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Multi-person Decision Model for Unfinished
Construction Project

Christiono Utomd

Abstract/7This paper discusses a proposed model of
multi-person decision on prioritizing selection with regard
to continuing or terminating unfinished construction pro-
jects. This involved multiple steps including deter mining
criteria and sub criteria, selecting and weighting of
alternatives, optimizing, and analyzing coalition formation
and agreement option. Criteria and sub criteria that were
obtained from per spectives of 120 project managers are the
first basis to construct decision hierarchy. The modd is
implemented in one of the biggest private construction
projectsin Indonesia. The implementation was based on the
Analytic Hierarchy Process for multi criteria decision in-
volving coalition and agreement options in a multi-person
decision. Goal Programming was used to optimize based on
cost constrains. The results demonstrate a process of multi-
person decision to select priorities of each alternative to
each decision and concluded that some of the projects were
continued, postponed or terminated. The new direction of
research presented in this paper presents some interesting
challenges to those involved in modeling computer-based
multi-person decision support utilizing both Multi Agent

System and M ulti Criteria Decision M aking.

Keywordg/MCDM, multi-person decision, unfinished

construction project, coalition

|. INTRODUCTION

theorems relating to the negotiation process [#g first

is informal theory, which attempts to identify pids
strategies for a negotiator and to assist a negotia
achieving optimal results. The other approach is th
formal theory of bargaining, originating with thek of
John Nash, who attempted to construct formal moatels
negotiation environments. Therefore, negotiatioppsut

is useful for negotiation process. Game theory thase
negotiation and multi-attribute utilizing theory deal
negotiation [5] are theoretical approaches for tiagon
support. Morge and Beaune [6] wrote that a nedotiat
support system provides three kinds of functiogpalit
Firstly, it facilitates the exchange of informatiamong
users. Secondly, it provides decision modelingroug-
decision techniques to reduce the noise and uncirta
that occur in the process. Finally, it provides ategion
support. The field of Artificial Intelligence in p#cular
multi-agent methods can be useful for negotiation
support on a multi-person decision [7].

Many literatures on unfinished construction project
decision describe various methods. In general, Hrey
divided in to four sub-categories; comparative ap-
proaches, scoring models, benefit contribution cmme-
mic models and optimization methods [8, 9, 10, 11].
However, none of them can be applied in multi-perso

Decision for unfinished construction project is verydecision and negotiation. There is also very ittt
complicated since there are many parties involved®arch related to the applications of multi-persten
and time is also critical. Where a number of decisi C€iSion and negotiation support to problems in con-

makers are involved in choosing a single altereafiom

struction. The researches on negotiation suppagera

a set of possible alternatives, there are diffecencerns Tom collaborative design to automated claim negah

caused by differing preferences, experiences, arld2: 13]- Dzeng and Lin [14] presented an agenedas
background. Therefore, a multi-person decisiones r SyStém to help construction contractors negotiaitias w
quired to evaluate and rank the solution alterestiv heir suppliers via internet. Kim and Russel [15]

before engaging into negotiation among decisionermk developed a conceptual framework for intelligent
[1]. As the process involves multi disciplines amdm- earthwork systems to enhance the intelligence of co

work, negotiation plays an important role for multi Structions equipment. Kim and Paulson [16] preseate
person decision to select unfinished constructiajept ~ 29€nt based compensatory negotiation methodology to
that will be continued, postponed, or terminated. facilitate the distributed coordlnauo_n of projecthedule
The research objective presented in this papepis £hanges. Yan et al [17] used multi-agent systesum
propose a model of multi-person decision on piiirig port project management in a distributed environimen
selection with regard to continuing or terminating- ~ Nassar [18] introduce a framework for managing a
finished construction projects. The objective imiaed ~distributed project performance system using naggnt
by combination model of group decision model andfyStems. Kedro [19] presented a distributed problem
coalition formation model for negotiation. This nedd SOlving approach for collaborative multi discipliya
provides a set of analysis on cooperative gameryheo design in general and collaborative facility deseymd

get the best fit decision for agreement option agnoe-  €Ngineering in particular and propose agent based
cision makers. software integration. Halfawy [20] develops and im-

Negotiation is an interactive communication on aPléments a concurrent engineering methodology and a
multi-person decision to facilitate a distributegasch ~ cOMputational infrastructure that would enable éhes
process. It can be used to effectively coordinaeelie- COMpanies to share and exchange design and con-
havior among decision makers [2] and [3]. KrausStruction information. From the little amount ofeth

proposed two approaches for the development ofUPPOrt system applications, none of them applied
negotiation support to the problem of multi-persord

negotiation in MCDM for unfinished construction
project.
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[I. UNFINISHED CONSTRUCTIONPROJECT in the world, from the academic side, the delaythaf

Constructionworks could be an unfinished project PrOJ€Ct is an important part in a project managemen
where it was abandoned or on-hold at some stag&lrategy, especially in an effort to control change part
Supply and demand problems in real estate markes ha©! the management integration, with all the caeses
left many residential and commercial projects "nisfi-  SUategies to do so. Delays are also to be oneptifeein
ed”. The projects are buildings or other architeaitu decision making that can be resolved through a
structure, as a bridge, a road or a tower. A ptdjeco- duantitative approach [30]. _ o
mes unfinished at various stages of developmene Th 1he decision on delays and selection of priorities
stage of the project may be currently being builtvhich during the construction phase is a complex problgm.

construction work progresses extremely slowly. Théréceded by an assessment of project success @slcon
work may be finished as Blueprint or whiteprint and ~ changes. Studies on these subjects are very rianayl

never be realized, or be abandoned during conigruct in practical world. It is abput exploring factstuia steps
While owners are hoping to sell, investors are iogk undertaken a developer in rescue project or theorfac

for deals. Construction companies are looking foy-p that underlie and influence decision-making, ingigd
jects to complete. Unfinished construction carres € development of alternatives. In the academiddyo

multiplier effect on job creation that begins withe '€S€arch on the subject is inserted into discussion
investor outsourcing to a contractor to developdbes-  PrOI€Ct termination as part of project control gdject

truction site. Experience showed that potentialdpsyare  cOmpletion [28] but not specifically on the apprbdo

more interested in buying assets, commercial space, Project delays. » _
an unfinished construction site rather than fumitig ~ 1here are two approaches on unfinished construction

enterprises. Cost of unfinished construction wiifli- ~ Project decision. First is evaluation of successfaiiure
ence to cost of construction project. Issue theaatost  ©f @ Project, second is the decision to continwsfone
of work already done under the beginning of unfieig  OF terminated. The approach is part of project rimg
construction cost, current actual production casts the  Strategy [29]. In a settlement decision strategyrahare
end of unfinished construction costs calculateckefia [OUr Projects strategies including delay [26] namel

after completion of a settlement project, it hassfied ~With the execution”, “made in-house projects’, “me
actual cost of the project. ger’ and ‘“termination” project. This strategy is a

In this paper, decision to unfinished constructien decision concerning selection criteria and forangst

making the choice on termination decisions andydela [28] and in a case of multi multi-criteria_decisioe-
while on the other hand making the selection deciépr ~ S€arch [27]. There are two important decisionshia t
the continuation of priority projects as part graperty ~ 2nalysis of project delays [26] which are firstciseon
that has been developed. With company's resourits)i " Project success through several factors (crenatts
then make the decision is not easy because it rig veOf the project, contract, project participation amdinter-

complex and strategic nature, which means the cogppa 2ctive process) [25]. Al of which are based on
will determine the continuation. Therefore it icagsary Performance indicators that include cost, timeugaind

to construct an alternative optimization that bsirtge  €ffectiveness [31]. The second decision is therdete
best of existing resources. In addition to prattieality ~"ation of the delay of the project itself.

Stage one:
Determination of decision criteria: Survey to 120jpct manager member of RElI who have cancelladratinated a
construction project to generalize criteria of demi for unfinished construction project

v

Stage two: Constructing decision hierarchy

v

Stage three: Making judgment

ssa20.d uoisiag

Stage five: Optimization by Goal L 2
programming Stage four: Judgment synthesis

v

Stage six: Determination of coalition formation

v

Stage seven: Analysis of agreement option and stsou

v 2

Conclusion

ssao0.d uolsioap uosiad -

Fig. 1. Process of the group decision and negotiatiipport
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I1l. METHOD

This paper presents the research objective to dp\ael
model of multi-person decision to fundamental peots
involving decision of unfinished construction prce

The model is based on a theoretical approach fee-de

loping a more effective collaboration and negodiati

project alternative to be decided whether the gtoie
continued, postponed or terminated.

IV. RESULT AND DISCUSSION

The propose model is implemented in one of the
biggest private construction projects in Indonedihe

methodology. This paper also investigates theyroup decision consists of five stakeholders an fi
perspective of decision makers who have cancelted @roject alternatives. In this section the resudtsented in
terminated a construction project. The methodologystage two to four is only from one stakeholder mef-
applied in this paper combines methods for decisione that is Architect. The other stakeholder's pesfee is
process and multi-person process. Analytical H@#mar analyzed by same way. Results from all stakeholdexs
Process (AHP) [21] is for decision process. The AldR  analyzed in Stage six and seven for the processutf-
be used successfully with a group [22] and nedotiat person decision. The result is presented in Tablall4
[23]. A Coalition-based Game Theory [24] is for tiul process of the model (See Fig.1) is discussed im th
person process. In this research there are fidelstd-  section.
ders as decision makers who give their preference
prioritizing criteria and prioritizing alternativeor each
criterion. The five stakeholders are Project Mamage o ) ) ) )
(PM) representing Client; Estate Manager (EM) who Determlnatlon_ of hlerarch_lcal problems |s_obta|ned
responsible on operational and maintenances of avhofhrough analyzing and testing of questionnaire eyrv
Estate and particular project; Architect; in hoiesign ~ concerning decision-maker opinions. Opinions were
Manager (DM), and Quantity Surveyor (QS). given in a five-point scal_e (1, not |mp_ortant; Hgistly

Fig. 1 represents the process. The process comdistsimportant; 3, somewhat important; 4, importantyéry
two steps namely decision process and mum_persdmportant). The questionnaire was then dlst_r|bmuaiﬂ20
decision process. It consists of seven stages laséte Members of REI (Real Estate Indonesia) randomly
methodology. The first stage is to determine thtera seIected._TabIe _1 presents list of criteria fqnmehed
for decision hierarchy. These are obtained fromraey ~ construction project decision. The list of critedames
study conducted in Indonesia Property Company. eStagrom compilation of previous study on project sélet
two to Stage four are decision process by applyiRg 25-31].These criteria and_ su_b criteria resylte_:d’rfrthg
to get prioritization of decision for each decisimaker ~ Survey (Table 1) will be criteria and sub criteia deci-
Stage five is optimization for portfolio analysiStage Sion hierarchy (See Fig. 2) and called c1 for ccatfor
six and seven are multi-person decision processulRe time, ¢3 for technical, c4 for benefit, ¢5 for mess and

from this process is the group ‘best option’ forckea TSk, ¢6 for marketing, and c7 for finance

On. Stage One: Decision Criteria for Unfinished
Construction Project

TABLE 1.
DECISIONCRITERIA FORUNFINISHED CONSTRUCTIONPROJECTS

Criteria/ Sub criteria Mean Standard Deviation

Time (c2) 4.50 0.644
Construction schedule, construction schedule na€eia

Business and Risk (c5) 4.25 0.949
Consumer image; long term business objectivegtatian to focus of
business; change on project market; Financialaiglevelopment, delay
effects to housing market

Finance (c7) 4.20 0.834
Available funds for OandM; Probability to capitaturn; effects to cash
flow; financial benefits; time to breakeven; finealcompetence

Benefit (c4) 4.15 0.745
Benefit to project market value; social benefitted facilities

Technical (c3) 4.15 0.856
Possibility to be worked out; contractors arrangets; technical impact
of termination; construction material availabilitggal aspect of technical
matter

Cost (c1) 4.10 0.745
Construction cost, construction cost variance

Marketing (c6) 3.90 0.832

Potential market; consumer acceptance; effectoaising sale; in
compliance with housing.
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Level 1
Goal (G) To select the best decision
_____________ (G)
[ I I [ I ] 1
© vy [=)
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- =~ —~ o = X = o —
Criteria (C) S 3 E g £38 3 § _8 3| X ksJ g )
2 m as = i
[ . I T T T L
Construction  Construction Contractors Benefit of Adaptation to Potential marke Available fund,
cost, time, arrangements, economic focus of Consumer Effect to cash
Construction ~ Construction  Probability to facilities to business, acceptance, in  flow, Benefit

cost variation  time variation finished

project value

Relevantto a Compliance witl financial,Rate o
long term goal,

housing market  capital return

Level 3 ansumers
Sub-criteria image
(©
;e@' 4 Be continued Be postponed Be terminated

ecision
Level t Commercial 1| | Commercial 2 Sport club 1 Sport club 2 Hotel
Unfinished 1 5
construction (a1) (a2) (a3) (a4) (@3)
projects (A)

Fig. 2. Decision hierarchy for project selection

B. Stage Two: Constructing Decision Hierarchy

To obtain a good representation of a problem, st toa
be structured into different components calledvé@s.
Fig. 2 shows five level of decision hierarchy. The gofal
the problem (G
unfinished constructed project") is addressed byeso
alternatives (A = al; a2; a3; a4; a5). The prohkesplit
into sub-problems (c1; c2; c3; c4; c5; c6; c7) wWhaze
criteria evaluating alternatives. These criterid @@e
split in sub-criteria. These criteria and sub cidteare

feelings, judgments, and memories into a hierarchy
forces that influences decision result. The finaipsin
the AHP deals with the structure of amx n matrix
(where m is the number of alternatives amdis the

—"to select the best decision fofumber of criteria). The matrix is constructed tsmg

the relative importance of the alternatives in teraf
each criterion. The vector{aa,, as,...,am) for eachi is

the principal eigenvector of a x n reciprocal matrix
which is determined by pair-wise comparisons of the
impact of them alternatives on thieth criterion.

determined from Stage one (See Table 1). On fourth The relative importance of pair-wise comparison] [21

level, there are three decision options, whethejept
will be continued, postponed or terminated. Fiétdl of
the decision hierarchy is the alternatives of ugsfiad
construction project which are commercial projeatin
commercial project no.2, sport club project nofors
club project no.2, and hotel project.

could be: equal (1), moderate (3), strong (5), \&trgng,
demonstrated (7) or extreme (9). Sometimes onesneed
compromise judgments (2, 4, 6, 8) or reciprocalesl
(79, 1/8, 1/7, 1/6, 1/5, 1/4, 1/3, 1/2). For paise
comparisons betweamsimilar activities with respect to
the criterion ck, a matrid = (&)i;j._n is a preferred
form. If there are fi” items that need to be compared for

C. Stage Three: Making Judgment for Selecting, given matrix, a total af (n-1)/2 judgments are needed.

Alternatives

The first step in any MCDM problem is to defineed s
of alternatives and a set of decision criteria ttha
alternatives need to be evaluated with. The tagleals

more to an art aspect of MCDM than to a science oné' =

[32]. Another very critical step of any MCDM prolnte

is to accurately estimate the pertinent data. lis th

context, Triantaphyllou [33] argue that “very oftém

MCDM problems the data cannot be known in terms of , _
absolute values”. Therefore many decision making "

methods attempt to determine the relative impoganc
weight, of the alternatives in terms of each cidter
involved in a given MCDM problem. AHP [21]
decompose a complex MCDM problem into a system
hierarchies. By reducing complex decisions to &esesf

Then, the product of relative importance for eemhlu of
alternatives and criteria is calculated by thecdiaihg
equation:

Illa” (i = :I,Z...,n) @

Afterwards, the normalization will determine the
weights of alternatives and decision criteria by:

w, @
PAT
i=1

The process of making judgment in the group degisio
consists of two kinds which are weighting proce$s o
Odach alternative to each criterion and weightingcpss
of each criterion to each decision maker. Tabler& p

(i=12..n)

one-on-one comparison, then synthesizing the resulients a process of making judgment by AHP for each

AHP provides a clear rationale for it being dedtbatee
best decision. The AHP [21] is a framework of logiad

alternative to each criterion for one decision makeat
is Architect and one decision that is ‘project o donti-

problem resolving achieved by organizing percemtion nyed'.
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TABLE 2.
ARCHITECT S PAIR WISE COMPARISON FORALTERNATIVES TOALL CRITERIA (PROJECT TO BECONTINUED)
Cost al a2 a3 ad ab al a2 a3 a4 a5 a Weighting
commercial 1 1.000 3.000 1.000 0.333 5.000 0.181 0.222 10.18 0.169 0.250 1.002 0.200
commercial 2 0.333 1.000 0.333 0.167 2.000 0.060 0.074 00.06 0.084 0.100 0.379 0.076
sportclub 1 1.000 3.000 1.000 0.333 5.000 0.181 0.222 10.18 0.169 0.250 1.002 0.200
sport club 2 3.000 6.000 3.000 1.000 7.000 0.542 0.444 20.54 0.506 0.350 2.385 0.477
hotel 0.200 0.500 0.200 0.143 1.000 0.036 0.037 0.036 0.072 .0500 0.232 0.046
5.533 13.500 5.533 1.976 20.000
Time al a2 a3 ad a5 al a2 a3 a4 a5 a Weighting
commercial 1 1.000 0.250 2.000 0.167 0.500 0.074 0.066 10.11 0.083 0.051 0.385 0.077
commercial 2 4.000 1.000 5.000 0.500 3.000 0.296 0.264 80.27 0.249 0.305 1.392 0.278
sportclub 1 0.500 0.200 1.000 0.143 0.333 0.037 0.053 60.05 0.071 0.034 0.250 0.050
sport club 2 6.000 2.000 7.000 1.000 5.000 0.444 0.529 90.38 0.498 0.508 2.368 0.474
hotel 2.000 0.333 3.000 0.200 1.000 0.148 0.088 0.167 0.100 .1020 0.604 0.121
13.500 3.783 18.000 2.010 9.833
Technical al a2 a3 a4 a5 al a2 a3 a4 a5 a Weighting
commercial 1 1.000 0.250 0.500 0.200 0.333 0.067 0.064 30.05 0.085 0.043 0.310 0.062
commercial 2 4.000 1.000 3.000 0.500 3.000 0.267 0.255 60.31 0.211 0.383 1.432 0.286
sportclub 1 2.000 0.333 1.000 0.333 0.500 0.133 0.085 50.10 0.141 0.064 0.528 0.106
sport club 2 5.000 2.000 3.000 1.000 3.000 0.333 0.511 60.31 0.423 0.383 1.965 0.393
hotel 3.000 0.333 2.000 0.333 1.000 0.200 0.085 0.211 0.141 .1280 0.764 0.153
15.000 3.917 9.500 2.367 7.833
Benefit al a2 a3 a4 a5 al a2 a3 a4 a5 a Weighting
commercial 1 1.000 5.000 3.000 7.000 0.333 0.214 0.303 50.31 0.292 0.187 1.310 0.262
commercial 2 0.200 1.000 0.333 2.000 0.143 0.043 0.061 50.03 0.083 0.080 0.302 0.060
sportclub 1 0.333 3.000 1.000 5.000 0.200 0.071 0.182 50.10 0.208 0.112 0.678 0.136
sport club 2 0.143 0.500 0.200 1.000 0.111 0.031 0.030 10.02 0.042 0.062 0.186 0.037
hotel 3.000 7.000 5.000 9.000 1.000 0.642 0.424 0.524 0.375 .5600 2.525 0.505
4.676 16.500 9.533 24.000 1.787
Business Risk al a2 a3 a4 a5 al a2 a3 a4 a5 a Weighting
commercial 1 1.000 0.500 3.000 0.500 3.000 0.176 0.115 40.21 0.197 0.316 1.019 0.204
commercial 2 2.000 1.000 3.000 0.500 2.000 0.353 0.231 40.21 0.197 0.211 1.206 0.241
sportclub 1 0.333 0.333 1.000 0.200 0.500 0.059 0.077 10.07 0.079 0.053 0.339 0.068
sportclub 2 2.000 2.000 5.000 1.000 3.000 0.353 0.462 70.35 0.395 0.316 1.882 0.376
hotel 0.333 0.500 2.000 0.333 1.000 0.059 0.115 0.143 0.132 .1050 0.554 0.111
5.667 4.333 14.000 2.533 9.500
Marketing al a2 a3 ad a5 al a2 a3 a4 a5 a Weighting
commercial 1 1.000 3.000 3.000 5.000 2.000 0.423 0.353 90.42 0.385 0.462 2.050 0.410
commercial 2 0.333 1.000 0.500 2.000 0.500 0.141 0.118 10.07 0.154 0.115 0.599 0.120
sportclub 1 0.333 2.000 1.000 2.000 0.500 0.141 0.235 30.14 0.154 0.115 0.788 0.158
sport club 2 0.200 0.500 0.500 1.000 0.333 0.085 0.059 10.07 0.077 0.077 0.369 0.074
hotel 0.500 2.000 2.000 3.000 1.000 0.211 0.235 0.286 0.231 .2310 1.194 0.239
2.367 8.500 7.000 13.000 4.333
Finance al a2 a3 a4 a5 al a2 a3 a4 a5 a Weighting
commercial 1 1.000 2.000 3.000 2.000 3.000 0.375 0.444 00.40 0.267 0.333 1.819 0.364
commercial 2 0.500 1.000 2.000 2.000 2.000 0.188 0.222 70.26 0.267 0.222 1.165 0.233
sportclub 1 0.333 0.500 1.000 2.000 1.000 0.125 0.111 30.13 0.267 0.111 0.747 0.149
sport club 2 0.500 0.500 0.500 1.000 2.000 0.188 0.111 70.06 0.133 0.222 0.721 0.144
hotel 0.333 0.500 1.000 0.500 1.000 0.125 0.111 0.133 0.067 .1110 0.547 0.109
2.667 4.500 7.500 7.500 9.000

The result is presented in Fig. 3. For the otheisien

the process are presented as a result on Table 4.

judgment. Architect’s pair wise comparison to altaria

the product of the two matricésandR. Finally, the best
(project to be terminated and project to be postdpn solution of a problem is determined by finding the
and the other decision maker (PM, EM, DM, and QS)maximum value oS matrix, i.e. maxg, S, ..., ). If n

is the size of the pair wise comparison matrix A (a;)
Table 2 and Fig. 3 show a sample of Architect’si;j_n, the Eigen vector which is associated represéets t
priorities of the activities with respect to ck (W=

presents the best project to be continued to eadmw)i_n). The AHP [21] measures the overall consistency
criterion. Observe that in criteria cost, the h@sfect to  of judgments by means a consistency ratio: C,R-A

be continued is sport club 2, mean while hotehestiest C.I.Ai = R.G,. The higher the consistency ratio, the less
project to be continued for criteria benefit. consistent the preferences are. The value of the
D. Stage Four: Judgment Synthesis consistency ratio should be 10% or less. Under this

) ) ) ] condition the priorities can be calculated. Table 3
From equation (2), the matrix of weights of alteives

\& id = 1 presents the process of judgment synthesis of one
(under each decision criterion) and decision dafeh=  gacision maker that is Architect. From the Tablegan

i _ .

[wi, W, ..., W], is formed. Gathering the weights of all e concluded that Architect prioritizes the Comrigdre

alternatives under each decision criteripfori € [1,n], {5 pe continued and the Hotel to be postponed or

a matrix of weights of alternatives under all d@ns igrminated.

criteria, H, is formed. In addition, a matrix R is also By same method, the decision from the other four
.. . . — T ’

formed for all decision criteri®= [wi, Wy, ..., W, ....Wl . gtakeholders can be calculated. The result is pregén

The matrix of alternative final scor§, is calculated by Fig. 4 and Fig. 6.
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TABLE 3.
SYNTHESIS OFPREFERENCE OF ANARCHITECT

Decision 1: To be Continued

The Unfinished

Criteria and the Weighting

Construction Cost Time  Technical Benefit Business Marketing Finance Weight —Rank
Project (0.05399) (0.02794) (0.15332) (0.19394) (0.15329) (0.36413) (0.05341)
Commercial 1 0.1404 0.12428 0.5049 0.2856 0.2313 23635 0.4426 0.2891 1
Commercial 2 0.0759 0.24219 0.2586 0.1182 0.3319 2935 0.2791 0.2461 '3
Sport Club 1 0.4583 0.50158 0.1274 0.2273 0.1854 30623 0.0999 0.2479 "2
Sport Club 2 0.2529 0.07136 0.0546 0.3212 0.1566 11301 0.1334 0.1586 "
Hotel 0.0725 0.06059 0.0546 0.0477 0.0949 0.05011 .0440 0.0584 B
Decision 2: To be Postponed
The Unfinished Criteria and the Weighting
Construction Cost Time  Technical Benefit Business Marketing Finance Weight Rank
Project (0.05399) (0.02794) (0.15332) (0.19394) (0.15329) (0.36413) (0.05341)
Commercial 1 0.2603 0.17711 0.0521 0.0390 0.2589 0978 0.0820 0.1140 ™4
Commercial 2 0.4484 0.09467 0.2746 0.1443 0.0944 11708 0.1711 0.1632 "2
Sport Club 1 0.1618 0.04592 0.1505 0.1986 0.0946 088B3 0.1088 0.1242 5
Sport Club 2 0.0797 0.22288 0.0838 0.1085 0.1745 19925 0.1927 0.1540 '3
Hotel 0.0496 0.45953 0.4387 0.5093 0.3774 0.49789 .4451 0.4444 9
Decision 3: To be Terminated
The Unfinished Criteria and the Weighting
Construction Cost Time  Technical Benefit Business Marketing Finance Weight Rank
Project (0.05399) (0.02794) (0.15332) (0.19394) (0.15329) (0.36413) (0.0534)

Commercial 1 0.09156 0.17631 0.0435 0.0677 0.1584 .09004 0.0636 0.0902 5
Commercial 2 0.56444 0.06778 0.0840 0.2350 0.1067 .07331 0.0779 0.1380 "4
Sport Club 1 0.23227 0.03482 0.1674 0.1144 0.1593 .12513 0.2036 0.1422 '3
Sport Club 2 0.05711 0.21827 0.2860 0.0799 0.1407 .20619 0.1977 0.1757 "2
Hotel 0.05463 0.50282 0.4189 0.5028 0.4346 0.505220.4570 0.4537 bl

P it Xyt 0 -dp” 10.4 if project of commercial 1 is continued

E. Stage Five: Optimization Xi; d; - d;* 5.24 if Bro}ect of commercial 1 is postponed

Goal Programming (GP) [34] is used for decisionX, s+ ds - ds"

optimization before decision makers form a coatitfor
a negotiation. GP is an approach to optimize ao$et
objective function subject to constraint. The outeois
perceived as indicating the tradeoffs that needbéo
made in terms of reducing a certain objective iturre
for an increase in some other objectives [35]. Base

the values of aggregation five decision makers, by, +d. -d,*
alternativesy,, s+ d,, - d,*

project decomposition and decision
optimization variables can be set as the followiegult:
Xy.1(commercial 1 project will be continued);

X1, (commercial 1 project will be postponed);
X1,3(commercial 1 project will be terminated);

X,,1 (commercial 2 project will be continued);

X2,2 (commercial 2 will be postponed);

X,z (commercial 2 project will be terminated);

X3,1 (sport club 1 project will be continued);

X3, (sport club 1 project will be postponed);

X33 (sport club 1 project will be terminated);

X4.1 (sport club 2 project will be continued);

X4z (sport club 2 project will be postponed);

X4z (sport club 2 project will be terminated);

Xs 1 (hotel project will be continued);

Xs,2 (hotel project will be postponed);

Xs 3 (hotel project will be terminated).

Constraint of goal objective function is decisiastof
each project.

Fifteen functions of cost are presented in Equai8)n
The value of each decision is calculated based
engineering estimation.

(In Million USD) 3

1.8 if project of commercial 1 is terminated

Xog+ dy - dy 10.5 if project of commercial 2 is continued
Xzt G5 - d5° 4.37 if project of commercial 2 is postponed
Xoa+ O - 0" 6 if project of commercial 2 is terminated
Xao+ o7 - o 3.5 if project of sport club 1 is continued
Xz o+ dg - O’ 7 if project of sport club 1 is postponed
Xazt dy - 0y’ 2.5 if project of sport club 1 is terminated
Xa1+ thg - dho" = 6.25if project of sport club2 is continued

3.9if project of sport club 2 is postponed
1.5if project of sport club 2 is terminated
23.75 if project of hotel is continued
Xs o+ Oig 12.5if project of hotel is postponed
Xsa+ Ohs - dis' = 1.25if project of hotel is terminated
Where di, di*> 0
Function of cost for all project alternatives is,
X+ Xoat Xga+ Xg 1+ Xg 1+ Xy o+ Xoot+ Xzo+ Xyt Xs o+
X1y3+ X2y3 + X3y3 + X4’3+ X5’3 + d]_e- - d16+: 32.25 Million

4

X+ Ohg - Ohg"

USD.

Objectives function with preemptive priority,
P1= Total cost function and

P2 = function of goal constraint every project is
Minimize:

Py (die") +P2 (A1dY + Aoy + Agds + Bydy + Byds + Bads +
Cid7 + Gdg + Cody' + Didyg + Doy + Dadyp+ Bythis +Ex0hg

+ Bglis) )

By entering preference synthesis of project to
alternative of decision (tables 3) the goal objecti
function can be formulated as follows:

Minimize:

ng (dis) + P, (0.289041¢ + 0.114027¢ + 0.090200¢ +
12

46093d + 0.163208¢ + 0.138061¢gl +0.247877¢ +
0.12423¢ + 0.142237¢ + 0.158576¢, + 0.154046¢ +
0.175759¢,+0.058413¢l; + 0.444489¢), + 0.453743¢;) (6)



IPTEK, The Journal for Technology and Science, Vol. 21, 2\\May 2010

Solution of the optimization was concluded for each It means that each player belongs to one and amdy o
project: commercial 1 project is decided to corginu of the m nonempty coalitions within the coalition
project of commercial 2 is decided to continue, répo structure and also none of the players in any toalm
club 1 is selected and decided to continue; spot2 is  is connected to other players not in the coalitibhis
decided to postpone; and hotel is decided to textmin axiom is an axiom that the characteristic functiorall
The total cost is 29.55 Million USD. The decisionda must be super-additive, with the assumption of supp
solution has been based on cost constraint. Thaedditive, the players have the incentive to forrd foint
constraint was limited to a project total cost &25 the grand coalitiomN.

Million USD. The quantitative representation of a player's omeo
at the end of a game is called payoff. The coltectf

o . payoffs to all players may be expressed as thevemtor
Decision makers may choose to cooperate by forming ~_ ¢ h ol , # As th
coalitions. Coalition is formed in order to benefitery X ~ (X, Xg. -... ) of each player's payoff. As the nego-

member of the coalition so that all might receiveren tiation Progress, the prefergnces of the evaluaIider?a
than they could individually on their own. Coalitinas Change, leading to changing score of the solutibn o

been used in many researches in negotiation. k thfxlternative decision for unfinished constructiomjpct,
' @nd changing membership and size of the set ofeagre

paper, the coalition formation process consists o . TH d 410 d ;
determination of coalition formation and analysit o MENt options. Three stages are conducted to determi

agreement options. It considered a game in whieh t29réement options which are;

o . Determining the weighting factor (weight of prefe-
players (decision makers) may choose to coopenate g o .
forming coalitions. Coalition has been used in many rences) of criteria for each stakeholder. Fig.4aty

researches in cooperative games such as [36] for different preferences among decision makers (SH1-

cooperative information agent-based systems andl [2% gHSd): £ al e f h luati .
for COTS selection. Cooperation is the nature ante < =>'ading O ateLnatlve .orheal(.t:) e\]ﬁa,%at'onz crgena
work on operation and construction management [27], Fig.5 presents that a5 Is the “best fit’ for c2, c3,

[37] and [38]. A coalition [22] is any subset®, or cs, a.6 and ¢7. The ‘best .f't' solution for Cl. IS a2
numbered collection of players in which there are 1 3. Scoring of every alternative for every decision Brak

player numbered 1, 2... n and set of all the payeér= Fig.6 shows that decision makers have different bes

{1, 2, ..., n}. Coalition is formed by making binding ~ °Ption as a solution project for the decision to
agreements in order to benefit every member of the terminate.

coalition so that all members might receive moranth G. Stage Seven: Analysis of Agreement Options and
they could individually on their own. Von Neumanmda Discussion

Morgensten [39] express the characteristic function Game theory [22] techniques for coalition formation
calledsuper-additiveas follow: have been applied. Works in game theory descriiehwh
SOT)> (S)+\T) Forall STONSNT=¢  (7)  coalition will form in n-person games under different
Since there are"2possible subsets of N, there arfe 2 setting and how the players will distribute the éfis of
possible coalitions. In every coalition [22] and]4ote  the cooperation among themselves [41]. The proposed
that there is empty coalition that is a coalitioada up coalition formation model enables each agent tecsel
of no members (the null sq) and a grand coalition N individually its allies or coalition. Table 4 showike
consisting of all the players. The benefit of alitom  alternative ranking from possibility of coalitiormang
can be quantified through the use of characteristigecision makers for each decision. Firstly, indisitly
function. The characteristic function of a coalitiGON  all stakeholders have their own best solution. Iinas
is the largest guaranteed payoff to the coalitién. shown on Table 4, a4 is found to be the ‘bessbtution

characteristic function of an-person cooperative game for all stakeholders to be continued, a3 is the bpton

F. Stage Six: Determination of Coalition Formation

can be denoted by equation as follow: to be postponed, and a5 is the best option to be
Coa, 8 terminated.
v(p)=0 andV(N)Z':ZV(') (8) Coalition formation in characteristic function game
i=1

includes three activities which are coalition stuse
A coalition structure is a means of describing tbe  generation, solving the optimization problem of leac
players divide themselves into mutually exclusiva< coalition, and dividing payoff/the value of the geated

litions. solution. This game with five decision makers, ¢hare
It can be described by a set S 5.{S;, ..., S} of them 32 possible (subset of 5 £)2coalitions including empty
coalition that is formed. coalition and five singleton coalitions. The cdalits
The setS is a partition of N that satisfies three objective is to maximize value. In this case, daadiis
conditions: happen in three condition of decision which is ® b
§#0,j=1,...m continued, to be postponed, and to be terminateddch
SnS=¢, foralli=j, and alternative of unfinished construction project.
Us =N 9) To maximize value also means that each alternative

shs can only be decided in one decision.
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Weighting factor

TABLE 4.
RANKING OF ALTERNATIVES FROMPOSSIBILITY OF COALITION FOR EACH DECISION
Ranking of Alternatives for Each Person Be Continued Be Postponed Be Terminated
and Their Coalition al a2 a3 a4 a5 al a2 a3 a4 a5 al a2 a3 a4
Decision Maker (SH) 1 (Architect) S 39 g ghogh e gh o gd st gh g gd ond g
Decision Maker (SH) 2 (PM) iy 0 gh g4 gt ghogs gd ognd g pno ghgd o g g
Decision Maker (SH) 3 (DM) g ghogh ogst g g8t e pnd g st g gd g ond
Decision Maker (SH) 4 (EM) oo g4 gho gt ogst gd oo gh g gd o ghoogst g 9nd
Decision Maker (SH) 5 (QS) g ¢ gh @ gt g g8 gd g g gh gd o gst g pnd
Coalition SH 1,2 ¢ g4 g8 gh ogho ogh pno gst gd gno gd g gh gt
Coalition SH 1,3 oo gd g8 ghogh opnd gst gd ghogd g ond g gt
Coalition SH 1,4 goo¢ 34 18 ghogh opnd g8t gd o ghogd o gh oond o gh gt
Coalition SH 1,5 oo gd g8 ghogh g8t g gd gh o gh gd ond gh gt
Coalition SH 2,3 B ogd gh opnd gqst gnd ghoogstgd o g g gd g g 9nd
Coalition SH 2,4 goo¢ 34 18 gh oghogh st gd opd ghogd g pne gt
Coalition SH 2,5 § 3¢ 4gh ¢ gh o gho ogh gt gd ond gst gh g gd pnd
Coalition SH 3,4 B ogd g gt g4 gh opndgst gd g ghgd o ond gt gt
Coalition SH 3,5 Boogh g4 pnd gst ghogh g8t gd opnd ghogd g pne gt
Coalition SH 4,5 Boogh g4 s e ghogh gt gd opd gd gho g pne gl
Coalition SH 1,2,3 9 gh g4 pnd gst ogh ghoogst opnd gd gt g gh gd ond
Coalition SH 1,2,4 4 gh opd s g g ghogst gd opnd gd ondgh g gt
Coalition SH 1,2,5 B34 gh g g ogho gt gd g gh gdogd st g ond
Coalition SH 1,3,4 Boogh 3¢ gt ghogh g g8t gd o ognd o gnegd o gh g g
Coalition SH 1,3,5 9 g4 ¢ g8 gh gd ghoogst g pd o gh gd o gh opre gl
Coalition SH 1,4,5 9 g4 ¢ g8 ghogh ghoogst gd gd o gh pndghgd gl
Coalition SH 2,3,4 4o gt g8 ghogh ghogst gd gndgd g gh ge gt
Coalition SH 2,3,5 g oo ghogs gd gd o gh g8 gh opd gd g g pre gt
Coalition SH 2,4,5 9 ¢ 34 18 gho g ghoogst pnd gd gh pndgh gd g
Coalition SH 3,4,5 9o g4 g8 ghoghoogh gt opnd gd st ghogh gd g
Coalition SH 1,2,3,4 9 g4 ¢ g8 ghoogh opnd gt gd ghoo g gd o oond o gh gt
Coalition SH 1,2,3,5 9 g4 ¢ g8 gh gd pnd gt g ghoogd ghooond g gt
Coalition SH 1,2,4,5 oo g4 g8 ghoogh g8t pno gd gh g gdgqst g ond
Coalition SH 1,3,4,5 9 o¢ 34 g8 gho od ghoogst gdoghogh gdogh ope gl
Coalition SH 2,3,4,5 B gd pd s g ghogh gt gd opd ghogd g pne gt
Grand Coalition g ¢ gh gt gh o gh opnd gst gd ghgd g ognd g g
Result 34 . A L - A
0.45 0.45
04 0.4 4
5 035 5 0.35 +
8 o3 S 0.3
§ 0.15 = 0249
01 2 0.15 1
0.05 = 0.1
o 0.05 -
0 4

Criteria

[ mcommercial 1 _Bcommercial2_@sportclub1 _@sportclub2 _@hotel |

Fig. 3. Weighting factor of each criterion for eadternative
(Architect’s)

mSH1
O SH2
EISH3
E1SH4
BISHS

Criteria

Fig. 4. Weighting of preferences for each staketmold

cl c2 c3 c4 c5 c6 c7

Criteria

Fig. 5. Weighting factor of every alternative facé criterion

Weighting factor

SH1 SH2 SH3 SH4 SH5
Stakeholders

Fig. 6. Weighting factor of every alternative fach decision
maker (SH1-SH5)

a5
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All decision makers work in a fair and stable way
so that they are motivated to stay with the camliti
structure rather than move out it. Negotiation doul
be considered as a process of distributed rational
decision making [6]. The greater the number of
person involved in the hierarchy construction, the
greater is the range of ideas. The enumeration of
alternatives and the development of decision
hierarchy help the group to debate the problem. The
judgments remain subjective. Wanyama and Far [7]
wrote that sets of activities could move, expand, an
retract during negotiation. By adapted model of
coalition formation from [22] and [42], the model
works in the context of multi-criteria group decisi
making. Each person evaluates the available salutio
option individually based on the preference model
using an AHP model. Thereafter, they select the
solutions with the highest score as the offershtrt
negotiation opponents. At the end of every
negotiation round, each person adjusts its prederen
value function in a way so to increase the utility
associated with the solution that the agent regtrds
be the “best-fit” for its coalition.

V. CONCLUSION

The proposed model for multi person decision on
unfinished construction project can help decision
makers to evaluate and rank the solution alteraativ
to each decision. Results (optimization based goal
programming, and negotiation based coalition
formation) are expected. Both analyze are going
concern where optimization not only consider
function of overall cost but also consider prefesen
weight of each project to each decision as the
preference value of each decision maker. Follow up
research is particularly required, primarily in the
study of an agent-based negotiation on multi gater
group decision. Future research in the applicatibn
this methodology in many field of decision will kdii
a wide range of knowledge to solve the theoretical
and practical gap in multi person decision and
negotiation in construction project.
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