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Abst r act : This paper deals with the problem of the optimal choice among building
cont ractor firms tender ing for a cons truct ion projec t . The probabili ty and possibility of
such firms comple t ing a project in a gtvcn period of t im e is cons idered. T he completi on
of a joh is treated as a fuzzy event The procedure for n...cer taining the expected time for
the comple t ion of a projec t at the expected cost of the project is based upon the
probability and possibility theory. The select ion of a contractor is made upon the
min imal expected cost cr iterion. Following these assu mpt ions a computer program has
been created. The example in the paper illust rates the progr am.
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1. INT RODUCTION

The select ion of a cont ractor for a construcnon project is nne of Iht' most
impor ta nt actlvr ues of an employer. T he employe r is defined as a firm or an institution
or a n ind ividual who invests in the realization of a project : T he con t rac to r is 11 fir m or
an inst it ut ion who completes a projec t .

The selection of a contractor is made after a tendering: procedure has been
finali zed. The tend eri ng procedure can be eithe r in the form of ope n tender ing or
selec t ive tenderi ng. The ope n tendering proced u re is usually used by public authorities
or some other institution inviting offers to hI' mado in t he dai ly press or specialized
tech nical publications. Tender documents are supplied to the' contractors ttcndcrers)
who respo nd to the invitation .

The selective tendering: procedure is usually d ivided into two phases. T he first
phase. refer red to as pre -qualification , consists of the employer's invita t ion to potential
renderers to sub mit informat ion about their technical , technological and economic
capabili t ies in terms of completing the project . The employer then makes the first
selection and prepa res a short lis t of con t rac tors who are t hen invi ted to suhrnit
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their offers. After receiving their tenders, the employer makes his second select ion. i.e.•
selects one cont ractor for the job.

The problem of successful tendering from 8 tenderer point of view has been
studied by several authors: Friedman 16]. Gates [7]. Dixie {4] and others. In ou r
previous work [11]. the utility theory was applied to solve this problem.

The problem of the opt imal select ion of one cont racto r amon g several
renderers was cons idered by Nguen (10). His select ion procedure of bid contractors is
based upon the fuzzy set theory and multicriteria modeling. Namely, he lakes into
account several important cri te ria and for each cri terion he aggregates k rating values
of membership functions that are proposed by k est imato rs. Then. by applying the
Bellman-Zadeh method for mult icriteria decision making in a fuzzy environ ment [2 ) he
may choose the most appropriate tenderer.

2. PROBABILISTIC APPPROACH

T he ti me of project complet ion Ti by tendere r A, (i = 1.2 m) is assu med to be
a stochastic variable with a normal distribut ion .

The probability distr ibution function. meaning the probability of project
completion by tenderer A, • is

where

t

f~W = Pr { ~ s t } = Jt;Wdt.
o

t; {t) = ~e-u. - t~.•)2 {2(J ~ . h = 1.2•. .... m).
,2.

(I I
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is the probability density function. Values t r,i and 0', are expected time and standard
devi ation of projec t completion t ime by tenderer A,. These values may be divided by the
PERT method usi ng the t ime schedule submi tted by every tenderer .

3. POSSIBILISTIC APPROACH

The price offe red by eve ry tenderer for project complet ion is an important
factor among othe r factors influencing the employer 's decision . The employer is
interested in the cont ractor's ability to execute the project in a give n period of time. his
technical and technological competence. financial statement. reputation. performance
record . etc. Hence. the possibility of every contractor completing the project in a given
time is considered to be a deci sion making process. The possibilistic approach takes
project complet ion time T, by tenderer A, as a fuzzy variable. This variab le takes the
values denoted by t wi th the membership function value ",",W that represents the degree
of possibility of tenderer A, complet ing the project in time t . The variable T,
Ii = 1.2•...•m) takes values in the universe of discourse T and denotes a subset in T.



2. PraACevic, S I'('t rovic-I.a~arl'vic I l'robabilist ic-Possibilist ic Approach 131

(8 )

(9)

(4)

(3)

(51

(6)

(7)

(10)

t € T.
j = 1.2•...•n ).

t e T .

•• (Ii T ~ [O.l ].n,

~ =(t .I1 , (t)} . ~ cT. l ET. h = 1.2. . .. . m J,

~ '" ~I u T,.2u U~II ·

~ = ~ l n ~ 2n n ~II ' (;= 1, 2 . . "~ mI.

11 , ( t) = rnin { I1d ( t). l1i 2(l)• . . . . . . ,I1.II(t) }

~J .. { I , I1,j(t)} , ~J « r .
O S l-l v (t ) SI , (j = I,2. .. " m ;

Th e possibil ity that tenderer A, will complete the project In time t may be

where

written

charac terized by the membershi p funct ion 11,1t) . T, is a fuzzy restriction on T . and can
be denoted by

The criteria are fuzzy or linguistic variables and influence the possibility
distribut ion funct ion I!, (t) . Therefore. it is possible to in troduce a new fuzzy subset Tv
in the universe of discou rse. This subset with a membership funct ion I!v is associated
with tendere r A, and cri terion K

J
•

According to Zadeh (15) the membership fun ct ion I!,{t) is the poss ibility
distribution function associated with T,. It defines the possibil ity that T. could ass ume
any specified value of t in T.

To determine the possibility distribution fun ction several factors have to be
assumed for every tenderer. These factors are:

· technical and technological ability.
- financial abi lity,
· resou rce supply ability.
· reputat ion 'and excellent performance record and others .

The resu lting values of the possibility distribution funct ion 11,(() ca n be
derived by the aggregation of corresponding factors.

For a pessimis tic agwegat ion. the fuzzy set T, is assumed to be the intersection
of the fuzzy set Tv .

and for an opti mistic aggregation

Accord ing to Hipel [8) a pessimistic al:/,7egation attempts to minimize risk,
while an optimistic aggregation may present the best case viewpoint between the
interest groups . In this paper the optimal choice is considered to he more realistic than
the opt im is tic one.
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Amon' complex and reehsuc method to calculate the POll.,lllhility dietribuuon
fun ction J.I ,(t) for project reahzauon ill described hy PraAtcvu: III 112). Thill method I

hailed on t he project network plan , where the duration of ('VI'I')' pa rtial activity III

annlvzcd 88 II fuzzy variable Tflklll~ into account Zadf>h'&exteneion prtnciple, the
eorrespon - ding' function of project complcnon J.I,U) ill calcu lated All values J.I,U ) nnd
\.I vU ) heve to he calculated hy th,- employer's cnnsultnnta or consuhmlo: Iirms

4. PROBABILITY OF PRO.JECT
COMPLET ION AS A FUZZY EVENT

Project complet ion time T, hus II probubil istic und poR-llihi lilit ic characte r
Hence. com pleti on of the project can hr- assu med to he n fuzzy event. For determination

of the probahility den s ity function t;·W a nd probability rhstribuunn funct ion f; "(t) of

this eve nt, Zad eh 's possibility/probability consistency principle. can be used Il.'il, 1161
Accord ing to this pri nciple, the probability of project complet ion as a fuzzy eve nt by
tende re r A, within t ime I, as described III 115) is

,
Poss { T, :S I }" 1';. (0 = f (,"(t )dt,

o
(,::< 1, 2, .m l. (1J)

where

I '(,· (1 ) = - f f, (I IJ.l, IOdl,
u'o

•
{I, = f (,WJ.I, (Odl .

o

(121

The expected time of projec t completion by tenderer A, calculated by the probabi listic

If.' and probabihstic-possibilist ic procedure ';,1 IS

•
t~ .1 = f (,(tlt dt,

o

•
I;., = f f,·W 1.u

o
(13)

These functions arc shown 0 11 Fig. 1.

5. COSTS

The employer's costs are considered by several autho rs : Caseimats (2). Ferry
and Brandon (5], Raftery (13), Lavender (91. Stone (14). As hworth II) . More or less al l of
them treat the client's cost as a budgeted bu ildi ng cost. In this paper the cl ient's C08t is
not only the budgeted cost, but also the penalty or prize of the cont ractor depending'
upon the moment the obligation to the client is fulfilled . T hat is to say, the employer's
function cost is expressed in t ime I . It may increase or decrease. If the construction
project is built be fore the fixed time the employe r's cost!' rise, and vice versa. If there is
a delay in construction, e,ll ) dec reases.
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For k nown cost funct ion C,(t ) of tenderer A, the expected cost Cr.,itJ 10 the
probabilistic app roach is :

•
Ct ,1 = J!i(tJ C,(tJ d t.

o
(l = 1,2, . , kl. (l 41
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In the probabilistic-possibilistic approach the expected cost is :

•
C;,I = Jt;°WC. (t Jdt.

o
(i = 1l. 2, ... •kl. (15)

Besides these expected cost values. it is important to calculate the following,
coeffic ients:

• expected time coefficient

• expected cost coefficient

(i = 1.2•. .. , k),

(i = 1,2, ... •kl,

(1 6)

(17)

The employer has to select the tenderer with a minimal C;,i and with values

k:,i • k;,i and (Ij t hat are close to 1. If these values , espec ial ly u,. are different fr om I ,

then there is a difference be tween the tenderer 's probability and possibility to complete
the project in the expected time . Therefore, a decision cost is introduced:

(i : l . 2• .. . , k ). (18)

Now the employer has to select a. tenderer as a contractor with the minim al
decision cost .

According to this procedure, a computer program was written in FORT RAN
77. Input data are: number of tende rers k , expected ti me I t., , standard deviation a "
values of membership funct ion ~j ( / ) and cost function C(t) for eve ry tenderer A, . The

t ime interval is selected I t j -O j, ltj+o j and divided into 18 subintervals for
• •

numerical calcu la t ion of all character istic val ues .

6. EXAMPLES

T wo renderers have submitted their tenders and upon the employer 's request
have made additional da ta available to calculate all characterist ic input values , which
together with the output values are shown in the following tables (Tab . 1., and Tab . 2.).

Tenderer 1

Expected t im e of project completion 't 1 = 200.00 days, standard deviation of
•

project completion (Jt = 60.00 days .
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aI fd

Normal izing fact or Ul ,. 0.675 1 , expected time t ~ .l z 200.0 days . t
f

•2 ,. 222.2

days, coefficients h, .I ,. 1.111 . he. l ,. 1.007 . expected cost C...1 ,. 554 .98, possibly

expected cost Cd.1 ,. 558.72 . decis ion cost Cd.! ,. 925.73 .

T hi I Ia e n,E-ut an out ut v ues or the tenderer I
Time t (I (tl~ll (l) fl(t) "i ll) r; (t) C1(tl

80 0.10 0.0009 0 .0001 0.0236 0.00 13 570
100 0.20 0 .0017 0 .0005 0.0-192 0.0076 560
120 0.30 0.0027 0 .0012 0.0931 0.0246 555
140 0040 0.0040 0.0024 0.1607 0.0607 550
160 0.50 0.0053 0 .0039 0.2543 0.1240 545
180 0.60 00063 0 .0056 0.3704 0.2193 540
200 0 .70 0.OOn6 0.0069 0.4998 0.3442 550
220 0.80 0.0063 0.0075 0.6292 OA876 555
240 0.90 0.0053 0 .0071 0 .7454 0 .6331 560
260 0.95 0.0040 0.0060 0.8389 0.7638 565
280 1 00 0.0027 0.0040 0.9066 0.8641 575
300 100 0.0017 0 .0025 0 .9505 0 .9291 585
320 100 0 .0009 0 .0013 0 .9761 0 .9670 595
~40 1.00 0.0004 0 .0006 0.9894 o 986A 600
360 100 00002 0 .0003 0.9957 0.9961 610
380 100 0 .0001 0.0001 0.99R4 10000 820

•

Ten derer 2

Expected t ime of project completion

project completion 02 " 57.0 days.

t .. 2 ,. 2 10.0 days. sta nda rd deviation of
•

2dI ~ hdT hi 2 Ia e n ut an ou t ut va ues or t e ten crer

Time t 1l 2 ( 1) ( 2( t ) (i(t ) f 2( t ) Fiw C21t)

96 0.00 0 .0009 0.0000 0 .0236 0.0000 600
115 0.10 0.0017 0.0003 0.0492 0.0032 595
134 0.20 0 .0029 0.00 11 0.09:)} 0.0 169 580
153 0 ,30 0.0042 0.0024 0.1607 0.0506 560
172 0.3S 0 .0056 0.0038 0.25-13 0.1096 550
191 DAD 0.0066 0.005 1 0.3704 0.1937 540
210 0.50 0 .0070 0.0067 0.4998 0.3059 535
229 0.60 0 .0066 0.0076 0.6292 0.4422 545
248 0.70 0.0056 0.0075 0.7454 0.5863 555
267 0.80 0.0042 0.0065 0.8389 0.7198 570
286 0.90 0.0029 0.0050 0.9066 0.8290 580
305 100 0.0017 0.0034 0.9505 0.9081 590
324 1 00 0.0009 00018 0.9761 0.9672 805
~4~ 1 00 0.0005 0.0009 0.9894 0.9829 820
362 100 0.0002 0.0004 0.9957 0.9949 640
381 100 0.0001 0.0001 0.9984 10000 850
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Normalizing factor (1 2 ;: 0.5207. expected time t r 2 = 210.0 days, t = 237. 1
•

days, coefficients k, ,2 = 1. 129 . kc•2 = 1.005, expected cost C..,2 = 55 7.23 . possibly

expected cost C;,2 = 560.23 , dec ision cost Cd.2 = 1221.44 .

It is obvious from these results that the expected possible costs are similar for
both renderers. Tenderer 2 has normalizing factor Qz which is more unfavorable. a
greater difference between the possibility and probability of project completion. and
much a higher decision value Cd 2 than tenderer 1. Hence. the employer has to select

•
tenderer 1.

7. CONCLUSION

The methodology and the procedure proposed in this paper may be used by
em ployers to calcu late the expected costs of project execution . taking into account the
tenderer's possibility and probability to complete the project in a given period of t ime.
This procedure is based both on the theory of probability and the theory of possibility,
and prov ides more complex data about the tenderer's ability to complete the project.
However, the main problem fro m the employer 's point of view is how to assess the
tendere r 's probability and possibility of project completion. To overcome this, the
employer has to collec t all relevant information about the tenderers. The proposed
procedure for the optimal choi ce of a contractor among several tende rers is rather
si mple and gives more complete data about the expected costs compared to the
procedure based on the PERT method .
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