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OZET

TEDARIK ZiNCiRi YURUTME ve YONETME SISTEMLERININ
DEGERLENDIRMESINE YONELIK BiR KARAR VERME
MODELI

Tedarik Zinciri Yiiriitme ve Yonetme sistemleri isletme uygulamalar olup
gerekli biitiin tedarik zinciri fonksiyonlarmi tek bir sistemde toplar. Sirketlerin
basaril1 bir sekilde tedarik zinciri siireglerini yiiriitme ve yOnetmeleri i¢in uygun
sistemi degerlendirmeleri gerekmektedir. Bu sebepten otiirii bu ¢alisma, Tedarik
Zinciri Yiiriitme ve Yonetme sistemlerinin se¢imine yonelik uygun ve ¢ok kapsamli
degerlendirme modeline odaklanmistir. Ancak, Tedarik Zinciri Yiiriitme ve Y6netme
sistemelerinin degerlendirilmesi, ¢ok nitelikli karar verme problemi olup, belirsizlik
ve karmagiklik icerir. Bu belirsizlik ve karmasiklik durumu ise birden fazla
alternatifin ¢ok kriterli olarak degerlendirmesini gerektirmektedir. Bu calismada,
belirsizlik ve kesinsizlik ile basa ¢ikmak i¢in bulanik mantik yaklasimi kullanilmistir.
Degerlendirme siirecini gerceklestirmek igcin Bulamik Analitik Ag siireci modeli
onerilmis ve modelin ustiinligiinii gdstermek amaciyla Bulanik Analitik Hiyerarsi
siireci - Bulanik TOPSIS biitiinlesik modeli ile karsilastiriimistir. Onerilen modelin

etkinligini gostermek i¢in de gercek bir uygulama yapilmistir.

April, 2010 Sinan APAK
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ABSTRACT

A DECISION MAKING MODEL FOR THE EVALUATION OF
SUPPLY CHAIN EXECUTION AND MANAGEMENT SYSTEMS

A Supply Chain Execution and Management system is an enterprise
application that integrates all necessary supply chain functions into a single system.
In order to execute and manage supply chain processes successfully in an
organization, it is necessary to evaluate a suitable system. For this reason, this study
focuses on the evaluation model of the proper and comprehensive remedy for the
Supply Chain Execution and Management system. However, Supply Chain
Execution and Management system evaluation is a kind of multiple attribute
decision-making problem associated with uncertainty and complexity, which requires
considering a large number of complex factors as multiple evaluation criteria. To
cope with this ambiguity and vagueness, a fuzzy logic approach is adopted. To
achieve evaluation process a Fuzzy Analytic Network Process model proposed and
compared with a Fuzzy Analytic Hierarchy Process - Fuzzy Technique for Order
Preference by Similarity to Ideal Solution integrated model to demonstrate
supremacy of the model. A real life example is given to demonstrate the application

of the proposed method.

April, 2010 Sinan APAK



CLAIM OF ORIGINALITY

A DECISION MAKING MODEL FOR THE EVALUATION OF
SUPPLY CHAIN EXECUTION AND MANAGEMENT SYSTEMS

Multi criteria decision making is one of the well-known research area in
literature. However, our proposed fuzzy analytic approaches were not used in
evaluating Supply Chain Execution and Management systems, specifically.

The study considers supply chain modules as criteria while evaluating Supply
Chain Execution and Management systems. The criteria, which were conducted in
this study is derived from literature review and industrial analysis. There has not
found any study that uses supply chain modules as evaluation criteria in literature.

Therefore, we hereby declare that this thesis is original, and makes a humble

contribution to science and technology.

May, 2010 Assoc. Prof. Dr. Ozalp VAYVAY Sinan APAK
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SYMBOLS

M, (x) : The grade of membership of the elements x

a : Fuzzy comparison value

A : Fuzzy set

d : Fuzzy positive ideal solution
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ABBREVIATIONS

Ab
AHP
ANP
APS
ATP
BOM
CI
COA
DM
ECO
EDI
ERP
Es
ES
Eq

F-AHP
F-ANP
FPIS
FNIS
FST

GIS
IS
IT
ITL

: Absolutely important

: Analytic Hierarchy Process

: Analytic Network Process

: Advanced Planning Systems
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: Bill of Materials
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: Good

: Geographical Information System
: Information System

: Information Technology

: International Trade Logistics
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SCE : Supply Chain Event Management
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SPP : Service Parts Planning

SRM : Supplier Relationship Management
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T™S : Transportation Management System

TOPSIS : Technique for Order Preference by Similarity to Ideal Solution

VG : Very Good

VP : Very Poor

Vs : Very strongly important

Wk : Weakly important

WMS : Warehouse Management System

X



FIGURES

PAGE NO
Figure ILI.1 Supply Chain FIOWS .......ccccuiiiiiiiiiiee e 13
Figure III.1 Fuzzy membership function.........c....ccccoviiiiiniiiiinniiiiiiiic e 35
Figure II1.2 Core of a fuzzy set (Vanegas and Labib, 2001) ..........cccoouveiiriiiernnnne. 36
Figure II1.3 a-cut of a fuzzy set (Vanegas and Labib, 2001)..........cccoouveiiriiiernnnne. 37
Figure II1.4 Triangular Fuzzy Numbers ([, 71, 1) ......cccoueeemniiiiiiiiiiiiiiic e 38
Figure IIL.5 Construct fuzzy pair-wise comparison Matrices.........ccceeuveeereeeeeennnne. 44

Figure II1.6 Membership function of linguistics variables for comparing two

CIILETIA ..ttt eattte e ettt ettt et ettt e ettt e e e ettt e et e e s bt et e e ettt e esbbeeeesamtaeeesanree 45
Figure II1.7 Hierarchy and network (a) hierarchy; (b) network.............cccceccuueennene. 58
Figure IV.1 The decision hierarchy of SCEM system...........ccccovuieeeiniieeeniiierennnne. 84
Figure IV.2 General relationship among main Criteria..........ccceeeeveeeeriiireenineennnns 100
Figure IV.3. Inner dependence among secondary Criteria ............ccceeevueeeeeneeeennee 101



TABLES

PAGE NO
Table I1.1 The Top Five Supply Chain Management Vendors in 2007 ................... 21
Table I1.2 Top 20 supply chain management software suppliers for 2009............... 22
Table I1.3 Top 5 supply chain execution software suppliers for 2009 ..................... 23
Table IV.1 SCEM system evaluation Criteria............eceuveerrruiireeiiiieeeeriieeeeeiieee e 64
Table IV.2 Linguistic Pairwise Comparison for Decision maker # 1....................... 85
Table I'V.3 Linguistic Pairwise Comparison for Decision maker # 2....................... 86
Table IV.4 Linguistic Pairwise Comparison for Decision maker # 3...................... 86
Table I'V.5 Linguistic Pairwise Comparison for Decision maker #4-....................... 86
Table IV.6 Fuzzy Scale for Decision Maker # 1 .........ccccevriiiiiiiiiieiiie e 87
Table IV.7 Fuzzy Scale for Decision Maker # 2 .........ccccceeeveieiiiiiieeeniieiiieeee e 87
Table I'V.8 Fuzzy Scale for Decision Maker # 3 .........ccccevriiiiiiiiiieiiie e 87
Table IV.9 Fuzzy Scale for Decision Maker # 4 ..........cccceeevvveiiiiiieeeniniiiieeee e 88
Table I'V.10 The TFN evaluation matrix of the main criteria .........cccooceeeervieerennnne. 89
Table IV.11 Weights of the 60 evaluation Criteria .........cccoecceeeeeiiieeeiniie e 91
Table I'V.12 Linguistic Variables for the preference rating of alternatives .............. 93

Table I'V.13 Linguistic evaluation data related with alternative system 1 for

decision MAKET # 1 ..cooiiiiiiiiiiii et 94
Table I'V.14 Linguistic evaluation for DM criterion and corresponding TFNs for
SCEM system alternative 1 ........cceeieiiiiiiriiiee ettt e 95
Table IV.15 Fuzzy group decision evaluation results for Alternative System 1....... 96

Table I'V.16 The distances of alternatives to positive / negative ideal solutions, the

related closeness COETICIENLS ........c.ueieriiiiiiiiiiiiiii e 98
Table IV.17 Ranking of alternatives...........ccceeeiiiiieeiiiiieeeie et 98
Table I'V.18 Decision makers linguistic evaluation for criterion DMI .................. 102
Table I'V.19 Unweighted SUPErmatriX ........cc.eeeeiieirerniiieeieiiiee e e eeieeeeeiie e 103

X1



Table IV.20 The weighted SUPErMAtriX ...........eeeeeeiriiiiiiiieeeeiiiiiieeeeeeeeiereeeeeenn 104

Table I'V.21 The limit SUPETMALIIX «.c.c.evveerriiiieiiiiiieeeiieee ittt ee e e 105
Table I'V.22 Ranking of alternatives...........cc.ceerriieieriiieiinniiieeiiieee e 106
Table I'V.23 Comparation of models ..........ccceeiiiiiiimiiiiiiniiiieiieee e 107

Xii



CHAPTER1

INTRODUCTION AND AIM

L.1. INTRODUCTION

Supply Chain Execution and Management (SCEM) systems are analytical
management tools that identify how, where and when the demand could be satisfied
through the process initiated with the customer. SCEM systems consist of many
modules such as inventory planning, supply chain network design, production
planning, and demand planning. All modules are integrated and each has a
consequence for the supply chain planning to increase efficiency. The basic reason to
use SCEM system is to support all planning and execution functions required for the
supply chain. The implementation of those systems is a very complicated and costly
task, and their inappropriate use may lead the firm to bankruptcy. Consequently,
selection of those management systems consist of a complex decision process, and
detailed analysis supported with analytical methods is needed. Hence, firms should
evaluate their SCEM system with appropriate criteria and implement it properly to
increase performance and efficiency.

Today’s businesses are continuously expanding to include markets and
business partners from all over the world. As companies grow and business becomes
more sophisticated, the need to connect and optimize integrated systems and
information increases inside and outside the organization. SCEM systems help to
prepare companies to take advantage of opportunities and challenges with fast and
effective integration and communications. These systems offer flexibility in
managing supply chain. Most of companies have implemented software solutions to
help automate their supply chain processes over the last decades. These systems have
had a massive impact on how companies operate, both internally and with their
suppliers and customers. SCEM solutions allow companies to maximize existing
investment while also helping to implement new systems and technologies faster and

more effectively. Managers are required to choose the appropriate level of
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integration for particular relationships in the supply chain and the appropriate degree
of information sharing (Lancioni et al., 2003). The application of these systems has
no boundaries, with hundreds of companies around the world using them to deliver
seamless solutions to specific business problems. Aerospace, construction,
electronics and high tech components, manufacturing, mining and quarrying, motor
vehicles, publishing and media, transportation, warehousing, wholesale and retail
trade are some of the industry that SCEM systems are used widely.

The supply chain software market has risen to the challenge of complexity in
the supply chain by making its supply chain management solutions more and more
complex, often to the detriment of the very efficiency and cost-effectiveness that
supply chain users need. The price and total cost of ownership for mainstream supply
chain system is legendary: multi-year implementations averaging many millions of
dollars are common. Companies have trouble finding the return on investment for
these massive supply chain projects. The evaluation of those systems is a very
complicated and time-consuming task. In addition, with new standards, processes,
and a continuously developing technology, the evaluation process becomes more
elaborative and dynamic (Sarkis and Talluri, 2004).

Regardless of whether relationships and arrangements among the organization
are formally established, these organizations may evaluate SCEM systems in an
effort to gain a local benefit or to improve the supply chain as a whole. The benefits
of evaluation SCEM systems in a supply chain reported in literature include reduced
inventory levels, reduced logistics costs, and streamlined payments. These are
Supply Chain Management (SCM) benefits - improvements to help produce
macroeconomic benefits such as more stable economic output and higher
productivity growth. With SCEM systems, we can achieve better information
engineering.

Benefits of SCEM systems are can be classified as; increase top-line profit
growth through supplies collaboration, increase customer service and decrease stock-
outs, reduce inventory carrying costs, optimize value chain for cost reduction and
profit management, reduce operating costs, increase competitiveness, create visibility
among supply chain and trading partners, and adapt quick responses in supply chain.
Therefore, SCM is coming under survey in trying to achieve this competitive

advantage as it provides many opportunities for reducing operating costs and
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improving customer service and satisfaction (Williamson et al., 2004). Although,
selecting wrong SCEM system application can affect the whole business poorly in
quality, from sourcing and assembly to distribution. Within business with multiple
departments, facilities, or partners, SCEM system can lead to irresolvable
bottlenecks. In addition, a SCEM system, which is not sufficiently integrated with
the rest of business system applications, can lead to serious disruption in supply
chain operations. These systems also provide platforms for fast and reliable
operations between trading partners, regardless of physical barriers.

SCEM system evaluation is important for to understand how different
applications will improve supply chain process, select vendors that support
appropriate transportation management, review warehouse management features and
logic for pick, put-away and replenishment functionality, and evaluate collaboration
environments and relationship terms. As well as details for partners within supply
chain, ensure the modules are appropriate for business environment, and integrates
across multiple operations.

The biggest question most managers have about all these changes though is
“Are they worth it?” The answer is absolutely. An effective, realistic, and flexible
SCEM system can have significant benefits for any business. First, it can make it
easier to manage all of the different factors that contribute to the purchasing and
production cycle. Additionally, the SCEM system reduces the chances of human
error. Efficient SCEM systems also lead to greater productivity, lower costs, and
reduced inventory. Additionally, a fine-tuned SCM system delivers better
communication, shorter planning times, and more reliable forecasting. The
amalgamation of all of these benefits is a balance between keeping costs reasonable
and maintaining production levels. This is definitely worth the effort and delivers
value to businesses.

Because of the associated with the benefits and risk of evaluation process,
organizations in a supply chain may have difficulty in deciding whether they should
accept or reject what types of modules are selected. It is very helpful for them to
have systematic approaches that aid their decisions concerning to evaluation process.
These approaches should allow the organizations to analyze relevant factors,
especially the benefits and risks of SEM systems, and evaluate which types of

modules that are the most beneficial to use. The approaches should also be applicable
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to all cooperative arrangements in a supply chain so that SCEM system decisions are
supported in both individual and group settings.

SCEM system consists of many modules such as inventory planning, supply
chain network design, production planning, demand planning, etc. All of these
modules should work in an integrated manner since each of them has a high potential
to increase the efficiency of the supply chain planning. This study considers SCEM
system operation modules as key evaluation criteria with sub-modules. SCEM
system selection problem is not considered in a module base in multi attribute
decision-making framework in literature until now. Several studies have been applied
to such managerial systems evaluation including software selection. Mulebeke and
Zheng (2008) used analytic network process as a multi attribute strategic decision
making approach while in selection suitable software for product development
process. Sen et al. (2009) applied fuzzy multi criteria decision making (F-MCDM)
procedure for electronic company’s Enterprise Resource Planning (ERP) software
selection project. Wei and Wang (2004) proposed a hierarchical attribute structure to
evaluate ERP projects systematically. Wei et al. (2005) presented a comprehensive
framework for selecting a suitable ERP system. Lai et al. (2002), employed group
decision making technique for selecting multi media authorizing system as software.
Yazgan et al. (2009) applied multi attribute decision making (MADM) method for
ERP software selection. Buyukozkan (2004, 2005, 2008) presented evaluation
models based F-MCDM for software development projects.

The scope of the various SCEM systems differs considerably. Some vendors
are highly specialized, while others attempt to cover a more broad range. The system,
that most supports the required functionalities should be selected. Therefore, this
study proposes a comprehensive SCEM system evaluation framework with an
integrated approach based on fuzzy logic to make more rational selection decisions
considering SCEM system operations modules. The problem on evaluation SCEM
system is the selection of software solutions among many products for the proper
system. Hence, MADM evaluation framework is adopted to manage this issue.

This study provides such approaches for organizations in a supply chain so that
they can make decisions on types of systems with their modules. The approaches
developed in this research are based on the multi criteria decision making (MCDM)

techniques of the Analytic Hierarchy Process (AHP) with Technique for Order
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Preference by Similarity to Ideal Solution (TOPSIS) and Analytic Network Process
(ANP) including fuzzy logic.

I.2. PROBLEM STATEMENT

SCEM systems provide a large number of features that are customizable and
can be tailored to meet the specific needs of the organizations. Improper selection of
a system may result in wrong strategic decisions with subsequent economic loss to
the organization. For example, there are a number of solutions in an ERP market and
every solution has different features. As ERP packages cost hundreds of thousands
and even millions of dollars, purchasing a system solution is a high expenditure
activity that consumes a significant portion of companies capital budgets (Verville
and Hallingten, 2002). Selecting the right solution is an exhausting process for
companies. Therefore, selecting a system that meets the requirements needs a full
examination of many conflicting factors and it is a difficult task. This has led
researchers to investigate better ways of evaluating and selecting those systems.

One of the most important objectives of the business to achieve high
competitiveness in the market is the selection of competitive priorities. The selection
of different competitive priorities is a very critical MADM problem. Different
conflicting selection decisions make the task more complicated and risky. Supply
chain is a field that structural changes occur frequently. Uncertainty arises and
continuous planning is required due to those changes in the processes of the supply
chain. Hence, dynamic and integrated management systems are necessary for
adaptation. In this sense, right decisions would be taken with the right management
systems. Based on their organizational structure and business diversity, firms use
management systems to not only identify right investments and reduce costs, but also
increase their efficiency as well. This study attempts to identify which evaluation
criteria are important for the decision making procedure and what are their effects on
the final decision for the companies planning to implement supply chain execution
and management systems. The implications of the study would not only be generic,
but also depend to some specific points such as the size of the firm or the industry it
operates.

The basic reason to use SCEM system is to support all planning and execution

functions required for the supply chain (Hong and Kim, 2002; Sarkis and Sundarraj,
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2000; Wei et al., 2005). SCEM system evaluation is an important decision making
problem of organization and affects directly the performance. Those systems
selection is tiresome and time consuming in terms of complexity of business
environment, resource shortages. Configuring these large generic systems to the
needs of specific organizations, industry sectors, and countries is necessary and
requires large investments of money, time, and expertise (Davenport, 1998; Klaus et
al. 2000). Most of the large organizations worldwide have already adopted their
system and small and medium-sized enterprises are increasingly following the suit
(Bernroider and Koch, 2001; Everdingen et al. 2000; Klaus et al. 2000). All most all
software packages can be customized to the specific needs of a particular
organization. This, however, is very expensive and may lead to problems such as the
incompatibility of product patches and new versions with the customized information
system software (Butler, 1999; Summer, 2000). Consequently, some organizations
choose to adapt themselves to suit the software being acquired instead of
customizing the software to suit the organization (Davenport, 1998). Although, as
some organizations do not want to modify themselves or furthermore, have critical
needs that can not be met by standard functionality provide by the packaged systems.
It is in these organizations’ best interest to select the information systems software
that best fits their needs with the least amount of customization so that both further
maintenance problems and organizational misfits are avoided (Davison, 2002;
Everdingen et al., 2000; Light, 2001; Soh et al., 2000).

With the parallel of globalization, international firms experience integration
requirements seriously. Fundamentally, integration process could be available with
the sharing of information and reaching it easily. Supply chain is a critical factor for
firms to manage and compete effectively. If the organizations that cannot able to use
SCEM system sufficiently, they become too incapable of operational capabilities.
Either that kind of firms are to invest their management systems or they will lose
their position on the market. SCEM system evaluation with the right criteria able to
firms reduces unproductiveness and increase supply chain performance and
competitive power. However, looking at the literature a supply chain execution and
management system evaluation effort in the Turkish industry is not documented. The
literature usually displays enterprise resource planning systems formation; in

addition to those studies, this study will reflect a decision making model for the
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evaluation of supply chain execution and management systems and will guidance to
appropriate systems selection.

Questions such as whether an organization should evaluate own system, or it is
time-consuming work in order to reap the most benefits for the organization itself,
the partner, and the supply chain may be difficult for an organizational unit in a
supply chain to answer. The difficulty of this decision arises from the following:

1. structural complexity of the decision process;

2. needs a deep knowledge and expertise on those system;

3. execution system evaluation decision involve various factors or criteria,
such as the supply chain structure, the partner relationships, and
information system and technology;

4. these criteria are often qualitative and difficult to quantify;

5. qualitative data often depends on experience and knowledge to weigh and
prioritize;

6. the best decisions from each partner.

However, SCEM system evaluation in a supply chain is a complex process,
potentially involving serious risks and uncertainties because it includes supply chain
partners, customers, and competitors with behaviors that are difficult to anticipate
and control. Moreover, the result of evaluation significantly influences not only the
participating organization but also the partner organization and supply chain as a

whole.

1.3. AIM OF THE STUDY

The main objective of this study is to propose a systematic evaluation model to
help the participants in supply chain for the selection of an optimal SCEM system
among a set of available alternatives. SCEM system selection problem is both a
MCDM problem where many criteria should be considered in decision-making, and
a problem containing subjectivity, uncertainty and ambiguity in assessment process.
Therefore, this study utilizes MCDM methods to determine the importance weights
of evaluation criteria, and fuzzy logic to obtain the performance ratings of the
feasible alternatives in linguistic values parameterized with triangular fuzzy

numbers.



The problem of competitive priorities selection of SCEM system is formulated
using various literatures and expert opinions. This study considers the important
decision modules in SCEM systems while proposing appropriate evaluation model.
The different decision criteria may vary depending on the need of the manufacturer,
its preferences about different criteria and management strategy. It may not be easy
to convert its needs into useful criteria because needs are often expressed as general
qualitative concepts while criteria should be quantitatively evaluated.

SCEM systems and other software evaluations are to identify the best
alternative for company requirements. Different company surveys may result
differently, because key operations and functions or way of doing works may differ.
In supply chain business, there are many vendors dealing with optimization of supply
chain. Their products are different because of their customers, and industries they
work.

As this study suggests; any methodology have been developed for solving an
evaluation SCEM system (in module base) decision problem. Thus, a guideline
methodology needed to develop for helping individuals or the group of decision
makers to evaluate SCEM system decision. To meet this need, this research
proposes:

1. To develop methodologies for helping an organizational unit in supply
chain to make SCEM system evaluation in a group decisions. These
methodologies provide multiple alternative approaches, allowing the unit to
select the approach that is the most suitable for its situation;

2. These methodologies aim to resolve decision conflicts that might occur
between these units and suggest a compromise solution that is agreeable to
both.

3. Evaluation process enables us to identify importance of each criterion
(module) according to its hierarchical and network position.

In addition, this study is important to the areas of supply chain and decision
making for two reasons. First, it combines and applies existing MCDM tools to solve
the particular problem of SCEM system in a supply chain. Second, it develops a
process for integrating the assessment of two partners who may have conflicting

preferences of the decision choices. The process resolves these preferences and



balances the nee