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Abstract In today’s ever-changing and highly uncertain

environment, organizations depend on research and

development (R&D) activities to adapt intensive growth of

technology. One of the most important and trickiest tasks

of any developing firms is to define new projects. This

process gets difficult when it comes to choosing an

appropriate portfolio from a set of candidate projects. Since

organizations are faced with limited resources of R&D and

budget constraints, they have to choose a project portfolio

that mitigates the corresponding risk and enhances the

overall value of portfolio. Therefore, the purpose of this

study is to introduce a practical model to select the best and

the most proper project portfolio while considering project

investment capital, return rate, and risk. The ever-changing

and highly uncertain environment of projects is addressed

by utilizing interval type-2 fuzzy sets (IT2FSs). In this

paper, a new model of R&D project evaluation is first

introduced. This model includes a new risk-return index.

This model is then extended in project portfolio selection,

and as a result, a new model of R&D project portfolio

selection is proposed under uncertainty. Constraints and

limitations of R&D project portfolio selection are com-

prehensively addressed. In this model, lower semi-variance

is applied to consider risk of proposed projects. Therefore,

this paper offers a new model that applies IT2FSs to handle

uncertainty, uses semi-variance to assess risk, syn-

chronously considers risk and return in its selection pro-

cess, and addresses the considerations and limits of real-

world problems. Eventually, to verify the proposed model,

a numerical example of the existing literature is solved

with the model, and the results are compared. The first

proposed model is used to prioritize proposed R&D pro-

jects of a gas and oil development holding firm as a real

case study. To illustrate further, a practical example is also

provided to demonstrate the applicability of the proposed

project portfolio selection model.

Keywords Research and development (R&D) projects �
Project portfolio selection � Optimization model � Semi-

variance � Interval type-2 fuzzy sets (IT2FSs) � Uncertainty

1 Introduction

Firms’ future position is highly dependent on research and

development (R&D) activities. Their future existence is

endangered by growing complexity of technologies and

their fast increase. In these situations, R&D activities serve

as a survival tool. The importance of R&D in highly

industrialized economies is undeniable among economists

[55]. In other words, the need to innovate is considered by

many firms as central to their survival plans. New and high-

tech product development is one of the most effective ways

that gives firms a leading edge over rivals and opens new

markets and opportunities [34]. To consider R&D projects,

firms and organizations are forced to annually identify new

projects to make their costs lower, bring new products to

their markets, and make their quality higher (e.g., [5, 21,
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22, 48–50, 60, 61]). Thus, the main goal of the project

portfolio selection is to choose a proper set of projects to

allocate limited resources such as equipment, people, time,

and budget to them.

Despite many advantages of project portfolio selection,

it is always a challenging topic in R&D management.

Although a large number of studies were done on this

subject, nature of this topic is so broad that always

opportunities for future works exist [32, 65]. Therefore, in

recent years there has been a growing interest in the area of

R&D projects and portfolio selection. Through the years, a

wide variety of project portfolio modeling approaches have

been introduced including linear programming, scoring

models and checklists [19]. Despite the complexity and

problems of application of many proposed models, a sur-

vey by Cooper et al. [20] on the issue of using of portfolio

management models showed that it is highly beneficial to

apply some sort of portfolio selection tools or systems.

Considering risk and uncertainty in R&D environment is

highly essential since knowledge of the proposed projects

is often vague and uncertain. This uncertainty endangers

firms’ plans and strategies. Future events and opportunities

have undeniable impact on R&D decisions. Therefore,

most of the information used in portfolio decision-makings

is at the best situation uncertain and at the worst condition

very unreliable [7]. Mitigating risk and managing uncer-

tainty is a practical subject in R&D studies.

The objective of this paper is to propose a new model

for R&D project evaluation and project portfolio selection.

The model could be practical in increasing an organiza-

tion’s portfolio value and mitigating portfolio risk while

considering the organization’s resource limitations and

projects’ interdependencies and interactions under uncer-

tain environments. In other words, uncertainty and risk

peril the outcome of R&D decisions, and this paper aims to

propose a new effective approach to express and manage

project uncertainty. Lack of project portfolio selection

studies that were based on type-2 fuzzy sets was one of the

main factors that motivated proposing this paper.

In summary, the main contributions of the paper that

separate it from similar studies in the literature are sum-

marized as follows:

• Introducing a new R&D project evaluation model that

simultaneously considers risk and return. Therefore, the

model gives priority to R&D projects that have the

lowest risk and the highest forecasted return.

• Using lower semi-variance to address project risk

which is a highly practical downside risk measure in

investment decision-makings. Therefore, only negative

variations from the expected return are considered

harmful and are aimed to be reduced.

• Presenting interval type-2 fuzzy sets (IT2FSs) to model

today’s highly uncertain environment. This approach

provides the decision makers with a highly practical

and powerful uncertainty-modeling tool. Moreover, the

data associated with investment and return of projects is

presented in form of IT2FSs.

• Introducing a new project portfolio selection model that

finds the optimum portfolio of R&D projects under

highly uncertain environments.

• Addressing different real-life aspects of project selec-

tion in model constraints and limitations. The possible

considerations and limitations of this problem are

comprehensively considered.

This paper is organized as follows. In Sect. 2, a brief

review on R&D project portfolio selection literature is

presented. In Sect. 3, the primarily knowledge of IT2FSs is

explained. Section 4 includes the proposed model for R&D

project evaluation and selection. Models’ application is

first illustrated by applying data of a gas and oil holding

company for the presented project evaluation model.

Afterward, the proposed project portfolio selection model

is used in a practical example. Finally, conclusion remarks

are reported in Sect. 6.

2 Literature review

R&D project portfolio selection is a modern extension of

financial investment theory initially proposed by

Markowitz’s [39]. Although the financial portfolio theory

is useful, it should be noted that project portfolios are not

the same as financial portfolios since projects lack market

price despite financial assets [11]. The issue of allocating

resources to reach an optimum portfolio of R&D projects

has been studied by a number of scholars [3]. Many of the

initial studies were based on linear programming, scoring

models and checklists (e.g., [19, 58]). Heidenberger and

Stummer [28] analyzed project portfolio selection models

and put them in six groups of benefit measurement meth-

ods, mathematical programming approaches, simulation

and heuristics models, cognitive emulation approaches,

real options, and ad hoc models. Badri et al. [2] proposed a

0–1 goal programming model for project selection. Their

model was designed to be applied in health service insti-

tutions. In that paper, uncertainty was not fully considered.

Chan et al. [14] presented a model to consider different

modifications of the capital budgeting problem. Their

model despite considering multi-criteria optimization

failed to model real-world environment. One of the studies

that used fuzzy sets theory to model uncertainty was a

fuzzy compromise programming model based on the
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minimum fuzzy distance to the fuzzy ideal solution of the

portfolio selection problem done by Bilbao-Terol et al. [9].

Since the model was made for investment portfolios, it was

not suitable for project selection problems. Rebiasz [52]

developed a model to assess projects risk with fuzzy or

random parameters. This simulation-based model was only

aimed at project risk evaluation and was not a project

portfolio selection model. Wang and Hwang [62] used a

fuzzy zero–one integer programming model that consid-

ered uncertain and flexible parameters to achieve optimal

project portfolio. The fuzzy nature of uncertain elements

was not fully addressed in this model. Carlsson et al. [10]

applied trapezoidal fuzzy numbers to predict future cash

flow and developed a fuzzy mixed integer programming

model. Since this model was based on classical fuzzy sets,

it could not be effective under highly uncertain environ-

ments. Huang [30] used the concept of semi-variance of

fuzzy variable to develop two mean semi-variance models

of portfolio selection. Huang et al. [31] introduced a fuzzy

analytic hierarchy process (AHP) method for R&D project

selection. Chen and Cheng [16] used multiple-criteria

decision-making (MCDM) modeling and trapezoidal fuzzy

numbers to designate subjective opinions of decision

makers. Their model was only based on opinions of experts

and did not utilize financial data like cash flow. Bhat-

tacharyya et al. [8] used fuzzy numbers to address uncer-

tainty of future cash flow. Moreover, they considered

maximization of the outcome and minimization of the cost

and the risk as three objective functions. Zhang et al. [67]

used credibilistic expected value and credibilistic lower

semi-variance of fuzzy variable to address uncertainty in

optimal portfolio selection. The goal of that study was to

find the optimal portfolio of investment projects, but the

model lacked the required limitations and constraints of the

sort of problem. Luo [37] emphasized on the risk of R&D

project portfolio and presented a model to find optimal

diversified R&D project portfolio that incorporated the risk

of market and technology. Ghapanchi et al. [25] addressed

project interdependencies by using fuzzy variables and

modeled the uncertain interdependencies among projects by

applying linguistic variables. Liesiö and Salo [36] intro-

duced a model with application in situations where the

decision maker faced a variety of obstacles to gather the

information and data about risk preferences or scenario

probabilities. Moreover, they addressed the impacts of

uncertainties on the project selection process. Shin et al. [57]

developed a future oriented portfolio that considered the

future opinions of experts and the expected risks and returns

of technology. In other words, their approach combined

experts’ judgments with historical data. Their introduced

method was useful for organizations starting new businesses.

Perez and Gomez [51] developed a multi-objective project

portfolio selection model with fuzzy constraints. The model

was also based on classical fuzzy sets.

Review of the existing methodologies implies that since

each methodology has it owns advantages and disadvan-

tages, one methodology does not cover all the project

portfolio selection aspects. On the other hand, existence of

uncertainty in the project environment has made it

inevitable to consider uncertain and incomplete informa-

tion in the decision-making process. Uncertainty and

information are two closely related concepts. The main

feature of this sort of relation is that the existing uncer-

tainty of any situation is outcome of information deficiency

pertaining to the system in that the situation is conceptu-

alized. Moreover, this information could have different

characteristics such as being incomplete, imprecise, frag-

mentary, unreliable, vague, or even contradictory. How-

ever, forming a mathematical theory that addresses

uncertainty of decision-making situation requires assuming

that it is possible to measure certain amount of uncertainty

[53, 54]. Two main groups of fuzzy sets theory-based and

stochastic-based tools have been applied in this problem.

Since many projects lack adequate historical data in prac-

tice and highly depend on experts’ judgments, fuzzy sets

theory has been applied more in this problem. As it was

reviewed, most of the fuzzy studies were based on the

concept of classical fuzzy logic and they were not suit-

able for today’s environment. The previous studies did not

have the merits of type-2 fuzzy sets in expressing uncer-

tainty and was not aimed at R&D projects. Moreover, real-

life constraints and limitations were not fully addressed.

Type-2 fuzzy sets were developed to address inadequacies

of classical sets. Type-1 fuzzy sets are fuzzy sets with crisp

membership functions in interval [0, 1] which consequently

cannot fully support many types of uncertainties that

appear in linguistic descriptions of numerical quantities or

in subjectively expressed knowledge of experts [6, 12].

Therefore, addressing membership in a set with ‘‘a grade of

membership’’ instead of classical ‘‘all or none member-

ship’’ has been proven to be more practical. This approach

raises the question of ‘‘How can a grade of membership be

measured?’’ [59]. Many scholars have tried various

approaches to answer this question. Zadeh [66] developed

type-2 and higher-type fuzzy sets for this purpose. Type-2

fuzzy sets possess fuzzy membership functions (MFs),

which are also known as ‘‘membership of membership’’. In

type-2 fuzzy sets unlike type-1 fuzzy sets, each element has

membership value expressed by fuzzy set in [0, 1], instead

of a crisp number in [0, 1]. Moreover, Type-2 MFs are

three-dimensional which consider possibilities by using the

weights in the membership domain. The novel third

dimension gives new design degrees of freedom for coping

with secondary uncertainties [38, 42].
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Recently using IT2FSs has been an interesting subject in

addressing other project selection problems; for instance,

Asan et al. [1] developed a prioritization approach to

address the assessment process of project risks by using

IT2FSs. Sari and Kahraman [56] used IT2FSs to address

capital budgeting problem. To better present the features of

recent studies on this subject and characteristics of the

proposed model, in Table 1 a number of recent studies are

presented. Moreover, this table provides a brief presenta-

tion of the literature gap and the motivation along with

main contributions of the introduced model.

It is concluded from the above that despite novelty of

using IT2FSs in the project related studies, they are still

new in R&D project selection problem and in R&D project

portfolio selection problem. Some of the main reasons that

motivated proposing this paper are as follows: (1) In spite

of the number of studies carried out on R&D projects, this

topic is still a challenging and interesting issue that attracts

many scholars and has many aspects that need further

explorations; (2) R&D projects are very uncertain and in

order to propose an effective model to evaluate this sort of

project, uncertainty has to be modeled by powerful tools.

However, using IT2FSs, which model uncertainty with

more flexibility, to handle uncertainty of R&D environ-

ments is still new to the literature; (3) Downside risk

measures, despite their effectiveness, are still new to R&D

project evaluation studies and models; (4) Addressing

return and risk of R&D projects at the same time in the

evaluation and selection process is a practical and yet new

approach in R&D studies; and (5) This practical problem

has many real-world considerations which have to be

regarded in project selection models. Therefore, in this

study a novel model of R&D project evaluation and project

portfolio selection is introduced under uncertainty. In the

first part, a new index is proposed that simultaneously

considers risk and return. Risk is addressed by using lower

semi-variance of expected net present value of the pro-

posed projects. It should be noted that investment capital

and net cash flow are expressed by IT2FSs. In the second

part, a new model of project portfolio selection based on

IT2FSs is developed to choose an optimal portfolio of

R&D projects. To make the model more suitable in R&D

problems, constraints of this sort of problem are fully

addressed.

3 Preliminary

A classical fuzzy set also known as type-1 fuzzy set is

identified by its crisp membership function whereas a type-

2 fuzzy set is known by its fuzzy membership functions

[44]. Type-2 fuzzy sets include a measure of dispersion that

expresses inherent uncertainties which are practical when

determining the exact membership function of a fuzzy set

is complex [43]. Eventually, type-2 fuzzy sets are better in

dealing with more subjective and more imprecise condi-

tions. Computational intensiveness of general type-2 fuzzy

sets has caused interval type-2 fuzzy sets to be more

popular in applications [33]. Type-2 fuzzy sets are capable

of handling situations in which there is uncertainty about

Table 1 Project portfolio selection studies and their features

Authors Characteristics of project and project portfolio selection studies

R&D

projects

Quantitative

data

Type-2 fuzzy

uncertainty

Downside risk

measure

Real-world

constraints

Return and risk

in the objective

function

Wei and Chang [64] 4 4

Zhang et al. [67] 4 4 4

Bhattacharyya et al.

[8]

4 4 4 4

Ghapanchi et al.

[25]

4 4

Perez and Gomez

[51]

4 4

Sari and Kahraman

[56]

4 4

Mohagheghi et al.

[47]

4 4

Asan et al. [1] 4

Proposed approach 4 4 4 4 4 4
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the membership degrees themselves. In other words, these

sets are useful in situations that are so fuzzy, in which

determining the membership degree even as a crisp number

in [0, 1] is not easily and efficiently done [13, 24]. In this

section, a brief presentation of the basic concepts and

operations of interval type-2 fuzzy sets are presented [17,

18, 35, 45, 63].

Definition 1 A type-2 fuzzy set ~~A in the universe of

discourse X can be expressed by a type-2 membership

function l ~~A
, displayed in the following.

~~A ¼ ðx; uÞ; l ~~A
ðx; uÞ

� �
j8x 2 X;

n

8u 2 Jx � ½0; 1�; 0� l ~~A
ðx; uÞ� 1

o
ð1Þ

where Jx represents an interval in [0, 1]. The type-2 fuzzy

set
~~A can be displayed as follows:

~~A ¼
Z

x2X

Z

u2Jx

l ~~A
ðx; uÞ

ðx; uÞ ð2Þ

where Jx ( [0, 1] and $$ shows union over all admissible

x and u.

Definition 2 If in
~~A all l ~~A

x; uð Þ ¼ 1, then
~~A is an interval

type-2 fuzzy set. This set is regarded as a special case of a

type-2 fuzzy set, displayed as follows:

~~A ¼
Z

x2X

Z

u2Jx

1

ðx; uÞ ð3Þ

where Jx ( [0, 1]. Interval type-2 fuzzy set
~~A is displayed

in Fig. 1 [17].

Let A1 and A2 be two trapezoidal interval type-2 fuzzy

numbers:

A1 ¼ AU
1 ;A

L
1

� �
¼ aU11; a

U
12; a

U
13; a

U
14;H1 AU

1

� �
;H2 AU

1

� �� �
;

�

aL11; a
L
12; a

L
13; a

L
14;H1 AL

1

� �
;H2 AL

1

� �� ��

ð4Þ

A2 ¼ AU
2 ;A

L
2

� �
¼ aU21; a

U
22; a

U
23; a

U
24;H1 AU

2

� �
;H2 AU

2

� �� �
;

�

aL21; a
L
22; a

L
23; a

L
24;H1 AL

2

� �
;H2 AL

2

� �� ��

ð5Þ

The addition operation between them is defined as follows

[29].

A1 � A2 ¼ AU
1 ;A

L
1

� �
þ AU

2 ;A
L
2

� �

¼ aU11 þ aU21;a
U
12 þ aU22;a

U
13 þ aU23;a

U
14 þ aU24;H1

~AU
1

� �
þH1

~AU
2

� ���

�H1
~AU

1

� �
�H1

~AU
2

� �
;H1

~AU
1

� �
þH2

~AU
2

� �
�H2

~AU
1

� �
�H2

~AU
2

� ��
;

aL11 þ aL21;a
L
12 þ aL22;a

L
13 þ aL23;a

L
14 þ aL24;H1

~AL
1

� �
þH1

~AL
2

� ��

�H1
~AL

1

� �
�H1

~AL
2

� �
;H1

~AL
1

� �
þH2

~AL
2

� �
�H2

~AL
1

� �
�H2

~AL
2

� ���

ð6Þ

The subtraction operation is defined as follows [29]:

A1 �A2 ¼ AU
1 ;A

L
1

� �
� AU

2 ;A
L
2

� �

¼ aU11 � aU24;a
U
12 � aU23;a

U
13 � aU22;a

U
14 � aU21;H1

~AU
1

� �
þH1

~AU
2

� ���

�H1
~AU

1

� �
�H1

~AU
2

� �
;H2

~AU
1

� �
þH2

~AU
2

� �
�H2

~AU
1

� �
�H2

~AU
2

� ��
;

aL11 � aL24;a
L
12 � aL23;a

L
13 � aL22;a

L
14 � aL21;H1

~AL
1

� �
þH1

~AL
2

� ��

�H1
~AL

1

� �
�H1

~AL
2

� �
;H2

~AL
1

� �
þH2

~AL
2

� �
�H2

~AL
1

� �
�H2

~AL
2

� ���

ð7Þ

The multiplication operation is defined as follows [29]:

A1 	 A2 ¼ AU
1 ;A

L
1

� �
	 AU

2 ;A
L
2

� �

¼
xU11; x

U
12; x

U
13; x

U
14;H1 AU

1

� �
� H1 AU

2

� �
;H2 AU

1

� �
� H2 AU

2

� �� �
;

xL11; x
L
12; x

L
13; x

L
14;H1 AL

1

� �
� H1 AL

2

� �
;H2 AL

1

� �
� H2 AL

2

� �� �
 !

ð8Þ

where

xT1i ¼ min aT1ia
T
2i; a

T
1ia

T
2 5�ið Þ; a

T
1 5�ið Þa

T
2i; a

T
1 5�ið Þa

T
2 5�ið Þ

� �
;

T 2 U; Lf g; i 2 1; 2f g

xT1j ¼ min aT1ð5�jÞa
T
2ð5�jÞ; a

T
1ð5�jÞa

T
2j; a

T
1ja

T
2ð5�jÞ; a

T
1ja

T
2j

� �
;

T 2 U; Lf g; j 2 3; 4f g

The multiplication operation between a crisp value (k) and

A1 is defined as follows [29]:

kA1 ¼ kaU11; ka
U
12; ka

U
13; ka

U
14

� �
; 1 � 1 � H1

~AU
1

� �� �k
;

�h

1 � 1 � H2
~AU

1

� �� �k�
; kaL11; ka

L
12; ka

L
13; ka

L
14

� �
;

�

1 � 1 � H1
~AL

1

� �� �k
; 1 � 1 � H2

~AL
1

� �� �k�i

ð9Þ

A1 in power of a crisp value (k) is defined as follows [29]:

Ak
1 ¼ aU11

� �k
; aU12

� �k
; aU13

� �k
; aU14

� �k
; H1

~AU
1

� �� �k
; H2

~AU
1

� �� �k
;

aL11

� �k
; aL12

� �k
; aL13

� �k
; aL14

� �k
; H1

~AL
1

� �� �k
; H2

~AL
1

� �� �k
 !

ð10Þ
Fig. 1 A trapezoidal interval type-2 fuzzy set
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Division by an ordinary nonzero number (l) is defined as

follows:

if l[ 0

A1=l ¼ aU11=l; a
U
12=l; a

U
13=l; a

U
14=l

� �
;H1

~AU
1

� �
;H2

~AU
1

� �
;

�

aL11=l; a
L
12=l; a

L
13=l; a

L
14=l

� �
;H1

~AL
1

� �
;H2

~AL
1

� ��

ð11Þ

if l\0

A1=l ¼ aU14=l; a
U
13=l; a

U
12=l; a

U
11=l

� �
;H1

~AU
1

� �
;H2

~AU
1

� �
;

�

aL14=l; a
L
13=l; a

L
12=l; a

L
11=l

� �
;H1

~AL
1

� �
;H2

~AL
1

� ��

ð12Þ

The expected value of A is defined as follows [29]:

E Að Þ ¼ 1

2

1

4

X4

i¼1

aLi þ aUi

 !


 1

4

X2

i¼1

Hi A
L

� �
þ Hi A

U
� �� � !

:

ð13Þ

4 Proposed R&D project evaluation and portfolio
selection model

In this section in order to enable the R&D project evalu-

ation and portfolio selection model to calculate uncertain-

ties, IT2F-numbers are presented to handle the uncertain

parameters in the evaluations.

4.1 Project evaluation model

First step in the proposed model is to calculate net

present value of proposed R&D project. Interval type-2

fuzzy net present value (IT2FNPV) calculations require

interval type-2 fuzzy net cash flow at the end of tth year

(IT2FNCFt) and interval type-2 fuzzy investment capi-

tal (IT2FI). Therefore, IT2FNPV is calculated as

follows:

IT2NCFt ¼ ncf Lt1; ncf
L
t2; ncf

L
t3; ncf

L
t4;H1 ncf Lt1

� �
;H2 ncf Lt1
� �� �

;
�

ncf Ut1 ; ncf
U
t2 ; ncf

U
t3 ; ncf

U
t4 ;H1 ncf Ut1

� �
;H2 ncf Ut1
� �� ��

ð14Þ

IT2FI ¼ fiU1 ; fi
U
2 ; fi

U
3 ; fi

U
4 ;H1 fiU1

� �
;H2 fiU1
� �� �

;
�

fiL1 ; fi
L
2 ; fi

L
3 ; fi

L
4 ;H1 fiL1

� �
;H2 fiL1
� �� ��

ð15Þ

IT2FNPV ¼
XT
t¼1

IT2FNCFt

1 þ �rð Þt

 !
� IT2FI

¼
XT
t¼1

ncf Ut1
1 þ �rð Þt

 !
;
XT
t¼1

ncf Ut2
1 þ �rð Þt

 !
;
XT
t¼1

ncf Ut3
1 þ �rð Þt

 !
;

   

XT
t¼1

ncf Ut4
1 þ �rð Þt

 !
;
XT
t¼1

H1 ncf Ut1
� �

�
YT
t¼0

H1 ncf Ut1
� �

;

XT
t¼1

H2 ncf Ut1
� �

�
YT
t¼0

H2 ncf Ut1
� �

!

XT
t¼1

ncf Lt1
1 þ �rð Þt

 !
;
XT
t¼1

ncf Lt2
1 þ �rð Þt

 !
;
XT
t¼1

ncf Lt3
1 þ �rð Þt

 !
;

 

XT
t¼1

ncf Lt4
1 þ �rð Þt

 !
;
XT
t¼1

H1 ncf Lt1
� �

�
YT
t¼0

H1 ncf Lt1
� �

;

XT
t¼1

H2 ncf Lt1
� �

�
YT
t¼0

H2 ncf Lt1
� �

!!

� fiU1 ; fi
U
2 ; fi

U
3 ; fi

U
4 ;H1 fiU1

� �
;H2 fiU1

� �� �
;

�

fiL1 ; fi
L
2 ; fi

L
3 ; fi

L
4 ;H1 fiL1

� �
;H2 fiL1
� �� ���

¼
XT
t¼1

ncf Ut1
1 þ �rð Þt

 !
� fiU4

 !
;

XT
t¼1

ncf Ut2
1 þ �rð Þt

 !
� fiU3

 !
;

  

XT
t¼1

ncf Ut3
1 þ �rð Þt

 !
� fiU2

 !
;

XT
t¼1

ncf Ut4
1 þ �rð Þt

 !
� fiU1

 !
;

XT
t¼1

H1 ncf Ut1
� �

�
YT
t¼0

H1 ncf Ut1
� �

 !
þ H1 fiU1

� �
 !

�
XT
t¼1

H1 ncf Ut1
� �

�
YT
t¼0

H1 ncf Ut1
� � !


 H1 fiU1
� � !

;

XT
t¼1

H2 ncf Ut1
� �

�
YT
t¼0

H2 ncf Ut1
� �

 !
þ H2 fiU1

� �
 !

�
XT
t¼1

H2 ncf Ut1
� �

�
YT
t¼0

H2 ncf Ut1
� �

 !

 H2 fiU1

� �
 !!

;

XT
t¼1

ncf Lt1
1 þ �rð Þt

 !
� fiL4

 !
;

XT
t¼1

ncf Lt2
1 þ �rð Þt

 !
� fiL3

 !
;

 

XT
t¼1

ncf Lt3
1 þ �rð Þt

 !
� fiL2

 !
;

XT
t¼1

ncf Lt4
1 þ �rð Þt

 !
� fiL1

 !
;

XT
t¼1

H1 ncf Lt1
� �

�
YT
t¼0

H1 ncf Lt1
� � !

þ H1 fiL1
� � !

�
XT
t¼1

H1 ncf Lt1
� �

�
YT
t¼0

H1 ncf Lt1
� �

 !

 H1 fiL1

� �
 !

;

XT
t¼1

H2 ncf Lt1
� �

�
YT
t¼0

H2 ncf Lt1
� � !

þ H2 fiL1
� � !

�
XT
t¼1

H2 ncf Lt1
� �

�
YT
t¼0

H2 ncf Lt1
� �

 !

 H2 fiL1

� �
 !!!

ð16Þ
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Expected value of IT2FNPV can be calculated as follows:

E IT2FNPVð Þ ¼ 1

2

1

4

XT
t¼1

ncf Ut1
1 þ �rð Þt

 !
� fiU4

 !  

þ
XT
t¼1

ncf Lt1
1 þ �rð Þt

 !
� fiL4

 !
þ

XT
t¼1

ncf Ut2
1 þ �rð Þt

 !
� fiU3

 !

þ
XT
t¼1

ncf Lt2
1 þ �rð Þt

 !
� fiL3

 !
þ

XT
t¼1

ncf Ut3
1 þ �rð Þt

 !
� fiU2

 !

þ
XT
t¼1

ncf Lt3
1 þ �rð Þt

 !
� fiL2

 !
þ

XT
t¼1

ncf Ut4
1 þ �rð Þt

 !
� fiU1

 !

þ
XT
t¼1

ncf Lt4
1 þ �rð Þt

 !
� fiL1

 !!!


 1

4

XT
t¼1

H1 ncf Ut1
� �

�
YT
t¼0

H1 ncf Ut1
� � !

þ H1 fiU1
� � ! 

�
XT
t¼1

H1 ncf Ut1
� �

�
YT
t¼0

H1 ncf Ut1
� �

 !

 H1 fiU1

� �
 !

þ
XT
t¼1

H1 ncf Lt1
� �

�
YT
t¼0

H1 ncf Lt1
� � !

þ H1 fiL1
� � !

�
XT
t¼1

H1 ncf Lt1
� �

�
YT
t¼0

H1 ncf Lt1
� �

 !

 H1 fiL1

� �
 !

þ
XT
t¼1

H2 ncf Ut1
� �

�
YT
t¼0

H2 ncf Ut1
� �

 !
þ H2 fiU1

� �
 !

�
XT
t¼1

H2 ncf Ut1
� �

�
YT
t¼0

H2 ncf Ut1
� � !


 H2 fiU1
� � !

þ
XT
t¼1

H2 ncf Lt1
� �

�
YT
t¼0

H2 ncf Lt1
� �

 !
þ H2 fiL1

� �
 !

�
XT
t¼1

H2 ncf Lt1
� �

�
YT
t¼0

H2 ncf Lt1
� � !


 H2 fiL1
� � !!

ð17Þ

E(IT2FNPV) shows future profit of project. Therefore, if

it is negative, the project is not expected to be profitable.

Using E(IT2FNPV) as a measure of project evaluation

results in giving projects with higher E(IVFFNPV) a higher

priority. Since this approach is solely based on returns, it

requires risk considerations to be more practical.

Based on previous studies of project risk management

(e.g., [15, 26]), in turbulent project environment addressing

the downside potential of projects is essential to help the

managers obtain the most favorable project conditions by

finding and dealing with potential negative circumstances.

Actually, in comparison among different risk measurement

techniques greater explanatory power in risk measurement

could be reached by applying downside risk measures [46].

Variance is a very popular measure of risk. In variance

calculations the positive and negative deviations from the

mean value have the same importance. In reality, decision

makers often rely more on downside risk—the risk of

failure. Semi-variance is a risk measure that considers risk

of failure by measuring the probability and distribution

below the mean return [4]. In addition, semi-variance is a

direct, clear and easy to apply risk measure [30]. It was

initially introduced by Markowitz [40] and its advantages

have made it popular among scholars and decision makers.

In this paper, the lower semi-variance is introduced in the

IT2F-environment to measure project risk under uncer-

tainty; it is presented as follows:

DRI IT2FNPVð Þ¼E IT2FNPV � E IT2FNPVð Þð Þ�½ �2 ð18Þ

where

IT2FNPV�E IT2FFNPVð Þð Þ�½ �2

¼ ðIT2FNPV�EðIT2FNPVÞÞ2; IT2FNPV�EðIT2FNPVÞ
0; IT2FNPV�EðIT2FNPVÞ

(

ð19Þ

Conventional return index of an investment project based

on capital recovery factor and expected value of the fuzzy

net present value is presented under IT2F-environment

considering E(IT2FNPV) as IT2F-expected valued of NPV

and d as the capital recovery factor. This new index (IT2PI)

is introduced as follows:

d ¼ P=A; �r; Tð Þ ¼ �r=ð1 � ð1 þ �rÞ�TÞ ð20Þ
IT2P ¼ E IT2FNPVð Þ 
 d

¼ 1

2

1

4

XT
t¼1

ncf Ut1
1 þ �rð Þt

 !
� fiU4

 !
þ

XT
t¼1

ncf Lt1
1 þ �rð Þt

 !
� fiL4

 !   

þ
XT
t¼1

ncf Ut2
1 þ �rð Þt

 !
� fiU3

 !
þ

XT
t¼1

ncf Lt2
1 þ �rð Þt

 !
� fiL3

 !

þ
XT
t¼1

ncf Ut3
1 þ �rð Þt

 !
� fiU2

 !
þ

XT
t¼1

ncf Lt3
1 þ �rð Þt

 !
� fiL2

 !

þ
XT
t¼1

ncf Ut4
1 þ �rð Þt

 !
� fiU1

 !
þ

XT
t¼1

ncf Lt4
1 þ �rð Þt

 !
� fiL1

 !!!


 1

4

XT
t¼1

H1 ncf Ut1
� �

�
YT
t¼0

H1 ncf Ut1
� �

 !
þ H1 fiU1

� �
 ! 

�
XT
t¼1

H1 ncf Ut1
� �

�
YT
t¼0

H1 ncf Ut1
� � !


 H1 fiU1
� � !

þ
XT
t¼1

H1 ncf Lt1
� �

�
YT
t¼0

H1 ncf Lt1
� �

 !
þ H1 fiL1

� �
 !

�
XT
t¼1

H1 ncf Lt1
� �

�
YT
t¼0

H1 ncf Lt1
� � !


 H1 fiL1
� � !

þ
XT
t¼1

H2 ncf Ut1
� �

�
YT
t¼0

H2 ncf Ut1
� �

 !
þ H2 fiU1

� �
 !

�
XT
t¼1

H2 ncf Ut1
� �

�
YT
t¼0

H2 ncf Ut1
� � !


 H2 fiU1
� � !

þ
XT
t¼1

H2 ncf Lt1
� �

�
YT
t¼0

H2 ncf Lt1
� �

 !
þ H2 fiL1

� �
 !

�
XT
t¼1

H2 ncf Lt1
� �

�
YT
t¼0

H2 ncf Lt1
� � !


 H2 fiL1
� � !!!


 ð�r=ð1 � ð1 þ �rÞ�TÞ

ð21Þ
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IT2PI indicates viability of project and its results are

similar to those of NPV and the internal of return rate. This

index could find the project with the highest return rate

among projects with equal investment capitals. Conse-

quently, as IT2PI gets bigger, project return increases [67].

Since this index lacks risk considerations, a risk index is

defined under IT2F uncertainty. In this downside risk index

DRV (IT2FNPV) indicates lower semi-variance of project

and d is capital recovery factor. The resulting risk index is

presented as follows:

DRI ¼ DRV IT2FNPVð Þ 
 d2 ð22Þ

DRI ¼ E ðIT2FNPV � EðIT2FNPVÞð Þ�½ �2


 ð�r=ð1 � ð1 þ �rÞ�TÞ2
ð23Þ

DRI could be used in measuring project risk. It could also

be applied to find the project with lowest risk among

projects with equal investment capitals. It can be concluded

that lower value of DRI indicate lower risk and higher

desirability.

None of the aforementioned indexes were able to simul-

taneously address risk and return. Therefore, a novel com-

posite risk-return project evaluation index that is not affected

by lifetime and investment capitals of projects is introduced

to simultaneously consider risk and return. DRI/IT2PI with

the following project selection procedure is introduced:

1. If DRIA/IT2PIA B DRIB/IT2PIB, then project A is not

less advantageous than project B.

2. If DRIA/IT2PIA B DRIB/IT2PIB and DRIB/IT2PIB -

B DRIA/IT2PIA, then project A and project B have

the same evaluation results.

3. If DRIA/IT2PIA\DRIB/IT2PIB, then project A is more

favorable than project B.

4.2 R&D project portfolio selection model

This subsection includes a new model of R&D project

portfolio selection under IT2F uncertainty. In order to

choose an optimized portfolio of R&D projects among n

viable projects with IT2F-net cash flow and investment

capital requirements, the model and its corresponding

notations are described as follows:

IT2FIi ¼ fiUi1; fi
U
i2; fi

U
i3; fi

U
i4;H1 fiUi1

� �
;H2 fiUi1
� �� �

;
�

fiLi1; fi
L
i2; fi

L
i3; fi

L
i4;H1 fiLi1

� �
;H2 fiLi1
� �� �� ð24Þ

Investment capital of project i;

IT2FNCFi;t ¼ ncfi;tU
1
; ncfi;tU

2
; ncfi;tU

3
; ncfi;tU

4
;H1 ncfi;tU

1

� �
;H2 ncfi;tU

1

� �� �
;

�

ncfi;tL
1
; ncfi;tL

2
; ncfi;tL

3
; ncfi;tL

4
;H1 ncfi;tL

1

� �
;H2 ncfi;tL

1

� �� ��

ð25Þ

Annual net cash flows of project i at the end of tth year;

Ti; i ¼ 1; 2; . . .; n; lifetime of project i; �r, discount rate or

base earnings ratio; I, total capital budget of the organi-

zation; xi, decision variable, described as:

xi ¼
1; if project i is chosen

0; O � W

�
i ¼ 1; 2; . . .;N:

IT2F-net present value of project i is:

IT2FNPVi ¼
XT
t¼1

IT2FNCFi;t

1 þ rið Þt

 !
� IT2FIi

¼
XT
t¼1

ncfi;tU
1

1 þ rið Þt

 !
� fiUi4

 !
;

XT
t¼1

ncfi;tU
2

1 þ rið Þt

 !
� fiUi3

 !
;

  

XT
t¼1

ncfi;tU
3

1 þ rið Þt

 !
� fiUi2

 !
;

XT
t¼1

ncfi;tU
4

1 þ rið Þt

 !
� fiUi1

 !
;



XT
t¼1

H1 ncfitU
1

� �
�
YT
t¼0

H1 ncfitU
1

� � !
þ H1 fiUi1

� �
 !

�
XT
t¼1

H1 ncfi;tU
1

� �
�
YT
t¼0

H1 ncfi;tU
1

� � !

 H1 fiUi1

� �
 !

;

XT
t¼1

H2 ncfi;tU
1

� �
�
YT
t¼0

H2 ncfi;tU
1

� � !
þ H2 fiUi;1

� � !

�
XT
t¼1

H2 ncfi;tU
1

� �
�
YT
t¼0

H2 ncfi;tU
1

� � !

 H2 fiUi1

� � !!
;

XT
t¼1

ncfi;tL
1

1 þ rið Þt

 !
� fiLi4

 !
;

XT
t¼1

ncfi;tL
2

1 þ rið Þt

 !
� fiLi3

 !
;

 

XT
t¼1

ncfi;tL
3

1 þ rið Þt

 !
� fiLi2

 !
;

XT
t¼1

ncfi;tL
4

1 þ rið Þt

 !
� fiLi1

 !
;

XT
t¼1

H1 ncfi;tL
1

� �
�
YT
t¼0

H1 ncfi;tL
1

� � !
þ H1 fiLi1

� � !

�
XT
t¼1

H1 ncfi;tL
1

� �
�
YT
t¼0

H1 ncfi;tL
1

� � !

 H1 fiLi1

� �
 !

;

XT
t¼1

H2 ncfi;tL
1

� �
�
YT
t¼0

H2 ncfi;tL
1

� � !
þ H2 fiLi1

� �
 !

�
XT
t¼1

H2 ncfi;tL
1

� �
�
YT
t¼0

H2 ncfi;tL
1

� � !

 H2 fiLi1

� � !!!

ð26Þ

Considering di ¼ A=P; �r; Tið Þ ¼ �r=ð1 � ð1 þ �rÞ�TiÞ as the

capital recovery factor, the return index and risk index

can be written as IT2PIi = E(IT2FNPVi) 9 hi and

DRIi = DRV(IT2FNPVi) 9 di
2, respectively. In order to

extend the single R&D project evaluation model to R&D

project portfolio selection model, investment proportion

allocated to each project has to be considered. This

measure is displayed as wi for project i and is introduced

as follows:
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Therefore, the introduced IT2FNPV of R&D project

portfolio could be obtained as follows:

wi ¼
xi �E IT2FIið ÞPn
j¼1 xj �E IT2FIj

� �¼ xi

1

2

1

4

XT
t¼1

ncfi;tU
1

1þ rið Þt

 !
� fiUi4

 !   
þ

XT
t¼1

ncfi;tL
1

1þ rið Þt

 !
� fiLi4

 !
þ

XT
t¼1

ncfi;tU
2

1þ rið Þt

 !
� fiUi3

 !

þ
XT
t¼1

ncfi;tL
2

1þ rið Þt

 !
� fiLi3

 !
þ

XT
t¼1

ncfi;tU
3

1þ rið Þt

 !
� fiUi2

 !
þ

XT
t¼1

ncfi;tL
3

1þ rið Þt

 !
� fiLi2

 !
þ

XT
t¼1

ncfi;tU
4

1þ rið Þt

 !
� fiUi1

 !

þ
XT
t¼1

ncfi;tL
4

1þ rið Þt

 !
� fiLi1

 !!!

 1

4

XT
t¼1

H1 ncfi;tU
1

� �
�
YT
t¼0

H1 ncfi;tU
1

� � ! 
þH1 fiUi1

� � !

�
XT
t¼1

H1 ncfi;tU
1

� �
�
YT
t¼0

H1 ncfi;tU
1

� � !

H1 fiUi1

� �
 !

þ
XT
t¼1

H1 ncfi;tL
1

� �
�
YT
t¼0

H1 ncfi;tL
1

� � !
þH1 fiLi1

� �
 !

�
XT
t¼1

H1 ncfi;tL
1

� �
�
YT
t¼0

H1 ncfi;tL
1

� � !

H1 fiLi1

� �
 !

þ
XT
t¼1

H2 ncfi;tU
1

� �
�
YT
t¼0

H2 ncfi;tU
1

� � !
þH2 fiUi1

� �
 !

�
XT
t¼1

H2 ncfi;tU
1

� �
�
YT
t¼0

H2 ncfi;tU
1

� � !

H2 fiUi1

� � !
þ

XT
t¼1

H2 ncfi;tL
1

� �
�
YT
t¼0

H2 ncfi;tL
1

� � !
þH2 fiLi1

� � !

�
XT
t¼1

H2 ncfi;tL
1

� �
�
YT
t¼0

H2 ncfi;tL
1

� � !

H2 fiLi1

� � !!!



Xn
j¼1

xj �
1

2

1

4
fiUj4

� �
þ fiLj4

� �
þ fiUj3

� �
þ fiLj3

� ��		 

þ fiUj2

� �
þ fiLj2

� �
þ fiUj1

� �
þ fiLj1

� ���

 1

4
H1 fiUj1

� �� �
þ H1 fiLj1

� �� �
þ H2 fiUj1

� �� �
þ H2 fiLj1

� �� �� �

�1

;

i¼ 1;2; . . .;N ð27Þ

IT2FNPV¼
Xn
i¼1

wi � IT2FNPVi �di¼
Xn
i¼1

xi �E IT2FIið ÞPn
j¼1xj � IT2FIj

� �
 !"



XT
t¼1

IT2FNCFi;t

1þrið Þt

 !
� IT2FIi

 !

 �r=ð1�ð1þ �rÞ�TiÞ
� �#

¼
Xn
i¼1

xi

1

2

1

4

XT
t¼1

ncfi;tU
1

1þrið Þt

 !
� fiUi4

 !
þ

XT
t¼1

ncfi;tL
1

1þ rið Þt

 !
� fiLi4

 !    "

þ
XT
t¼1

ncfi;tU
2

1þrið Þt

 !
� fiUi3

 !
þ

XT
t¼1

ncfi;tL
2

1þrið Þt

 !
� fiLi3

 !
þ

XT
t¼1

ncfi;tU
3

1þrið Þt

 !
� fiUi2

 !

þ
XT
t¼1

ncfi;tL
3

1þrið Þt

 !
� fiLi2

 !
þ

XT
t¼1

ncfi;tU
4

1þrið Þt

 !
� fiUi1

 !
þ

XT
t¼1

ncfi;tL
4

1þrið Þt

 !
� fiLi1

 !!!


 1

4

XT
t¼1

H1 ncfi;tU
1

� �
�
YT
t¼0

H1 ncfi;tU
1

� � !
þH1 fiUi1

� � ! 
�

XT
t¼1

H1 ncfi;tU
1

� �
�
YT
t¼0

H1 ncfi;tU
1

� � !

H1 fiUi1

� � !
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Since IT2FNPV results in an IT2FN, for the purpose

of simplification, the result is depicted as follows:

IT2FNPV ¼
it2fnpvU1 ; it2fnpv

U
2 ; it2fnpv

U
3 ; it2fnpv

U
4 ;H1 it2fnpvU1

� �
;H2 it2fnpvU1
� �� �

;

it2fnpvL1 ; it2fnpv
L
2 ; it2fnpv

L
3 ; it2fnpv

L
4 ;H1 it2fnpvL1

� �
;H2 it2fnpvL1
� �� �

 !

ð29Þ

The return index of R&D project portfolio can be obtained

as follows:

PI ¼ E IT2FNPVð Þ

¼ 1

2

1

4

	
it2fnpvU1 þ it2fnpvL1 þ it2fnpvU2 þ it2fnpvL2
�

þ it2fnpvU3 þ it2fnpvL3 þ it2fnpvU4 þ it2fnpvL4
��


 1

4
H1 it2fnpvU1
� �

þ H2 it2fnpvU1
� ��

þH1 it2fnpvL1
� �

þ H2 it2fnpvL1
� ��

ð30Þ

The downside risk index of project portfolio is obtained by:

þ
XT
t¼1

H1 ncfi;tL
1

� �
�
YT
t¼0

H1 ncfi;tL
1

� � !
þH1 fiLi1

� �
 !

�
XT
t¼1

H1 ncfi;tL
1
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where

The risk-return index of project portfolio is obtained as:

DRI/IT2PI ¼ DRV
Xn
i¼1

wi � IT2FNPVi � hi

 !

,
E
Xn
i¼1

wi � IT2FNPVi � hi

 !
ð33Þ

Minimizing the aforementioned index in R&D project

portfolio selection yields a portfolio that has the highest

return rate with the lowest risk. Thus, the following

objective function is introduced:

min DRI=IT2PI ¼
DRV

Pn
i¼1 wi � IVFNPVi � hi

� �

E
Pn

i¼1 wi � IVFNPVi � hi
� � ð34Þ

Constraints in this sort of problem are specified in different

groups to help fulfill the necessities of the solution. These

groups are proposed as follows.

After careful review of the recent papers in the related

literature (e.g., [23, 41]), constraints in this sort of problem

are specified in different groups to help fulfill the neces-

sities of the solution. These groups are introduced as

follows.

4.2.1 Resource constraints

This sort of constraint includes financial, human resource,

and equipment limitations which are:

Financial resource:
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where LB and MB are the least and the most accept-

able levels of investment, respectively.

Human resource limits:

Xn
i¼1

E HRU
i1;HRU

i2;HRU
i3;HRU

i4;H1 HRU
i1

� �
;H2 HRU

i1

� �� �
;

HRL
i1;HRL

i2;HRL
i3;HRL

i4;H1 HRL
i1

� �
;H2 HRL

i1

� �� �
� xi �MHR

ð36Þ

where HRi is the interval type-2 fuzzy human resource

requirements of project i and MHR is the maximum

number of human resources available.

Equipment constraints:

Xn
i¼1

FEU
i1; FEU

i2; FEU
i3; FEU

i4;H1 FEU
i1

� �
;H2 FEU
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;
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i2; FEL
i3; FEL

i4;H1 FEL
i1

� �
;H2 FEL

i1

� �� �
� xi �AE

ð37Þ

where FEi is the interval type-2 fuzzy equipment

requirements of project i and AE is the available

equipment.

4.2.2 Compulsory and regulatory constraints

Since the legal, environmental, political, and strategic con-

siderations have major impacts on project portfolio selec-

tion, any effective portfolio selection method should address

these considerations. Any project selection or rejection

considering legal, environmental, political, and strategic

issues can be addressed as follows:

Required projects:

xi ¼ 1; i 2 A ð38Þ

where A is the group of projects that must be included.

Abandoned projects:

xi ¼ 1; i 2 R ð39Þ

where R is the group of projects that must be rejected.

4.2.3 Mutual inclusions or exclusions

If two projects are preferred to be either selected or rejected

together, the constraint can be expressed as follows:

xi � xk ¼ 0 ð40Þ

If two projects are preferred not to be selected at the same

time, the constraint can be expressed as follows:

xi þ xk ¼ 0: ð41Þ

4.2.4 Perquisite constraints

If selection of a project requires successfully fulfillment of a

set of perquisites, the constraint can be expressed as follows:

Cxp �
X
i2Hp

xi � 0; 8p ð42Þ

where Hp is the set of projects’ perquisite for project p and

C is the cardinality of Hp.

4.2.5 Time horizon

If the decision maker has to balance the time horizon of

investment, the following can be applied:
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aþ bþ c ¼ l ð46Þ

This approach enables the decision maker to set a con-

straint on the level of budget spent of each group of short-,

mid-, and long-term investments.

5 Applications of proposed interval type-2 fuzzy
optimization model

In this section in order to illustrate IT2F-optimization

model applicability, first data from the study of Zhang et al.

[67] is used to verify the proposed model and the results are

displayed and discussed. Then, the project evaluation

approach is applied in a case study of a gas and oil

development holding firm to evaluate its R&D project

proposals. To illustrate the effectiveness of the introduced

model under larger data sets after careful review of the

studies in the existing literature (e.g., [27, 67]), a data set

consisting of 20 candidate projects has been made and
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adopted to be used in the proposed project portfolio

selection process. Eventually, the managerial implications

of applying model in the provided case study are presented.

5.1 Numerical example

In this part, data from numerical example of Zhang et al.

[67] is solved with the proposed project portfolio selection

model. Table 2 displays the original data of the studied

example. In Tables 3 and 4, the results of the existing

method and the proposed model are displayed, respec-

tively. To ease comparison of results, Table 5 displays the

results of both methods. The proposed model offers the

decision maker a powerful uncertainty-modeling tool in

addition to a higher flexibility in expressing and calculating

uncertainty.

5.2 Case study

Proposed R&D projects of an Iranian gas and oil devel-

opment holding are evaluated in this section. Therefore,

data from the firm are adopted and used. The primary

priority of this company is to invest in the oil, gas and

petrochemical sectors. Moreover, the company is pursuing

an active role in the capital market of the country to reach

its long-term goals of becoming the biggest holding in

Iran’s petrochemical sector. The company also aims to

expand its presence in local, regional, and international

markets through creating a competitive edge over other

similar companies. Consequently, the company has

Table 2 Uncertain net cash flow and investment capital of numerical example (m$)

Years 1 2 3 4 5 6 7 8 Investment capital

A (43, 47) (43, 47) (50, 55) (60, 66) (60, 66) (70, 78) (50, 55) (40, 44) (200, 235)

B (30, 33) (40, 44) (40, 44) (30, 33) (30, 33) (30, 33) (100, 120)

C (30, 34) (40, 44) (50, 55) (50, 55) (80, 100)

D (30, 35) (30, 35) (30, 35) (50, 56) (50, 56) (40, 45) (40, 45) (120, 150)

E (40, 43) (40, 44) (50, 54) (50, 54) (60, 66) (60, 66) (50, 55) (150, 180)

Table 3 Results of the original

example
Capital budget (m$) Project A Project B Project C Project D Project E Objective

0–100 0 0 1 0 0 0.93

100–200 0 1 0 0 0 0.78

200–300 0 1 0 0 1 0.79

300–400 0 1 1 0 1 0.82

Table 4 Results of the

proposed interval type-2 fuzzy

optimization model

Capital budget (m$) Project A Project B Project C Project D Project E Objective

0–100 0 0 1 0 0 0.63

100–200 0 1 0 0 0 0.19

200–300 0 1 0 0 1 0.33

300–400 0 1 1 0 1 0.9

Table 5 Comparison of results between the proposed model and

Zhang et al. [67]’ model

Capital budget (m$) 0–100 100–200 200–300 300–400

Project A

Zhang et al. [67]’ model 0 0 0 0

Proposed model 0 0 0 0

Project B

Zhang et al. [67]’ model 0 1 1 1

Proposed model 0 1 1 1

Project C

Zhang et al. [67]’ model 1 0 0 1

Proposed model 1 0 0 1

Project D

Zhang et al. [67]’ model 0 0 0 0

Proposed model 0 0 0 0

Project E

Zhang et al. [67]’ model 0 0 1 1

Proposed model 0 0 1 1

Objective

Zhang et al. [67]’ model 0.93 0.78 0.79 0.82

Proposed model 0.63 0.19 0.33 0.9
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reserved the information of candidate projects as confi-

dential. Due to confidentiality of the information, limited

details of the R&D projects are illustrated.

The company is presented with four R&D project pro-

posals with different investment capitals and future cash

flows. These projects are geographically distributed in dif-

ferent provinces of Iran. Table 2 presents some character-

istics of the aforementioned R&D projects. To use a more

flexible uncertainty-addressing tool, annual net cash flow

and investment capitals of projects are expressed by IT2F-

numbers. In Fig. 2, map of Iran is provided to depict the

locations of the provinces mentioned in Table 6. To show the

aforementioned provinces, they are colored in pink.

Net cash flow of each project at the end of each year is

presented in Table 7. These values are based on the values

presented in the project proposals and are adapted to IT2F-

numbers. The considered interest rate is 0.05.

Net present value, return index, and downside risk index

of each project is calculated and presented in Table 8. For

the purpose of illustration, calculations of E(IT2FNPV),

IT2PI, DRI, and DRI/IT2PI for project A are presented in

Eqs. (47)–(52).

Fig. 2 Map of Iran provinces

Table 6 Projects’

characteristics
Projects Sectors Provinces Investment capitals (million $)

A Petrochemical Azerbaijan-e Sharghi ((73, 75, 78, 80; 1, 1), (74, 76, 77, 79; 0.9, 0.9))

B Petrochemical Kermanshah ((6, 8, 11, 12; 1, 1), (7, 9, 10, 12; 0.9, 0.9))

C Refinery Fars ((46, 48, 51, 52; 1, 1), (47, 49, 50, 52; 0.9, 0.9))

D Refinery Bushehr ((51, 53, 56, 57; 1, 1), (52, 54, 55, 57; 0.9, 0.9))
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IT2NCF ¼ 26
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"
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;
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;
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;
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;
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;
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;
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;
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;
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;
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;
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;
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;
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;
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ð1 þ 0:05Þ3
;

31
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;

33
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;
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ð1 þ 0:05Þ3
;

29

ð1 þ 0:05Þ3
;

30

ð1 þ 0:05Þ3
;

32

ð1 þ 0:05Þ3

#

¼ ½24:7; 26:6; 29:52; 31:42; 25:71; 27:61; 28:57; 30:4�
ð47Þ

IT2NPV ¼ 70:8; 76:2; 84:4; 89:6; 1; 1ð Þ;½
ð73:5; 78:9; 81:7; 87:1; 0:9; :9Þ�

� ½ 73; 75; 78; 80; 1; 1ð Þ;
ð74; 76; 77; 79; 0:9; :9Þ�

¼ �9:2;�1:7; 9:4; 16:8; 1; 1ð Þ;½
ð�5:4; 1:9; 5:7; 13:14; 0:19; 0:19Þ�

ð48Þ

E IT2NPVð Þ ¼ 2:28 ð49Þ

IT2PI ¼ 2:28ð Þ 
 0:05

1 � 1 þ 0:05ð Þ�3
� �

0
@

1
A ¼ 0:83 ð50Þ

DRI ¼ ½3:07� 
 0:05

1 � 1 þ 0:05ð Þ�3
� �

0
@

1
A

2

¼ 0:41 ð51Þ

DRI

IT2PI
¼ 0:41

0:83
¼ 0:49 ð52Þ

In Table 8, project D has the highest net present value. It

also has the highest value of return index. Project D has the

lowest DRI. While comparing the DRI/IT2PI index, it can

be concluded that project D is most desirable project.

Projects A, C, and B are next, respectively. To provide

comparison of results, the same process of project evalu-

ation is carried out by triangular type-1 fuzzy sets

(TT1FSs). The results are presented in Table 9. It should

be noted that using type-1 fuzzy sets in this case study

despite providing lower values for DRI/IT2PI, significantly

reduces the flexibility and ability of the model to operate

under very uncertain environment of R&D projects.

5.3 Practical example

A project-oriented firm is presented with 20 independent

candidate R&D projects with different investment capitals

Table 7 Net cash flows of projects (million $)

Projects Years

1 2 3

A ((26, 28, 31, 33; 1, 1), (27, 29, 30, 32; 0.9,

0.9))

((26, 28, 31, 33; 1, 1), (27, 29, 30, 32; 0.9,

0.9))

((26, 28, 31, 33; 1, 1), (27, 29, 30, 32; 0.9,

0.9))

B ((1, 3, 6, 8; 1, 1), (2, 4, 5, 7; 0.9, 0.9)) ((1, 3, 6, 8; 1, 1), (2, 4, 5, 7; 0.9, 0.9)) ((1, 3, 6, 8; 1, 1), (2, 4, 5, 7; 0.9, 0.9))

C ((16, 18, 21, 23; 1, 1), (17, 19, 20, 22; 0.9,

0.9))

((16, 18, 21, 23; 1, 1), (17, 19, 20, 22; 0.9,

0.9))

((16, 18, 21, 23; 1, 1), (17, 19, 20, 22; 0.9,

0.9))

D ((18, 20, 23, 25; 1, 1), (19, 21, 22, 24; 0.9,

0.9))

((18, 20, 23, 25; 1, 1), (19, 21, 22, 24; 0.9,

0.9))

((18, 20, 23, 25; 1, 1), (19, 21, 22, 24; 0.9,

0.9))

Table 8 Results of financial analysis

Project E(IT2FNPV) IT2PI DRI DRI/IT2PI

A 2.28 0.83 0.41 0.495

B 1.71 0.62 0.45 0.71

C 2.21 0.81 0.40 0.494

D 2.48 0.91 0.37 0.41

Table 9 Comparison of results between the proposed model and

triangular type-1 fuzzy model

Projects A B C D

E(IT2FNPV)

TIT2FS 2.28 1.71 2.21 2.48

TT1FS 11.6 10.3 10.6 10.7

IT2PI

TIT2FS 0.83 0.62 0.81 0.91

TT1FS 4.2 3.8 3.9 3.93

DRI

TIT2FS 0.41 0.45 0.4 0.37

TT1FS 0.415 0.416 0.36 0.33

DRI/IT2PI

TIT2FS 0.495 0.71 0.494 0.41

TT1FS 0.097 0.1 0.092 0.08
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and future cash flows. IT2F-numbers are used to express

annual net cash flow and investment capital of each R&D

project. Discount rate of capital per year is set to 5 %. The

proposed model of project portfolio selection is applied to find

the optimum portfolio of projects. Predictions of project cash

flows and their capital requirements are presented in Table 10.

The model is used with the provided data. In order to

demonstrate models ability in finding the optimum port-

folio different levels of available resources are set. The

resulting portfolios are presented in Table 11. In this table,

0 shows rejection and 1 denotes selection of the project in

the optimum portfolio.

Finally, to present a better illustration of advantages of

the proposed models over the existing similar methods, the

numerical examples and the case study along with com-

paring the results with the method of Zhang et al. [67] and

type-1 fuzzy sets are provided; then, summary of the out-

comes and findings are reported in Table 12.

Table 11 Selected portfolio

Projects Limits of available resources (K$)

50–100 100–150 150–200 200–250 250–300

1 0 0 0 0 0

2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 0 0 0

5 0 0 1 1 1

6 0 1 1 1 1

7 1 1 1 1 1

8 0 0 0 0 0

9 0 0 0 1 1

10 0 1 0 1 1

11 0 0 1 1 1

12 0 0 1 1 1

13 0 0 0 0 0

14 0 0 0 0 1

15 1 1 1 1 1

16 1 1 1 1 1

17 0 0 0 1 1

18 0 1 1 1 1

19 0 0 0 0 1

20 1 1 1 1 0

DRI/IT2FPI 0.056 0.149 0.25 0.47 0.74

Table 12 Summary of comparative analysis of the proposed model and the existing similar methods

Comparison

parameters

Results and explanations

Flexibility in

calculations

Using interval type-2 fuzzy sets provides more flexibility in calculations; since parameters such as first and second upper

and lower membership degrees are used in the calculations, the results consider different levels of membership degree

in addition to intervals presented by trapezoidal. Therefore, the presented model has more flexibility in calculations

over its type-1 fuzzy similar methods

Expressing

uncertainty

Using interval type-2 fuzzy sets gives the decision maker higher power to present uncertainty in comparison with type-1

fuzzy sets. In other words, expressing uncertain elements with a lower and upper trapezoidal number that has two

membership degrees is more efficient than using type-1 fuzzy sets

Risk considerations Using lower semi-variance to measure risk is an effective approach in addressing downside risk of investment.

Developing this concept to type-2 fuzzy sets would add the advantages of theses sets to this risk measure

Applicability Given the advantages of the model in practical areas like dealing with uncertainty, considering risk and addressing real-

world considerations, the proposed model is more suited for very uncertain areas like R&D projects
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5.4 Managerial implications

Implementation of the proposed approach in a real case

study of an oil and gas holding company provides several

managerial implications:

First, it proposes a highly powerful tool to express and

calculate the existing uncertainty of project environments.

In real-world problems, many of the project factors such as

net cash flow due to the uncertain environment of projects

cannot be expressed in crisp values. Furthermore, in

complex situations, like today’s highly competitive busi-

ness environment, even using classical fuzzy sets and

expressing the degree of membership in a crisp value

cannot fully express the existing uncertainty.

Second, using an effective downside risk measure

enables the decision maker to have comprehensive under-

standing of the negative risk associated with each R&D

project. Therefore, only the negative impacts of each pro-

ject are considered in project evaluation process.

Third, this model provides a thorough understanding of

each project in case of its return, risk and the risk to return

ratio. The decision makers can easily analyze each project

according to its financial factors under highly uncertain

environment.

6 Conclusion

Markets changes and the growing complexity of technolo-

gies are making many organizations plan on R&D as a sur-

vival tool in today’s environment. R&D project portfolio

selection is a complicated task with the objective of selecting

a number of projects that best serve the organizational goals

and respect the existing limitations and constraints. In this

paper, a new model of project evaluation and a model of

project portfolio selection with application in R&D projects

were presented. In this approach, uncertain factors were

addressed by IT2FSs. This uncertainty-modeling tool pro-

vided the model with more flexibility in addressing and

calculating risk and uncertainty. The proposed model

simultaneously considered risk and expected return. In other

words, the optimum portfolio not only had the best return rate

but also has the least risk. For measuring risk, lower semi-

variance was applied which could be a downside risk mea-

sure. Moreover, constraints and limitations of this sort of

problem were comprehensively reviewed and presented.

This approach gave the model high capabilities in real-world

applications. Consequently, this paper offers a new approach

in R&D project evaluation and project portfolio selection by

using IT2FSs, addressing risk and return at the same time,

using lower semi-variance as a downside risk measure to

evaluate project risk and considering different practical

considerations. Furthermore, to illustrate the capabilities of

the proposed model, first the project evaluation model was

applied in real case study of an oil and gas company. Then, a

practical example was provided to show model’s capability

in larger data sets. The results were displayed and discussed.

For further research, applying this model in a decision sup-

port system could be an interesting research direction.
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