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optimization of supply chain networks is, therefore, essential within the context of the research
projects. The aims of this paper is to design the network of Supply Chain Management for
research projects in an Iranian project-based organization. This model integrates strategic
decisions in the whole life cycle for research projects using a mathematical approach. This

Research projects model is a guideline for managers in research projects that will enable them to identify the

Network design strategic decisions of PSCM in their own organizations in order to resolve and improve them.
It also serves as a useful base for researchers to further expand research concerning PSCM in
research projects.
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1. Introduction

Presently, many project based organizations need to integrate research and production with supply as
three-dimensional concurrent engineering to solve their problems (Yeo & Ning, 2002). One of the tools
used in this area is the new concept of project supply chain management (PSCM), which was first
introduced by Asbjernslett in 1980 and less discussed thereafter (Asbjornslett, 2003). Many project-
based organizations show resistance towards accepting and using supply chain techniques and
strategies as this type of organization was dropped in the engineering and the construction industry due
to low product quality, low profit margins, high time, and costs (Basu, 2011; Tarzijan & Brahm, 2014).
It was estimated that about 40% of the work in the construction industry includes non-value added
activities such as time spent waiting for approvals or in receiving materials at the project site (Mohamed
& Tucker, 1996). Research project supply chains have two strategies in the Iranian industries: the pull
strategy in response to the market and the push strategy in response to technological pressure. In the
pull strategy, project-driven organizations have faced great problems in the integration levels and
actions in the acquisition cycle, supply, and support in the life cycle, in which they are facing serious
challenges (Ghassemi et al., 2018).
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In the push strategy, research projects have faced rapid technological changes. If they cannot be flexible
and adapt to environmental conditions, projects will not be efficient and will not be effective in the
operating environment. It should, therefore, be possible to reduce the gap between idea creation and
production output (the project lifecycle) in the shortest possible time with the optimization and
integration levels, and the layers involved and infrastructure. So, the main purpose of this paper is to
do a network design of supply chain management for research projects and to elaborate a quantitative
method for the stakeholders’ selection process. In addition, the developed model takes multiple
objectives into account, and more specifically is based on the goal programming approach. The
mathematical model will imply to indicate the best basket of partners to collaborate in the Research
projects. Finally to illustrate the applications of the model, experiment hypothetical but realistic data
of Iranian organization is used in a research project. The model is implemented in the GAMS
Optimization software.

This article is structured as follows: first, a theoretical background and literature review on project
supply chain management in research projects are presented and summarized; second, the modelling
assumptions are discussed and the expected cost functions are calculated; the numerical results and the
parametric analysis are thereafter presented; and finally, our findings are summarized.

2. Theoretical background and literature review

Research projects are temporary set of activities with clear goals, limited time and resource, and high
uncertainties to fulfil scientific discovery and production of new knowledge or to achieve certain
system tools, to meet the expectations of the business environment (product or services) and includes
any scientific research in science, technology and systems at any level of the organizational levels
(Wingate, 2014; Lock, 1994).

Supply chain management (SCM) is a set of approaches utilized to efficiently integrate suppliers,
manufacturers, warehouses and stores, so that merchandise is produced and distributed at the right
quantities, to the right locations, and at the right time, in order to minimize system-wide costs while
satisfying service level requirements (Chopra & Meindl, 2007; Beamon, 1998). Traditional managers
concentrated only on their own firms. They treated supplier and customer as competitive firms. They
never considered the potential for one another to cooperate as partners. In many cases, they dealt with
each other very competitively, fearing to lose advantages by customers or suppliers. As a result, in the
1980s and 1990s more companies continued to integrate (Beamon, 1998). Recently there has been an
increasing interest in the performance, design, and study of the supply chain as a whole. Mangan and
Lalwani (2016) illustrated the evolution and structure of the integrated supply chain (Fig. 1).
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Fig. 1. The integrated supply chain (Source: Mangan & Lalwani, 2016)
According to the Council of Supply Chain Management Professionals (2010), the “Supply Chain
Management” can be defined as: “Supply Chain Management encompasses the planning and
management of all activities involved in sourcing and procurement, conversion, and all logistics
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management activities”. Importantly, it also includes coordination and collaboration with channel
partners, which can be suppliers, intermediaries, third-party service providers, and customers (Morris
& Pinto, 2010). In essence, supply chain management integrates supply and demand management
within and across companies (Vollmann et al., 1995). The central theme of all definitions is the
integration of all entities and functions to convert raw materials to finished goods or service throughout
a supply chain by adding value to deliver to the customer. It is obvious that the management of this
integrated network requires extensive efforts (Tam et al., 2011; Crine, 1998).

Project Supply chain management has emerged both from the supply chain and the project management
domain. Many of researches are related to functional elements of supply chain and materials
management, project planning and control perspective but do not outline the project supply chain
management concept (Basu, 2011). Project supply chain management in research projects has received
less attention in recent years (Wingate, 2014; Mishra, et al., 2015). In fact project Supply Chain
Management is the management of a complex and dynamic network of integrated companies,
organizations and stakeholders which are involved in different chains for satisfying the project final
customer (Nassimbeni, 1998). Project supply chain management seeks value enhancement in projects
through logistics’ focus on demand and supply alignment. This is met through the characteristics of
logistics throughout the project life cycle to demand chain management in the development phase and
to supply chain management in the operations phase (Basu, 2011; Asbjernslett, 2003). So, project
supply chain management, includes interact and communicate with a wide range of external actors such
as operators, suppliers, subcontractors and main contractors for collaboration and cooperation (Parrod
et al., 2007; Siniharju, 2000; Schultze & Unruh., 1996; Min, 2001). Fundamental mechanisms for
access to external knowledge of organization include a variety of methods such as competition, strategic
alliances, joint ventures, grant and licensing, open source platforms and creating a joint product
(Beamon, 1998; Goetschalckx et al., 2002). The success of the research cycle is associated with control
and integrity of supply, production and design. Therefore, project-organizations must be seen the
design and production process together and in early phases of project life and the feasibility study
phase, development and production, supply and distribution, maintenance and services after sale and
push technology (Cousins & Spekman, 2003; Eriksson, 2015).

Literature shows that supply chain management in project or in part of project management is not clear
even though it does not examine in knowledge area of project management institute and in project
management standards. However, many experts and authors have mentioned its importance in project
management area. Project supply chain management has been addressed by several authors
approaching the topic from different views, and with different objectives (Table 1).

Table 1

Different area of topic
Topic Authors
Supply chain management in the oil & gas industry Silver 1986 , CRINE 1998 , Burton et al. 1999
Materials management in construction projects Kerridge 1987

Materials management as part of project management Harrison & Lock, 2004
Partnering and alliances in the oil and gas industry Schultzel & Unruh, 1996; Vollmann ef al. 1995
Project-oriented supply chain management Asbjernslett, 2003

In the research project supply chain, there are many entities including client, main contractor, sub-
contractors, main executer, suppliers and supervisor & consulter with some links between them (Fig.
2). We have different selections in life cycle of research projects for example: project selection,
contractor and sub-contractor selection, supplier selection, executer selection, and alternatives
selection. These links represent the flow of materials, services, cash, and information that it make
possible the functions of exploration, design, production, utilization and disposal. Consequently, it is
apparent that the modeling approach and solution methods are very closely associated with the
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complexity of the supply chain structure. In addition, within developing solution techniques and
enhancing of the capability of modern computing technologies over the last years, researchers have
dealt with more complicated project supply chain structures (Wingate, 2014; Cousins & Spekman,
2003; Beamon, 1998). In this paper due to complexity of research project, network structure is choice.

[ Principal contractor

CUSTOI\-'EERH CUSTOMER ]

><

CUSTDP\'EERH CUSTOMER ]

Fig. 2. The project supply chain

As mentioned previously, one of the key criteria of our selection process was the integration and
expansion of the model for whole life cycle of projects. The life cycle of the research project
commences with the statement of a need and it ends with the disposal of the project. There is no
universally accepted agreement on how many phases exist in a project life cycle. In this article, the
project life cycle is defined by Blanchard and Fabrycky, and MIL-STD 499B according Fig. 3. The life
cycle of research projects can be divided into five main stages: need assessment, feasibility study,
conceptual design, preliminary design and detail design (Turner, 2008).

Fig. 3. Research project life cycle (Source: Turner, 2008)

Therefore, we need integrated model in better management of them for optimization of time and cost.
In fact, choosing the stakeholders and their allocation is a complicated optimization problem.

3. Research methodology

This study proposes a mathematical model to determine the optimal combination of the main
contractors, executers, and the various alternatives for project implementation and how the devolution
of activities in each of the five stages of the project are divided among consultants for monitoring,
suppliers for the supply of materials, specialized labor, and product. The model’s aims are to minimize
the cost of the project and minimize the project time required for implementation of the project. The
methodology for solving the network problem is developed by the means of a five-step procedure. Fig.
4 indicates the steps of this methodology.
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Fig. 4. The Proposed 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 0 (E1=0).

e A project with N activities is considered. The precedence relations of the activities are zero-
lag, finish to start; it is shown by an activity on the node network with no loop. Activities 1
and N are dummies that represent the project start and project completion, respectively.

e All the research projects are conducted in five stages including feasibility study and
conceptual design, preliminary design, detail design, construction and production, and
utilization.

e The amount required from material m to process activity j is independent from the activity
duration.

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

e To carry out any project, one must first select a main contractor.

e The main contractor works with a project executor. So, 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 in order to achieve the ultimate goals such as the optimization of
objective functions.

e After the selection of the existing alternatives, the beginning of the project life cycle includes
the conceptual design stage, the preliminary design stage, the detailed design phase, the
production phase, and the utilization phase.

e FEach of the above steps consists of activities that need a series of suppliers and a consultant to
supervise their implementations. There are many suppliers and consultants for each activity
for selection that our decision variables in this model are a fraction of the supply and the
monitoring of any activity that is included in any of the available options.

The signs and symbols (indices, parameters, and decision variables) in the entire text of the article are
used in order to explain the problem areas, assumptions and mathematical modelling. In Table 2, the
symptoms related to the used indices in the problem modelling are given.

Table 2
The indices that are used in the model
Indices Description
iy =1,..,n; The index for the selection of the main contractor
i, =1,..,n, Theindex for the selection of the project executer

iz =1,..,n3 The index for the selection of alternatives

i, =1,..,n, The index for activities of conceptual design

is =1,..,n5; The index for activities of preliminary design

ig =1,..,ny The index for activities of detail design

ji=1,..,my The index for the suppliers of conceptual design activities
j» =1,..,m, The index for the consulters of conceptual design activities
js =1,..,mg The index for suppliers of preliminary design activities
ja=1,..,m, Theindex for consulters of preliminary design activities
js =1,..,mg The index for suppliers of detail design activities

jo =1,..,mg The index for consulters of detail design activities
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In Table 3, the symptoms related to the used parameters in the modelling are shown:

Table 3
Used parameters in the model
Parameter Description
Demand; ;, ;. i, The demand or requirements related to the i, activity in the conceptual design
CapSupe;, i, i.i,j, The response capacity of j; suppliers to the i, activity in the conceptual design phase
1ag; i il The. time distance between the end of the i, activity and start of the i, activity in the conceptual
LB design phase
The required time for doing of the i, activity if it is fully transferred to the j; supplier in the
tesupi1:iz:i3vi4:i5vf3 H
conceptual design phase
Demandc;, ;, ., Demand or counselling need or the monitoring of the i, activity in the conceptual design phase
CapConse; ;. i i, i, The response capacity of the j, consultant to the i, activity in the conceptual design phase
csupe; i i i i The. required cost to perform the i, activity if it is fully transferred to the j; supplier in the conceptual
LR design phase
The required cost to perform the i, activity if it is fully transferred to the j, consultant in the
COONSCisinisinia conceptual design phase
Demand,; ;, ;. ;. The demand or requirements related to the is activity in the preliminary design
CapSupcy, i, i ic js The response capacity of j; suppliers to the i activity in the preliminary design phase

lagy, iy isis,it
tcsup .....

l1,l2,13,5,]3

Demandc; i, ;. ;.

The Time distance between the end of the i5 activity and start of the i5 activity in the preliminary
design phase

The required time for doing of the i5 activity if it is fully transferred to the j; supplier in the
preliminary design phase

Demand or counselling need or the monitoring of the is activity in the preliminary design phase

CapConsc;, i, i. i, The response capacity of the j, consultant to the i5 activity in the preliminary design phase
CSUPC, i, i ic js The required cost to perform the i5 activity if it is fully transferred to the j3 supplier in the
preliminary design phase
CCONSC; i i ic i The required cost to perform the i5 activity if it is fully transferred to the j, consultant in the
preliminary design phase
Demand;, ;, i, i, The demand or requirements related to the iy activity in the detail design
CapSupd, i, i, i,.js The response capacity of js suppliers to the ig activity in the detail design phase
Kl nn , The Time distance between the end of the ig activity and start of the iy activity in the detail design
gl1,lz,l3,l6,ls phase
td The required time for doing of the ig activity if it is fully transferred to the js supplier in the detail
SUPiy iz ks s s design phase
Demandc;, ;, i, i, Demand or counselling need or the monitoring of the i activity in the detail design phase
CapConsdy, i, ;. i. j The response capacity of the jg consultant to the ig activity in the detail design phase
d The required cost to perform the ig activity if it is fully transferred to the j5 supplier in the detail
CSUDPQiy iy,i3.i6, )5 design phase
d The required cost to perform the ig activity if it is fully transferred to the j; consultant in the detail
CCOMSCir iz iy s design phase

In Table 4, the symptoms related to decision variables and their dependent variables are shown.

Table 4
Decision variables
Variable Description
MC; Variable related to the selection or not to the selection of the main contractor
EX; i, Variable related to the selection or not to the selection of the project executer
Ai iy Variable related to the selection or not to the selection of alternatives
SUPE;, iy isisjs Variable related to a fraction of the i, activity supply of the j; suppliers in the conceptual design phase
LESi, iy .inis Start time of i, activity in the conceptual design phase
tefi, iy isis Completion time of i, activity in the conceptual design phase
tei iz, The required time for implementation of i, activitiy in the conceptual design phase
TED The finish time of the conceptual design phase
CONSe; i i is i, Variable related to a fraction of the i, activity supply of the i> counsellor in the conceptual design phase
CED The total cost of conceptual design phase
SUDCi, iy i is,js Variable related to a fraction of i5 activity supply from j; suppliers in the preliminary design phase
ECSi, i in i Start time of ig activity in the preliminary design phase

tcﬁ1.iz:i3:is

Completion time of i5 activity in the preliminary design phase
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ECi, iy iis The required time for implementation of ig activitiy in the preliminary design phase

TCD Finish time of preliminary design phase

CONSCy, i, ivicia variable related to fraction of the i activities supply of j, counselor in the preliminary design phase
CCD Total cost of preliminary design phase

supdy, i, iz ic i Variable related to a fraction of i activity supply from j5 suppliers in the detail design phase
LIS Start time of ig activity in the detail design phase

tdfi, iy isis Completion time of iy activity in the detail design phase

G0, 1 i The required time for implementation of ig activitiy in the detail design phase

TDD Finish time of detail design phase

consd; i, iz ic e variable related to fraction of the ig activities supply of jg counselor in the detail design phase
CDD Total cost of detail design phase

3.1. Mathematical Modelling

Since the purpose of this article is the simultaneous optimization of two objectives (time and cost of
the project), to implement a model that is capable of satisfying such constraints, a mathematical model
with a description of the objective functions and constraints needs to be brought in. There are various
methods for a variety of these problems that have a higher priority due to the nature of the problem, the
decision variables, and the objective function to solve a particular problem. A particular issue of
problems is goal programming or the ideal multi-objective function of planning. In these kinds of
problems, we probably deal with the multi-incompatible objective function as well as different
measurement units. Each of the f; functions is converted to an b;ideal. Ideals can have different states
such as fi < b; « f; = b;, or f; = b; such that in any state the addition of the r variable can lead to the
division minimization of ideals and these types of ideal kinds are presented in Table 5.

Table 5
Different types of ideal kinds
Ideal kind standard form of GP New objective function for minimization
fi = b; fi+st—s7=b st +si
fi < b fitst—si=b s
fi = b fi+st—s7=b si

In total, the objective function can be defined as the weighted sum of ideals’ deviation, which, for the
correction of the different unit’s problem, can be defined as a ratio of the related ideal amount. Attentive
to problem’s nature, the decision optimization for one or many projects of the two-objective function
with different measurement units and the popularity of the definition of favourable amount, such as
cost and time of project implementation and timely implementation in the project management
literature, are used in the goal programming method to solve the proposed model.

3.3.2. Proposed model
3.3.2.1. Objective functions and constraints

As mentioned previously, before start of project, there should first be one main contractor, then an
executor, and finally, certain alternatives for project implementation that the main contractor selects
from Eq. (1). This constraint implies that only one main contractor for the project will be selected.

Z MC, =1,  Vij:MC, =0orl )

Eq. (2) is used for the limitation of the project executor’s selection to just one executor and the Eq. (3)
implies that the executor can select its related contractor be selected in the previous stage.
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N i EXiy i, = 1 Vi, iy EXy i, = 0or 1

2

n3
Z EXii‘iz - MCi1 =0,i;=1,...,4

i;=1

)

The following constraints represent the sequence needed to choose an alternative and make choices on
the related alternatives for the main contractor and the selected executor in the previous step.

ny ny ns3 _ ; ) . o
Zil:l i2=12i3=1Ai1'i2'i3 =1 ,Viy, iy, 13 All;12r13 =0orl 4)
ny ns3
Z Z Ail,iz,ia - MCi1 =0 ;i1 = 1, v,y (5)
i2=1 i3=1

ns
Z Ai1’i2'i3 —EXi i, = 0,Viy, iy (6)
iam1

3.3.2.2. Conceptual design phase

After the alternative has been selected, the conceptual design stage starts. This phase consists of several
activities that are below the constraint means, i.e., each activity must supply a fraction of their supply
needs through the existing suppliers to have their operational requirements entirely met. The sum of
these fractions should be equal to one. Eq. (7) also states that the supply fraction for each activity of
each supplier has to be a number between zero and one.

ng nz Nz my

Z Z Z 2 SUPCi i inisj, = L =11

i1=1i,=1i3=1j;=1

(7

Vil, iz, i3, i4,j1: 0< Supeil’iz’i3’i4’]‘1 <1

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

Demand;, ;, i.i, X SUD€i, i, isi,j, < CapSupe; ;i Vi, iz, 13,14, 1

(8)

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

tes,:l’iz’i3’1 = 0, Vil, iz, i3

)

The restrictions following this stage indicate that the end time of each activity is equal to the time
duration of the activity implementation by adding the activity starting time:

tefiy inisis = L€Siyininis T €Iy ininis Vig,ip,13,1

(10)
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The constraints mentioned below indicate the start of any activity specified with regard to the end of
its preferred activity and the time duration between the end of the preferred activity and the start of the
dependent activity.

e e e
tefll ig,i3,is + lagl-l in,izia, i4 < tesil,iz,i&i",' Vll,lz,l3,l4, Ly (11)

Through consideration, any supplier can reach a fraction of the supply. The time duration of
implementation will, therefore, also 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.

teil,iz,i3,i4 = max;, (tesupil i2,03,i4,J1 X SUPEy, iyis iy, ]1) Viy, iz i3l

(12)
Time running out of a stage to reach another stage, such as in the conceptual design stage, equal the
maximum time of completion of the activities that are calculated with the constraints mentioned below.

TED = maxil‘iz‘i&il}(tefii‘iz‘i&i[}) (13)

The same constraints, Eqs.(7-8), are under limitations, but the consulters and the supervisors will have
to typically monitor the implementation of the activities.

np nz Nz mp

Z Z Z Z CONSey i iniyjn = 1 iy =1,..,n,

i1=1ip=1i5=1jz=1 (14)
Viy, iy, 03,14, J2: 0 < consey i, in < 1
Derrwmdc,-l‘iz,,-311-4 X CONS€; i izinjr = < CapConse;,, ipizianjz’ Vi, ip, 03,14, ]2 (15)

The following constraints calculate the implementing cost of the conceptual design stage.

ng Nz nNg m ny Nz Nz My
z z Z Z Z csupeil ig)izignfi X supeil ig,i3,ia,j1 + Z Z Z Z CCOTlSGi Jigsizianz X COTlSGi1 in,izignja = CED (16)
=1i=1i3=1j;= =1i,=1i3=1 j,=

3.3.2.3. Preliminary design phase

For the preliminary design phase as well as the constraints with the same logic regarding the conceptual
design phase to allocate a fraction of each activity to the suppliers include:

le 1212 1213 121 =1 SUPCiyipi3,05,j3 = Lis=1..,ns a7
Viy, ia, 13,05, J3: 0 < SUPCy iy 15055, < 1 (18)
Demandi1.iz.i3,is X SUPCi, i, isisjz = CapSupCil,iz,is_is,j3, Vi, iz, 13,15, )3 (19)

There are constraints on the implementation time of the activities in the preliminary design phase as
well as the limitations of the conceptual design; the only difference is that the related constraint at the
start time of the first activity in this phase Eq. (20) is not equal to zero, unlike the related constraint in
the conceptual design stage— it is equal to complementation time of the conceptual design phase.
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tcsil,iz,ig,l = TED, Vil, i21 i3 (20)

tCfiyipinis = ECSi iy inis T Ciyinisier Vi iz i3, s (21)
. . . . .7

ECSiy iy isis T 1090 i inisil S UCSi iy inily  Viniz iz, s, is (22)

ECiy iy 15,05 = MAX], (tcsupipiz,is,is,fs X Supei1,iz,i3,i5,j3)' Viy, iy, 13, U5 (23)

TCD = MaXiy iy iy is (ECSiy i ii5) (24)

The constraint to allocate a fraction of each activity in order to monitor the implementation typically
includes:

n omy, ng my (25)
Z Z Z Z CONSCiy iy inigjy = 1 I = L,y

i1=1 i2=1 i3=1 j4_=1

Viy, iz, i3, 05, j4: 0 S conscy i inic i, < 1 (26)
Demandc; ;, ;. i. X CONSC; i i, < CapConscy i, i i i, Viy, iz, 13,15, J4 (27)

Costs related to the implementation, and the monitoring of the preliminary design stage is calculated
as well as the following equation.

Ng 28
Zis_l (le 1212 1213 1213 1csupcll i2,i3,i5,J3 X Supcll i2,3,i5,J3 + ( )

3.3.2.4. Detail design phase

For the detail design and the constraint with the same logic presented in the previous steps, to allocate
a fraction of each activity to suppliers we have

o (29)
z Z Z ZsupdlllzlSLUS:l, ig=1,..,n4
i1=1ip,=11i3=1 jg=1
Viy, 2,13, 16, J5° 0= Supd11 i2,i3,i6,J5 <1
Demandil,iz,ig,ie X Supd11 i2,i3,lg,J5 — CapSupdll i2,i3,i6,J5 (30)

There are constraints on the implementation time of the activities of the detail design phase as well as
the limitations of the previous stages. In constraints related to the start time of the first activity of this
step, or Eq. (31), the start time of the first activities of this stage is equal to complementation time of
the preliminary design phase.

tdsil,iz,i3,1 = TCD, Vil, iz, i3 (3 1)

tdsil,iz,ig,l = TCD, Vil, iz, i3 (32)
L. . .y

tdsipiz,is'is + lagi1 ip,i3,ig, i6 =< tdsil,iz,ig,,ig' vll' Iy, 13,16, lg (33)

tdil'izlis‘is = max; (tdsupl'piz'is:ieds X Supdh iz, 13,16,]5) Vi, iz, 13, l6 (34)

TDD = maxil_izi&iﬁ(tdfilyl-ziﬂﬁ) (35)

The constraints to allocate a fraction of each activity in order to monitor the implementation for
consorters typically are as follows:
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ny Nz N3 My
Z Z Z Z Consdilyiz_i&iﬁ,js = 1, i6 = 1, e, Ng (36)

i1:1 i2:1 i3:1 j4_:1

Viy, iy, 13,16, J6: 0 < consdy i, i i < 1 (37)
Demandc;, ;, i, i, X consd; i i.i i, < CapConsd; ; ;. i i, Viy, iy, 03,06, J6 (38)
Costs related to the implementation and monitoring of the detail design stage (which is calculated) is
as follows,

Ne ("1 nz N3 Mg nyg Ny N3 Mg

Z Z Z Z Z CSUDy iy ig i js X SUPDiy iy iz ig,js T Z Z Z Z cconsdy, i ig ig,jg X ConSdil»iz:iz»is:js> = (DD (39)

ig=1 \i;=1ip=1i3=1 js=1 i1=110=1i3=1 jg=1

To define the objective function, the following constraints are present:
TotalCost = CED + CCD + CDD (40)

TotalTime = TP 41)

Given the presence of the two objectives, for any purpose, an ideal amount is considered in the
following limits:

TotalCostCED + SCost™ — SCost™ = CostGoal 42)

TotalTime + STime* — STime™ = TimeGoal (43)
Thus the ultimate objective function is:

minz = STime™ + SCost™ (44)
4. Implementation of the model

4.1. Solution procedure

The supply chain of research projects of this paper has been considered with six level structures, which
includes an employer, many contractors, many executors, many suppliers, many consulters, a
supervisor, and a customer (the end user). In the beginning of the project there is one employer who
should select the best option between many contractors and many executors. Proper executers must
examine the alternatives and select the most appropriate option. Then, the selected executors should
implement the project life cycle sequentially. The best suppliers, consultants, and supervisors should
be selected, and the feasibility and the conceptual design, the preliminary design, and the detailed
design stage are involved in the project.

4.2. Implementation

The proposed model is implemented in the GAMS software and was tested by a Research project
organization using a real data model.

Table 6
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
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Given that the two main contractors and the second executor of both the contractors have only one
implementation alternative with respect to a cost element for the selection of the second alternative by
the executors, choosing this alternative is impossible by the GAMS software as it does not actually
exist (Table 6). The first index shows the main contractor in the input, the second index shows the
executor, and the third index displays the alternative. In the solved case study, all the supply
requirements and a monitoring of all activities of all the stages are considered in Table 7.

Table 7

Description of the case study

Main contractor

First activity

Second activity

First contractor First executor First alternative 20 15
First contractor First executor Second alternative 15 15
First contractor Second executor First alternative 20 20
First contractor Second executor Second alternative 10 15
Second contractor First executor First alternative 18 20
Second contractor First executor Second alternative 20 14
Second contractor Second executor First alternative 15 20
Second contractor Second executor Second alternative 12 30

In this research, three suppliers are considered who defined the capacity of each supplier or consulter
for the implementation monitoring in each stage of the project life cycle to which the supplier’s capacity
is brought for the supply of the conceptual design activity in Table 8. To calculate the time consumed
in performing the conceptual design activity, the implemented time is considered when the complete
transfer of any activity to any supplier takes place, in which case the negative numbers indicate a lack
of suppliers for the activities. In addition, in a case study example, for the activities of conceptual
design, it is considered the cost of any activity if it is completely supplied by any supplier and if all the
possible combinations for contractors, executors, and alternatives are selected. Table 8 contains the
time and cost of each activity as a complete supply from any suppliers in the event of selection of all
the possible combinations for contractors, executors, and alternatives.

Table 8
Related data to suppliers in conceptual design stage

Main First supplier Second supplier Third supplier
contractor Capacity Time cost Capacity Time cost Capacity Time cost
First First First First

contractor executor alternative activity 25 20 1000 10 20 1000 25 18 1400
First First First Second

contractor executor alternative activity 20 15 2000 20 15 2000 20 10 500
First First Second First

contractor executor alternative activity 15 20 1500 25 20 1400 10 20 3000
First First Second Second

contractor executor alternative activity 25 12 1500 30 10 2000 25 12 2500
First Second First First

contractor executor alternative activity 50 15 1000 20 15 2000 15 15 1000
First Second First Second

contractor executor alternative activity 20 10 2000 10 14 1000 20 14 2000
First Second Second First

contractor executor alternative activity 10 10 1000 15 20 500 0 15 1200
First Second Second Second

contractor executor alternative activity 5 10 -1 0 15 -1 10 -1 2000
Second First First First

contractor executor alternative activity 15 12 1500 20 20 1000 15 20 1500
Second First First Second

contractor executor alternative activity 10 20 -1 15 15 1000 20 10 1000
Second First Second First

contractor executor alternative activity 15 15 1500 15 10 2000 20 10 1800
Second First Second Second

contractor executor alternative activity 20 20 1000 20 15 1000 15 10 2000
Second Second First First

contractor executor alternative activity 12 15 1200 20 10 2000 10 20 1000
Second Second First Second

contractor executor alternative activity 30 20 1500 10 20 2000 20 20 1500
Second Second Second First

contractor executor alternative activity 15 15 il 15 18 =1 15 15 1000
Second Second Second Second

contractor executor alternative activity 20 10 1000 20 -1 1000 0 -1 1000




M. Forozandeh et al. / Uncertain Supply Chain Management 6 (2018) 419

In this research, we consider two consulters for any phase, which are indicated in Table 9 that exhibits
the consulter capacity for the monitoring of conceptual design activity, implementation time and cost.
With regard to the two activities in all the life cycles for each phase and the two suppliers and the two
consulters/supervisors for each of them, the data from any of them is presented in the indication
suppliers’ capacity and the other stage supervisor. All the concerned entries are listed in the sheets with
the same name as the related parameter to their specific stage in the Excel file. The monitor terms
similar to the implementation of the other steps’ activities is used to enter all of the related table
numbers.

To express the time interval between the activities, the in-form of the FS for Lag parameters is used.
Table 10 shows the values for the activities at all the stages of the conceptual design phase, which is
used in all the other stages due to the same conditions and the same inputs. The important point is that
the relationship between the two activities is the only positive value between the two processes; great
negative values indicate a lack of alternatives for the conceptual design stage.

Table 9

Related data to consulter/supervisor in conceptual design stage
Main contractor

First consulter/ supervisor Second consulter/supervisor

Capacity Time cost Capacity  Time cost
First contractor First executor  First alternative First activity 25 25 2500 20 15 1000
First contractor First executor  First alternative ~ Second activity 20 20 1000 20 10 2000
First contractor First executor Second First activity
alternative 20 5 500 15 15 1500
First contractor First executor Second Second activity
alternative 20 20 1200 12 12 1200
First contractor Second First alternative First activity
executor 15 4 1500 45 18 700
First contractor Second First alternative Second activity
executor 30 20 5000 20 15 1000
First contractor Second Second First activity
executor alternative 0 10 -1 0 10 2000
First contractor Second Second Second activity
executor alternative 0 -1 -1 0 -1 1000
Second contractor  First executor  First alternative First activity 20 12 2000 20 10 2000
Second contractor  First executor  First alternative ~ Second activity 15 18 3000 25 15 1500
Second contractor  First executor Second First activity
alternative 20 20 2000 30 20 2000
Second contractor  First executor Second Second activity
alternative 15 15 1000 15 25 1000
Second contractor Second First alternative First activity
executor 10 20 1500 20 20 2000
Second contractor Second First alternative ~ Second activity
executor 20 10 2000 25 10 1500
Second contractor Second Second First activity
executor alternative 15 -1 1000 20 10 1000
Second contractor Second Second Second activity
executor alternative 10 -1 -1 0 10 2000

Table 10

Related data for time interval between activties
Main contractor

First activity Second activity

First contractor First executor First alternative First activity 0 20
First contractor First executor First alternative Second activity -20 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 10
First contractor Second executor First alternative Second activity -10 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 20
Second contractor First executor Second alternative Second activity -20 0
Second contractor Second executor First alternative First activity 0 10
Second contractor Second executor First alternative Second activity -10 0
Second contractor Second executor Second alternative First activity -10000 -10000
Second contractor Second executor Second alternative Second activity -10000 -10000
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4.3. Solution to the problem

The results of the code implementation are mentioned in the following entries. GAMS output states
that the Main Contractor 1, the first main executor for the Contractor 1, and the first alternative are
selected. The combined selection of the suppliers for the conceptual design phase activities’ supply is
shown as follows:

The results suggest (as previously mentioned) that Contractor 1, Executor 2, and Executive Alternative
2 of Executor 2, of Contractor 1, and for Activity 1 need to be supplied with 5 percent of Supplier 2
and 95 percent of Supplier 3, but the second activity is supplied by all the requirements of Supplier 2,
the supplier. Examining the other variables in the same way it was found that:

* All the monitoring of Activity 1 of the conceptual design was assigned to the Consultant 2, and
all the supervisors of Activity 2 in that stage were assigned to Consulter 1.

* The cost of the conceptual design stage (CED) is equal to 2000 currency.

* All supply of Activity 1 in the preliminary design stage has been supplied to Supplier 2 and all
the supply of Activity 2 has been supplied to Supplier 1.

* All the surveillance of Activity 1 in the preliminary design stage has been transferred to
Consultant 1 and all the monitoring of Activity 2 has been supplied to Consultant 2.

* The cost of the preliminary design stage (CCD) is equal to 1200 currency.

* All the supply of Activity 1 in the detail design stage has been transferred to Supplier 2 and all
the supply of Activity 2 has been transferred to Supplier 1.

* All the surveillance of Activity 1 in the detail design stage has been transferred to Consultant 1
and all the monitoring of Activity 2 has been transferred to Consultant 2.

* The cost of the detail design stage (CDD) is equal to 1500 currency.

The related results of the start and the end of each activity are available. The final answer of the model
is elliptical in the variable value mentioned below. The values of the ideal for the cost logarithm and
the implementation time of the entire project are respectively placed in Table 11.

Table 11

Optimal values of the case study
Goal value of cost logarithm 1000
Goal value of time logarithm 178

This project was closed without the use of models in five years (700 days) at a cost of $2000 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 178 days and costed $1000 million.

4.4. Validation of the model

There are different tests that can be used in validating 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 the model to analyze the structure of the
objective function, and the constraints and the existence of potential inconsistencies, which have been
identified and have been resolved by experts of operations research modelling. According to the
availability of information, the model has been test and examine in available case studies. The proposed
model is, therefore, valid with real data from research industries in Iran and it has been confirmed and
examined by experts in this field from universities and industries, and has thereby proved its validity
and reliability.
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5. Conclusion and future research directions

Research project proposals are initiated based on stated customer requirement. This proposal are then
selected, executed and developed. One of the important factors that impact on the success of this
projects is network design of research organizations. Research managers are continually face with a
serve of decisions as to, how to select the main contractors, suppliers, executors, most appropriate
projects and alternatives. Due to the inherent complexity and uncertainty, Research Projects are not
easily amenable for network design. This study aimed to contribute to PSCM literature by developing
a unique multi-objective linear programming model that enables decision makers to simultaneously
evaluate cost and time for research projects. By considering the literature review that project
management deals with, which includes inherent decision handling with multiple conflicting objectives
and uncertain situations over the decision making process in the real life applications, this model has
been developed as a multi-objective decision problem with goal programming. With the application of
this model, managers and decision-makers of the research cycle can compare extant options in the
collaboration network and select the network that does not stop the life cycle in any phase and assures
the success of the project.

This study has some limitations with regard to the model and the methodology that can be employed
in the future studies to be conducted on the project network literature. Although the mathematical model
of the study can alter with the major conflicting objectives and decision making factors in project
network problems, the other objectives such as corporative relationships can be added to the model for
satisfying the requirements of different real life problems to be solved. In addition, the model can be
expanded with addition of some constraints to bring a solution to a specific problem. The other
limitation of the model can be attributed the fuzziness dealing with only the unclear objectives.
However, in real life situation the Project managers confront with uncertain, imprecise information
with regard to cost and time. Therefore, the future studies with fuzzy parameters can be conducted to
cope with this type of vagueness, as suggested in the other studies.
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