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INTEGRATION OF SUPPLY CHAIN PERFORMANCE WITH CUSTOMER VALUES
THROUGH COMBINING ANALYTICAL NETWORK PROCESS AND BAYESIAN
NETWORK
MALEKI, M[eysam]; BASHKITE, V[iktoria] & MACHADO, V[irgilio] C[ruz]
Abstract: Development of integration model for supply chain
has been the concern of many scholars in the new century.
Although a comprehensive integration model is not yet
developed. However, different research works has shed light on
different aspects of it .This research propose combination of
analytical network process and Bayesian network to generate a
novel supply chain integration model. Analytical network
process is used in the enterprise side of the model where
experts study applicable practices while Bayesian network is
employed on the downstream end where end customer is
receiving outputs (product / services). Combining these two
methods enables supply chains to prioritize practices based on
end customer preferences resulting in higher customer
perceived values. In addition, the marginal benefit is reduction
of over production as the most harmful waste.
Keywords: supply chain integration, customer value, analytical
network process, Bayesian network

1. INTRODUCTION
The proposed model employs analytical network
process (ANP) and Bayesian network (BN) in order to
develop an integration model which is capable of
handling technical, organizational, market, and strategic
decision making procedure. ANP will be used to evaluate
alternatives considering measures while BN will be
employed on the other end to assess measures from end
customer perspectives. This model aims to take
advantage of tacit and explicit knowledge of experts as
well as embracing market uncertainties.
Supply chain management (SCM) strives to put
together different enterprises, firms, and companies
which are involved in development of products and
services. In order to achieve this aim it is required to
quantitatively and qualitatively align internal practices
with expectations of the end customer [1]. The proposed
model takes benefits from ANP and BN to reach this
alignment.
It should be noted that there are some limitations to
this work. Firstly, the proposed model is not customized
for any specific settings so when it comes to
implementation phase, practitioners should apply specific
characteristics of their enterprise to the model. Secondly,
interpretation of customer values differs from case to
case, so some of them may not be applicable to every
enterprise.
The paper is organized as follows: Sections two to
five provide required theoretical foundations in supply
chain integration, customer value, ANP, and BN.
Thereafter, the fifth section in dedicated to model
presentation.

2. SUPPLY CHAIN INTEGRATION
The Council of Supply Chain Management
Professionals (CSCMP) Defines Supply Chain
Management as “Supply chain management encompasses
the planning and management of all activities involved in
sourcing and procurement, conversion, and all logistics
management activities. Importantly, it also includes
coordination and collaboration with channel partners,
which can be suppliers, intermediaries, third party
service providers, and customers. In essence, supply
chain management integrates supply and demand
management within and across companies” [1]. Supply
chain integration may also be defined as a process of
interaction and collaboration in which companies in a
supply chain work together in a cooperative manner to
arrive at mutually acceptable outcomes [2]. Importance
of SCM was stressed on early 80’s by [3] and in the
same decade integration was pointed out as a strategic
winning factor by [4]. SC’s are generally complex and
are characterized by numerous activities spread over
multiple functions and organizations, which pose
challenges to reach effective SC integration [5]. SCM is
an interdisciplinary topic that addresses diverse fields:
materials management, quality, industrial markets,
purchasing, logistics, inventory, procurement, production
planning, intra- and inter-organizational relationships,
policy making, etc. Collaboration between buyer and
supplier or building of a relationship lies at the core of
SC [6-8].
The general idea is that integrative practices and a
high level of integration have a positive impact on
corporate and supply chain performance. Uncertainty
seems to be one of the most important aspects of SCM
and a number of studies pay attention to it [9].
Many companies have been concerned with
development of SC measures through which they can
measure and eventfully increase the profitability of
participants of their supply chain. A key issue in SCM is
to develop a measurement system to enable coordination
mechanism for joint decision making [10] that can align
objectives of independent members and coordinate their
activities so as to optimize performance of the whole
chain [11]. In addition, a smooth and well controlled
material flow lies at the heart of best supply chain design
and practice [12].

3. CUSTOMER VALUES
It has become relatively common knowledge that
marketing managers must understand what their
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customers' value in order to survive and grow in
competitive markets [13]. The objective of most analyses
of supply chain management is to satisfy the end
customer. Without value, there is little likelihood of any
sustainable market oriented development, yet research
into consumer value is still underdeveloped [14].
Research by [15] and [16] trace the concept of value in
the literature and provide a wide range of definitions and
opinions about this ambiguous concept. Truly
understanding customer value is fundamental to
marketing and customer behavior theory. Approaches
and paradigms in industrial engineering claim to provide
value for the end customer [17]. Marketing scholars also
emphasize the need for a better understanding of
customer values as a key point to be successful in the
market [13].
Since perceived value influences customer
satisfaction and, ultimately, customer retention and retail
loyalty it is of high strategic importance to most
enterprises [18-20]. Perceived customer value represents
the customer’s appraisal of the benefits received in an
exchange tempered by the costs associated with
obtaining those benefits, including qualitative and
quantitative, and subjective and objective attributes [21].
Customer value represents the trade-off between
benefits and sacrifices that stem from a provider’s
product and relationship resources which customers
believe are facilitating their goals [22]. From enterprise
perspective also purchasing managers in the twenty-first
century play a more strategic role in their organizations
than they did in the middle of the twentieth century and
as such, the more strategically they look at suppliers and
SC’s [13].
The current research categorizes customer value into
six elements taken from the literature, namely Time [23],
[24], Quality[16], [25], Cost [24], Customization [26],
Know-how [27], and Respect for the environment [28].

4. ANALYTICAL NETWORK PROCESS
The ANP is a generalization of the Analytic
Hierarchy Process (AHP). The AHP is a theory of
relative measurement with absolute scales of both
tangible and intangible criteria based on the judgment of
knowledgeable and expert people. How to measure
intangibles is the main concern of the mathematics of the
AHP. The AHP breaks down a problem into a hierarchy
in which each decision element is considered to be
independent;
thus,
it
cannot
accommodate
interrelationships among elements [29-32]. The ANP
extends the AHP to problems with dependence and feedback. Contrary to AHP, ANP provides a more
generalized model in decision-making without making
assumptions about the independency of the higher-level
elements from lower-level elements and also of the
elements within a level [33]. To [32] ANP is a
comprehensive decision-making technique that has the
capability to include all the relevant criteria, which have
some bearing, in arriving at a decision. ANP allows for
more complex interrelationships among decision
elements by replacing the hierarchy in the AHP with a
network [34]. This method portrays a real world
representation of the problem under consideration by
prioritizing not only just the elements but also groups or

clusters of elements as is often necessary. ANP has nonlinear structure and allows interdependencies, therefore it
goes beyond AHP [35],[36].

5. BAYESIAN NETWORK
BN also known as belief networks or Bayes nets in
short form, belong to the family of probabilistic graphical
models which are employed to represent knowledge
about uncertain domain. BN combine principles from
graph theory, probability theory, computer science, and
statistics [37]. BN can reflect dependency relationship
between variables under uncertain condition and can
unify expert's prior experience, BN have sound
probabilistic semantics, explicit encoding of relevance
relationships which led BNs to be one of the best
methods for dealing with uncertainty in the AI domain
[38].
It has been appeared as a powerful practical tool to
represent knowledge. A BN is a graphical model that
encodes probabilistic relationships among variables of
interest. BN model has below advantages in data analysis
[39]:
 Because the model encodes dependencies among all
variables; it readily handles situations where some
data entries are missing.
 It can be used to learn causal relationships, and hence
can be used to gain understanding about a problem
domain and to predict the consequences of
intervention.
 Since the model has both a causal and probabilistic
semantics; it is an ideal representation for combining
prior knowledge (which often comes in causal form)
and data.
BN is a statistical model which is capable of
computing the posterior probability distribution of any
unobserved stochastic variables, given the observation of
complementary subset variables [40]. Several authors
[41-44] have recommended this approach as a
comprehensive method to derive relationships and
influences among variables. This approach has also been
successfully used in a variety of topics related to supply
chain.

6. PROPOSED MODEL
The proposed framework puts its foundation on six
values. On one end these values are evaluated and
prioritized according to end customer preferences. On the
other end, SC experts employ specific practices to
achieve those values.
From the industry side, three actors are defined as
management, marketing, and technical. Initially the actor
will pick the preferred category among strategic,
technical, organizational, and market. Selection of
corresponding SC practice takes place in each category.
In addition, categories as classified are separated from
actors to enable them getting involved in different
matters. Six measures are identified for the system as
quality, time, cost, customization, know-how, and respect
for environment. These six measures will be used in the
BN model to evaluate market demands as well.
Thereafter, based on selected category, alternatives will
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establishing common metrics and incorporating customer
considerations into SC performances.
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Fig. 1. ANP framework of the proposed model
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be prioritized by the actor (Fig. 1). The ANP model is
constructed by and for enterprise experts. Application of
ANP in supply chain related topics has been mostly
concentrated on development of decision support
systems. For instance, [45] developed an ANP-based
framework for modeling metrics of supply chain
performance or [46] developed a decision support
system to select suppliers for Indian textile industry by
using ANP based on Fuzzy simulation.
Due the high level of uncertainty and
interdependencies among variable, BN is used in the very
end where the product is handed over the customer.
Initially the target market sector is selected. Statistical
formula (i.e. Cocharan) is used to find related sample
size so that statistical methods will be applied to the data
sample. The same measures which were used in the ANP
model are used in this section as well to collect data on
customers’ preferences. Application of common
measures both in manufacturing and customer sides
facilitate practical understanding of marketing experts
about manufacturing phase and vice versa. Thereafter,
depending to standard variance of data sample, two or
more states will be defined for measures (Fig. 2).
Selection of target market

Customer
values
Value states

Fig. 3. Framework of the proposed model

Future research is required to address other aspects of
SC integration such as financial integration of SC
members, equitable share of risk and awards, trust
building, and effective local and global positioning of
SC.

7. CONCLUSION
The current research puts forward a model to
integrate SC practices with customer values. The
presented model incorporates ANP to find appropriate
priority of SC practices according to six identified
measures. In parallel, BN is employed in the market side
to measure customer preferences and identify
dependencies among those values.
The proposed model can be used in different SC’s to
facilitate decision making procedure as well as aligning
internal activities with customer expectation. Due to the
fact that the output of SC will be in line with demands,
therefore a marginal benefit of the proposed model is
reduction of over production that is considered as the
most harmful waste.
Since a general perspective is taken in the
development of the model, it requires proper
customization in the implementation phase.

Identify the sample size

Data collection
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