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ABSTRACT

In today’s buyer market, the key question for an enterprise is how to sell products
rather than how to produce products. That is why the study on distribution part of a
supply chain is attracting extensive attentions from both academics and industry. In
this dissertation, an integrated methodology is developed to design a distribution chain.
According to this methodology, a distribution chain is designed by following three
phases:

(1) Problem formulation phase. In this phase, the present situation for the host
enterprise is analyzed, and the goal to design this distribution chain is set. By this
analysis, the objective and constraints for designing the distribution chain are
determined.

(2) System design phase. In this phase, firgt, al possible distributors are evaluated
through atrilogy:

e Determine the factors needed to be considered when evaluating a possible
distributor.

e Collect data from geographically distributed distributors by a mobile agent based
information acquisition system.

e Evauate possible digtributors quantitatively by a FL (Fuzzy Logic)-ABL (Array
Based L ogic) inference engine.

After evaluation, a set of eligible distributors are selected as candidates for designing
this distribution chain.

With these candidates at hand, a set of models, formulae and algorithms are devel oped
to design a distribution chain. To determine the exact customer demand at each retailer
(candidate), an ANN (Artificial Neural Network) model is developed to estimate the
retailer's market share in its customer zone. By this estimated market share, the
customer demands at retailers are determined, and the configuration of a distribution
chain, including the number and location of distributors, is determined by MIP (Mixed
Integer Programming) model. The inventory control parameters at each node of this
distribution chain are optimized by probability theory, and routes for vehicles to
deliver products between different nodes are optimized by genetic algorithm. After
this, the designing process for a distribution chain is finished.

(3) Performance evaluation phase. To verify the design result, a new form of Petri net,
combinatoria Petri net, is developed, and the performance of the distribution chain
designed above is evaluated by this newly developed Petri net form. If the performance
is not satisfactory, the distribution chain needs to be re-designed.

All models, algorithms and formulae used in this dissertation have been implemented
by computer applications. This gives possibility to realize automatic design of a
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distribution chain. At last, a numerical example is given to illustrate how to apply this
methodology in practice.
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Chapter 1

CHAPTER 1 INTRODUCTION

1.1 Research Motivation

In today’s buyer market, the enterprises that can win the market will win the
competition. That is why the study on market has aroused extensive interests in both
academics and industry. Under such circumstance, for an enterprise, the question on
how to sell its products is becoming more and more important. So the study on the
parts that are closely related to market is becoming the main concern for decision
makers. But, as indicated in chapter 2, compared with their significance, the research
on them is still unsatisfactory. So, in this dissertation, we will take these parts as our
research object.

Generally, a supply chain centered with host enterprise is composed of three parts:
supply, production and distribution part. To satisfy the customer demand, maximize its
profit and win the competition in the increasingly globalized economy, the host
enterprise needs first to analyze the market and understand the customer demand,
decide what and how much to produce based on this analysis, and then it may begin to
plan its production process and organize its supply chain. Obvioudly, the distribution
part plays crucia role for the success of distribution chain management. Of course,
these three parts are related with each other, and we should study them simultaneously.
But, for limited energy, source and time, it is difficult to cover all these three parts in
one dissertation. If we care about all parts in detail, maybe, the resulted model will be
too large to be solved, or the solution will be too genera to be applied in practice. To
avoid these problems, in this dissertation, we mainly concentrate on the distribution
part (which is closely related to market) of a supply chain, and formally define it as
distribution chain (detail is shown in chapter 2).

Like any other systems, before implementing a distribution chain, we need to design it.
Distribution chain is alarge system. Once formed, it is difficult and costly to change it.
Obvioudy, the quality of distribution chain design has long term influence on its
management. This property further emphasizes the significance of designing a

distribution chain properly. For O

these reasons, we will take |

distribution chain design as our O<

main concern in this dissertation. | O Cudomer
= i e

1.2 Research Objectives ! O

The main objective for this C><:O

dissertation is to develop a

methodology for the design of Distribution ~ Wholesdlers  Retailers

distribution chain. The generd center

model of the distribution chain to be
designed is shown in Figure 1-1. By Figure 1-1 General model of the distribution chain to
the methodology developed here, be designed
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Introduction

we can get following design results:

e  Configuration of the distribution chain, including number and locations of retailers
and wholesalers, and the assignment of retailers to wholesalers.

e Inventory control policy and parameters at each node of the distribution chain.

e Routes for vehicles to deliver product between different nodes (i.e. from
distribution center to wholesalers, and from wholesalers to retailers).

To get these results, the methodology for distribution chain design must have following
functions:

* Formulate the problem. Before designing a distribution chain, the situation for the
host enterprise needs to be anayzed. Based on this analysis, constraints and
objective for this design can be identified.

* Callect data from possible distributors. To some extent, designing a distribution
chain can also be viewed as selecting or locating distributors. Before designing, we
need to collect data from all possible distributors. Our task is to develop an
approach to acquire information from these geographically distributed distributors
efficiently and economically. Fortunately, Internet technology can help us to
achieve this goal.

e Evaluate all possible distributors. We can imagine that, when designing a
digtribution chain, how large it will be for both the number of possible distributors
and the scale of information for one possible distributor. Facing such large scale of
information, we need to develop an efficient method to evaluate individual
digtributor quantitatively, and then select a set of eligible ones to design the
distribution chain.

» Determine configuration of the distribution chain. As the possible distributors were
only evaluated individually above, the ones selected previously can only act as
candidates for designing a distribution chain. In this step, the entire structure of
distribution chain will be optimized, and final acceptance/rgection of candidates
(including wholesalers and retailers) will be decided. Obviously, a mathematical
model needsto be founded to accomplish this optimization process.

 Determine inventory control policy and parameters for each node of the
distribution chain. Inventory control is an inevitable issue in distribution chain
design and operation. In this design methodology, we will use a simulation based
model to determine when and how much to order at retailers and wholesalers.

e Optimize routes for vehicles to deliver product between different nodes. Delivering
product between different nodes is another important issue in distribution chain
design and operation. When delivering products between different nodes, a lot of
routes can be options. Our mission is to develop an algorithm to select the optimal
one.

» Verify the design results. After determining the configuration of the distribution
chain, inventory parameters at each node, and routes for ddivering products
between different nodes, the design process has been finished. The last step is to
verify these design results by evaluating the performance of this designed
distribution chain.

URN:NBN:no-3444



Chapter 1

Finally, to design a distribution chain efficiently, all models, algorithms, and formulae
used in this methodol ogy need to be computerized.

1.3 Thesis Structure

Thisthesisis composed of 9 chapters, and they are organized as follows.

In chapter 2, after a simple introduction to supply chain, distribution chain is formally
defined, and the state of the art for current research on distribution chain is illustrated.
Based on the analysis of different research fields in distribution chain management,
distribution chain design isidentified as our main concern in this dissertation.

In chapter 3, aliterature review on distribution chain design is carried out, and most of
the existing design methodologies are analyzed. After this analysis, structure of the
integrated methodol ogy for distribution chain design is turned out.

In chapter 4, the following questions are answered: what kind of distribution chain can
be designed by the methodology developed in this dissertation? And what is the design
objective for this methodol ogy?

In chapter 5, a module for evaluating possible distributors is described. This evaluation
isrealized by three steps: determine factors needed to be considered when evaluating a
distributor, acquire information from distributors, and evaluate a distributor by a FL
(Fuzzy Logic)-ABL (Array Based Logic) inference engine. After this evaluation, a set
of distributors are selected as candidates in designing the distribution chain.

In chapter 6, with these candidates at hand, a set of models, formulae and agorithms
are developed to design a distribution chain. First, to determine the exact customer
demand at each retailer, an ANN (Artificial Neural Network) based model is devel oped
to estimate the retaller's market share in its customer zone. Then, based on the
estimated market share, configuration of the distribution chain is optimized by MIP
(Mixed Integer Programming) model, inventory control parameters at each node of the
distribution chain are determined by simulation, and product delivering routes between
different nodes are identified by genetic algorithm. An iterative design process is used
to guide the sequence in applying these modelsin practice.

In chapter 7, to verify the design result turned out above, a new Petri net form,
combinational Petri net, is put forth, and performance of the designed distribution
chain is evaluated by this newly developed Petri net form.

In chapter 8, a case study is carried out to illustrate how to apply the methodology
developed in this dissertation in designing a distribution chain.

In chapter 9, the methodology developed in this dissertation is summarized, some
conclusions are given, and the future research direction in thisareais illustrated.
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Chapter 2

CHAPTER 2 DISTRIBUTION CHAIN

2.1 Introduction

In recent years, supply chain management is becoming more important than the
manufacturing process itself [Yam et al., 2000]. By proper supply chain management,
the host enterprise can coordinate all activities in the supply chain, and cooperate with
other enterprises so as to minimize its cost and maximize its profit. A supply chain
centered with host enterprise may be divided into three parts: supply, production and
distribution part, as shown in Figure 2-1 [Solvang, 2001]. Supply part mainly deals
with the activities for

procurement  of raw { sy & . .
materials or parts that are - A .< Customer
needed to produce the end . demand
products. Production .<

P Do .

process includes entities and -
activities for manufacturing -
parts or  semi-finished .
products and assembling | Sy .
them into end products.

Distribution part includes s« Supplier P: production Dy. Distributor
the entities and activities for
distributing and delivering Figure 2-1 Supply chain structure.

end products to consumers.
As mentioned previously, the distribution part is our main concern in this dissertation.

2.2 Definition and Life Cycle of Distribution Chain

Definition. In existing literatures, normally the distribution part of a supply chain is
referred as digtribution network or production-distribution system. To give an explicit
concept, we separate the distribution part from supply chain, and formally define it as
distribution chain:

A distribution chain is a network of facilities, including distribution center at the host
enterprise, and wholesalers and retailers geographically distributed all over the world.
These facilities are connected by transportation lines. This network performs store and
delivery of end products to fulfill the customer demand efficiently and maximize profit
for the host enter prise effectively.

Two issues are addressed in this definition: the scope and mission of a distribution
chain. To focus on the study of distribution part, the production process itself is not
included in a distribution chain, so the scope of a distribution chain is narrowed and
only distribution center, wholesalers and retailers are included in it. The mission of a
distribution chain is two-folded: serving the customers and maximizing profit for the
enterprise. For an enterprise, maximizing profit is the intuitive aim. At the same time, it
also needs to satisfy the consumer’s requirements to meet its long term goal. The
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Distribution Chain

decision makers in the enterprise need to achieve nice balance between two aspects.
After designing the distribution chain, some valuable information, such as the
necessary production rate for the host enterprise, etc., may be gotten to guide the
planning of the production process.

Life cycle. Generaly, a system life cycle is constructed by three parts [Asbjornsen,
1992]: the first part brings the system into being. Questions, such as how to develop,
design and organize the system, are answered in this phase; the second part deals with
problems on operation and maintenance of the system. When the environment for the
system changes, the system may be ended or reconfigured, that is what to be done
during the third part.

Based on such principle, the life cycle of distribution chain is divided into three phases:
formation, operation, and reconfiguration or extinction phase. In the formation phase,
the host enterprise needs to determine the marketing strategy, select partners,
determine the structure of its distribution chain, product delivery mode, and other
strategic issues. In the operation phase, all issues related to maintaining inventory,
delivering product, and cooperation between different facilities (or even enterprises)
are addressed. For a distribution chain, it faces a dynamic environment: market, and it
needs to cope with the strong competition with other enterprises. When its environment
changes remarkably, the existing distribution chain may be unfit. At this point, the host
enterprise may reconfigure the distribution chain to accommodate the new
environment, or totally destroy it if it is no longer profitable. The third phase is used to
deal with al issues about reconfiguring or destroying a distribution chain.

2.3 Current Research Fields on Distribution Chain

As mentioned above, the study on distribution chain has attracted the attention of
researchers and practitioners for several decades, and a lot of papers have been
published on the distribution chain management. We have searched related papers in
three databases: ISI (Institute for Scientific Information), OCLC (Online Computer
Library Center) and BLPC (British Library Public Catalogue), the searching results are
shown in Figures 2-2, 2-3, and 2-4.

In these figures, the words in quotation marks are the key words used during the
searching process, and the followed value is the number of articles searched by the
corresponding key words. For example, in the first tier of Figure 2-2, “supply chain” is
the key word, and 1037 is the searching result in database 1Sl. In each figure, there are
three tiers. For blocks in the second and third tier, the key words used in searching
process are the key words in themselves plus their super-tier’ s keywords. For example,
for the block in the second tier of Figure 2-2, the key words actually used in searching
process are “supply chain” AND “distribution”, the corresponding searching result is
151. For the right most block in the third tier, the key words are “supply chain” AND
“supply chain” AND “distribution” AND “Internet”, and the corresponding searching
result is 8. The sum of numbers in the third tier may be slightly greater than, rather
than equal to the number in the second tier. The reason is that: some papers may cover
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more than one topic (e.g. some papers concern both inventory control and routing
algorithm), and such papers may be searched in more than one block.
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Figure 2-5. Literature distribution for
distribution chain

Summing up the articles searched by same key words in three databases, we get Figure
2-5, which can roughly reflect the literature distribution for the study on distribution
chain. By this figure, we find that, the most popular issues in distribution chain
research are: transportation or routing algorithm for delivering products to customers,
inventory control, design of distribution chain, and coordination (or cooperation) in the

management of a distribution chain.

As mentioned above, the life cycle of distribution chain is divided into three phases:
formation, operation, reconfiguration or extinction phase. Actualy, reconfiguring a
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distribution chain is similar to forming it, so we categorize all articles searched in three
databases into three parts. formation, operation, and extinction. All articles based on
the condition that the distribution chain has not been constructed belong to the first
category. The articles that are based on a formed distribution chain and mainly
concentrate on the operation of a distribution chain belong to the second category.
Other articles mainly concentrate on the destruction of a distribution chain belong to
the third one. Next, let's take a quick look at the articles searched by different key
words, and then identify which category they belong to.

(1) “partner”. Articles searched by key word “partner” (actually, the key words are
“supply chain” AND “distribution chain” AND “partner”) mainly illustrate the
procedures or methods on how to select a partner. Obviously, such articles belong to
the formation category.

(2) “design”. Such articles '
mainly address the { Partner selection

methods on how to Formation
determine the structure of
a distribution chain. They
belong to the formation

Design of distribution chain

Inventory control
category too. i
(3) “inventory’. Such Transportation and routing
articles illustrate the N agorithmsfor delivering

products

methods on how to
determine the inventory Cooperationand
CODtI‘Ol policy, reor_der —— coordination in distribution
point and  ordering D'ir,:l;u,f'on »| Operation > chain management
guantity, etc. Obvioudly,
these articles are based on >

Performance estimation

the condition that the
distribution chain has

been formed. and so they N Marketing skills and pricing
' . ethod

belong to the operation "

category.

Benefits of Internet

(4) “transportation” or
“routing”. Such articles Ly
provide methods to solve
the routing problems
when delivering products
to wholesalers, retailers
and customers. Same as
articlesin “inventory”, they belong to operation category.

Extinction

Figure 2-6. Research fieldsin distribution chain
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(5) “coordination” or “cooperation”. Such articles concern the cooperation between
different facilities in a distribution chain, and coordination between information flow
and material flow, etc. They belong to the operation category.

(6) “performance’. Such articles mainly address the performance measures for a
distribution chain, and methods to estimate these measures. As the performance
estimation models mainly reflect the operational aspect of a distribution chain, they are
put into the operation category.

(7) “marketing” or “pricing”. Such articles mainly illustrate the marketing skills and
pricing methods when operating a distribution chain, they belong to the operation
category.

(8) “Internet”. Such articles mainly illustrate the influence and benefits brought by
Internet when operating a distribution chain, so they belong to operation category.

No articleis found for the destruction of a distribution chain.

Summarizing the categorizing results mentioned above, we get Figure 2-6, which
roughly depicts the current research fields on distribution chain.

2.4 The State of the Art on Distribution Chain Research

In the previous subsection, the main research fields in distribution chain are identified,
and numbers of articles on different fields are listed. Now, let’s begin to analyze the
research state in this area, and illustrate what have been done by these articles. It is
impossible to illustrate all papers for all research areas in this literature review. For the
limited space, here we only list the typical articles to demonstrate the main
achievementsin each field.

2.4.1 Formation
(1) Partner selection.

Before selecting partners, we need to evaluate al the possible ones. When
evauating a partner, first, we need to determine the factors needed to be
considered when evauating it. The normaly considered factors are: dite
characteristics, cost, traffic access, market opportunity, and quality of living and
local incentives [Min et al., 1999]. Cavusgil et al. [1995] provided criteria
especially for evaluating foreign distributors. They categorized the criteria as financial
and company strengths, product factors, marketing skills, commitment and facilitating
factors. In practice, what kind of factors to be considered heavily depends on the goal
for the host enterprise to construct its distribution chain.

Methods on how to evaluate partners have been studied for decades, and different
approaches have been developed. Houshyar et al. [1992] gave an 8-step supplier
evaluation model. The 8-step procedure is given as follows:

9
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» Definethe critical factors, objective factors, and subjective factors.
» Evaluate the critical factor measures.

» Evaluate the objective factor measures.

» Determine the subjective factor weights.

»  Determine the supplier weight.

» Evaluate the subjective factor measures.

» Determine objective factor decision weight.

» Calculate supplier performance measure.

Similar descriptive model may also be found in [Motwani et a., 1999, Chick et al.,
2000, etc.]

To evaluate a partner quantitatively, some other approaches were developed. Cavusgil
et d. [1995] used expert system to evaluate a foreign distributor; Min et al. [1999]
applied AHP (Analytical Hierarchy Process) to assess a domestic partner, etc.

For the existing evaluation methods, the fina result is given by scoring method, i.e.
each category is assigned a weight of importance, and each factor in this category is
scored by expertise. Summing up these weighted scores, the final score for this partner
is gotten as the indication of its performance. Obvioudly, such methods are largely
affected by subjective judgement, and it is difficult to computerize them.

(2) Design of Distribution Chain

Almost all of the existing design methodol ogies view the design of a distribution chain
as an optimization process, and the most popular optimization method is MIP [Carlos
et al., 1997]. Researchers used MIP to minimize cost [Brown et d., 1987, Cohen and
Moon, 1991, Cole, 1995, Jayaraman, 1998, etc.] or maximize profit [Cohen and Lee,
1989, Chen et d., 1997, etc.] for multicommodity distribution chain, and then
determine its configuration and corresponding parameters.

Besides MIP, other optimization methods are also used for distribution chain design.
Berry et a. [1998] used genetic algorithm to optimize the topology of distribution
network. Anthony [2000] used simulated annealing method to optimize the structure of
adistribution chain, and he claimed that the simulated annealing method behaves better
than MIP. About the research on distribution chain design, further literature review will
be given in Chapter 3.

2.4.2 Operation
(1) Inventory control
The basic inventory control policies are: (R, S and (s, S policy. For (R, S policy, a

replenishment order is placed to raise the inventory position to Sfor every period of R
unit time. For (s, S policy, the order is placed to raise the inventory position to Sonce

10
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the at hand stock is less than or equal to s [Henk, 1994]. A lot of methods have been
developed to determine these parameters by minimizing the inventory carrying cost or
satisfying the given fill rate. Diks [1998] developed a set of formulae to calculate the
parameters for (R, S) policy by minimizing inventory carrying cost. Heijden [1997] put
forward a new rationing rule (ration limited capacity to a set of warehouses) for the (R,
S control policy. And then based on this rationing rule, an optimization model was
founded to calculate control parameters by satisfying the fill rate constraint [Heijden,
1999, 2000]. Besides (R, S policy, (s, § was dso well studied. Silver [1985] (and
Sabri, [2000], etc.) used safety stock to determine the reorder point s, and then
determined the order up to level S by minimizing inventory carrying cost. Other
optimization model for (s, S policy can be found in [Henk, 1994] and [Ganeshan,
1999].

(2) Transportation and routing a gorithms.

In this field, TSP (Travelling Salesman Problem) plays an important role [Tayur et al.,
1999]. The purpose for TSP isto find shortest path given the visiting constraints for the
salesman (or the vehicle). Combinatorial optimization algorithm can be used to solve
such kind of problems [Kreyszig, 1999]. When the vehicle capacity is considered, the
problem becomes CVRP (Capacitated Vehicle Routing Prablem). A lot of heuristics
has been proposed for the CVRP. These heuristics may be categorized into:
Constructive method [Paessens, 1988, etc.], Route First-Cluster Second method
[Haimovich et d., 1985, etc.], Cluster First-Route Second method [Noon et al., 1991,
etc.], and Incompl ete Optimization method [Fisher, 1994].

Genetic algorithm is another effective approach for solving the vehicle routing and
scheduling problem [Park, 2001]. For example, Gabbert et a. [1991] presented a
genetic agorithm approach to learning low-cost routes and schedules for a large rail
freight transportation network; Cheng et a. [1996] proposed a hybrid genetic algorithm
to solve the fuzzy vehicle routing and scheduling problem, etc.

Some researchers realized that, the transportation planning and inventory control need
to be integrated, rather than operated separately [Chandra, 1993, etc.]. Dempster et al.
[2000] (and other researchers, such as Murthy et a. [2001], etc.) used IP (Integer
Programming) method to plan the inventory-transportation system. In these articles,
following objective functions are normally used: minimizing cost, minimizing total
distance covered or maximizing total volume delivered. Obviously, for some situations
(such as in distribution chain planning, etc), it is absolutely necessary to consider
transportation planning and inventory control simultaneously.

(3) Coordination (or cooperation) in distribution chain management

Weng [1999] (and Gavirneni et al., [1999], etc.) compared the performance of a
distribution network in the presence and absence of coordination, and pointed out that,
the coordination is important to achieve joint profit, especialy when the demand is
sengitive to price. There are mainly two types of coordination in managing a
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distribution chain: information coordination in managing multi-echelon inventory
systems [Gavirneni, 2001], and coordination between transportation and inventory
control [Geunes, 2001]. In these articles, models and formulae have been developed to
determine the coordination parameters.

(4) Performance estimation.

The following performance measures of a distribution chain are normally defined and
estimated in existing articles: profit, cost, customer service, flexibility, quality, asset
utilization, fill rate and lead time [Viswanadham, 1997, Jayashankar, 1998, Beamon,
1999, Solvang, 2001]. The main methods to estimate these performance measures are:
mathematical method [Beamon, 1999], Fuzzy Logic [Solvang, 2001], simulation based
method [Alfieri, 1997, Reis, 2001, Gjerdrum, 2001]. As stated in [Solvang, 2001],
performance estimation is becoming one of the mgjor research areas in supply chain
(distribution chain) management. For this research field, further literature review will
be given in Chapter 7.

(5) Marketing skills and pricing methods

Carter et al. [2002] (and Min, et a. [2000]) studied the marketing skills and purchasing
social responsibility (PSR), and concluded that, PSR has direct and positive impact on
supplier performance.

Pricing is another important issue in managing a distribution chain. Singh [1997]
developed an IT support generic model to help decision makers in determining the
price for their product, and claimed that the resulted price enables the firm to meet all
its costs and make a profit whilst meeting its longer term strategic goals. Other pricing
model may be found in [Nagle, 1987] and [Singh, 1996].

When there are several companies in a distribution chain, these companies negotiate to
determine the transfer price, i.e. the price for products shipped between primary and
secondary companies, or secondary and tertiary companies. Gjerdrum [2001]
developed an IP model to determine the transfer price by maximizing the joint profit.
Other transfer pricing model may be found in [Carlos, 2001].

(6) Benefit of Internet

Internet has brought tremendous revolution for our life, including distribution chain
management. It may benefit the retailing industry [Rao, 1999, information exchange
[Dasgupta et al., 1999], and distribution chain operation [Gavirneni et a., 1999].
In the future, obvioudy it will play more important role for the integration of different
enterprisesin adistribution chain.

2.5 Summary

In this chapter, after a ssmple introduction to supply chain, the formal definition for
distribution chain is given, and then the scope, mission and life cycle for a distribution

12
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chain are specified. Then, aliterature search is carried out to illustrate the research state
on distribution chain management, and main research fields are identified and
categorized based on the division of life cycle. The main purpose for this literature
review isto identify the main concern for this dissertation.

It isimpossible to study al fields in a dissertation. So, we need to select one of them as
our main concern. Among these research fields, distribution chain design is mainly
used to determine the configuration of a distribution chain, including number and
locations of distributors. Obviously, such result may affect the management of a
distribution chain for along term, and once the distribution chainisformed, it is costly,
even impossible to change it. Because distribution chain design is so important, alot of
study has been done on it. As indicated in Figure 2-6, it is the third most popular
research field in distribution chain management. But, unfortunately, the achievement is
not so satisfactory. As mentioned above, amost al of the existing methodologies view
the design of distribution chain as an optimization process. Distribution chainisalarge
system. To design such alarge system, alot of factors, including qualitative and logic
factors, must be considered. Obviously, such factors are difficult to be considered in an
optimization model. During forming the optimization model, some less important
factors may be neglected. So, the design result must be verified by estimating the
performance of the designed distribution chain. Unfortunately, no verification is
provided in existing design methodologies. Based on this analysis, we will take
distribution chain design as our main concern in this dissertation. In the next chapter,
existing methodologies for distribution chain design will be further analyzed, and the
structure of our integrated design methodology will beillustrated.

13
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Chapter 3

CHAPTER 3 STRUCTURE OF THE INTEGRATED
METHODOLOGY FOR DISTRIBUTION CHAIN
DESIGN

3.1 Introduction

Design exists aimost every where in our life, especially in industry area. For example,
before developing a new product, it needs to be designed; before implementing a
manufacturing system, it also needs to be designed. The quality of design is a vital
factor for the success of developing this product, or implementing this manufacturing
system.

Same as any other systems, a distribution chain needs to be designed before
implemented. Korpela et a. [1999] described distribution chain design as “a strategic
level network design problem” (i.e. determining the number and location of
wholesalers and retailers strategically), and stated that “the nature of the decision is
long-term and the influence of the warehouse location decision on the profitability of
the company will last for years’. Baunach et al. [1995] analyzed Germany construction
industry, and gave the benefit of distribution chain design in more detail: by opening
two main depots and closure of five sub-depots (according to the analysis and design
result), their case company can increase turnover by 5%, and the profit by 20%. Other
literatures, such as [Carlos et al., 1997], [Escudero et al., 1999], [Lakhal et al., 2001]
etc., also stated that the design of distribution chain is a vital step to achieve the
success of distribution chain management.

Facing with volatile market and intensive competition, an enterprise always needs to
reconsider its distribution strategy. Aronsson [2000] examined the structural changesin
distribution, and concluded that best practice enterprises use a time based distribution
strategy. This means that the enterprise needs to design and re-design its distribution
chain from time to time. This statement illustrates the significance of distribution chain
design again.

Compared with its importance, research on distribution chain design is not so
satisfactory. In what follows, we will give a literature review on the main existing
methodologies for distribution chain design, then illustrate their shortcomings. Based
on this analysis, the structure of the integrated design methodology will be put forward.

3.2 Analysis of Existing Methodologies for Distribution Chain
Design

3.2.1 Review of existing design methodologies

Probably, [Geoffrion et a., 1974] is the first paper to use MIP (Mixed Integer
Programming) in designing a production-distribution system. Since then, mathematical
programming, heuristics, smulation annealing, etc. have largely been used to design a
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distribution chain (or production-distribution network as called in these papers). In
existing methodologies, optimization is the main design approach [Vidal et a., 1997,
Sabri et a., 2000]. For an optimization model, following general form is explicitly or
implicitly applied:

Objective function: Minimize cost = production cost + inventory maintaining cost  (3-1)
+ transportation cost +...... ,
Or: Maximize profit = all revenues — total cost

Subject to: Production capacity constraints (3-2)
Inventory capacity constraints
Transportation capacity constraints

In existing design methodologies, following three steps are normally used to realize
this genera model:

e  Setting the design objective(s).
e Building the model.
e And solving the model.

In what follows, we will review existing design methodologies from these three
aspects.

(1) Setting design objective(s)

In existing design methodologies, minimizing cost and maximizing profit were
popularly set as design objectives [Brown et a., 1987 (minimizing cost), Cohen and
Lee, 1989 (maximizing profit), Cohen and Moon, 1991 (minimizing cost), Cole, 1995
(minimizing cost), Chen et al., 1995 (maximizing profit), etc.]. In these design
methodologies, the tota cost includes production cost, facilities opening cost,
inventory maintaining cost, transportation cost, etc., and profit is expressed as total
revenue minus total cost.

Korpela et al. [1999] put forward a customer oriented approach to design a warehouse
network. They stated that “costs are often used as the mgjor factor..., whereas enough
attention is not paid to the various quantitative and qualitative customer service
elements’. Based on this analysis, they took maximizing customer satisfaction as their
design objective.

Some researchers redlized that, solely optimizing a single performance can not fulfil
the requirement of production-distribution management, so they began to study multi-
objective optimization model. Sabri et a. [2000] provided a multi-objective MIP
approach in supply chain design. In this optimization model, cost, customer service
level (fill rate) and system flexibility were considered simultaneoudy in their objective
function.

16
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(2) Building the model

As shown in the genera form, there are two parts in an optimization model: objective
function and constraints. To simplify the design process, some researchers built models
for designing multi-commodity, but single-product production-distribution system
[Cohen and Lee, 1985, Geotschalckx et al., 1995, Dogan et a., 1999, etc]. In the
objective functions of such models, following basic items were normally considered:

Revenues at retailers.

Production cost.

Inventory opening and maintaining cost.
Product delivery cost.

Etc.

For constraints, following types of constraints were normally considered in these
models:

e Congtraintsfor customer demand satisfaction.
e Capacity congtraints for each facility

» Material flow balance.

 Etc

For the decision variables, binary variables were used to indicate the selection/rgjection
of afacility, and continuous variables were used to model the volume of products to be
produced at plant, kept at different warehouses, etc.

For some production-distribution systems, single-product is not the case, so Jayaraman
[1998] (and Sabri et al. [2000], etc.) extended the model into a multi-product situation.
For such kind of models, besides the items considered above, costs for different
production methods were also considered. Obviously, this makes the model more
complex, but more readistic and useful.

Because of the economic globaization, Hoder et al. [1986] described an international
plant location model. Besides the common items mentioned above, exchange rate
fluctuation, international interest rates, and other related factors were considered in
their model.

In practice, when designing a distribution chain, some factors (such as customer
demand, transportation time, etc.) are uncertain. The design methodol ogies mentioned
above neglected the uncertainties of these factors, and took them as constant. Such
kind of trestment can smplify the design model, but bring considerable error. To
improve the design, some existing design methodologies took demand as stochastic
[Escudero, 1999, MirHassani et al., 2000], and ISP (Integer Stochastic Programming)
or other stochastic mathematical methods were used to design the distribution chain.
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(3) Solving the model

Vidal et a. [1997] claimed that, MIP is the main method in solving the models built
above. My search in database ISI releases the same result: about 85% of the existing
design methodologies used MIP to solve their models. Some of them aso integrated
MIP with other techniques. For example, Korpela et al. [1999] used AHP (Analytical
Hierarchical Process) to analyze alternative warehouse operators, and then used MIP to
maximize the customer satisfaction; Jayaraman [1998] developed an efficient
procedure for warehouse network design: a MIP model was used to minimize the cost,
and a procedure, called as WARELOG, was used to solve this large scale model. As
uncertain demand was considered in [MirHassani et a., 2000], the stochastic form of
IP (Integer Programming), ISP was used to solve their model.

Besides MIP, other methods were also used to design a production-distribution system.
Berry et a. [1998] used genetic agorithm to optimize the topology of distribution
network. In this method, a chromosome represents one topology of the network, and
the optimized topology of distribution network is determined by minimizing cost.
Anthony [2000] used smulated annealing method to optimize the production-
distribution system. The simulated annealing process alters potential configurations to
arrive at the final configuration with lowest cost.

After solving the model, values for decison variables are acquired. Then the
configuration of the distribution chain (i.e. the numbers and locations of wholesalers
and retailers, and assignments of retailers to wholesalers) is determined. That is the
design result.

3.2.2 Shortcomings of existing design methodologies

In previous subsection, existing methodologies for distribution chain design are
reviewed. The common feature for existing methodologies is that, most of them used
optimization approach to design their distribution chains. When formulating their
objective functions, revenues and costs (including production cost, inventory
maintenance cost, product delivery cost, etc.) were considered. Of course, these items
are basic factors that need to be considered when designing a distribution chain. But,
distribution chain is a large and complicated system. Just considering these basic
factors is far from enough. For example, when selecting a retailer, its marketing
environment must be considered. It is unimaginable to select a retailer with bad
marketing environment, even if its product delivery cost (or other costs) is low.
Unfortunately, such qualitative factors can not be reflected in existing design
methodologies. As mentioned previously, formulae (3-1) and (3-2) are used as genera
form in existing design methodologies. It is difficult to express qualitative or logic
factors in such mathematical models. But, without considering these factors, the resulted
configuration of the distribution chain can not be ideal, even if the model is claimed to be
optimized.

Decision maker’s preference is another important issue to be considered when locating
retailers, and this preference may be different for different products. For example, for
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some products, technical service is important, so the decision makers prefer to select
those retailers that can provide such technical service. But, such preference can not be
reflected in the existing methodol ogies too.

Existing design methodologies may encounter difficulty when designing large scale
distribution chains. In practice, when an enterprise wants to design or redesign its
distribution chain, it faces hundreds, even thousands of possible distributors. If inputting
these candidates directly into the existing design methodologies, the resulted optimization
model may be very large, even intractable to be solved.

If we set a distributor evaluation and selection module before designing the distribution
chain, the problems mentioned above may be solved. By this module, a distributor can be
evaluated comprehensively. All factors related to the profit (including those qualitative and
logic factors) can be considered, and the decision maker’s preference may be reflected in
the evauating process. After evaluating all possible distributors, a set of eligible ones are
selected to design adistribution chain. Thisfilter process can reduce the scale of the design
model, and make it tractable.

There is another type of shortcoming in existing design methodologies. no verification
is set for the design result. As mentioned in previous subsection, after solving the
model, design result is obtained. This result is taken as the final design without
verification. Distribution chain is a large system. Without verification, it is dangerous
to implement the design directly. For example, in existing design methodologies, the
static feature of a distribution chain was considered, but the dynamic feature and
interaction between different processes were neglected. This raises a question: whether
there is conflict when operating the designed distribution chain? The existing design
methodol ogies can not answer this question.

At the same time, existing design methodologies can not guarantee that the performance
of the designed distribution chain is satisfactory. The design model is an abstract of reality.
During the abstracting process, some less important properties of the system are ignored. It
is not guaranteed that the ignored properties are trivial for the performance of resulted
distribution chain. This raises a question: although optimization method has been used in
the designing process, is the performance satisfactory for the decision makers of the host
enterprise? The existing design methodol ogies can not answer this question too.

All these shortcomings are vital, not trivial for the success of distribution chain
management. Based on this analysis, it is hecessary to develop a new methodology for
distribution chain design.

3.3 Structure of the Integrated Methodology for Distribution Chain
Design

Distribution chain is a large system. Without guidance of systematic approach, the

result in designing such a large system may be incomplete, or even useless. The

general problem-solving framework (as shown in Figure 3-1) has long been recognized

as a useful model for structured decision making [Wu, 1994]. In this subsection, first,
this general problem-solving framework is simply introduced. Then, with the guidance
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of this systematic approach, the structure of the integrated methodology for distribution
chain designisillustrated.

3.3.1 General problem solving framework
Wu [1994] illustrated a general problem-solving framework, shown as Figure 3-1. This
framework is composed of following blocks:

(1) Analysis of situation. Thisis similar to answer “where we are now?’ in a journey
planning process. Anaysis of the

problematic situation is the first stage for Initiation

this systematic approach. The aim of this ¢

stage is to analyze the existing system and

identify the problem to be solved. > Analysis of situation >

(2) Formulation of objectives. Having v
answered the question “where we are
now?’ in planning a journey, it is time to
answer “where to go?’ The goal for this
stage is to determine the required
performance of the system to be designed,
identify objectives and constraints. The
combination of first two stages in this 4
general  problem-solving model, i.e
analysis of dituation and formulation of
objectives, has been referred as problem
formulation, because these two stages _
together identify the gap between the Evaluation of concept
present system state and future one.

Formulation of objectives

A 4

A 4

A

Synthesis of concepts

Analysis of concepts

A 4

A 4

A 4
(3) Synthesis of concepts. After Making decision
completion of problem formulation, we
come to the next phase: problem solving
phase, synthesis and analysis of concepts
in Figure 3-1 belong to this phase. The
first task involved in problem solving isto
generate a set of possble atermaive Figyre 3.1 General problem solving cycle
routes to the objectives. That is finished [Wu, 1994]

by “synthesis of concepts’. Synthesis of

concepts requires creation of a comprehensive set of alternative solutions. The number
of ideas generated should be as great as possible given the time and resource
constraints of project.

A 4

Solution

(4) Anaysis of concepts. After generating all possible routes, we come to the second
stage of problem solving phase: analysis of concepts. Analysis of concepts can be
viewed as a continuous refining process. With this process, the origina set of
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possibilitiesis gradually narrowed down, or converged, until one or more solutions are
left which satisfy the project objectives.

(5) Evauation of concepts and making decision. After problem solving process, one or
more solutions are determined. The next task is to evaluate the refined solution(s) and
then make the final decision, that is the decision making process. During decision
making process, the first task is to verify whether the refined solution(s) can fulfill the
requirement of system objectives. If it is true, the final decision is made, and the
solution is output; otherwise, the problem formulating and solving processes need to be
re-considered.

3.3.2 Structure of the integrated methodology for distribution chain
design

With the guidance of this general problem solving cycle, the structure of integrated
methodology for distribution chain design is developed, as shown in Figure 3-2. This
structure is mainly composed of three blocks: problem formulation, system design and
making decision. In the first block, the problem is analyzed. A clearly understanding of
the problem is the foundation to solve it successfully. In the second block, steps and
methods for solving the problem are presented. By applying these procedures and
methods, the distribution chain is designed. In the third block, this design result is
evaluated, and the final solution is given out. Next, we will explain these three blocks
in detail.

(1) Problem formulation

In this phase, the first task is to analyze the present situation of the system. Based on
this analysis, the designers need to determine what kind of distribution chain will be
designed. To answer this big question, following two sub-questions need to be
answered:

e What isthe object to be distributed? Thisis a simple but crucial question, because
different object may result in different types of distribution chain. For example,
distribution chains used to distribute service or product are different.

e  What type of distribution chain will be designed? For the host enterprise, to sell its
product, it may directly face the customers, or employ retailers (even wholesa ers)
to distribute its product. At this point, the designers need to decide which type of
distribution chain is appropriate. This may be decided according to the product’s
characteristics.

After determining the type of a distribution chain, designers need to specify the design
scope. Distribution chain is alarge system. When designing it, alot of parameters need
to be determined. It is impossible to address all issues in a design methodology. So,
before designing it, designers need to narrow the problem, and specify their concerns.

Determining constraints is another issue that must be addressed before beginning the
design process. Some basic constraints such as production capacity of the host
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enterprise, transportation capacities of warehouses, etc. must be specified before

designing a distribution chain.

After analyzing the design object, designers can begin to set the designing objectives.
Normally used abjectives include minimizing cost, maximizing profit, etc. What kind
of objective will be used in designing a distribution chain depends on the state of the

enterprise, its present problems, and its goals.

The problem formulation phase is
an iterative process. after
analyzing the design object, the
objectives are set. After setting
objectives, the design object may
be reandyzed, and the

possibility to redize these
objectives is checked. Such
iterative process will continue

until the design object is clearly
understood and the objectives are
properly set.

(2) System design

Different from existing design
methodologies, a pre-design
process (i.e. evaluation of
possible distributors) is added
into this system design phase. In
this pre-design process, dll
possible distributors (including
wholesalers and retailers) are
evaluated by an evauation
module. This module is partly
similar to “synthesis of concepts”
block in Figure 3-1. After this
evaluation, a set of €ligible
distributors are selected as
candidates according to pre-
defined criteria, and only these
candidates are alowed to go into
the following design process.
Main functions of this evaluation
module are depicted as follows
(the detail of this module is
referred to chapter 5).
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e It can evaluate a distributor comprehensively. After a systematic analysis, almost
al of the factors related to the design objectives, including qualitative even logic
factors, are listed hierarchically by AHP (Anaytical Hierarchical Process). These
factors will be considered in the eval uating process.

e It is possible to integrate decision maker’s idea into the evaluating process. The
evaluation of a distributor is finished by an integrated FL-ABL approach. Both FL
and ABL have capability to integrate semantic expertise and complicated
knowledge into the inference process. This makes it possible to consider decision
maker’ s preference in the evaluation module.

e It can reduce the scale of design model remarkably. After evaluating all possible
distributors, only a set of them are selected to enter the next process. design of
distribution chain. This can reduce scale of the design model, and make it possible
to use our design methodology in practice.

After evaluating all possible distributors, a set of selected distributors are input into the
next module: design of distribution chain. Detail for the module of distribution chain
design is referred to Chapter 6. By this design module, the configuration of a
distribution chain is determined, inventory parameters at each node of the distribution
chain are optimized, and routes for delivering product between different nodes are
identified. All models in this design module are formulated based on the objectives and
constraints set in problem formulation phase.

(3) Making decision

After system design phase, the design process for a distribution chain is finished. To
verify the design result, a ssmulation based module is developed to evaluate the
performance of this designed distribution chain. The detail of this module is referred to
Chapter 7. By this performance evaluation module, following questions can be
answered:

e Whether there are conflicts when running this designed distribution chain? As
mentioned above, this performance evaluation module is simulation based, so it
can reflect the dynamic properties of activities and interaction between them. This
makes it possible to find conflicts when implementing the designed distribution
chain.

*  Whether the performance of this “to be” distribution chain is satisfactory? By
running the simulation model, performance measures such as cogt, profit, etc. can
be estimated. This gives us opportunity to check whether the designed distribution
chain is satisfactory.

After performance evaluation, the decision on whether this designed distribution chain
can be implemented may be made. If the designed distribution chain can satisfy the
objectives set in problem formulation phase, then the design methodology outputs the
design result as fina solution. If one or more of the performance measures is not
satisfactory, we may find the cause by analyzing this simulation model, and then re-
consider the corresponding factors in the former pre-design and design modules.
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Three modules, namely, distributor evaluation module, design module and
performance evaluation module, form the core of this integrated design methodology.
The role of each module and the design process of a distribution chain can roughly be
shown as Figure 3-3. Distributor evaluation can be viewed as pre-design of a
distribution chain. To some extent, design of a distribution chain can be viewed as
selection of possible distributors, and this pre-design module provides candidates for
the selection process. Performance evaluation can be viewed as post-design of a
distribution chain. It provides opportunity for us to verify the design result.

As mentioned in previous subsection, in existing methodologies, a digtribution chain is
designed by three steps: setting design objective(s), building the model and solving the
model. Comparing this design procedure with Figure 3-2, we find that, two modules
are added into the integrated methodology, i.e. distributor evaluation module and
performance evaluation module. In our integrated design methodology, these two
modul es are indispensable.

A set of Designed
All possible selected distribution Performance

distributors distributors chain measures
Module of Module of Module of
|::> distributor N distribution M performance >
evaluation chain design evaluation

Figure 3-3 The design process for a distribution chain

3.4 Summary

In this chapter, first, aliterature review is carried out on the existing methodologies for
distribution chain design. Based on the analysis of these existing methodologies, a new
methodology, integrated methodology, is put forth for the design of distribution chain,
and then its structure is illustrated, as shown in Figure 3-2. Thisis a key figure in this
dissertation. With the guidance of this structure, this integrated methodology is
developed, and each module will be illustrated in the later chapters of this dissertation.
Based on this structure, the framework of this dissertation is shown as Figure 3-4.
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Chapter 4

CHAPTER 4 PROBLEM FORMULATION

As shown in Figure 3-2, the first stage in designing a distribution chain is problem
formulation. A good understanding of the facing problem is the prerequisite to solve it
successfully. As mentioned in the previous chapter, there are two processes in this
phase: situation analysis and setting objectives. Next, we will illustrate these two
processes in detail .

4.1 Design Object and Scope

These two issues are
determined by  situation i
analysis. In this process, based D O <@ @

on the anaysis of host Distribution
enterprise’s present situation, center
following  questions are O
answered: what type of O
distribution chain will be | Customer (b)
designed (design object), and =) !
what to be determined by this O
des gn (deS| gn Scope). Distribution  Retailers
center
(1) What to be distributed O
Before determining the type O< '
of distribution chain, we need : ! Customer | (¢
to answer: what is the object E:> E O ©
to be distributed? Normally, )
there are two kinds of objects: O
physically visible object:
_pro_d gCtS .and ph.y sically Digtribution  \yholesdlers  Retailers
invisible object: service. As center

manufacture is the main part
in industry area, the former
one is selected, i.e. we will
design a distribution chain /

which is used to distribute [Factory| )
products. In modern industry, E:>

mass production is still one of \O/' ! :O
the man manners in O
producing products, so we O<IO
assume that the pI’OdUC'[IOI’] Distribution  Intermediate

mode for the host enterprise is center nodes Retailers
mass production.

O Customer (d)

Figure 4-1 General distribution chain types
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(2) Type of the distribution chain

For a distribution chain used to distribute products, generally, there are following four
types (as shown in Figure 4-1):

e Theenterprise directly distributesits products, as shown in Figure 4-1(a).

e The enterprise employs retailers to distribute its products, as shown in Figure 4-
1(b).

e The enterprise adds a tier of wholesalers between its distribution center and
retailers, as shown in Figure 4-1(c).

e The enterprise adds two or more tiers of wholesalers between its distribution
center and retailers. Some times, a wholesaler may go around the descendent
wholesaler, and directly reaches the retailer(s), as shown in Figure 4-1(d).

For an enterprise with mass production, normally, it does not distribute its products by
itself, so the first type is out of our consideration. To achieve scale effects for small
customers, normally, host enterprises set regiona distribution centres at different
customer zones, and these centres act as wholesalers for those zones, so the second one
(direct distribution) is not so popular, and it is out of our consideration too. The third
one is a general model of distribution chain [Heijden, 2000]. Moreover, by studying
this common and basic form, the general principle for designing a distribution chain
can be turned out, and this principle may be extended to design those complicated
distribution chains (such as the forth type as shown in Figure 4-1(d)). The genera
design principle turned out here may also be applied for direct distribution. For
example, we can view a wholesaler in Figure 4-1(c) as a distribution centre, then the
relationship between this wholesaler and retailers connected to it can be an example of
direct distribution.

To smplify the design object and focus on the design principle itsdf, in this
dissertation, we will take the third type as design object, i.e. we will design a
distribution chain with one distribution center, one tier of wholesalers and a set of
retailers. For the designs of more complex distribution chains (e.g. the distribution
chains with more tiers of wholesaers, or distribution chains implementing several
distribution strategies), we leave them as future work. In this basic form, we assume
that the host enterprise will build distribution center by itself. Here, wholesaers are
referred to those regional distribution centres which belong to the host enterprise, so
they will also be built by the host enterprise itself. Retailers are selected from existing
ones. These assumptions accord with reality.

(3) Design perspective: process design

Before specifying design scope, we need to determine the design perspective.
According to [Aronsson 2000], there are three perspectives in designing a supply chain
(or digtribution chain): process design, function design and organization design.
Process design is mainly concerned with the consecutive order and delivery cycles,
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including their lead times, storage point locations, activities inside each cycle and their
integration. Function design determines functions for each facility, resources needed
for each function, and relationship between different functions. Organization design is
concerned with how the logistics is organized within and between companies,
including the description of how the responsibility for logistics activities is organized
in the company, which logistics activities are performed within the company, and
which are outsourced, etc. Process design is the basic component for the entire design
of adistribution chain. Only when the process design is determined, the functions for
each facility can be specified, and the organization can be designed. For its
significance, in this dissertation, we will concentrate on process design of a distribution
chain.

(4) Design scope

In this dissertation, we will concentrate on following issues in designing a distribution
chain:

e The configuration of the distribution chain, including number and locations of
retailers and wholesalers, and the assignment of retailers to wholesalers.

e Inventory control policy and parameters at each node of the distribution chain.

e Routes for vehicles to deliver products between different nodes (i.e. from
distribution center to wholesalers, and from wholesalers to retailers).

(5) Other issues

Constraints such as production capacity, transportation capacity, etc. are specified
according to the present situation of the host enterprise. To concentrate on the basic
issues in designing a distribution chain, we do not consider exchange rate fluctuation,
international interest rate, etc. in this dissertation.

According to above analysis, the delimitation of our integrated methodology for
distribution chain design is formed and shown in Figure 4-2. The shaded part is our

concern.
Object to be Scale of Production Design Customers
distributed enterprise mode perspective
Small Per unit Function design Few customers
production
Products Medium to Mass Process design Many customers
large production
Service Organization
design

Figure 4-2 Delimitation of the integrated methodology for distribution chain design
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4.2 Design Objective

Following three objectives are widely applied in designing a distribution chain (or
supply chain):

(1) Minimizing cost. Each activity inside a distribution chain causes cost. By
minimizing the sum of these costs, activities may be organized properly.

(2) Maximizing profit. There is no doubt that the objective for an enterprise is to
make profit. Without being profitable, there is no meaning for an enterprise to
survive. To some extent, maximizing profit also means minimizing cost, so this
objective can partly cover the above one.

(3) Maximizing customer satisfaction. In recent years, this objective has been
attracting attention of researchers. Customer satisfaction is a complex issue, and it
is not easy to be described as profit or cost. Korpela et a. [1999] deducted
customer satisfaction from three aspects. reiability, flexibility and customer’s
logistics costs.

For an enterprise, maximizing profit and satisfying customer requirements are basic
objectives, and they are mutually affected. Making money is the ultimate goal for an
enterprise, but if it only considers its profit, and pays no attention on customer
requirements, it will lose the market share and then profit eventually. Based on this
point, in this dissertation, we set the objective for designing a distribution chain as:
maximizing profit subject to satisfying customer requirements. Generaly, maximizing
profit is the ultimate objective of an enterprise, and satisfying customer requirementsis
for its long term goal to win the competition. Next, we will discuss these two issuesin
detail.

(1) Maximizing profit
According to the formula:
Profit = price x sale - cost

Maximizing profit means maximizing price, volume of sale and minimizing cost. None
of the three factorsis isolated, and the relationship between them is complicated. Next
we will discuss alittle about these three factors.

Price isacrucia parameter in managing a distribution chain. Higher price means more
revenue, but unreasonably high price may cause the loss of market share, then lower
revenue. Singh et a. [1997] stated the pricing principle as. “the prices and resulted sale
volumes should enable the firm to meet all its costs and make a profit whilst meeting
its longer term strategic goals of capturing or retaining appropriate levels of market
share”.

Volume of saeis related to many factors such as market environment, price, product
quality, customer service, etc. To have better market environment is one of sub-
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objectives to manage a distribution chain. It is unimaginable for an enterprise to locate
its retailers where only afew of its products are needed. So, when the enterprise selects
itsretailers, it needs carefully to consider the present situation and market potentia for
retailers. The detail for retailer selection is referred to Chapter 5. As mentioned above,
high price is normally a negative factor for volume of sale. Good product quality and
customer service are positive factors to volume of sale, but both of them mean more
cost. The enterprise needs to make a compromise and select an appropriate standard of
quality and level of customer service.

Cost is mostly related to the inside activities such as purchasing raw material,
production process, maintaining inventory, delivering products, etc. According to
[Themido et al., 2000], every activity costs a set of resources, including labour,
equipment, materials, etc. Given standard of quality and level of customer service, an
enterprise needs to optimize its production and distribution planning, and improve its
management to reduce cost.

(2) Satisfying customer reguirements

Satisfying customer requirements is closely related to some performance measures
such as fill rate, flexibility, etc. Next, the relationship between customer satisfaction
and these performance measures will be discussed.

Mobrdtan [1996] (reference from [Solvang, 2000]) stated that, the customer will be
satisfied when following six Rs are present:

the Right volume of the Right bundle of products and services
to the Right place

at Right time

in Right quality and

at Right price.

The six Rs can partly be indicated by fill rate (which is defined as the fraction of
demand satisfied from stock on hand [Heijden, 1999]). Obviously, raising inventory
level can increase fill rate, but this will cause the increase of cost for maintaining
inventory. The challenge for decision makers is to find the balance point between
satisfying customer requirements and reducing cost.

Solvang [2000] defined the flexibility of supply chain as: “the ability of a supply chain
to satisfy dynamic customer requirements by handling environmental uncertainties
with profitability”. In the current buyer-market, to win the drastic competition,
enterprise needs to improve its flexibility to properly handle the urgent deliveries,
special requests, etc. Of course, this will also cause the increase of cost, so the decision
maker is facing same problem: balance between improving flexibility and reducing
cost.
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4.3 Summary

In this chapter, following two gquestions are answered:

(1) What kind of distribution chain will be designed by the methodology developed in
this dissertation? Figure 4-2 gives the answer, and describes different facets of
such adistribution chain.

(2) What is the objective to design a distribution chain? In this dissertation, we specify
the objective as: maximizing profit subject to satisfying customer requirements.
Here, customer satisfaction may be indicated by some performance measures such
asfill rate, flexibility, etc.

After answering these two questions, the exact designing process for a distribution
chain can begin.
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CHAPTER 5 EVALUATION OF POSSIBLE DISTRIBUTORS

According to Figure 3-2, after formulating the problem, we come to the system design
phase. Two modules are involved in this phase: evaluation of possible distributors and
design of distribution chain. The first module will be finished here, i.e., in this chapter
we will develop a module to evaluate all possible distributors, and then select a set of
eligible ones to design the distribution chain.

5.1 Introduction

When a host enterprise wants to design its distribution chain, it faces a lot of possible
distributors. The number of possible distributors is so large, that it is difficult to begin
the designing process at once. So, the host enterprise needs a distributor evaluation and
selection module to filter all the possible distributors, and select a set of eligible onesto
design its distribution chain. Of course, the method used here may also be applied in
partner selection for an enterprise.

The research on partner evaluation and selection has received considerable attention of
academicians and practitioners over the last several decades. Next, we will introduce
two typical distributor selection modules to illustrate the main achievement in this area.

Cavusgil et al. [1995] developed an expert system for the selection of a foreign
distributor. In this paper, a distributor is evaluated from five aspects, namely, financial
& company strength, product factors, marketing skills, commitment and facilitating
factors, then, an expert system is used to evaluate a distributor. Actualy, the approach
is a scoring method: every aspect is given a weight to express its importance and a
score to express its priority. The final evaluation of a distributor is achieved by
summing up the weighted scores.

Min et a. [1999] developed a module for the relocation of a hybrid
manufacturing/distribution facility. In this module, six location categories are
considered when evaluating a hybrid manufacturing/distribution facility, i.e. site
characterigtics, cost, traffic access, market opportunity, quality of living and local
incentives. Then, AHP (Analytic Hierarchical Process) is used to list criteria for all
location categories. The final evaluation of a distributor is also given out by summing
up the weighted scores for al criteria.

For existing modules, a distributor is normally evaluated by following process: identify
a set of factors, and evaluate it by scoring method. By analyzing these existing
modul es, following three questions are raised:

e Arethesefactors complete when evaluating a distributor?

e How to acquire information from possible distributors? The possible distributors
are geographically distributed. This makes the information acquisition difficult.
But the method to acquire information from distributors is not touched in the
existing modules.
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e Whether the scoring method, which largely depends on the subjective judgment
(expertise), and can not be redized by software, is appropriate when evaluating a
distributor?

To answer these questions, in this chapter, a new evaluation module is developed, by
which adigtributor is evaluated according to following steps:

e Identify the factor set which needs to be considered when evaluating a distributor.

e Collect data from possible distributors by a mobile agent based information
acquisition system

e Evauate adistributor quantitatively by an integrated FL-ABL approach.

These three steps will beillustrated in the following sections.

5.2 Factor Set

5.2.1 Literature review

As shown in Figure 5-1, Min et al. [1999] considered six categories in their evaluation
module. This module mainly considered the external condition (environment) of a
distributor, but ignored the internal factors, such as the facility for maintaining
inventory, communication system, financial state of the company, etc. Obvioudly, this
factor set is not complete.

Goal: Relocation of a hybrid manufacturing/distribution facility

Site Cost Traffic Market Quality of Local

characteristics access opportunity living incentives

— Capacity — Start-up Highway  — Customer Climate — Union

—  Compatibility — Operating Rail — Supplier Crime —  Skilled labor

— Deed Termina |~ Competitor Living — Tax
expense

— Building Waterway — Alpha c . — Park service
ongestion

— Expension L Market 9 — Laws

potential
— Sail

Figure 5-1 Hierarchical representation of the relocation of a hybrid manufacturing
distribution facility

Cavusgil et al. [1995] evaluated a foreign distributor from five aspects: financial &
company strength, product factors, marketing skills, commitment and facilitating
factors. For every aspect, there are severa factors to be considered, as shown in Figure
5-2. Thismodel pays more attention on software of a company, but limited attention on
the hardware and environment of acompany, so the factor set is not compl ete too.
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Overall qualification
|

Financial & Product factors Marketing skills Commitment Facilitating factors

Company strength (1). Familiarity with [ | (1) Experience (1) Volatility of (1) Connections
(2). Ability to finance the product with target product mix with influential
initial sales and (2) Complementarity| | customers (2) Percent of people.
subsequent growth of product lines (2) Geometric business accounted (2) Working
(2). Ability toraise (3) Quality and coverage by asingle supplier. | |experience with
additional funding sophistication of (3) Customer (3) Willing to keep other exporters
(3). Ability to provide product lines service sufficient inventory | |[(3) Track record
adequate promotion and | | (4). Condition of (4) On-time (4) Willing to with past suppliers
advertising funds physical facilities deliveries commit advertising (4) Knowledge of
(4). Product and market | | (5). Patent security (5) Salesforce dollars international
expertise (6) Market share | | (5) Commitmentto | [business
(5). Ability to maintain (7) Participation in| | achieving minimum | |(5) Proficiency in
inventory trade fairs sdestargets English
(6). Quality of (8) Member in (6) Undivided
management team trade association attention to product
(7). Reputation among (7) Willing to invest
past and current in sales training
customers (8) Willing to drop
(8). Ability to formulate competing product
and implement 2to 3 lines
years marketing plans

Figure 5-2 Criteriafor evaluating foreign distributors

As there was no systematic analysis in the above literatures, the resulted factor set is
not complete. Incomplete factor set may cause inaccurate, even wrong evaluation.
Next, we try to determine arelatively complete factor set by systematic analysis.

5.2.2 A relatively complete factor set for evaluating a distributor

All factors related to the design objective set in Chapter 4 need to be considered when
evaluating a distributor. These factors can be divided into two parts: internal factors
and external factors. A distributor may be a firm or other kind of economic entity.
Internal factors are referred to the factors that are associated with the interna
operations of a firm, e.g. maintaining inventory, transporting materials etc. External
factors are referred to the factors that are associated with the interactions between the
firm and its surrounding marketing environment. Both will be discussed next.

5.2.2.1 Internal factors

Like any other economic entities, the internal status of a firm can be evaluated from
two points of view: hardware and software. Normally, hardware is referred to those
physically visible objects, such as infrastructure, human resource, etc. Software is
referred to physicaly invisible factors, such as management, commitment, etc. Based
on this analysis, al internal factors can be categorized into hardware factors and
software factors.
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Hardware factors. The hardware of a firm is mainly composed of three parts.
infrastructure, human resource and financial capability. Asthisfirmwill possibly act as
a distributor, its main activities are maintaining inventory, delivering product, and
communication. So, the infrastructure we care about includes inventory carrying
facilities, transportation facilities, and communication system. In what follows, al
hardware factors will be introduced individually.

e Inventory carrying facilities. An inventory carrying facility is evaluated from three
aspects: its capacity, cost, and reliability. Inventory carrying capacity can be
indicated by the floor space of the firm. Cost is measured by the carrying cost per
unit floor space. During running in afirm, a part of the floor space may be broken.
If less part of the floor space is broken, we say that the facility is more riable;
vice versa. So the reliability of inventory carrying facility is indicated by the
percentage of broken floor space during a given period (e.g. one year).

e Transportation facilities. Here, the transportation facilities are mainly referred to
the facilities used for delivering product. A transportation facility can also be
evaluated from three aspects. capacity, cost, and reliability. Transportation
capacity is indicated by the firm's throughput. Cost is represented by the product
delivery cost per day. During delivering products, some of the transportation
facilities (e.g. vehicles) may be broken. If fewer facilities are broken, we say that
the transportation system is more reliable; vice versa. So the rdiability of
transportation facilities is also indicated by the percentage of broken facilities
during a given period.

e Communication system. The communication system for a firm is evaluated from
two aspects. communication methods and cost. The normal communication
methods are telephone, fax, Intranet and Internet. Cost is measured by the
communication cost per unit time (e.g. per month) for a given workload.

e Human resource. Human resource is one of the most important resources for a
distributor. The human resource for a firm can be evaluated from two aspects:
quantity and quality. The number of employees is associated with the scale of a
firm and cost for salary; quality of employees is indicated by the percentage of
educated (or trained) workers.

e Financial capability. Financial capability is another hardware factor for afirm. As
the firm will act as a digtributor, three types of financial capability are mainly
concerned: capability to finance sale, capability for additiona funding and
capability for funding advertisement.

Software factors. A firm possessing good hardware can not guarantee successful
operation. The software of this firm is equivalently important as its hardware.
Management is the basic type of software factor for a firm. As the firm will act as a
distributor for a given product, its commitment to the host enterprise, its familiarity and
technical support to the product also need to be evaluated. In what follows, we
illustrate these software factors individually.

e Management. The management for afirm can be evaluated from three aspects. the
firm’s efficiency, management cost, and safety. The efficiency of a firm can be
reflected by the throughput per employee. For management costs, we mainly care
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about transaction costs here. Safety can be indicated by the number of accidents
for a given period. As the firm is used to distribute a specia product, the
percentage of damaged product is also considered as atype of safety.

e Commitment. If afirm does not commit to the host enterprise, it can not distribute
the product efficiently even if it has this capability. For a distributor, normally,
three types of commitment are evaluated: willing to keep appropriate inventory,
willing to provide advertisement fund, and willing to invest in training employees.

e Product factors. When the host enterprise wants to employ a firm to distribute its
product, it hopes that the firm is familiar with the product, or has experience in
selling smilar products. For some products, producer needs to provide service
after selling. To reduce supporting cost, the host enterprise hopes that the firm has
technical capability to provide such services. Product factors mentioned here are
concerned with these items.

5.2.2.2 External factors

For a distributor, two kinds of external factors need to be considered: its location and
marketing environment. The former one is related with the product delivery, and the
later one is associated with product sale.

L ocation factors. Following two factors are normally viewed as location factors:

e Unit product delivery cost for the firm. This factor includes two sub-factors:
distance between the host enterprise and the firm, and the freight balance for that
firm. In order to reduce product delivery cost, the host enterprise hopes to select
those firms with lower unit product delivery cost.

e Traffic access to the firm. Normally, there are four kinds of possible traffic access
to a firm: highway, waterway, railway and arcraft. Which one is preferred
depends on the product property, and this preference will be reflected in the
inference rules used when evaluating this possibl e distributor.

Marketing environment. As the firm will act as a distributor for a given product, its
marketing environment is vital for the success of distribution chain management. For a
marketing environment, following issues are normally eval uated:

e Buying power. It isindicated by the net personal income (= gross persona income
— personal taxes — non-tax payment) [Min et al, 1999]. Buying power is a measure
of market ability to buy. Host enterprise will select those firms located in the
region with higher buying power.

e Geographical coverage. It is expressed as the number of possible customers
covered by the firm. Obviously, larger geometric coverage means larger market
potential. Market potential is a crucia factor for long term success of the
distribution chain management.

e Market share of the firm. Here, it is referred to the general market share of the
firm in its customer zone. Thisis a synthetic reflection of reputation, service, etc.
for the firm. In Chapter 6, we will talk about market share again. At that time, it
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will be referred to the market share only for the products to be distributed. By this
market share, the exact customer demand at thisretailer can be calculated.

e  Number of competitors. Competitors are referred to those firms that sell the same
product as the one produced by the host enterprise. Obviously, this is a negative
factor for the enterprise to sell its product. The more competitors are there in the
region, the stronger the competition will be when the enterpriseinitiatesits sale.

e Taxreduction. It can be viewed as an incentive factor from the local government.
Tax reduction can directly reduce cost for the enterprise, and to some extent, it
aso means the law support to the product to be distributed.

e Number of skilled labors. If the region where the firm is located can provide
enough skilled labor, the firm may employ high quality workers. Thisisimportant
for the further development of thisfirm.

Now, about 30 factors are identified to be considered when evaluating a distributor. As
stated in [Min et al., 1999], AHP is an effective tool for dealing with decisions
involving a large number of factors with different scales. Obvioudy, it is the
appropriate tool to organize all these factors. The organized factors are shown in Figure
5-3. Each factor listed at the rightmost tier of Figure 5-3 can be indicated by a
parameter. In next section, we will illustrate how to acquire values on these parameters
from possible distributors.

5.3 Acquiring Information from Possible Distributors

In the previous subsection, factors needed to be considered when evaluating a possible
distributor are identified. Before beginning the evaluation process, parameters for these
factors need to be acquired from possible distributors. All possible distributors are
distributed in geography, and both the number of possible distributors and the scale of
information needed for one possible distributor are large. This raises a question: how to
acquire the large amount of information from distributors efficiently and economically?
In this subsection, we will mainly illustrate a mobile agent based information
acquisition system, and then a prototype is given to show the designing principle.

5.3.1 Introduction

There are severa ways for an enterprise to acquire information from distributors. For
example, it can send a man (areal agent) to collect data, or aternatively, it can acquire
information by telephone, fax etc. Internet provides another alternative for acquiring
information from possible distributors. For traditional information acquisition methods
(e.g. telephone, fax, etc.), it is unnecessary to explain them here. In what follows, we
will mainly illustrate how to acquire information via Internet.

To acquire information via Internet is not a new idea. The normally used methods can
be divided into asynchronous (the message sender proceeds to next task without
waiting for the reply from the message receiver) and synchronous (not proceed until
receiving the reply) approaches. Among asynchronous messaging methods, E-mail is
the most familiar one for us. Asit is easy to be used, here, we do not mention any more
onit.
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Inventory | Floor space (m?). Input: 6000
carrying space (). Input:
In the blocks located at rightmost tier, facility T Cost ($/m?). Input: 8
values following key word “Input’ [ Method: FL
indicate the information acquired from a Result: 60.1 | | Percentage of broken space (%). Input: 5
digtributor. In the blocks at other tiers, :
values following key word “Method” Transportation | Jrhroughput (tonnes/day). Input; 90
indicate the method used to evaluate this facility
subsystem; the values following key word _'I\?/IahIOd:?SFli | Cost ($/day). Input: 100
u » indi i esult: 75.
Result” indicate the evaluation resuit. —| Percentage of broken vehicles (%). Input: 2
Comm. sys. Communication method. Input: Tel.-Fax-Int
Hardware HMethod: ABL {
M Method: EL Result: 4 Communication cost ($/month). Input: 150
Result: 54
Human | Number of employee. Input: 500
resource
M Method: FL 1 Average saary ($/month). Input: 2000
Result: 66.7
—| Percentage of educated employees (%). Input: 50
Einaniclii?ly | Capability to finance sale (M$). Input: 3
Internal HMethod: FL [ Capability for additional funding (M$). Input: 5
factor Result: 50
r{Method: FL [ —|Capability for funding ad (M$). Input: 1
Result: 56.2
] Throughput per employee. Input 500
Management | | :
A vethed: FL W Transaction costs ($). 500
Result: 54.6 | [{Number of accidents per year. Input: 5
—{Product damage percentage (%). Input: 0.5
Software Commitment | I Willing to keep inventory. Input: fully
. —Method: FL |-—{Method: ABL =—wjilling to provide fund for ad. Input: partly
Evaluation of Result: 57.4 | | [Result: 4
adistributor Willing to