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Abstract. High and new technology-project as a tool to achieve productive forces through scientific and technological
knowledge is characterized as knowledge based with high risk and returns. Often conflicting objectives of these projects have
complicated their assessment and selection process. This paper offers a novel approach of high technology-project portfolio
selection in two main parts. In the first part, a new risk reduction compromise decision-making model is proposed that applies
a new approach in determining the weights of experts and in avoiding information loss. The objective function of a new
interval type-2 fuzzy sets (IT2Fs) based mathematical model of project portfolio selection is formed by the outcome. To
depict model’s applicability, data from case study of high technology-project selection in the literature is used to present the

efficacy of the model.

Keywords: High and new technology-projects, project portfolio selection, compromise solutions, mathematical modeling,

interval type-2 fuzzy sets

1. Introduction

Large high-tech mega-projects are referred to
projects that require research and development and/or
application of technology in addition to a substantial
infrastructure and multi-million or even billion dollar
budgets. Additionally, their time-horizons are mea-
sured in at least years [18]. Ability of decision makers
(DMs)’ to flawlessly analyze projects is weakened by
high risk of uncertainty or inadequacy of project data

*Corresponding author. S. Meysam Mousavi, Department
of Industrial Engineering, Faculty of Engineering, Shahed
University, Tehran, Iran. Tel.. +98 21 51212091; E-mail:
sm.mousavi@shahed.ac.ir.

[11, 21-24, 31]. This complication and vagueness is
intensified in high-technology [16].

High-tech mega-projects have high levels of risk,
vagueness and uncertainty. At the initial phases,
uncertainty mostly affects performance expecta-
tions, political environments, goals, motivations, and
potentials [25, 11]. Thomas and Mengel [10] stated
that complex projects have vagueness and ambigu-
ity of the not-yet-known that occur as events that
crucially reframe meaning, interpretation, and social
significance emerge.

Due to lack of adequate historical data, vague-
ness and high influence of experts’ judgments on
project selection problems, fuzzy sets theory has been
referred to as a welcomed approach in considering
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project uncertainty [3, 27]. Most of the studies even
in the recent years are based on classic fuzzy sets.
Zadeh [13] expanded type-2 fuzzy sets (FSs). Type-
2 FSs have fuzzy membership functions (MFs) also
called “membership of membership”. In type-2 FSs
in contrast to type-1 FSs each membership value of
each element is expressed by fuzzy setin [0, 1], rather
than using a crisp number in [0, 1]. Despite all these
positive points, unfortunately using T2FSs to model
the environment of high-tech project is still new.

Some of the main literature gaps that motivated
proposing this paper are as follows: (1) literature of
project selection and projects portfolio selection is
very weak when it comes to high-tech projects (2)
this problem contains very high levels of uncertainty
and vagueness and they are not yet well addressed; (3)
the existing decision-making methods do not compre-
hensively address risk of uncertainty and importance
of each DM’s judgment.

In order to fill the gaps of this practical decision-
making situation, this paper offers a novel two-part
model of high-tech project portfolio selection under
highly uncertain and vague conditions is proposed
that presents interval type-2 fuzzy sets (IT2FSs)
to model uncertainty. In the first part of the pre-
sented approach, a new IT2FSs based-risk reduction
compromise decision-making process is presented
that avoids information loss in designating weights
to DMs. Employing IT2FSs gives the model with
high power of uncertainty modeling and calculat-
ing. Moreover, each DM receives a weight based on
the judgments received in the process. In the second
part, a new mathematical model of project portfolio
selection with IT2F-constraints is proposed to find
the optimal portfolio of projects. Eventually, in this
paper the basic concept of IT2FSs is improved by
presenting a novel method of interval type-2 fuzzy
number (IT2FN)-ranking.

The following illustrates the remainder of this
paper. In Section 2, the relevant literature on com-
promise decision making problems is reviewed.
Section 3 displays the introduced model. Model’s
application is illustrated in Section 4 and eventually
Section 5 presents the conclusion remarks.

2. Literature review

Most of the project selection related studies apply
the concept of multi-criteria decision-making and
multi-criteria analysis [1]. Actually, since project
evaluation and selection is a group decision-making

process that is affected by different project aspects,
applying multi criteria decision-making methods
could be a useful approach. On the other hand,
one aspect that highly influences project evalua-
tion and selection studies especially in case of high
technology-projects is uncertainty. Over the years, a
large number of fuzzy multi-criteria decision mak-
ing (FMCDM) methods have been introduced. All
approaches are mainly concerned ‘with conduct-
ing the decision-making process better informed
and more structured. Through reviewing previous
studies, FMCDM can be categorized as a fuzzy
multi-objective decision-making (FMODM) and
fuzzy multi-attribute decision-making (FMADM)
approach.

A practical solution in highly uncertain environ-
ments is applying type-2 FSs. The development made
by Wu and Mendel [2] was based on using words
for interval type-2 fuzzy hierarchical MADM. The
model was applied to assess a weapon system. Dereli
and Alton [26] used IT2FSs to present a framework
that evaluated technologies. Dereli and Alton [25]
further investigated the problem of candidate tech-
nology assessment with the help of a fuzzy inference
system that used type 2 fuzzy sets. Qin et al. [9] devel-
oped a decision model integrating VIKOR method
and prospect theory. To illustrate the applicability of
their method, they used case study of a high-tech risk
evaluation.

Another approach in using IT2FSs in project envi-
ronment is employing these sets in mathematical
modeling and programming. To the best of our knowl-
edge, this approach in project and project portfolio
selection is new and only a small number of studies
have used this approach. For instance, Mohagheghi
et al. [28] presented a model of project cash flow pre-
diction that could also be applied in project evaluation
and appraisal. Mohagheghi et al. [29] applied IT2FSs
to evaluate R&D project evaluation and project
portfolio selection. As mentioned earlier employ-
ing type-2 FSs in mathematical modeling for project
selection problems is new and most of the IT2FS-
based approaches apply different MCDM techniques.

Since this paper offers a new method of IT2F-
ranking, a brief review of ranking methods is
presented. Mitchell [4] presented one of the first type-
2 fuzzy-ranking methods. The method was based on
random inputs and the randomness involved in the
process would affect the final results. Qin and Liu
[9] used operators of arithmetic average, geometric
average and harmonic average (HA) to rank IT2FNs.
Kunda et al. [19] presented a model of interval type-2
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fuzzy-ranking. The method was based on the concept
of using relative preference index. Proposed rank-
ing approaches are not totally satisfactory. Some of
the reasons are as follows: lack of enough discrim-
ination while differentiating similar IT2FNs, having
inconsistent and sometimes counter-intuitive results
under different situations, and requiring large com-
putational effort under specific conditions.

As it was mentioned, any practical project eval-
uation process requires sophisticated consideration
of uncertainty. Most of the existing literature of
the project and project portfolio selection is based
on classic fuzzy sets theory. In environments like
high technology-project environments that have a
very high level of uncertainty it is more practical
to use type-2 FSs. Therefore, in this paper, a new
model of project portfolio selection under an IT2F-
environment that controls the risk of uncertainty in
addition to avoiding information loss when giving
weight to DMs is proposed.

3. Proposed approach

In this section, first a new effective ranking method
is presented that is based on the concept of positive
and negative ideal solutions. The project portfolio
selection has two main parts. In the first part, a novel
decision-making approach is presented that avoids
information loss in addition to controlling uncertainty
of soft computing. This part of the model results
in ranking the candidate projects while consider-
ing the selection criteria. The second part includes
a new mathematical model based on the concept of
IT2FSs that uses the results of the previous part of
the model to select the best portfolio of projects
while considering conflicting and practical limita-
tions and considerations. It should be noted that the
applied IT2FS definitions and operators were taken
from [6-8, 12, 15, 20].

3.1. Proposed ranking trapezoidal interval
type-2 fuzzy numbers

In this section, a novel approach for comparing and
ranking IT2FNs is presented. This approach is based
on sensible use of concept of ideal solutions. Also, a
distance-based similarity measure between IT2FNs
is appropriately developed for effectively obtaining
the overall performance for any given IT2FN ranking
and comparing process. This method is based on the
studies of Deng [5], Ren et al. [14], Mohagheghi et al.

[30] and Zhang and Zhang [34]. The step-by-step
algorithm is introduced as follows:

1. Define the trapezoidal interval type-2 fuzzy pos-
itive ideal solution as ):(max and the negative
ideal solution as ):(mm.

2. Calculate the distance-based degree of similar-
ity between each interval type-2 fuzzy number

Aj(i=1, 2,..., n) and the positive interval
type-2 fuzzy ideal solution (di) by applying
Equation (1):

d,+ (Ai’ ):(max)

4 4
S @V — xUy 4+ S (aF — xF)?
i=1 i=1

2 ~ ~
_ +3 (H(AY) — H(X)? )

i=1

2 ~ ~

+§(Hi(AL) — Hi(X")?

i=

3. Calculate the distance-based degree of similar-
ity between each interval type-2 fuzzy number
Ai(i=1,2,...,n) and the negative interval
type-2 fuzzy ideal solution (d; ) by applying
Equation (2):

d,_ (Zia imin)

4 4
S@l — U+ 3@k —xF)?
i=1 i=1

2 ~ ~
_ +(H(AY) — H(XV)?  (2)
i=1

2 ~ ~
+ 2 (Hi(X") — Hi(X"))?

i=1

4. Determine the point E (min (dl‘" ) , max (dl_ )),
which is referred to as the optimized ideal ref-
erence point.

5. Calculate the distance from each alternative to

point E by using the following:

4 —min (@)’
+[d — maxd; ]’

1

ED; =

s

i=1,2,....n 3)

6. Rank the interval type-2 fuzzy numbers
A; (i=1,2,...,n)inincreasing order of ED,;.
If two numbers happen to have the same value
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Table 1

Linguistic terms and trapezoidal interval type-2 fuzzy numbers

Linguistic variables

Trapezoidal interval type-2 fuzzy numbers

Extreme High (EH)
Very High (VH)
High (H)

Medium High (MH)
M (Medium)
Medium Low (ML)
Low (L)

Very Low (VL)
Extreme Low (EL)

((8,9,9,105 1,1),(8.5,9,9,9.5;0.9,0.9))

((6,7,7,8; 1,1),(6.5,7,7,7.5;0.9,0.9))

((4,5,5,6; 1,1),(4.5,5,5,5.5;0.9,0.9))

((2,3,3,4; 1,1),(2.5,3,3,4.5;0.9,0.9))

((1,1,1,1; 1,1),(1,1,1,1;0.9,0.9))
((0.25,0.33,0.33,0.5;1,1),(0.22,0.33,0.33,0.4;0.9,0.9))
((0.17,0.2,0.2,0.25; 1,1),(0.18,0.2,0.2,0.22;0.9,0.9))
((0.13,0.14,0.14,0.17;1,1),(0.13,0.14,0.14,0.15;0.9,0.9))
((0.1,0.11,0.11,0.13; 1,1),(0.11,0.11,0.11,0.12;0.9,0.9))

of ED;, determine their ED; by the following
Equation and rank them in increasing order of
ED;.

ED; =d;" —min (d). 4)

3.2. Proposed type 2-risk reduction compromise
ratio model

In this section, a new risk reduction compromise
ratio method based on trapezoidal IT2FSs and foot-
print of uncertainty (FOU) is developed that explores
the impacts of the criteria used in the decision-
making process. Linguistic variables were converted
into trapezoidal interval type-2 fuzzy sets and are pre-
sented in Table 1. This novel method can be described
in detail by means of the following.

First, decision information of each DM should be
gathered, therefore:

HK HK
Dll Dln
Di=(D§) =1 : 5)
mxn - ~
Dy -+ Dy,
ﬁ/Kz(ﬁ)’f, ﬁ;’;,...,ﬁ;’;),KeT ©6)

Where Dy is the decision matrix and Wx is the
weight vector of attributes, m is the number of crite-
ria, n is the number of alternatives compared and T
denotes the group of experts. j 1s the-weight vector
of the criteria. Obviously, bi’; and W are trapezoidal
IT2FSs. B

The decision matrix should be normalized (F)
using Equations (8 and 9).

Fll Fln
F=1| : : )
le an

Fj= (Y. £5. f. £3: (minH; (DY), Hi(d*)
(min Ho(DY), Ha(d"). fk. fh. fk. rk:
(min Hy(D}), Hi(d*)). (min Hy(DY),
Hy(d*))) (8)

where
T
Sl

T T
. i i 15— 15—
mln( Jlm7 ]lm’ ( m)’ (5—m) ,

d* d* d* d*
Te{U, L}, me{l, 2}

T
fij
T T T T
— min (dljl(sm’ dUl(S—n)’ dijln, di/m) ’
d* d* d* d*
T e{U L}, ne{3,4)
i=12,....,n, jeB

Fii =Y. £5, 4, £Y; (min Hy (DY), Hy@d)),
(min Hy(DY), Hx(d"), ff. f5. f5. fs:
(min Hy(D}), Hi(d™)), (min Hy(DD),

Hy(d™))) )
where
d- d- d- d-
T .
fli = min (dT ’ T s dT s dT ) s
om 1J2(5—m) om LJ2(5—m)

T . d~ d- d  d
f]j = min T ) T ) T 5 T 9
LJ2(5—n) Lon LJ2(5—n) t2n

Te(U, L}, nei34)
i=1,2,....,n, jeB
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Where B denotes the group of benefit criteria and
C represents the group of cost criteria. d* and d~ are
also obtained as follows:

d* = max (dij)U
i

: (10)

d- = miin(dij)ﬁf (11)

The normalized weighted decision matrix is calcu-
lated by employing Equation (12).

Qu

I
Qu
Qu
5

12)

Qu

Gml

mn
Gij= Fijx i,
= (811> 8h- 83 814> (min H;y (G?) Hi (FlU))
(min Hi (GY) . H1 (F))
gh. g5, 85 gh: (min Hy (GY) . Hy (F)),
(min B> (G}) , H> (FT)) (13)

where
T T T T
T . i./lm wjzm ’ ijlm w./z(Sfm) ’
g1 =mm |1 TofT T ’
UiGs—m)  J2m’ Y U1(5—m) ~ J25—m)
T e{U, L}, me{l,2}

T T
T . iJ1(5—n) Wi 5-ny?
gij =M\ o7 T T T T, |
J1(5-n) J2n” YU 25— Y Un o J2n

T e{U,L},ne{3,4}

The ideal decisions of all individual decisions in
mean sense should be the average of all individual
decisions. A negative ideal decision should be of the
maximum separation from the positive ideal deci-
sion [32]. Therefore, the best decision (G*), the left
negative ideal decision (G; ) and the right negative
ideal decision (G, ) are calculated by applying the
following equations:

?]kl . ?]kn
G* = ; (14)
§:;11 §;knn

where

t t t
5 (l/tzgf;l, A R
k=1 k=1 k=1

t
VS gl (Ha(GY)), (Ha(GYY),

k=1
t ! 3
Yedosh YD she YD sl
k=1 k=1 k=1

t
VS ghy: (min B (G, Hy(F])),
k=1

(min H2(G ), Hz(F1 )

§111_ e §lln_
Gi = (15)
B o Bl
where Z’ZJ = m1n {g”}
§r117 A §r1n7
Gz = (16)
grml_ o érmn_
where g g, = max {glj}

The dlfference of each individual judgment from
the ideal judgments including positive ideal decision,
the left negative ideal decision and the right negative
ideal decision are respectively denoted by d, d;” and
d;” and are determined by the following Equations:

2
Z(gup _gup ") +Z(gtjp _gup

2
df = |+ HGY) = Hy G (a7
p=1

2
+ 3 HGF) — Hy(GF)?

p=1
keT
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U2 L2
Z(g!/p - gup >+ Z(gt/p - gt/p )

2
d = |+ G~ @G as
p=1
2 7K =z 7l
+> (Hy(GF) = Hy(GF))
p=l1
keT

2 L 12
Z(gw? ~ &) +Z(gup — &jjp))

2
= Y G - Hy G+ (19)

p=1

2
3 (Hy(GE — Hy(GF )Y

p=1

keT

The closeness coefficient of the individual decision
(Ry) with respect to ideal decisions denoted by (CCy)
is achieved as follows:

dr +d!

CCh=——
dl+d +d;

KeT (20)

Itis considered that larger value of CCy determines
more importance on kth DM opinion, and bigger
value of weight for kth DM [33]. The importance of an
expert in his/her area of expertise is referred to as the
individual importance and denoted by /Mj. Combi-
nation of the two DM importance considerations can
be obtained as follows:

my=alMy+ (1 —-—a)CCy,K €T 21

where « (0 < o < 1) is the optimistic coefficient that
indicates whose value can be chosen according to
group’s opinions, IMy (0 < IMjy < 1)is the measure
of importance of kth DM as an expert in his’/her own
area of expertise.

Eventually, the weights of DMs are obtained as
follows:

o= —"F _ KerT (22)

22:1 Tk

The weighted (on attributes and DMs) decision
matrix (S) for each DM is calculated by the following:

(o _ k
Sk = (Sl/)mxn - (Mk X gij)mxn

~k =k
Sttt S
= S (23)
=k ~k
Sm1 Smn

where
Sij = (ki1 MABLT2 MBI AL
(Ha(GY), Ha(GY), g, gl
kgl 1kghs: (Hil(GT), Hin(GT))

The individual decision, which is weighted on
attributes and DMSs, is converted into the group
decision, for each. alternative. This is done by the
following Equation:

~i ~i

S S,

Si = (sk,-)jxn = ieM, (24)
=i ~i
Sttt Sm

To manage the risk of uncertainty in the process the
following mathematical model for each alternative is
presented.

M M
H; = max (Z Gsi— Y qcl) (25)
i=1 i=1

Subject to :
. 1 ((Sij)1)2 + ((Sij)2)2 + ((Sij)3)2
QBz:Z Py 2
iep + (i)
(26)
1 [ GsiD)* + (i) +
dei=y ( o 2) @7)
jeC ((sij)3)” + ((sij)a)

Sij = (Sijy- Sijo+ Sijy.» Sij) (28)

U L . .
sijlgsijlfsijlj—l,...,m,l—l,...,n 29)
U L . .
ljz_s,]zfsijzjzl,...,m,l:],...,n (30)

L U - .
Sijy SSijy <8 i=1....om, i=1....n (1)

K §s,-j4§sl-j41=1,...,m, i=1,....,n (32
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((sip1 + (i)
Gi)D¥ + i)
m, K=1,2,3,4 (34)

((sip)a + (sip)f) —
((sip)g + (i) —
ik =0j=1,...,

(33)

Where ¢ denotes the maximum amount of accept-
able uncertainty. This amount is imposed on the
mathematical problem by Equation (33). In this step
based on the concept of FOU, the IT2FNs are con-
verted to type-1 fuzzy sets. These new fuzzy numbers
are made in the limits of the initial IT2FNs by Equa-
tions (29-32). The area between the lower and upper
limits of an IT2FS is known as FOU. The presented
approach aims at controlling and reducing the risk of
this uncertainty that exists in IT2FNs by using FOU.

The quantitative utility (QU) for each alternative
should be calculated. The degree of each alternative’s
utility is directly related to its obtained H value. The
degree of an alternative’s utility can be computed as
below:

H;
oU; = { } x 100% (35)

max
At the end of this process, each alternative gains a
score which is presented by QU;. This score demon-

strates the desirability of each alternative considering
its benefit and cost criteria.

3.3. Proposed mathematical model

In this section, a model is presented that is aiming
at obtaining a portfolio of projects that suits all the
existing criteria of the process in the best possible
way. Notations used in this section are described as
follows:

i2 fiV, i fi¥ iz, in2 £V Hy (i fiV)),
1 2 3 4 1
H, (ir2fif)),
ir2 ik, ir2 fik, ir2 fik 2 fik Hy (in2 fil)
1 2 3 4 1
H, (ir2fit)),

IT2F investment project i,

Min |, minimum amount if.acceptable investment,

Max;, maximum amount of acceptable invest-
ment,

QU;, Score of project i obtained in Section 3.2,

IT2FHRY, IT2FHRY, IT2FHRiY, IT2FHRiY;
H, (IT2FHRiY) , H, (IT2FHRiY) ’

H, (IT2FHRit) , H,

IT2FHRi*, IT2FHRi%, IT2FHRi%, IT2FHRi%;
(IT2FHRit) '

IT2F human resource requirement of project i

Maxgg, maximum level of available human
resource,

Xi, decision variable which is defined by:

0 if project i is rejected
"= Y 1if project i is selected

m

Z, = maxeiQUi (36)

i=1
Subject to :
i fit i fif ir2 £V ie2 1
Hy (i2fi) , H, (i2fif) )°
Ming <y (2 fibin2 fi, i fis, i2 fifs\ < Max,
v\ H (in2fit) | Hy (ir2fit)

X

i=

(37

IT2FHR{Y; Hi(IT2FHRiV), Hy,(IT2FHRiV)

n

N

,.=1< IT2FHRi", IT2FHRi%, IT2FHRi%, )

( IT2FHRV, IT2FHRiY, IT2FHRiY, )

IT2FHRi%; H (IT2FHRiY), Hy(IT2FHRiY)
< Maxygr (38)
ir2 fiV, i2 fil, ir2 fi¥,
ir2 fi¥%s Hy(it2 fiV), Hy(ir2 fi¥) )

it2fit, ir2 fit, i fiy, it2 fiy;
H, (12 fit), Hy(it2 fit)

i Eshort term

N Hy(@ir2fit), Hay(ir2 fi¥)
bt (39
,bL i=1

<112le, i fil, in2fi¥, ir2fi¥ )

it2 fit, Q2 fik, i fik, it2 fiy;
X
H\(it2 fil), HayGr2 fif)

ir2 fiV, i2 fi¥ , lt2ﬁ3 , 2 fi¥s
HyGr2fit), Ha(ir2 fi]))

L. N L. L.
tEmtd term <lt2.ﬁlv llzf127 llzfl3v lt2ﬁ47>
Xi

H(i2 fi%), Hy(ir2 fit)
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N H 2 fiV), Hy(ir2fi¥)

> (40)

o (i fit, 2 fit, i fik, in2 fi;
Xi
Hy G2 fit), Hy(ir2 fit)

<n2 fil, in2fil, in2fi¥, ir2 fiV ;)

=<

T ™

infiV, infii, infil, i2fiV;
( H\Gr2fif), Hoir2 fif) )
iclongerm W2 fiL, A2 fi%, it fik, it2 fik;
( H (12 fit), H,(ir2 fi¥) ) .

<iz2 fiV, in2fil, in2fY, iz2ff;>

N H\ (12 fiV), Hy(ir2fiV)

<Zy @1
WA (i fit, in2 fik, ir2 fik, 2 fil;
X

Hy (12 fif), Ha(r2 fif)
at+Bt+y=mn “2)
xi#x,  fori=1,2,....n(i.i') ek 43)
xi=1 fori=1,2,...,n;VieL 44)

Equation (37) keeps the amount of investment in
the feasible region. Equation (38) keeps the number
of human resource of the entire selected portfo-
lio in the practical area. Equations (39-41) can be
added to the model to plan short, mid and long-term
time horizons. Equation (43) indicates the mutual
exclusiveness relationship of projects. Equation (44)
makes inclusion of a certain project in the portfolio
compulsory.

To solve the mathematical model with IT2FSs
embedded in the constraints, the concept of expected
value defined by Hu et al. [6] was used. In this
approach, each IT2FN used in the model is trans-
formed to crisp value. The following presents the
applied approach of transformation:

3
(1, v
E(A) = 3 <3;ai —l—ai)

1 2
X7 (Z(Hi(AL)+ H,-<AU))> (45)

i=1

3.4. Procedure of the proposed project portfolio
selection approach

In sum, the algorithm is provided by means of the
following steps:

Step 1. Provide individual decision information
for each DM. Each DM expresses his/her deci-
sion matrix. Their decision matrixes are gathered as
expressed in Equations (5 and 6).

Step 2. Normalize the gathered decision matrixes by
Equations (8 and 9).

Step 3. Construct the weighted (on attributes) indi-
vidual decision by Equation (13).

Step 4. Determine the ideal decisions of all individual
decisions. The best decision (G*), the left nega-
tive ideal decision (G, ) and the right negative ideal
decision (G, ) are calculated by Equations (14-16),
respectively.

Step 5. Compute the separations of each individual
judgment from the best judgment (G*), the left neg-
ative ideal decision (G, ) and the right negative ideal
decision (G;") applying Equations (17-19), respec-
tively.

Step 6. Decide the closeness coefficient of each
individual judgment to supreme judgments by using
Equation (20).

Step 7. Find the comprehensive closeness coefficient
of each DM by employing Equation (21).

Step 8. Obtain the weights of DMs by using Equa-
tion (22).

Step 9. Create a decision matrix that is
weighted on attributes and DMs for each DM by
Equation (23).

Step 10. Convert the individual decision that is
weighted on attributes and DMs into the group deci-
sion for each alternative by using Equation (24).

Step 11. Solve the mathematical model presented in
Equations (25-34) for each alternative.

Step 12. Calculate the quantitative utility of each
alternative by using Equation (35).

Step 13. Form the final objective function of
the project portfolio selection model by using the
obtained quantitative utility.

Step 14. Gather the data concerning the constraints
and the limitations and form the final model.

Step 15. Solve the mathematical model to achieve the
optimal portfolio of projects.
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4. Proposed approach application

In this part, an existing problem in the recent lit-
erature is adopted and solved using the proposed
approach. Furthermore, the model is presented in two
parts and each part is illustratively dealt with by the
model.

4.1. First part of the proposed model

In this section, to display model’s applicability in
real-world problems, the data from the case study of
Tavana et al. [16] is applied. The main objective of
the studied organization is to find the most suitable
projects for funding depending on the annual budget
constraints.

The following criteria were considered in the prob-
lem: Total cost (C1), Production time (C>), System
safety (C3), System reliability (C4), Feasibility (Cs)
and eventually, reusability (Cg). 5 projects (P1) —
(Ps) from the studied case are selected to be used in
the proposed method. A group consisting of 5 experts
have expressed their ideas.

Since the calculations are too large to be fully dis-
played, partial calculations are presented as follows.
The closeness coefficient of the individual judgment
with respect to supreme judgments is obtained and
displayed in Table 2. my is then calculated. It should
be noticed that each DM was given the /M of 0.2 and
a was equal to 0.5. my is also displayed in Table 2.
Finally, the weights of DMs are calculated. They also
are displayed in Table 2. The initial judgments are
weighted by using Equation (23).

The weighted (on attributes and DMs) decision
matrix (S) for each DM is aggregated before being
used in the mathematical model. The aggregation is
carried by applying the following:

K L K K K
Dk Skijl Dk Skij2 2 ke Skij3 PP Skijd,
K ’ K ’ K K 7
: oL oL
min Hl(Skij)s HZ(Skij)v
K K K K
Zk:l S/fijl Zk:l Slfijz Zk:l Slfijs Zk:l Si%ijzt_
K ’ K ’ K K ’

min Hy(Sg;). Ha(Si),

(46)

It should be mentioned that the aforementioned
steps are carried out for all the gathered judgments.
Eventually, the mathematical model for each alter-
native is solved. It should be noted that maximum
level of uncertainty is set equal to 0.5. H;, QU; and
the results of the existing literature are displayed

Table 2
The closeness coefficient, 77y and
Decision Maker CCy Tk Wk
DM, 0.65 0.42 0.18
DM, 0.83 0.51 0.22
DM; 0.67 0.43 0.18
DMy 0.82 0.51 0.22
DMs 0.67 0.43 0.18
Table 3
Final computational results
Projects H; QU; Proposed Tavana
approach et al.
ranking [16]
Py 7.122591 100 1 1
P, 6.102921 85.684 2 2
P3 5.979368 83.94935 3 3
Py 4.437909 62.30751 4 4
Ps 3.072105 43.13185 5 5

in Table 3. The results show the reliability if the
proposed model in addition to its novelty in giving
weights to each DM depending on the achieved judg-
ments.

4.2. The second part of the proposed approach

Since the provided case study lacked the required
data for this part of the model, in order to display
application of this part, the problem is adapted and the
required data is added. Table 4 displays the adapted
data for each project. To demonstrate model’s ability
to-handle problems under different scenarios, differ-
ent levels of constraints are considered, and the model
is solved under those different constraints. Table 5
displays the achieved results.

4.3. Model’s advantages over similar studies

Applying the proposed model in the existing lit-
erature demonstrated several advantages. The most
important implications of the model’s application are
as follows: (1) the model is based on type 2 FSs. This
uncertainty-modeling tool gives the model a practi-
cal edge over the existing classic fuzzy models; (2)
the model is in two main parts, and it means that
the DM can easily observe the results of judgments
on projects before choosing the portfolio. Further-
more, uncertain data concerning both quantifiable
and unquantifiable can be applied in each part of the
model; (3) each DM is given a weight that is based
on the expertise and importance of the expert in any
studying field, in addition to the data gathered from

468

469

470

471

472

473

474

475

476

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496



497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

Table 4

Adapted data of the studied projects

Projects IT2F investment (million dollars) IT2F human resource (persons)
Py ((160,180,210,230;1,1),(170,190,200,220;0.9,0.9)) ((20,30,45,55;1,1),(25,35,40,50,0.9,0.9))
Py ((260,280,310,330;1,1),(270,290,300,320;0.9,0.9)) ((15,25,40,50;1,1),(20,30,35,45;0.9,0.9))
P3 ((110,130,160,180;1,1),(120,140,150,170;0.9,0.9)) ((0,10,25,35;1,1),(5,15,20,30;0.9,0.9))
Py ((60,80,110,130;1,1),(70,90,100,120;0.9,0.9)) ((7,12,27,37;1,1),(7,17,22,32;0.9,0.9))
Ps ((210,230,260,280;1,1),(220,240,250,270;0.9,0.9)) ((10,20,35,45;1,1),(15,25,30,40,0.9,0.9))
Table 5
Results of the second part of the model

Projects Budget 0-100 Budget 100-200 Budget 200-300 Budget 0-500

Human resource 0-30 Human resource 30-50 Human resource 50-70 Human resource 0-120
Py 0 1 1 1
Py 0 0 0 0
P 0 0 0 1
Py 1 0 1 1
Ps 0 0 0 0
Objective 62.3 100 162.3 264.2

other experts; (4) the approach avoids information References

loss in the decision-making process.

5. Conclusions

New technology-project selection is one of the
most important tasks of many organizations. Since
high technology-projects are nowadays very crucial
to advancements of science and technology, and they
have not been comprehensively addressed in project
selection literature, this paper proposed a novel
approach of high technology-project selection. More-
over, the presented approach was in two main parts.
In the first part, a new multi criteria decision-making
model that avoids information loss was presented that
was able to review and rank the projects. In the second
part, a model of project portfolio selection was pre-
sented that simultaneously considered investments
requirements and human resource requirements. in
finding the optimum portfolio of high technology-
projects. To displays the model’s application; a case
study for the high technology-project selection prob-
lem from the existing literature was chosen and
adopted properly to be solved by the model. Applying
the approach provided several implications that were
discussed. Finally, for further researches, integrating
the proposed model in decision support systems could
be a practical and interesting work.
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