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Integrated Analytical Hierarchy Process and Grey
Relational Analysis Approach to Measure Supply Chain
Complexity

Purpose — The purpose of this paper is to understand the drivers that create complexity in the
supply chain and develop a mathematical model to measure the level of supply chain complexity
(SCC).

Design/Methodology/Approach of the paper — Through extensive literature review, we
discussed various drivers of SCC. These drivers were classified into five dimensions based on
expert opinion. Moreover, a novel hybrid mathematical model was developed by integrating
analytical hierarchy process (AHP) and grey relational analysis (GRA) methods to measure the
level of SCC. A case study was conducted to demonstrate the applicability of the developed model

and analyze the SCC level of the company in the study.

Findings — We identified twenty-two drivers of SCC, which were further clustered into five
complexity dimensions. The application of the developed model to the company in the case study
showed that the SCC level of the company was 0.44, signifying that there was a considerable scope
of improvement in terms of minimizing complexity. The company that serves as the focus of this
case study mainly needs improvement in tackling issues concerning government regulation,

internal communication and information sharing, and company culture.

Originality/Value — In this paper, we propose a model by integrating AHP and GRA methods that
can measure the SCC level based on various complexity drivers. The combination of such
methods, considering their ability to convert the inheritance and interdependence of drivers into a
single mathematical model, is preferred over other techniques. To the best of the authors’
knowledge, this is the first attempt at developing a hybrid multicriteria decision-based model to
quantify SCC.

Keywords — Supply chain complexity, Complexity drivers, Complexity level, Analytical

hierarchy process, Grey relational analysis, Case study

Paper type — Research paper



1. Introduction

A supply chain (SC) is a complex system in which different entities, processes, and resources
interact with one another (Cheng et al., 2014). Today’s SC is getting more complex due to the
advent of globalization, customization, innovation, flexibility, and sustainability (Blome et al.,
2014). Increasing complexity in the SC is a major obstacle in achieving organizational goals and
improving customer satisfaction (Chand et al., 2020). Choi et al. (2001) emphasized the need to
understand the complexity of a system so as to manage system behavior and improve performance.
complexity creates uncertainties and disruptions to the SC that result in increased cost with lower
customer response (Gunasekaran et al., 2015). Such an analysis justifies the necessity of
considering supply chain complexity (SCC) as an integral part of SC management. In literature,
SCC is defined in various ways depending on the factors/dimensions that determine the degree of
complexity (Aitken et al., 2016). Bozrath et al. (2009) defined SCC as the unpredictability of a
system’s response to a given set of inputs, whereas Isik (2010) described SCC as the quantitative
differences between the predicted and real values. De Leeuw et al. (2013) described it based on
variability, diversity, visibility, and uncertainty related to the SC. Christopher and Holweg (2017)
established SCC as a condition of interconnectedness and interdependencies across a network,
where a change in one element can affect other elements. It should be noted that SCC itself is not
harmful to the success of an organization, but it should be considered a challenge, which, if
managed successfully, might create opportunities to improve overall SC performance (Lee and
Lee, 2007; Eckstein et al., 2015).

Various researchers have classified SCC into different types based on its nature. According to
Serdarasan (2013), SCC can be static or structural, dynamic or operational, and decision-making.

Static or structural complexity is identified based on the SC structure (Hamta et al., 2018), whereas
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dynamic or operational complexity highlights the process uncertainties in the SC (Wei et al., 2018).
Decision-making complexity evolves from the characteristics of both static or structural and
dynamic or operational complexities (Serdarasan, 2013). Flynn and Flynn (1999) and Bode and
Wagner (2015) categorized complexity based on the locations, which may occur at the upstream,
midstream, or downstream levels of the SC. Calinescu et al. (2001) categorized SCC into three
types: decision-making, structural, and behavioral. Piya et al. (2017) classified SCC based on the
level of management in the hierarchy that needs to take action to address it. The complexity that
arises at the operational level, such as production planning, needs to be addressed at the tactical
level. On the other hand, the complexity that arises because of the organizational structure needs
attention at the strategic level.

According to Drzymalski (2015), identifying and measuring the SCC level is essential to manage
complexity efficiently and gain a competitive advantage. It means that before managing
complexity, it is necessary to identify the factors or drivers of complexity (Kavilal et al., 2017).
Manuj and Sahin (2011) defined a complexity driver as an element that affects the structure and
scope of the SC. Therefore, identifying the drivers that create complexity and then measuring the
level of SCC are fundamental to managing complexity in the SC (Piya et al., 2019). The outcomes
from such measurements offer quantitative information about the system that contributes to
eliminating/minimizing SCC in general. Some researchers (Frizelle and Woodcock, 1995;
Deshmukh et al., 1998; Sivadasan et al., 2002) have developed entropy-based mathematical
models to measure complexity primarily related to the manufacturing process. Choi and Krause
(2006) proposed a conceptual framework of the measure of complexity at the supply side as a
function of the number of suppliers, their differentiation, and their level of interrelationship. Isik

(2010) and Allensian et al. (2010) extended an initial entropy-based model to include multiple SC



partners. De Leeuw et al. (2013) discussed a methodology to measure SCC in distributive trade
based on eight SCC drivers. Further, Drzymalski (2015) developed a measure of SCC hy
incorporating virtual arcs. In this paper, a model was formulated by combining SC strength and
SC clustering based on information, cost, distance, and denseness or connectivity of the network.
According to Serdarasan (2013), many drivers push the SC toward complexity. Therefore,
developing a model for measuring the SCC level without considering the effect of all drivers will
not be comprehensive. From the literature analysis, it is noted that so far no model has been
developed to quantify the SCC level based on the various drivers responsible for SCC. To fill such
a research gap, in this paper we have identified the following two research questions:

RQ1. What are the significant drivers of SCC, and how do the SCC drivers represent the

dimensions of complexity?

RQ2. How can the interdependencies between the SCC drivers be formulated to quantify the

complexity level in the SC as a single numerical value?
From the consequences, the objective of this research was to develop a novel method to measure
the complexity level in the SC by considering various SCC drivers. To accomplish the objective,
the research proposed a mathematical model based on a multicriteria decision approach. To the
best of the authors’ knowledge, this is the first attempt at developing a model to quantify the SCC
level based on a hybrid multicriteria decision approach. The remaining portion of the paper is
structured as follows: Section 2 examines the SCC drivers based on the literature review and the
association of these drivers with SCC. Section 3 discusses the classification of the SCC drivers
into various dimensions. Section 4 presents the novel model developed to calculate the SCC level.
Section 5 enumerates the application of the proposed method, sensitivity analysis, and insights

drawn from the result based on the case study. Section 6 is dedicated to the implications and
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limitations of this research. Finally, the paper concludes with future research directions in Section

7.

2. SCC Drivers

Extensive literature was reviewed to understand SCC drivers. The literature was searched using
bibliographic databases such as Science Direct, Scopus, Emerald, Springer, Google Scholar, and
ISI Web of Science. To search the literature, the keyword combinations “supply chain
complexity,” “complexity driver,” “complexity factors,” and ‘“manufacturing/production
complexity” were used. It was found that past literature studied SCC either from the system-level
or business unit (BU) point of view (Choi and Krause, 2006; Bozarth et al., 2009; Turner et al.,
2018). Accordingly, drivers of complexity may lie within a BU or at the system level. To manage
and add value to the entire SC network, a manager should acquaint themselves with the drivers at
both the BU and system level, which creates complexity. This study presents the generic drivers
of SCC at both the system level and BU, as shown below.

e Product variety: Having a variety of product portfolios is a business strategy in which
companies achieve a competitive advantage through high customer satisfaction. However,
adopting this business model leads to the involvement of more SC partners, which results in added
complexity to the management of the SC (Jacobs and Swink, 2011; Lampédn et al., 2017). In
addition, having a variety of products necessitates a large number of product components and
extensive interactions among these components. This, in turn, requires companies to maintain an
inventory and other logistics support for multiple products (Shou et al., 2017).

e Manufacturing process: The different types and nature of manufacturing processes involve

various factors and variables such as human resources, machine tools, and techniques to develop



a product or service. Such an increasing number of factors and variables requires a high level of
coordination and monitoring that often creates complexity (Flynn and Flynn, 1999; Perona and
Miragliotta, 2004). Therefore, having a robust, flexible, and state-of-the-art manufacturing process
and facility leads to less complexity in the product developmental process.

e Internal communication and information sharing: To achieve a competitive advantage in
the marketplace, companies need to establish an up-to-date communication and information
infrastructure (Shamsuzzoha and Helo, 2011; Piya et al., 2020). Effective communication and trust
within various entities of an organization are essential for its smooth functioning. Chaos and
distorted information caused by the incompatibility of available technology lead to friction,
thereby creating complexity.

e Planning and scheduling: Inefficient planning and work schedules lead to operational
complexity, delivery delays, and increased production costs (Isik, 2010; Bode and Wagner, 2015;
Piya, 2019). The constant change in the production plan and inability of the company to adhere to
worked-out schedules result in reduced operational performance.

e Resource constraint: Sufficient and on-time resources are critical for expediting a profitable
business. Frequent disruption and lack of resources affect the trust and level of collaboration
among the SC partners, which also leads to an increase in the complexity level within the entire
value chain (Suh, 2005).

e Organizational structure: To be more productive, it is essential to efficiently structure an
organization. An inappropriate organizational structure leads to wasted time and creates confusion
in the chain of command and complexity to the entire value chain (Wilding, 1998; Serdarasan,
2013). An organizational structure needs to be clear, flexible, and highly stable, as rigid and

frequent changes in the structure create complexity.



e Logistics and transportation: Freight transportation is considered the largest logistics
expense for a number of companies (Triki et al., 2017; Triki et al., 2020). The performance of the
SC is highly dependent on the mode of transportation and available logistics infrastructure.
Inadequate and inefficient management of logistics and transportation often creates complexity
that affects the productivity of the entire SC (Hesse and Rodrigue, 2004; Stadtler, 2015; Sivadasan
et al., 2010). A flexible, multimodal, and robust logistics and transportation network is necessary
for a dynamic SC.

e Marketing: The profitability of a company is significantly affected by proper marketing and
sales strategies. In addition to productivity, effective and efficient management of marketing and
sales strategies improves overall SC performance (Wilding, 1998; Wong et al., 2015). Improper
management of this driver generates complexity within the SC network.

e Product development: In the product development cycle, the selection of architecture
influences its manufacturability and assemble ability (Loch et al., 2003; Nepal et al., 2012).
Overall, SCC heavily depends on product architecture and whether it is modular or integral.
Therefore, having an efficient R&D facility with an effective product development unit leads to a
less complex SC.

e Customer need: To remain competitive, it is critical to understanding up-to-date customers’
needs (Piya et al., 2016). To meet a variety of customer needs, increasing the level of product and
service options is necessary. However, when customers have frequently changing needs in terms
of additional product features create complexity in the SC (Krishnan and Gupta, 2001; Da Silveira,
2005).

e Competitor action: Given the increasing level of competition in today’s business

environment, companies need to continuously monitor the action of their competitors.



Accordingly, they need to trigger reactions to keep pace and be competitive in the market. Any
action from the competitor will affect the company’s product design, production, marketing, and
SC integration (Hashemi et al., 2013). Therefore, having more competitors with constant action
creates more complexity in the SC.

e Technological innovation: To keep pace with technological advancements, companies
should welcome any technological innovation. However, such innovation requires a company to
establish new production lines, materials, processes, and even new SC partners, which increase
SCC (Blecker et al., 2005; Hashemi et al., 2013; Gunasekaran et al., 2014). In addition, frequent
incremental or disruptive innovation in technology from competitors or developed by the
organization and its SC partner creates complexity in terms of adapting to the new technology or
improvement on the existing technology.

e Government regulations, laws, and legal issues: To manage a company’s SC network
smoothly, it is necessary to follow the rules and regulations imposed by the government. Having
fewer legal hurdles and regulations to follow in different jurisdictions is better for the entire SC
(Mohrschladt, 2007). Frequent changes in government regulations and imposition of new
restrictions specific to the given product/service lead to more complexity in managing the SC
(Serdarasan, 2013).

e Organizational standards: Acquiring and maintaining organizational standards is key to
ensuring high-quality products or processes. It is therefore critical to meet organizational standards
(e.g., ISO and ASME) to remain competitive. However, maintaining standards is not an easy task,
and doing so may often create additional challenges for the entire SC since it may be insufficient

to only acquire the standards by parent organization (Ellram, 1991; Li et al., 2006). Therefore,



from the complexity perspective, for the product or company to remain competitive, embracing
less organizational standards is preferred.

e Process synchronization: In any SC network, maintaining synchronization between
collaborative processes is crucial. Inadequate process synchronization results in complexity
between SC partners and creates unexpected chaos and confusion (Wilding, 1998).

e Forecasting error: Inefficient forecasting and lack of proper and real-time information flow
between SC partners create a bullwhip effect and delivery delay. They also lead to wider
fluctuations in the order delivery process, which might result in operational complexity in the
entire value chain (Chen et al., 2000; Govindan et al., 2010). Therefore, a high forecasting error in
the SC network will disrupt the smooth functioning of the entire chain.

e Information technology: The use of insufficient and incompatible information technologies
by SC partners results in distorted information sharing that negatively affects the value chain
(Serdarasan, 2013). The more compatible the information technology used by the entire SC
network, the better the flow of information and communication, thereby reducing complexity.

e Number of suppliers: It is not desirable to have too many or too few suppliers. To manage
efficiently and to be successful, a company should select an accurate as possible number of
suppliers within the SC network. An increase in the number of suppliers will increase the level of
complexity in terms of SC coordination and follow-up (Wu and Choi, 2005; Goffin et al., 2006).

e Supplier location: In terms of coordination and follow-up, physical interaction is better than
virtual interaction. Distance between the parent company and suppliers’ locations often creates
complexity that is caused by difficulty in adequately monitoring and controlling suppliers to
achieve productivity (Sivadasan et al., 2010). Therefore, suppliers should be located as near the

original equipment manufacturer as possible.



e Number and variety of customers: In business, increasing the number of potential customers
to maximize revenue is expected. However, increasing the number of customers and the
heterogeneity of their needs often creates added complexity because of the need to increase levels
of customer relationship management, demand management, and order management (Bozarth et
al., 2009; Kavilal et al., 2017).

e Company culture: Culture affects productivity in industrial establishments (Pathak et al.,
2007). Cultural differences between SC partners might negatively affect the level of productivity,
innovation, and the issue of transparency. Therefore, having SC partners with a similar working
culture is preferred, as it reduces complexity and improves SC performance.

e SC network: For a successful business, choosing SC partners with the right competencies is
essential. Any mismatch among SC partners results in an incompatible SC network design and

inefficient SC operations, which leads to complexity (Shah, 2005; Serdarasan, 2013).

3. SCC Dimensions

Past researchers categorized complexity drivers into various dimensions. Vachon and Klassen
(2002) used two main dimensions of technology and information processing to classify the drivers.
These dimensions were further sub-classified into uncertainty, complicatedness, management
systems, and product/process. On the other hand, Perona and Miragliotta (2004) classified
complexity drivers into the dimensions of inbound and outbound logistics, product development,
production process, production engineering, and sales process. Cagliano et al. (2009) used the
dimensions of utilization, productivity, and effectiveness to measure the complexity of the SC. de
Leeuw et al. (2013) classified the SCC drivers into five dimensions of numerousness, variability,

diversity, visibility, and uncertainty. From the literature review, it is evident that there is no specific
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method to classify SCC drivers into dimensions. In this research, the SCC drivers discussed in
Section 2 were classified into various dimensions based on experts’ opinions. The classification of
drivers helps assign different weights to different dimensions while measuring the SCC level and
depends on the degree of influence the dimension has on SCC.

Five experts took part in the brainstorming session. The number of experts was based on the
finding that most studies in the existing literature have consulted between 5 and 15 experts each
(Qureshi et al., 2007). The experts who participated have worked in an organization operating in
the Middle East for more than four decades. The organization is one of the reputed corporate
houses in the Middle East and has diversified business interests in areas such as agriculture,
pharmaceuticals, and fast-moving consumer goods (FMCG). These experts considered the domain
of the SCC drivers for their classification into the SCC dimensions. For example, as shown in
Table 1, complexity drivers m11, m12, m13, m14, and m15 are classified under the dimension
“strategic management” because all these drivers are related to the strategic issue and the
management of these drivers should be considered at the highest level in the management hierarchy
(Piya et al., 2017). Altogether, the drivers were classified into five dimensions as shown in Table
1.

Table 1: Complexity driver and its dimensions

Complexity Complexity Driver (m)

Dimension (k)
Strategic Organizational |Product Technological |Organizational |Government
management |structure (m11) |development |innovation standard (m14) |regulation
(k1) (m12) (m13) (m15)
Production Product variety |Manufacturing |Planning and |Resource Logistics and
planning and| (m21) process (m22) |scheduling constraint (m24) | transportation
control (k2) (m23) (m25)
Supplier base |Process Number of Supplier Company SC network
(k3) synchronization |suppliers location culture (m34) |(m35)

(m31) (m32) (m33)

11




Marketing and | Marketing Customer need | Competitor Number and -
sales (k4) (m41) (m42) action (m43) |variety of
customer (m44)

Information | Internal Forecasting Information - -
and communication |error (m52) technology

Communicati |and information (m53)

on (k5) sharing (m51)

4. Proposed Method

This study adopted a multicriteria decision approach in developing a mathematical model, which
is a combination of the analytical hierarchy process (AHP) and grey relational analysis (GRA).
The combination of such methods is preferred over other techniques because of the ability to
convert the inheritance and interdependence of SCC drivers into a single numeric value
(Arunachalam et al., 2019). After identifying complexity drivers and then clustering them into
various complexity dimensions in Section 3, the weight of each dimension was calculated based
on the AHP method before applying the GRA method. This was due to the fact that the GRA
method provides equal weight to the entire dimension that affects the level of SCC. However, in
reality, the weight of each dimension can be assigned according to the influence of each dimension
on SCC. After determining the weight, the GRA method was implemented to calculate the grey
relational grade (GRG). The results of the AHP and GRA methods were then integrated to
determine the complexity level of the SC. The details of the AHP and GRA methods are discussed

hereafter.

4.1 AHP Method

AHP is a popular and widely used multicriteria decision support method that was introduced by
Saaty in 1986 (Saaty 1990). The method helps decision makers structure a complex problem into
a simple hierarchy based on quantitative data as well as judgments, feelings, and other factors that
influence the decision (Bayazit, 2005; Sharma and Dubey, 2010). It involves experts assigning

12



weights to several criteria using the concept of natural pairwise comparison. Such a comparison
represents the ratio of weight among criteria and expresses the relative importance of one criterion
over others for a common objective.

The AHP method has been used extensively in different domains such as e-business improvement
(Lee and Kozar, 2006), quality and performance measurement (Kannan, 2010; Min, 2010), railway
scheduling (Isaai et al., 2011), inventory and disaster management (Borade et al., 2013;
Nivolianitou et al., 2015), workshop evaluation (Lucas et al., 2017), systems design (Ulloa et al.,
2018), and many more. It has also been extensively applied for SC-related issues such as SC risk
assessment (Dong and Cooper, 2016), supplier selection (Chai et al., 2013; Dweiri et al., 2016),
sustainable SC adoption (Luthra et al., 2016), SC performance evaluation (Yang, 2009), and
optimization of SC networks (Sharma, Moon, and Bae, 2008). Some hybrid applications of AHP
with ANP, TOPSIS, DEA, and GRA can also be widely observed in the literature (Bruno et al.,
2012). The AHP method starts with the construction of a problem into the hierarchical structure.
Figure 1 shows the hierarchical structure of the problem that this study is addressing. The following

steps are followed thereafter.

l Calculate SCC level ‘

| Identify scc driver
M
l Define d|men5|0n of SCC level ‘ and expert’s opinion

v v Jr v Weight of SCC
Strategic Production planning Supplier Marketlng and Information and dimension
management (k1) and control (k2) base (k3) Sales (k4) Communication (K5) (AHP method)

@ Grey relational
@ @ degree (GRD) of
(GRA method)
GRD(k4 GRD(kS

Supply Chain AHP * GRA
complexity level (5)

k: SCC dimension
m:SCC driver

Figure 1: Conceptual framework to calculate SC complexity level
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4.1.1 Perform pairwise comparison

Once the criteria are determined and the problem is structured, they are evaluated. Each pair is
compared, and the importance of one criterion over the others is discerned by the objectives. In
our problem, the criteria refer to SCC dimensions. Expert opinion is solicited for the comparison.
The comparison results in a scoring matrix (Vi) obtained from the I expert (1 = 1, 2,...., L), the
size of which is equal to n x n, where n represents the number of SCC dimensions that are
compared. Each element (aj) of matrix Vi represents a numeric value obtained from the
comparison according to the Saaty scale, which varies from 1 to 9, or their reciprocals, as shown
in Table 2. Ifi = j, then aj; will be equal to 1. In Equation (1), | in the matrix shows that the element

aijl is the opinion of the I expert.

A1t Q121 - Qan
Qz11 Q221 - Q2 . .

V= ™| where, ajj = 1/aji and i=1,..., n; j=1,....n;1=1,..., L 1)
An1i Ap2t - Apni

4.1.2 Calculate the geometric mean of expert opinion

Once all the experts individually provided their relative importance scores, the next step was to
calculate the aggregate score of the experts. The most common technique to arriving at an
aggregate score is using the geometric mean (Groselj et al., 2015), which is shown in Equation (2).

Equation (3) shows the aggregate score matrix.

by = L‘/H%l:l aiji Vi,j andi,j € k @)
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it I ®)

Table 2: Importance scale of criteria for pairwise comparison

Value Definition
1 i and j are equally important
3 I is slightly more important than j
5 I is important than j
7 I is much important than j
9 i is absolutely important than j
2,4,6,8 | Intermediate values

4.1.3 Normalize the aggregate score matrix

Priority weights derived from the judgments, including the consistency of judgments, were
computed using the principal right eigenvector method, as shown in Equation (4).

VW=Amax W (4)
In the above equation, W refers to the normalized eigenvector, and Amax is the principal eigenvalue
of the pairwise comparison matrix V of order n. Such an eigenvector is computed by raising the
matrix Vto a large power until the normalized row sum of the resulting matrix converges to a
limiting value. The normalized value is calculated, as shown in Equation (5). Equation (6)

represents the normalized matrix.

bij . .
pij = —— Vi,jandi,j €k (5)
B, b
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P11 P12 - DPin
P21 P22 - DPon

W = (6)

pnl Pnz pnn

4.1.4 Calculate the weight of the SCC dimension

Finally, the weight of the SCC dimension can be calculated using Equation (7). Here, weight
represents the influence of one complexity dimension as compared to others in terms of the SCC
level.

- Y1 i)
t 2?:1 2?:1 pij

viek i=1,2,..,k (7
4.1.5 Check consistency
Saaty (1990) defined consistency matrix as a matrix whose consistency ratio (CR) is lower than

10 percent. If the CR is greater than 0.1, then the decision maker should revise his/her decision on

the pairwise comparison in Section 4.1.1.

CR =<, where (8)
RI
_ Amax—n
Cl === (9)

The random inconsistency index (RI) in Equation (8) represents the average consistency index for
criteria n over a number of entries of same-order reciprocal matrices. For n =5, Rl = 1.12 (Kannan,
2010). Therefore, the CR is a measure of how a given matrix compares with a purely random
matrix in terms of their consistency indices. Amax in the equation can be calculated using Equation
(10).

n
_ Xj=1bijwj

Amax - (10)

wi

4.2 Grey Relational Analysis

16



Deng Ju-Long proposed the grey relational theory based on the grey set by combining concepts of
system theory, space theory, and control theory (Ju-Long, 1982). Grey relational analysis
calculates and unifies grey relational coefficients for all quality characteristics whether they are of
the “larger the better” or “smaller the better” situations (Nelabhotla et al., 2016). It means that
GRA helps to convert multiple performance indicators into a single GRG. One of the significant
advantages of the grey relational theory is that it can generate satisfactory outcomes using a
relatively small amount of data (Yang and Chen, 2006). It has been widely used for the
optimization of multiple process parameters in various fields such as health care (Xuerui and
Yuguang, 2004; Alam et al., 2019), product development (Chan, 2008), reliability analysis (Zhou
et al., 2016), pattern recognition (Sun et al., 2018), materials and manufacturing (Nelabhotla et al.,
2016; Shinde and Pawar, 2017), and many more. However, only a few papers have used the GRA
method (stand-alone or in combination with other methods) for issues related to the SC (Yang and
Chen, 2006; Hashemi et al., 2015; Rajesh and Ravi, 2015; Pang et al., 2017; and Badri et al., 2017).
This research applied the GRA method because to minimize SCC, drivers such as “product
development” and “process synchronization” need to be maximized (i.e., “more is better”
situation). On the other hand, for drivers such as “forecasting error” and “competitor action,” less
is better. The GRA method helps to integrate multiple factors/parameters with the opposite
objective function into a single GRG. The following steps are implemented to obtain a GRG using
the GRA method.

4.2.1 Obtain the linguistic scale on SCC drivers

The linguistic scale on the driver (m =1, 2,....., M) associated with the complexity dimensions (k
=1, 2,...., K) is rated by the experts (I = 1, 2,...., L). To avoid ambiguity in dealing with imprecise

data, the linguistic scale as shown in Table 3 is used. Each linguistic variable has lower (yi;m)
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and upper (y,,,,,) values. The decision matrix (Dy) to calculate the GRG for dimension k is shown

in Equation (11). Equation (12) shows that in Equation (11), yxm has two values depending on

the lower and upper values of linguistic variables.

Table 3: Linguistic variable and associated value

Definition Notation | Value
Very — poor, low, near, less effective VP 0-2
Poor, low, near, less effective P 2-4
Medium, fair M 4-6
Good, high, far, effective G 6-8
Very — good, high, far, effective VG 8-10
Yr11 Yki2 - Vkim
D, = Y21 Yk22 - YVk2m (11)
Ve Yiaz - Vi
Ykim = (}_’kzm»J_’kzm) (12)

4.2.2 Normalize the value

The expert’s value obtained in Section 4.2.1 is normalized using formulas in Equations (13) and
(14). The use of the formula depends on whether the driver represents a “more is better” or a “less
is better” scenario. Equation (18) shows the normalized grey decision matrix. Equations (15) and
(19) show that x;,,, and D;; will have two values depending on the lower and upper values of y;;,

and x;,;,, respectively.
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_ [yklm_min(ykm)]
Xkim = max(YVim) —min(Vim) (13)

[max(Yim)=Ykiml (14)

max(Yem) —min(Yem)

Xkim =

In Equations (13) and (14),

Xtm = (Xktms Ereim) (15)
max _
max(Yym) = 1<l< 1 Vium) Where, yicm € (Vi Vierm) (16)
mnDem) = . " Gia) Where, Vi € Gt Vi) 17)
Yim 1< [ < Vrm 1 Yiem © YVkims Yiim
Xk11 Xk12 - Xpam
x x X
D;; — k21 k22 k2M (18)
Xk Xkrz o XkLM
In Equation (18), D; = (Qk Ek) (19)

4.2 .3 Establish the reference alternative
The reference alternative reflects the best normalized value on all SCC drivers related to the

corresponding complexity dimension.

max
1 < l < L(xklm)

x) . = (20)
4.2.4 Measure the difference between the reference alternative and the normalized value

The difference between the reference alternative and the normalized value represents the distance
of the expert’s normalized value from the best value.

Otim = Xkm — Xiem (21)
In Equation (21), 9xim = (Oxim» Ixim) (22)

The difference matrix is shown in Equation (23).
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19k11 19k12 19klM

Ak= l9k21 l9k22 l9k2M (23)
l9kL1 l9kL2 l9kLM
In Equation (23), A= (Ax, Ax) (24)

As shown in Equations (22) and (24), 94, and A, will have lower and upper values depending on
the lower and upper values of xy;,, and 9., respectively.

4.2.5 Calculate the SCC grey relational coefficient

The grey relational coefficient (GRC) helps to express the correlation between normalized data
and the ideal result for each complexity driver.

min min (ﬁklm)“‘a{max max@klm)}

—_1lL m l m
lem - 19klm+0f{m?x mnzx(gklm)} (25)
In Equation (25), Giim = (Grim» Grim ) depending on 9,y (26)

a in Equation (25) is a distinguishing coefficient, the value of which varies within (0, 1).

4.2.6 Calculate the SCC grey relational degree

The grey relational degree (GRD) is the GRC of complexity dimension k. It is calculated by taking
the average GRC of all the drivers associated with SCC dimension k.

Gl = %Z%n Grim (27)
In Equation (27), Gy, = (G, Gy,) depending on the value of Gy, (28)
4.2.7 Calculate the SCC grey relational grade

The GRG is a weighted average value of the GRD of the entire SCC dimensions. The weight

obtained from the AHP method is used to calculate the GRG.
Gy = YKoy Giy * Wy (29)

In Equation (29), G, = (G, G,) depending on G, (30)
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4.2.8 Calculate the grey SCC level

The grey SCC level () represents the average of the unified GRG obtained from multiple experts.

L —
5=1-"Mt () (G +5) G
The value of dvaries from (0, 1), where O represents the idle situation, i.e., the SC without any

complexity, and 1 represents a highly complex SC.

5. Case Study

To demonstrate the applicability of the proposed method, a case study was conducted in a company
that produces FMCG. The industry belongs to the same corporate house whose five experts helped
to classify complexity drivers into SCC dimensions (discussed in Section 3). To apply the proposed
method, at first, the same experts were contacted to calculate the weight of the SCC dimensions.
They were requested to give weight to the dimensions based on pairwise comparison according to
the linguistic variable in Table 2. The weighted matrices received from the five experts were then

unified based on Equation 2. Table 4 shows the unified weighted matrix.

Table 4: Experts’ unified pairwise comparison matrix for AHP method

Dimension (k) 1 2 3 4 5
Strategic management (1) - 447 | 2.83 | 447 | 1.73
Production planning and control (2) 0.22 - 0.41 2 0.41
Supplier base (3) 0.35 | 2.45 - 346 | 0.71
Marketing and sales (4) 022 | 05 | 0.29 - 0.29
Information and Communication (5) 058 | 245 | 1.41 | 3.46 -
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The unified pairwise comparison matrix was further analyzed using Equations (5) and (7) to obtain

the weight for each dimension, as shown in Table 5.

Table 5: Weight of SCC dimension based on AHP result

Dimension (k) Weight (wk) | Rank
Strategic management (1) 0.40 1
Production planning and control (2) 0.10 4
Supplier base (3) 0.19 3
Marketing and sales(4) 0.07 5
Information and Communication (5) 0.24 2

In Table 4, the consistency of the pairwise comparison is also analyzed. The results show that the
Amax 18 5.12 (Equation [10]), RI when K'is 5 is 1.15, and Cl is 0.0292 (Equation [9]). From Equation
(8), the CR is equal to 0.02614, which is considerably less than the acceptable value of 0.1.
Therefore, the pairwise comparison of experts on dimensions is consistent.

The case study then focused on measuring the SCC level of the company that produces FMCG
goods. The company has a broad market that spans the GCC as well as some North African
countries. The company has multiple supply chain partners, especially for raw material and semi-
finished products, spanning local as well as overseas suppliers. To apply the GRA method, a
questionnaire was prepared based on the drivers for each SCC dimension (Appendix A) and
submitted to the five experts working in a managerial position in the production, marketing, supply
chain, and administrative departments. All these experts have working experience of more than
ten years. Table 6 shows the linguistic variables received from the experts for SCC drivers and

their associated values.
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Table 6: Linguistic variables received from the experts and associated values

Expert’s linguistic Associated value of linguistic variable
variable
SCC SCC Expl |Exp2 |Exp3 |Exp4 | Exp5
dimension (k)| Driver(m) | 1 | 2 | 3 |4 |5 | L|HL/HILIH|L|H|L|H
mll VG| G| GI|VG| G| 8 (10/6|8|6|8|8|10/6 |8
m12 G/IM|VG|P| G |6 |8|4|6|8|10/2 4|68
m13 P|P | M|V M| 2 |4|2|4]4]/6|0|2|4]|6
ml4 G| G|GI|VG|G |6 |8|6|8|6|8|8|10|6 |8
1 m15 M| P M|G|VvP|4|6|2]4/4|/6|6|8|0]|2
m21 P|IVP| P |P|M|2|4(0|2|2|4|2|4]|4]|6
m22 M| M| P|P|P|4|6|4]6|2/4]|2]4|2) 4
m23 G|IM|{M|G|M |6 |8|4|6|/4|6/6|8|4|6
m24 G|G|P|P|M|6|8|6|8|2]4|2/4|4]|6
2 m25 VP| P | PI|VP M|O0|2|2]4[2|4|0]|2|4]|6
m31 G|VG|M|G|VvG| 6 |8|8|10/4|6|6 (8|8 |10
m32 M| M| P |G|P|4|6|4(6|2|/4|6|8|2)|4
m33 G| G|M|M|M|6 |8|6|8|4|6|4|/6|4]|6
m34 M| P|P|M|P|4|6[2(4/2|/4]4]6|2 4
3 m35 G| G|M|G|G|6|8(/6|8[4/6|6|8|6|8
m41 M| M| M|P| P |4|6|4/6|4]6|2]4|2|4
m42 P|VP|VP|P|VP| 2 |4(0|2|{0(2|2|4|0]2
m43 M| P | G|P|M|4|6|2]4/6|8|2[4/4|6
4 m44 G| G|MI|VG|VG| 6 |8|6|8|4|6|8|10|8 |10
m51 VP P| P M|{M|O0|2|2/4[2|4]4]|6|4]|6
m52 M| P|P|M|P|4|6[2(4/2(4]4]6|2 4
5 m53 G/M|G|G|VG| 6 |8|4|6|6|8|6|8]|8]10

According to the GRA steps, the linguistic variables are normalized depending on a “more is
better” or “less is better” situation. Drivers m11, m12, m22, m25, m31, m34, m41, m51, m53, and
mb54 represent a “more is better” scenario from the SCC perspective. These drivers are normalized
using Equation (13). On the other hand, Equation (14) is used to normalize the remaining drivers.

The normalized matrix for the dimension “Strategic management” is shown below.
g g
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(08,10 0608 0608 0204 040.6]
10608 0406 0608 0204 0.608]
(i.D1) =|0.608 0608 0406 0204 0406
0810 0204 0810 00,02 0.2,04

l0.608 0608 0406 0204 081.0]

Based on the normalized matrix for the given dimension, the reference alternative is selected for
the drivers. For “strategic management,” 1.0, 0.8, 1.0, 0.4, and 1.0 represent the reference
alternative of m11, m12, m13, m14, and m15, respectively. The difference between the alternative
and the reference alternative is measured using Equation (21). The measured distance is then used
in Equation (25) to compute the SCC GRC. In Equation (25), « is assumed to be 0.5, as some

parameters need to be minimized and others maximized. It gives equal preference to the maximum

t” min min (ﬁklm) and

as well as the minimum absolute deviations. For “strategic managemen o

max max

I m (9xm) in the equation will be equal to 0 and 1, respectively, as the maximum and

minimum normalized values in the above matrix are 1 and 0, respectively. The GRC matrix for the

dimension “strategic management” is shown below.

[0.71, 1.0 0.56,0.71 0.56,0.71 0.38,0.45 0.45,0.56]
_ |0.56,0.71 0.45,0.56 0.56,0.71 0.38,0.45 0.56,0.71]|
(Gim Gum) =10.56,0.71  0.71,1.0 0.45,0.56 0.38,0.45 0.45,0.56|
0.71,1.0 0.38,045 0.71,1.0 0.33,0.38 0.38,0.45|
l0.56,0.71 0.56,0.71 0.45,0.56 0.38,0.45 0.71,1.0 J
The data in the second and third columns of Table 7 (k = 1), which are calculated based on the
corresponding GRC matrix and using Equation (27), represent the SCC GRD for the dimension
“strategic management”. The table also shows the GRD of all other dimensions. The GRD was

then integrated with the weight obtained from the AHP method (Table 5) to obtain the GRG.

Integration was performed based on Equation (29).
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Table 7: SCC grey relational degree (GRD) and SCC grey relational grade (GRG)

Expert GRD for five dimensions GRG
k k=2 k=3 k k
Gy | Gy [ Gy | Gy | Gy Gy | Ga Gy | Gsi | Gy | G | G
1 053| 069|042|051| 046| 057| 0.46| 057| 0.43| 0.53| 0.48| 0.60
2 050| 063]048|060| 048| 062| 053| 0.68| 0.43| 0.53| 0.48| 0.60
3 051| 066|047|058| 046| 057| 050| 064| 0.49| 061 0.49| 0.62
4 051| 066|044 |054| 046| 057| 0.46| 057| 051| 0.63| 0.49| 0.62
S 053| 069|044 |054| 053| 068| 0.47| 060| 053| 0.68| 0.52| 0.66

Finally, the GRGs of all experts were unified by Equation (31) to obtain the grey SCC level.

s 1
6=1- \/3—2[(0.48 + 0.6) * (0.48 + 0.6) * (0.49 + 0.62) * (0.49 + 0.62) * (0.52 + 0.66)]

=0.44

5.1 Result Interpretation

The following are interpretations of the derived results.

e ovaries from (0, 1), where 0 means that the system is not complex at all and 1 means that the

system is highly complex. Therefore, having dequal to 0.44 for the company in the case study

shows that there is still ample room for improvement to minimize complexity in the

company’s SC.

e Having dequal to 0 may not be practically possible. However, companies should always aim

to minimize the value of 6. 5 can be improved by reducing the complexity related to the driver

where more opportunities for improvement are available. For the company in the case study,

the grey relational degrees of m14, m22, m25, m33, m34, m44, and m51 are weak (Table 8).

Calculating the grey SCC level based only on these drivers shows that & is equal to 0.59. It

means that the SCC level of dequal to 0.44 for the company is because & is very high.
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Therefore, an improvement of these drivers will help minimize the overall SCC level of the

company.

Table 8: Drivers with poor GRD and corresponding GRG

Expert Drivers with poor GRD GRG
Average Average
ml14 (m22, m25) | (m33, m34) m44 m51

Low | High | Low | High | Low [ High | Low | High | Low | High | Low | High
0.38| 045/ 0.39| 047 | 042 | 051|038 045]0.36| 0.42 0.39 | 0.46
0.38| 045/ 042| 051 | 0.38] 045|0.38| 0.45]0.36| 0.42 0.38 | 0.45
0.38] 045/ 0.38| 045| 042 | 051|045 056|042 | 0.51 0.40 | 0.48
0.33] 0.38| 0.36| 0.42| 0.45| 0.56| 0.33| 0.38 | 0.51 | 0.63 0.40 | 0.48
0.38| 045 042| 051 | 042 | 051|0.33| 0.38]| 0.42]| 0.51 0.41 ] 0.49

QB W=

§y=1- 5\/3% [(0.39 + 0.46)  (0.38 + 0.45)  (0.40 + 0.48) * (0.40 + 0.48) * (0.41 + 0.49)]

=0.59

e For the company in the case study, as suggested by the AHP method, “strategic management”
and “information and communication” are the most important dimensions to minimize SCC.
Therefore, companies should focus more on m14 and m51 to minimize complexity in their
SC rather than m22, m25, and m44 since the weights of the dimensions corresponding to m22,
m25, and m44 are comparatively less.

5.2 Sensitivity Analysis

The GRG is significantly affected by the weight of the complexity dimension, which is based on
the expert’s subjective judgment. A change in the weight of the dimension will affect the GRG as
well as the drivers that need more attention to minimize the SCC level. The effect of weight on the
GRG is analyzed by considering five different cases, with each case having five different scenarios.
In Case 1, a higher weight is assigned to the complexity dimension “strategic management.” In

this case, the weight for strategic management is assigned from (0.3-0.7) in the count of 0.1 to
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generate five different scenarios. The remaining weight (total weight of all dimensions is 1) is then
distributed equally to other dimensions. Similarly, the other four cases are also developed. Case 2,
Case 3, Case 4, and Case 5 represent the cases where higher weights are assigned to “information
and communications,” “supplier base,” “production planning and control,” and “marketing and

sales,” respectively.

0.55

0.5

0.45 l

0.35
0 1 2 3 4 5 6

Case Number

Grey SCC level

Weight for scenario:
a:0.3; b:04; c: 0.5
d: 0.6; e: 0.7

| Scenario: a b C d —e—e |

Figure 2: Effect of weight on Grey SCC level

Figure 2 shows the effect of weight on the grey SCC level for the company in the case study. From
the figure, it is evident that Case 1 and Case 4 have a significant impact on weight. In Case 1, with
the increased emphasis on strategic management, the level of complexity in the SC decreases as
indicated by a reduction in GRG SCC level when the weight increases from (0.3-0.7). However,
the opposite trend is observed in Case 4. As the weight on production planning and control
increases, the GRG SCC level also increases. No effect is observed in Case 2. Minor effects are

observed in Case 3 and Case 5. In both cases, the GRG SCC level is inversely proportional to
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weight. The analysis shows that strategic management has the highest effect on weight to improve

the SCC level of the company.

6. Implications and Limitations

Even though complexity is a part of any SC, companies should seek ways to minimize it in order
to improve the performance of their overall SC. Complexity related to the flows of materials, funds,
and information between the SC not only reduces SC efficiency but is also seen as a key antecedent
to disruptions in the SC (Wang et al., 2018). Supply chain complexity may arise because of various
reasons and at any level (upstream, midstream, or downstream). To minimize complexity, it is
imperative that companies identify and understand the drivers and their levels that are responsible
for the complexity. The identification of drivers helps organizational managers take necessary
precautions, invest required efforts, and channel available resources to overcome the complexity
associated with their SC network. Moreover, due to the classification of the complexity drivers
into dimensions, it would be quite helpful for the managers to focus on the ones that are most
critical and are responsible for the complexity in the SC.

It is worth mentioning that this study has some limitations regarding the management of SCC. The
study has presented twenty-two generic drivers of SCC and classified them into five dimensions.
Based on these drivers and dimensions, a mathematical model was presented to calculate the level
of complexity in the SC. It is possible that there may be another driver of SCC related to the
specific business domain. Moreover, in the future, new research may identify new driver(s), and
the driver(s) may fall under any defined complexity dimension. In such a situation, there will be a
need to reformulate the model to incorporate additional drivers and recalculate the complexity

level. However, the proposed model can easily accommodate new driver(s) and dimensions with
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minor modifications and calculate the complexity level. Besides, the study was tested in only one
case company, so this may not validate the presented approach and generalize the study outcomes

for a wider community.

7. Conclusions and Future Research Direction

This study discussed various drivers of SCC based on the literature review and measured the level
of complexity created by these drivers within the SC. As some drivers needed to be minimized and
others maximized to minimize SCC, the integrated AHP and GRA methods were used to measure
the level of complexity. The case study of a multinational company demonstrates the applicability
and practical implications of the proposed method. The case study concluded that in order for the
company to minimize complexity in its SC, it needs to focus its attention on drivers such as
government regulation, internal communication and information sharing, and company culture.
With minor modifications, the proposed method can be used to compare the complexity level of
various SCs.

The effectiveness of the SC is defined based on various performance measures (Gunasekaran and
Kobu, 2007). The complexity dimensions and drivers discussed in this paper may or may not affect
all SC performance measures, or they may have varying degrees of effects on the performance
measures. This research can be extended to determine the effects of complexity drivers and their
magnitude on various performance measures of the SC such as cost, supplier responsiveness, and
innovation. Further, incorporating a solution method to improve one driver of complexity may
trigger another driver, or it may increase the level of complexity created by other drivers.

Therefore, another interesting avenue of research may be to understand the knock-on effect of one
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driver over others so that companies can focus on improving the drivers that will have less or no

knock-on effects on other drivers.
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Appendix A: Questionnaire

This survey is to check the SC complexity level of your esteemed company. The SC complexity level
is defined in terms of five dimensions such as “strategic management”, “production planning and
control”, “supplier base”, “marketing and sales”, and “information and communication”. Each
dimension is further defined by means of various drivers based on which the following
questionnaires have been designed. Each question in the survey has five subjective answers. Please
select any one of the available options that best suits for your esteemed company.

1. Strategic Management

m11. How stable is your organizational structure? Is the Not at all Poor Medium
structure flexible enough to accommodate the High Very high
changes according to the need?

m12. How efficient and effective is your R&D facility Not at all Poor Medium
and product development unit? High Very high

m13. How often technological innovation, incremental Very less Less Medium
as well as disruptive, in the field of your product is High Very high
occurring?

m14. Does the product need to acquire various standards Very less Less Medium
in order to be competitive in the market? Much Very much

m15. How often your company/ product is facing legal Very less Less Medium
hurdles at various jurisdiction, where it operates Frequent Very frequent

and how difficult is it for the company to satisfy
government regulations?
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2. Production planning and control

m21. How many varieties of same product types do your
company produces?

m22. How robust is your manufacturing process,
including state-of-the art manufacturing facility?

m23. How often does your production plan changes due
to inability of the system to adhere to the
production schedule?

m24. How often the production system is disrupted due
to the constraint of resources within the supply
chain network?

m25. How robust is your logistics and transportation
network, including multi-modal transportation
system?

3. Supplier base
m31. How well your process is synchronized with
supply chain partners and how good is your
monitoring system to monitor the progress at
suppliers’ locations?
m32. How many supply chain partners do your company
have?

m33. How far your suppliers are located?

m34. How compatible is your company culture with
respect to your suppliers?

m35. How compatible is your supply chain network?

4. Marketing and sales

m41. How effective is your marketing and how sales
strategy?

m42. How often the customer needs change to the
product domain of your company?

m43. How many competitors your product has?

m44. How many categories of customers do your
company have?

5. Information and Communication
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Very less
High

Not at all
High

Very less
Frequent

Very less
Frequent

Very less
High

Very poor
Good

Very less
Much

Very close
Far

Very low
High

Very less
High

Very less
Effective

Very less
Often

Very less
Much

Very less
High

Less
Very high

Poor
Very high

Less
Very frequent

Less
Very frequent

Less
Very high

Poor
Very good

Less
Very much

Close
Very far
Low
Very high

Less
Very high

Less
Very effective

Less
Quite often

Less
Very much

Less
Very high

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium

Medium



m51. How effective is your inter-departmental
communications and information sharing?

m52. How severe is the forecasting error due to

improper information sharing among supply chain
member?

m53. How compatible is the information technology

used by all the members in your supply chain
network?

40

Very less
Effective

Very less
Severe

Very less
High

Less Medium
Very effective
Less Medium

Very severe

Less Medium
Very high



