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A MATHEMATICAL FORMULATION OF TIME-COST AND RELIABILITY
OPTIMIZATION FOR SUPPLY CHAIN MANAGEMENT IN
RESEARCH-DEVELOPMENT PROJECTS

M. FOROZANDEH!, E. TEIMOURY'* AND A. MAKUTI!

Abstract. One of the most important strategic decisions in Research-Development projects is network
design. It needs to be optimized for the long-term efficient operation. This paper aims at designing the
network of Supply Chain for R&D projects. Accordingly, it proposes a Goal programming model for
solving a Project-oriented Supply Chain Management problem. The proposed model is developed to
determine the optimal combination of the main contractors, executers, and various alternatives for
project implementation. The model optimizes time, cost and reliability in the whole lifecycle for the
R&D projects. A case study is presented to validate and illustrate the proposed model. The main reason
for the high cost and time in the case study was due to the incorrect choice of the network of suppliers
and consultants. The model has been tested by the numerical data, revealing that the model could
have a significant contribution to the productivity of project-oriented organization. This model could
serve as a guideline for managers and decision makers in R&D projects, enabling them to identify the
best networks of the SC in their organizations to resolve and improve problems. It also acts as a useful
basis for researchers to continue research concerning SCM in R&D projects.
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1. INTRODUCTION

The SCM requires the proper selection of the participating members. PSCs are complex in structure and
consist of numerous participants. Although there are advantages in applying the SC in projects, project managers
and project-based organizations do not know how to use the PSCM in their projects. Mohamed et al. states
that about 40% of the work in the construction industry includes non-value added activities such as the time
spent to get approvals or to receive materials at the project site [13].

SCs in R&D project face many problems in the Iranian industries. In the pull strategy, in response to
the market, project-driven organizations have been tackling with significant problems in the integration levels
and actions in the acquisition cycle, supply and support in the lifecycle. Specific projects delays can be the
result of inappropriate actions regarding the supply of needed materials and resources, both technically and
systematically. In the push strategy, in response to technological pressure, R&D projects are faced with the
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rapid technological changes. They cannot be flexible and adaptable to environmental conditions. Projects may
not have efficiency and cannot be effective and active in the operating environment consisting of a large number
of participants who work together. It should be, therefore, possible to reduce the gap between idea creation and
production output (the project lifecycle) in the shortest reasonable time with the optimization and integration
of the whole stakeholder’s network involved.

SC network design for R&D projects can help to understand the complexity, identify the bottlenecks, prior-
itize resources, and add values to the projects. R&D projects organizations need to understand the issues and
the cognitive abilities of SCs [5]. They need to create interactivity, cooperation, and coordination (integration)
between executors, contractors, suppliers, subcontractors and other organizations to resolve the critical prob-
lems. In addition, they should design the network to gain the maximum benefit of knowledge and non-knowledge
resources, which represent their existing potential capabilities in the national industry across various industries.
They should also plan technology development and demonstration to minimize uncertainty [11,21].

Therefore, the main purpose of this paper has been to design the SC network for R&D projects and to
elaborate on a quantitative method for the stakeholders’ selection process. In addition, the developed model
considers multiple objectives. It is based on the Goal programming approach. The mathematical model will
indicate the best basket of stakeholders for collaborating on the R&D projects. The model optimizes time, cost
and reliability in the whole lifecycle for the R&D projects. Finally, to illustrate the applications of the model,
a hypothetical experiment with the realistic data related to an Iranian organization in a R&D project is used.
The model is implemented in the GAMS Optimization software.

This paper proceeds with the theoretical background and literature review on PSCM in R&D in Section 2.
Section 3 presents the mathematical model. Section 4 introduces the solution methodology of this model and
the numerical results. Finally, conclusions are drawn in Section 5.

2. THEORETICAL BACKGROUND AND LITERATURE REVIEW

R&D projects are a temporary set of activities with high uncertainties. They are intended to fulfil the
scientific discovery and production of new knowledge or to achieve specific system tools. They include any
scientific research in science, technology and systems at any organizational level [12,21].

SCM is a set of approaches used to integrate suppliers manufacturers, warehouses, and stores efficiently [6],
[4]. SC defines a management linking the organizations in order to fulfil demands across the whole chain as
efficiently as possible. The aim of the SC is to satisfy all customers with more facilities, less costand time,
as well as enuring good quality [18]. So, SC is a distribution and facility network implementing the activities
of material procurement and its reformation into finished and intermediary products, as well as the finished
products distributed to customers [8]. Recently, there has been a growing interest in the performance, design,
and the study of the SC as a whole [10].

The use of mathematical models to optimize the SC has recently been increased; this has been mainly because
of their lower cost and higher capability. Sarkar et al. considers a SC coordination model with backorder for the
buyer, an inspection cost for the vendor, and a coordination strategy between them [17]. The use of mathematical
modeling is not specific to any particular level; it can be used at any level (strategic, tactical or operational).
In a paper, an algebraical procedure was employed to obtain the minimum cost of the entire SCM [19]. Asghari
examined the applicability of numerous measures and metrics in a multi objective optimization problem of the
SC network design to allocate customers’ orders. He determined the important aspects of strategic planning of
manufacturing in a SC model [18]. However, considering the effects of all the sustainability enablers may affect
decisions of logistics managers during planning their activities in an efficient manner [14,17]. It is apparent
that the modelling approach and solution methods are very closely associated with the complexity of the SC
structure. Also, along with developing solution techniques and enhancing the capability of modern computing
technologies over the last years, researchers can deal with more complicated PSC structures [4,7,21].

PSCM has emerged both from the SC and from the project management domain. In fact, PSCM is the man-
agement of a complex and dynamic network of integrated companies, organizations and stakeholders involved in
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FIGURE 1. The project supply chain [9].

FIGURE 2. R&D project lifecycle (Source: [20]).

different chains for satisfying the project’s final customer [1,2,15]. The SC of R&D project involves the selection
of the Contractor, the Executor, the Alternative, the Supplier, and the Consultant (Fig. 1).

The lifecycle of the R&D project commences with the statement of need, and it ends with the disposal
of the project. There is no universally accepted agreement on how many phases exist in a project lifecycle.
According to Blanchard and Fabrycky, as well as MIL-STD 499B, the project lifecycle can be divided into
two phases: the acquisition phase and the utilization phase. The acquisition phase comprises six main stages:
need assessment, feasibility study, conceptual design, preliminary design, detail design, and construction-test-
production. The utilization phase consists of operational use and system support [20]. In this article, the lifecycle
of R&D projects is divided into five stages: conceptual design, preliminary design, detail design, production and
utilization (Fig. 2).

One of the key criteria in the selection process is the integration and expansion of the model for the whole
lifecycle of the projects via the system engineering approach. The most important benefit of system engineering
is the scope provided for saving money during all phases of the system life cycle. Experience indicates that
the early emphasis on system engineering can result in significant cost savings later in the whole life cycle [3].
System engineering should also assist in reducing the overall schedule associated with bringing the system into
service. System engineering ensures that the user requirement is accurately reflected in the design of the system,
thereby helping to minimize costly and time-consuming changes that may be required later in the life cycle.

System engineering focuses on the entire system life cycle and considers this life cycle during decision-making
processes. A system’ life cycle begins during system definition and design, and passes through construction and
production, operation, support, and phase-out. The life cycle is concluded only with the disposal of the system.
In another paper, authors consider design options only for research projects associated with the acquisition
phase for the optimization of time and cost, not paying attention to through-life support issues [9]. Authors
typically focus on the acquisition phase of the research project and on the development of a system meeting
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F1GURE 3. The Proposed methodology.

the design requirement while minimizing cost and time. This has often led to larger than expected costs in the
utilization phase that should be provided by budgets insufficient to keep systems in service. A system focus takes
into account all constituent elements of the system, including operation, support, and retirement or disposal. In
this paper, authors develop a mathematical model considering R&D projects through the system engineering
approach.

Therefore, PSCM and its importance in R&D projects have not been considered adequately in the recent
research for the whole lifecycle. Network design is costly and complicated for the R&D projects. In fact, choosing
the stakeholders and their allocation is a complicated optimization problem. Therefore, the main aim of the
present paper has been optimization of time, cost and reliability in the whole life cycle.

3. RESEARCH METHODOLOGY

This study proposes a mathematical model to determine the optimal combination of the main contractors,
executors, and various alternatives for the project implementation. It determines how the devolution of activities
in each of the five stages of the R&D project is divided among the consultants for monitoring suppliers during
the supply of materials, specialized labourand product. The model aims to minimize the cost of the project,
maximize reliability, and minimize the time required for the implementation of the project. This model assists
the simultaneous optimization of the three goals of cost, reliability and time. The methodology for solving
the network problem is developed using a five-step procedure. Figure 3 indicates the steps involved in this
methodology.

The assumptions of the model are:

e All the objectives and constraints are considered linear functions.

e The earliest start time of the project is equal to zero.

e A project with N activities is considered. The precedence relations of the activities are zero-lag, finish to
start. The node network with no loop shows the activity. Activities 1 and N are dummies representing the
project start and project completion, respectively.

e All the R&D projects conducted in five stages include the feasibility study and conceptual design, preliminary

design, detail design, construction and production, and utilization.

The amount required for the material m to become the activity j is independent of the activity duration.

All the needed amounts of each material for each activity are ordered at the same time.

To carry out any project, at first, the main contractor must be selected.

The main contractor works with a project executor. Therefore, the main contractor selection is the decision

variable of the model.

e The selected executer should select and execute an option among the available alternatives to implement the
project and to achieve the ultimate goals, such as the optimization of the objective functions.

e After the selection of the existing alternatives, the beginning of the project lifecycle includes the conceptual
design, the preliminary design, the detailed design, the production, and the utilization. This lifecycle is shown
in Figure 2.

e Each of the above steps consists of activities that need a series supplier and a consultant to supervise their
implementation. There are so many suppliers and consultants for each activity selected. Decision variables
in this model are a fraction of the supply and the monitoring of any activity included in any of the available
options.
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TABLE 1. The indices used in the model.

Description Indices

The index for the selection of the main contractor i1=1,...,n1
The index for the selection of the project executer 2 =1,...,n2
The index for the selection of alternatives is=1,...,n3
The index for activities of conceptual design ig=1,...,n4
The index for activities of preliminary design is=1,...,n5
The index for activities of detail design ig=1,...,n6
The index for activities of construction and production ir=1,...,n7
The index for activities of utilization is=1,...,ns
The index for the suppliers of conceptual design activities h=1...,m
The index for the consultant of conceptual design activities Jj2=1,...,ma
The index for suppliers of preliminary design activities ja=1,...,ms
The index for consultant of preliminary design activities Ja=1,...,myu
The index for suppliers of detail design activities js=1,...,ms
The index for consultant of detail design activities je=1,...,me
The index for the suppliers of construction and production activities j7z =1,...,mr
The index for consultant of construction& production activities js=1,...,ms
The index for the consultant of utilization activities Jo=1,...,mg

The signs and symbols are used to explain the problem, assumptions, and mathematical modeling. In Table 1,
the symptoms related to the used indices in the problem modeling are given.

In Table 2, the symptoms related to the used parameters in the modeling are shown.

In Table 3, the symptoms related to decision variables and their dependent variables are shown.

3.1. Mathematical modelling

The purpose of this article is the simultaneous optimization of three objectives including time, cost and
reliability of the R&D project. The model of this study is development of authors’ model for research projects

[9]-

3.2. Proposed model

3.2.1. Objective functions and constraints

Firstly, one main contractor should be selected. Then, the main contractor selects an executor and the best
alternative for the project implementation. The first constraint implies that only a main contractor will be

chosen for the project.
ni

MC;, =1, Vi; : MC;, =0orl (3.1)
=1
— Constraints on the project executor by the selection of only one executor.
ni no
> EXiu, =1, Virip:EXj, =0o0r1 (3.2)
i1=1ix=1
— Constraints on the selected contractor by the executor.

na
EXi i, —MCi; =0, i1=1,....m (3.3)
1

o=
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TABLE 2. The used parameters in the model.

Description

Parameter

The demand or requirements related to the ¢4 activity in the conceptual design

The response capacity of ji supplier to the i4 activity in the conceptual design phase
The time distance between the end of the i4 activity and start of the i} activity in the
conceptual design phase

The required time for doing the i4 activity if it is fully transferred to the j; supplier in
the conceptual design phase

Demand or counseling need or the monitoring of the 4 activity in the conceptual design
phase

The response capacity of the j2 consultant to the is activity in the conceptual design
phase

The required cost to perform the i4 activity if it is fully transferred to the ji supplier in
the conceptual design phase

The required cost to perform the i4 activity if it is fully transferred to the j2 consultant
in the conceptual design phase

The reliability to perform the i4 activity if it is fully transferred to the j; supplier in the
conceptual design phase

The reliability to perform the i4 activity if it fully transferred to the j2 consultant in the
conceptual design phase

The demand or requirements related to the i5 activity in the preliminary design

The response capacity of js suppliers to the i5 activity in the preliminary design phase
The Time distance between the end of the is activity and start of the i5 activity in the
preliminary design phase

The required time for doing the is activity if it is fully transferred to the j3 supplier in
the preliminary design phase

Demand or counseling need or the monitoring of the i5 activity in the preliminary design
phase

The response capacity of the j4 consultant to the is activity in the preliminary design
phase

The required cost to perform the i5 activity if it is fully transferred to the js3 supplier in
the preliminary design phase

The required cost to perform the is activity if it is fully transferred to the js1 consultant
in the preliminary design phase

The reliability to perform the i5 activity if it is fully transferred to the j3 supplier in the
preliminary design phase

The reliability to perform the i5 activity if it is fully transferred to the js consultant in
the preliminary design phase

The demand or requirements related to the i activity in the detail design

The response capacity of js suppliers to the ig activity in the detail design phase

The Time distance between the end of the ig activity and start of the ig activity in the
detail design phase

The required time for doing the i¢ activity if it is fully transferred to the js supplier in
the detail design phase

Demand or counseling need or the monitoring of the i¢ activity in the detail design phase
The response capacity of the js consultant to the ig activity in the detail design phase
The required cost to perform the i¢ activity if it is fully transferred to the js supplier in
the detail design phase

The required cost to perform the ig activity if it is fully transferred to the js consultant
in the detail design phase

The reliability to perform the ig activity if it is fully transferred to the js supplier in the
detail design phase

Demandil 112,13,%4
CapSupe

11,12,%3,74,J1
lag. . . . .
Bi1,in,is,ia,i}
tesupilvi21i37i4,isvj3

Demandci, ,iz,iz,i4

CapConse

©1,12,%3,14,J2
csupe

©1,12,93,14,J1

CCONSEC;q ig,ig,iq,j2

ASUPE; ) i5i5,i4,51
qeconse

11,12,13,14,72

Demand;, is,i3,i5
CapSupc;

1,42,93,15,73

lagil,izyisdsﬂig
tcsupil,i2,i37i57j3

Demandc;, iy, i5,i5

CapConsc

41,12,13,14,54
CSUDPC;y is,is,i5,43

CCONSCiy in,iz,i5,ja

ASUPC; ) iy i5,i5,45

qQeONSC;y iy iz,i5,54

Demandil 12,13 ,i6
CapSupd

188, i i3 6,1,

91,12,%3,16,J5
tdsupilyiz,igyi(ids

Demandc;, iy, is,i6
CapConsd
csupd

11,12,13,16,J6

11,42,13,16,75
cconsdsy i, iz,ic,j

gsupd

11,12,%3,16,J5
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Description

Parameter

The reliability to perform the ig activity if it is fully transferred to the js consultant in
the detail design phase

The demand or requirements related to the i7 activity in the production phase

The response capacity of j7 suppliers to the i7 activity in the production phase

The Time distance between the end of the i7 activity and start of the i, activity in the
production phase

The required time for doing the i7 activity if it is fully transferred to the j7 supplier in
the production phase

Demand or counseling need or the monitoring of the i7 activity in the production phase
The response capacity of the js consultant to the i7 activity in the production phase
The required cost to perform the iy activity if it is fully transferred to the j7 supplier in
the production phase

The required cost to perform the i7 activity if it is fully transferred to the js consultant
in the production phase

The reliability to perform the i7 activity if it is fully transferred to the j7 supplier in the
production phase

The reliability to perform the i7 activity if it is fully transferred to the js consultant in
the production phase

Demand or counseling need or the monitoring of the ig activity in the utilization phase
The response capacity of the jg consultant to the ig activity in the utilization phase
The required cost to perform the ig activity if it is fully transferred to the jo consultant
in the utilization phase

The reliability to perform the ig activity if it is fully transferred to the jo consultant in
the utilization phase

ClCorlSdll 12,13,%6,J6

Demand;, iy, is, i
Capsuppil 112,13,47,J7

lag;, iy is,i.if
tpsupilyizvi&i%ﬁ

Demandcil 112,13,17
CapConsp; | ;. ;.
CSUPP;y iy, i5,i7,47

17,78

CCONSD; ) iy ig,i7,4s
ASUPP;y is i3,i7,57

ACONSP;y is iz,i7,48

Demandc;, iy, i5,i5
Capcon8111712713718a]9
CCONSiy i, i3,ig,j9

qconSlll 12,13,18,J9

Constraints on the sequence needed to choose an alternative. It makes choices on the related alternatives

for the main contractor and the selected executor in the previous step.

Z Z Z A11712,13 - 7

11—1 7,2—1 7,3—

Vil,ig,ig : Ai17i277;3 =0orl

na ns
E § All,’bz,’bg Mczl =0, i1=1,....,m
22—1 13—

Z A11,12,13 —EX; i, =0, Vig,io

13—

(3.4)

(3.5)

(3.6)

3.2.1.1. Conceptual design phase. After the alternative has been selected, the conceptual design stage starts.
This phase consists of several activities. Each activity must supply a fraction of their supply needs through the
existing suppliers. The sum of these fractions should be equal to one. The constraint seven also states that the
supply fraction for each activity of each supplier has to be a number between zero and one.

)BDID S IET I

21—1 22—1 1,3—1 ]1—

1,i4:1,...,n4 (37)

0 < supe; <1

v11,22,7,3724,.]1 11,%2,13,14,J1 —

The following constraint indicates that the amount of supply dedicated to each of the suppliers is equal to a
fraction of the activity needed while being prepared by the suppliers. It must be less than the capacity of the



1392

M. FOROZANDEH ET AL.

TABLE 3. Decision variables in the model.

Variable Description

MC;, Variable related to the selection or not to the selection of the main contractor

EXi o Variable related to the selection or not to the selection of the project executer

Al ig,is Variable related to the selection or not to the selection of alternatives

SUDP€;, o s is.it Variable related to a fraction of the i4 activity supply of the j; suppliers in the conceptual

teSiy ig iz, ia
tefiyiz,ig,ia
t@iq in iz, ia

TED

CONSC;y in,iz,iq,j2

CED
QSED,,
QCED,,
logQED
SUPC; igi3,i5,43
tCSiy in,is,i5
thi17i2,i37i5

tCiy in iz, i5
TCD

CONSCiy ,ig,iz,is,ja

CCD
QSCDi5
QCCD,,
logQCD
supdil ,12,13,16,75
tdSiy ,i0,is,i6
tdfi; ig,is,i6
tdiy ig,iz,is
TDD

ConSdil 112,13,16,J6

CDD
QSDD,,

SUPDP;y ,ig,i3,i7,57

tps
tpf

tpil 112,143,107

01,12,%3,17

11,12,13,17

CONSP,, 45 i5,i7,58
CpP

QSPi7

QCPZ.7

design phase

Start time of ¢4 activity in the conceptual design phase

Completion time of i4 activity in the conceptual design phase

The required time for implementation of i4 activity in the conceptual design phase

The finish time of the conceptual design phase

Variable related to a fraction of the i4 activity supply of the i2 counsellor in the conceptual
design phase

The total cost of conceptual design phase

The reliability of the implementation i4 activities suppliers in the conceptual design phase
The reliability of the implementation i3 activities counselor in the conceptual design phase
The log reliability of the conceptual design stage implementation

Variable related to a fraction of i5 activity supply from js suppliers in the preliminary
design phase

Start time of i5 activity in the preliminary design phase

Completion time of i5 activity in the preliminary design phase

The required time for implementation of i5 activity in the preliminary design phase
Finish time of preliminary design phase

variable related to the fraction of the i5 activities supply of j4 counselor in the preliminary
design phase

Total cost of preliminary design phase

Reliability of implementation i5 activities suppliers in the preliminary design phase
Reliability of implementation is activities counsellor in the preliminary design phase
Log reliability of preliminary design stage implementation

Variable related to a fraction of ig activity supply from js suppliers in the detail design
phase

Start time of i¢ activity in the detail design phase

Completion time of ig activity in the detail design phase

The required time for implementation of i¢ activity in the detail design phase

Finish time for detail design phase

variable related to the fraction of the i activities supply of js counselor in the detail
design phase

Total cost of detail design phase

Reliability of implementation ig activities suppliers in the detail design phase
Reliability of implementation i¢ activities counsellor in the detail design phase

Log reliability of detail design stage implementation

Variable related to a fraction of i7 activity supply from j7 suppliers in the production
phase

Start time of ¢7 activity in the production phase

Completion time of i7 activity in the production phase

The required time for implementation of i7 activity in the production phase

Finish time of production phase

variable related to the fraction of the i7 activities supply of js counselor in the production
phase

Total cost of production phase

Reliability of implementation i7 activities suppliers in the production phase

Reliability of implementation i7 activities counsellor in the production phase
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TABLE 3. (continued.)

Variable Description
logQP Log reliability of production stage implementation
consis, iy,iz,ig,j9  variable related to the fraction of the is activities supply of jo counselor in the utilization
phase
CI Total cost of the utilization phase
QCIL, Reliability of implementation ig activities counsellor in the utilization phase
logQI The log reliability of the utilization stage implementation
suppliers.
Demandil,iz,i?,,iz; X SUDPE€;, 4 ig,i4,51 < Capsupeihiz,i&u,jl ’ iy, 2,13, 14, 71 (38)

The following constraint indicates that the start time of the first activity will be zero in the contractor’s
selection of all possible scenarios, executors and alternatives; this is because this is the first activity of the first
stage of the project.

t€Siy igig,1 = 0, Vi, 2,13 (3.9)

The following constraint indicates that the end time of each activity is equal to the time duration of the
activity implementation by adding the activity start time.

tefil»ig,ia,u > tesil,iz,igyl@ + tei1,i2,i3,i47 Viy, 2, 13,14 (3'10)

The following constraint indicates that the start of any activity can be specified based on the end of its
preferred activity and the time duration between the end of the preferred activity and the beginning of the
dependent activity.

oy
tefi, iy.isia +la‘gi1,i2,i3,i4,iﬁl < 1S4y ig ig,if 0 Vi, 2,13, 14,14 (3.11)

Through consideration, any supplier can reach a fraction of the supply. The time duration of implementation
will be a fraction of the project implementation that will be entirely implemented by the suppliers. The time
duration of the project implementation is the maximum involved time of the suppliers in this project.

Vi1, ia, i3, 44 (3.12)

t€iy g ig,iy = MAX (tesupihim i1,i27i37i47j1) )

J1

inyia,j1 < SUPC

Time running out of a stage to reach another stage, such as in the conceptual design stage, is equal to the
maximum time for the completion of the activities. It is calculated with the constraint 13.

TED = . max (tefil,73271'371'4) (313)

91,12,13,%4

— Constraints on monitoring the implementation of the activities by the consultants and the supervisors.

ny no ns mao
E E E E CONSEC;, in,i3,i4,j2 — 1,i4 = 1,...,’[7,4 (314)

i1=1iz=1dz=1 jo=1
Vi1, 213,14, J2 1 0 < cONSE;y iy iy iy 5, < 1
Demandc;, iy 5,5, X CONSEs; iy i, < CapConse;, ;. ;. i, iy Vi1, i2,13,14, f2 (3.15)

14,72

— Constraints on implementing the cost of the conceptual design stage.
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Z Z Z Z Z Csupellﬂ2ﬂ3ﬂ4ah X SuPellJzﬂenM,h + 2 : 2 : E : E :Cconsell712ﬂ3ﬂ4u2 (3'16)

14=1 11=112=113=171=1 i1=142=143=1 jo=1

XCONSC;y iy ig iy, j2 ) = CED

— Constraints on the supply reliability of each activity.

ny no ns mao
QCED;, = E E E E qCONSe; | ;o i iy iy X CONSCGy iy s iy josta = 1,000 My (3.17)

11=1142=113=1 jo=1

Owing to the nature of reliability, it is necessary to calculate the total reliability of the stage. So, the logarithm
(3.17) is used for the linearization of the related limitation. Owing to this limit, the sum of several variables
cannot replace its log independent expression. So, it is used in the Taylor expansion of log (1 + z) for the
condition in which z is in the interval (—1, 1). As mentioned previously, the following constraint is a new form
of the constraint (3.17).

ni 2
logQCED;, =log [ 1+ Z Z Z Z QCONSE;, ;o o iy iy X CONSCs i g iy gy | — 1 (3.18)

i1=11ip=11i3=1 jo=1
— (QCED,, — 1) - ((QCED,, ~ 1)*/2) iy = 1,....n

— Constraints on monitoring the reliability of every activity.

ni na ns mi

QSEDi4 = Z Z Z Z ASUP€;, isi5,ia,51 X SUDC;, is,is,ia,510 iy =1,...,m4 (319)

i1=112=143=1j:1=1

The reason is the same as those mentioned in the constraints (3.17) and (3.18).

ma

10gQSEDi4 = log L+ Z Z Z Z qsupeh,lzﬂs,myjl X Supellyl2713ﬂ4y]1 -1 (320)

i1=1i=11i3=1j;=1
= (QSED,, — 1) — ((QSEDM - 1)2/2) Gis=1,... 0

— Constraints on the total reliability of the conceptual design phase.

g
logQED = (logQCED,, + logQSED,,) (3.21)
ia=1
3.2.1.2. Preliminary design phase. For the preliminary design phase, we have the constraint with the same
logic regarding the conceptual design phase.

— Constraints on the fraction of each activity allocated to the suppliers.

ny nz2 n3g

Z Z Z Z Supcllﬂz,ZS,lm]z 1’ Z.5 = 17 EEREN 2] (322)
7,1 112 17,3 1]3 1

VZ1712723u7'57]3 0 < supc; <1 (323)

11,92,13,15,J3 —

Demand;, i, ,ig,i5 X SUDPC;, i, 4o is iy < CAPSUDC; ;0 4o, Vi, G2, 43, U5, J3 3.24)
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— Constraints on the implementation time of the activities are the same as the the conceptual design constraint.
The only difference is that the related constraint at the start time of the first activity is not equal to zero. It
is equivalent to the complementation time of the conceptual design phase (3.25).

tcsil,ig,ig,l = TED7 Vil, ig, i3 (325)
tefi, is,is,is = tCSit in,is,is T 1Ci1 in,is,iss Vi1, 02,13,%5 (3.26)
. . . . .7
bCSi1ia ia,is + 1884, g iain,it, S V0Siyinig,iys Vi1, 12,13, 5, 05 (3.27)
tcilvi2’i3’i5 = mjax (tcsupi17i27i3,i5,j3 X Supei17i27i37i5>j3) ’ Vil’ i2’ i3’ i5 (328)
J3
TCD = . max. (thilsi27i37i5) (329)

11,12,13,15
— Constraints on the fraction of each activity allocated to monitoring the implementation.

no ns may

ny
Z Z Z Z CONSCi, igisisga = Lis =1,...,n5 (3.30)

i1=liz=1iz=1j4—1
Vi1, 42,13,15, ja 1 0 < CONSCyy iy 456554 < 1 (3.31)

Demandc;, , iz iy X CONSCiy iy i5,is.js < CapConse; ;..o .., Vi1,ia, 13,15, ja (3.32)

— Constraints on the costs related to the implementation, and the monitoring of the preliminary design stage.

ns ni n2 n3g ms ni n2 n3 Mg
Z Z Z Z Z CSUDPCyy iy i 5,55 X SUPCiy in,is,i5,55 T E , E E E CCONSCiy iy ig i is,js (3-33)
i5=1 \i11=1i2=1143=1j3=1 i1=114=113=1j4=1

X CONSCiy iy ,iz,iq,i5 ,j4> = CCD

— Constraints on the reliability of the process of the consultant/supervisor for the implementation of each
activity.

ni no ns ma
QCCD,, = E E E E QCONSC; | 4o oo iy X CONSCiy iy g is jar B5 = 1y o ooy M5 (3.34)

i1=1142=113=1j4=1

n1 n2 n3 Mg

logQCCD,, =log [ 1 + Z Z Z Z qConSC;, ;o o i i X CONSCiy iy iz igja | — 1 (3.35)

i1=1is=11i5=1js=1
= (Qcep,, - 1) - ((QCCD,, —1)*/2) is = 1,...,ng
— Constraints on the supply process reliability for the needs of each activity of the suppliers.

ni ng n3 ms
QSCDiS = E E : § : § : ASUDC; ) 5 i3,05,55 < SUPCiy in is,i5,550 15 = L...ims (3'36)

i1=1ip=1i3=1 jz=1

ni no ns ms3
logQSCD,_ =1log | 1+ Z Z Z Z ASUDC; | i, i ie ig X SUPC, 4oy oo | —1 (3.37)

i1=11i3=1143=1 jz=1

= (@SCD,, —1) = ((QSCD,, —1)*/2) is = 1,.....ms
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— Constraint on the total reliability of the preliminary design stage.

ns

10gQCD = > (logQCCD,, +10gQSCD, )

is=1

(3.38)

3.2.1.3. Detail design phase. For the detail design, the constraint is the same as logic mentioned in the previous

steps.

— Constraints on the fraction of each activity allocated to the suppliers.

ni nm2 n3 Mmg
Z Z Z 2 : Supdilyimis,is,js =Llig=1,..

i1=11i2=11i3=1j5=1
VilviQaiS,iﬁajE} : 0 g Supd
CapSupd

Demand;, i, 45,4 ¥ supdihi%is_,iw5 <

-5 e

<1

11,12,13,%6,J5 —

11,12,13,%6,]5

(3.39)

(3.40)

— Constraints on the implementation time of the activities are the same as those of the previous stage. The
start time of the first activities of this stage is equal to the complementation time of the preliminary design

phase (3.41).

tdsil,ig,ig,l = TCD7
tdfil,iz,imie. > tdSilgiZ,i37i6 + tdil,iz,is,im
t8dSiy ig s, 11085, 4, < tds;,

y > . y o s/
13,16,%4 12,13,1¢)

x supd

tdil,iQ,is,ie = max (tdsupil, 7;171'2’1-37"-6’.]-5) ’

s 12,13,%6,75
TDD = max (tdfihizyis,ie)

11,12,13,%6

Vi, iz, 13
V7:17i277;-‘37i6

. . . . .7
VZ172277’3716726

VZ17227{&3726

— Constraints on the fraction of each activity allocated to monitoring the implementation of activity.

ni n2 n3 Mg
E E E E ConSdihiQ,iS,iG,ja = 1,i6 = 1, ...,Ng

11=1142=1193=1ju=1

Vi, 2,13, 46,6 : 0 < COHSdihiz,isJGJG <1

Demandcihimimie X ConSdilaimiSJG,ja < CapconSdihiz,iz,iG,js’Vll’ 2,13,%6,J6

— Constraints on the costs related to the implementation and monitoring of the detail design stage.

ne

ni no ns ms ni ng n3g Mme
Z Z Z Z Z esupd;, i, g g, g5 X SUPDy iy 06,55 T § , E E E cconsds, iy ig g jo

ig=1 \i1=14s=14i3=1js=1 i1=1iy=11i5=1 jg=1

2 COHSdiMzJaJGJG) = CDD

(3.48)

— Constraints on the reliability of the process of the consultant/supervisor for the implementation of each

activity.
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s no ns me
QCDDiG = E E E E qconsdil72427%43,2»67]46 X €consSd;, iy isiger 6 = Ly -5 M6 (3.49)

i1=14s=11i5=1 jg=1

niy M2 N3 Mg

logQCDD;, =log [ 1+ Z Z Z Z qeonsd; ;oo i X consdy, iy igig e | — 1 (3.50)

i1=113=113=1 jg=1
— (QCDD,, ~ 1) - ((QCDD,, ~1)*/2) sig = 1,...,ng

— Constraints on the supply process reliability for the needs of each activity of the suppliers.

ni no ns ms5
QSDD,, = Z Z Z Z Asupd;, i, i iegs X SUPy, o oo ivie = 1,000, (3.51)

i1=1ip=1143=1 js=1

ni no ns3 ms
logQSDD,, = log [ 1+ Z Z Z Z asupd;, i, o igigs X SUDAy o oo | — 1 (3.52)

i1=1iz=1i3=1 js=1
— (@SDD,, 1) = ((QSDD,, ~ 1)*/2) ig = 1,.... g

— Constraint on the total reliability of the detail design stage.

logQDD = Y~ (logQCDD,, + logQSDD,, ) (3.53)

ig=1
3.2.1.4. Production phase.

— Constraints on the fraction of each activity allocated to the suppliers.

ni n2 ni3 mry
Z Z Z Z SUDPD;, ig is iz.gr = Liz=1,...,n7 (354)

i1=14p=1143=1 jr=1

Vi1, i2,13, 07,77 : 0 < SUPD;, iy igiin g < 1 (3.55)

Demandil,izﬂaxﬁ X SUDPD;, ig 05,77 < Capsuppihimi&i?»ﬁ’Vil’ 12,13, 17, J7 (356)

— Constraints on the implementation time of the activities is the same as those of the previous stages. The

start time of the first activities of this stage is equal to the complementation time of the detail design phase
(3.57).

tpsi],ig,ia,l = TDD7 Vil, iQ, i3 (357)
U5, g i ir = WPSiy g igin T WPy g g iry Vi, 02,08, 07 (3.58)
S 3 ; PR 1 i’
UDSi, iy inyir T 1885, iy in izt < UPSi, iy ig.irs Vi, l2,13, 07,07 (3.59)
tPin in ig iz = TUAX (EPSUDG, iy g g e X SUPPG, g g iz )+ ViLs 02,43, 07, 7 (3.60)
TP = max (tpfil,i2,13,17) (3.61)

11,%2,13,17
— Constraints on the fraction of each activity allocated to monitor the implementation.

ny no nsa ms
DD D0 D OBy iyir gy = Liir = Lo (3.62)
i1=114is=1143=1 jg=1

<1

vil, i27i37i77j8 . 0 S Conspil,i2,i3,i7yj8 ~

Demandcs, iz ig iy X CONSP;, iy 47,55 < CAPCONSD;, i, iy 7 g+ V15 82,83, 77, s (3.63)
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— Constraints on the costs related to the implementation and monitoring of the production stage.

nrz ni n2 ns mr7 ni n2 ns ms
DADS DD D b, igiinge X SUDPDy, s insdsyiz, g+ D D Y > cconspy, i gy (3.64)
ir=1 \di1=1io=1i3—1 jr—1 i1=1da—=1i3—1 jg—1

J

X Conspi1,i2,i37i77js> =CP

— Constraints on the reliability of the process of the consultant/supervisor for the implementation of each
activity of the production stage.

ni na ns msg
QCPi? = Z Z Z Z qCONSPy, iy ig,ir,5s < CONSPyy iy s ir,jsr 1T = L....n7 (3'65)

i1=1ip=1i3=1jg=1

ni no ns ms
logQCP; =log [ 1+ Z Z Z Z qConSp; | 4y o i o X conSp; oo | — 1 (3.66)

i1=1is=11i3=1 jg=1
2 )
= (QCP;, —1) = ((QCP,, = 1)*/2) iz =1,...,n7
— Constraints on the supply process reliability for the needs of each activity of the suppliers.

na ns mrz

n1
QSP,. = Z Z Z Z ASUDPD;, iy s iv e X SUPDG, iy igiinjns 7 = Ly ooy M7 (3.67)

i1=112=143=1 jr=1

ni no ns mry
1ogQSP;, =log {14+ | | DD D" D asubby, iy iyiir s X SUPPs, iy igiins | — 1 (3.68)

i1=142=143=1 jr=1
= (QSP,. —1) — ((QSPi7 - 1)2/2) Gir=1,....n7

— Constraint on the total reliability of the production stage.

logQP = > (logQCP;, +10gQSP,;. ) (3.69)

i7=1
3.2.1.5. Utilization phase. At this stage, the only point is using and monitoring for the implementation.

— Constraints on the fraction of each activity allocated.

ni no ns mo
E E E E COHSiil,iz,ig,ig,jg = 1, ig = 1, ...yng (370)

i1=113=1143=1 jo=1

Vi, i2,13,18,J9 : 0 < ConSii1,i2,i3,i8,j9 <1

Demandc;, i, i5,is X CONSiy iy ,i5,is,50 < CapConsi;, ;. .o 0, Vi1, ia, 43, is, Jo (3.71)

— Constraints on the costs related to the implementation and monitoring of the utilization stage.

ni  nm2 M3 Mg

E E : E E CCONS; ) iy ig,ig,jo X CONSLiy ig g ig,jo = CI (3.72)

i1=113=1143=1 jo=1
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— Constraints on the reliability of the process of the consultant/supervisor for the implementation of each
activity of the utilization stage.

ni na nsa mg

QCIig = E E § E qCONSL;, ) i5.ig,jo < CONSLiy is is i5,jo1 18 = L...,ng (373)

i1=113=113=1 jo=1

ni no ns mog
logQCI,, =log | 1+ Z Z Z Z QCONSi;, 4o i io X CONSyy iy igis jo | — 1 (3.74)

11=1142=1143=1 jo=1
= (QCIls - 1) - ((QCIZS - ]-)2/2) yig =1,...,mn8

— Constraint on the total reliability of the utilization stage.

ng

logQI = )~ (logQCL,,) (3.75)
ig=1
The objective function.
TotalCost = CED + CCD + CDD + CP + CI (3.76)
TotalTime = TP (3.77)
logTotal@ = logQCD + logQCD + logQDD + logQP + logQI (3.78)
The ideal amount for the three objectives.
TotalCostCED + SCost™ — SCost™ = CostGoal (3.79)
TotalTime + STime™ — STime™ = TimeGoal (3.80)
logTotalQ + SQT — SQ™ = logQGoal (3.81)
The ultimate objective function.
min z = SQ + STime™ + SCost ™ (3.82)

4. IMPLEMENTATION OF THE MODEL

4.1. Solution procedure

In this study, the SC of R&D projects has been considered with six level structures. It includes an employer,
many contractors, many executors, many suppliers, many consultants, a supervisor, and a customer (the end
user). At the beginning of the project, one employer should select the best option for many contractors and
many executors. Proper executors must examine the alternatives and select the most appropriate choice. Then,
the selected executors should implement the project lifecycle sequentially. The best suppliers, consultants, and
supervisors should be selected. For the whole lifecycle, the selection of the suppliers and consultants should
be done to supply the required material and resources, respectively, and to create the product in the proper
time, without stopping an uninterrupted cycle of production. Finally, in the utilization phase, the selection of
the consultants and supervisors is done for the better performance of maintenance. The proper selection of
these stakeholders in the whole lifecycle leads to the optimized cost, time, and reliability in the running project.
Therefore, the project is closed in the best position.
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TABLE 4. Description of the case study.

Main contractor

First alternative

Second alternative

First contractor First executor 1 1
First contractor Second executor 1 1000000
Second contractor  First executor 1 1
Second contractor  Second executor 1 1000000

TABLE 5. Description of the case study.

Main contractor

First activity

Second activity

First contractor First executor First alternative 15 20
First contractor First executor Second alternative 10 10
First contractor Second executor  First alternative 15 15
First contractor Second executor  Second alternative 0 0

Second contractor  First executor First alternative 18 20
Second contractor  First executor Second alternative 16 14
Second contractor  Second executor First alternative 15 20
Second contractor Second executor Second alternative 0 0

4.2. Implementation

The proposed model has been implemented in the GAMS software and tested by a Research project organiza-
tion using a real data model. The first index shows the main contractor in the input, the second index represents
the executor, and the third index displays the alternative. As the second executor of both the contractors has
only one implementation alternative and the second alternative is impossible by the GAMS software, it does
not actually exist (Tab. 4).

Two activities are considered at each stage of the lifecycle for simplicity. In the solved case study, all the
supply requirements and monitoring of all activities of all stages are considered, as shown in Table 5.

In this research, three suppliers are considered. The capacity of each supplier or consultant is defined for
monitoring in each stage of the project lifecycle. The supplier’s capacity is brought for the supply of the
conceptual design activity, as shown in Table 6.

In the conceptual design, to calculate the time consumed for performing the activity, the implemented time is
considered when the complete transfer any activity to any supplier takes place. The negative numbers indicate
a lack of suppliers for the activities. Also, in the case study, the cost of any activity is considered if any supplier
entirely supplies it and all the possible combinations are selected for the contractors, executors and alternatives.
The reliability of each activity is calculated as a complete supply from any suppliers in the event of the selection
of all the possible combinations of the contractors, executors, and alternatives. Table 6 contains the data related
to the suppliers in the conceptual design. Also, in this research, two consultants, two activities, two suppliers
and the two consultants/supervisors are considered in the whole lifecycle for each phase. Table 7 shows the
consultant or supervisor’s capacity for the monitoring of conceptual design activity, implementation time, cost
and reliability.

To express the time interval between the activities, the form of the Finish to start is used as Lag parameters.
Table 8 shows the values of the time interval between activities at the conceptual design phase. The important
point is that the relationship between the two activities is the only positive value. The great negative values
indicate a lack of alternatives for the conceptual design stage. In addition, we have the same conditions for all
other stages. The related data have been collected and applied for other stages.
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TABLE 7. The data related to the consultant/supervisor in the conceptual design stage.

Main contractor First consultant/supervisor Second consultant/supervisor

Capacity Time Cost Reliability Capacity Time Cost Reliability

First First First First 50 15 1000 0.95 20 20 2000 0.99
contractor executor alternative activity

First First First Second 30 10 3000 0.95 20 10 200 0.975
contractor executor alternative activity

First First Second First 15 15 1500 0.99 20 15 2000 0.99
contractor executor alternative activity

First First Second Second 25 12 900 0.88 25 12 1500 0.85
contractor executor alternative activity

First Second  First First 18 18 1800 0.75 20 20 2000 0.9
contractor executor alternative activity

First Second  First Second 20 16 2000 0.85 20 14 2000 0.85
contractor executor alternative activity

First Second  Second First 0 -1 -1 -1 0 -1 -1 -1
contractor executor alternative activity

First Second  Second Second 0 -1 -1 -1 0 -1 -1 -1
contractor executor alternative activity

Second First First First 20 12 2000 0.99 25 25 2500 0.99
contractor executor alternative activity

Second First First Second 20 15 1000 0.88 20 20 1000 0.85
contractor executor alternative activity

Second First Second First 20 10 2000 0.75 20 5 500 0.9
contractor executor alternative activity

Second First Second Second 15 15 1500 0.95 20 20 1200 0.99
contractor executor alternative activity

Second Second  First First 12 12 1200 0.95 15 4 1500 0.975
contractor executor alternative activity

Second Second  First Second 45 18 700 0.98 30 20 5000 0.95
contractor executor alternative activity

Second Second  Second First 0 —1 -1 -1 0 -1 -1 -1
contractor executor alternative activity

Second Second  Second Second 0 -1 -1 -1 0 —1 -1 -1
contractor executor alternative activity

4.3. Solution to the problem

The results of the code implementation are brought in the following entries. GAMS output states that it
selects the main Contractor 1, the first main executor of the Contractor 1, and the first alternative. Figure 4
shows the combined selection of the suppliers for the conceptual design phase activities.

The results suggest that the contractor 1, the executor 1, and the alternative 1 of the executor 1, for the
activity 1, 5% of the supplier 1 and 95% of the supplier 3 should be provided. The second activity is supplied
by all the requirements of the supplier 2. The other variables could be examined in the same way:

— All the monitoring of the activity 1 of the conceptual design was assigned to the consultant 1, and all the
supervisors of the activity 2 in that stage were appointed to the consultant 2.

— The cost of the conceptual design stage (CED) was equal to the currency of 2257.

— All supply of the activity 1 in the preliminary design stage was supplied to the s supplier 1, and all the supply
of the activity 2 was provided to the supplier 2.
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TABLE 8. The data related to the time interval between activities.

1403

Main contractor

First activity

Second activity

First contractor First executor First alternative First activity 0 15
First contractor First executor First alternative Second activity —15 0
First contractor First executor Second alternative  First activity 0 15
First contractor First executor Second alternative  Second activity —15 0
First contractor Second executor  First alternative First activity 0 5
First contractor Second executor  First alternative Second activity —5 0
First contractor Second executor  Second alternative  First activity —10000 —10000
First contractor Second executor  Second alternative  Second activity = —10000 —10000
Second contractor  First executor First alternative First activity 0 15
Second contractor  First executor First alternative Second activity —15 0
Second contractor  First executor Second alternative  First activity 0 5
Second contractor  First executor Second alternative  Second activity —5 0
Second contractor  Second executor  First alternative First activity 0 4
Second contractor  Second executor  First alternative Second activity —4 0
Second contractor  Second executor Second alternative First activity —10000 —10000
Second contractor ~ Second executor Second alternative Second activity =~ —10000 —10000

---- VAR supe

LOWER LEVEL UPPER MARGINAL

1.1.1.1.1 . o.o0so ~INF -391.819

1.11:102 . . +INF -391.819
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21212101 . . +INF  1.S5S1S€-10

21212122 . . ~INE $30. 392

23121213 . . ~INF s27.610

2:1.1.2:1 . . <INE 619.973

21212222 . . ~INF 618.559

21.1.2:3 . . +INE S32.532

212211 . . <INE S31.506

2122122 . . ~INE 613.025

212113 . . +INF 613.035

2122221 . . «INF 82937

21122222 . . ~INF s82.937

2:1:2:213 . . ~INF 665.833

221211 . . ~INE 665.833

221122 . . ~INF S£7.106

2:21.113 . . <INE S33.623

2:21:221 . . «INF 620.9

2:21.222 . . ~INE 620.985

2:21:213 N ) «INF 291.183

2:2:2112 . . ~INE S03.807

2.2.2.1.2 - . ~INF 19.802

222113 . . ~INF 620.528

2:2-2-2:2 s - ~INF &

222222 . - ~INF S1s5.25S

2:2:2.2:3 S " <INE S99.875

FIGURE 4. A sample of results.
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LOWER LEVEL UPPER MARGINAL

---- VAR V -INF 4.609 +INF .

---- VAR QED -INF -0.124 +INF  -7.96€E-13
---- VAR QCD -INF -0.153 +INF  -7.96E-13
---- VAR QDD -INF -0.153 +INF  -1,98E-11
---- VAR QP -INF -0.153 +INF  1.591E-12
---- VAR QI -INF -0.077 +INF  1,591E-12
---- VAR TotalQ -INF -0. 660 +INF  1.591E-12
---- VAR Spq . ¥ +INF  1.591€-12
---- VAR smq . 2.298 +INF  1.591E-12
---- VAR Spcost P ¥ +INF  1.4416€E-9
-=== VAR smcost . 4.609 +INF  -1.452E-9
---- VAR sptime . s +INF  4.798E-11
---- VAR smtime " p +INF  -4,26€-11
---- VAR TotalTime P 240.000 +INF  -391.819
---- VAR TotalCost . 10657. 500 +INF  -391.819

FIGURE 5. The final answer.

TABLE 9. Optimal solution of the case study.

Goal value of reliability logarithm —0.2
Goal value of cost logarithm 1900
Goal value of time logarithm 240

— All the surveillance of the activity 1 in the preliminary design stage was transferred to the consultant 1, and
all monitoring of the activity 2 was supplied to the consultant 2.

— The cost of the preliminary design stage (CCD) was equal to the currency of 2400.

— All the supply of the activity 1 in the detail design stage was transferred to the supplier 1, and all the supply
of the activity 2 was transferred to the supplier 2.

— All the surveillance of the activity 1 in the detail design stage was transferred to the consultant 1, and all
monitoring of the activity 2 was transferred to the consultant 2.

— The cost of the detail design stage (CDD) was equal to the currency of 2400.

— All the supply of the activity 1 in the production stage was supplied to the supplier 1, and all the supply of
the activity 2 was provided to the supplier 2.

— All the surveillance of the activity 1 in the production stage was transferred to the consultant 1, and all
monitoring of the activity 2 was transferred to the consultant 2.

— The Cost of Production (CP) was equal to 2400 monetary units.

— All surveillance of the activity 1 in the utilization stage was transferred to the consultant 1, and all monitoring
of the activity 2 was transferred to the consultant 2.

— The Cost of Production (CP) was equal to 1200 currencies.

Although the reliability of each of the activity stages was specific, the overall reliability of each step was the
logarithm of the number in the existing results. The detailed answers to the other stages are available in the
implementation results. The final answer of the model is mentioned in Figure 5.

The values of the ideal (optimum solution) are, rreview, project management deals with multiple coespectively,
placed in the following amounts for the reliability logarithm cost and the implementation time of the entire
project (Tab. 9).

This project was closed without the use of models in five years (1800 days) at the cost of $3500 million.
The main reason for the high cost and time was due to an incorrect choice of the network of suppliers and
consultants. The used model was closed within 240 days, costing $1900 million with the confidence of 98%.
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4.4. Validation of the model

Different tests could be used to validate the model, such as model structural analysis, a sensitivity analysis
of the models’ parameters, the ultimate point test, and the adequacy test. In this article, we will discuss the
structural analysis method for validating the model to analyze the structure of the objective function and the
constraints. The model has been resolved by the experts in operations research modeling. According to the
availability of information, the model has been tested and examined in the available case studies. The proposed
model is, therefore, motivated by the real-life experience of the authors and the problem present in dealing
with the high technology R&D projects. The authors had the opportunity to work on the system engineering
a multi-project environment involving the development of the technologies and systems. The proposed model
was validated using data from real life projects from R&D industries in Iran. The values of these projects
were gathered from different stakeholders. Some Projects were high technology projects, and others were an
operational system developed against the specific requirement of the customer. In addition, it has been confirmed
and examined by experts in this field from universities and industries, thereby proving its validity and reliability.

5. CONCLUSION AND FUTURE RESEARCH DIRECTIONS

PSCs are complex in structure and consist of numerous participants. SC network design for R&D projects
facilitates the identification of bottlenecks and serves as the basis for re-configuration and re-engineering. It can
help to understand the complexity of the structure. R&D project proposals are initiated based on the stated
customer requirement. These proposals are selected, executed and developed. One of the important factors that
can affect the success of these projects is the network design of them. R&D managers are continually faced with
a series of decisions regarding how to select the main contractors, suppliers, executors, most appropriate projects
and alternatives. Due to the inherent complexity and uncertainty, R&D Projects are not readily amenable to
network design.

This study was conducted to contribute to developing a unique and first multi-objective decision problem
by a Goal programming model that could enable decision makers to simultaneously optimise cost, time, and
reliability for R&D projects. The model could design the best network model for co-operation through the
successful implementation of R&D projects with the system engineering approach. It can be used for the
performance monitoring of the SC for R&D projects. Based on the literature review, project management
deals with multiple conflicting objectives and uncertain situations during the decision-making process in real-
life applications. With the implementation of this model, managers and decision-makers of the research and
development projects can compare extant options in the collaboration network and select the network that does
not stop the lifecycle in any phase and assures the success of the projects.

This model solves the integrity problem throughout the lifecycle of research and presents the optimal design
for decision-makers in the field of R&D projects. In addition, the network design solution may be considered
as a guideline for the tactical planning problems. To do so, it needs a more tightly integrated network design,
production planning, and material planning. The results showed that any changes in parameters could have an
effect on the total cast, time and reliability. The proposed model presented a framework for R&D problems and
illustrated how this complicated systems could be modelled.

This study has some limitations in terms of the model and the methodology that could be addressed in the
future studies. Although the mathematical model of the study can be altered to consider significant conflicting
objectives and decision-making factors in project network problems, the corporative relationships can be added
to the model for satisfying the requirements of different stockholders. Also, the model can be expanded with
the addition of some constraints to bring a solution to a specific problem. The other limitation of the model
can be attributed to the fuzziness involved in the unclear objectives. However, in real life situations, the project
managers are confronted with high uncertainty and imprecise information about cost and time. Therefore, the
future studies can be conducted with fuzzy parameters to cope with such vagueness.

The authors of the present paper have been working on R&D projects for ten years. The proposed model has
been designed based on the review of 50 different projects in various areas such as electronics, physics, maritime
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engineering, etc. from 2008 to 2018. They have various conditions: current, closed out and stopped. Therefore,
this model has been tested for various projects, one of which is presented in the article as a case study. We use
the model now. The proposed model is an actual work of the authors’ work environment. Industrial managers
can use the proposed model to select the best combination of the SC network in research and development
projects. Therefore, the data are from industry and the optimal amount is optimal for the entire life cycle.
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