

and fourth stages are presented in Chapter Six and Seven. The first two stages are 

referred to ASTM "Building Economics" (2004). Three standards from ASTM have 

been used to set the model of decision which are (a) E1699-00: Practice for 

performing VA of building and building systems, (b) E1765-02: Practice for applying 

the AHP to multi-attribute decision and (c) E2013-99: Practice for constructing FAST 

diagrams and performing function analysis during value analysis study. 
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Figure 4.2 Methodology for NSVM 

4.2.3 Definition of Decision Criteria and Preference Elicitation 

']'his section deals with the definition of the criteria for evaluating an engineering 

product or element in VM. The research reported in this thesis did not lead to the 
development of a novel technique for the definition of the building system's 

evaluation criteria. The term `elicitation of user preference' is used to refer to the 
definitions of evaluation criteria as set by the individual. In this research, the criteria 

are taken from the basic theory of VM which is function and cost. Function will be 

determined from Function Analysis System Technique (FAST) and Cost will be 

calculated from the concept of Life Cycle Cost (LCC). The main reason for using 
FAST is the ontology of design, that every design of technical solution should have a 
(unction (Keuneke, 1991; Kitamura and Mizoguchi, 1999; Scott, 1999; Kitamura et 

al., 2000; Kaufman and Woodhead, 2006; Bytheway, 2007). The functions will make 
the technical solutions worth considering, and proceed to become attributes of the 
decision. 

Trade off analysis and 
protocol interaction 
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4.3 Application of the Framework on Building System Selections 

There are many applications of method in building system selections, one of which is 

from the key literature by Warszawski (1999) that compiled six main criteria 

consisting of architectural design, physical performance, technology, management, 

economics and marketing, with 22 sub-criteria. Among the sub-criteria are aesthetics, 
functionality, stability, strength, production methods, transportation, erection, 
forecasting of demand, and effective contracting for projects. Other researchers have 

also reported many other criteria on building system selection such as Idrus (2001, 

2003) and Idrus and Newman (2002) on concrete floor system; Astrand (2002) on 
industrialized housing system; Alibaba and Ozdeniz (2004) on wall system; Wong 

and Li (2006) on intelligent building system; and Hong (2007) on industrialized 

housing system. ASTM (2004) book of Building Economics provides a standard for 

evaluating building and building systems by giving different criteria for different level 

of building system. The standard was based on the research conducted by Norris and 
Marshall (1995). 

4.3.1 Roof System Selection 

The roof is one of the most important systems in a building. No one roofing system 

meets every building's needs, which is why there are so many varieties from which to 

choose (Spala et al., 2008). The challenge for designers is in ensuring that the roof 

system chosen is the correct one for their building. Emerging roof technologies 

complicate product selection. Correctly applied, these products may provide 

performance improvements and cost-saving benefits initially as well as during the life 

of the roof. Smith (2009) suggests that knowing what technologies to consider and 

what roofing applications are best-suited for particular buildings makes selection a 

complex matter. Identifying the right system is important for either roofing a new 

building or re-roofing an existing structure (Rossiter and Kane, 1997, p. 2). In new 

design, the roof' system selection can be part of the building design, for example, the 

building can be strengthened to support a heavy roof system. 
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The objective of this case is to provide a method for the selection of appropriate 

roofing systems for an office building in a multi-person environment. The selection 

process in this case is difficult because of the large number of factors, many of which 

are unrelated or in conflict with one another, and the lack of key data (such as realistic 
design service life). In this case, the weight of roof system selection criteria depend on 

the perspective of the individual decision-makers (Utomo et al., 2009a) for example, 

the architect might be more interested in the image of the building function that will 
be influenced by the roof system, whereas the project manager or facility manager 

would be more interested in domain issues related to the owner and constraints such 

as budget that reflect on initial cost. This makes it difficult for the decision-makers to 

agree on the evaluation criteria. 

With a general understanding of the available system options, consideration of the 

following technical and non-technical criteria can lead to the selection of the most 

appropriate system and details for a project. The criteria and alternatives of the roof 

system selection in this case are determined from Focus Group research on the group 
decision maker in a private developer company in Indonesia (Table 3.4). These 

criteria include initial cost, maintenance cost, replacement cost, the support system, 

usability period, functional performance, reliability, and image. The first three criteria 

pertain to cost whereas the other five are relevant to function. It is critical that the 

selected system sufficiently satisfies all of the criteria. 

In this case, there are five possible technical solutions for the roof system of the 

building to be selected and evaluated on eight criteria, by three decision-makers. The 

technical solution options are: 

a. 1. Steel structure: steel structure system is one of the basic methods used in the 

construction of building roofs. 

a. 2. Pre-cast system: apart from cast in situ concrete structures, building roofs can 

also be assembled from pre-cast members. 

a. 3. Timber system: traditionally timber framework is also used for roof systems. 

a. 4. Cast in situ reinforced concrete. 
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a. 5. Space frame: a space frame or space structure is a truss-like, lightweight rigid 

structure constructed from interlocking struts in a geometric pattern. Space 

frames usually utilize a multidirectional span, and are often used to accomplish 
long spans with few supports Space frames are an increasingly common 

architectural technique especially for large roof spans in modernist commercial 

and industrial buildings (Centre for Engineering Structures & Material, 2002). 

4.3.2 Value-based Process 

Value-based process is the first stage on developing NSVM (Figure 4.2). The Value- 

based Process consists of two main stages which are function analysis and LCC 

analysis. 

A. Function Analysis of Roof System 

Function analysis of the roof system is presented in Figure 4.3. It is developed by 

team work based on the FAST method in Figure 2.3. There are three basic functions, 

namely cost of technical solution, building life cycle support and work function. 

These are further divided into eight sub-functions that will be used as the criteria to 

select roof system (FI-F8). Later, the functions are called cl, c2, c3, fl, f2, f3, f4, f5 

respectively and refer to the satisfying model of value (function/cost). 

How 

Roof 
Functions 

Cost of technical 
solution 

Support to life cycle 
of building 

Work function 

(F1): Initial cost 

(F2): Maintenance cost 

(F3): Replacement cost 

(F4): Support system 

(F5): Usability period 

(F6): Functional performance 

(F7): Reliability 

(F8): Image 

Why 

Figure 4.3 FAST of the Roof System 
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13. Life Cycle Cost of Roof System Alternatives 

Based on Equation (2.1) in Chapter Two, three cost drivers of the building system 

which are initial cost, maintenance cost and replacement cost were calculated. Here, 

energy cost was not calculated because it had already been calculated on the 

building's energy system. As such, there is no salvage value on engineering 

economics practice in Indonesia. Table 4.1 presents Life Cycle Cost (LCC) and the 

proportion for each category of initial cost (including investment cost), operation and 

maintenance (O&M) cost and replacement cost. O&M cost is calculated on a yearly 

basis, so Equation (2.3) in Chapter Two is used for the calculations. Equation (2.2) in 

Chapter Two was used for replacement cost and has variability over the period of 

time. 

Table 4.1 LCC of Roof System 

Cost category 
al 

Present Worth (1000USD) 

Initial 
Maintenance 

Replacement 
Total Cost 

2600 
235 
1115 

3950 

a2 
1800 
625 

3200 
5625 

a3 
2500 
120 

1600 
4220 

a4 
3300 
760 
4000 

8060 

a5 
1500 
370 

2100 
3970 

Both the facility manager and project manager are likely to take into consideration the 

costs in their selections. While initial cost is a factor in their decision-making process, 
it is not the only factor. On the other hand, the architect considers function in their 

selection. 

4.4.3 Multi-Criteria Decision Process 

The second stage on NSVM methodology (Figure 4.2) is multi-criteria decision 

process. The Process consists of four steps namely constructing decision hierarchy, 

making judgments, judgment synthesis, and satisfying of technical solutions on value 

criteria. The three first steps follow evaluation process on AHP. The last step is the 

evaluation model proposed for this research. Result on this process is the `best option' 

of technical solution for roof system based on individual decision maker. The process 

to determine the `best option' for group is discussed in Chapters Six and Seven. 
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A. First step: constructing decision hierarchy 

To obtain a good representation of a problem, it has to be structured into different 

components called activities. Figure 4.4 shows three levels of decision hierarchy. The 

goal of the problem (G ="Select the best value of technical solution for roof system 

for an office building") is addressed by some alternatives (A = al; a2; a3; a4; a5) 

which are steel structure, pre-cast system, timber system, reinforced concrete and 

space Irame respectively. The sub-problems namely Cost (LCC) and Function are 

split into eight evaluation criteria that will be used to select the best roof system 

solution. The evaluations criteria are cl; c2; c3; fl; f2; f3; f4 and f5 or initial cost, 

maintenance cost, replacement cost, support system, usability period, functional 

performance, reliability, and image respectively. Then, implementation of AHP can 

be started with compilation of the hierarchy model. 

Select the best value of technical solution for roof system 
on an office building (G) 

Cost (LCC) 
(c) 

Initial Maintenance Replacement Support Usability Functional Reliability Image 

system period performance 
(cl) (c2) (c3) (fl) (f2) (0) (f4) (f5) 

ý -ýýýý. -ý ý_ _Y ýý 

Steel structure 
(a 1) 

Space frame 
(a5) 

Figure 4.4 Decision Hierarchy for Roof System Selection 

13. Second step: making judgments 

Level 2 
Criteria 

Level 3 
Options 

Based on Al IP by Saaty (2004), the relative importance of pair-wise comparison of 
decision input could be: equal (1), moderate (3), strong (5), very strong, demonstrated 

(7) or extreme (9). Sometimes one needs to compromise judgments (2; 4; 6; 8) or 

reciprocal values (1/9; 1/8; 1/7; 1/6; 1/5; 1/4; 1/3; 1/2). If there are "n" items that need 

to be compared in a given matrix, a total of n(n-1)/2 judgments are needed (Saaty, 

1994 and 2004). For each set of factors, a matrix "A" of pair-wise comparison can be 

Pre-cast 
system (a2) 

Timber system 
(a3) 

Reinforced 
concrete (a4) 
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derived. I here are two judgments involved in this decision - the first is criteria 

judgnunt for each stakeholder and the second, technical solution judgment for each 

criterion. 

(1) ( 'rilrriu 
. 
111(1, '»r('nl. e 

Based on l : quation 2.4,2.5,2.6,2.7,2.8,2.9 in page 53-54 Chapter Two, the 

weighting factor of* each criterion for each stakeholder is calculated. A set of tables 

('fable 4.2 a-c) shows the result of pair-wise comparisons of stakeholders. For 

example in this section, data and analysis of' the Architect is presented. Others 

stakeholders' data and analysis are presented in Appendix B. 

Table 4,2a I'air-wise Comparison of Architect: Judgment Input 

('rilcri; i cI c2 c3 I'I 12 13 14 f5 

(c I) initial cos( 1 0.33 0.33 0.33 0.2 0.2 0.2 0.1 I 

(c2) ntaintcrrmcc cost 
(c3) rcplaccntcnt cost 
(I'I) support system 
(12) usability period 
(I3) Ilmctional perlorntancc 
(t4) rcliahility 
(15) ima, 'c 

3120.33 0.2 0.2 0.25 0.2 

3 0.5 I 0.33 0.33 0.33 0.25 0.2 

333I0.33 0.33 0.33 0.25 

5533I0.5 4 0.5 

55332I50.5 
54430.25 0.2 1 0.33 
9 S54223I 
3.1 23.83 21.33 15 6.32 4.77 14.03 3.09 

'f'ahle 4 . 21) fair-wise Comparison of'Architect: Normalization 

('riteria cI c2 c3 II 12 t3 14 I'S Z weight 
(c I) initial cost 0.03 0.01 0.02 0.02 0.03 0.04 0.01 0.04 0.21 0.03 

(c2) maintenance cost 0.09 0.0.1 0.09 0.02 0.03 0.04 0.02 0.06 0.40 0.05 

(c3) replacement cost 0.09 0.02 0.05 0.02 0.05 0.07 0.02 0.06 0.38 0.05 

(11) support system 0.09 0.13 0.14 0.07 0.05 0.07 0.02 0.08 0.65 0.08 

(12) usability period 0.15 0.21 0.14 0.20 0.16 0.10 0.29 0.16 1.41 0.18 

(13)1 . unctional pert'ormancc 0.15 0.21 0.14 0.20 0.32 0.21 0.36 0.16 1.74 0.22 

(14) reliability 0.15 0.17 0.19 0.20 0.04 0.04 0.07 0.11 0.96 0.12 

(1: 5) image 0.26 0.21 0.23 0.27 0.32 0.42 0.21 0.32 2.25 0.28 

1: 1 

'fable 4,2a shows the preferences of the Architect in a firm of pair-wise comparisons 

in a 1-9 Al II' scale. From the table, it can be seen that image is the highest preference 

for the Architect. 't'able 4.2b presents the weighting fiactor of' each criterion based on 

the Architect's preferences. From this table it can be concluded that the highest 

nankin of the criteria 1(1r Architect is image, and the lowest is initial cost. 'f'able 4.2c 
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shoes the Calculation of' preference consistency on input judgment. The CR 

(Consistency Ratio) is 0.08. It is lower than 0.1, which suggests that the pair-wise 

input can be accepted (Saaty, 1994). The procedure of the calculation and the 

relationship between ('R, Consistency Index (CI), largest eigenvalue (X) and is 

presented in Fduations 2.10 and 2.11 in Chapter Iwo. 

fahle . 1.2c I'air-wise Comparison of'nrchitect: Consistency 

CI itcria c1 c2 c3 i'I 12 13 14 1.5 

(c I) initial cost 0.03 0.02 0.02 0.03 0.04 0.04 0.02 0.03 0.22 8.56 

(c2) maintcnancc cost 0.08 0.05 0.10 0.03 0.04 0.04 0.03 0.06 0.42 8.26 

(0) replacement cost 0.08 0.03 0.05 0.03 0.06 0.07 0.03 0.06 0.39 8.23 

(11) support systcm 0.08 0.15 0.14 0.08 0.06 0.07 0.04 0.07 0.69 8.56 

(12) usability period 0.13 0.25 0.14 0.24 0.18 0.11 0.48 0.14 1.67 9.51 

(13) functional perform; utcc 0.13 0.25 0.14 0.24 0.35 0.22 0.60 0.14 2.08 9.55 

(14) reliability 0.13 0.20 0.19 0.24 0.04 0.04 0.12 0.09 1.07 8.85 

(1 c) 0.23 0.25 0.24 0.32 0.35 0.44 0.36 0.28 2.48 8.81 
70.33 

CR 0.08 Cl 0.11 A 8.79 

Using the sang procedure presented in 't'able 4.2 a-c, the weighting factor of each 

criterion liar the Facility Manager and Project Manager (PM) Client can he obtained. 

'fable 4.1 and Figure 4.5 present the result of criteria. judgment For all Stakeholders. 

Table "1.3 Weighting Factor ol'I: ach Criterion lior Fach Stakcholdcr 

Stakeholders 
('ost 

cI c2 c3 

Function 

Architect and Design Team 
(A=15.79, ('1-U, 11, ('k 0.08) 

Facility Manager 
O, R. 6S, l'1 0.09, CR 0.06) 

I'rujcct Manager (I'M) ('Iicnt 
9 

. 
7.1, ('I 0.11, ('IZ (1.07) 

0.0256 0.0503 0.0179 

0.0236 0.2189 0.2338 

0.4338 0.0815 0.0702 

fI 12 13 f4 13 

0.0811 0.1205 0.2177 0.1204 0.2811 

0.2010 0.1205 0.0989 0.0544 0.0489 

0.1225 0.0797 0.1539 0.0323 0.0261 

The weight of' each evaluation criteria liar each decision-maker is dilTercnt. The 

dittcrence presents rationality among decision maker. The results indicate that the 

architect and PNI ('Ilent contrast in pretcrences. 't'he architect argues that image is the 

most important criterion in root' system selection, whereas I'M client puts initial cost 

as the highest priority on the decision of' the root'system. 
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'fable "1. "Ic Pair-wise Comparison for Technical Solution: Consistency 

(c I) initial cost al a2 a3 
al (steel) 0.2005 0.2273 0.2005 

a2 (pre-cast) 0.0668 0.0758 0.0668 

a3 (timber) 0.2005 0.2273 0.2005 

a4 (RC) 0.6014 0.4547 0.6014 

a5 (Space frame) 
-0_040I 

0.0379 0.0401 

050 

CR = 0.0 167 C1= 0.0 188 A =5.0750 

The results of the technical solution judgments for all criteria are presented in Figure 

4.6. For example, it can be seen that for the criterion of initial cost (cl), option RC 

(a4) is the cheapest as compared to space Frame (a5), which is the most expensive. 
Another example is the criteria of' image (1'5), where space Frame (a5) is the highest 

priority. Steel (a I) is the best for the criteria of functional performance (f3) and 

reliability (l4). 

o. so 

040 

0,30 

020 

0.10 

OW 
c2 c3 

a4 a5 Y- 

0.1590 0.2316 1.0189 5.0825 
0.0795 0.0926 0.3816 5.0352 

0.1590 0.2316 1.0189 5.0825 
0.4770 0.3243 2.4587 5.1549 

0.0681 0.0463 0.2325 5.0199 

E 25.3750 

f2 f3 f4 c1 f1 

Criteria 

iO a1 (steel)   a2 (precast) 0 a3 (tin-ber) O a4 (RC)   a5 (Space frame) 

f5 

Figure 4.6 Weighting Factor for Fach Rool'System Option to Each Criteria 

Under condition of consistency, the priority of each solution for each evaluation 

criteria was calculated. 'fable 4.5 presents the result Gom consistency ratio analysis. 
Since the solutions are evaluated by each criterion, the ratio is based on the judgment 

of'the solution on each evaluation criteria. 
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('. 

Criteria 

'fahle 4.5 Consistency Ratio Im Räch Criterion 

Initial Cost 

Maintenance ('ust 
Replacement Cost 

Support System 

Usability Period 

Puna Iunal I'ertiirmance 
I(cliability 
Image 

Consistency 

u=5.075005, C'I 0.018751, CR 0.016742 

a=5.089093, ('I 0.022273, C'R-0.019887 

u=5.139441, CI 0.034860, C'R=0.031125 

u-5.186992, CI 0.046748, CR 0.041739 

u-5.139565, ('I 0.034891, CR 0.031 153 

u-5.076340, CI 0.019085. (R-0.0 17040 

u=5.200872, CI 0.050218, C'R 0.044838 

u-5.183486, Cl 0.045871, C'R=0.040957 

Third step: Judgment Synthesis 

I, he third Ste{) of a value-based process is judgment synthesis. The goal of this step is 

to get the ranking of the technical solution option for each stakeholder. The procedure 

is presented in 'fable 4.6. The calculation is followed with the Equation 2.12 in 

('hapter 'l'wo. 

'fahle "1.6 . ludo Hunt Synthesis and Ranking of Roof System Solutions for Lach Stakeholder 

Architect 

al (steel) 

a2 (pre-cast) 

a3 (timber) 

a4 (RC) 
a5 (Space Manic) 

Facility Manager 

al (stecl) 

a2 (pre-cast) 

a3 (timber) 

aa (1((') 

a5 (Space 1'rame) 

l'io. )cct Manager 
('Iicnt 

uI (steel) 

u2 (pre-cast) 

a3 (timber) 

; al (RC) 
; IS (Space trallle) 

Weighting füctor each option to each criteria for Architect 

cI c2 c3 fI 12 13 14 f5 

(0.026) (0.050) (0.048) (0.081) (0.176) (0.218) (0.120) (0.28I ) 
Weight Rank 

0.005 0.004 0.003 0.021 0.036 0.089 0.044 0.038 0.240 

0.002 0.014 0.014 0.005 0.042 0.026 0.028 0.064 0.196 

0.005 0.003 0.005 0.011 0.012 0.034 0.018 0.022 0.110 

0.012 0.024 0.019 0.003 0.066 0.016 0.017 0.049 0.206 

0.001 0.006 0.007 0.041 0.019 0.052 0.013 0.108 0.248 

Weighting flictor each option to each criteria fir Facility Manager 
i , "z Cl I") III is rs 

2"a 

4"' 
5"' 
3ýa 

ý ,ý 

II Weight Rank 
(0.024) (0.219) (0.234) (0.201) (0.121) (0.099) (0.054) (0.049) 

0.005 0.017 0.015 0.053 0.025 0.041 0.020 0.007 0.180 

0.002 0.061 0.067 0.012 0.029 0.012 0.013 0.011 0.207 

0.005 0.011 0.025 0.027 0.008 0.016 0.008 0.004 0.103 

0,011 0.104 0.092 0.007 0.045 0,007 0.008 0.009 0.283 

0,001 0.026 0.036 0.101 0.013 0.024 0.006 0.019 0.226 
Weighting Iaictor each option to each criteria for I'M Client 

") "Z fl I-) 1`t la f5 

4"' 

5"' 

I ,t 

ýýýa 

Weight Rank 
(0.43.1) (0.081) (0.070) (0.122) (0.080) (0.154) (0.032) (0.026) 

0.087 0.006 0.004 0.032 0.016 0.063 0.012 0.004 0.224 2" ̀ h 

0.033 0.023 0.020 0.007 0.019 0.018 0.008 0.006 0.134 5"' 

0.087 0.001 0.007 0.017 0.005 0.024 0.005 0.002 0.152 4"' 

0.207 0.030 0.028 0.005 0.030 0.011 0.005 0.005 0.328 I" 

0.020 0.010 0.011 0.062 0.009 0.037 0.004 0.010 0.162 3`a 
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"l he group judgment in this chapter is calculated based on the aggregation method 

using equation 2.1 i, 2.14,2.15 in Chapter Two. In this case the aggregation value is 

the mean value of all stakeholders' prelcrences. Table 4.7 below presents the rank of 

technical solution based on aggregation value. Later in Chapter Seven the solution's 

ranking based on aggregation value will be compared with the group ranking based on 

coalitioll. 

Table 4.7 Aggregation Value of' Roof' System Option. 

Aggregation c1 c2 c3 1'I 12 13 14 f5 
(0.161) (0.117) (0.117) (0.135) (0.125) (0. I57) (0.069) (0.119) 

Weight Rank 

al (steel) 0.032 0.009 0.007 0.035 0.026 0.064 0.025 0.016 0.215 2"d 

a2 (pre-cast) 0.012 0.033 0.034 0.008 0.030 0.019 0.016 0.027 0.179 4aß 

a3 (timber) 0.032 0.006 0.012 0.018 0.008 0.025 0.010 0.009 0.122 5"' 

a4 (i«) 0.077 0.055 0.046 0.005 0.047 0.012 0.010 0.021 0.273 1" 

a5 (Space frame) 0.007 0.014 0.018 0.068 0.014 0.037 0.008 0.046 0.212 3 ̀d 

U. Fourth step: Satisfying Option on Value Criteria 

Stirling (20( 3,2004) has written and demonstrated satisfying games on multi-criteria 

decision making. Ile writes that 'A natural procedure of satisfying options is to 

separate the attributes into two categories, one to involve the attribute that represents 

functions of' n option and the other to involve attributes that represents losses'. 

Categorization of this problem is helpful in identifying initial, maintenance and 

replacement costs as 'C'ost' and all live function of' roof system as `Function'. To 

compare function and cost representing the value of a technical solution, they must be 

represented on the sane scale. This may be done by creating selectability (Ps) and 

rejectability (Pr) functions (Stirling, 2004) and normalizing the problem so that the 

decision-maker has a unit of Function utility and a unit of' cost utility to apportion 

among the options. The two last columns on 'f'able 4.8 show the utility of cost and 

function fir each option of' technical solution. 

Table 4.8 Basic Value ol'ltoot'Syslcm Options 
Cost 

cI c2 c3 ?. ' Loss 

1 11 0 200 0.077 0.062 0.340 1.324 

a2 0.076 0.278 0.286 0.641 1.023 

a3 0.200 0.050 0,106 0.356 1.307 

a4 0,477 0.474 0.393 1.344 0.320 

a5 0.0.16 0.121 0.153 0.320 1.3"14 

__ 
Function 

fl 12 13 14 f5 
Normalization 

Cost (Pr) Function (Ps) 
0.262 0.204 0.410 0.364 0.135 0.249 0.275 
0.060 0.241 0.120 0.233 0.229 0.192 0.177 
0.136 0.068 0.158 0.149 0.078 0.246 0.118 
0.037 0.376 0.074 0.144 0.174 0.060 0.161 
0.505 0.111 0.239 0.109 0.383 0.253 0.269 
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Figure 4.7 Cross-plot of Basic Value of Roof' System Solutions 

Based on the results presented in 'fable 4.8, Figure 4.7 provides a cross plot of 

function and cost, with Pr (rejectability) the abscissa and Is (selectability) the 

ordinate. 'I'hc caution index, i', is taken as unity where the technical solution will be 

"select" or "reject" if the value (F/C) is >1 or <I respectively. Observe that although 

a4 has the lowest cost, it also has low function, and a rational decision-maker can 

legitimately conclude that this is satisfying, since the function at least outweighs the 

costs. Options a3 and a2 is easily eliminated by the cost-function test. Options a4 here 

give the highest satisfying conclusion since it has high function to cost ratio as 

defined by KauIl um (2001 ). 

Value of SH1 (Architect) Preference 

ä_ 
ý 
ý 
LL 

0 01 

Vnluo=F/C=1 
/ 

ai(ateol) 

a2(procast) 

M a3 (Umbor) 

02 03 04 

Cost (R) 

Basic Value of Technical Solution 

Valuo=F/C=1 

Figure . 1.8 ('Toss-plot cif' Archilecl's Value of Roof' System Solutions 
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Value of SH2 (Facility Manager) Preference 

0 35 

Cost (Pr) 

I iº; urc "1.9 Cross-plot of Facility Manager's Value of Roof System Solutions 

Value of SH 3 (Project Manager) Preference 
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02 

Cost (Pr) 
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Figure "1.10 Cross-plot of I'M C'lient's Value of Roof System Solutions 

I it; ures 4.8,4.9 and 4.10 provide it cross plot of function and cost of each stakeholder, 

with Pr the abscissa and Ps the ordinate. Observe that the preference value of the 

decision-makers will impact on the value ol'the technical solution. The example given 

here is as that has it value greater than I"/(' I (to select) on the basic value (Figure 

4.7), but will decrease to less than I"/(' I (to reject) on PM Client's preference (Figure 

4. I0). This also happens with a?, in which the architect (Figure 4.8) gives it a value 
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greater than F/C I (to select), but the Facility Manager (Figure 4.9) and Project 

Manager (Figure 4.10) decide to reject. 

4.3.4 Case Studies 

I he other live case studies of building system selection on value-based decision are 

presented in Appendix A. The building systems include a high-rise building columns 

system, a Wall system of it building, a highway guardrail, a building energy system, 

and it Support Bridge. The reason to choose all case studies is in considering building 

system selection. The case studies were also VM practice in the Company where the 

case studies done. All case study were used lbr validation process of the NSVM. 

4.4 Summary of the Chapter 

This chapter presented the framework of methodology for NSVM. The methodology 

consisted of': value-based process, multi-criteria decision process, and agent-based 

negotiation process. A 'Value' in 'Function/Cost' is the basis for the methodology. 

On the value-based process, function and I, CC are analyzed. On in ulti -criteria 
decision-making, it satisfying option is used by correlating the function and cost to get 

the value of' it technical solution option. Value in term of Function/Cost is the only 

criterion fir the building system selection. On agent-based negotiation process, the 

payoff optimum and best lit options are based on the criterion of value, which are 

function and cost. Morcover, this chapter presented the application of the 

methodology to the building system selection. In the next chapter, an investigation of 

negotiation styles and negotiation surveys Im the basis ol'agent scenario is presented. 
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CHAPTER FIVE 

AN FI11PIIt1('AI. STUDY OF NEGOTIATION STYLES AND OUTCOMES 

IN MALAYSIA ANI) INDONESIA 

5.1 1 ntru(III ctiun 

This chapter considers the statistical analysis of an empirical study of negotiation 

styles and outcomes. It presents an approach of a methodology and findings of the 

relationship between styles and outcomes of negotiation. The study of negotiation 

styles and negotiation outcomes is important in this research because a mathematical 

modeling of a multiple regression found from this research will be used for the 

scenario of a negotiation agent in the development of negotiation support, as will be 

presented in Chapter Seven. This chapter contains four sections: section one 

introduces the chapter, followed by section two which discusses variables of 

negotiation styles and outcome variables. Ill section three, the approach for collecting 

and presenting data is presented. Next, section four covers a comprehensive result of 

the empirical study on relationship between the negotiation styles and negotiation 

outcomes. I 
. ven though there are two group populations in this survey which are 

Indonesian and Malaysia, this research is not dedicated to the comparison study 

between two populations, as mentioned before, the aim of this survey is to get a 

mathematical model of negotiation styles and outcomes correlation for determining 

the agent scenario. The discussion on the two populations is to demonstrate the 

variability of the correlation model. The approach to the scenario based on the 

empirical study results is discussed in section five, and finally, the last section 

summarizes the chapter. 

5.2 Negotiation Styles and Negotiation Outcomes 

I he negotiation styles and negotiation outcomes term in this research come From the 

work oll loliev et if. (2005). They identity two distinct and very different approaches 

to bargaining namely 1)i. ßlrihutre Bargaining and Mutual Gain Bargaining. The first 
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approach constitute negotiation as a win-lose exercise where the gains of one party 

must Conic at the expense of, the other party. The second approach represents 

negotiation as a mutual problem solving exercise. In the negotiation literature, the 

orientation to will-lose is referred as Assertiveness while the orientation to mutual 

problem solving is referred to as ('ooperulives. 

Further Ilollev et al. (2005) writes that "Assertiveness tendencies are more likely to 

engage in Distributive Bargaining behavior while Cooperativeness is more likely to 

use a Mutual Gain Bargaining approach". Thus, this seil-assessment will help to 

examine the levels of Assertiveness versus Cooperativeness. This can be observed on 
Figure 5.1. In this research, there are two variable to he tested and discussed which 

are variable of negotiation styles and variable of negotiation outcomes. 

! lieb 

AsscrtiN cncss 
l)rclrrhtrhri" 

/. u iss 

('ompcting Collaborating 

Compromising 

Avoiding Accommodating 

Lost, Iliglr 
Cooperativencss 

iLlnlnul Gain ßarguining 

Figure 5. I Asserliveness and Cooperativeness of'Nel; otiation Style 
(Johnson and Johnson, 199 I; Friend and Cook, 1992; Matthews, 1998,; 1 lolley et al, 2005) 

5.2.1 The Variables of Style 

According to published literature on negotiation (Matthews, 1998), the measurement 

of Assertiveness and ('ooperativcness requires the consideration of live distinct 

negotiation styles. These five styles are similar to Rahim's (1983) that substitute 

integrating, obliging, and dominating fir collaborating, accommodating, and 

competing respectively. The live negotiation styles (Rahim, 1983; Johnson and 

Johnson, 1991 , Friend and Cook, 1992 ; Matthews, 1998) are: 
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1. ('onUpetint. 

"Negotiators that cxhihit this style are result-oriented, self-confident, and 

assertive, are focused primarily on the bottom line, have a tendency to impose 

their views upon the other party, and in the extreme can become aggressive 

and domineering" (Matthews, 1998). This style is high in Assertiveness and 

low in Cooperativeness 

h. Avoiding 

"Negotiators that exhibit this style are passive, prefer to avoid conflict, make 

attempts to withdraw from the situation or pass responsibility onto another 

party. They fail to show adequate concern or make an honest attempt to get to 

a solution" (Matthews, 1998). 't'his style is both low in Assertiveness and low 

in Cooperativeness. 

c. Collaborating 

"Negotiators that exhibit this style use open and honest communication, focus 

on finding creative solutions that mutually satisfy both parties, are open to 

exploring new and novel solutions, and suggest many alternatives for 

consideration" (Matthews, 1998). This style is both high in Assertiveness and 
high in Cooperativeness. 

d. Accommodating 

"Negotiators that exhibit this style make attempts to maintain the relationship 

with the other party, smooth Over conflicts, downplay differences, and are 

most concerned with satisfying the needs of' the other party" (Matthews, 

1998). This style is low in Assertiveness but high in Cooperativeness. 

C. Compromising 

"Negotiators that exhibit this style aim to lind the middle ground, often split 

the difference between positions, frequently engage in give-and-take tradeoffs, 

and accept moderate satisfaction of both parties' needs" (Matthews, 1998). 

This style is both moderate in Assertiveness and moderate in Cooperativeness. 
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5.2.2 The Variables of Outcome 

The seven variables or factors of negotiation outcomes are based on explorative 

research by ('heung ct al. (2006) using factors analysis. These factors are further 

identified as either functional or dysfunctional negotiation outcomes (Rahim, 2001). 

Substantive or task-related conflict is Functional for non-routine tasks, but affective 

conflicts are dysfunctional irrespective of the task conditions. This identification is 

needed to enable the use of the relationship between style and outcomes on a 

negotiation. The factors (('heung et at., 2006; Rahim, 2001) are: 

a. Problem solving 

Problem solving is a desirable negotiation outcome in conflict resolution and 

the main goal of every negotiation. It can be identified as functional 

negotiation outcomes. 

h. Conflict escalation 
The outcome is characterized by a higher level of conflict. This factor is 

described as a dysfunctional outcome such as outcomes having a negative 

connotation as the dispute is unlikely to be resolved with an escalating 

conflict. 

C. Relationship deterioration 

'I'bis I. ºctur relates to the deterioration of the relationship between disputants. 

The relationship between the negotiators could be a critical factor in tackling 

the conflict. Thus, with a deteriorating relationship the chance of' future 

cooperation becomes distant. This factor, therefore, is a dysfunctional outcome 
due to its negatIyye impact on the conflict. 

d. Inaction 

This is characterized by withdrawal From and postponement of the negotiation 

process. Inaction is ollen undesirable as the chance of getting the dispute 

resolved becomes remote. This läctor is a dysfunctional outcome. 
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e. I: urther disagreement 

This outcome is the last thing a negotiator wants and clearly a dysfunctional 

negotiation outcome. It includes the outcomes of further disagreement aller 

the negotiation and the dispute reaching a stalemate. 

1'. Relationship maintained 

A functional outcome is described as "relationship maintained" if' it includes 

more positive negotiation outcomes, such as if'sonme of the needs of'the parties 

are satisfied and further interaction is kept. 

9" Conflict reduction 
An outcome is interpreted as conflict reduction if' there is a lesser chance for 

future disputes and il'a Functional outcome is favored by the disputants. 

In another research study using the same method by Yiu et al. (2008), adopted From 

Yiu (2005), four negotiation outcomes were determined, which arc: deterioration, 

substantial improvenunt, maintaining parties' relationship, and position clarification. 

I1ot11 research studies identified the factors under the taxonomies of functional and 

dvýsfunctional outcomes by Rahim (2001). 

5.3 Approach and Data 

An approach for the research on negotiation style and outcome and its methodology 

are presented in this section. 

5.3.1 Approach 

I The approach uses Rahim's Organizational Conflict Inventory-I1 (ROCI-Il) 

(Rahim ct at.. 2000). 

2 The average scores respective to the live factors of' negotiating styles and 

seven ! actors of negotiation outcomes are calculated. The styles/outcomes that 

display it higher average score may be viewed as the one that is more often 

used as compared to the others. 
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3 The relationship between negotiating styles and negotiation OLItCOnles can be 

explored by the use of multiple regression analysis that can be used to analyze 

the relationship between a single dependent variable and several independent 

variables (I lair et at., 1995). 

4 Data from respondents was collected using questionnaire surveys (Appendix 

C). Negotiation styles and negotiation outcomes were measured by questions 

number on the questionnaire. 'Fable 5.1 and 5.2 presents the question number 

for negotiation styles and negotiation outcomes respectively. 

Table 5.1 Question number of Negotiation Styles in Questionnaire 

Styles 

Collaborating 

Accommodating 

Question number on questionnaire 
(Appendix C) 

1,5,12,22,23,28 

2,3,10,11,13,19,24 
Competing 8,9,18,21,25 

Compromising 4,7,14,15,20,27 
Avoiding 6,16,17,26 

Table 5.2 t)ucstion number of'Ncgotiation Outcomes in Questionnaire 

( )utcomcs 

Problem solving 
Conflict escalation 
Relationship deterioration 
Inaction 

Further disagreement 

Relationship Illaintaillcd 
Conflict reduction 

Question numba on questionnaire 

_ __(Appendix 
C) 

1,2,11,12 

7,8,18,19 

13,14,15,21 

5,6 

3,4 

9,10 
17,20 

5.3.2 Data 

'I his section ol, the chahtcr presents the methodology for the questionnaire survey 

conducted in Indonesia and Malaysia. 11 consists of data collection and data analysis. 

Data Collection 

Al postal questionnaire survey based on IZO('I-II that was modified to the construction 

design process was used to collect data (See Appendix C- translated for Indonesian 

survey). Two types of' data were to he collected from each respondent; negotiating 
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steles of the respondent and negotiation outcomes with reference to recent negotiation 

completed by the respondents. 

For data on negotiating style, the RO CI-ll which consists of* 28 questions on style 

attributes was modified to suit the construction context (Cheung et al, 2006). A live- 

point I ikert scale was used to measure the degree of' preference toward each of' the 

style attributes. A high score represents a greater preference. 

As for the second type of' data, it was based on a literature review (Rahim, 1983) on 

the possible negotiation outcome under the influence of the live negotiation styles 

suggested by I lolley et al. (2005). The respondents were asked to assess the degree of' 

achievement with respect to the itemized outcomes on a live-point Likert scale. A 

total 480 questionnaires were sent to senior construction professionals in Indonesia. 

The list was compiled by identilying key personnel in construction industry from 

government and professional directories as well as websites of' companies. For the 

Malaysian survey, 150 questionnaires were sent. 

it. Descriptive Statistics of Respondents (Indonesian Survey) 

I hrec hundred and twenty respondents returned the questionnaire. As shown in Table 

out of' the total 320 respondents, 212 respondents or 66% were from Private 

1) velopers while 70 respondents or 22% were from Consulting firms (architect and 

engineer) whereas the remaining 38 respondents or 12% oI the sample, were from the 

(iovernment Sector. 'l'abte 5.4 presents characterization of' the respondent base on 

location. 'HIC majority of respondents came From Jakarta, the capital city of'Indonesia 

(21%). The respondents represent professionals from all major cities in Indonesia. 

fahle 5.3 Composition of Respondents Based on Designation (Indonesia Survey) 
Re"punnlcnt Designation Number (0/1) 

I'rivatc I )cvclupcrs Facility manager 68 21 
Project Manager 1 12 35 
Design Manager 32 10 

Consultants (atchitccts and Project Manager 24 7.5 
cnginccr) Design Manager 46 14.5 
iovcrnnnent I )epartmcnts Project Manager 38 12 

101.11 320 100 



129 

fahle 5.4 Composition of'Resp dent Base on Location (Indonesia Survey) 

Designation Number (%) 
Surabaya and Making (I? ast Jawa) 56 17.5 
Jakarta 68 21 

Scmaran" (('cntral Jawa) 38 12 
liantlune, 35 11 
Ujung Pandang (Sulawesi) 45 14 
Kalim; uuan (Batjarmasin, ßalikpapan, Samarinda) 38 12 
Flores (hide) and NTT (Kupang) 40 12.5 

Total 320 100 

C. Descriptive Statistics of Respondents (Malaysian Survey) 

Thirty nine respondents represent professionals in construction industry which are 

project/construction manager; cnginer and architect from Peninsular Malaysia 

returned the questionnaire. As shown in Table 5.5, out ol'the total 39 respondents, 4 

or I)" o were from Government Sector while 35 respondents or 91% were from Private 

Sector. 't'able 5.5 also shows that the majority of' respondents came from consulting 

firms (51%). the small number on sample and response is due to the limitation of 

time to conduct the survey. Nevertheless, the number of 39 is enough to be analyzed 

by parametric statistic since the distribution curve is normal (Dowdy et al., 2004). The 

normal curve distribution is based on the central limit theorem and confidence 
interval. When the sample size approaches 30, the sampling distribution approaches 

normality. 't'his normal distribution will have the same mean as the parent 

distribution, and, variance equal to the variance o1' the parent divided by the sample 

size. 

Table 5.5 Composition of Respondent (Malaysia Survey) 

Respondent Number 

(il)Vl'fllllll'I11 sCclnf 

I'fl\': IIC SCC(Uf 

(%) 
4 9% 

Developer 1 3% 

Contractor 14 37% 

Consultant 20 5I% 

I otal 39 100% 
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I his section consists of results on the descriptive statistics of' negotiation variable and 

the results on relationship between the variable using multiple regression analysis. 

The result is derived from the survey research that was conducted in Malaysia in 2009 

and Indonesia in 2008 and 2009. 

5.4.1 Descriptive Statistics on Indonesian Survey 

This part presents the descriptive statistics of' the results Irom the Indonesian survey 

on negotiation style and negotiation outcome for each group of' respondents as can be 

shown from Table 5.6-5.8 

I alle 5.6 Mean and StI)cv of Private Developers' Negotiation Style (Indonesian 
Respondents) 
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2.3 
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Tables 5.6,5.7, and 5.8 arc shown graphically in the Figures 5.2 and 5.3. In Figure 

5.2, every group of' respondents has their own style of negotiation. The figure reveals 

that negotiation style does not depend on the background of' the respondent's 

5.4 Results of the Empirical Study 
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org. uniiatloll but rather depends on the respondent's role and designation. The Facility 

Manager has almost all styles in balance; Project Managers in Client organizations, 

Consultant organizations and Government tended to collaborate while Design 

Management in Client organizations and Consultant organizations tended to compete. 

fahle 5.7 Mean and Stl)cvv of C'onsultant's Negotiation Style (Indonesian Respondents) 
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Figure S. ± presents the mean of negotiation style fiºr each group of respondents. It is 

noteworthy that Design Management in both client and consultant organizations have 

low means of the Collaborating style. Instead, design management respondents often 
displayed the negotiation styles of competing and avoiding. On the contrary, Project 

Managers from Client, Consultant and Government organizations were the most 

collaborating in their negotiation style, in comparison to the other groups of 

respondents. 
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Figure 5.3 Mean of Negotiation Style by (iroup of* Respondents (Indonesian Respondents) 

By calculating the average scores respective to the live negotiation styles, the average 

scores fir the five negotiating styles were obtained. Table 5.9 shows the summary of 

these calculations. The diflcrenccs between these scores are very significant; the style 

that displays a higher average score may be viewed as the one that is more often used 

as compared to the others. In the Indonesian context, collaborating was the style most 

Ollen used by the respondents. 
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fable 5. o) Average and Standard Deviation on Negotiation Styles on Indonesian Respondents 

Negotiation Styles Average Score Standard Deviations 

I. Collaborating 
2. ('ompcting 
3. Compromising 

-1. Accommodating 

5. Avoiding 

3.618 1.190 
3.236 1.093 

3.168 0.956 
2.867 0.914 

2.645 0.963 

tables 5.10,5.1 1, and 5.12 and Figures 5.4 and 5.5 present the descriptive statistics 

for negotiation outcomes. 
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Table 5.12 Mean of('onsultant Negotiation Outcome (Indonesian Respondents) 
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'fables 5.10,5.1 1, and 5.12 can be shown graphically on Figures 5.4 and 5.5. On 

I` igurc 5.4 every group of'respondents has their own outcome of negotiation based on 

their negotiation style. The figure reveals that negotiation outcomes do not depend on 

the type of' organization the respondents work in, but rather on their role and 

designation. For example, all Project Managers in Client organization, Consultant 

organization and Government have similar outcomes based on their similar style of 

negotiation. 

F iu; ihty 
Manager 

I'M Client Design Mng PM Consultant 
Client 

Group of Respondents 

Design Mng PM 
Consultant Government 

  Problem Solving 0 Relationship Maintained 0Conflict Reduction 

o Conflict Escalation p Relationship Deterioration 0 Inaction 

ti Further Disagreement 

Figure Si 
. 

Mean Score ol'Negotiation ()utcomcs by Respondents Group (Indonesian 

Respondents) 
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By calculating the average scores respective to the live negotiation outcomes, the 

average scores were obtained. 'f'able 5.13 shows the summary of'these calculations 

Table 5.13 Average on Negotiation Outcome liar Indonesian Respondents 

Negotiation Outcome Average Score Standard Deviations 

I. I'rohlrnl tiulviiºl; 
2. Itclationshih Mainlainccl 

3. Conflict Reduction 

"1. ('untlict l: scalation 
5, Relationship Michoration 

0. Inactions 
7. I urthcr l)isaErccnºrnl 

3.654 0.827 
3.438 1.441 

3.634 1.156 
2.178 1.539 

2.455 1.434 

2.369 1.505 
2.788 1.183 

5.4.2 Descriptive Statistics on Malaysian Survey 

1 his section presents the descriptive statistics of the results from the Malaysian survey 

on negotiation style and negotiation outcome for each group of respondents, as 

sinnilat lv discussed for respondents from the Indonesian context in the preceding 

section of this chapter. Table 5.14 and Figure 5.6 present the data of negotiation styles 

while I able 5.15 and Figure 5.7 show the data of negotiation outcomes. 
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I'ahle 5.1 -1 Mean of Negotiation Stylc ol'Malaysian Respondents 
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I ahle 5.15 Mean ol*Negotiation Outcome (Malaysian Respondents) 
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5.4.3 Negotiation Styles and Negotiation Outcomes Correlation 

The relationship between negotiation styles and negotiation outcomes were explored 

using multiple regression analysis (MRA), a statistical technique that can be used to 

analyze the relationship between a single dependent variable and several independent 

variables (Aiken and West, 199)1). In this study, For each of the regression models, the 

dependent variable is one of the seven outcome taxonomies and the independent 

variables are the negotiating styles. 'I'hcrcfore, seven regression models were 

developed. Variables Ihr each of taxonomy of negotiation outcomes were calculated 

fin the multiple regression analysis. In summation, the equation of' the multiple 

regressions is in the fhllowing Ihrin with Y representing each negotiation outcomes 

variable and X representing the variable of negotiation styles: 

ti' aº bixi -1 b2x2 + b3x3 + b�X� (5.1) 

I he identification of the factors in the taxonomies determines if the outcome will be 

either functional or dysfunctional. For ease of discussion, the statistical results of 

these two types of negotiation outcomes are presented in Table 5.13 and Table 5.14. 

In fable 5.13 and 'fable 5.14, the It value represents the combined effect of the entire 

variety in prediction. An F test is used to test the significance of' R (Bluman, 2004, 

1.535). 'l he hypotheses are: 

11,,: 1 0 and 111: pf 0 (5.2) 

Where 1' represents the population correlation coefficient för multiple correlations, the 
FOrtnula FOr the F test is: 

1' = 
R'`lk 

(5.3) 
(1-R")/(n-k-1) 

\Vhere n is the number of' data groups (x l , x2,..... y) and k is the number of 

independent variable. The degrees ol'lireedom are d. f. N =- n-k and d. f. l) = n-k-I 

Comparable results were reported by it number of similar studies in exploratory factor 

analysis of negotiation style and outcome (C'heung el al, 2006) and in organizational 

conflict styles (Gross and Guerrero, 2000). 
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A. I ntloncsi: t Results 

I able S-16 and Equation 5.4-5.10 present the results for the multiple regression 

analysis done on the Indonesian survey. 

l able 5.16 Overall Results of' Multiple Regression Analysis (Indonesian Results) 

I)chcndcnt IMIchenLIent VMIM)ICS Coefficients 
variuhlc` (styles) 

(outcomes) 

'ýi Significant P-value 
1 

Problem Solving (1") 0.460727 0.806738 9.153611-110 0.047102948 

.t! Collaborating 0.328121 3.4172E-27 

x2 Accommodating 0.221851 7.886461'-15 
X3 Competing 

-0,055827 0.031305167 

x4 Compromising 0.395508 1.08521 E-26 

.0 Avoiding 0.112667 0.001013774 

IZcLUionship Maintained (v) 2.472799 0.858413 6.1256E-13I 5.20014E-07 

s/ Collaborating 0.630545 7.33223E-24 

. r? Acconnnodating -0.377480 I. 2534IE-10 

x3 Competing 
-0.319973 7.59543E-09 

x4 Compromising 0.383542 9.58137E-08 

x5 Avoiding, 
-0.156454 0.028014412 

(bni1ict ilc(fuctiun (1-) 1.424148 0.803586 1.1534I: -108 0.000529394 

. r/ 
Collaborating 0.161143 0.001003979 

. r' Accommodating 0.530014 2.51615E-24 

x3 Competing 
-0.390272 4.03895E-16 

xa Compromising 0.531561 2.54765E-17 
X5 Avoiding -0.118641 0.047943229 

('unf1ict 1? scalatiun (v) 3.986962 0.866251 8.13281? -135 3.0572E-14 

x/ Collaborating 
-0.473222 4.04904E-14 

. r' Accommodating -0.175960 0.003003558 

. V.? Competing 0.609708 I. 0484E-23 

. rd Compromising -0.615672 1.0921E-15 
x5 Avoiding 0.145727 0.04837907 

Itrlaliuntihip Deterioration (Y) 2.751925 0.873082 2.1911 E-138 2. I850713-09 

. r/ ('ullahurating -0.518333 1.00303E-19 

. 12 Accommodating 0.276463 2.57281 E-07 

. t". 
I Competing 0.113482 3.283791: -15 

x4 ('unihruniising -0.379578 1.2958E-08 

x5 Avuidint 0.245985 0.000210552 
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fahle 5. I6 O erall Results of Multiple Regression Analysis (Indonesian Results) (Continued) 

i)epctulent Independent variables ('oel'ticients 
variables (styles) 

(uutcumes) 

Inaction (rl 

0 Significant P-value 

1.106910 0.830917 7.3671 G-1 19 0.04769651 

. rl 
Collaborating 

-0.258271 0.000123753 

x2 Accommodating -0.141684 0.031167244 

x3 Competing 0.856452 4.346436-34 

x-/ Compromising -0.304881 0.000201055 

rS Avoiding 0.301376 0.000270267 

Furthrr I)isagrrcntrnt (v) 2.4,12002 0.805926 I. 76451: -109 1.372081? -07 

. r/ 
Collaborating 

-0.276884 5.23869E-07 

x2 Accommodating 
-0.108154 0.043032993 

. L3 Competing 0.568092 7.73928E-25 

. r4 Compromising 
-0.235597 0.000406303 

%: 5 Avoiding 0.213812 0.001447311 

'I here arc seven multiple regression equations obtained From the data: 

a. Problem. sol\'in g 

v 0.460727 f 0.328121x/ 10.221851x2 - 0.055827x3 + 0.395508x4 + 

0.112667x0 (5.4) 

In this equation, one style gives negative influence to the problem solving 

outcome. Problem solving will not be reached it' no party in the negotiation 

process has collaborative, accommodative, compromising and avoiding styles. 

I : ven though the avoiding style has not enough strength to influence the 

relationship towards problem solving, its value is positive. 

h. ItrlatiunshihMaintainrcl 

ý 2.472799 + 0.630545. v/ - 0.37748x2 - 0.319973x3 + 0.38354x4 

- (). 156454. r5 (5.5) 

'I III-cc styles give negative strength to this outcome, which are 

accomm odating, competing and avoiding. if the value of xl and x4 is zero, in 

other words, no party in the negotiation process has a collaborating or 

compromising style, the relationship will never maintain. The style of 

accommodating, which gives a negative inlluence to the relationship 

nºaintained, would appear irrational. 
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c. ('onflict Reduction 

y 1.424148 F 0.161143x/ + 0.530014x2 - 0.390272x3 + 0.53156x4 

- 0.1 18641x5 (5.6) 

't'his equation reveals that conflict reduction will occur as a negotiation 

outcome, if the value ofx2 or x4 is at least 1, on condition that the value of x3 

and x) are also 1. This means that conflict that arises during the negotiation 

process can be reduced by presenting one of the stakeholder styles. 

d. Conflict 1? scalation 

Y 3.986062 - 0.473222x1 - 0.17596x2 + 0.609708x3 - 0.61567x4 + 

0.145727x5 (5.7) 

From this equation, the collaborating, accommodating, and compromising 

styles will reduce conflict. Nevertheless, conflict escalation will occur during 

the negotiation process on any condition of style. This result is contrary with 

the conflict reduction result. 

c. Relationship Deterioration 

y 2.751925 f -0.518333x/ + 0.276463x2 + 0.41348x3 - 0.379578x4 + 

0.245985x5 (5.8) 

Relationship deterioration will occur in any condition of negotiation style; two 

styles will reduce this outcome - collaborating and compromising. 

I. Inaction 

Y 1.10691 - 0.25827x/ - 0.141684x2 + 0.856452x3 - 0.304881x4 

0.301376x5 (5.9) 

The likelihood of an outcome of Inaction will be reduced with a collaborating 

style, accommodating style and compromising style. Like the two previous 

outcomes of conflict escalation and relationship deterioration, Inaction cannot 

be evaded in a negotiation process. 

9" Furt her I )isabrccmcnl 

ý 2.442002 +-0.276884x1 - 0.108154x2 + 0.56809x4 - 0.235597x4 + 

0.2138 1x5 (5.10) 
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I his outcome is similar with Inaction. The three styles of collaborating, 

accommodating and compromising will reduce the disagreement, but will not 

ºnitig tte the situation iiconmpeting and avoiding styles arc present. 

B. Malaysian Results 

I able S. 17 and 1? cluation 5.11-5.17 present the results from the multiple regression 

analysis on the Malaysian survey. 

fahle S. 17 Overall Results of' Multiple Regression Analysis (Malaysian Results) 

I)etpenclent Independent variables Coefficients 
variables (styles) 

(uu(cotnes) 

Problem Solving (v) 

X/ Collaborating 

x? Accommodating 

xJ Competing 

. v4 Compromising 

x5 Avoiding 

Relationship Maintained (v) 

. cl Collaborating 

x? Acconunodating 

. r; 
Competing 

. r-l 
Compromising 

x5 Avoiding 

Conflict RC(Itictioll 0. ) 

.v/ 
Collaborating 

. r' Accommodating 

. V.? Competing 

. \4 ('onºhronºising 

. v5 Avoiding 

Conflict I{scaLition (t-) 

X/ Collaborating 

x2 Accommodating 

x3 Competing 
x4 Compromising 

xS Avoiding 

ýi Significant P-value 

F 

1.35897 0.056866 0.914164 0.718044 
1.12041 0.306004 
0.35108 0.723508 

-0.06660 0.930106 

-0.76454 0.384053 
0.03536 0.946125 

3.559845 0.120345 0.659463 0.006216 
0.428632 0.221919 

-0.128589 0.684817 

-0.282072 0.250958 

-0.063019 0.820775 
0.067497 0.686530 

2.562883 0.079319 0.834621 0.033717 
0.041636 0.899952 

-0.079779 0.792591 
0.041466 0.858355 

-0.074902 0.778873 
0.205041 0.207846 

4.271817 0.4491265 0.009782 3.07E-05 

-0.572404 0.025479 
0.579137 0.014593 

-0.230042 0.184955 

-0.187829 0.341 165 
0.100448 0.395709 
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I ahIe 5.17 Overall Results of* Multiple Regression Analysis (Malaysian Results) (Continued) 

Uchendcnt Independent variables C'ocfficicuts R` Significant P-value 
ýariahIcs (st1'Ies) F 

(outcomes) 

Relationship Deterioration (t, ) 2.294142 0.376226 0.034909 0.038109 
s/ Collaborating 

-0.347066 0.260329 
x2 Accommodating 0.478571 0.095360 
x3 C'ompcting 0.324357 0.137631 

. rd Compromising -0.430787 0.088133 

. t'5 Avoiding 0.114105 0.440673 

Inaction (v) 

X/ Collaborating 

. r? Accommodating 

. ti3 Competing 

x4 Compromising 

V5 Avoiding 

2.607085 0.262682 0.170638 0.051917 

-0.633321 0.097310 
0.057350 0.865936 
0.032015 0.902082 
0.563770 0.068411 
0.178386 0.324757 

I trrthcr Disagreement (I-) 

.1/ Collaborating 

. r? Accommodating 

X3 Competing 

X4 Compromising 

x5 Avoiding 

2.165381 0.634101 0.0001 13 0.017763 

-0.844227 0.002106 
0.542209 0.023613 

-0.021597 0.901042 
0.374192 0.069873 
0.273602 0.029793 

The seven multiple regression equations obtained from the data are as follows: 

a. Problenº soli' 

V 1. >5897 1 1.12041.0 + 0.35108x2 - 0.06660x3 - 0.76454x4 + 

0.03536. E i (5.11) 

In this equation, two styles give negative influence to the problem solving 

outcome. As before, problem solving will not he reached if no party in 

negotiation has collaborative, accommodative, and avoiding styles. Again, 

although the avoiding style has little influence on problem solving, its value is 

positive. An interesting finding in the Malaysian survey is found in the 

compromising style, which actually gives a strong negative influence to 

problem solving. This is contrary to the Indonesian findings where the 

compromising style gave a strong positive influence to problem solving. 
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h. Relationship Maintained 

3.559845 i 0.428632x/ - 0.128589x2 - 0.282072x3 - 0.063019x4 + 

0.067497x5 (5.12) 

Three styles give a negative strength relationship to this outcome, which are 

accommodating, competing and compromising. 

c. Conflict Reduction 

2.562883 1 0.041636x/ - 0.079779, x2 + 0.041466x3 - 0.074902x4 + 

0.205041. x5 (5.13) 

Nevertheless, there are two negative variables that give negative influence, 

nani lv accommodating and compromising, conflict reduction will occur as a 

negotiation outcome on condition that there are at least x5. 

d. Conflict Is-Calati-Oll 

4.271817-0.572404x1 + 0.579137x2 - 0.230042x3 - 0.187829x4 + 

0.100448. v 5 (5.14) 

From this equation, accommodating, and avoiding styles will reduce the 

conflict. 

C. Relationship] )ete_rioration 

v 2.294142 - 0.347066. x/ + 0.478571, x2 + 0.324357x3 - 0.430787x4 + 

O. 1 14105x0 (5.15) 

With dilfcrent values of the regression constant and coefficient of each 

variable, this result is similar with the Indonesian result. There are two styles 

will reduce this outcome, namely collaborating and compromising. 

Inaction 

V 2.607085 - 0.633321x! + 0.032015x2 + 0.032015x3 + 0.563770x4 + 

0.178 38 6.0 (5.16) 

Inaction will be reduced with the presence ofa collaborating style. The other 

tour styles naively accommodating, competing, compromising, and avoiding 

will increase the possibility of an outcome of inaction. 
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9. I, urthcr I )isagrccmcnt 

v 2.165181 - 0.844227x/ -+ 0.542209x2 - 0.021597x3 + 0.374192x4 + 

0 . 273602.0 0 (5.17) 

Two styles will reduce the disagreement, which are collaborating and 

competing, but they will not be strong enough influence if any of the 

accommodating, compromising and avoiding styles are present. 

5.5 Negotiation Styles and Outcomes in the Scenario of a Support System 

In a negotiation process, its outcome is fully dependent on the negotiators, no matter 

%%hat the protocol is. It is thcref`6rc important to evaluate the people that participate in 

the negotiation. Such an evaluation method should reveal how cooperative or how 

reactive a negotiator is (Matsatsinis and I)elias, 2004). The empirical research on 

negotiation style and outcome reveals that the outcome of the negotiation will be 

influenced by the style ol'the negotiator. Negotiation styles will influence the scenario 

on negotiation. figure 5.8 shows the relationship between negotiation style and 

outcome in the development of agent-based negotiation. 

Survrv 
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Now Using Prome 
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Validation of the 
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I ip. urc ). h I ranu%%urLs oI'Nrgutiation Style and Outcome on Scenario Agent Development 

In the agent negotiation system, scenarios are complementary to goals in that the 

scenarios show the sequences of'steps that take place within the system and how these 

goals will be part of various processes (Padgham and Winikofl; 2004). Scenarios 

enable the simulation of some of the structures, which in turn, helps identify goals of' 

an agent system. Scenarios are used primarily to illustrate the normal running of' the 

system, although it can also be useful to develop some other scenarios that indicate 

what is expected to happen when something goes wrong. In this research, the main 
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scenario is how to reach an agreement through negotiation it, the participants 

identified have different styles which will influence the negotiation outcome. The 

outcome of negotiation is distinguished by two main types namely, positive or 

functional outcome (problem solving, relationship maintained, and conflict reduction) 

and negative or dysfunctional outcome (conflict escalation, relationship deterioration, 

inaction, and further disagreement) as mentioned before. 

As scenarios are developed, it becomes evident where there is a need for information 

from the environment (i. e. percepts). Also, as scenarios are developed, it is common 

to identity additional goals that are needed. The core of a scenario consists of a 

sequence of steps. According to I'adgham and Winikoff (2005) the possible steps are: 

achieving the goals (GOAT, ), performing an action (ACTION), receiving a percept 

('l'R('I": I'l'), or rel rring to an appropriate scenario (SCENARIO). Scenarios are 

intended to give a clearer idea of the system, not to fully define it. Given that there is 

no attempt to describe all possible scenarios, 

This section describes how "Cooperation based on game theory" will be applied to all 

algorithms in this research for different scenarios, and goes on to outline possible 

technical solutions (Kelly, 2003). The type of' interrelation with other participants is 

determined by the Communication structure, which consists of three types: "selfish", 

"cooperative", and "hierarchic" as agreed in much of'the literature (Karny and Guy, 

2004; Kraus, 2001 a). From the cooperation viewpoint, the acting stages for different 

types of scenarios are distinguished by sharing the data about the common part of 

considered behaviors. In this research, the output ol'the mathematical models from the 

empirical study becomes the input for all calculations on each scenario based on the 

interrelation type. 

'Ifhe design ()fall types of scenarios consists of two phases: the communication phase 

(when ill liºrnºatiun exchange takes place) and the updating phase (when particular 

participants update the model). In the communication phase, the selfish scenario 

supposes that it communicating participant either sends to or receives from another 

participant's information. Then the facultative updating phase for the information- 
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receiving participants begins. I? ven the sellish scenario requires at least minimum 

cooperation during the communication phase (Karny and Guy, 2004). 

In contrast to the selfish scenario, the cooperation scenario assumes that the mutual 

exchange ol' models and ideals at the communication phase is followed by an 

obligatory updating phase. The result of the negotiations at the design stage must be 

the Co111111o11 Model Ior communicating participants, concerning the common part of 

the data space. The last of the three, the hierarchical scenario, assumes existence of a. 

participant coordinating a whole group of participants. The exceptional position of the 

coordinator is given by his or her power to influence the members of the group. The 

Ii)ilowwwing sub-section describes technical details of all scenarios based on the 

negotiation style and its relationship with negotiation outcome, as presented in Table 

5.18. 

'f'ahle 5.18 Scenario and Style of Negotiation 

Scenario 

Sei fish 

('o pcr; IIiyc 

Stylt 
Avoiding 

Competing 

Accommodating 

Compromising 

I Iirr, irchiral Collaborating 

Relationship model 

Dysfunctional: 
y 3.986962 + -0.473222x/ + -0.17596x2 + 

0.609708x3 + -0.61567x4 + 0.145727x5 

y-2.75 1925 + -0.518333x/ + 0.276463x2 + 0.41348 

x3 I -0.379578x4 + 0.245985x5 

y 1.10691 + -0.25827x/ + -0.141684x2 + 0.856452 

A +-0.304881x4 +0.301376x5 

y 2.442002 +-0.276884x/ + -0.108154 x2 + 

0.56809x4 + -0.235597x4 + 0.21381x5 

Functional: 

Y 0.460727 -+- 0.32812Ix1 -+-0.221851x2 +- 

0.055827x3 -+- 0.395508x4 + 0.1 12667x5 

2.472799 -+ 0.630545 xl -f -0.37748x2 +- 

0.319973x3 + 0.38354x4 + -0.156454x5 
2.442002 -+--0.276884x/ + -0.108154x2 + 0.56809 

x4 i -0.235597x4 -+ 0.21381x5 

Karny and (iuy (2004) give the assumption for each scenario. The assumptions of 

sei fish scenario are based on mathematical proof established by: 
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I. I he participant h is not aware oI the space " C)'/"Q)' and thus it may exploit 

at most the marginal choice " 
. 
/'(//) . 

ý. I he Only available information about the relationship between G and II is in 

which should thus coincide with the corresponding conditional 

expectation. the assumptions arc: 

I: "'', /((;, ll)l'' /(c; lll), '' f(11,1) =E "'' /((;, II)l'' ý'(G, 11), '' ý'(II) 

And 

ýýý; -1/)l'' /(c;, ll). '', l(ll) I"'' /((; lll)l'' f((; lIl), '' f(1I) _'' f(G111) 

(5.18) 

No "'formation on the correlation between "" f((i / /I ) and 
° ". f(II ) is 

i :, 

availahlr, thus suggesting an assumption as 1OI1ows: 

E: ", ./ 
(c, ý ii),,,. i(li). " . f((, 'i i/). " . i(ii), ý' . 1(1/) = 

/ (c; /ri)i: t(ir)i i(c; iii), [(ii), t(ii) (5.19) 

3. It remains to sprcil"y the expectation of' "'J'(11) given by a pair ol"altcrtiativcs 

with given degree ol' belief'. 

Op /(rr)i ý /(rr) ý >(ri) 

P UY " /ýýll ) (I-- '' a) 
'' 

. 
i. (// ) (5.20) 

In the cooperative scenario, communicating partners are obliged to come to a 

C0111111011 model and ideals concerning the common part of their behavior. It means 

that they have to negotiate on the belief values assigned to the partners. A fair 

negotiation is required to judge final loss on the union of both considered behaviors. 

The extension on the union of behaviors is the key problem to he addressed. 
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I he Ind ir, ºttIr 0f the union 0f behaviors is given by Karny and Guy (2004) as follow: 

'' 'i ((;, ti, i) , ý/((; i ii),. /'(l i lIý a`'J'(ll)+(1-a)''f(H) (5.21) 

On hierarchical scenario, individual participants in the group p* are coordinated by a 

single member of the group, referred to as the coordinator. The coordinator has the 

power to influence other participants in the group by: 1) enforcing ideal choice and 

models of their environments, 2) using the data supplied. Although individual 

participants may behave selfishly or cooperatively, they must accept some ingredients 

enforced to them by the coordinator. The coordinator processes the provided cluster 
ideal by employing data to the participants from this cluster. The data record available 

to the coordinator is defined by Karny and Guy (2004) as fellow: 

''' /, ((l, /c1(º - I))__ý' / (ý'cl, /rl,, (l(l - I))'''. /, (''(l, /''cl(l - I)) (5.22) 

NOerr "' d Pd, ; (1,, (1(1 1)) is the constructed coordinator's ideal. 

5.6 tiui»n1: 1ry of the Chapter 

I he relationship between negotiation style and outcome was investigated in this 

Chapter. The mathematical modeling of' multiple regression analysis was revealed by 

following an empirical study of' negotiation styles and negotiation outcomes in 

Indonesia and Malaysia. A set of scenarios is then developed based on the regression 

results which are: the selfish scenario consisting ol'the avoiding and competing styles; 

the Cooperative scenario consisting of' the accommodating and compromising styles; 

and finally, the hierarchical scenario consisting of' the collaborating style. In the 

following chapter, the research thesis presents a technique for analyzing the 

agreement options. The results from this chapter provide important considerations for 

the chapter that follows. 
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CIIAP'I'1? IZ SIX 

: ý(; RI; I: ýII: N'1' O1'"PIONS, COALITION AND TRAUE-OFF ANALYSIS 

6.1 1ntrotluction 

Iles chapter presents a process of identifying agreement options, analysis of 

agreement options, and coalition and trade-off' analysis. A coalition is required to 

reach an agreement options between all stakeholders through negotiation process. 

'T'his chapter follows Chapter Four. Whereas Chapter Four discussed the decision 

process for individual stakeholder, this chapter discusses the group decision using 

data from individual stakeholder presented in Chapter Four. This chapter consists of 

two main parts, which are agreement option process and trade-off analysis. The first 

section is the Introduction. Section two discusses agreement options and coalition 

formation. In this section, the process of identifying, analyzing agreement options, 

and determining the coalition formation algorithms are presented. Section three 

describes the trade-off analysis in the negotiation process. A summary of this chapter 

is presented in section tour. 

0.2 Agreement Options 

Identification of' agreement options acts as second-level filter of'the technical solution 

selection process. The first is the screening of' technical solution products, which is 

usually based on the limits applied on the search criteria, while the second litter is 

based on stakeholders' preicrence. 't'his second filter on the alternative technical 

solution products limits the tedious work fir trade-off analysis, however, it should be 

noted that the set of' agreement option changes as the negotiation progresses. 

Generally, the negotiation process should lead to a single agreement option. Figure 

6.1 presents the first and second stage of' filtering. 
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V Filtcring process aCaltcrnativcs ........................................ 
-------------i 

Selection of technical Identification of agreement Options for 
solution option --; º trade-oll' 

------------ 

; I` tiller based on criteria requirement 21 1 liltcr based on 
(function and cost) stakeholder preferences 

Figurr 6.1 First and Sccond Stage ofFiltcrinb Alternatives 

Agreeinent options are determined by identifying the potential stakcholder's sub- 

group (client, consultant, and facility management), followed by determining the 

optimal solution for each sub-group. The optimal sup-group solutions represent the 

agreement options because the stakeholder sub-group corresponds to the possible 

coalitions that stakeholders conform to in an effort to strengthen their individual 

positions in the solution alternative during the negotiation process. The solution with 

the best fitness factors ranking is the best-fit solution for the concerned stakeholder 

sub-group. 

6.2.1 Analysis of Agreement Options and Coalition 

I he cncral goal fin coalition formation is to maximize utility, but the actual reasons 

for firming coalitions are normally diflcrent for diflcrent agents, and different 

negotiations (Kelly, 2003; Wanyama, 2007). Coalition formation in Multi-Agent 

System (NIAS) has attracted a lot of' attention because agents can easily be used to 

represent negotiating entities, and are capable of' finding more profitable coalition 

than human in complex environments. 'T'here are two varieties of automatic coalition 

formation models: the utility-based models (Kahan and Rapoport, 1984; Klusch and 

Gerber, 2002; Kraus, 1997; Kraus, 2001a) and knowledge-based model (Maheswaran 

and Basar, 2001; and Abdallah and Lesser, 2004). In his research, Wanyama (2006, 

2007) proposed it coalition formation based on both models. Ile also proved that static 

coalition structures oflcred better control of' negotiation dynamic, and expedited the 

neV. otiation process more than the dynamic structures. 
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Negotiation has coalition formation algorithms based on agent ownership. Coalition 

formation algorithms can also be classified into static and dynamic algorithms 

(Wanyaina, 2007; Wanyama and Far, 2006; Kluseh and Gerber, 2002). Adapted from 

\Vanvama, this research employs multiple coalition formation algorithms. First is 

coalition formation, second is solution options ranking for the individual and group, 

and third is a model that represents agents' level of commitment toward their 

coalitions. The major issue in coalition formation in MAS is not the coalition 

structures themselves, but the search for structures that maximize utility. This implies 

that the concept of designing coalition formation algorithms that target particular 

coalition structures misses the main objective of coalition formation. Unfortunately, 

most knowledge-basal coalition formation algorithms follow this approach. 

This research presents three stakeholders, namely the Architect, Facility Manager and 
Project Manager. 't'hey are the parties in the roof system selection presented in 

('hapter Four. Five stages are involved to determine agreement options, which are; 

I )etermining the weighting factor (weight of'preferences) of criteria for each 

stakeholder and the aggregation. 
2. ( irading of alternative for each evaluation criteria. 

Scoring of every alternative for every stakeholder 
4.1)eterniining the optimal solution (payoff optimum) 

Determining the fitness factor of an alternative solution 

The first three stages cane from individual decision presented in Chapter Four. The 

results from these first three stages are used to determine the agreement options in the 

last two stages. This is described as follow: by Following two stages below. 

l ýrlrrntinuliull of nhti»1ul, sýolrr/iuiý)cI), ntfohtim um) 

'HIC determination of the optimal solution for each stakeholder in a coalition is based 

on a cooperative multi-person games with complete information in which coalition- 

firrmation among sub-group members are allowed (Kelly, 2003; I3ialas, 1998; 

Aumann and Maschler, 1977). In the context of Game Theory, Bialas (1998); 
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Aumann and Maschler (1997) and ('aillau et al. (2009) presented a proof that the 

formation of' coalitions among subsets of negotiating entities (stakeholders) provides a 

means fir achieving Pareto optimality, since every member in a coalition acts in such 

a way to benefit the entire coalition. Then- arguments can be summarized by following 

algorithms: 

Let K jl, 2.... N} stands for a set of' N negotiating stakeholders, P= {R,, R,,..., K_ } 

stand fir a Coalition structure, where R, n R, =0 fir all 1.1-1_1 =K and R, 's are 

non-empty partitions of' K, and z is the number of coalitions. In addition, let 

1; {{i}, j? },... }ý1' }} stands fur the singleton structure and I= {K} denotes the grand 

coalition. Coalition formation leads to an objective function For each stakeholder in 

coalition R, given by the equation below, where 
. >; (x) is the payoff of- stakeholder i 

and 91" (x) is the payoff of coalition R, , for icR, . 
The variable x in the function of 

the payoff of stakeholders stands fir the criteria to he evaluated for the alternative 

solutions. 

g, r, (v) =1 ,. f; (ý ) 
� R, 

(6.1) 

I herelore, stakeholder icR, maximizes gm (x) instead of. /; (x). For every coalition 

structure, stakeholder hayolts are determined by assuming that a rational stakeholder 

i41; chooses an alternative liar the group. 

Iüalas (I )9K) and Wanyania (2006) showed that for any imputation 

II(. rr, , T....... it, ), where Tr, is the payof f' of'stakeholder /, therefore it, satisfies the 

1i)110%%"ing equations: 

ý 

. p1C 
' 11'(ýý) iUKý 

ýrýNýi 
=UU (6.2) 

I heret, ore, the IiºIlowing are the values of interest in the coalition formation process: 
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l. Mllllillllill lla}'l)tt S (i) 
1111Ct 111aX111111111 payoff S,,,,,, (i) 

2. Minimum payoff'ot'non singleton w(P) 

. 
+. 1'ayut3'c)f the grand coalition (l,; 

A linear programming formula is used to determine the Pareto optimal payoff for each 

stakeholder in each coalition. A linear programming on Game Theory is used to 

determine the payoff, players in a coalition (Thompson, 1966, Barron, 2008; 

\Vanvama, 2006). 

Min // (Objective function) 

Where /1 is a measure of deficit that a coalition may suffer during the distribution 

of' º'esouº'ce ( (',, ) 

With preemptive priority 

I'l : 'T'otal payoffof, coalition 

P2 : Function of' goal constraint every scenario. 

The value of 11 1_ camcs from mathematical model of'styles and outcomes correlation 

presented in ('hapter 5. 

L , iT, Ii, (Constraint 1) (6.3) 

The first constraint ensures that the total earning of stakeholders is equal to the 

available resources. 

S.,,.,, (i) - '. T, ý; . ti' a, 
(i), Vi cN (Constraint 2) (6.4) 

'I he second constraint ensures that no stakeholder earns less than what it can obtain 

when acting alone. Wanyamul (2006) clearly argued that the reason being that if the 

stakeholder receives an amount i, <S,,,,,, (i), it simply reject the solution and at 

\volst, Carn . s,, 
,, 
W 

L, /. 
(z, f 1, /1) : w(1'), Vl' cN (Constraint 3) (6.5) 
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The third constraint minimizes the deficit of any coalition with respect to 14, (P). The 

coefficient of ß is 
� , SC,, where SC, is the importance of a stakeholder based on 

the negotiation scenario 

2 <_ P< N (Constraint 4) (6.6) 

Constraint 4 is number of coalition member. 

fsc > df (Constraint 5) (6.7) 

Constraint 5 ensures that summation of functional scenario higher than 
dysfunctional scenario on the mathematical model of negotiation styles and 

outcomes correlation. 

There are two kinds of Pareto Optimum payoff that represent the value criteria for 

VM namely function and cost. Tables 6.1 and 6.2 present the determination of payoff 

optimum for `Cost' and `Function' respectively 

Table 6.1 Pareto (Payoff) Optimum for the COST of Each Stakeholder in Each Coalition 

Coalition 

SFI 1-+-2+3 
Sill 
SF12 
S113 

Z. 
S111+2 

SH1+3 

SH2+3 

al 
0.261 
0.280 
0.220 
0.761 

al 
SI-11 0.261 
S112 0.280 

0.541 

al 
SI ll0.261 
S113 0.220 

0.481 

al 
S112 0.280 
S113 0.220 

Z 0.500 

a2 
0.177 
0.153 
0.242 
0.572 

a2 
0.177 
0.153 
0.330 

a2 
0.177 
0.242 
0.419 

a2 
0.153 
0.242 
0.395 

Alternatives 

a3 
0.257 
0.274 
0.219 
0.750 

a3 
0.257 
0.274 
0.532 

a3 
0.257 
0.219 
0.476 

a3 
0.274 
0.219 
0.493 

a4 
0.057 
0.049 
0.041 
0.147 

a4 
0.057 
0.049 
0.106 

a4 
0.057 
0.041 
0.098 

a4 
0.049 
0.041 
0.090 

a5 
0.248 
0,243 
0.278 
0.769 

Payoff Optimum Ito; 

max-min) 
0.204 
0.231 
0.236 

Optimum 
0.261 
0.280 
0.229 

a5 (max-min) Optimum 
0.248 0.204 0.261 
0.243 0.231 0.280 
0.492 

a5 (max-min) Optimum 
0.248 0.204 0.261 
0.278 0.236 0.265 
0.526 

a5 (max-min) Optimum 
0.243 0.231 0.280 
0.278 0.236 0.241 
0.521 
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Table 6.2 Pareto (Payoff) Optimum for the FUNCTION of Each Stakeholder in Each 
Coalition 

Coalition 

Sill 12+3 
Sill 
SI12 
S113 

Sl1l-i2 

Sill 13 

SIi2+3 

a1 
0.264 
0.275 
0.306 
0.845 

al 
Sill 0.264 
S112 0.275 

)' 0.540 

aI 
Sill 0.264 
SI 13 0.306 

Y 0.570 

S112 
S113 

Z 

a1 
0.275 
0.306 
0.581 

a2 
0.186 
0.147 
0.141 
0.474 

a2 
0.186 
0.147 
0.333 

a2 
0.186 
0.141 
0.327 

a2 
0.147 
0.141 
0.288 

Alternatives 

a3 
0.114 
0.120 
0.128 
0.362 

a3 
0.114 
0.120 
0.234 

a3 
0.114 
0.128 
0.242 

a3 
0.120 
0.128 
0.248 

a4 
0.159 
0.146 
0.133 
0.43 8 

a4 
0.159 
0.146 
0.305 

a4 
0.159 
0.133 
0.292 

a4 
0.146 
0.133 
0.279 

a5 
0.277 
0.312 
0.292 
0.880 

Pareto Optimum Ito, 

(max-min) 
0.163 
0.191 
0.178 

Optimum 
0.277 
0.298 
0.306 

a5 (max-min) Optimum 
0.277 0.163 0.277 
0.312 0.191 0.312 
0.588 

a5 (max-min) Optimum 
0.277 0.163 0.277 
0.292 0.178 0.293 
0.569 

a5 (max-min) Optimum 
0.312 0.191 0.298 
0.292 0.178 0.306 
0.603 

"I'hc payoff optimum in both tables refers to each stakeholder in each coalition. The 

value of (max-min) payoff for a stakeholder is used to determine the payoff optimum 

by applying the coordinating scenario. This means that no one stakeholder has higher 

importance than others. This scenario can be changed depending on the situation of a 

project. 

Fi/ je. ss factor ofan alternative solution 

'l'hc linear programming formulation yields a Pareto optimal solution with imputation 

11 = (7r, 
, ; T, ,....,; r,, 

) (Schmitendorf and Moriarty, 1976; Thompson, 1966) Therefore, 

there are two parameters to determine the best option, which are the negative value 

and positive value. Wanyama (2006) determined these values by comparing 

stakeholder's payoffs with Pareto optimum. Figure 6.2 below is the process of fitness 

factor adapted from Wanyama (2006), Schmitendorf and Moriarty, (1976), Thompson 

(1966), and Westwood and Allan (2007). On this research the process is applied to 

both value criteria namely function and cost. There are two categorize of best options 

which are best for function and best for cost. Based on the two categorize, a best 

option for all stakeholder can be determined by value equation which is 

Function/Cost. 
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Payoff fin- each alternative 
solution 1br stakeholder i ; Tiaj - ; T0 i 

Q+ for X, >0 
Q- for X;, <0 

I 
+ 

+_ ý//ý - 

I 

X2 2 
ieý), 

xij 

L1N_] 
Fitness factor: 

and vIj = 

G'-fýý, Vf>ý 

I 

Figure 6.2 Process of Fitness Factor 
(Adapted from Thompson, 1966; Schmitendorf and Moriarty, 1976; Wanyama, 

2006; Westwood and Allan., 2007) 

For both value criteria, the best selectability option is the one with the least negative 

value. I lowever, if two alternatives have the same negative value, then the one with 
higher positive value of is better. The rationale is that if the negative value is close to 

zero, then most stakeholders earn a payoff close to their Pareto optimum. A high 

negative value means that some stakeholders earn higher than their Pareto optimum. 

In the context of negotiation during the selection process for a technical solution of 
building system alternatives, the negative value of the grand coalition represents the 

amount of risk (Wanyarna, 2006) associated with the corresponding alternative 
building system. Tables 6.3 and 6.4 present the process and calculation for the best-fit 

solution of each coalition in the first round of negotiation. 

In this system, negotiation consists of exchange of proposals between agents. When 

agent i proposes its alternative to agent j, this alternative should be the most preferred 

alternative for agent j (with the highest priorities with respect to the goal) to accept it 

immnmediately. If not, agent j tries to change the alternatives order of preference by 

adjusting judgments in pair-wise comparison matrices. If the proposal is not accepted, 
it will send a counter-proposal. The negotiation will stop when an alternative is 

approved unanimously. 

i 
ý 22 ýlEQ, xij 

N 
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Wanyama and Far (2007) wrote that sets of activities could move, expand and retract 

during negotiation. When a user takes into account a new alternative, agents propose 

this alternative to all users. A user group is associated with a sub-hierarchy. When a 

user takes into account a new criterion, this criterion is proposed to the corresponding 

group. 

Work in game theory describes which coalition will be formed in n-person games 

under different settings and how players will distribute the benefits of the cooperation 

among themselves. 

Table 6.3 Best-Fit Options for COST for Each Alternative in Each Coalition 

x,; c+ý 
al SHI SH2 

SH 1 +2+3 
SH1+2 
SHI+3 
SH2+3 

0.00 
0.00 
0.00 
0.00 

0.00 
0.00 
0.00 
0.00 

SH3 

0.00 
0.00 
0.00 
0.00 

SH1 

0.00 
0.00 
0.00 
0.00 

xrl (-) 

SH2 SH3 7' 

0.00 -0.01 5.20 
0.00 0.00 0.00 
0.00 -0.05 32.53 
0.00 -0.02 14.85 

a2 SHI SH2 SH3 vJr SH1 SH2 SH3 W, 

SH 1+2+3 0.00 0.00 0.01 8.08 -0.08 -0.13 0.00 87.91 
SH 1+2 0.00 0.00 0.00 0.00 -0.08 -0.13 0.00 107.67 
S1-11+3 0.00 0.00 0.00 0.00 -0.08 0.00 -0.02 61.58 
S112+3 0.00 0.00 0.00 0.71 0.00 -0.13 0.00 89.80 

a3 SHI SH2 SH3 WJ+ SH1 SH2 SH3 V/ 
-1 

SH 1+2+3 0.00 0.00 0.00 0.00 0.00 -0.55 -0.01 319.91 
SH 1+2 0.00 0.00 0.00 0.00 0.00 -0.01 0.00 5.10 
SHI+3 0.00 0.00 0.00 0.00 0.00 0.00 -0.05 32.65 
SH2+3 0.00 0.00 0.00 0.00 0.00 -0.01 -0.02 16.12 

a4 SHI SH2 SH3 wJ+ SHI SH2 SH3 ! // , 
SH 1+2+3 0.00 0.00 0.00 0.00 -0.20 -0.23 -0.19 208.12 
SH 1 +2 0.00 0.00 0.00 0.00 -0.20 -0.23 0.00 217.92 
SH 1+3 0.00 0.00 0.00 0.00 -0.20 0.00 -0.22 214.23 
SH2+3 0.00 0.00 0.00 0.00 0.00 -0.23 -0.20 216.06 

a5 SH I SH2 SH3 V. 1 
+ SHI SH2 SH3 lpj 

SH 1+2+3 0.00 0.00 0.05 28.29 -0.01 -0.04 0.00 22.46 
SH 1+2 0.00 0.00 0.00 0.00 -0.01 -0.04 0.00 27.50 
SH1+3 0.00 0.00 0.01 8.49 -0.01 0.00 0.00 8.49 
SH2+3 0.00 0.00 0.04 26.16 0.00 -0.04 0.00 26.16 

'// + 
Y' j 

0.00 
0.00 
0.00 
0.00 
+ 
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Table 6.4 Best Fit Options for FUNCTION for Each Alternative in Each Coalition 

x,; (+) 

al SHI SH2 SH3 VIJ+ SHI SH2 
Z, (-) 

SH3 W, 
SH1+2+3 0.00 0.00 0.00 0.00 -0.01 -0.02 0.00 14.75 
S141 +2 0.00 0.00 0.00 0.00 -0.01 -0.16 0.00 117.03 
Sill-1-3 0.00 0.00 0.01 9.19 -0.01 0.00 0.00 9.19 
Si-12+3 0.00 0.00 0.00 0.00 -0.02 0.00 15.56 

a2 SHl SH2 SH3 tjii+ SH1 SH2 SH3 yi, 

SHI+2+3 0.00 0.00 0.00 0.00 -0.09 -0.15 -0.16 139.02 
S1-11+2 0.00 0.00 0.00 0.00 -0.09 -0.16 0.00 133.24 
SH 1-+-3 0.00 0.00 0.00 0.00 -0.09 0.00 -0.15 125.27 
SH2+3 0.00 0.00 0.00 0.00 0.00 -0.15 -0.16 157.63 

a3 Sill SH2 SH3 y/ + SHI SH2 SH3 WI 

S1-I 1 +2+3 0.00 0.00 0.00 0.00 -0.16 -0.18 -0.18 172.80 
SH1+2 0.00 0.00 0.00 0.00 -0.16 -0.19 0.00 177.55 
SH 1+3 0.00 0.00 0.00 0.00 -0.16 0.00 -0.16 164.00 
SH2+3 0.00 0.00 0.00 0.00 0.00 -0.18 -0.18 177.50 

a4 SHI SH2 SH3 + SH1 SH2 SH3 tv, 

S111+2+3 0.00 0.00 0.00 0.00 -0.12 -0.15 -0.18 151.34 
SH 1+2 0.00 0.00 0.00 0.00 -0.12 -0.17 0.00 144.01 
SH1+3 0.00 0.00 0.00 0.00 -0.12 0.00 -0.16 140.58 
SH2+3 0.00 0.00 0.00 0.00 0.00 -0.15 -0.17 162.84 

a5 SH l SH2 SH3 ! // ý+ 
SHI SH2 SH3 Y/ I 

S1-11 +2+3 
SH 1+2 
SH 1+3 
SH2+3 

0.00 
0.00 
0.00 
0.00 

0.01 
0.00 
0.00 
0.01 

0.00 
0.00 
0.00 
0.00 

8.08 
0.00 
0.00 
9.90 

0.00 0.00 -0.01 8.08 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.71 
0.00 0.00 -0.01 9.90 

Based on the characteristic function game by Sandholm and Lesser (1997) this 

coalition formation includes three actifities which are: 

a. Generating coalition structure: 

Agents within each coalition coordinate their activities, which precisely mean 

partitioning the set of agents into exhaustive and disjoint coalition. This 

partition is called a coalition structure (CS). In this game, there are seven 

possible coalitions with three agents: {1}. {2}. {3}. {1,2}, {2,3}, {3,1}, 

{ 1,2,3 1 and five possible coalition structures: {{1}. {2}, {3 } }, {{1}, {2,3 } }, 

{{2}, {1,3}}, {{3}, {1,2}}, {{1,2,3}}. 
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b. Solving the optimization problem in each coalition. 

This means pooling the tasks and resources of all agents in a coalition, and 

solving this joint problem. The coalition's objective is to maximize its value. 
Under unlimited and costless computation, each coalition would solve its 

optimization problem, which would define the value for that coalition. 

c. Dividing payoff or the value of generated solution among agents in a fair and 

stable way so that agents are motivated to stay within the coalition structure 

rather than moving out. Several ways of dividing payoffs have been proposed 
in the literature (Kahan and Rapoport, 1984). 

Table 6.5 Best Technical Solution Options (Alternative) for Each Coalition 

Technical Solution Options (Alternative) 
Coalition al a2 a3 a4 a5 

fcfcfcfcf 
Grand w- 14.75 5.20 139.02 87.91 172.80 319.91 151.34 208.12 8.08 

w+ 0.00 0.00 0.00 8.08 0.00 0.00 0.00 0.00 8.08 
Ranking 2nd Ist 3rd 3rd 5th 5th 4th 4th Ist 2nd 

SI-I1+2 w- 117.03 0.00 133.24 107.67 177.55 5.10 144.01 217.92 0.00 

w+ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ranking 2nd I st 3rd 4th 5th 2nd 4th 5th 1 st 3rd 

S111+3 w- 9.19 32.53 125.27 61.58 164.00 32.65 140.58 214.23 0.71 

w+ 9.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ranking 2nd 2nd 3rd 4th 5th 3rd 4th 5th 1st 1st 

SH2+3 w- 15.56 14.85 157.63 89.80 177.50 16.12 162.84 216.06 9.90 

w+ 0.00 0.00 0.00 0.71 0.00 0.00 0.00 0.00 9.90 
Ranking 2nd Ist 3rd 4th 5th 2nd 4th 5th 1st 3rd 

SI-II 0.264 0.261 0.186 0.177 0.114 0.257 0.146 0.057 0.277 
Ranking 2nd 5th 3rd 2nd 5th 4th 4th Ist Ist 

S1-12 0.275 0.280 0.147 0.280 0.120 0.274 0.146 0.049 0.312 
Ranking 2nd 5th 3rd 4th 5th 3rd 4th 1st 1st 

SH3 0.306 0.220 0.141 0.242 0.128 0.219 0.133 0.041 0.292 
Ranking Ist 3rd 4th 4th 5th 2nd 3rd Ist 2nd 

C 

22.46 
28.29 

2nd 
27.50 

0.00 
3rd 

8.49 
8.49 

I st 
26.16 
26.16 

3rd 
0.243 

3rd 
0.243 

2nd 
0.278 

4th 

By adapting the model of coalition formation from Wanyama (2007), Wanyama and 
Far (2007), in this research, the coalition formation model worked in the context of 

multi-criteria group decision making. Table 6.5 shows the alternative ranking for 

possible coalitions between stakeholders. It can be seen that each alternative is chosen 

as agreement options for all stakeholders and the coalition. The analysis between 

aggregation and coalition revealed different results. By equal weight proportion of 
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stakeholders' preference, aggregation chose alternative al as the best alternative, but 

coalition chose alternative a2 as the best-fit for all stakeholders. 

Another case study with five stakeholders was presented by Utomo et al. (2009c) in a 
different case on building system selection (external wall system). In this game was 

with five agents, in which there were 32 possible (2') coalitions, including empty 

coalition and five singleton coalitions. Aggrement options are determined by 

conducting the following three steps: 

a. Determining the weighting factor (weight of preferences) of criteria for each 

stakeholder. Figure 6.3 reveals different preferences between stakeholders. 

cl c2 c3 c4 c5 c6 

Criteria 

c7 

Figure 6.3 Weight of Preferences for Each Stakeholder 

b. Grading alternative for each evaluation criteria. 
Figure 6.4 presents that a5 is the 'best-fit' for c2, c3, c4, c5, a6 and C. The 

`best-fit' solution for cl is a2. 

cl c2 c3 c4 
Criteria 

C5 C6 c7 

Figure 6.4 Weighting Factor of Every Alternative for Each Criterion 
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c. Scoring every alternative for every stakeholder. 
Figure 6.5 show that stakeholders had different best option as an alternative 

solution. 

` 

0 
U 
m w g' 
ý 
rn .ý 3 

SH1 SH2 SH3 

0.5 

0.45 

0.4 - 
0.35 - 

0.3 

0.25 - 
0.2 

0.15 - 
0.1 

0.05 
0 

SH4 

  a1 
Q a2 
0a3 

10 
a4 

®a5 

Stakeholders 

SH5 

Figure 6.5 Weighting Factor of Every Alternative for Each Stakeholder 

The coalition table (Table 6.6) reveals the start of the first negotiation round. Some of 

the solutions will not become an option if no individual stakeholder or coalition of 

stakeholders desires to select it. In this case, alternative solution a2 and a3 was not an 

option. And the table indicates the alternative solution that will be the best-fit 

solution. In this problem, in the first negotiation round, a4 was the 'best-fit' solution. 

6.2.2 Discussion 

This agreement options process provides additional functionality to negotiate a joint 

representation of the problem. All stakeholders share the same goal but each has 

his/her own set of activities, alternatives (ai) or criteria (Ci). Wanyama and Far (2007) 

argued that sets of activities could move, expand and retract during negotiation. 

a. Stakeholder of multi-criteria decision making problems usually evaluates the 

alternative solution from different perspective, making it possible to have a 

dominant solution among the alternatives. 

b. Each stakeholder needs to identify the goals that can be optimized and those 

that can be compromised in order to reach an agreement with other 

stakeholders. 
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c. The model for identifying agreement options acts as a solution filter, so that 

only promising solution (agreement options) are available to stakeholders for 

detailed negotiation. 

Table 6.6 Priorities for Each Alternative and Coalition 

No 
Alternative ranking and 

coalition al 

Alternatives 

I0 
2 SH l 
3 SH 2 
4 SH 3 
5 SH 4 
6 SH 5 
7 Coalition SH 1,2 
8 Coalition SH 1,3 
9 Coalition SH 1,4 
10 Coalition SH 1,5 
11 Coalition SH2,3 

12 Coalition SH2,4 
13 Coalition SH2,5 

14 Coalition SH3,4 
15 Coalition SH3,5 

16 Coalition SH4,5 
17 Coalition SH1,2,3 
18 Coalition SH 1,2,4 
19 Coalition SH1,2,5 
20 Coalition SH 1,3,4 
21 Coalition SH 1,3,5 
22 Coalition SH1,4,5 

23 Coalition SH2,3,4 
24 Coalition SH2,3,5 
25 Coalition SH2,4,5 
26 Coalition SH3,4,5 

27 Coalition SH1,2,3,4 
28 Coalition SH1,2,3,5 
29 Coalition SH1,2,4,5 
30 Coalition SH1,3,4,5 
31 Coalition SH2,3,4,5 

32 Coalition SH1,2,3,4,5 

Result 

a2 

00000 
I 5t 

4th 

ý rd ý 
4°i 
5 th 

4th 
4th 

4th 
4th 

5th 
4th 

ist 

5"' 
5th 

5 th 

4`h 
3rd 

2nd 

. end 

4"' 
4m 
ý rd 

5th 

4`h 

4 ̀h 

4a, 
4th 

4th 
4`h 

5th 

nd 

2nd 

2nd 

Ind 

3 fr 

a3 

ýrd 4th 

4m 3rd 

5th 4 th 
3rd 5th 

4th 7nd 

2nd jrd 1 st 

2nd , rd ist 

2nd ýrd 1 st 

2nd )rd st 

3rd 4th 2nd 

Ind , rd st 

3rd 4th 2nd 

3rd Ind 1st 

4th 3rd 2nd 

4`h jrd ý st 

5th 3rd 7nd 

5th 7nd st 

3rd 4th 1st 
4th 3rd lst 

3rd 2nd l st 

3rd 7nd lst 

a4 a5 

. )nd 4th 1st 5th 

2nd 4th 1 st jrd 

2nd 3 rd I st 5th 

. )nd 3 rd l st 5th 

3rd 2nd 1st 

3rd 2nd lst 

2 nd 3rd lst 

2nd 3rd lst 

ýrd ýnd lst 

3rd 2nd 

3rd 

4th I st 

5`h 

Ist 

Ist 

I St 

Ist 

5th 

5th 

5th 

5th 

l st 

5th 

5th 

4th 

1 st 

2nd 

1st 

4th 

5th 

5th 

5th 

5th 

5th 
5 th 

5th 
5th 

4m 
Jth 

I St 2 nd 
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6.3 Trade-off Analysis 

It is required that systems are evaluated in isolation, with respect to each category of 

evaluation criteria, Function and Cost, and every sub-criterion for both evaluation 

criteria (Figure 6.6). Thus, each stakeholder has more than one evaluation objective, 

each corresponding to a particular category of the evaluation criteria. Therefore, 

building system selection involves determining the spatial viability of a building 

system product. That is to say, trade-off associated with building system evaluation 

can be defined across several categories of evaluation criteria for a single stakeholder 

perspective, and can be defined over several stakeholder perspectives for one or more 

categories of the evaluation criteria. For a complete building system evaluation, both 

cases of'tradeoffs are required to be carried out for a dominant solution to emerge. 

Value 

Function (F) Cost (C) 

f'l fl fl 

Objective: higher 
value 

F/ C 

Fý C\ 
4 

F C\ 
4 

Fý C\ 

Figure 6.6 The Concept of Preference and Tradeoff on VM 

Trade-oll'. 

a) Stakeholder preferences to Function and Cost 

b) Stakeholder preferences to fl, f2, f3 

c) Stakeholder preferences to cl, c2, c3 

During negotiation in the building system selection process, trade-off is the gateway 

to reaching an agreement on the building system product to be selected. However, 

trade-off' is a tedious process (Wanyama, 2006) that involves carrying out trade-off 

analysis on all solution options (alternatives building system). To save the time and 

resources associated with trade-off analysis, it is necessary that only the most 

promising products are available to stakeholders for trade-off. Such products are 



164 

referred to as agreement options, because it is one of such product that the 

stakeholders are most likely to agree on. 

Trade off is a component on the technical solution selection process. It is assumed 

that trade-off associated with determining the dominant solutions. This solution is 

selected by individual stakeholders before they negotiate to identify the overall 'best- 

fit' technical solution product. The trade-off process usually follows the identification 

of agreement options. This section presents a basic understanding of trade-off analysis 

and role of experts in evaluation of solutions. 

'l'hc single most important activity of trade-off is the trade-off analysis because in the 

case of multiple competing technical solutions on the VM objective, the activity 

identi f ics the criteria that can be traded to optimize particular selection objectives, 

while compromising others. The criteria are part of function and cost of-technical 

solution to reach the optimum value. In the case of multiple technical solution 

selection with conflicting stakeholders' preferences, trade-off analysis identifies what 

each stakeholder gain/loses if a particular technical solution product is selected. 

't'his section presents a trade-off analysis model based on the principle of qualitative 

reasoning (Wanyama and Far, 2005) and function cost reasoning model. The model 

has the löllowing characteristic: 

1. It uses a visualization component to identify the trade-off criteria explicitly, 

and specifics whether a trade-off criterion optimizes or compromises 

particular selection objectives. A spider diagram is used to show the changing 

of technical solution value due to trade-off process and the value comparison 

of'each technical solution. 

2. It is not limited to the number of selection objectives or evaluation criteria that 

it can handle. But still, the objectives of the trade-off are function and cost. 

3. It does not require a fully specified value function for the solution alternatives. 

Instead, it prompts the user on other criteria that can be included in the 
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alternatives evaluation to increase the completeness and certainty of user's 

preference model. 

From related previous work, there are four common methods applied for trade-off 

analysis, which are Integer Programming as an operation research proven method, the 

Pareto l'or 21) Trade O1T Analysis (Petrie et al, 1995; Pu and Lalanne, 2002), Trade- 

O1'f Map (Petrie ct al., 1995), and Constraint Satisfaction Problem Techniques (Pu and 

I, alannc, 2002). 

Selection of a solution from a set of alternatives is facilitated by evaluating each 

alternative on a set of evaluation criteria using Multicriteria Decision Making 

(MCDM) techniques. During the evaluation process, every solution alternative is 

rated on each evaluation criteria. In addition, weights are assigned to the criteria; 

these weights reflect the relative importance of each criterion, which in turn 

represents user preferences. This is the role of the domain experts to identify the 

attributes of a solution alternative. Moreover, experts should rank the attributes of the 

technical solution product, hence providing the value of ay. In this research which was 

based on two main evaluation criteria as the objectives of technical solution selection, 

every a,, was evaluated on function based on FAST (Function Analysis System 

"Technique) and cost based on LCC (Life Cycle Cost). The first is more of quality than 

quantity, and the second can be calculated based on the theoretical time value of 

money. 

6.4 Summary of the Chapter 

Tlie chapter deals with a technique to expedite the negotiation process during 

selection of technical solution of a building system alternative on a VM process, by 

identifying the agreement options. Although the technique is based on Game Theory 

model of cooperative n-person, it does not require the stakeholders to share 

preferences on the evaluation criteria. This reduces the amount of information that has 

to be transferred among stakeholders. Once every stakeholder is aware of the 

negotiations options, they analyze to determine what they get gain or loss if each 

alternative is selected. In the following chapter, the thesis report presents the 
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validation of coalition algorithms and introduces the Prometheus Model for agent- 
based negotiation. 
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CHAPTER SEVEN 

NI,: GO'I'IATION SUPPORT MODEL FOR VALUE MANAGEMENT 

7.1 lntrodtiction 

'I"he model ol'NSVM provides support for variety of technical solutions on building 

system selection activities. This chapter presents an introduction to agent-based 

negotiation model, which enables automated negotiation process between stakeholder 

agents. The basis For the agent-based support is the value-based coalition formation 

algorithm developed in the previous chapter (Chapter Six). The agents negotiate 

among themselves to determine the best options. A Prometheus Design Tools model 

is introduced to the automated negotiation. A validation process for the coalition 

algorithm is also presented in this chapter. The validation process contains the 

application of' the algorithm and an introduction to the logic behind the automated 

negotiation using Microsoft Excel version 2003. 

7.2 Support Model for Decision and Negotiation 

Negotiation support provides an important mechanism for distributed decision 

nuikers, both human participants and autonomous agents, to reach agreements. With 

the support of an automated negotiation, human participants can simply input their 

prcfcrences, requirements, etc. into the system. Lai and Sycara (2009) proposed a 

generic framework for automated multi-attribute negotiation with a new mechanism 

that addresses issues of' incomplete information, Pareto optimality and tractability in 

order to bridge the gap between existing theorist and application requirements. In 

their study, the first negotiation mechanism was applied when agents do not know 

their opponent's utility function, but has their own utility function. This is called the 

shortest-distance proposing mechanism. The second negotiation mechanism is applied 

when agents neither know their opponent's utility function nor have their own utility 

function. 'I'bis is called the Pareto optimal mediating mechanism, and of course, it 

requires a mediating third party, usually called the coordinator agent. 
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In another research by Chen and Pu (2004), preference elicitation was known as a 
difficult and time-consuming procedure, especially when agents' preferences are 

complex. As a result, agents may not even have a definite sense of their own 

preferences before a negotiation. The traditional approach to this problem is to apply 

preference elicitation before a negotiation (Lai and Sycara, 2009 and Wanyama, 

2006). 

7.2.1 Rationale of Using Agent Technology 

The NSVM is a very complicated system, which involves many parties that are 

geographically distributed and have different objectives and preferences. Based on 

this, agent-based methods can significantly contribute, namely under four situations: 

a, The problem domain is geographically distributed and heterogeneous. 

b. The sub-system changes in a dynamic manner. 

c. The system is complex. 
d. The sub-system needs to interact in a flexible manner 

7.2.2 Agent Negotiation Protocol 

In a multi-agent competition situation, there is a need to define a mechanism (a 

protocol) that allows agents to resolve their conflicts and reach a cooperative 

agreement. 'T'hese mechanisms are usually called negotiation protocols. Agent 

negotiation protocol Facilitates the solution for Group Choice Decision Making 

(GCI)M) problems in selecting the best alternative decision. The protocol of 

negotiation in this group decision was developed as a cooperative environment. It is 

based on a hybrid between analytical and artificial intelligence techniques. The 

analytic component utilizes a game theory model for an n-person-general sum game 

with complete information in order to determine the agreement option, while the 

knowledge-based (artificial intelligence) component is similar to the strategic 

negotiation protocol Im- multi-agent systems proposed by Kraus (1997). A 

comprehensive review of previous related work on negotiation protocol was presented 
in ('hapter 'T'wo. 
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'I'hc negotiation protocol works similar to Wanyama and Far (2007) for multi criteria 

procedure, Morge and Beaune (2004) for coordinator agent roles. In this research, the 

protocol follows the VM process and combines the concepts of Wanyama and Far 

(2007) and Morge and Beaune (2004) as follows: 

a. Fach stakeholder evaluates the alternative technique solution using AHP 

technique. 
b. All stakeholders send their payoffs corresponding to the alternative solutions 

to the coordinator agent, in which the negotiation process is triggered 

whenever the coordinator agents receives a new set of payoffs from one or 

more negotiating agents. 

c. The coordinator agent determines the two kinds of payoff optimum namely 

cost and function for various stakeholders' coalitions. 
d. For each coalition structure, the coordinator agent ranks alternative solutions 

according to the closeness of an individual payoff to the Pareto optimal 

solution. The closeness of an alternative solution to the Pareto optimal solution 
is used as the solution's degree of fitness in meeting the combined concerns 
for all stakeholders in the coalition. Two kinds of fitness factor namely cost 

and function are calculated. 

C. Tile coordinator sends the fitness factors for the best agreement options to all 

stakeholders as the best technical solution associated with all possible 

coalition structures. 
f'. II' the best fitness factor of the grand coalition corresponds to the most 

preferred alternative for all stakeholders, the negotiation ends. However, if one 

of the stakeholders prefers another alternative, each stakeholder analyzes the 

agreements options, and one of them makes an offer. Other stakeholders 

respond by accepting the offer, rejecting it or opting out of the negotiation. If 

the negotiation continues, then a different stakeholder makes another offer and 

so on. After adjusting the conditions, the stakeholder evaluates all alternative 

solutions, and then sends the results to coordinator agent, which identifies new 

agreement options and thei+ corresponding fitness factors. 
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I he stcl)s runtime until all agents prefer the best alternative or all stakeholders 

acknowledge that nothing could be done to improve their negotiated payoffs without 
depreciating the pest-lit alternative. 

7.2.3 Strategies of Ncgotiation Agents 

'I he greater the number of people involved in the hierarchy construction, the greater is 

the range of the ideas. The enumeration of alternatives and the development of 

decision hierarchy help the group to debate the problem. Computer-mediated work 

increases the comprehension, the readability and, the objectivity of the decision- 

making. I howwwever, judgments remain subjective. This system provides additional 

functionality to negotiate a joint representation of the problem. All agents share the 

same goal ((; cO) but each has its own set of activities, alternatives (ai) or criteria 

(("i). Sets of activities could move, expand and, retract during negotiation. When a 

user takes into account a new alternative, agents propose this alternative to all users. 

When a user takes into account a new criterion, this criterion is proposed to the 

corresponding group. 

7.3 Introducing Prometheus Methodology for Conceptual Model 

A methodology is a body of methods employed by a discipline. A method is a 

procedure to attain something. While some developers employ a handful of methods 

to develop agent-based systems, Icw have methodology. Most developers of agent- 
based systems use an ad-hoc approach. There are eleven most prominent 

methodologies Ii0r developing agent-based system: Tropos, MAS-CommonKADS, 

PASSI, Prometleus, (iaia, AI)I? I, FE, MESSAGE, INGENIAS, RAP, MaSE, 

ROAI)MAI' (I Ien(Ierson-Sellers and Giorgini, 2005; Al-Hashel et al, 2007). 

7. i. 1 Reason for Prometheus 

A comparison analysis on dillcrent methodologies done by Al-Hashel, et al. (2007), 

concluded that Prometheus methodology is suitable for automated negotiation in 

value-based decision ol'building system because: 
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It provides a toolkit For the development (only Prometheus, MaSe, 

KO: 1I)MAI' havc) 

2. It is the best methodology itan intelligent agent to be the outcome. 
3. It is the most complete methodology in every phase of MAS development 

(system specification, analysis, architectural design, and detailed design) 

Prometheus is an intelligent agent development methodology (Padgham et al, 2005). 

A key future of this methodology is that it covers all phases of development. The 

Prometheus methodology contains three main phases (Figure 7.1): (i) system 

specification, (ii) architectural design and (iii) detailed design. Each of these contains 

a number ot'structured processes and results in specilied design artifacts. 

SYS'1'1iM 
SI'I: CIFICA'I'ION 

I'rumcthcus 

tncthucluluby 

ý 
ARCI II'I'I? (' I tiRAI, 

1)1? S1(1N 

DETAILED DESIGN 

Identification of action (Percepts and actions 

Developing scenario 

Ildentifying the system goals and sub goals 

Identifying any external data 

Grouping goals 

H Determine the agent type 

Develop the interaction protocol 

H Develop the system overview diagram 

H Define internals of every agent in the system 

Specify how agents accomplish their overall tasks 

Refine in terms of its capability, internal events, 
plans and data structure 

Figure 7.1 Prometheus Methodology 
0 lcn(Icrson-Sellers and (iiorgini, 2005; Padgham and Winikoff, 2004) 

'I he Irometheus l)esign "fool (l'IYI') is developed to support the Prometheus 

methodology (t'adgham et al., 2003). The tool provides the system developer with a 

graphical user intertäce that supports the development the various artifacts. Figure 7.2 

shows a sample screen-shot of 1>1)'1'. 
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Figure 7.2 A Screen Shot of'Prometheus Design Tools 
(Padgham et al, 2003; Padgham el al, 2005) 

7.3.2 System tipcciticatiun 

The sNstein specification (I'adgham and Winikoff, 2004), phase focuses on: 

I. Identifying the system goals. 

"These system goals are useful in capturing what the system needs to able to do 

at a higher level. It also includes identifying the goals and the result of a 

collection of goals, each with a name and description. 

b. I )eveloping scenario that illustrates the system's operation. 
This scenario is useful as it is more specific and concrete than goals and thus, 

tends to be more accessible and easier to visualize. Scenario consists of a 

sequence of' steps that occurs during the system's operation along with a 
description of the context in which this sequence of steps could occur. 

c. Identifying the basic functionalities of'the system. 

Functionality is firmed by grouping related goals, together with related data, 

percept and action. The functionality should be specific enough that it can be 

described adequately in a sentence or two. 
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(i. tii)ecifying the interlace between the system and its environment in terms of 

actions and percepts. 

This is defined in terms of actions (ways that agents affect the environment) 

MILI iurcepts (incoming information from the environment). 

In this research, system goals, functionality, scenario, action and percepts of the 

N\'tiM are introduced as ti)Ilow: 

A. (: oal specification 

I he ( foal Specification is to develop an automated negotiation system for building 

system selection on VM process. This system will offer an evaluation system for 

technical solution, a FAS'T', a I, CC analysis, an elicitation preference of 

stakeholders, a system to analyze Pareto optimum payoff, a system to determine 

the best-lit technical solution option a system to accommodate trade-off analysis. 
The system must facilitate personalized and collaborative, fast and reliable 

negotiation (group decision) at all stage of negotiation on NSVM process, from 

the search li>r technical solution to evaluation. The system should have valid 
inl, 6rniation and better than other method on practice, and gives better satisfaction. 

13. tiý stem (; Oals and Stil) Coals 

li, I"CLI on the goal specilication and Iollow process of VM, the system goals and 

sub goals for the NSVM can be determined as follow: 

1. (il': O(iRAI'l ll('AI. I. Y UIS'I'RIBUT1? I) NEGOTIATION PROCESS 

a. Online svstelll 

h. I) livers geographical distribution (international) 

c. Receives individual information 

d. Sending group infi)rnultion 

2. I I: ('IINI('AI. SOLUTION INFORMATION ONLINE 

a. Finds technical solution product specification on the world wide web 

(ýý ww) and database 

h. Finds technical solution product price on the www and database 
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Iit'I1. l)IN(''I'Ill' SYSTEM SELECTION 

a. Provides various building system selection 
4. I": VAI. UA'I'1ON OF"I'ECIINICAL SOLUTION OPTIONS 

a. Provides basic value for technical solution 
h. I": stimates the value of function 

c. Calculates L. CC 

5. FUNCTION ANALYSIS SYSTEM TECHNIQUE 

a. Provides database of'technical solution function 

h. Finds basic function 

c. Interactive discovering function 

d. ()pens diagram and line of communication 

C. Why-I low logic thinking 

6. l. 1Ff. COST ANALYSIS 

a. Calculates initial cost 

h. Calculates Operation and Maintenance cost 

c. Calculates replacement cost 
d. Calculates salvage value 

e. Provides sensitivity analysis 
F. Provides Time Value of Money analysis 

7.1": 1 l('I I'A'l'ION I'IRI? I-'FIRFNCES OF STAKEHOLDER 

a. Provides pair wise comparison 

h. Storing historical prcfcrence 

c. Suggestion prcfcrence from past 

d. Interactive consistency 

8. PARE. O PAYOFF OP'T'IMUM 

it. Calculates Pareto payoff optimum each coalition 

h. Calculates Pareto payoff function 

c. Calculates Pareto payoff function 

ý) 
. 

d. Calculates I'areto payoff value 

lil: S'f-III' OI 'I I; ('I INICAL SOLUTION OPTIONS 

a. Calculation for best-lit 

h. Interactive pest-lit information 
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0Al'(l \1\tt11). AIIN(i'I'IRAI)IN. -Ol-'lFANALYSIS 
('h; ulges I"11IUCtiO11 ol" technical solution 

h. Changes cost preference of technical solution 

c. ("hanºýes value philtiýrnl optimum 

d. Provides interactive made off information 

I I. 1'1"IZS0NAl, l/l: D Fl. ll, l, INI"OIZMATION AND COLLABORATION 

º. Personalized welcoming 

b. Decisions are based on stakeholder profile 

c. Information is available about all process in negotiation 

d. : \nonv nºous negotiation results, such as opt out, reject, accept, stop, new 

round. 
12. FAS FAND RI 1 

. 
1Alfl. 1; GIZOUP DECISION 

a. Arrange supply' decision result 
b. Provides estimate for negotiation result 

c. I racks trade-off problems 

d. I lave Various scenario stakeholders' characteristics. 
I +. A('('I I' 11-: 1) III": S I'- I -II' Ol'I'ION 

a. Provides the adjustment Irons individual best options to group best options 
b. Provides full information on the technical solution best-fit option 
C. Provides acceptance to an Option 

14. \'Al. 11)A I l()N ( )l' INIýOIZMA'1'1ON 

a. provides similarity index infilrnlatiOn 

b. Prop ides comparison 01' results from dif7crent decision assumption 
15. SA I ISM' All. SI AKI: l IOI, I)I? IZ 

a. I lave the option to change preferences 

b. I>n ides dead lock anticipation 

'I he r: uºt'. e of sý stein goals and suhgoals starts from the process of collaboration. It 

means that the system operates tiºr geographically distributed. The process is followed 

by systenº for building system evaluation and value-based decision on a VM process. 
I mall> 

, the sy stenº goals facilitate negotiation among all stakeholders. 
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C. Functionality 

I his Iunrtionality is determined from refining goals and sub-goals by applying how 

and Nvhr (lucstions ntcthod. 

1. ()NI. INI: IN i: RA(' I iONS 

a. Obtains user input 

h. Presents information 

2. INl)IVIDI'AI. -(iROtII' INFORMATION PROCESSING ONLINE 

a. Receives individual stakeholder input 
b. Presents group inlurrnation 

3. HI 11. l)ING SVSll": M PRO)DU("I'S INFORMATION 

a. finds and updates product specification database 

h. Finds and updates product price database 

4. li: %Sl(' \'. \I. l It? O1: 'I'IF: ('I IN1('AI, SOI, UTI'ION PRODUCTS 

a. Provides basic value ofa product 
5. FtJN(' PION DA'I ARASFMANA(; FMEN'I' 

a. Provides database of'technical solution function 

h. Finding basic function 
6. ('RI: A 1 1V1 1V IN Ut III. 1)IN(I FUNCTION 

a. Interactive discovering function 

h. ( )pens diagram and lines of communication 

C. Why-I low logic thinking 
7. I. IFt: ('Y('I I: ('OS"I' ('Al, Cl1l, A'I'ION 

a. Calculation of I, ifi; Cycle Cost 

h. Provides sensitivity 

K. INI)IVII)I IAI. I'RI. FI. RI. N('I? S 

9. 

a. Provides hair-wise comparison input 

h. I'roVidcs relining input as consistency 
KNO\\'I. I": I)(; FF: MANA(; I? MFN'l' 

a. Storing historical prefcrencc from the past 

h. Sti estion of'prefcrencc from the past 
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I li % AI lI OI I1.1IN"I: I () PAYOFF OPTIMUM 

it. Calculates I'areto payoff"optimum Im function 

h. Calculates I'areto payoff optimum for cost 

c. Provides coalition formation information 

1 I. 131: 61-l 11 ('I": N'I'IRI": INFORMATION 

a. Calculates hest-fit options 

h. Interactive best-fit information 

12.1 RAN-( IF AND VAI, I. IF, ('I IAN(il: 

it. : \ccolllnlodates trade-ofT analysis 

13. 

it. PI'o\ ides persunali/ed welcome 

14. PR01 II 
. 
I": M( )N1 TOR 

; I. Pro\ ides personalized recommendation and user option 
15. \l, (()I IA TION PRO('NSS MONITOR 

it. Provides building system selection options menu 

h. Provides negotiation process information 

c. Pro\ Ides anonymous negotiation result 

16. (; ROW 1' ('( )( )RI)INA I ION MANA(; I? MENT 

a. : 1rrange supply decision result 

h. Provides estimates f()I. Ilegotlatloll result 

C. 1 racks trade-ofi" problems 

d. I lave scenario stakeholder characteristics 

17. A(; RI"I"NII: NT MANA(; F. MI'. NT 

a. Provides It information on best-fit option and comparison result 

1K. VA1,11)AI ION 

a. l'rov ides similarity index and comparison result 
I'). I)I AI)I. O('K MANA61-MI? N"I" 

t. Optu ns to change prclkrence 
h. Provides dead lock anticipations 
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I). ticcn: 11-i0 

Six , ccn: u ios have been developed, which arc: opt out scenario, group selfish 

scenario, group Coordinator scenario, group hierarchical scenario, scenario for 

deadlock, and Iirst negotiation round scenario. The following is a sample of opt out 

scenario: 

N, une opt Out. 

Description : this sernario illustrates what happens when a stakeholder decides to 

opt out. IiffOrnwtion is obtained from agreement management. 

1 rie er : opt Out options. 

7.3.3 : lrchitcctural : 111(1 I)ctailcrl Design 

I he aichitectural design phase focuses on the following: 

a. I)ecidinp. what agent types will be implemented and developing the agent 
dcscriptors 

b. Capturing the system's overall (static) structure using the system overview 

dia, run 

c. I)eseribinp, the system's dynamic behavior using interaction diagram and 

protocols. 

A major decision to he made during the architectural design is which agent types 

should exist. 1'adgh; un and Winikol'I' (2004) suggest this is done by grouping 

l, unctionalitics into agent types. Fach agent type consists of one or more 

lunctionalitics. The decision for a reasonable grouping is guided by considerations of 

coupling, and cohesion. Once a grouping is chosen, each agent type is described using 

an agent descriptor form. The detailed design process is split into two parts, which are 

(I) the retirement of agents in terms of their capabilities, giving the agent an 

o\VerV'ic\\ diag, rºni and capability descriptors, and (2) the development of process 

Spec iii C; LtioºLs. 
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7.4 1 c. ting I he support Model on Construction Technical Solution Selection 

I he neý. otiation support was tested for solving group choice decision making 

problems to reduce the impact of niud volcano disaster in Sidoarjo, Indonesia (Utomo 

et al., 2UUt)b). The mudflowww disaster in Porong Sidoarjo, East Java, Indonesia in 2006, 

has implicated nnaný parties. For almost three years, a sea of hot mud has been 

gushing from the ground in Sido; ujo, Fast Java. The Friends of the Earth International 

reported that infrastructure has been damaged extensively, including power 

transmission systems, toll roads, gas pipelines and national artery roads. 

Approximately 600 ha of land and villages are submerged, farmland is ruined, 

businesses and schools are closed. Moreover, irrigation channels are swamped by the 

mud, and drainage and drinking water pipes are affected. Containment 'basins' or 

'ponds' enclosing areas of land within earth walls are built. They are not sustainable 

solutions as heavy rains in the rainy season would cause the walls to collapse and 

ponds to overflow causing the flooding of more land and damaging more 

infrastructure. As it becomes clear that construction of containment ponds would not 

keep up with the rate that the mud is gushing from its underground source, it is 

dci ided ºt) rh; uuºcl the mud into the Porong River and the sea (Madura Strait). 

Select the best alternative decision 
Ii+r rcducing impact of naid disaster (G) 

f- 
i 

_, s 

Icchnirul 
(('I1 

. __. --ýý 
ý('1, "ý'', ýu'i 

IaI) 
I 

, 'l . 
', l' 

(a2) 

Economic 
(C'? ) 

('1,0('2,0('3 
(a3) 

Oct , -C2, -i C3 
(a4) 

Social environmental 
(C3) 

-C l , 0C2,0C3 
(a5) 

+C 1, -C2, -C3 
(a6) 

I iF. uic +lI lfl I Iiei. uchies to Select the Best Alternative Decision for Reducing Impact 

of Mud Disaster 
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I .; , ý,,, f ()I' .t problem, it has to be structured into different 

components called activities. Figure 7.3 shows that the goal of the problem (G ="to 

select the hest alternative decision l'or reducing impact ofmud disaster") is addressed 
by sonic alternatives (: 1 al; a2; a3; a4; a5; a6) i. e. possible solutions. Each 

alternative is associated with a combination of prclcrence, + means good, - means bad 

and 0 means average. In this decision, + CI means that the alternative is technically 

good, "t"2 means that the alternative is not expensive, and +C3 means that the 
implementut1on of the alternative will give good impact, socially and 

environmentally. The problem is split into sub-problems (Cl; C2; C3) which are 

criteria evaluating; alternatives. 

Iigurc 7.4 illu\trate, the system architecture negotiation. Five stakeholders were 

involved and etch gives their own preference. Here, Slll is the stakeholder in 

community domain, S112 is the stakeholder in government domain, SH3 is the 

stakeholder in expert engineer domain, SI 14 is the stakeholder in sponsor domain, and 

SITS is the stakeholder in N(iO (Non Government Organization) domain. 

Stakcholders present different side of preference. Nevertheless, the protocol of 

neI., ('ti: ItI fl 111 this E'. roup derision is developed as a cooperative environment. 
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1: 'IIIl 'I , trni \iA ItertIli e Negotiations (Adapted from Morge and Beaune, 2004) 
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Tabel 7.1 presents the process to get the best option for individual stakeholder. These 

follow the decision process on AHP. 

Table 7.1 Stakeholders Decision Based-on Individual Preferences 

Stakeholder I (Community) Alternatives 

weighting criteria al a2 a3 
Cl-technical 0.231614 0.063074 0.005492 0.039682 

C2-economic 0.071855 0.003848 0.037449 0.011846 

C3-socio-enviro 0.696531 0.102190 0.023156 0.105575 

SHI weighting and rating of 0.169113 0.066097 0.157104 
alternatives 211(1 6a, 3rd 

a4 a5 a6 
0.045996 0.015102 0.062267 

0.004062 0.010472 0.004177 

0.343326 0.091167 0.031118 
0.393384 0.116741 0.097562 

1 st 4d, 5 a, 

Stakeholder 2 (Government) Alternatives 

weighting criteria al a2 a3 a4 a5 a6 
Cl-technical 0.348304 0.094852 0.008259 0.059675 0.06917 0.022710 0.093639 

C2-economic 0.148449 0.007951 0.077368 0.024474 0.008391 0.021635 0.008630 

C3-socio-enviro 0.503247 0.073833 0.01673 0.076279 0.248054 0.065869 0.022483 

SH2 weighting and rating of 0.176635 0.102357 0.160427 0.325616 0.110214 0.124751 
alternatives 2nd 6tn ; rd I 

5t 
Jm ýth 

Stakeholder 3 (Engineer) Alternatives 

weighting criteria al a2 a3 a4 a5 a6 
Cl-technical 0.709338 0.193170 0.016820 0.121530 0.140868 0.046250 0.1907 

C2-economic 0.21409 0.011466 0.111578 0.035296 0.012102 0.031202 0.012445 

C3-socio-enviro 0.076572 0.011234 0.002546 0.011606 0.037743 0.010022 0.003421 

SH3 weighting and rating of 0.21587 0.130944 0.168433 0.190713 0.087474 0.206566 

alternatives Ist 5th 4'h 3rd 6th 2nd 

Stakeholder 4 (Sponsor) Alternatives 

weighting criteria al a2 a3 a4 a5 a6 
C1-technical 0.083308 0.022687 0.001975 0.014273 0.016544 0.005432 0.022397 

C2-economic 0.723506 0.038749 0.377073 0.119283 0.040898 0.105444 0.042059 

C3-socio-enviro 0.193186 0.028343 0.006422 0.029282 0.095223 0.025286 0.008631 

SH4 weighting and rating of 0.089779 0.385471 0.162837 0.152665 0.136162 0.073086 

alternatives 5th Ist 2nd 3`d 4th 6th 

Stakeholder 5 (NGO) Alternatives 

weighting criteria al a2 a3 a4 a5 a6 
Cl-technical 0.167946 0.045736 0.003982 0.028774 0.033352 0.01095 0.045151 

C2-economic 0.080673 0.004321 0.042045 0.0133 0.00456 0.011757 0.00469 

C3-socio-enviro 0.75138 0.110237 0.024979 0.113889 0.370361 0.098346 0.033568 

SH5 weighting and rating of 0.160294 0.071007 0.155963 0.408274 0.121054 0.083409 

I- 
alternatives 2"d 6a, PI ,t4 th 5 ch 

As the negotiation progresses, the agents user preferences on the evaluation criteria 

change, leading to the change in score of the alternative civil engineering solution for 



182 

reducing impact disaster, and the change of membership and size of the set of 

agreement options. Five stages are conducted to determine agreement options, which 

are: 

(1) Determining the weighting factor (weight of preferences) of criteria for each 
decision-maker. Figure 7.5 reveals different preferences between stakeholders. 

Q Stakeholder 1 

13 Stakeholder 2 

" Stakeholder 3 

O Stakeholder 4 

0 Stakeholder 5 

cl c2 c3 

Criteria (preferences) 

Figure 7.5 Weight of Preferences for Each Stakeholder 

(2) Grading the alternative for each evaluation criteria. 
Figure 7.6 presents that on criteria technical sustainability. alternatives I and 5 

are the best. The results is different for economical and social environmental 

criteria, in which alternative 2 and alternative 4 are best for economical and 

social environmental considerations, respectively. 

  a'tematnet 
O a'tematne 2 

z: a': ematne 3 

Q attematne 4 
a aNematm 5 

2 atlemalne 6 

C1 c2 c3 
Criteria 

Figure 7.6 Weighting Factor of Every Alternative for Each Criterion 
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(3) Scoring every alternative for every decision-maker. 

Figure 7.7 show that stakeholders have different best option as a solution 

alternative. But only three alternatives are considered as the best options, which 

are al, a2, A. 

Dal 

o a2 
Q a3 
  a4 
® a5 
D a6 

Community Go\ernment Engineer Sponsor 

Stakeholder 

NGO 

Figure 7.7 Weighting Factor of Every Alternative for Each Stakeholder 

(4) Determining the payoff optimum following the algorithm in equations 6.1,6.2, 

6.3, and 6.4. 

(s) Analyzing the best-fit options for every coalition and grand coalition. The result 
is presented in Table 7.2, which shows the priorities that follow the best-fit 

options process and algorithm in Equation 6.5. It also presents the result on the 

priorities of technical solution in the first negotiation round. 

The coalition table (Table 7.2) reveals the start of the first negotiation round. Some 

solutions are not an option if no individual stakeholder or coalition of stakeholders 
desires to select it. In this case, alternative solution a5 and a6 are not options. The 

table also indicates the alternative solution that will be determined the best fit 

solution. In this problem, in the first negotiation round, a3 is the `best-fit' solution 
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Table 7.2 Weighting Factor of Each Alternative and Coalition 

Alternative ranking and coalition 

1 

2 

3 

0 

SH I (Community) 

SI-1 2 (Government) 
4 SH 3 (Engineer) 

5 SI-I 4 (Sponsor) 

6 SH 5 (NGO) 

7 Coalition SH I and SH2 

8 Coalition SH I and SH3 

9 Coalition SH 1 and SH4 

10 Coalition SHI and SH5 

11 Coalition SH2 and SH3 

12 Coalition SH2 and SH4 

13 Coalition SH2 and SH5 

14 Coalition SH3 and SH4 

15 Coalition SH3 and SH5 

16 Coalition SH4 and SH5 

17 Coalition SHI, SH2, and SH3 

18 Coalition SH1, SH2, and SH4 

19 Coalition SHI, SH2, and SH5 

20 Coalition SH I, SH3, and SH4 

21 Coalition SHI, SH3, and SH5 

22 Coalition SH 1, SH4, and SH5 

23 Coalition SH2, SH3, and SH4 

24 Coalition SH2, SH3, and SH5 

25 Coalition SH2, SH4, and SH5 

26 Coalition SH3, SH4, and SH5 

27 Coalition SH1,2,3,4 

28 Coalition SH1,2,3,5 

29 Coalition SHI, 2,4,5 

30 Coalition SH1,3,4,5 

31 Coalition SH2,3,4,5 

32 Coalition SH1,2,3,4,5 

al 
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7.5 Validation of Negotiation Model for Agreement Option 

The objectives of this validation is to determine how much "the primary goal of the 

coalition formation algorithms was achieved" by pointing out the differences among 

three decision models of technical solution selection method, and by determining the 

user satisfaction and confidence in the results of the decision model with respect to 

each model. The model of validation can be illustrated in Figure 7.8. 

Validation process 

Decision Result 
validation 

Inferential 
statistics 

Objectives 

Method and Tools 

sý Similarity index Canonical 
correlation 

Stakeholder Preference 
validation 

Scatter 
diagram 

MODEL 2 
Aggregations 

Descriptive 
statistics 

Mean 

MODEL 3 Coalition 
formation algorithms 

MODEL I Single 
weighting factor 

Figure 7.8 The Model of Validation 

Decision 
models 

This research applied two stages for validation of the negotiation model for agreement 

option. The first was result validation while the second was stakeholder preference 

validation. In the first stage, results on the best choice alternative for technical 

solution from five case studies on building system selection (see appendix A) would 

be validated by similarity index. The stakeholder preference validation was conducted 

using a questionnaire. Two methods, which were descriptive statistics and analytical 

statistics, were applied to analyze a set of result from survey questionnaire. The 

questionnaire asked a group of stakeholders from five case studies on group decisions 

Variance 
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making in order to compare three methods of group decision making, including the 

proposed method from this research. The questions consisted of two variables, which 

were `the satisfaction of stakeholders on every group decision method' and `the 

perception of stakeholders on the performance of every group decision method'. 

Figure 7.9 shows the two model validations with five methods. These are "Decision 

Result" validation using similarity index method (Boyce and Ellison, 2001; Uesu et 

al, 2003; Lu et al, 2006; Du and Chen, 2007), and "Stakeholder Preference" validation 

using statistical analysis, (Dowdy et al, 2004) which are canonical correlation analysis 
(West et al, 2008; Cliff and Krus, 1976; Yurdakul and Tansel, 2009) and descriptive 

statistic (mean, variance, and scatter diagram) (Tofallis, 1999; Warwick and 
Morineau, 1984). 

Input data by 
AHP questionnaires 

Result of the group 
decision 

ý 
Member of group 
stakeholder fill the 
questionnaire for 

stakeholder perception 

i 
Computer calculates based on 
model algorithms and sends to 

each stakeholder 

ý 
Similarity index 

analysis 

li 
Descriptive and 

inferential statistics 
analysis 

i f 
Result of 
validation 

ý 
Discussion 

Figure 7.9 Validation Process 

The case study for this validation was a group decision to select the best technical 

solution for a roofing system. The selection criteria depended on the perspective of 
the individual decision makers. Five alternatives of roofing system as a possible 

solution were selected and evaluated by eight criteria and three stakeholders. The 
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schematic for the validation process is presented in Figure 7.9 and a screen shot of the 

validation tools is presented in Figure 7.10. In phase 1, every stakeholder input their 

preferences. Automatically, the computer calculated (phase 2) and sent the result for 

the best-fit solution for every method to every stakeholder (phase 3). 
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_(Space 
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Figure 7.10 A Screen Shot of Validation Tool 

In phase 3, the computer calculated the input data on each three decision models by 

following these equations: 

MODEL 1: Single Weighting Factor (SWF) (Park, 1999; Davey and Olson, 1998). 

This model follows Equation 2.12 in Chapter Two. 

MODEL 2: Aggregation Value (AV) (Scott and Antonsson, 2000; Gargallo et al., 
2007; Matsatsinis et al, 2005; Vanicek et al, 2009; Lin et al, 2008a). The 

aggregation combines the performance ratings for all attributes with 

respect to each alternative (Chuu, 2009). This model follows equations 
2.13,2.14,2.15 in Chapter Two. 

MODEL 3: Coalition Formation Algorithms (CFA) 

The two stages on this model follow equation 6.3-6.7 in Chapter Six and 

a set algorithm presented on Figure 6.2 in Chapter Six. 
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Stage 1: Determination of optimal solution (payoff optimum) 

Stage 2: Fitness factor of an alternative solution 

At the same time with phase 3, the computer calculated the similarity index for all 

three decision models (phase 4). After receiving the result from computer, each 

stakeholder filled the questionnaire as respondent to give their perception on the 

satisfaction and performance of the models (phase 5). The input data from 

questionnaire was analyzed by statistical method (phase 6), and together with the 

result from similarity index, they are discussed for the result of the validation process 
(phase 7). 

7.5.1 Data Analysis 

Results from computer calculation became the input on three kinds of result analysis 
for validation. The input data was presented by computer into three types of 
information: 

1) Determining weighting factor (weight of preferences) of criteria for each 

stakeholder. Figure 7.11 indicates that each stakeholder has their own preferences. 
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Architect 

  initial cost 
® salvage value 
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Facility Manager 
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Project Manager 

© maintenance cost 0 replacement cost 
0useability period 0functional performance 
0Image 

Figure 7.1 1 Weighting Factor of Criteria for Each Stakeholder 
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2) Grading of each alternative for each evaluation criteria. Figure 7.12 presents that 

a4 was the `best-fit' for cl, c2, c3, and c5. The `best-fit' solution for c4 and c8 

was a5; meanwhile al was the `best-fit' for c6 and C. 

cl c2 c3 c6 c7 

Criteria 

Dal (steel)   a2 (precast) o a3 (tirrber) 0 a4 (RC) ® a5 (Space frame) 

C8 

Figure 7.12 Weighting Factor of Alternative for Each Criteria 

3) Grading of every alternative for every stakeholder. Figure 7.13 show that 

stakeholders have different best option as a solution alternative. 
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7.5.2 Result 
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SH1 ArchAect 
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SH2 Facilely Manager 

Stakeholders 

SH3 Project Manager 

0 at (steel) 0 a2 (precast)   a3 (timber) 0 a4 (RC) 1: 3 a5 (Spacefrarre) 

Figure 7.13 Weighting Factor of Alternative for Each Stakeholder 

The results from every methods of validation are presented as follow: 
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A. Similarity Index 

In this research, the index was used to measure how closely the best-fit option in the 

first negotiation matches the expectations of each stakeholder. 

The criterion value was normalized into a range between 0 and 1. The data 
/31, - /3� 

can be converted by: 

P= 1 
X, - B� 
Bb 

-B� 

if P<0 

if P>1 

if 0_<<P<_1 

Where, B;, is the lowest criteria value 

Bb is the highest criteria value 

X1 is the best fit solution for all stakeholders 

The result of similarity index is presented in Table 7.3. The closer is the value of an 

individual stakeholder to the best-fit of the group; the more satisfactory is the model 

to every stakeholder. 
Table 7.3 Similarity Index Result 

Model I 

Stakeholder I 

Stakeholder 2 

Stakeholder 3 

>1 =1 

>1 =1 

<1 =0 

Model 2 

>1=1 

0.94 

0.713 

Model 3 

0.691 

0.566 

0.366 

The result reveals that Model 1 did not satisfy all stakeholders, Model 2 satisfied two 

the stakeholders and Model 3 satisfied all the stakeholders. 

B. Descriptive Statistics 

This analysis used means, variance and scatter diagram to show the comparison 
between three models. There were two criteria to present the difference between 

decision methods, which are (a) satisfaction of respondent (stakeholders) as measured 
by three questions: understand, confident, and helpful, (b) performance of model as 
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measured by three questions: reliability, full information, and collaborative. The result 

can be seen in Table 7.4 and Figure 7.14. 

Table 7.4 Descriptive Statistic Analysis 

Respondents Respondents Satisfaction 
Model I Model 2 Model 3 

Client PM team 
PM I 
PM 2 
PM 3 

247 
237 
135 

Facility management team 
FM I359 
FM2 557 
FM 3239 
FM 4146 

Architect and design management team 
DM 1258 
DM2 2 
DM 33 
DM 42 
DM 52 
DM 62 

Mean 
SD 

2.2308 
1.0127 

2 
3 
ý 
3 
3 

3.5385 
0.9674 

8 
6 
7 
6 
5 

6.923 
1.321 

Performance of Model 
Modell Model 2 Model 

136 
146 
336 

237 
248 
227 
229 

3 

2 

3 
1.8462 
0.8006 

4 
4 
5 
3 
3 
4 

3.3846 
0.8697 

8 
8 
6 
7 
7 
7 

7.0769 
0.9541 

The result from descriptive statistic reveals that Model 3 fulfilled the highest 

satisfaction of stakeholder and performance of the model. This can be seen clearly 
from the scatter diagram (Figure 7.14). 

Correlation Satisfaction and Performance 

10 

  
Y- -e ---l-- 

ff 6ý  ® 

- f--»--ý---*- 
ff 
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Performance of model 

f Model 1 

  Model 2 

Nbdel 3 

Figure 7.14 Scatter Diagram on Respondent Satisfaction and Performance of Model 
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C. Canonical Correlation Analysis 

Multivariate technique is concerned with determining the relationships between 

groups of variables. Therefore, the data set of canonical correlation was split into two 

groups; x1, x2, ..., x� and yl, y2, ..., y,,, based on some common characteristics. In this 

case x, is satisfaction to Model 1, x2 is satisfaction to Model 2 and x3 is satisfaction to 

Model 3. The yi is performance of Model 1, y2 is performance of Model 2 and y3 is 

performance of Model 3. The purpose of Canonical analysis is then to find the 

relationship between satisfaction and performance for every Model. From the result 

analysis presented on Table 7.5 and 7.6 for all correlation between satisfaction to 

models and performance of all models, only Model 3 gives positive value for all 

satisfaction. 

Table 7.5 Correlation Matrix (r) 

Satisfy Satisfy Satisfy Performance Performance Performance 
123123 

Satisfy I 1.000 
Satisfy 2 0.458 
Satisfy 3 0.264 
PcrI rmancc 1 -0.158 
Performance 2 0.459 
Performance 3 0.066 

0.458 0.264 -0.158 0.459 0.066 

1.000 0.296 0.331 -0.069 0.313 

0.296 1.000 -0.170 -0.190 0.204 

0.331 -0.170 1.000 -0.147 0.235 

-0.069 -0.190 -0.147 1.000 -0.239 
0.313 0.204 0.235 -0.239 1.000 

Table 7.6 Correlation Significance (P) 

Satisfy Satisfy Satisfy Performance Performance Performance 
123123 

Satisfy I-0.116 0.384 0.606 0.115 0.830 

Satisfy 2 0.116 - 0.326 0.269 0.824 0.299 

Satisfy 3 0.384 0.326 - 0.579 0.535 0.505 

Performance I 0.606 0.269 0.579 - 0.631 0.440 

Performance 2 0.115 0.824 0.535 0.631 - 0.431 

Performance 3 0.830 0.299 0.505 0.440 0.431 - 

7.5.3 Discussion 

Based on the two validation processes using similarity index, descriptive statistic and 

canonical correlation analysis to compare three models of group decision, the 

proposed model of coalition formation algorithms was found to be better than the 

conventional method. It was measured in terms of stockholder's satisfaction and their 
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perceptions on the model's performance, and the closeness of their preferences to the 

group's best options (technical solution). This method of validation was applied to the 

group decision of building roof system selection. The similar result and calculation 
for all case studies on building system selection are presented in Appendix A. 

7.6 Summary of the Chapter 

An introduction to the agent-based negotiation and validation of its algorithms was 

presented in this chapter. The validation results showed that the coalition algorithms 

of the negotiation support was able to satisfy the agreement solutions for all 

stakeholders, which the traditional decision making in Value Management and 

aggregation model were not able to satisfy. 
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CHAPTER EIGHT 

CONCLUSION 

8.1 Introduction 

Firstly, this chapter revisits the objectives of the research presented in Chapter One. 

The research work presented has met these objectives. Proof of fulfillment and 

analysis of the research objectives are specified in the third section. This analysis is 

followed by an overall conclusion of the research. A brief description on the scope of 

originality of this research is then given. This is followed by a brief description on the 

limitation of the model developed in this research and a brief account of future work 

in the areas of multi-criteria multi-person decision making and its automated system 

in the domain of VM, operation research, and agent-based negotiation and 

technology. 

8.2 Revisiting the Research Objectives 

The following are the five research objectives that were presented at the beginning of 

this thesis: 

I To rind a theoretical basis and research approach for negotiation support 

methodology on VM. 

2 To develop a decision model for technical solution options in a satisfying 
function/cost preferences. 

3 To investigate negotiation style and outcome and analyze the correlation 

between them for the basis of scenarios on the agent system. 
4 To develop a model for agreement options and coalition algorithms on value- 

based decision. 

5 To validate the coalition algorithms and introduce an initial model of NSVM. 

'I'hc subsequent sub-sections describe how the research objectives were achieved. 
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8.2.1 Theoretical Basis and Research Approach for Negotiation Support 

Methodology on VM. 

The first objective of the research is to find a theoretical basis and research approach 

for negotiation support on VM. This objective was achieved in Chapter Two, by 

providing a wide and deep literature review in three main areas of knowledge as the 

basis of theory; which are VM, decision theory and design decision, and agent-based 

negotiation. I his Chapter reviews the research on the three domains of knowledge. 

This chapter also provides a theoretical mapping to support the reason and 

argumentation for negotiation support on VM, the four levels of mapping gives the 

theoretical basis for this research. 

The first objective towards finding a research approach was achieved in Chapter 

Three and Chapter Four by providing a methodology for research on negotiation 

support on VM based from the theoretical review and synthesis. 

8.2.2 Model for Technical Solution Options in a Satisfying Function/Cost 

Preference. 

Chapter Four details the result in achieving the second objective of this research in 

developing a model for technical solution options in satisfying function/cost 

preferences. The decision model of this research is multi-attribute, and the 

environment is in a VM process. Since "value" is the main single objectives for the 

decision model of VM, the attributes for this decision model therefore is function and 

cost. '['his chapter also provides the method to construct the LCC analysis for the cost 

attributes and the FAST for the function attributes. By applying the method of 

satisfying game, the reduction of the technical solutions based on function/cost 

preferences can be made. Therefore solving the problem on computerizing the 

creativity of human/decision participant helps to elaborate on every possibility of the 

technical solutions and reduce them before choosing the best solution. 
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8.2.3 Negotiation Style and Outcome for Basis of Scenario on the Agent System. 

Chapter Five details the result in achieving the third objective of this research which 
is to identify and to confirm the negotiation style and outcome, and to analyze the 

correlation between them, which serves as the basis for the scenarios on the agent 

system. The statistical method of multiple regression analysis and mathematical 

modeling was applied to identify and confirm the relationship between the style of 

negotiation of the decision participant and the outcome of the negotiation. An 

analysis provided in this chapter presents the mathematical model in process of 

regression towards the scenario of the agent system. 

8.2.4 Model for Agreement Options and Coalition Algorithms. 

The fourth objective of the research reported in this thesis is to find a model for 

agreement options and coalition algorithms of value-based decision. This objective 
was attained as follows: 

1. Chapter Four by providing a model of satisfying game as a basis for the trade 

off analysis between the two main preferences of value which are function and 

cost. 

2. Chapter Six by providing a set of analysis on cooperative game theory to get 

an algorithm of coalition and the coalition formation for agreement option. 

8.2.5 Validation of the Coalition Algorithms and Introduce Initial Model of 

NSVM 

The fifth objective of the research reported in this dissertation is to validate the 

coalition algorithm which was achieved by processes conducted and results presented 
in Chapter Seven and the case studies presented on Appendix A. Comparison of the 

three models of group decision was based on similarity index, descriptive statistic and 

canonical correlation analysis. The model of coalition formation algorithm proposed 
is 1äc better than the conventional method. It was measured in terms of stakeholder's 

satisfaction and their perceptions on the performance of the model and their individual 

preferences to the group's best options on the technical solution. 
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8.3 Proof of Fulfillment of the Research Objectives 

The result of the study on the conceptual model of negotiation support for VM in 

construction that was presented in Chapter Six and Seven are clear testimony that the 

objectives of the research presented in this thesis were achieved. A theoretical 

mapping Ihr the basis of concept and methodology were used to develop the decision 

algorithm. The negotiation support model was developed with the combination of a 

theory and concept in four knowledge domains which are VM theory, decision theory, 

negotiation theory and agent-based system. Based on this result, the coalition 

ibrmation 1br agreement options and its trade off analysis was modeled. A validation 

based on the case study reveals that negotiation support for VM can be built based on 

the algorithms and its group decision process that was reported on this dissertation. 

8.4 Conclusion 

The main conclusion is summarized as follow: 

1. A negotiation support model that has been developed enables the automated 

process of value-based decision. In developing the framework for support 

model, a coalition formation in Game Theory has been used which has lead to 

a systematic approach in meeting the requirements of the multi-discipline 

practices and teamwork in VM. Three models have been developed in the 

research which is correlation of negotiation styles and outcomes model, 

agreement options and coalition model, and initial NSVM model on PDT. The 

models are presented on Chapter 5,6,7 respectively. The relationship between 

models can be shown on Table 3.2 in Chapter Three. 

2. Through a comprehensive literature review, the research demonstrates a 

theoretical mapping as a basis for NSVM. Based on the theoretical mapping, a 

Framework of methodology for NSVM has been developed for the study. The 

methodology involves the concept of value-based decision in VM within a 

construction project, group choice in multi-criteria decision making, and 

coalition lormation in Game Theory. This methodology combines value 
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analysis method, decision method and agent-based negotiation. The 

methodology represents the knowledge and process of group decision making 

and negotiation in VM process. The literature review and the development of 

the theoretical foundation revealed that coalition formation in Game Theory is 

useful to address the negotiation support model. 

3. empirical surveys conducted in Indonesia and Malaysia has identified the 

negotiation style of managers in the construction industry in both countries. A 

mathematical model of the multiple regressions between negotiation style and 

negotiation outcome were revealed. It was then used to develop the scenario of 

the coalition algorithms. The scenario of the negotiation outcome depends on 

the empirical survey conducted in the study. 

4. The negotiation support was based on the coalition algorithms which adopts 

the value criteria as validated through the feedback of questionnaire survey on 

the stakeholder preferences and through the analysis of similarity index. The 

validation result indicates that the framework for negotiation support by 

coalition algorithms is acceptable and practical and therefore improving the 

satisfaction level of all the stakeholders on group decision making. Therefore, 

it is concluded that the proposed model provides a structured methodology 

which can lead to a systematic support system and automated negotiation for 

VM process. 

8.5 Scope of Contribution 

There are seven scope of originality identified from the research reported on this 

dissertation, which are: 

1. Theoretical basis of negotiation support model for VM. The latest research is 

on group decision support based on the aggregation preference among 

stakeholders. 

2. Research approach for the methodology combines from three methods and 
built from a set of research approach based on the scope of originality no. l I. 
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3. Using FAST and LCC as the attributes for decision making. The combination 

of the two attributes is the latest research development by Kaufman and 
Woodhead (2006). The attribute analysis and synthesis do not exist in any 

recent research on automated negotiation based on multi-criteria decision 

making. 

4. Using the satisfying game method for the application of function/cost 

prclcrcnccs on multi-attribute agent-based negotiation. 

5. Decision algorithms were based on the cooperative game theory to develop the 

agreement options and coalition formation. Similar researches were done in 

this area but this research is the first to apply the VA of function and cost as a 
basis for trade off analysis. 

6. Empirical research on negotiation style and outcome. The idea of conducting a 

survey on negotiation style and outcome is not new but the research reported 

in this dissertation gave a new empirical result. By applying the mathematical 

model resulting from the survey as a basis for the scenario on agent-based 

negotiation gave its originality. 

7. An initial conceptual model of the NSVM was based on the scope of 

originality no. l - 6. It is also an application of Prometheus Development 

"Tools. 

8.6 Limitation of Research 

"I'he research was deliberately limited towards addressing the `value' in the 

component of value for money. There are many issues relating to the difficulties of 

cost modeling which have not been addressed. The adopted research strategy is also 

open to criticism on the basis that it focused only on case studies. It is also important 

to point out that there are significant differences between the subjective interpretation 

of the researcher and an inter-subjective interpretation amongst the case study 

participants. Just like any other case studies, once the paradigm of positivist research 
is rejected, there is no longer any objective reality against which to measure validity. 



200 

8.7 Recommendation for Future Research. 

Generally, it is important that research continues in the area of VM, operation 

research and agent-based technology. There is an urgent need for a greater recognition 

of the validity and importance of naturalistic inquiry within the building economics 

and construction management research community. Whilst this thesis has developed 

the theoretical and philosophical basis of negotiation support for VM, there is 

considerable amount of work which remains to be done within the wider domains of 
building economics, construction management, operation research and agent-based 

negotiation and technology. Within the specific field of VM, there is need for further 

research into the possible application of other methodologies of group decision 

support and negotiation support. In the domain of operation research, there are a lot of 

opportunities lbr mathematical proof research for optimization and satisfying decision 

in cooperative and incomplete information environments. A mathematical proof 

research for an unlimited multi-person decision maker in a project involving a whole 

community as in many infrastructure projects today will be an interesting research 

since VM becomes a wider application in many fields as the construction of 

infrastructure projects becomes more complex. 

Future research in the field of agent-based negotiation and management will have a 

huge benefit from the development of a user-friendly software which uses a GUI 

(graphical user interface), but it will surely consume a lot of time and money for 

research. In future, the combination of many technologies such as Virtual Reality 

(VR) will help human and its agent to communicate, discuss and make decision for 

any type or stages of building system design with two main important preferences that 

are I Unction and cost. As to further illustrate, a final building design decision can be 

made by an agent from all the project participants in a virtual reality environment 

simultaneously while being in a different geographical area. This research provides 

basic and conceptual algorithms to bridge automated design decision, and automated 

negotiation by applying a systematical design method in construction, that is, VM. 

The recommended future work associated with the research reported in this 

dissertation is as follows: 
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1. To integrate the support for elicitation process with the technical solution 

selection. it needs to develop ontology of functional concept of technical 

solution lör all building system product alternatives. At present, such ontology 

is not available. The work to develop ontology of functional concept has been 

started by Kitamura and Mizoguchi (1999) but until now researches in this 

area are still in its very preliminary stage. 

2. To extend the framework of technical solution to address the issue of selecting 

multiple building system products alternatives to perform the function. It will 
be run concurrently between satisfying games method to reduce the number of 

technical solution and optimization games method to select the best fit for the 

technical solutions. Research and practice in the objectives area of decision 

making science and VM to reduce alternatives are still in the qualitative 

stages, such as advantage and disadvantages analysis, and benchmark analysis. 

3. To continue developing, modifying and testing the agent negotiation protocol 

of' the support system and reasoning mechanism. Time constraint will be 

important criteria to be considered. 

4. To continue working on multi-attribute decision making, specifically on the 

process ol'eliciting user preference models such as neural network application 

and value Function, and on establishing expert quantitative data from 

qualitative description of the feature of the alternative solution. It will need the 

development of trade off algorithms to analyze value of technical solution in 

real time. 

5. To develop knowledge management properties on the model to store the 

selection data and information in various types of repositories such as system 

selection repository, user repository, discussion repository, lessons learn 

repository, and historical information repository. This future work is 

reasonable but also argumentative since the VM process in a construction 

company usually involves the same project team. 
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6. Future work on Prometheus model development using JACK®. JACK® 

Agent I , anguagc "" is a programming language and a development 

environment lör building, running and integrating commercial-grade multi- 

agent systems using a component-based approach. Since the final stage of the 

Prometheus Development Tools are in a detail design not all of design entities 

are carried through to implementation, therefore it is necessary to implement 

the model to the I3DI (belief, desire, intention) system such as JACK®. This 

means that the conceptual model will be implemented using an agent-oriented 

programming language and be presented using a GUI. Many Prometheus 

models and concepts can be directly ported to JACK®, but research on this 

area is still under development. 
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