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ABSTRACT

The extremely complexity of designing a supply chain network is due to the need
for the configuration to adhere to customer demands, and manufacturer’s capacity and
production must treat demand fluctuations. In supply chain network design phases,
manufacturers merely use average estimated demand patterns, where peak and off-peak
periods are covered. However, the uncertainty surrounding input parameters
complicates the network design. A flexible supply chain network design that could
better respond to demand fluctuations _is, /more appropriate for operational planning.
Regarding delivery strategies, the goal is to reduce-logistics costs and satisfy customer
needs. The assumption of constant demand.'is: highly controversial, since demand
varies with time, space and consumer.socioeconomic characteristics. Serving all
customers without considering the above causes high logistics cost and low customer

satisfaction, thus a reduced profit.

This study aims to investigate the supply chain network design problems in
response to economies of scale and demand fluctuations. A series of models are
formulated to systematically investigate the problems and analyze manufacturers’
decisions on how much and how often material/product to purchase/transport among/to
suppliers/customers as well as the optimal capacity and production amount for multiple
plants with economies of scale in an uncertain environment. According to the issues
of significance, the dissertation is divided into five distinct parts. The first part
formulates an integrated plant capacity and production model, which aims to investigate
how economies of scale, customer demand levels and investment conditions in different
locations influence the supply chain network design. The second part focuses on
evaluating the reliability of the network design from the first part on condition that
abnormal demand fluctuations occur. Two mathematical programming models are

further developed to determine the optimal adjustment decisions regarding production



reallocation among plant under different fluctuating demand. In the third part, the
network design model is extended to include the inbound and outbound dispatching
decisions with shipping economies in the supply chain. Then, the network is narrowed
down to two echelons, such as plants and customers in the forth part, to focus on the
logistics issues in the supply chain network. The demand-supply interaction models,
which optimize a delivery service strategy, are developed as they cope with time and
spatial dependent demand, demand-supply interaction. Moreover, the impacts of
demand-supply interaction on the optimal capacity and production allocation among the
manufacturing plants are also investigated. Furthermore, in the fifth part of the
dissertation, this study focuses on the end consumer shopping behavior and employs
Internet shopping as the study object. The impacts of consumer characteristics on the
optimal delivery service problems are emphasized. Specifically, in addition to the
determination of the optimal number and duration of service cycles by exploring
demand-supply interaction and time-dependent consumer demand, this part also
investigates how variations in consumer,socioeconomic, temporal and spatial

distributions influence consumer démand and; thereby, profit.

A series of case studies areperformed to'demonstrate the applications of the study.
The results show the benefits in terms of costrsavings brought by centralized production
are larger than the increased transportation cost as a result of decentralization. The
results also show performing an adjustment in response to demand expansion benefits
the manufacturer in way that total production cost is reduced and revenue loss is
avoided, which outweigh the additional costs. The results also show the total monthly
material/product flows between two locations impacts more than their distance does on
the optimal shipping frequency. The results also imply for two locations that are
distant apart; there must be a large economical shipment size or less frequent shipment.
The results show that without considering demand-supply interaction, the manufacturer
typically pursues minimized logistics cost by assuming inelastic customer demand and
applying less delivery service cycles. However, this strategy overestimates customer
demand and yields higher production cost, leading to a reduced profit. In sum, the
results of the study provide a reference for the manufacturer in the decision making
procedures of network planning with economies of scale and demand fluctuations, as

they cope with related benefits and costs.
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CHAPTER 1

Introduction

The general field of interest in this dissertation is supply chain network design
problems for high-tech product manufacturer in response to scale economies and
demand fluctuations. This chapter presents an overview of the motivation, problem
statement, research objectives and approaches, and illustrates the framework of this

dissertation.

1.1 Motivations and background

Manufacturing industries are usually characterized with high capital cost,
especially high-tech products. High ‘capital. costs are usually involved in the
investment of capacity held by high-tech manufacturers, while there exists economies of
scale that allows manufacturers ‘with the large size capacity to operate more efficiently
than those with the small size. “Furthermore, inereased specialization also requires
increased transportation. As a result, the profits may shrink due to the geographical
spread of their suppliers and customers, leading to a higher transportation cost. The
extremely complexity of designing a supply chain network is due to the need for the
configuration to adhere to customer demands, and manufacturer’s capacity and
production must treat demand fluctuations. In supply chain network design phases,
manufacturers merely use average estimated demand patterns, where peak and off-peak
periods might be covered. However, the uncertainty surrounding input parameters
complicates the network design. A flexible supply chain network design that could

better respond to demand fluctuations is more appropriate for operational planning.

High-tech products manufacturing firms are characterized as having high capital

costs due to the expense of sophisticated equipment, land acquisition, and plant and



warehouse construction. For example, semiconductor manufacturers spend almost a
billion US dollars to construct an 8-inch wafer fabrication (FAB), and thirty billion US
dollars for a 12-inch FAB. In addition, it costs more to produce one piece of 12-inch
wafer than it does producing an 8-inch wafer. However, there is an advantage to a
12-inch FAB over an 8-inch FAB in terms of lower per-unit product production costs
due the fact that the production is done on a larger scale, which further leads to a larger

amount of final products.

The benefits brought by operating large-scale manufacturing plants shrink and
production costs dramatically increase when the market demand is insufficient to realize
scale economies and the capacity utilization is low. On the other hand, revenue loss
arises and customer performance downgrades when supply does not match with high
market demand. Strategic supply: chainmetwork design is a prerequisite for efficient
tactical operations, and therefor¢ has a long lasting imipact on the manufacturers. The
majority of supply chain network problems-uses average estimated customer demand
patterns for the manufacturers over:planning years. Unfortunately, unexpected
abnormal events occur and continue for a period of time, which further influence
customer demand and affect network performance. The continued survival and
effectiveness lie in manufacturers’ ability to respond promptly to environmental

turbulence (Lloréns et al., 2005).

Regarding key-components purchase, manufacturers usually maintain their
long-term contractual basis with particular suppliers, in which the total procurement
meets the annual or monthly demands. To remain adaptable, the manufacturer has the
flexibility of scheduling dispatching decisions, i.e. shipping frequency and shipment
size to satisfy their contracted annual or monthly demands. To avoid large inventories

on hand, the manufacturer may determine a more frequent shipment; however, this



results in a higher shipping cost due to shipping diseconomies. On the other hand, to
take advantage of shipping economies, larger shipment sizes are encouraged. However,
this may result in less frequent shipments for an equal total shipment amount, and
consequently resulting in a high inventory cost. These inbound and outbound
dispatching decisions involve the trade-off between inventory and shipping costs as a
result of variations in the total amount of flows between two locations and their spatial
distances. According to Daganzo (1991), some cost components may not be paid by
the manufacture, e.g. the key-component shipping fee and the inventory cost of the final
products at customers. However, an optimization without these costs tends to transfer
the burden of the operation from the manufacturer to the customers and the suppliers,
since their costs are not being considered. In other words, the customers and suppliers

may be less willing to participate in.the operation.

High-tech product demands:from customers in vatrious geographical regions can be
also described as featured with time-dependent distribution. For example, peak
demand likely occurs during Christmas holiday for most western markets, while
customers from China might order more during the Chinese New Year. To prevent
profit loss resulting from stockout, retailers (customers) often increase their inventory
level, which leads to a high inventory cost. To solve this problem and improve
customer service performance, transporting parts in frequent shipments of small lots is
encouraged for the manufacturer. However, this strategy makes it expensive to serve
and deliver product to customers whose distance are far away and the shipment size is
not sufficient to achieve shipping economies. Serving all customers via the same
service delivery strategy without considering variations in cumulative product amount
during each service cycle and geographical spread among plants and customers causes

high logistics cost under time-dependent customer demand. In addition, distribution



network combined with service delivery strategy has a dramatic influence on customer
intention to purchase the manufacturer product, since it determines delay in receiving
products. A trade-off relationship exists between logistics cost, given the sum of
transportation cost and inventory cost, and customer demand for the manufacturer’s
products, such that a low average logistics cost could be realized by a least delivery

cycle but customer intention to purchase is reduced.

Regarding end consumers, the goal of delivery strategies is to reduce logistics costs
and satisfy consumer needs. A crucial factor in optimizing a delivery service strategy
is consumer demand. The assumption of constant demand is highly controversial,
since in reality demand varies with time, space, and consumer socioeconomic
characteristics. In addition to time-dependent consumer demand, consumer demand
for retailers is also characterized by socioeconomic, characteristics, and temporal and
spatial variations. Even when:served by the same: service cycles, consumers with
different characteristics perceive. differently;-which-'may further influence consumer
demand for retailer goods and, thus, profit.. | In summary, how to determine an optimal
delivery service strategy for retailers by considering demand-supply interaction,

time-dependent consumer demand and consumer characteristics has become important.

There have been a lot of studies conducted from different perspective for the
supply chain network design. The emphasized decision variables can be classified as
facility selection, production/shipment quantities and supplier selections, etc.
According to Chopra and Meindl (2004), a supply chain design problem comprises the
decisions regarding the number and location of production facilities, the capacity at
each facility, the assignment of each market region to one or more location and supplier
selection, etc. The most emphasized area in supply chain network design modeling is

to address the coordination of logistics operations and the design of effective production



and distribution systems (e.g. Jayaraman and Pirkul, 2001; Miranda and Garrido, 2004).

There is a large number of optimization based approaches that have been proposed
for the design of supply chain networks (e.g. Arntzen et al., 1995; Jayaraman and Pirkul,
2001; Cohen and Moon, 1991). Others focused on addressing the coordination of
logistics operations in terms of the design of effective production and distribution
systems (e.g. Cohen and Lee, 1988; Vidal and Goetschalckx, 1997; Eskigun et al. 2005).
Due to the fact that large-scale models have proven to be extremely difficult for solving
optimality, most of the research focused on model improvements and algorithms to
solve the developed models. Though such network designs can be seen as bases for
short-run manufacturers’ operational references, the performance results of network
designs, apart from demand fluctuations, were not evaluated yet.

The impacts of uncertainties®on manufacturer’efficiency have prompted a lot of
studies to address stochastic parameters in supply chain planning phase. At the static
and operational levels, there is a great.deal.of research developing production/inventory
models that deal with various uncertain factors in the environment. The attention has
been focused mostly on the probabilistic modeling of the customer demand side (e.g.
Cachon and Fisher, 2000; Gavirneni et al., 1997; Gavirneni, 2002). Other studies dealt
with supply uncertainties, such as machine breakdowns, strikes, shortages in material
availability, etc. The majority of the research employed and modified economic order
quantity (EOQ) formulas to include random variables reflecting different uncertainties
(e.g. Hariga and Haouari, 1999; Wang and Gerchak, 1996). These studies have shown
how the company’s performance is affected by uncertain environment and provided
tools to tackle these uncertainties and ease these influences. The planning frame of
these studies is focused on operational level, rather than strategic design from

systematic perspectives.



Taking another approach, several studies have employed stochastic programming
models to formulate optimization problems that involve uncertain input parameters (e.g.
Santoso et al., 2005; Tsiakis et al., 2001). These studies focused mainly on providing
efficient algorithms that solve the stochastic integer programming models and
presenting computational results on supply chain network involving different number of
nodes, arcs or products. However, abnormal states occur unexpectedly, resulting in
severe demand fluctuations and affecting the performance of a well-design network
within the abnormal state continues. Instead of reconstructing the whole network, it is
important to propose adjustment method for the manufacturer so as to maintain overall
global network design objectives. To summarize, few studies have combined supply
chain network modeling and economy theory to formulate integrated models, as they

cope with scale economies and demand fluctuations,

Numerous studies have addressed supplier s€lection issues in supply chain
management. Some of them investigated the.important factors for selecting suppliers
by collecting data and by conducting ‘hypothesis (e.g. Verma and Pullman, 1998;
Jahnukaiene and Lahti, 1999). The important criteria include price, quality and
delivery reliability, etc. Other studies focused on the quantification-factors and
discussed the supplier selection problem as a cost-minimization formulation problem.
Supplier selections also influence the design problem structure with additional factors
such as geographical location of the suppliers and the manufacturing plants. There are
few studies that consider the effects of spatial distance between suppliers and

manufacturing plants in the optimal supplier selection process.

To sum up, several important issues in the field of supply chain network design
deserve further investigation; however, these issues are rarely emphasized and

theoretically formulated. This study aims to investigate the supply chain network



design problems in response to scale economies and demand fluctuations. A series
models are formulated to systematically investigate the problems and analyze
manufacturers’ decisions on how much and how often raw material/product to
purchase/transport among/to suppliers/customers as well as the optimal capacity and the
production amount for multiple plants in response to production and shipping
economies in an uncertain environment. Furthermore, the scope of the study is
downstream to the end users and aims at optimizing a delivery service strategy for
retailers, i.e. Internet store operators, by considering time-dependent consumer demand,

demand-supply interaction and consumer socioeconomic characteristics.

1.2 Research objectives

The overall goal of this dissertation is tordevelop a better understanding of the
supply chain network problems and to. make -contributions in improving the
performance of the network. =Specifically, the purpose of this dissertation is to
investigate the supply chain design problems for high-tech product manufacturers, as
they capture the impacts of scale economies and demand fluctuations on the network.
In view of this, a series of models are constructed in accordance with issues emphasized.
According to the issues of significance, there are five distinct parts in this dissertation,
which can be addressed as: integrated plant capacity and production model with
economies of scales; incorporating dispatching decisions into supply chain design with
production and shipping economies; reliability evaluation and adjustment for supply
chain network design with demand fluctuations; and determining optimal delivery
service strategies for supply chain network and Internet shopping with time-dependent

demand. These five parts can be illustrated as follows.

In the first part of this dissertation, this study aims at investigating how economies

of scale, customer demand level and investment conditions in different locations



influence the supply chain network design. This study also investigates how the
capacity utilization as well as production amount in a short run and the capacity of
multiple plants in the long run relates and those two factors influence the total cost.
Note that the supply chain network design model developed in this part is the base of
the dissertation. The models in the other parts are developed and extended from this
network design model to tackle and deal with different issues in the supply chain
network.

Following the results from the first part, the second part of this dissertation focuses
on evaluating the reliability of the network design on the condition that abnormal
demand fluctuations occur.  To lessen the impacts of the abnormal demand on the
manufacturer cost, this study further proposes adjustment procedures as they cope with
different abnormal demand fluctuations. The decisions on performing an adjustment
or do nothing are also investigated by comparing between the results if no adjustments
are made and if adjustment are made during the duration of an abnormal state.

In the third part of this dissertation; this study extends the models developed in the
first part to further include the inbound and outbound dispatching decisions with
shipping economies in the supply chain. The impacts of different flow values, total
material/product amount of flows between two locations as well as their spatial distance

on the optimal shipping frequency and size are specially explored.

Then, the forth part of this dissertation turns the emphasis from the strategic level
upon the static level. And the network is narrowed down to two echelons, such as
manufacturing plants and customers in different locations, to focus on the logistics
aspect in the supply chain network. The issue arises from time-dependent demand and
wide spread between the manufacturing plants and customers in different locations.

This part of the dissertation aims at investigating the delivery service problems for the



manufacturer by considering time-dependent demand and demand-supply interactions.
In view of this, the demand-supply interaction models, which optimize a delivery
service strategy for high-tech product manufacturer, are developed as they cope with
time-dependent demand, demand-supply interaction and geographical spreads of plants
and customers. Moreover, the impacts of demand-supply interaction on the optimal
capacity and production allocation among the manufacturing plants are also

investigated.

Furthermore, in the fifth part of the dissertation, this study focuses on the end
consumer shopping behavior and employs Internet shopping as the study object. The
impacts of consumer characteristics on the optimal delivery service problems are
emphasized in this part. Specifically, in addition to the determination of the optimal
number and duration of service ;eycles _bywexploring demand-supply interaction and
time-dependent consumer demand, this part also “investigates how variations in
consumer socioeconomic, temporal: and.spatial’ distributions influence consumer

demand and, thereby, profit.

Specifically, the objectives and contributions of this dissertation are addressed,

respectively, as follows.

(1) This study constructs a nonlinear MIP model which attempts to minimize the
average total cost per unit-product subject to constraints such as satisfying customer
demand in various geographic regions, relationship between supply flows and
demand flows within the physical configuration and the production limitation of
different-size plants. A heuristic solution approach, based on the simulated
annealing (SA), is also developed to solve the optimal problem. This study shows
how economies of scale can be considered in solving the capacity and production

problems. This study also shows the capacity utilization as well as production



2)

€)

(4)

allocation among the manufacturing plants in a short run and the size of capacity of
multiple plants in a long run are related and those two factors influence the total

cost.

This study develops a series models to systematically investigate the supply chain
design problems in response to production economies scale and demand
fluctuations. A reliability evaluation method is developed in responding different
demand fluctuations. The reliability in the study is defined, as the probability that
initially proposed capacity of the manufacturing plant will operate effectively under
demand fluctuations. This study further formulates supply chain network
adjustment models with respect to demand expansion and shrinkage, as they cope
with different fluctuant demands combined with various durations where the
abnormal events continue. This_studyshews how the advantage and disadvantage
brought by the adjustment can be carefully considered in advance when solving the
network adjustment problems:. This.study also shows how the duration of an
abnormal state and the related allocation:costs influence the judgment on whether

or not performing an adjustment.

This study constructed a MIP model to incorporate the inbound and outbound
dispatching decisions into a supply chain network design problem. This study
also explores the impacts of different flow values, total amount of flows between
two locations as well as their spatial distance on the optimal shipping frequency and
size. Moreover, the impacts of the key-component price by suppliers, which are
located at different distance to the plants, on the optimal supplier selection are also

investigated.

This study explores how to optimize not only decisions on the first part but also the

delivery service strategy for the manufacturer in terms of service cycle frequency
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and duration for different customers in various regions as well as their
corresponding plant assignments in response to time and spatial dependent
customer demand. Furthermore, the impacts of demand-supply interaction with
on the optimal capacity and production of the manufacturing plants are

investigated.

This study develops a mathematical programming model that can determine the
optimal number and duration of service cycles for Internet shopping by exploring
demand-supply interaction and time-dependent consumer demand. In the demand
side, this study formulates a consumer choice probability model for choosing
between Internet and conventional shopping modes. Furthermore, this study
investigates how consumer demand, for goods from Internet stores influences
logistics costs for Internet store operators. by formulating average logistics cost for
both uniform and discriminating service strategies. The optimal service strategy is
also obtained by comparing profit between using discriminating and uniform

service strategies.

1.3 Research scope and approaches

This study aims at developing a series supply chain network models for a high-tech

product manufacturer who operates multiple plants at different regions. According to

the specific issues emphasized in different parts, the planning frame of this dissertation

includes strategic level and timeframe between tactic and operational levels. The

research scope is shown as Figure 1.1.
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(3) Customers

(1) Raw material vendor (2) Manufacturing plant (distributor/retailer) (4) End user (consumer)

"

Figure 1.1 The research scope
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The research approach with respect to different parts is described as follows.
Following past literature in the field of supply chain network design problems, the first
and third parts of this dissertation apply mixed integer programming (MIP) formulations
and attempt to minimize the average total cost per unit product subject to constraints
such as satisfying customer demand in various geographic regions, relationships
between supply flows and demand flows within the physical configuration and the
production limitation of different size plants. The average total cost per unit-product
in the study is given by the sum of inbound, production and outbound cost and

constructed, respectively by analytical approaches.

The second part devises a reliability evaluation method for the manufacturer in
assessing how well the results of a supply chain network design perform under potential
abnormal demand fluctuations. In the study;.the capacity utilization is assumed to be
the basic criterion for evaluating ‘the reliability of “the manufacturing plants under
demand fluctuations. To lessen“the impacts-of the unreliable situations on the overall
performance, this study investigates the advantage and disadvantage brought by the
adjustment decisions under different fluctuant demand, by analytical approaches.
Finally, this study develops the mathematical programming models and proposes
adjustment procedures for the supply chain network for determining the optimal
adjustment decisions, as they cope with different abnormal demand fluctuations. The
judgment on performing an adjustment or do nothing is also investigated by comparing
between the results if no adjustments are made and if adjustment are made during the

duration of an abnormal state.

In the forth part of this dissertation, this study integrates the logistics aspect in the
supply chain and customer demand analysis into one model, and aims at analyzing the

impacts of service delivery strategy on customer choices and customer demands for the
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manufacturer’s product with time and spatial dependent demand, and to incorporate
demand-supply interaction into network design. The logistics cost, including
transportation cost and inventory cost, are formulated by analytical approaches to tackle
the impacts of time-dependent demand from various customers, service frequencies
with respect to different customers and different assignments of manufacturing plants to
customers on manufacturer total costs. This study further deals with dynamic and
time-sensitive customer demand, and investigate how service cycle durations affects
customer demand for manufacturer products. This study applies a binary logit model
to determine customer choice probabilities for manufacturer products. The dependent
variables include product prices and delay in receiving products from the manufacturer,
where these factors are influenced by the manufacturer’s delivery service strategy.
Furthermore, a nonlinear mixed.tinteger programming model is formulated for
determining the optimal number-and duration .of service cycles for different customers
and the plants assignment decisions, by maximizing profit for the manufacturer subject

to demand-supply equality.

In the fifth part of this dissertation, this study applies a binary logit model to
determine consumer choice probabilities for both Internet and conventional shopping.
The model further captures variations in consumer characteristics by employing
consumer income distribution and individual logit model to estimate and aggregate the
expected choice probability of choosing Internet shopping for all consumers. Then,
the average logistics cost functions for discriminating service strategy is formulated by
an analytical approach. Because of various numbers of orders accumulating during
different service cycles during the entire study period, the average logistics cost during
the study period is estimated using the weighting average method based on service cycle

number and duration. Combing the choice probability function with the average
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logistics cost function, this study further devises a mathematical programming model
for determining the optimal number and duration of service cycles during the entire
study period by considering the relationship between consumer demand and logistics
costs and assuming that Internet store operators are seeking to maximize profit. Due to
the complexity in solving a nonlinear programming problem, some approximate
methods are required and the greedy algorithm is applied in this study due to its simple
implementation and speed. The initial values, including the number and duration of
service cycles, are randomly generated. Then the greedy algorithm is applied to obtain
the best results for service duration for a specific number of service cycles. To verify
this optimal solution, this study tests a variety of initial values for the duration of a
specific number of service cycles. After several trials, the optimal duration for a

specific number of service cycles can then be determined.

In sum, this dissertation applies network design: modeling techniques, non-linear
mixed integer programming formulation, disaggregate choice and demand forecast
models to develop a series models on‘analyzing high-tech firms’ decision, such as the
plant capacity and production allocation among the manufacturing plants, dispatching
decisions, reliability evaluation and adjustment and delivery service strategies, as they
cope with production and shipping economies, demand characteristics, demand-supply
interaction in an uncertain environment. The objectives functions, costs and
constraints considered in different parts of this dissertation are listed in Table 1.1.
Moreover, the decision variables with respect to the mathematical programming models

developed in different parts are shown in Table 1.2.
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Table 1.1 The objectives functions, costs and constraints considered in different parts of

this dissertation

Objective

function

Cost functions Constraints

Part 1

An integrated plant capacity
and production model with

economies of scales

Part 2.1

Supply chain network
adjustment model in
response to demand
expansion

Part 2.2

Supply chain network
adjustment model in
response to demand
shrinkage

Part 3

Incorporating dispatching
decisions into supply chain

network design with

production and shipping

economies

Minimize the total
average cost per
unit product for
high-tech product
manufacturers

Minimize total
adjustment cost
over months with
expansive demand

Minimize total
adjustment cost
over months with
shrunk demand

Minimize the total
average cost per
unit product for
high-tech product
manufacturers

(1) Fixed cost (1) Customer demand

(2) Relationships
between supply and
demand flows

(2) Inbound cost: raw
material purchase cost and
transportation cost

(3) Production cost: capital (3) Demand flows

cost and variable production within the physical

cost configuration

(4) Outbound cost: (4) Production limitation

transportation cost of different size

plants

(1) Allocation cost (1) Relationships

(2) Extra material purchase between adjusted and
cost unadjusted

(3)_Difference in production production amount
cost (2) Outsourcing amount

(4)“Penalty cost limitations

(5)-~Transportation cost

(1)-Allocation cost (1) Relationships

(2) Difference in production between adjusted and
cost unadjusted production

(3) Transportation cost amount

(1) Fixed cost (1) Customer demand

(2) Inbound cost: purchase
cost, shipping cost and
inventory cost

(2) Relationships
between supply and
demand flows

(3) Demand flows
within the physical
configuration

(3) Production cost

(4) Outbound cost: shipping
cost and inventory cost
(4) Production limitation
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Table 1.1 (continued)

Objective Cost functions

function

Constraints

Part 4

Optimal delivery service
strategy for high-tech
product manufacturers with
time-dependent demand

Part 5

Optimal delivery service
strategy for Internet
shopping with
time-dependent demand

Maximize profit of (1) Production cost
the manufacturer o
throughout the (2) Logistics cost:

entire study period transportation cost and
inventory cost

Maximize profit of (1) Transportation cost
the Internet store

operator (2) Inventory cost
throughout the

entire study period

(1) Production limitation

(2) Relationships
between the study
period and service
cycles

Relationships between
the study period and
service cycles
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Table 1.2 The decision variables with respect to the mathematical programming models

developed in different parts

Decision variables

Part 1

An integrated plant capacity and production model

()

with economies of scales

@)

(€)

4)

Part2.1

Supply chain network adjustment model in response )
2
3)

to demand expansion

Part 2.2
Supply chain network adjustment model:in response M)
to demand shrinkage ()
Part 3

Incorporating dispatching decisions into supply (1)
chain network design with production and shipping
economies

2

3)

“)

The capacity and production amount of the
manufacturing plants

The raw material amount from the vendors to
the manufacturing plants

Which manufacturing plants should produce
how much production to serve customers in
different regions

The optimal capacity utilization of the
manufacturing plants and the optimal number

of active vendors

Production reallocation among the
manufacturing plants

‘The optimal outsourcing firms as well as the
outsourcing amount

Whether or not performing an adjustment

Production reallocation among the
manufacturing plants

Whether or not performing an adjustment

The capacity and monthly production amount
of the manufacturing plants

The monthly procurement amount of
key-component from suppliers to plants

Which manufacturing plants should produce
how much production to serve customers in
different regions

The average shipping frequency and shipment
size between different combinations of
suppliers and plants and between those of plants

to customers
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Table 1.2 (continued)

Decision variables

Part 4
Optimal delivery service strategy for high-tech (1) The optimal capacity and production amount of
product manufacturers with time-dependent demand the manufacturing plants
(2) The optimal delivery service cycles and
durations for the customers in different regions
(3) The assignments of plants to customers during
each service cycle
Part 5
Optimal delivery service strategy for Internet (1) The optimal delivery service cycles during the
shopping with time-dependent demand study period

(2) The time when the operator orders batch of
each service cycle
(3) The number of items ordered in each batch

ordering
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1.4 Dissertation framework

The framework and organization of this dissertation is shown in Figure 1.2.
Figure 1.2 depicts the content and models of each part of this dissertation. Chapter 1
illustrates the overview of this dissertation in terms of motivations and background,
objectives, spectrum and approach of the framework. Chapter 2 reviews literature in
the relevant topics and distinguishes the study from past studies, in which the
contributions of each part of this dissertation are also emphasized. Chapter 3 presents
a basic supply chain network design model, where the decisions on plant capacity and
production amount of the manufacturing plants are emphasized. In the model, how the
demand from customers in different locations, investment conditions and scale
economies influence the capacity andproduction allocation among the manufacturing
plants are analyzed. The supply chain network.design model is formulated as a MIP
model, which attempts to minimize the average total cost per unit-product subject to
constraints such as satisfying customer demand in various geographic regions,
relationships between supply flows and demand flows within the physical configuration

and the production limitation of different size plants.

Chapter 4 evaluates the performance of the results from Chapter 3 on condition
that abnormal demand fluctuations occur. In accordance with the unreliable situations,
the adjustment strategy is proposed, where the pro and con of the adjustment are
analyzed by analytical approaches. Two mathematical programming models with
respect to demand expansion and demand shrinkage are further developed to determine
the optimal adjustment decisions, regarding production reallocations, manufacturing
plants-customers reassignments and outsourcing firms selections, etc. The judgment
on performing an adjustment or do nothing is also investigated by comparing between

the results if no adjustments are made and if adjustment are made during the duration of
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an abnormal state.

Chapter 5 focuses on investigating supply chain network design problems when
incorporating inbound and outbound dispatching decisions by considering production
and shipping economies. A MIP model is also formulated to determine not only
decisions as Chapter 3 but also to determine the optimal shipping size and frequency
between supply and demand by minimizing the sum of the average inbound, production
and outbound costs. In the model, the impacts on the optimal shipping frequency and
shipment size and resulting costs because of the geographical combinations of suppliers
and manufacturing plants and the total monthly procurement/product amount between
them are analyzed. Moreover, the impacts of the key-component price by suppliers,
which are located at different distance to the manufacturing plants, on the optimal

supplier selection are also investigated.

Chapters 6 and 7 focuses on the logistics issues with regard to delivery service
strategies in the supply chain Wwith time-dependent demand. Time and spatial
dependent customer demand are first analyzed in Chapter 6. Then, this study
formulates manufacturer cost functions as they cope with time and spatial dependent
customer demand, where the impacts of production and transportation cost economies
on total costs are also incorporated. The customer choice probability are formulated to
capture the influences of delay in receiving products from the manufacturer, depended
on the spatial distance and service cycles, and the product price charged by the
manufacturer. The customer demand model is further estimated by aggregating time
and spatial dependent customer demand. Combining with the customer demand
function and the manufacturer cost function, a mathematical programming model is
formulated for determining an optimal delivery service strategy in terms of the number

and duration of service cycles for various customers and the assignments of the
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manufacturing plants in serving these customers by taking demand-supply interaction
into account. The demand-supply interactions on the delivery service strategy
programming are discussed. Moreover, the impacts of demand-supply interaction on
the determinations of capacity and production of the manufacturing plants are also

investigated.

Turning the focus from the customers (retailers) into end users, Chapter 7 designs a
consumer choice probability model for choosing between Internet and conventional
shopping modes, by taking various factors into account. These factors include
differences in consumer socioeconomic characteristics, temporal variations in ordering
time of consumer goods, and spatial variations in consumer locations and competitions
between Internet stores and retail stores in urban and non-urban areas. Moreover, total
customer demand for Internet store goodssduring different service cycles are estimated
by multiplying time-dependent:= consumer demand dnd the expected probability of
selecting Internet shopping. Régarding the-supply side, the logistics cost function,
including transportation cost and inventory cost, is developed to analyze how consumer
demand for goods influences logistics cost for Internet store operators. Combining
with consumer choice model and operator logistic cost function, the optimal delivery
service strategy problem is formulated as a mathematical programming model by

maximizing operator profit during the study period.
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Figure 1.3 depicts the research processes and the steps can be expressed in detail as

follows.
1. Define the research problems

According to the motivation and backgrounds, the research problems, issues, scope

and objectives are first identified.
2. Literature review

To better understand the problems, this dissertation comprehensively reviews the
existing literature in the relevant topics so as to understand the important factors when
designing the supply chain network and when determining the optimal delivery service

strategy, and to illuminate the contributions of this research.
3. Customer demand and manufacturer cost analysis

Next, customer demand characteristics are investigated. From long-term planning
perspectives, events as well assimportant-factors, affecting customer demand are
identified. Meanwhile, the derivative costs 1 serving customers are also investigated.

These demand and supply analysis are the-fundamentals of the model constructions.
4.  Supply chain network design model

Based on the analysis in Step 3, the essential cost functions can be formulated.
Employing the mixed integer programming models and related analytical techniques,
this dissertation formulates a series of supply chain network design models, in which

various topics are emphasized.
4.1 Reliability evaluation method

This dissertation further discusses how the performance of the manufacturing
plants will be influenced by demand fluctuations by means of investigating the
relationships between customer demand and production allocation. After some
assumptions are made, this dissertation further formulates reliability evaluation method
so as to evaluate the performance of the manufacturing plants on condition that an

abnormal event occurs.

4.2 Adjustment method
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In view of how economies of scale and customer demand affect manufacturer costs,
various adjustment methods in accordance with different fluctuant demand are proposed.
Furthermore, the advantage and disadvantage of the proposed adjustment methods are

also discussed by constructing analytical models.
4.3 Supply chain network adjustment model

The mathematical programming model is employed herein to determine the
optimal adjustment decisions. And the judgment of do-nothing and adjustment is also
done by comparing the objective functions under condition that if and if not an

adjustment is performed.
5. Demand-supply interaction

The other major part of this dissertation aims at designing the optimal delivery
service strategy under different pattern of fluctuant demand, i.e. time-dependent
customer demand. Based on the analysis_in Step 3, how the customer demand is
affected by the service provided and'the interrelationship between customer demand and

manufacturer costs can be analyzed and developed by-analytical approaches.
6. Mathematical programming model for the optimal delivery service strategy

The demand-supply interactions on the delivery service strategy programming are
analyzed, by integrating supply and demand models and using an algorithm to solve the

problem.
7.  Case studies and sensitivity analysis

Case studies and sensitivity analysis are provided in each parts of this dissertation
to illustrate the application of the models and to demonstrate the proposed models’

effectiveness.
8.  Conclusions and suggestions

Finally, the summary, conclusions and the future studies of this dissertation are

presented.
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CHAPTER 2

Literature review

This chapter reviews the literature on related areas including: 2.1 Supply chain
management related issues; 2.2 Supply chain network design models; 2.3 Logistics and
transportation issues in supply chain; 2.4 Internet shopping and physical distribution
problems; 2.5 MIP formulations. Issues, theoretical methods and contributions of the
relevant studies are discusses and summarized in this chapter. Furthermore, the

contributions of the study are also clarified in Section 2.6.

2.1 Supply chain management related issues

Since the introduction of the term ‘‘supply chain management” (SCM) in 1982, it
has received a lot of interests .both inTtheéliterature and practice. According to
Christopher (1998), a supply chain(SC) can be defined as a network of organizations
that are involved, through upstream and.downstream-linkages in the different processes
and activities that produce value in the form'of products and services in the hand of the
ultimate consumers. Therefore, supply chain management is the task of integrating
materials, information and financial flows in order to fulfill customer demands with the
aim of improving competitiveness of the SC as a whole (Stadtler, 2005). Furthermore,
supply chain management can be viewed as logistics outside the firm to include
customer and suppliers (Lamber and Cooper, 2000). The planning tasks can be
classified to different levels depending on the time horizon, namely strategic, tactical
and operational. The operational planning includes vehicle routing, scheduling, etc;
the tactical planning involves the procurement, inventory and transportation system, etc;
and the strategic planning includes the determinations of plant sites, the number of

plants, etc. Specifically, the main determinations of strategic level include (1) the
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number, location, capacity of manufacturing plants; (2) the active suppliers; (3) the
amount of raw materials and products to produce and ship among suppliers, plants and
customers, etc (Vidal and Goetschalckx, 1997). In practice, the short-term operational

flexibility is directly related to the strategic decisions.

There exist different areas of literature associated with supply chain management,
such as strategic management, logistics, relationships/partnerships, etc. Among those
studies, a lot of studies have concerned about demand amplified, i.e. bullwhip effect in a
supply chain, which can be described as the variability of orders increases from down
stream to upstream (Simchi-Levi et al., 2000). This phenomenon makes supply chain
planning difficult. Different ordering policies were considered and discussed to reduce
the order variance. Geary et al. (2006). .identified major causes of bullwhip and
provided several principles to reduce bullwhip,effect. A great deal of literature has
investigated the impacts of different ordering policies on the order variability and the
most mentioned policies are (s, “S) ordering policy (e.g. Kelle and Milne, 1999). In
addition to quantify bullwhip effect, some studies proposed different strategies to reduce
bullwhip effect, such as accurate demand forecasts (e.g. Metters, 1997) and application
of information flows technique (e.g. Cachon and Fisher, 2000). Bourland et al. (1996)
exploited timely demand information (TDI) to reduce inventories. The results show
that inventory-related benefits are sensitive to demand variability, the service level
provided by suppliers, and the degree to which the order and production cycles are out
of phase. Berman and Kim (2001) considered a problem of dynamic replenishment of
parts in the supply chain consisting of single class of customers, company, and supplier.
To sum up, the above literature can be classified as production-inventory models that
involve uncertainties in the environment. The most attentions focused on the

probabilistic modeling of the customer demand side. The timeframe of the literature
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can be classified as operational planning in the supply chain management.

In another line of research, the economic order quantity (EOQ) or lot sizes
decisions have been discussed extensively in the inventory control literature (e.g. Silver
and Peterson, 1985; Wagner, 1980). Schniderjans and Cao (2000) and Fazel et al.
(1998) presented an analytical model to evaluate and compare the total purchasing and
inventory cost associated with just in time (JIT) and EOQ. The proposed model
expanded the classical EOQ to include a quantity discount scheme. Other studies
relaxed the assumption from deterministic demand to investigate the impacts of
stochastic demand on the optimal ordering policy (e.g. Haneveld and Teunter, 1998).
Other studies assumed a stochastic supply and discussed the optimal ordering policy
with EOQ (e.g. Hariga and Haouari, 1999; Wang and Gerchak, 1996). Other studies
have applied fuzzy theory to investigate thesoptimal ordering policy, such as Vujosevi¢
et al. (1996) assumed both inventory cost and ordering cost as two fuzzy variable and
Roy and Maiti (1997) constructéd a fuzzy ' EOQ model with time-dependent unit cost
under limited storage capacity. In sum; past FOQ models are mainly based on the time

frame, with the active suppliers being known and given.

There are still some studies aiming at reviewing literature about supply chain
management. Croom et al. (2000) considered the bodies of literature associated with
supply chain management and discussed the different perspectives adopted in different
studies. Beamon (1998) provided a focused review of literature in multi-stage supply
chain modeling. According to Beamon (1998), the four categories of modeling
approach are (1) deterministic analytical models, in which the variables are known and
specified, (2) stochastic analytical models, where at least one of the variables is
unknown, and is assumed to follow a particular probability distribution, (3) economic

models, and (4) simulation models.
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The demand forecast methods and information flows technique have been
demonstrated important factors influencing inventory cost and customer service
performance in past literature. Most of the studies aimed at short-term demand
uncertainty and the influencing on company’s operational efficiency. However, the
extent to which the economic fluctuation influences the market demand of high-tech
product is quite apparent. And the duration of different economic fluctuations during
the planning year is quite different, which may further influences service quality and
cost economies. Though some conventional statistical forecasting models can be
applied to generate future customer demand, the fluctuations surrounding customer

demand may affect accuracy of forecasted results.

In addition to apply accurate forecast.methods, some studies aimed at investigate
the relationship between supply side uncertainty and ordering policy. Whybark and
William (1976) presented a framework for characterizing and studying the uncertainty
which affect inventory level investment and service level performance in a material
requirements planning (MRP) system. « This study also showed how safety stock or
safety lead time can be used for buffering a part against uncertainty. The results
showed that under conditions of uncertainty in timing, safety lead time is the preferred
technique, while safety stock is preferred under conditions of quantity uncertainty.
Petrovic et al. (1998) represented supply chain fuzzy models and a corresponding
simulator, developed to assist in decision making on operational supply chain control
parameters in an uncertain environment. The objective in this study is to determine the
stock levels and order quantities for each inventory in a supply chain during a finite
time horizon to obtain an acceptable delivery performance at a reasonable total cost for
the whole supply chain. Giillii et al. (1999) analyzed a periodic review, single-item

inventory model under supply uncertainty. In the study, the uncertainty in supply was
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modeled using a three-point probability mass function and the supply is either
completely available, partially available, or the supply is unavailable. = Machine
breakdowns, shortages in the capacity of the supplier, strikes, etc., are possible causes of
uncertainty in supply. An algorithm was also given in computing the optimal

inventory levels over the planning horizon.

Zimmer (2002) considered a supply chain, consisting of one producer and one
supplier in a just in time environment, where the supply of component is uncertain due
to uncertain availability of the capacity of the supplier. This study also proposed a
coordination mechanism that allows the system to perform just as well as a centralized
one. Moinzadeh (2002) considered a supply chain model consisting of a single
product, one supplier and multiple retailers and studied the benefits of
information-sharing in a supplychain scharacterized as the availability of online
information of retailers’ inventory positions-to the supplier. Maia and Qassim (1999)
presented an analytical solution for an optimization model that determines whenever it
is preferable to incur inventory cost or opportunity costs. The results showed that

products should be stocked only if opportunity costs are higher than inventory costs.

In another line of research, operational issues in the supply chain for high-tech
manufacturing industries have been intensively discussed. Chen et al. (2005)
considered production scheduling planning and developed a capacity planning system,
which considered the capacity and capability of equipments for multiple semiconductor
manufacturing FABs. In their study, “Capacity” refers to the upper threshold on the
load on an operating unit and “Capability” refers to a specific processing capability of a
machine, respectively. Due to there are often capacity shortages, Mallik and Harker
(2004) proposed a game theoretic model to deal with the conflicts in forecasting and

capacity allocation to product lines between product and manufacturing managers in a
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semiconductor manufacturing firm. The result shows that truthful reports of demand
and capacities by the managers can be induced through a bonus. Since the capacity
expansion is costly and time consuming, it is important to incorporate the economies of

scale and demand fluctuation into the production-distribution planning phase.

Numerous studies have addressed supplier selection issues in supply chain
management. Some of them investigated the important factors for selecting suppliers
by collecting data and by conducting hypothesis (e.g. Verma and Pullman, 1998;
Jahnukaiene and Lahti, 1999). The important criteria include price, quality and
delivery reliability, etc. Other studies focused on the quantification-factors and
discussed the supplier selection problem as a cost-minimization formulation problem.
Supplier selections also influence the design, problem structure with additional factors
such as geographical location of the suppliersrand the manufacturing plants. There are
few studies that consider the- effects of ‘spatial distance between suppliers and
manufacturing plants in the optimal supplier'selection process. Table 2.1 summarizes

main issues and results in the existing literature on supply chain management.

Summary:

There are extensive studies addressing the impacts of uncertainty factors on
company’s cost and customer service level performance with respect to demand and
supply uncertainty. The literature also proposed various strategies to reduce the
impacts of uncertainty under different scenarios. These strategies include accurate
forecast methods, usage of information exchange system, etc. Since the demand
uncertainty has been proven the source of downgrading the performance of a supply
chain, forecast methods are emphasized in some studies. Most of these studies focused
on the short-term operational issues and constructed analytical models in terms of

operation research. However, the performance resulting from demand fluctuation was
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seldom evaluated based on an economic theory. In addition, past EOQ models are
mainly based on the time frame, with the active suppliers being known and given.
Few studies have considered the impact on the optimal shipping frequency and size and
resulting costs because of geographical combinations of suppliers and manufacturing
plants and the total flows between them. This study formulates a series model to
investigate the above issues. This study aims at investigating strategic issues of supply
chain management. This study also incorporates fluctuations in customer demand into
designing a supply chain network and proposes different fine-tune strategies in response

to short-term fluctuations.
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Table 2.1 Main issues, features and results in literature on supply chain management

related issues

Authors Main issues and features

Important results

Christopher (1998), Discuss the issues and
Stadtler (2005), modeling approaches in

Lamber and Cooper supply chain management
(2000)

Croom et al. (2000), Literature review

Beamon (1998)

Metters (1997), Quality bullwhip effect and
Cachon and Fisher  propose strategies to reduce
(2000) bullwhip effect

Fazel et al. (1998), The impacts of JIT purchasing
Schniederjans and  and EOQ with a pricesdiscount
Cao (2002) on the total inveéntory cost

Gilli et al. (1999)  Periodic reviéw, single-item
inventory model under supply
uncertainty

Maia and Qassim  Develop an analytical solution

(1999) for determining whenever it is
preferable incurring inventory
cost or opportunity costs

Mallik and Harker ~ Deal with conflicts in

(2004) forecasting and capacity
allocation to product lines
between managers from the
operational level

Verma and Pullman Investigate important factors

(1998), Jahnukaiene for selecting suppliers by

and Lahti (1999) collecting data and conducting
hypothesis

Define supply chain, supply
chain management, etc

Four categories of modeling
approaches in supply chain
management: (1) deterministic,
(2) stochastic, (3) economic, and
(4) simulation models

Accurate demand forecasts and
apply information technique can
effectively reduce the impacts of
bullwhip effects

The higher the value of the item,
the carrying cost, or the ordering
cost associated with the EOQ
model, and the smaller the
quantity discount rate, the wider
will be the range of demand for
which JIT remains preferable

Focus on developing an efficient
algorithm in solving the optimal
inventory levels

Products should be stock only if
opportunity costs are higher than
inventory cost

Truthful reports of demand and
capacities can be induced
through a bonus

The important criteria are price,
quality and delivery reliability,
etc

Source: this study
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2.2 Supply chain network design models

There have been a lot of studies conducted from different perspective for the
supply chain network design. The emphasized decision variables can be classified as
facility selection, production/shipment quantities and supplier selections, etc.
According to Vial and Goetschalckx (1997), the most comprehensive strategic problems
is the optimization of the complete supply chain. The strategic design of a supply

chain requires managers to determine:

the number, location, capacity, and type of manufacturing plants and warehouse to

use;

* the set of suppliers to select;

* the transportation channels to use;

* the amount of raw materials' and products_to produce and ship among suppliers,

plants, warehouses, and customers;.and

* the amount of raw materials, intermediate products, and finished goods to hold at

various location in the inventory.

Many critical reviews of supply chain network design with emphasize on different
perspective can be found. Vidal and Goetschalckx (1997) reviewed strategic
production-distribution models. The review was classified into four sections: previous
reviews, optimizations models, additional issues for modeling, and case studies and
applications. Geoffrion and Powers (1995) reviewed the evolution of the strategic
production and distribution models since 1970. Beamon (1998) reviewed strategic,
stochastic, simulation, and economic models in the supply chain literature. Meixell

and Gargeya (2005) focused on the model-based literature that addresses the global
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supply chain design problems. In their paper, they mentioned that global supply chain
models need to address the composite supply chain design problem by extending

models to include both internal manufacturing and external supplier locations.

Arntzen et al. (1995) developed a mixed integer programming (MIP) model
considering multiple products, facilities, time periods, and transportation modes. The
model aimed at minimizing a composite function of activity days and total production
costs, inventory, transportation costs, etc. All the costs considered in the objective
function are weighted by a factor «. The objective function represents a weighted
combination of time and cost so that either measure or both can be used to derive
recommendations (Meixell and Gargeya, 2005). As Vidal and Goetschalckx (1997)
mentioned, the main contribution of the study is the inclusion of offset trade, local
content, and duty considerations*in anwinternational supply chain model that also

includes bill of material (BOM) constraints.

Nagurney et al. (2002, 20035 2005) considered many decision-makers and their
independent behaviors in the supply chain and developed network equilibrium models
for a competitive supply chain comprised of manufacturer, retailers and customers. In
the model, transportation links are associated with different costs. Their models used a
variational inequality formulation to derive product shipments and price pattern in the

network.

Santoso et al. (2005) proposed a stochastic programming model and solution
algorithm for solving supply chain network design problems under uncertainty. The
proposed method integrates an accelerated decomposition scheme along with the
developed sample average approximation (SAA) method. Goetschalckx et al. (2002)
integrated the design of strategic global supply chain network with the determination of

tactical production-distribution allocations and transfer prices. The results showed that

36



more savings in computing times can be achieved by simultaneously determining
strategic and tactical decisions as compared to the sequential decision process where
first the plants are located and then the tactical production-distribution flows are

determined.

Eskigun et al. (2005) considered the design of an outbound supply chain network
considering lead times, location of distribution facilities and choice of transportation
mode. The objective function is to minimize total cost, given by the sum of
transportation cost, lead-time cost and fixed cost. In the model, the varying capital and
production costs of plants in different regions are neglected and the impacts of spatial
distance between two locations on transit time and transportation cost are not

mentioned.

From reviewing the literature about supply. chain-network design to date, the mixed
integer programming (MIP) formulation” has been~intensively used to investigate
strategic issues of supply chain management (e.g. Brown et al. 1987; Goetschalckx et al.,
2002). Due to large-scale models have been proven to be extremely difficult to solve
optimality, solution methods and computational experiences are necessary. Brimberg
and ReVelle (1998) formulated a bi-objective plant location models for analyzing the
trade-off between total cost and the proportion of the market to be served. In this study,
partial satisfaction of demand is considered rather than serving all demand in the
traditional plant location problem. The weighted method approach is investigated for
obtaining efficient solutions of the model. Jayaraman and Pirkul (2001) extended the
plant location problem to incorporate the tactical production-distribution problem for
multiple commodities. In the model, a facility or warehouse is constrained to serve
one single customer. Miranda and Garrido (2004) proposed a simultaneous approach

to incorporate inventory control decision into typical facility location models. Crama
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et al. (2004) constructed a nonlinear MIP model to determine the optimal procurement

decisions in the presence of total quantity discounts and alternative product recipes.

Several studies have recognized the benefits of centralized production. Cohen
and Moon (1990) analyzed the impacts of scale and scope cost behavior on the optimal
design of supply chain systems. The results showed that there are trade-offs between
various costs, such as the fact that the effect of decreasing the fixed cost on the number
of plants is largely offset by an increase in inbound cost. Cohen and Moon (1991)
formulated a MIP model to determine the optimal assignment of product lines and
volumes to a set of capacitated plants. In the model, the capacity of plants is given and
fixed and the production cost functions exhibit concavity with respect to each product
line volume to reflect economies of scale. Moreover, correlation and regression
analyses are employed to analyze:the relationship between the cost parameters. The
results indicate that focused plants arise in situations with high economies of scale.
However, although the capacity utilization.of different-size plants will result in various
influences on their total cost, its extent'is seldom discussed. The models constructed
are usually large-scale linear or nonlinear MIP formulations, which are difficult to solve.
Therefore, these studies focused mainly on developing an approximation procedure and

compared the efficiency of their proposed heuristics with others.

Many solution algorithms have been developed for handling linear MIP models,
such as linear approximation, Lagrangian relaxation, branch-and-bound, Benders
decomposition and primal decomposition methods (e.g. Jayaraman and Pirkul, 2001;
Miranda and Garrido, 2004). Goetschalckx et al. (1994, 1995) presented a generic
model for the strategic design of production-distribution systems, including visual
capabilities. Based on the generic model, they introduced algorithm components that

significantly reduce the solution times compared to standard MIP solutions by a
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commercial solver. Cohen and Moon (1991) provided an algorithm to solve
production-distribution models with piecewise linear concave costs of production. In
the algorithm, a variant of the generalized Benders Decomposition technique was
applied. Table 2.2 summarizes main issues and features and important results in the

existing literature on supply chain network design models.
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Table 2.2 Main issues, features and results in literature on supply chain network design

models

Authors Main issues and features Important results

Vidal and Review supply chain design Global supply chain models

Goetschalckx models need to address the composite

(1997), Geoftrion supply chain problem by

and Power (1995), extending models to include

Gargeya (2005) both internal manufacturing and

external supplier locations

Arntzen et al. Develop a MIP model The main contribution is the

(1995) considering multiple products, inclusion of offset trade, local
facilities, time periods and content and duty considerations
transportation modes

Nagurney et al. Consider many decision-makers ~ Use a variational inequality

(2002, 2003, 2005) and independent behaviors for a
competitive supply chain

Santoso et al. Propose a stochastic

(2005) programming model and-solution
algorithm for-supply chain
design problems under

uncertainty

Goetschalckx et al. Integrate the design.of strategic

(2002) global supply chain network with
the determination of tactical
production-distribution

allocations

Eskigun et al. Design an outbound supply chain

(2005) network, considering lead times,
location and choice of
transportation modes

Cohen and Moon Analyze the impacts of scale and
(1990) scope cost behavior on the
optimal design of supply chain

systems

Cohen and Moon Determine the optimal
(1991) assignment of product lines and
volumes to a set of capacitated

plants

formulation to derive product
shipments and price pattern in
the network

Focus on developing efficient
algorithms in solving the
proposed models

Focus on developing efficient
algorithms in solving the

proposed models

Focus on developing efficient
algorithms in solving the
proposed models

The effect of decreasing fixed
cost on the number of plants is
largely offset by an increased
inbound costs

Focused plants arise in
situations with high economies
of scale

Source: this study



Summary:

There is vast literature conducting supply chain network problems. The majority
of this research focused on the production-distribution models. And the mixed integer
programming (MIP) method has been extensively used to investigate the problems.
Because these models constructed are usually large-scale linear or nonlinear MIP
formulations, which are difficult to solve. These studies focused mainly on developing
and approximation procedure and comparing the efficiency of their proposed heuristics
with others. In addition, though the capacity utilization of different-sized plants will
result in various influences on their cost, its extent is seldom discussed. The impacts
of high capacity cost on the optimal plant capacity and production among
manufacturing plants with different sizes are seldom discussed. Though optimal flows
between demand and supply nodes have been.discussed and have been included in the
supply chain design problems,:the shipping frequency and shipment size between
different combinations of suppliérs and. manufacturing plants have not been discussed
yet. Furthermore, production and shipping economies and their tradeoff relationships

are seldom discussed when designing a supply chain network.

2.3 Logistics and transportation issues in supply chain

The logistics function in supply chain is conceptualized as a service function
because its output is not a product but a performance, such as just-in-time delivery of
the right amount of goods at the right place (Heskett et al. 1990). Logistics is also a
strategic level challenge in a supply chain. In literature of supply chain management,
there is a lot of studies have conducted the role of transportation and logistics functions
in a supply chain. van Hoek and van Dierdonck (2000) aimed at assessing whether or
not final manufacturing activities are actually being postponed and placed in the

distribution channel. Based on a survey among 782 companies, the difference in size
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and scope of applications between manufacturers, wholesalers and logistics service
providers are assessed. The results showed that high value adding manufacturing
activities are still the primary domain of manufacturers and there are not often
outsourced to logistics service providers. Morash and Clinton (1997) investigated and
compared supply chain organizational structures and integrative capabilities of
approximately two thousand firms from the United States, Japan, Korea, and Australia.
Country differences in both supply chain structures and transportation capabilities were

identified.

Lai et al. (2002) aimed to investigate the construct of, and develop a measurement
instrument for, supply chain performance in transport logistics. A 26-item supply
chain performance measurement insttument was constructed, reflecting service
effectiveness for shippers, operations efficiency for transport logistics service providers,
and service effectiveness for consignees..~ Mason “et al. (2003) demonstrated the
potential for integrating the waréhousing and-transportation functions and so improve
customer service through reduced costs and reduced lead-time variability. Thomas and
Hackman (2003) analyzed a supply chain environment where a distributor facing
price-sensitive demand has the opportunity to contractually commit to a delivery
quantity at regular intervals over a finite horizon in exchange for a per-unit cost

reduction for units acquired via committed delivery.

Chopra (2003) described a framework for designing the distribution network in a
supply chain. In the paper, there are six distinct distribution network designs, such as:
(1) manufacturer storage with direct shipping; (2) manufacturer storage with direct
shipping and in-transit merge; (3) distributor storage with package carrier delivery; (4)
distributor storage with last mile delivery; (5) manufacturer/distributor storage with

customer pickup; and (6) retail storage with customer pickup. The strengths and
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weakness of these designs and various factors influencing the choice of distribution

network are also described.

Ambrosino and Scutella (2005) studied complex distribution network design
problems, which involve facility location, warehousing, transportation and inventory
decisions. The main contribution of this study is the statement of two kinds of
mathematical programming formulations: some formulations aimed at warehouse
location-routing problems and other formulations are based on flow variables and
constraints. Eskigun et al. (2005) formulated an integer linear programming (ILP)
model, which considered the design of an outbound supply chain network for vehicle
distribution centers, considering lead times, location of distribution facilities and choice
of transportation mode. A Lagrangian heuristic was developed to solve this large-scale
integer linear programming model.  Results:of the.scenario analyses indicate that as
the lead-time gains importance,-the use of trucks incteases significantly to deliver the

vehicle directly from plants to demand areas-in'shorter lead-time.

Motivated by observing the chemical industries, where manufacturing often takes
place only after the order has been received, Kiesmiiller et al. (2005) presented a dual
supply model taking into account that the replenishment cycle involves not only the
physical distribution of goods, but also the manufacturing of products. This study also
investigated a class of order-up-to policies and showed how to compute the optimal
policy parameters.  The results showed that especially in cases where the
manufacturing lead time is long and the difference in cost between fast and slow modes
is big and the lead time difference is large, the added value of including the
manufacturing lead time for the model is substantial. In industries such as the
chemical industry using the models would imply a dramatic shift from road transport to

rail or barge transport.
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Though the importance of logistic functions to the supply chain efficiency has been
demonstrated and discussed included in supply chain design problems. The shipping
frequency and shipment size between different combinations of suppliers and
manufacturing plants and of manufacturing plants and customers in different regions
have not been discussed yet. Furthermore, shipping economies inhering in the supply

chain are seldom discussed when design a supply chain network.

A great deal of analytical research has been conducted on solving the physical
distribution problems (e.g. Burns et al., 1985; Blumenfeld et al., 1985). Hall (1987)
proposed a critical flow concept, that is to say, shipping economies arise when the
shipment size exceeds the critical flow. Blumenfeld et al. (1985) pointed out that the
optimal shipping route depends on the geographical combinations of production sites,
warehouses, and customers. From thesesstudies,‘the following conclusions can be
drawn: a less frequent strategy is suggested-when two locations are distant from each
other; otherwise, a converse strategy 1s preferred. ‘Furthermore, according to Daganzo
(1991), some cost components may-not: be paid by the manufacture, e.g. the
key-component shipping fee and the inventory cost of the final products at customers.
However, an optimization without these costs tends to transfer the burden of the
operation from the manufacturer to the customers and the suppliers, since their costs are
not being considered. In other words, the customers and suppliers may be less willing
to participate in the operation. Table 2.3 summarizes main issues and features and

important results in the existing literature on logistics issues in the supply chain.

Summary:

Past literature has demonstrated the importance of logistics functions on the
efficiency of a supply chain. However, the shipping frequency and shipment size

between different combinations of suppliers and manufacturing plants and of
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manufacturing plants and customers in different regions have not been discussed yet.
Furthermore, shipping economies inhering in the supply chain are seldom discussed
when design a supply chain network. The impact of spatial distance on the optimal
shipping frequency although having been studied in logistics literature, has not been

integrated into the design of supply chain networks.
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Table 2.3 Main issues, features and results in literature on logistics issues in the supply

chain

Authors

Main issues and features

Important results

van Dierdonck
(2000)

Manson et al.
(2003)

Ambrosino and
Scutella (2005)

Eskigun et al.
(2005)

Kiesmiiller et al.
(2005)

Hall (1987)

Blumenfeld et al.
(1985)

Assess whether or not final
manufacturing activities are
actually being postponed and
placed in the distribution
channel

Integrate the warehousing and
transportation functions of the
supply chain

Consider complex distribution
design problems

Design an outbound distribution
network for vehicle distribution
centers

Present a dual supply model
taking into account that the
replenishment cycle involves
not only the physical
distribution of goods, but also
the manufacturing of products.

Propose analytical research on
solving the physical distribution
problems

Propose analytical research on
solving the physical distribution
problems

High value adding
manufacturing activities are still
the primary domain of
manufaturers

Demonstrate the potential for
integrated paradigm to improve
customer service through
improved efficiencies, reduced
costs and reduced lead-time
variability

The main contribution is the
statement of two kinds of
mathematical programming
formulations

As the lead-time gains
importance, the use of trucks
increases significantly to deliver
the vehicle directly from plants
to demand areas in shorter
lead-time

When the manufacturing lead
time is long and the difference in
cost between fast and slow
modes is big and the lead time
difference is large, the added
value of including the
manufacturing lead time for the
model is substantial

Propose a critical flow concept,
i.e. shipping economies arise
when the shipment size exceeds
the critical flow.

The optimal shipping route
depends on the geographical
combinations of production sites,
warehouses, and customers.

Source: this study
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2.4 Internet shopping and physical distribution problems

The major issues related to Internet shopping have been extensively examined in
numerous studies, including marketing, pricing, and payment, etc. (e.g. Pavitt, 1997;
Kiang et al., 2000; Peterson et al., 1997). O’cass and Fenech (2003) examined Internet
user adoption of the Web for retail/purchase behavior. Burke (1997) noted that the
home-shopping system eliminated drive time and checkout time and enabled shoppers
to access distant stores and showed the retailing technology is most convenient when it
matches shopping and media habits. Verhoef and Langerak (2001) identified delivery

delay for ordered goods as major disadvantage of Internet shopping.

Previous studies examining the differences in consumer choice in the contexts
Internet shopping and conventional shopping focused mainly on analyzing the pros and
cons of Internet shopping or the influencing .consumer intention to shop on the Internet
using collected empirical data (e;g. Manskiand Salomon, 1987; Koppelman et al., 1991;
Sim and Koi, 2002). Salomon and Koppelman (1988) established a framework of
shopping behavior for examining consumer choices among in-home and out-of-home
shopping  modes. Their framework comprises a description of the
shopping-purchasing process and hypotheses relating to influences on individual

choices regarding alternative shopping modes.

Sherman and Topol (1996) investigated emerging technologies, including
electronic retailing and interactive shopping, and their influences on consumers,
retailers and manufacturers. Other studies examined the demographic and
psycho-graphic characteristics of Internet shoppers using local shopper surveys (e.g.
Verhoef and Langerak, 2001; Raijas, 2002). Olson and Boyer (2003) investigated how
end user viewpoints and characteristics, such as education and tenure in the workforce,

influence use of the Internet as a purchasing avenue. Heim and Sinha (2001) provided
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an empirical analysis which examined the relationship between customer loyalty and the
order procurement and fulfillment processes of electronic retailers. They found that
short delivery times have a significant influence on customer loyalty. Heim and Sinha
(2002) further developed a taxonomy of service processes and attempted to link
electronic service processes with customer ratings of service performance. They found
that a positive and significant correlation between the ordering of the configurations in
the taxonomy and consumer satisfaction with Web site aesthetics, production selection
and product information, etc. Furthermore, Nagurney et al. (2001) proposed a network
equilibrium framework for analyzing consumer preference for Internet shopping vs.

store shopping under an assumption of multicriteria decision makers.

On the supply side of Internet shopping, Huppertz (1999) concluded that the major
problem in electronic commercg: is thatyfrequent. small-sized orders lead to high
transportation costs. Khouja (2001) proposed an optiinal mix strategy of drop shipping
and in-house inventory for e-retailers; and.identified-optimal solution of order quantity
for in-house inventory to the drop-shipping model under uniform, exponential, and
normal demand distributions. Moreover, Hsu et al. (2003) introduced a discriminating
shipping strategy for Internet store operators that varies the optimal shipping cycles for
different consumer locations and determined the optimal shipping cycles based on
consumer demand and distance to the distribution center. The results show that the
discriminating service strategy yields better objective values if the discrepancy of

demand pattern is more apparent.

In another line of research, numerous studies have investigated physical
distribution problems using analytical approaches (e.g. Burns et al., 1985; Blumenfeld
et al., 1985). This research typically considered shipping problems under inelastic

demand and focused on operating issues such as scheduling routing, and configuration
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of physical distribution. However, little research has investigated the influence on
logistics costs of time-dependent demand, demand-supply interaction and the 24-h

nature of Internet shopping.

Recent studies have investigated carriers or providers issues and their effects on
consumer services and operating strategies. Most of these empirical studies dealt with
these issues by testing hypotheses. Rabinovich et al. (2003) investigated the impacts
on the supply chain efficiency of information exchanges between e-retailers and end
consumers. Rabinovich (2004) later examined a Internet retailer’s inventory liquidity
and 1its relationship to the retailer’s ability to fulfill its guarantees, and found that
Internet retailers should align inventory liquidity and delivery performance to fulfill
economically consumer orders. Rabinoyich and Bailey (2004) concluded that Internet
retailers usually adopt revenue-maximizingustrategies for their physical distribution
pricing policies that reflect the physical distribution service quality they provide.
Esper et al. (2003) found that allowing consumers to-choose a carrier leads to increased
levels of anticipated satisfaction with the online experience and an increased willingness

to buy.

Boyer et al. (2002) developed preliminary frameworks for analyzing e-services and
found that the strategic operations choices regarding fit between delivery processes and
products must play an important direct role in the consumer perceptions of delivery
services. Chen (2001) investigated the benefits of a segmentation strategy in which
price-delay combinations were available for several market segments. In Chen’s
model, Poisson process was employed to describe consumer arrival at the selling
process and identified that consumers are segmented according their willingness to pay
for one unit of a product. Chen found that the benefit of market segmentation is large

if more patient consumers are in the market. Table 2.4 summarizes main issues and
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features and important results in literature on Internet shopping and physical distribution

problems.
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Table 2.4 Main issues, features and results in literature on Internet shopping and

physical distribution problems

Authors Main issues and features

Important results

Burke (1997) Empirical study towards
Internet shopping

Olson and Boyer Empirical study towards
(2003), Heim and Internet shopping
Sinha (2001)

Heim and Sinha  Develop a taxonomy of service

(2002) processes and attempted to link
electronic service processes
with customer ratings of service
performance.

Hsu et al. (2003) Introduce a discriminating
shipping strategy that varies the
optimal shipping cycles for
different consumer locations
based on consumer.demand and
distance to the distribution
center

Rabinovich et al. Investigate carriers or providers

(2003), issues and their effects on
Rabinovich consumer services and
(2004), operating strategies
Rabinovich and

Bailey (2004),

Esper et al. (2003)

Chen (2001) Investigate benefits of a
segmentation strategy where
price-delay combinations were
available for several market
segments

Home-shopping system
eliminated drive time and
checkout time and enabled
shoppers to access distant stores

Short delivery times have a
significant influence on customer
loyalty

A positive and significant
correlation between the ordering
of the configurations in the
taxonomy and consumer
satisfaction with Web site
aesthetics, production selection
and product information

The discriminating service
Strategy yields better objective
values if the discrepancy of
demand pattern is more apparent

Retailers usually adopt
revenue-maximizing strategies
for their physical distribution
pricing policies, reflecting the
physical distribution service
quality they provide. Allowing
consumers to choose a carrier
leads to increased levels of
anticipated satisfaction

The benefit of market
segmentation is large if more
patient consumers are in the
market

Source: this study
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Summary:

Previous empirical studies have investigated the impacts of delivery-related issues
on consumer satisfaction with Internet shopping. However, the interaction of
time-dependent consumer demand and logistics cost related to different delivery service
strategies has seldom been investigated. Furthermore, while consumer demand for
goods may increase by employing frequent and short delivery cycles, the extent depends
on variations in consumer socioeconomic, temporal and spatial distribution and,
furthermore, how Internet store operators set up service cycles during a given operating
period of time. Although these issues have been previously addressed, there is
currently no mathematical model that can determine an optimal delivery service strategy

by integrating all issues.

2.5 MIP formulations

According to Rardin (1998), a mathematical program is a discrete optimization
model if it includes any discretevariables at ‘all. Otherwise, it is a continuous
optimization model. In other words, if the system contains both discrete and
continuous variables, the model is a mixed integer program. Many models have been

formulated for the strategic design of supply chains.

Geoffrion and Graves (1974) is the first paper that presented a comprehensive MIP
model for the supply chain network design problems. The model formulated in this
study represented a production-distribution system with several plants with known
capacities, distribution centers (DC), and a number of customer zones. The constraints
considered in the model are capacity at plants, customer demand satisfaction, single
sourcing by customer zone, bounds on the throughput at DC, and linear configuration

constraints on binary variables. The study presented an algorithm based on Bender
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Decomposition to solve the problem.

Hodder and Dincer (1986) presented an international plant location model with
financial capabilities. The model considers exchange rate fluctuations, market prices,
international interest rates, and fixed costs in a stochastic environment. Brown et al.
(1987) present a MIP multi-commodity model, where the costs is composed of variable
production and shipping costs, fixed costs of equipment assignment and fixed costs of
plant operations. Furthermore, Cohen and Moon (1991) presented a mixed integer
multi-commodity model to determine inbound raw material flows, assignment of
product lines and specification of production volumes, and outbound finished product
flows in a production-distribution network. The main contribution of this study is to
provide an algorithm to solve some production-distribution models with piecewise

linear concave costs of production(Vidal and:Goetschalckx, 1997).

Arntzen et al. (1995) considered multiple products, facilities, time periods, and
transportation modes. The model aimed at minimizing a composite function of
activity days and total production costs, inventory, transportation costs, etc. All the
costs considered in the objective function are weighted by a factor «. The objective
function represents a weighted combination of time and cost so that either measure or

both can be used to derive recommendations (Meixell and Gargeya, 2005).

Jayaraman and Pirkul (2001) formulated a MIP model for locating production and
distribution facilities in a multi-echelon environment. The main objective in this
formulation is to minimize the total fixed and variable cost associated with the multiple
products subject to constraints imposed on the demand, production capacity, warehouse
capacity, raw material supply and requirements and the geography of customer zone

outlets.
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Amiri (2006) addressed the distribution network design problem in a supply chain
system that involves locating production plants and distribution warehouses. The goal
of this formulation is to select the optimal numbers, locations and capacities of plants
and warehouses to open so that all customer demand is satisfied at minimum total costs

of the distribution network.

2.6 Summary

There is vast literature conducting supply chain network problems. And the
mixed integer programming (MIP) method has been extensively used to investigate the
problems. These studies focused mainly on developing approximation procedures and
on comparing the efficiency of their proposed heuristics with others in past literature.
In addition, though the capacity utilization of different-sized plants will result in various
influences on their cost, its extent is seldom:discussed. The impacts of high capacity
cost, customer demand level and investment conditions on the optimal plant capacity

and production among manufacturing plants with different sizes are seldom discussed.

Though optimal flows between demand and supply nodes have been discussed and
have been included in the supply chain design problems, the shipping frequency and
shipment size between different combinations of suppliers and manufacturing plants
have not been discussed yet. Furthermore, production and shipping economies and
their tradeoff relationships are seldom discussed when designing a supply chain network.
Past literature has demonstrated the importance of logistics functions on the efficiency
of a supply chain. However, the shipping frequency and shipment size between
different combinations of suppliers and manufacturing plants and of manufacturing
plants and customers in different regions have not been discussed yet. Furthermore,
shipping economies inhering in the supply chain are seldom discussed when design a

supply chain network. The impact of spatial distance on the optimal shipping
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frequency although having been studied in logistics literature, has not been integrated

into the design of supply chain networks.

There are extensive studies addressing the impacts of uncertainty factors on
company’s cost and customer service level performance with respect to demand and
supply uncertainty. The literature also proposed various strategies to reduce the
impacts of uncertainty under different scenarios. Most of these studies focused on the
short-term operational issues and constructed analytical models in terms of operation
research. In the network planning phase, the performance of the network under

abnormal demand fluctuation was seldom evaluated.

Past studies have addressed the importance of logistics function on supply chain
management. These studies aimed, at investigate relationship between supply chain
performance and logistics network using-collected empirical data and by conducting
hypothesis. However, the interaction of time and spatial dependent customer demand
and logistics cost related to delivery service strategy in supply chain network has
seldom been investigated. Previous empirical studies have investigated the impacts of
delivery-related issues on consumer satisfaction with Internet shopping.  The
interaction of time-dependent consumer demand and logistics cost related to different
delivery service strategies has seldom been investigated.  Furthermore, while
consumer demand for goods may increase by employing frequent and short delivery
cycles, the extent depends on variations in consumer socioeconomic, temporal and
spatial distribution and, furthermore, how Internet store operators set up service cycles
during a given operating period of time. Although these issues have been previously
addressed, there is currently no mathematical model that can determine an optimal

delivery service strategy by integrating all issues.

Several important issues in the field of supply chain network design deserve
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further investigation; however, these issues are rarely emphasized and theoretically
formulated in supply chain design literature. This study aims at developing a series
models to systematically investigate the supply chain design problems in response to
production and shipping economies in an uncertain environment. Furthermore, the
delivery service strategies for both the manufacturer and Internet shopping operators are
explored by considering time-dependent consumer demand, demand-supply interaction

and consumer socioeconomic characteristics.
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CHAPTER 3
An integrated plant capacity and production model with
economies of scales

This chapter developed a nonlinear mixed integer programming (MIP) model
which attempted to minimize the average total cost per unit product subject to
constraints such as satisfying customer demand in various geographic regions,
relationships between supply flows and demand flows within the physical configuration,
and the production limitation of different-sized plants. The impacts of economies of
scale on the optimal size of capacity and the production amount are also explored.
This chapter also shows that the capacity utilization as well as the production amount in
the short run, and the size of capacity of multiple plants in the long run are related, and
that those two factors influence the total cost.,  The research scope of this part is shown

as Figure 3.1.

(3) Customers

(1) Raw material vendor (2) Manufacturing plant (distributor/retailer)

o=l

Figure 3.1 The research scope of Chapter 3

3.1 Introduction to the problem
The importance of developing an integrated production-distribution network lies
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not only in satisfying the demands of customers in the different regions, but also in
reducing manufacturers’ costs. For high-tech manufacturers the investment in capacity
usually involves high capital costs. However, economies of scale allow manufacturers
with a large-size capacity to operate more efficiently than those with a small-size
capacity. However, it could result in higher production costs if the market demand is
insufficient to realize economies of scale, and if the capacity utilization of the
manufacturing plant is low. Moreover, for a manufacturer operating multiple plant
sites in different regions, additional complicating factors need to be taken into account,
such as investment conditions in different regions and physical distribution problems
between customers and plant sites. The former involves capital and variable
production costs, while the latter affects customers’ satisfactions and outbound costs of
the product. Therefore, it is important for a high-tech manufacturer operating multiple
plant sites with economies of scale to effectively determine the capacity and production
volumes for each plant so as to minimize the total cost per unit product while satisfying

customer demand.

High-tech products manufacturing firms are characterized as having high capital
costs due to the expense of sophisticated equipment, land acquisition, and plant and
warehouse construction. For example, semiconductor manufacturers spend almost a
billion US dollars to construct an 8-inch wafer fabrication (FAB), and thirty billion US
dollars for a 12-inch FAB. In addition, it costs more to produce one piece of 12-inch
wafer than it does producing an 8-inch wafer. However, there is an advantage to a
12-inch FAB over an 8-inch FAB in terms of lower per-unit product production costs
due the fact that the production is done on a larger scale, which further leads to a larger
amount of final products. Nevertheless, the benefit shrinks when the market demand is

low and the production is not as much as expected, resulting in a low FAB utilization
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ratio. In sum, the greater economies of scale advantage for production occurs when
the higher the production, the lower its per-unit product cost will be. However, this

advantage depends usually on the level of the market demand.

Previous studies in supply chain management focused largely on production,
vendor selection and plant location problems (e.g., Min and Melachrinoudis, 1999;
Verma and Pullman, 1998; Badri, 1999). However, each of these studies focused on
only one single issue. At the same time three levels of planning can be distinguished
depending on the time frame used, namely, strategic, tactical and operational. Strategic
planning includes the determination of plant sites, the number of manufacturing plants,
etc; tactical planning involves the procurement, inventory and transportation systems;
and operational planning refers to vehicle routing, scheduling, etc. In practice,

short-term operational flexibility is-directlyirelated to.the strategic decisions.

Due to the fact that large-scale models have proven to be extremely difficult for
solving optimality, solution methods and computational experiences are necessary.
Brimberg and ReVelle (1998) formulated a bi-objective plant location model for
analyzing the trade-off between total cost and the portion of the market to be served.
In this study, partial satisfaction of demand is considered rather than serving all demand
in the traditional plant location problem. The weighting method approach is
investigated for obtaining efficient solutions of the model. Jayaraman and Pirkul
(2001) extended the plant location problem to incorporate the tactical
production-distribution problem for multiple commodities. In the model, a facility or
warehouse is constrained to serve one single customer. Miranda and Garrido (2004)
proposed a simultaneous approach to incorporate the inventory control decision with
typical facility location models. Crama et al. (2004) constructed a nonlinear MIP

model to determine the optimal procurement decisions in the presence of total quantity
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discounts and alternative product recipes. Cohen and Moon (1991) formulated a MIP
model to determine the optimal assignment of product lines and volumes to a set of
capacitated plants. In the model, the capacity of plants is given and fixed, and the
production cost function exhibits concavity with respect to each product line volume
reflecting economies of scale. Moreover, correlation and regression analyses are
employed to analyze the relationship between the cost parameters. The results indicate
that focused plants arise in situations with high economies of scale. However,
although the capacity utilization of different-size plants will result in various influences
on their total cost, its extent is seldom discussed. The models constructed are usually
large-scale linear or nonlinear MIP formulations, which are difficult to solve.
Therefore, these studies focused mainly on developing an approximation procedure and

compared the efficiency of their proposed heuristies. with others.

Arntzen et al. (1995) developed a global supply: chain design model considering
multiple products, facilities, time“periods, and transpertation modes. The model aimed
at minimizing a composite function ‘of activity days and total production costs,
inventory, transportation costs, etc. However, there are two different terms, such as
monetary cost and time, in the objective functions, and it is not clear how the study
dealt with a different unit of measure. Nagurney et al. (2002) and Nagurney and
Toyasaki (2005) considered many decision-makers and their independent behaviors in
the supply chain and developed an equilibrium model of a competitive supply chain
network, in which transportation links are associated with different costs. In sum, few
previous studies on supply chain design models considered the high capital costs
invested in the capacity by high-tech manufacturing firms, and how capacity utilization

of different-size plants affects the total average production cost.

This study aims to develop a supply chain design model to determine active
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suppliers, inbound raw material flows from active suppliers to manufacturing plants, the
capacity and production volumes of each plant and the market served by each plant for a
high-tech manufacturing firm. The distinguishing features of this study are the
comprehensive consideration of economies of scale and capacity utilization in the
high-tech manufacturing industry, which are due to the different sizes and locations of
the plants deployed by a multiple plant manufacturing firm in the long run and the
production volumes assigned to each in the short run. Moreover, the traditional plant
location problem, which chooses new facility location from a set of potential sites in
order to serve all the demands (Balinski, 1965), is also considered in this study. The
model specifically applies MIP formulations and attempts to minimize the average total
cost per unit product subject to constraints such as satisfying customer demand in
various geographic regions, relationships between supply flows, and demand flows
within the physical configuration as. well as the production limitation of different size

plants.

3.2 Model formulation

This study aims at designing a supply chain network model for a manufacturer who
operates multiple plants in different regions. According to Vidal and Goetschalckx
(1997), the supply chain design problem in this study can be described as: Given the
customer demand, determine the capacity and production volumes for each of the
manufacturing plants, and the amount of raw material/final products shipped from
vendors/manufacturing plants to manufacturing plants/customers. In other words, the
supply chain network design problem is formulated to determine the optimal flows
between alternatives from the upper echelons and those of the lower echelons, and the
supply flows of all alternatives at different echelons. This study denotes a supply

chain network as a directed graph where there are various echelons such as raw material
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vendors, manufacturing plants and customers and each of them involves different
numbers of alternatives, which are located in different regions. In the supply chain
network, the relationship between the inbound and outbound flows of an alternative in
an echelon, and the relationship between total supply flows among echelons and

customer demand are further explored and identified as a non one-to-one problem.

3.2.1 A supply chain network

Consider a supply chain network G(N, A), where N and A represent the set of
nodes and the set of links, respectively, in a directed graph G. Let & denote a specific
echelon in a supply chain. From the uppermost echelon to the customer echelon, 4=0,
1,....,s, where k=0 represents raw material vendors, k=s is customers, respectively. Let
n, denote a node at echelon k, which can ‘also refer to an alternative at echelon &,

n, € N. A specific node can be clasified as a demand or a supply node according to

the emanation of the link. When the link-is outgoing/incoming from/to a node, then
the node can be described as a supply/demand nedé and the outflows/inflows are also

called the supply/demand flows of that node.

Let w,_,, denote the demand flows of a node at echelon & from its upper echelon

(k-1) when the supply flow of that node is one unit and f, represents the supply flows
of a node at echelon &, n,. Consequently, the demand flows of a node at echelon &

can be estimated by w, ,, f, . Furthermore, the following condition must be satisfied,

i.e. the demand flows of a node at the lower echelon are the sum of the flows between

the nodes at the upper echelon and that node at the lower echelon. The relationship

between the demand flows of a node at the lower echelon k, w,_,, f, , and the flows

between nodes at their upper echelon (k-1), n,_,, and a node at the lower echelon &, n,,
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can be expressed as:

Wi 1k fnk = Z fnr,l{kfl 5::71 vy (3.1

vy

where f"" represents the flows between a node at the upper echelon, 7, ,, and a

node at the lower echelon, n,,and &, is an indicator variable representing whether

the node at the upper echelon, n,_,, is an active node to the node at the lower echelon,
n,, that is to say, if the node at echelon (k-1), n,,, supplies or transports raw

materials/intermediate products/finished goods to the node at its lower echelon, n,,
then 6,"" =1 and the amount transported is f,"", otherwise, 6, =0. Figure 3.1

illustrates the relationship mentioned above.

(k=1)

Figure 3.2 The relationship of flows between nodes at the upper echelon and nodes at

the lower echelon

The solid lines in Figure 3.2 show that the nodes at the upper and lower echelons

are connected; in other words, 5::*‘ is 1, while the dotted lines show that 5::*1 equals

to 0. The supply flows of the node at echelon &, f, , can also be represented as the

n

sum of the flows between a node at echelon k, 7, , and nodes at its lower echelon, n,,,,

such as

f”k = Zf”:ilﬂ::ﬂ vnk (32)

Vi
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where A" is an indicator variable representing whether a node at the lower echelon,
n,,, , is a demand node for node at its upper echelon, n,. If node n,,, demands or

orders raw material or products from a node at its upper echelon &, n,, then S* =1
and the quantity demanded is f," ; otherwise, ' =0. To sum up, variables &,*"
and B can be used to explain, respectively, whether nodes at the upper and lower
echelons are active alternatives of the node at echelon &, n,, while variables f," and

J.\ represent flows between n, and the active nodes at their upper and lower

echelons, respectively, in a supply chain. In addition, capacity constraints are imposed

on the supply flows of nodes at echelons, that is, f, <v, , where v, represents the

capacity of n, .

The discussion so far has dealt with the relationship and the flows between a node
at echelons and nodes at its upper.and lower echelons. Next, this study explores and
formulates the total supply flows at different echelons and the total customer demand.
Similar to the expression of Eq. (3.1), the total customer demand is satisfied only if the

supply flows at its upper echelon (s-1), Z fo. » equals to WH,SZ S, » where f,

Vg Vng

represents the customer demand of customer n_; similarly, the supply flows at the

upper echelon (s-2) can be estimated by the relationship between the demand flows and

the supply flows at echelon (s-2), that is, Z fo = wsfz,sflwﬂ,sz /. 5 and the supply

Vng_, Vng

flows at echelon (s-3) can be expressed as Z S W s oW W SZ /., and so
Vs 2

on. Then, the generalized relationship between the total supply flows at echelon £ and

the total customer demand in the supply chain network can be formulated as:
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zfn,( = F[ Wi k1 an Vk (3.3)

Vny, n,

where Hwk,k+l represents the total supply flows at echelon & when the customer
k

demand is one unit. Eq. (3.3) shows that the total supply flows at the echelons are

different and dependent upon customer demand.

3.2.2 Cost functions

The decision maker in this study is a manufacturer who operates multiple high-tech
product manufacturing plants and serves customers in different regions. Therefore, the
upper echelon of the manufacturing plants can be defined as the raw material vendors,
and the lower echelon as the customers. This study assumes that the firm’s
procurement and outsourcing decisions- are’ ¢entralized at the corporate headquarter

rather than in the individual ‘manufacturing plants. Let k be the echelon of

A

manufacturing plants and »n, - represent” a .manufacturing plant at echelon £,

respectively, while k-1 is the echelon of raw material vendors and 7 ;, represents a

raw material vendor, respectively. Consequently, echelon k+1 refers to customers,

which can also be represented as echelon s.

Let n';’*' and fn"k represent the amount of raw material shipped from raw
material vendor n, ~to manufacturing plant n, and the amount of final products
produced by manufacturing plant n, and transported to customer n , respectively.
And, let fné be the production amount at manufacturing plant 7, , which is

constrained by the plant’s capacity, f, <v, . Then, the relationship between the total

amount of raw material required by manufacturing plant n. and the amount of raw
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material shipped among raw material vendors can be revised according to Eq. (3.1) as:

W/é—l,/éfn,; = anzkll 5::4 Vn, (3.4)
Vn,; 1

where &' =1 represents that raw material is transported from a raw material vendor

n.  to a manufacturing plant n_; otherwise, 8.7 =0. Moreover, the relationship

between the amount of production produced by manufacturing plant 7, and the

amount of products shipped from manufacturing plant n. to customer n, can be

formulated according to Eq. (3.2), as:

A](;I/; = Zf;:,;ﬂ:f vnk (35)
Vng

Since the total customer demand mustrbe:satisfied, then the following condition

must hold, that is to say, »_ f, =D £ B " Furthermore, the capacity utilization
k s s

Vn; Vn; Vg

of manufacturing plant n. can be defined as ¥, :f% , where f, and v, are

decision variables in this study.

Costs in this study can be classified as inbound, fixed, production and outbound
costs. Inbound costs include raw material purchase and transportation costs, which
relates to the movement of the flows from the raw material vendors to the
manufacturing plants. The fixed costs represent all expenses required for the
manufacturer to contract with active raw material vendors.  Production costs
incorporate both the capital cost and the variable production costs, where the capital
cost includes costs related to the purchasing and installation of related equipments, and
plant construction and land rental fee, etc. and differs among manufacturing plants due

to different locations and sizes of the manufacturing plants. The variable production
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cost includes those paid for input factors other than raw materials, such as labor, utility
and insurance, etc. Outbound costs refer to the costs related to transporting the final

products from the manufacturing plants to the customers.

The production costs of manufacturing plant n., L, , can be formulated as
k

follows

Ln[ =C (vnAt )+ c(vnkt ) fn[ Vn, (3.6)

where C(v, ) and c(v, ) represent, respectively, the capital costs and variable

production costs, which depend on capacity, v Eq. (3.6) shows that the production

ng *
cost increases with the increase in the, production amount, f, . Furthermore, the
k

average production cost per unit-product of manufacturing plant n. can be expressed

as

b = €, +c(v,) Vn, (3.7)
S T ‘

k k

On the contrary, Eq. (3.7) shows that the average production cost per unit product
decreases with the increase in production amount; however, the extent depends upon the
capital cost with respect to the capacity. Although a manufacturing plant with
large-size capacity could operate efficiently, the manufacturer experiences a high
average production cost when the production amount is low, and as a result the high
capital cost cannot be absorbed as shown in Eq. (3.7). Figure 3.3 shows the

relationship between the average production cost and the production amount for

i iZ ity, w Vo, V., V. i -siz iti
different sizes of capacity, where v, >, v are three different-size capacities for a
k

~ 9 ~ 9
np n;
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manufacturing plant n,, vi >v2 >y’ and C(v.)>C(.)>C(v)).
k k k k k k

A v
Sy

k

B A Ja,

k

Figure 3.3 The relationship between the average production cost and the production

amount

As shown in Figure 3.3, the=average production-cost per unit product decreases as

the production amount for each of the three sizes of capacity increases. And, when the

production amount is low, the largest-size capacity vikn yields the highest average

production cost among the three different-size capacities. Nevertheless, as the

production expands, the average production cost for the largest-size capacity vié

decreases with a maximum decreasing rate. When the production amount exceeds

point A in Figure 3.3, the average production cost for the largest-size capacity v,lli

reaches the lowest among the three different-size capacities, implying that a

manufacturing plant with the largest-size capacity v is the most advantageous in
3

terms of saving costs. Since the production amount depends on the demand, a

large-size capacity is suggested when there is a large demand.

For a manufacturer operating multiple manufacturing plants, the impact of scale
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economies on the total average production cost depend not only on the total customer
demand, but also on the production assignments among manufacturing plants.

Furthermore, the total average production cost per unit product for the manufacturer,

H ., can be formulated as

2L, 2C0,)+em,)f,
HA _ an; _ v”}é
2 >t
Vn, Vi

(3.8)

The denominator in Eq. (3.8) is fixed and given due to the fact that the total amount of
production is constrained in order to satisfy the total customer demand. Eq. (3.8)
shows that the total average production cost per unit product for the manufacturer

depends on both the capacity and the productiofrvolumes of all manufacturing plants.

Let ¥, be the fixed cost of the manufacturer, with raw material vendor n, |,

which is independent as to the amount of raw-material procured and the total number of
manufacturing plants served since the ‘cost is" mainly the results of the manufacturer

contracting with the vendor. Then, the total fixed cost for the manufacturer can be

expressed as ZVn_ 7, » where y, is an indicator variable representing whether
-1 e il

anzil

raw material vendor n,  is an active vendor for the manufacturer, and where y,
— k-1

1

can be obtained based on the results of 5:{9*' for all manufacturing plants, that is,

¥, =min{l, E o“%. If y, is equal to 1, then raw material vendor n,, Is an
k-1 F i1 -
Vn

active vendor for the manufacturer; otherwise, y, is equal to 0. Then, the average

fixed cost per unit raw material for the manufacturer can be formulated as
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Z an;—l j/"lkl

Vn,

(3.9)

V. =
W
Il,; nA;

Vg \Vn;

The unit of Eq. (3.9) is measured based on the raw material. To be based on

products, Eq. (3.9) can be revised according to Eq. (3.3), and shown as:
Ve = w7 (3.10)
k-1
where 171271 represents the average fixed cost per unit product for the manufacturer.

With regards to the raw material purchase costs, the main influences affecting
average raw material purchase cost are unit raw material production cost and a
reasonable payment ratio determined.by the faw, material vendor. Regardless of the
reasonable payment ratio, the umt raw material purchase cost is low when the market
for that raw material is high due to the fact that there exists economies of scale. To
simplify the problem, this study assumes two ‘influences, i.e. unit raw material

production cost and payment ratio, are exogenous, and denote unit raw material

purchase cost from raw material vendor n, by p, . Therefore the purchase cost
- k-1
: : My §Mio :
paid for raw material vendor #; ~can be shown as p, Z f, o, . Summing up
Vn
k

all the purchase costs paid to all raw material vendors, the total raw material purchase

cost for the manufacturer can be formulated as:

2P DS (3.11)

Vg, Vg

where Egs. (3.10) and (3.11) are the costs resulting from the raw material procurement.
The transportation costs in this study capture the costs resulting from the spatial

distance between two locations. High-tech products are usually characterized as
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having a high market value and usually depreciate quickly. A nearby raw material
vendor is usually selected, since the raw material delivery time is short and as a result
the inventory can be kept at a low level. Transportation costs decrease if the
manufacturing plant and the raw material vendor are located in the same location
because the distance is short and a low-cost transportation mode, i.e. trucks, can be
employed. Consequently transportation costs are high if the locations of the

manufacturing plant and the raw material vendor are a long distance apart from each

other. Let #* represent the average unit-distance transportation cost per unit of raw
material between the locations of raw material vendor »n, ~and manufacturing plant

n.. The transportation cost for transporting raw material from raw material vendor

n;_, to manufacturing plant n, can be expressed.,as d,"'t,"' f, ", where d,* and

fn"f*' are the average distance and the amount of raw material shipped from the location

of raw material vendor .~ to manufacturing plant' .. Then, the total transportation

cost of the raw material for the manufacturer can be formulated as

D 2 s (3.12)

Vn; V|

Eq. (3.12) shows that the transportation costs vary with the different combinations of

(n,_»n;) due to the different distances and average transportation cost per unit of raw

material between raw material vendor 7, —and manufacturing plant 7, .

Summing up Egs. (3.11) and (3.12), the inbound cost for the manufacturer can be

shown as:
n; n; n; . n: n. . on:_
zpniilzf‘n;lé‘ngl +z zdnzltnzlfn,;klé‘n:l (313)
V”,;,l Vnkj Vn/; Vnkl
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Dividing Eq. (3.13) by the total amount of raw material supplied by raw material

vendors, Z f, , the average inbound cost per unit of raw material for the
k-1

manufacturer, H 2{—1 , can be formulated as:

H}El_ k15nk1+ dnkl i k15k1 3.14
3 zf (;lpnklzf ZZ Ly, ) (3.14)

Vn Vg Vn;_|

-1

The average inbound cost per unit product for the manufacturer can be obtained as

~ S ~
TThk-1 _ k-1
H = Twee0H
k-1

As suggested by Chopra (2003), products with a high value are suitable for a
delivery network with direct shipping, that is, products are shipped directly from the
manufacturing plant to the customer.  In addition, manufacturing plants with a large
production can serve many customers, yet this may lead to high transportation costs.
To provide better service and reduce-transportation costs, manufacturing plants are
advised to serve nearby customers:+ The outbound cost for the manufacturer can be

expressed as Y > d)ir £ where 1 represents the average unit-distance
Vng Vn,
g

transportation cost per unit product between the location of the manufacturing plant 7,
and customer n,. Moreover, the average outbound cost per unit product for

manufacturer, 7", can be shown as:

T Zf ZZdét B (3.15)

Vn

where Z /., represents the total production amount. Since the total customer
Vg

demand must be satisfied, Z S = Z S -
Vn

Vn,;

72



The total average cost per unit product for the manufacturer is the sum of the
average inbound, fixed, production and outbound costs in the entire supply chain, and
can be formulated as:

T Iwee Ve + A Iwe e ) HE +H +TE (3.16)

k-1 k-1

From the discussions above, the nonlinear MIP model for the supply chain network

design can be formulated as follows.

Min (HW/;,;;+1)V/;_1 + (leé,lén VH: ' +H +T/, (3.17a)
k-1 k-1
S.L.
W ifo = 2SR Vi, (3.17b)
Vnhl
Sy =2 00BY Y, (3.17¢)
Vn
2 =22 B (3.17d)
Vn, Vn; Vn,
Zf,:fﬁl 5::4 < S”m ané_l (3176)
Vn,;
S
n=" n, (3.17)
Vs S5 Sl 20 vn, Vng, (3.17g)
5, =0orl Vn, Vn, (3.17h)
B, =0orl Vn, Vn,_ (3.171)

Eq. (3.17a) is the objective function that minimizes the total average cost per unit

product. Eq. (3.17b) states that the amount of raw material requested by
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manufacturing plant 7, is the sum of the amount of raw material provided by its active

raw material vendors. Eq. (3.17c) defines that the amount of products shipped from

manufacturing plant n. to the customers is equal to the amount of production. Eq.

(3.17d) constrains the total production amount to meeting the total customer demand.

Eq. (3.17¢) is the supply limit of raw material vendor n, , where Sn‘: represents the

-1

maximum amount of raw material supplied by vendor n, . Eq. (3.17f) defines the
capacity utilization of manufacturing plant n,. Eq. (3.17g) constrains the decision
variables v, , £, and fn'ki‘*‘ to be non-negative. Finally, Egs. (3.17h) and (3.17i)
define the decision variables 5:;" and ﬂ:f to be binary. The decision variables are

Voo Sus Jobs i, 8,7 and oY That isy the-manufacturer can apply the model

to optimally decide the size of the capacity as well as the production volumes for all
manufacturing plants, the amount.of raw material-'from the raw material vendors to
manufacturing plants, and which manufacturing plants should produce how much
production to serve customers in different regions. Furthermore, the optimal capacity
utilization of manufacturing plants and the optimal number of active raw material

vendors for the manufacturer can also be obtained from the model.

3.3 Algorithm

This chapter formulates a nonlinear MIP model to integrate capacity and
production planning problems by considering economies of scale in the supply chain
network design. Using the exact algorithm to solve the problem may require a
considerable amount of time and can only solve small problems. In this study, we

adopt the simulated annealing (SA) heuristic proposed by Kirkpatrick et al. (1983) to

74



solve the optimal problem. The SA algorithm is based on Metropolis et al. (1953),
which was originally proposed as a means of finding the equilibrium configuration of a
collection of atoms at a given temperature. It has been extensively used in solving
very large scale integration (VLSI) layout and graph partitioning problems. The major
advantage of the SA algorithm over other local search methods is the ability to avoid
becoming trapped in the local optimal. The SA algorithm employs a random search,
which not only accepts changes that decrease the objective function, but also accepts
some changes that increase it. And, the latter are accepted with a probability of
Boltzmann distribution. In this section, we first develop an approach to generate an
initial solution, and then use the SA algorithm to develop the heuristic for improving the

initial solution.

3.3.1 Initial solution (INIT)

Since local improvement methods must start from a feasible solution, this study
develops a heuristic to generate good initial solutions. Based on the characteristics of
production with economies of scale, the average production cost per unit product may
be reduced if there is more production assigned to a manufacturing plant with
larger-size capacity. An incremental rule, in which the production volumes are
incrementally assigned to manufacturing plants until total customer demands are
satisfied, might be used to investigate the relationship between the assigned production
volumes among various manufacturing plants and the total average cost per unit product.
Besides, the manufacturing echelon is the most value-added echelon for high-tech
products, and the production cost is usually high in the high-tech manufacturing supply
chain. In other words, the total cost cannot reach a minimization without a
well-designed production plan for the various manufacturing plants. The heuristic

based on this is developed as follows.
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Step 1. Randomly determine the size of capacity for manufacturing plant Vs for all

n;, such that the sum of the capacity of all manufacturing plants must exceed the total

customer demand, va > Z f, . Set a value, m, representing the incremental
Vg, Vn
amount of production that can be assigned to the manufacturing plants at each iteration;

Step 2. Assign the amount of production for the manufacturing plant;

2.1 Calculate the total average production cost per unit product for manufacturer,

H ., when the incremental amount of production, m, is assigned to manufacturing plant
o
2.2 Find an optimal manufactuting plant nk with the minimum value of H,.
Assign the incremental amount of:production, m, to manufacturing plant nk , and
update the production amount for manufacturing plant ”Z . S, . = f"E +m;
2.3 Calculate the remaining customer demand and the unfulfilled capacity for each
of the manufacturing plants;

Step 3. If the demands of all customers are met, then go to Step 4 and output the optimal
production amount and the respective amount of raw material requested by the

manufacturing plants; else go to Step 2;

Step 4. Determine the active raw material vendors, the amount of raw material from the
raw material vendors to the manufacturing plants and the amount of products from the

manufacturing plants to the customers;

4.1 Set the values u and v representing the incremental amount of raw material

shipped from the vendors to the manufacturing plants and the incremental amount of
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products shipped to the customers from the manufacturing plants, respectively;

4.2 Calculate H fﬁl +I7];_1 and Tf when u and v are, respectively, assigned to

links (n,

cony) and (ng,n).

4.3 Find the optimal links (n, ,n.)" and (n;,n,)" with the minimum values of

H™'+V,_ and Tf , respectively.  Assign u to link (n, ,n;)" and v to link

(n;,n,)" and update the flows between the links using f,' = f,"' +u and
ﬁ;’fg — nn,; +v;

4.4 Calculate (1) the unfulfilled amount of raw material of the manufacturing

plants and (2) the unsatisfied demand of the customers;

Step 5. If the customer demands ‘and the amount of raw material requested by all

manufacturing plants are met, then stop the.algorithm; else go to Step 4.

3.3.2 Simulated annealing (SA)

Set up the SA algorithm parameters including (1) down hill move ratio<0.5,
where down_hill move ratio is determined by the number of inferior solutions divided
by the number of moves; (2) accept ratio< 0.5, where the accept _ratio is obtained by
the number of current accepted solutions divided by the number of moves; (3) Initial
temperature 7, =99, decreasing ratio of temperature is 0.99 and the stop temperature
7=0.1; (4) The maximum number of moves at each temperature=100; and (5) The
maximum number of down_hill moves at each temperature=50. Conditions (1), (2)
and (3) are the stop criterions for the SA. Conditions (4) and (5) are the stop criterions
for the Metropolis algorithm. Referring to Heragu and Alfa (1992) and Yan and Luo

(1999), the SA algorithm can be described as follows.
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Step 0. Employ INIT to find an initial feasible solution, S, and calculate its objective

value, 2(S), where z = ([Tw; . W, +([[w; , OH" +H, +T".
[ k-1
Step 1. At temperature 7, implement the Metropolis algorithm;

1.1 Randomly choose a manufacturing plant and alter its capacity from the initial
solution. Apply Step 2 to Step 5 in INIT to find a good adjacent solution S and

calculate its objective value, z(S");
1.2 Determine whether the new solution is accepted;

1.2.1 Calculate the difference between the objective function of S and S,

A=z(S")- z(S).

1.2.2 If A<0, then S =S’; else randomly generate a variable y~U(0,0.99). If

A

exp_f' >y, then S=S§"; else go to Step 1;

1.2.3 If the stop criterions of the Metropolis algorithm are satisfied, then go to Step

2; else go to Step 1;

Step 2. If the stop criterions of the SA algorithm are satisfied, then go to Step 3; else let

x=x+1 and T

x+1

=0.997T_, and go to Step 1;

Step 3. Output the optimal sizes of capacity as well as the production amount for all

. . * * . .
manufacturing plants, i.e. v, and f, , the active raw material vendors as well as the
k k

amount of raw material from the raw material vendors to the manufacturing plants, i.e.

5"+ and f "' and also which manufacturing plants along with their allocated
k k

production volumes to serve the customers different regions, i.e. f,*, and B,
k+1 N

respectively.
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3.4 Case study

A numerical example of T-company, which specializes in wafer foundry in the
semiconductor industry and has its headquarters in Taiwan, is used herein to
demonstrate the application of the proposed models. The final product of T-company
are dies, which represents the starting form of an integrated circuit (IC) and can be
produced in either 12-inch, 8-inch or 6-inch wafers. Because some of T-company’s
operating costs and customer demand data are unavailable, the annual report data in
Taiwan Semiconductor Manufacturing Company (TSMC) (2004) were employed to
estimate them. Regarding customer demand, T-company has customers from six major
areas, North America, Taiwan, Europe, Japan, Korea and Hong Kong, and the monthly
customer demand for dies for the coming, year totals approximately 2x10° dies. The
demands from these customers in.8ix areasiare°6.4x10", 5.7x10", 3.6x107,3.2x107,
8.4x10°, and 7.5x10° dies, réspectively. - The sizés produced in the manufacturing
plants include 12-inch, 8-inch and 6-inch wafer fabrications (FABs), and they produce
an average of 40000, 35000 and 30000 pieces per month, respectively. Note that each
size of FAB can only produce its particular size of wafers due to the complexity of the
technology employed in the manufacturing process of wafers. One piece of 12-inch
wafer is 2.25 times the square area of an 8-inch wafer; and 4 times that of a 6-inch wafer.
Regardless of the yield, the number of dies produced by one piece of 12-inch, 8-inch
and 6-inch wafer are 1233, 514, and 210, respectively, based on the 0.11 gm process
technology. To unify, the capacities of 12-inch, 8-inch and 6-inch FABs are revised
based on the number of dies produced by one piece of wafer, that is 4.9x10,
1.8x107 and 6.3x10° dies, respectively. Therefore, constructing a 12-inch FAB is
more beneficial for satisfying customer demand in terms of dies as compared with the

other two sizes of FABs.
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T-company operates five manufacturing plants, which are located at different
regions, namely, Taiwan (Hsinchu), Taiwan (Tainan), Shanghai, USA and Singapore.
The capital cost per month for different-size FABs can be estimated by the total costs
for the FAB construction plus equipment set-up and the maximum usage period of the
FAB. The data on the capital cost and the variable production costs for different-size

FABs for manufacturing plants in different regions are listed in Table 3.1.

As shown in Table 3.1, the capital and the variable production costs for
different-size FABs for some manufacturing plants, i.e. USA and Singapore are higher
than in others, because of higher commodity price indexes in these regions. Moreover,
the costs for T-company to operate a 12-inch FAB is higher than the other two sizes, due
to the high capital and variable production. costs as shown in Table 3.1. Considering

the final products of T-company are dies, theraverage production cost per unit product of

manufacturing plant n; as shown in'Eq. (3.7), can be further revised in terms of dies,

which yields

L, ce,) ew,)

i

= + (3.18)
fuu(E) - fu(F,) T w(E,)

where u(FnAt ) represents the number of dies that one piece of wafer produces when the

size FAB for manufacturing plant n ;> are Fn[ , and FnAt = 6-inch, 8-inch and 12-inch,

respectively. For example, if T-company decides to operate a 12-inch FAB in the USA,

then u(12,4,)=1,233. Taking the base production parameters of Taiwan (Hsinchu) as
an example, the relationship between the average production cost per die and the
production amount for different-size FABs can be further explored, and is shown in

Figure 3.4.
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As shown in Figure 3.4, the average production cost per die for different-size FABs
decreases as the production amount increases, but at different rates. The average
production cost decreases at an increasing rate when the production amount is rather
small; however, as the production becomes larger, the average production cost exhibits a
constant number. In addition, all different-size FABs are characterized as having a
high production cost due to a low capacity utilization when the production amount is
small, such as less than 5x10° dies. However, the average production cost per die of
a 12-inch FAB is the highest when the least capacity utilization is combined with the
most expensive capital cost. Figure 3.4 also shows that there is an advantage of an
8-inch FAB over a 6-inch FAB when the production amount exceeds 3x10° dies.
Even though the curve representing the average production cost per die of a 12-inch
FAB lies above those of the 6-inch-and 8<inch.FABs.as shown in Figure 3.4, the 6-inch
and 8-inch FABs cannot satisfy the market due to capacity constraints when the demand
exceeds 6.3x10° and 1.8x10’ “dies, respectively.- Furthermore, as the production
amount of a 12-inch FAB approaches its full-capacity, a 12-inch FAB yields the lowest
cost among all those with full-capacity production, implying there are economies of

scale in the wafer foundry industry.

The main raw materials for producing wafers include silicon wafers, chemical
source, photoresist and specialty gases (TSMC, 2004). To simplify the study,
chemicals are selected as a raw material in this study. The amount of chemicals
required to produce one piece of 6-inch, 8-inch and 12-inch wafers can be estimated as
0.585, 0.475 and 0.450 liters (L), respectively. Considering the difference in the

amount of chemical resource required in producing one piece of different size wafers,

then the total amount of chemical source required by manufacturing plant n, can be
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further revised as w, . (F, )f, , where w, .(F,) represents the amount of

chemical source required to produce one piece of wafer when the size FAB for

manufacturing plant n, is F, . There are four chemical source vendors in the

market, namely, Merck, Chem Sources (CS), Tai-Young High Tech (TY), and Chemical

Sources International (CSI), and both Merck and TY have plant sites in Taiwan, while

CS and CSI are located in the USA. Table 3.2 shows the initial values of the base

procurement parameters.
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Table 3.1 The alternative sizes of FAB and base production parameters for

manufacturing plants

6 inch 8 inch 12 inch
Variable Variable Variable
Manufacturing . production . production . production
lant. 7 Capital cost cost Capital cost cost Capital cost cost
piant, 71 (10° US$)  (US$/wafer) (10°US$) (US$/wafer) (10’ US$)  (USS$/wafer)
Taiwan 1865 205 3000 323 10000 515
(Hsinchu)
Taiwan 1850 204 2978 321 9900 513
(Tainan)
Shanghai 1900 208 3005 327 10032 520
USA 2100 212 3085 335 10090 523
Singapore 2030 215 3078 335 10065 525

Table 3.2 The initial values of base procurement parameters

Unit chemical source

Chemical source Fixed cost, purchasecost,, p,. (US Maximum amount
vendor, n,_ V. (USS) $/L) supplied, S%l (L)
Merck 53 5.50 40000
CS 98 5.55 45000
TY 82 5.51 37500
CSI 112 5.49 41000
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Table 3.3(a) The transportation cost per kg between chemical source vendors and

manufacturing plants

Chemical sources vendor, n,

Manufacturing plant, n, Merck CS TY CSI
Taiwan (Hsinchu) 78 6.1 78 4.9
Taiwan (Tainan) 29 6.2 30 4.4
Shanghai 4.1 6.6 4.5 5.5

USA 3.5 4.3 4.4 4.9

Singapore 55 5.1 5.0 5.1

Unit: US$/kg

Table 3.3(b) The transportation cost per kg between manufacturing plants and customers

in six areas.

) Manufacturing plant, n,
Customer in

different areas,

Taiwan Taiwan Shanghai USA Singapore
ng (Hsinchu)  (Tainan)

North America 5.5 5.8 6.4 32 6.0
Taiwan 2.6 25 2.9 6.2 3.4
Europe 6.1 6.2 6.3 4.5 6.0

Japan 33 33 3.9 4.8 4.3
Korea 3.2 33 4.0 4.7 4.4
Hong Kong 2.9 3.0 2.7 5.0 4.0

Unit: US$/kg
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This study further assumes that the transportation cost per unit flow shipped is
measured based on the weight and distance. The weight of one die after packaging can
be approximately estimated as weighing 300 milligrams (mg), i.e. 3x10™* kilograms
(kg). According to the Taiwan Institute of Economic Research (TIER) (2004), the
average transportation charges per kg are approximately US$ 2.8 to US$ 4. The
transportation cost per kg between two locations can be further estimated by
unit-distance transportation cost per kg and the distance between them, and the
difference in unit-distance transportation cost between two locations is due to the
transportation mode employed. Tables 3.3(a) and (b) show the transportation cost per
kg between chemical source vendors and manufacturing plants, and between

manufacturing plants and customers in six areas, respectively.

The model is programmed: using Visual ‘C++, a computer-modeling program
developed by Microsoft, based: on the.developed heuristic algorithm. Tables 4-6

summarize the initial solution results.

In the case study, since Taiwan’s government provided incentives for developing
high-tech industry, and since there is a large local customer demand due to economies of
agglomeration in the semiconductor industry, T-company chose to construct 12-inch
FABs in Taiwan, and they are located in Hsinchu and Tainan. Due to the large demand,
the T-company also operates 12-inch FABs in Shanghai and the USA, respectively, as
well as an 8-inch FAB in Singapore, as shown in Table 3.4. The capacity utilizations
of the four 12-inch FABs are 100%, while that of the 8-inch FAB is 42%. Because of
the low capacity of a 6-inch FAB, it is not employed when there is large demand. This
can also be explained by the fact that the T-company expanded its capacity to operate
more 12-inch FABs rather than 6-inch FABs. Table 3.4 also shows that four 12-inch

FABs have the lowest average production cost per die, approximately US$ 0.62, while it
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is 1.06 US$/die for an 8-inch FAB. In addition, the total average production cost per
die for T-company is US$ 0.65. These results imply that because of the high customer
demand, the manufacturer can operate its manufacturing plants with large-size capacity,
combined with full-capacity production, thereby lowering the production cost. These
results also imply that when determining the production amount for multiple
manufacturing plants, manufacturing plants with large-size capacity have a high priority
over others for filling the capacity, not only due to the high capability of satisfying the
customer demand but also because they provide greater cost savings. Finally, Table
3.4 shows the amount of chemical supplies required by each manufacturing plant, with

the total amount required being 100642 L.

Table 3.5 shows the initial results, of the procurement decisions including the
optimal active chemical source yendors,sthe procured amount of chemicals, and the
amount of chemicals shipped from the chemical soutfce vendors to the manufacturing
plants. As shown in Table 3.5, the optimal-active vendors include Merck, TY and CSI,
and each serve different manufacturing iplants. This is because the unit chemical
source purchase costs offered by these vendors are relatively low.  Although there is a
high fixed cost with CSI, this high fixed cost per unit chemical source is reduced if the
large procurement amount is large. The advantage from this low unit cost outweighs
the disadvantage of the high fixed cost. Since the distance between two alternatives
can be reflected by the transportation cost, active vendors tend to serve the
manufacturing plants nearby. With reference to Table 3.3(a), the distance from
vendors Merck and TY to the two manufacturing plants in Taiwan are due to the fact
that they are all located in Taiwan; therefore, FABs in Taiwan are mainly served by
Merck and TY rather than by CSI. The average inbound cost per die is USS$

4.63x107>.
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Table 3.4 The initial results of manufacturing plants

Manufacturing plant Taiwan Taiwan Shanghai  USA  Singapore
(Hsinchu) (Tainan)

Size of wafer, F, 12-inch  12-inch 12-inch ~ 12-inch  8-inch

Capacity, v, (wafer) 40000 40000 40000 40000 35000

Production amount, measuring in 40000 40000 40000 40000 14825

wafer, f,

Production amount, measuring in 49x10” 4.9x10" 4.9x10" 4.9x10" 7.6x10°

die’ f‘n,;u(F'n,; )

Chemical sources required,

Weag (En ), (L) 23400 23400 23400 23400 7042

Capacity utilization ratio, Y, 100%  100%  100% 100% 42%

Average production cost per die

(USY/ die) 0:62 0.62 0.63 0.63 1.06

Total production amount
Total average production cost per die

Total amount of chemical source.required

2x10° (Dies)
0.65 (US$/die)
100,642 (L)

Table 3.5 The initial results of the relationship between manufacturing plants and

chemical source vendors

Total amount of chemical sources

Active raw Amounts of chemical sources ed an’c' i O
i Manufacturin, . n supphied, n. O
Slgfgglra l p1:ntl; SSESedg shipped, £, g L) o '
Merck  Taiwan 9300
(Tainan)
Shanghai 7300
USA 23400 40000
TY Taiwan 23400
(Hsinchu)
Taiwan 14100 37500
(Tainan)
CSI Shanghai 16100
Singapore 7042 23142

The sum of average fixed and inbound cost per die

4.63x10~° (US$/die)
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Table 3.6 shows the initial results of the relationship between manufacturing plants
and customers in six areas. Since in this study the customer is not constrained to be
served by one single manufacturing plant, some customers are served by more than one
manufacturing plant, such as customers in North America, Taiwan, Europe and Korea as
shown in Table 3.6. For example, customers in North America are served by FABs in
Taiwan (Hsinchu) and USA, while customers in Hong Kong is served by the FAB in
Shanghai. In Taiwan the majority of customers are served by FABs in Taiwan due to
their relative low transportation and production costs. In addition to the amount of
customer demand, the main reason that customers are served by different FABs lies in
the distance between the customer and the FAB. For example, customers in North
America are served by the FAB in the USA, while customers in Taiwan are served by
the FAB in Taiwan. These results;imply that to'reduce the outbound cost, the product
should be shipped from a manufacturing plant-to a customer with the shortest distance
between them. These results also imply that for a wafer foundry company the benefits
brought about by centralized production are larger than the increased transportation
costs by decentralized production. The manufacturer may adopt a production strategy
with centralized production in manufacturing plants with large-size capacity and then
ship the product to customers in different regions. Summing up the average
production, the inbound and outbound costs per die in Tables 3.4-3.6, the total average
cost per die of T-company can be calculated as US$ 0.65579, with the portion of
production cost being 99%, the highest of them all. This implies that the wafer
foundry industry shows production with economies of scale, and that the production is
the most valued-added in the entire supply chain. Therefore, the manufacturer must be
aware of the impact on the total cost of capacity utilization of manufacturing plants with

different-sizes capacity.
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Table 3.6 The initial results of the relationship between manufacturing plants and

customers in six areas

Customer in

different areas,  Customer demand, f, Amount of products

n, (dies) Manufacturing plants, 7 £ shipped, f, Zf (dies)
North America 6.4x10’ Taiwan (Hsinchu) 1.5x10’
USA 4.9x10’
Taiwan 5.7x10’ Taiwan (Tainan) 1.5x107
Shanghai 4.2x10’
Europe 3.6x10’ Taiwan (Hsinchu) 2.8x10’
Singapore 7.5x10°
Japan 3.2x10’ Taiwan (Tainan) 3.2x10’
Korea 8.4x10° Taiwan (Hsinchu) 6.3x10°
Taiwan (Tainan) 2.1x10°
Hong Kong 7.5x10° Shanghai 7.5x10°

Average outbound cost per die 1.16x107° (US$/die)

1.1
1.05

0.95
0.9
0.85
0.8
0.75
0.7

0.65 F M
|

06 I I I I I | I I
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average production cost per die (US$/die)

production amount in the USA (107 dies)

Figure 3.5 Average production cost per die vs. production amount in the USA
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So far, this study has conducted a numerical example for T-company specializing
in wafer foundry in the semiconductor industry. Next, this study will further explore
the influences of changes in key parameters on the average production cost and the

optimal capacity and optimal production amount of the manufacturing plants.

In this study, the capacity utilization of different-size FABs significantly influences
the total average production cost per die. As Table 4 shows, a minimum cost is yielded
for T-company if four 12-inch FABs reach their full-capacity production. This study
takes FABs in the USA and Singapore as an example to explore the impact of the
production amount of different-size FABs on the total average production cost per die.
As shown in Table 4, the total production amount of FABs in the USA and Singapore
are 5.66x107 dies, with the FABs jn!the USA:;and Singapore as 12-inch and 8-inch,
respectively. Under the assumption that:the size FAB of other manufacturing plants
and their production amount remain the same, the number of dies produced by the USA
and Singapore are negatively related. ~ Figure 3.5 shows the total average production

cost per die vs. the production amount in the USA.

As shown in Figure 3.5, as the production amount produced by the USA increases,
the average production cost per die for both USA and T-company decreases, which also
includes Singapore for exhibiting increased average production cost. This is because
the number of dies produced by one piece of 12-inch wafer exceeds that of an 8-inch
wafer. Also, the impact of the increased cost in Singapore on the total cost can be
offset by the decreased cost in the USA. In other words, the total production cost can
be reduced if there is more production assigned to a manufacturing plant with large-size
capacity. This result also implies that with the existence of economies of scale, the
mechanism for determining the production amount for manufacturing plants with

different-size capacity is to assign the most demands to manufacturing plants with the

91



largest-size capacity, and to assign the remaining ones to those with small-size.
However, in addition to the size of capacity, the other important factor affecting the
assignments of production is the amount of customer demand. As stated, when the
customer demand is small, using manufacturing plants with large-size capacity may lead
to high production cost. Consequently, a plant with a large-size capacity is preferred
when the demand is large. Table 3.7 shows the optimal sizes of FABs and the capacity

utilization of manufacturing plants with different amounts of customer demand.

As shown in Table 3.7, there is a high total average production cost when the
amount of customer demand is low. Referring to Table 3.1, the advantages of Hsinchu
and Tainan in Taiwan are low capital and variable production costs, which provided
T-company with the incentives to construct two 12-inch FABs in those regions, as
shown in Table 3.7. The optimal FAB size is, 12=inch for Hsinchu and Tainan with
full-capacity production regardless of the customer demand. This result implies that
the determination of where to opérate @ manufacturing plant with large-size capacity lies
in the labor costs involved as well as”the corresponding land rental fee, expenses for
equipment installation, etc. This finding also shows that high-tech manufacturers can
operate a large-size capacity plant in regions with adequate and low-cost supplies and
where low-paid skilled workers are available, or if the governments provide incentives,
such as rent or tax free etc. to the high-tech industry. Table 3.7 also shows that not all
FABs are being operated until the amount of customer demand exceeds 17.99x10’
dies. For example, T-company needs only three manufacturing plants when the
customer demand is 12.85x107 dies. This result implies that when the demand is
extremely low, it is not necessary to operate all of the manufacturing plants, and in
addition a manufacturing plant with a very high cost is not suggested. ~As the customer

demand increases, in addition to two 12-inch FABs, T-company will start to operate a
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smaller-size FAB at locations with high capital and variable production costs. For
example, when customer demand is 11.82x107 dies, then there are three 12-inch FABs,
1.e. Hsinchu, Tainan and Shanghai with 100% capacity utilization and one 6-inch FABs
in the USA, with a utilization as low as 25%. This implies that a company may incur
high costs to operate a large-size capacity at a region with relative high capital and
production costs when there is not large demand. As the customer demand increases,
the tendency to operate 12-inch FABs increases; even though there is not enough
demand to enable full-capacity production for all 12-inch FABs. This implies that
rather than using small-size capacity with high capacity utilization, using large-size
capacity with a relative low utilization is more cost effective for the manufacturer, as
long as the customer demand is sufficiently high to share the high capital cost.
Furthermore, the capacity utilization:of Singapore has the highest capital and production
costs and shows a smaller number,.i.e. 38% with. a customer demand of 21.59x10’
dies. This implies that when using the same-size capacity for all manufacturing plants,
a manufacturing plant with lower capital and lewer production cost should be assigned

to produce more products.
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Table 3.7 The optimal size FABs and capacity utilization of manufacturing plants with

different amounts of customer demand

Customer The total average Taiwan (Hsinchu) ~Taiwan (Tainan) Shanghai USA Singapore

demand (10’ production cost per

dies) die (US$/die) @ @ Q) @ O @ GO & @ @
11.57 0.6823 12 100% 12 100% 12 94% - - - -
11.82 0.6869 12 100% 12 100% 12 100% 6 25% - -
12.85 0.6813 12 100% 12 100% - - 12 60% - -
15.42 0.6549 12 100% 12 100% 12 100% 8 34% - -
17.99 0.6530 12 100% 12 100% 12 100% 12 65% - -
20.56 0.6386 12 100% 12 100% 12 100% 12 100% 8 46%
20.82 0.6387 12 100% 12 100% 8 60% 12 100% 12 100%
21.07 0.6387 12 100% 12 100% 8 74% 12 100% 12 100%
21.33 0.6386 12 100% 12 100% 8 89% 12 100% 12 100%
21.46 0.6387 12 100% 12 100% 8 96% 12 100% 12 100%
21.59 0.6522 12 100% 12 100% 12 100% 12 100% 12 38%
21.85 0.6036 12 100% 12 100% 12 100% 12 100% 12 43%
22.10 0.5560 12 100% 12 100% .12 100% 12 100% 12  48%
23.13 0.5066 12 100% 12 100% | 12 100% 12 100% 12 69%
24.41 0.5024 12 100% 12 100% 42 100% 12 100% 12 95%

(1): size FAB

(2): capacity utilization
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3.5 Summary

Past studies have extensively investigated plant location issues. Most of these
studies dealt with the problem by constructing MIP models in which the plant is
constrained to serve a single warehouse or customer. These studies focused mainly on
developing an approximation procedure and on the efficiency of the proposed heuristics.
However, the impact of high capital cost on the optimal plant capacity, and the
production volumes among manufacturing plants of different size were rarely discussed.
This study constructed a nonlinear MIP model which attempted to minimize the average
total cost per unit product subject to constraints such as satisfying customer demand in
various geographic regions, relationships between supply flows and demand flows
within the physical configuration, and the production limitation of different size plants.
This study showed how economigs of scalercan be’considered in solving the capacity
and production problems. This study also showed that the capacity utilization as well
as the production amount in the short-run, and'the size of capacity of multiple plants in

the long run are related, and that those two factors influence the total cost.

A numerical example of T-company in Taiwan, which is the world’s largest
dedicated semiconductor foundry, was provided to demonstrate the application of the
proposed models. The results show that because of the high customer demand, the
manufacturer can operate manufacturing plants with large-size capacity combined with
full-capacity production, thereby lowering the production cost. Since the government
of Taiwan provided incentives for developing the high-tech industry, and since there is a
large local customer demand due to the economies of agglomeration in the
semiconductor industry, T-company’ core operations are based in FABs in Taiwan.
The results of this study also show that when determining the production volumes for

multiple manufacturing plants, those with large-size capacity combined with low capital
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and variable production costs have a higher priority in filling this capacity, compared to
those with small-size capacity combined with relative high capital and variable
production costs, not only because of their higher capability to satisfy customer demand
but also because they are more cost effective. Although there is a tradeoff between
production cost economies and transportation cost diseconomies, the results show that
the benefits in terms of cost savings for the wafer foundry company brought by
centralized production are larger than the increased transportation cost as a result of
decentralization. Therefore, this finding suggests that the manufacturer may adopt a
production strategy of centralizing production in manufacturing plants with large-size

capacity and then shipping the products to customer in different regions.

As to raw material procurement, the results show that the impact of high fixed
costs on the total cost can be absorbedmbyslarge-amount procurement, and that the
benefits of a low unit purchase:cost are larger than the high fixed cost. Also, active
vendors tend to serve manufacturing plants-that are nearby. In addition, to reduce
outbound costs, the product should be shipped from a manufacturing plant to a customer
that is located within a short distance. The results also show that the production cost is
the highest of all costs involved for a wafer foundry. This finding implies that the
wafer foundry industry shows production with economies of scale, and that this
production is the most valued-added in the entire supply chain. Therefore, the
manufacturer must be aware of the impact on the total cost of capacity utilization by its
manufacturing plants with different-size capacity. The results also show that a
manufacturing plant with very high capital and variable production costs is not
recommended when the demand is extremely low. However, without using small-size
capacity combined with high capacity utilization, operating large-size capacity with a

relative low utilization is more cost effective for the manufacturer as long as the
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customer demand is large enough to offset the high capital cost.

In sum, the integrated plant capacity and production model developed in this study
provide a highly effective tool that enables high-tech product manufacturers to evaluate
the expansion, contraction, or reallocation of their production tasks among various
manufacturing plants. This model can be applied to investigate the relationship
between the total average production cost and production allocation when deciding
whether to operate a new manufacturing plant, or to develop a new technology, such as
0.09 um process technology, which may lead to larger production. Finally, it is
worth noting that the optimal capacity utilization of a manufacturing plant is related to

its capacity size, the larger the capacity size the larger the utilization.
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CHAPTER 4
Reliability evaluation and adjustment for supply chain
network design with demand fluctuations

This chapter focuses on supply chain network design problems by considering
economies of scale and further demand fluctuations. The results from the MIP model
in the first part, i.e. Chapter 3, are employed as the initial results of the supply chain
network, where the optimal locations, capacities and the production amount of
manufacturing plants are determined. Moreover, the monthly product/material flows
between manufacturing plants/suppliers and customers/manufacturing plants in different
locations are also obtained. A reliability evaluation method is developed to evaluate
the performance of plants under demand fluctuations. In addition, two mathematical
programming models are developed to,determine the optimal adjustment decisions
regarding production reallocationamongrplants under different fluctuating demands.
The judgments to adjust or to do-nothing are-investigated by comparing the results if the
adjustment is made or not made. “+ The research-scope of this part is the same as the first
part, i.e. Chapter 3, which is shown “as (Figure 4.1. And the adjustment strategy
proposed herein focuses on the production echelon, since the production echelon is the

most value-added one for high-tech industries.
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(3) Customers

(1) Raw material vendor (2) Manufacturing plant (distributor/retailer)

o=l

Figure 4.1 The research scope of Chapter 4

4.1 Introduction to the problem

In the strategic supply chain netwotrk-planning phase, the problem generally
involves deciding the configuration.of‘the network that satisfies customer demand while
minimizing manufacturers’ costs. Though large-scale capacity is encouraged due to
there exist economies of scale following reduced costs, the advantage depends on the
level of the market demand. The benefit brought by operating large-scale
manufacturing plants shrinks and production costs dramatically increase when the
market demand is insufficient to realize scale economies and the capacity utilization is
low. On the other hand, revenue loss arises when supply does not match with high
market demand. Strategic supply chain network is a key factor influencing efficient
tactical operations, and therefore has a long lasting impact on the manufacturers. The
majority of supply chain network problems uses average estimated customer demand
patterns for the manufacturers over planning years covering peak and off-peak periods.

Unfortunately, unexpected abnormal events occur and continue for a period of time,
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which further influence customer demand and affect network performance. The
continued survival and effectiveness lie in manufacturers’ ability to respond promptly to
environmental turbulence (Lloréns et al., 2005). Since the supply chain network
design involves the commitment of meeting customer demand, how to design a flexible
supply chain network by considering economies of scale and demand fluctuations is

important.

The impacts of uncertainties on manufacturer efficiency have prompted a lot of
studies to address stochastic parameters in supply chain planning. At the static and
operational levels, there is a great deal of research developing production/inventory
models that deal with various uncertain factors in the environment. The attention has
been focused mostly on the probabilistic modeling of the customer demand side (e.g.
Cachon and Fisher, 2000; Gavirneni et al.51997; Gavirneni, 2002).  Other studies dealt
with supply uncertainties, such :as machine breakdowns, strikes, shortages in material
availability, etc. The majority of this research-employed and modified EOQ formulas
to include random variables reflecting different uncertainties (e.g. Hariga and Haouari,
1999; Wang and Gerchak, 1996). These studies have shown how the company’s
performance is affected by uncertain environment and provided tools to tackle these
uncertainties and ease these influences. The planning frame of these studies is focused

on operational level, rather than strategic design.

Taking another approach, several studies have employed stochastic programming
models to formulate optimization problems that involve uncertain input parameters (e.g.
Santoso et al., 2005; Tsiakis et al., 2001). These studies focused mainly on providing
efficient algorithms that solve the stochastic integer programming models and
presenting computational results on supply chain network involving different number of

nodes, arcs or products. However, abnormal states occur unexpectedly, which result in
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severe demand fluctuations and affect the performance of a well-design network as the
abnormal state continues. Instead of reconstructing the whole network, it is important
to propose adjustment method for the manufacturer so as to maintain overall global
network design objectives. To summarize, few studies have combined supply chain
network modeling and economy theory to formulate integrated models, coping with

production economies and demand fluctuations.

Reliability engineering is a well-established area of engineering, which has been
widely applied to software reliability, mechanical reliability, and transportation network
reliability, etc (e.g. Billinton and Allan, 1983; Chen, 1999; 2002). Hsu and Wen (2002)
developed a reliability evaluation method for airline network design, evaluating
reliability of initial proposed flight frequencies under normal/abnormal demand
fluctuations. In the paper, a priori adjustment.of flight frequencies is also presented.
Lai et al. (2002) developed a measurement instrument for supply chain performance in
transport logistics. However, the production-of the manufacturing plants is directly
affected by market demand, which influences the revenue and further market shares of
the operator in the long run. There are few studies in the field of supply chain
management paying attention to evaluate the reliability of proposed design of the
network under abnormal demand fluctuations. Furthermore, how to determine flexible
adjustment strategies by considering related adjusted benefits and costs under different
abnormal states are essential for the manufacturer on maintaining competition in the
industry. This study attempts to explore above issues by formulating a series of

models.

4.2 Reliability evaluation methods

This section investigates how demand fluctuations from different markets

influence the production of the manufacturing plants and affect their performance.
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Based on Hsu and Wen (2002), this study revises the definition of the reliability as it
copes with the characteristics of supply chain networks. The unreliability problem
arises from the condition the proposed capacity cannot match customer demand due to
abnormal events occur. When abnormal events lead to a shrunk demand, excess
supply occurs, following increased production cost due to low capacity utilization. On
the other hand, though demand expansion causes decreased production cost, revenue
loss follows once proposed capacity cannot meet the excessive demand. Thus, the
results of a supply chain network design, i.e., the proposed capacity and production
allocation produce reliability for the manufacturer only when the demand fluctuates
within ranges that allow the capacity utilization of the manufacturing plants to maintain
cost economies and customer service level. This study defines the reliability as the
probability that initially proposed.‘capacity of the manufacturing plant will operate

effectively under demand fluctuations.
This study assumes that the propesed-eapacities of the manufacturing plants

resulting from supply chain network designin* Chapter 3, v, , associated with the

average monthly customer demand, f, , are initially reliable, where the capacity

utilization of the plant could maintain a break-even level or/and the production does not
exceed the full-capacity production level. Let the capacity utilization be the basic

criterion for evaluating the reliability of the manufacturing plant under demand

fluctuations. The capacity utilization of manufacturing plant n, with respect to

~

random production amount f, inmonth¢, Y, (fnk ), 1s defined as:

7t
g

P
v

ny

Y, (f)=

(4.1)

Since the proposed capacity, v,

n;

is fixed, Y, (fn’k) is directly proportion to the
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realizations of fn’; for month . Let ]_‘n’k represent a random realization of ]N’n’k and
a potential value of production amount of manufacturing plant », under all demand
fluctuations over month 7. If Y, ( fnt‘ )=0, it implies that the potential production
amount is zero, i.e. fn’k =0; and 7, ( fni )>1 reveals that the manufacturing plant is

under full-capacity production or the potential production amount exceeds its capacity,

which further implies the capacity cannot satisfy the excess demand. This study

assumes Zk =1 to be the maximally acceptable capacity utilization of manufacturing

plant n,, where there exists a lowest unit-product production cost, while let ¥, be

the minimally acceptable capacity utilization, at which tolerable minimum revenue for

the manufacturer is assumed.

When the proposed capacity applied-under fluctuating demand, and if ]N”ni leads
Y, (fn’k) to ¥, <Y, (]N’n’k)szk . manufacturing plant », is defined as reliable in
month ¢ Inversely, if ]N’n’k leads Y, (fn’k) to ¥, >Y, (]N”,fk) or Y, (ka )>7,
manufacturing plant »n, is unreliable under demand fluctuations in month ¢

Specifically, the reliability of a specific manufacturing plant is defined as the probability

that the capacity utilization falls between the acceptable limits, namely:
R, (fi)=PiY, <Y, (f})<7,]

(4.2)

The impacts of fluctuating customer demand on the production amount of different

manufacturing plants are further analyzed. Let 6, be the proportion of the

production from manufacturing plant #, to that from all plants, which is the results of
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initially proposed production allocation among the manufacturing plants, namely:

o
6 = k
" z Jr’lk

A\

(4.3)

0, also implies the magnitude of the manufacturing plant to the manufacturer, in a

ny

way that the more substantial production a plant is, the more the manufacturer relies on

its output to serve customers and Z@nk =1. Since the total production amount from
Vny

all manufacturing plants is restricted to meet demands from all customers, Z S, 1n
Vny

Eq. (4.3) can be substituted by z f,, > ylelding 6, = Ju . Furthermore, Eq. (4.3)

o 21

Vn

s

can be rewritten as:

fi=0>71! (4.4)
Vn,

Substituting Eq. (4.4) for fnk in '[Eq.(4.2), Eq. (4.2) can be rewritten in terms of

customer demand, restated:

Tt X”k v;k Tt Z’k v;k
R, (fy)=Pr[—2te<y fr <t (4.5)
0 ol 0

n, N ny

Assume that random variable zf follows a normal distribution with parameters f

and a(fni) and ]7”’ for all customers is independent. Total fluctuating demand,

z;‘n’ , 1s also a random variable, distributing with a normal distribution with mean
Vn,

Z f ,and standard deviation ’20'2(7;1i) . The reliability of manufacturing plant
Vny vng

n, can now be evaluated by using the cumulative distribution functions of normal

distribution, namely:
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7 *

Yn Vn,( T an V:,( Vi
A LY I
an Vn, an Vn,
D( ) (4.6)

R, (f)=a( . -
> e (F) > e (F)

where ®(z) is the cumulative distribution function of the standard normal distribution.

In practice, some abnormal events may occur at a particular market and continue
for a period of time, such as finance crisis, war or natural disaster, economy recovery,
which further cause demand from that market fluctuating. The network performance is
affected in a way that the more fluctuating demand is different from the forecasted for a
long period of time, the more accumulated revenue loss the manufacturer will surfer.
An abnormal state is one in which monthly customer demand values do not follow the

normal demand distributions, estimated from all survey years, due to the occurrence of

an abnormal event. For customer:7, let K “represent the set of all distinct states,

which occur on the market during -‘the planning year and let

— 0 1 i
Kns = {wns W, ses W,

n

s,..,wa }, where w; denotes ‘@ specific abnormal state and W
gives the number of distinct abnormal states, and w,?c represents a normal state, in
which no abnormal fluctuation occurs, respectively. Let Pr(wfh) be the probability
that state w, occurs during the planning year, where Pr(w,)>0 and
> Pr(w, ) =1.

Suppose that, during the planning year, an abnormal state W;A occurs at time ¢,
with duration \7”’ , where ¢, is the time elapsed from the beginning of year, and ¢,
with 1 month as a unit. The duration of W; , ‘7;; , 1s considered to be a random

variable. To simplify this study, V! is supposed to have a finite discrete distribution:
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{v)],p;),j=1.2..,7V, }, where v] is a realization of ¥, with probability p, and
V, s the number of realizations of Vn’ Let / be the set of all months during the
planning year and [ :;:_j represent the set of months belonging to the time interval within
which an abnormal state w, continues on the location of customer n, , i.e.
1/ = {t‘[ti* ]£t<(t: +v,’{—t} given state duration v) . Moreover, suppose that the
monthly demand from customer n_ in abnormal state w; follows another normal

distribution with different parametric values. That is, the monthly demand associated

with abnormal state w, follows another random variable, ]Nf,,fi’ij, Viel,’. Note
that the mean and standard deviation of: thesdistribution Zf ; 1s related to the effect
and duration of the event corresponding to state WZ,S . Consider different durations of
abnormal state Wf,s , vf{i, and’ their probabilities - p, , the average demand from

customer 7, in month ¢ given abnormal state" W' , f ., can be expressed as:

9 [ 9
ng 1551

Tt

V”S
fni.,i = ij X ng,ij (47)
J=1

Furthermore, the expected fluctuating demand from customer »,Z in month ¢,
depending on the occurrence of abnormal states, is obtained as: jN”n’_ = zzl Pr(w! )]7”’_ -

The reliability of manufacturing plant », in month # associated with abnormal demand

further can be calculated using Eq. (5.6).

4.3 Supply chain network adjustment model

Some manufacturing plants may be found to have low reliability when initially

proposed capacity and production allocation results experience severe demand
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fluctuations. To prevent the incurred costs, it is worth considering an adjustment of the
network. Since the manufacturing echelon is the most value-added for high-tech
product industry, this study focuses on the adjustment of the production allocation
among the manufacturing plants for the manufacturer. To capture various abnormal
states and their impacts on customer demand, this study formulates supply chain
network adjustment models with respect to demand expansion and shrinkage, as they
cope with different fluctuant demands combined with various durations where the

abnormal states continue.

4.3.1 Customer demand expansion

Demand expansion resulting from an abnormal state may lead the potential
production amount to exceed the capacity in a manufacturing plant, given customer
demand being satisfied. Becauge there is limited capacity, demand expansion usually
accompanies unsatisfied customers. The-excessive demand burdens the manufacturer
with an even heavy revenue loss if the abnormal state lasts for a long period of time.
In accordance with these unreliable situations, this study proposes a production
adjustment strategy, where it suggests the reliable manufacturing plants with remaining
capacities to produce more or booking the capacity of outsourcing firms. The induced
costs and benefits associated with adjustment decisions are also discussed. This study
formulates a mathematical programming model for determining the optimal adjustment
decisions in terms of production reallocations among all plants by minimizing total
adjustment cost during months with excessive demand, given the sum of allocation cost,
extra material purchase cost, difference in production cost, penalty cost and

transportation cost.
Let t={/./,Vn,,Vi} represent the set of months belonging to the time interval
within which excessive demand continues and n(t) is the number of months in t where
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the adjustment is scheduled and executed. Let K be the set of the manufacturing
plants operated by the manufacturer, J={n,} be the set of the detected unreliable

manufacturing plants, and 7,, n, € K—-J, represents a reliable manufacturing plant,
where Y, (ﬁk)>1 and Y (Ek)ﬁl, respectively. Moreover, let m, be a specific

alternative outsourcing firm, where the product quality is indifferent from the

manufacturer. For the sake of simplification, this study averages the total customer

demands and denotes f,

N

as average monthly customer demand for the manufacturer

during n(t) months, f, :%Zz £, where f' is a realization demand from
n Vt Vng ' '

customer s, in month ¢, tet. Then, the expected average monthly production

amount of manufacturing plant n, canbe estimatedas f, =6, f,.

The allocation cost includes’ fixed. allocation cost and variable allocation cost.
The fixed allocation costs are-those expenses associated with production schedule
change costs, contract cost with. outsourcing firms, etc and are incurred if the
manufacturer once determines an adjustment. The variable allocation costs can be
divided into two categories: outsourcing cost and compensation cost, where the former
are costs charged by the outsourcing firms, while the latter reflects additional labor costs

and extra utilities cost, etc because of over-production than scheduled in a reliable
manufacturing plant. Let o, be the unit-product outsourcing cost paid for
outsourcing firm m, and h; be the unit-production compensation cost for

manufacturing plant 7, . The outsourcing cost reflects not only production and

material purchase costs borne by the outsourcing firm, but also a premium charged, and

thus o, =>#h, can be concluded. The total allocation cost over n(t) months, G, is

formulated as:
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G=0, + ”(t)(zomk thk,mk x:& + Zhﬁk ZAhkﬁk y;:) (4.8)

Vm, Vi, vn, Vi
where O, represents the fixed allocation cost, and ¢, , and A, 5 are the

production amounts allocated from manufacturing plant 7, to outsourcing firm m,

n
ny

and to reliable manufacturing plant 7, , respectively. Indicators x,‘ and y

represent, respectively, whether there exist production allocation relationships between

. . — s i
n. and m, and between 7, and n,. Moreover, Zqﬁk x)* and ZAﬁm Vil

k STy My
Vi Vi

in Eq. (4.8) indicate the outsourcing amount from outsourcing firm m, and additional
production amount from manufacturing plant 7, , respectively.

The extra material purchase cost arises due to there could be no sufficient material
to support the production, given considerable customer demands. Let p be the
average unit-material purchase cost and: p would-be high since it is an emergency
purchase and also due to there should be large material demanded in the market during

high demand period. The extra material purchase ceost over n(t) months, R, is given as:

R=n)pD. DA, ;v (4.9)

Vi, Vi,
The difference in production cost discussed herein accounts for the benefits

brought by production reallocation such that all manufacturing plants reach their
full-capacity production. Let j_”ﬁk and fﬁk represent, respectively, the realized
average monthly production amount of manufacturing plant s, and 7, under demand

expansion, i.e. unadjusted amounts, while ﬂk and fﬁ'k are the adjusted ones,

respectively.  Then, the relationship between adjusted and unadjusted production

amount can be represented as follows:

DA IO EDIPI D I IS (4.10a)

e omy o ony

109



fo =L T 20w (4.10b)

Vny,
' _ 7 _ e 7
fnk = fr'lk zAﬁk,ﬁk Vi, zqﬁk,m,{xmk (4.10¢)
Vi, Vm,

Note that the adjusted production amount is restricted by the capacity, Jf;;k <v, and

f. <v_. Asshown in Eq. (4.10b), a reliable manufacturing plant produces more after

y n
production reallocation, fﬁ'k > fﬁk , which leads to a lower production cost. Consider

all manufacturing plants, which do not reach their full-capacity production before
production reallocation, the total difference in production cost over n(t) months, O, can

then be formulated as:

O=n (t)Z(C(v:k ) +_c(v;k )/, G, (vs) +'c(v;k Vo

. 4.11
= f i a 10

Substituting Eq. (4.10b) for fﬁ'k in Eq. (4.11), Eq. (4.11) can be rewritten as:

C(V;k )ZAﬂk 7, y;:
0=n(), Vf (4.12)

where O >0 reveals that there is always cost savings due to production reallocation

and the total benefits are significant with considerable additional production amount,

ZA%@ y,if: and the number of months with excessive demands, n(t).
Vi,

The manufacturer could also decide to stay in status quo and do nothing such that
the production allocation among the manufacturing plants is the same as initially
proposed; however, revenue loss or customer service downgraded exist due to
unsatisfied demands. The penalty cost is introduced to represent the expected loss.

The unit-product penalty cost can be estimated based on the unit-product price, P, and a

proportion of penalty cost to price, ¢. The total penalty cost over n(t) months, 7, is
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given by:

T =ntPY (f,, —fi) (4.13)

iy,
Production reallocation may avoid high penalty costs and result in a decreased
production cost; nevertheless, it could lead to an increased transportation cost if the

product is shipped from a distant manufacturing plant or/and outsourcing firm to

customers in different regions. Let 7, and 7, be the average unit-product

transportation costs from manufacturing plant 7, to customers and that from

outsourcing firm m, to customers, respectively, then the total transportation cost over

n(t) months, E, can be formulated as:

E=n(O)(X 15, 20 5 Vil + 2ol 2,04 0, X)) (4.14)

v, Vi Vm, Vi
From the discussion to date, the, supply. chain network adjustment model in
response to customer demand:-expansion.can then: be determined by solving the

following programming model (P2):

P2: min G+R+T+E-Q (4.15a)
5.t ;(jﬁk —ﬁ;k)znzngx;;kk +;;Aﬂkﬁky§: (4.15b)

fo = fo ¥ A, 5 Vi Vi, (4.15¢)

Vi,

fﬂ'k = j_pﬁk _;Amﬁk ynf: —\%:qhk,mkx,'sz Vn, (4.15d)

X, =0 or 1 Vi, Vm, (4.15¢)
yitr=0orl Vn, Vn, (4.15f)

4, », and A, - >0 and integer Vn, Vi, Vm, (4.15g)

Eq. (4.15a) is the objective function that minimizes total adjustment cost over n(t)
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months. Eqgs. (4.15b), (4.15¢) and (4.15d) express the relationships between adjusted

and unadjusted production amount of the manufacturing plants. Egs. (4.15¢) and

(4.15f) constrain decision variable x,”nkk and yﬁ”kk to be binary. Finally, Eq. (4.15g)

defines decision variables ¢, , and A, . to be non-negative integers.

4.3.2 Customer demand shrinkage

The potential production amount of the manufacturing plants is significantly
reduced due to a decline in customer demand, thereby resulting in production
diseconomies. The production cost will be even higher if most manufacturing plants
locate in regions with high commodity price index. On the contrary to demand
expansion, this study proposes a production adjustment strategy in response to demand
shrinkage such that the production‘could beifocused on a few economical manufacturing
plants, instead of dispersed production by all manufacturing plants. This study
considers costs and benefits associated. with-production adjustment and formulates a
mathematical programming model for'determining the optimal production reallocation
among the manufacturing plants by minimizing total adjustment cost during months
with shrunk demand, given by the sum of allocation cost, difference in production cost,

and transportation cost.
Let y={I/,Vn_Vi} represent the set of months belonging to the time interval

within which shrunk demand occurs and n(y) is the number of months in y, where the
adjustment is scheduled and executed. Let |={ii,} be the set of the unreliable

manufacturing plants and 7n,, n, € K—1, represents a reliable manufacturing plant
under demand shrinkage, respectively. Moreover, let fﬁk and fnk represent the

unadjusted and adjusted average monthly production amount of manufacturing plant 7, ,
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and f_ﬁk and fﬁ'k be the unadjusted and adjusted production amount of manufacturing

plant 7, over n(y) months, respectively. The relationships between unadjusted and

adjusted production amounts are stated as follows:

fo = Fa =D i i (4.16a)
Vi,
fon = Fo + 2 €040 (4.16b)
Vi,
where e; , represents the allocated amount and q;’: is an indicator representing

whether there is reallocation relationship between manufacturing plants 7, and 7,

respectively. Indicator e; , can be either positive or negative, depending on whether

iy

the production amount is allocated fromymanufacturing plant 7, to 7, and e, , >0

Ty iy

implies that there is production amount, e; |/, reallocated from 7, to 7,.

kil

Let w, and w; represent, respectively, the' unit-product allocation costs of

manufacturing plants 7, and 7, , depénding on commodity price indexes in different

regions. The total variable allocation cost of manufacturing plants 7, and 71, over

n(y) months, W,

L

and W, , is given, respectively, as:

Wﬁk = n(y)wﬁk max {Z €, ,;,kq,;i: , 0} (4.17a)
Vi

W, = n(y)w, max{) e, ; q;",0} (4.17b)
Vi

The total allocation cost over n(y) months, W, can be obtained by summing up the fixed

allocation cost and variable allocation cost of all manufacturing plants, namely:

W=0,+> W, +> W, (4.18)

iy Vi

Though the production cost of a manufacturing plant with additional production
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amount can be correspondingly reduced, the production costs of the other plants are
raised since there is less production to share the high capital cost. The manufacturer
should carefully investigate the difference in production cost for all manufacturing
plants when it comes to production reallocation in response to demand shrinkage. Let
X' and X° represent, respectively, the total difference in production costs for all
unreliable manufacturing plants and for all reliable manufacturing plants over n(y)

months, namely:

CO ) +e) iy COi)+e)f;
I, S

_ n(y)Z( k )fnk (4.19a)

¥2 n(y)Z(C(Vﬁk ) ‘;_CC(V;,,c )fﬁk B C(V,ak ) -;f(v;lk )fﬁk )fn,( (4.19b)

Then, the total difference in prodiction cost over n(y) months, X, can be shown as:

X=X"+Xx°
an (vi*dk )Zeiik,izk q;’l: Cﬁk (Vzk )Zeﬁk " qz:
= n(y)( - ) (4.20)
Z ]pn,{ (]pn,{ + Zenk Ay an ; an (an Zenk " qn:

Vi, Vi,
If X>0, there is a reduction in production cost; otherwise, the reallocation incurs an
increased cost.

Similar to that discussed in Section 3.1, the transportation cost reflects the different
assignment of customers to the manufacturing plants. Let #, and 7, represent,

respectively, the average unit-product transportation costs from manufacturing plants

i, and that from 7, to customers. The total transportation cost over n(y) months, E,

can be formulated as

E=n(y)Q f; max{) e, . g ,0y+ > i, max{d e, . g0} 4.21)

Viiy, Vi, Vi, Viiy,
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From the discussions to date, the supply chain network adjustment model in
response to demand shrinkage can then be determined by solving the following

programming model (P3):

P3: min W+E-X (4.22a)
st fo=fi =Y. e i di Vii, (4.22b)
Vi,
fo=fi e dn VA, (4.22¢)
iy
e; 5 Integer Vi, Vn, (4.22d)
g;'=0or1 Vii, Vi, (4.22¢)

Eq. (4.22a) is the objective function that minimizes total adjustment cost over n(y)
months. Eqs. (4.22b) and (4.22¢) state the rrelationships between adjusted and

unadjusted production amounts for the manufacturing plants. Eq. (4.22d) constrains

decision variable €, i

g

to be an-integer.and Eq. (4.22¢) defines decision variable q:kk

to be binary.

4.4 Case study

Following the study object in Chapter 3, a numerical example of T-company is also
provided to demonstrate the application of the proposed models in this chapter. Base
values for the cost-function relevant parameters are given to solve the problem of
T-company’s supply chain network; however, some operating costs are unavailable, the
annual report data in TSMC (2004) are employed to estimate them. In this chapter,
total customers are classified according to the geographic distributions, which result in

six major customers, namely North America, Europe, Japan, China and Taiwan.
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T-company could operate either 12-inch, 8-inch or 6-inch wafer fabrications' (FABs) to
serve customers, which produce average monthly capacities of 50000, 70000 and 82000
pieces, respectively. In terms of area, one piece of 12-inch wafer is 2.25 times the size
of that of 8-inch wafer; furthermore, it is 4 times of 6-inch wafer. To unify, customer
demand, capacity and production amount are measured in terms of pieces of 8-inch
equivalent (eq.) wafers. Thus the capacities of 12-inch, 8-inch and 6-inch FABs can be
revised as 112500, 70000, 45920 8-inch eq. wafers. Regarding manufacturing plants,
there are five available locations for T-company to operate various sizes of FABs,
namely, Taiwan (Hsinchu), Taiwan (Tainan), Shanghai, USA and Singapore. The
monthly capital cost for different-size FAB can be estimated by total expenses for the
FAB construction and equipment set up and the maximum usage period of the FAB.
Tables 4.1 and 4.2 show, respectively, the forecast values for each of the 5 major
customer demands in year 2007-and base production parameters for different-size FAB

in different locations.

' Each size FAB can only produce its particular size of wafers, i.e. 12-inch, 8-inch and 6-inch wafers due
to the complexity of technology in the manufacturing process of producing wafers.
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Table 4.1 Demand forecasts for five major customers in 2007

Customer in different areas Annual forecasts” Monthly forecasts”
North America 6165050 513754
China 207774 17315

Japan 508312 42359
Taiwan 333723 27810
Europe 497992 41499

Total 7712851 642737

Source: TSMC Annual Report
* 8-inch eq. wafers

Table 4.2 The base production parameters for different-size FAB in different locations

6-inch 8-inch 12-inch
Capital cost ~ Variable Capital Variable Capital cost ~ Variable
(10°USS$)  production  cost (10° production cost (10° US$)  production
cost US$) (US$/wafer) cost
(US$/wafer) (US$/wafer)

Taiwan 1865 205 3000 323 9700 515
(Hsinchu)

Taiwan (Tainan) 1850 204 2978 321 9900 513

Shanghai 1900 208 3005 327 10032 520

USA 2100 212 3085 335 10090 523

Singapore 2030 215 3078 335 10065 525
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Table 4.3 Initial results of manufacturing plants and their relationship with customers in
different locations

Customer in different Monthly flows (8-inch eq.
Locations FAB locations wafer)
Taiwan (Hsinchu)  12-inch North America 112500
12-inch North America 112500
Taiwan (Tainan) 12-inch China 17315
Japan 42359
Taiwan 27810
Europe 25016
Total 112500
Shanghai 12-inch North America 112500
USA 12-inch North America 112500
Singapore 12-inch North America 63755
Europe 16480
Total 80235
Locations

Taiwan (Hsinchu) Taiwan (Tainan) Shanghai USA  Singapore

FAB 12-inch  12-inch 12-inch 12-inch 12-inch 12-inch
Capacity utilization (¥, ) 1000, 100% 100% 100%  100%  71.32%
Proportion of production

to totals (&, ) 0.175 0.175 0:175 0.175 0.175 0.125

Average production cost per 8-inch eq.'wafer (US$) 322.85
Average outbound cost per 8-inch eq. wafer (US$) 8.61
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This study determines the capacity of manufacturing plants, i.e. the sizes of FABs
in various locations and their production amounts as well as the monthly flows from
each FAB to customers in different locations using supply chain design model (Egs.
3.17(a)-3.17(h)) in Chapter 3. This study employs the simulated annealing (SA)
heuristic proposed by Kirkpatrick et al. (1983) to obtain the solutions. The initial
solution results are listed in Table 4.3.

As shown in Table 4.3, T-company will operate six 12-inch FABs in the five
locations, where there are two 12-inch FABs constructing and operating in Taiwan
(Hsinchu) due to economical incentives provided by Taiwan government. To meet the
high demands, all FABs, other than the FAB in Singapore, are planned to reach the
full-capacity production, i.e. 100% capacity utilization. Though the production
amount could efficiently share the high capital cost of constructing a 12-inch FAB in
Singapore, the higher production-cost hinders the FAB: from a 100% capacity utilization
as compared to that in other locationss ~Similarly, the-proportion of output from FAB in
Singapore is merely 0.125, while that ef otherFABs is 0.175. The results show that
the production allocation among manufacturing plants depends not only on the
capacities but also labor, utility and insurance costs with respect to the locations of the
manufacturing plants. The average production cost per 8-inch eq. wafer for 12-inch
FAB is US$ 322.85. The result shows that the manufacturer can reduce the impact of
employing a large-size capacity plant on the total costs, by determining a full-capacity
production for that plant. The results also imply that the wafer foundry production
exhibits scale economies and a large-size capacity manufacturing plant combined with
the full-capacity production yields a lowest cost. Table 4.3 also shows the relationship
between the manufacturing plants and customer in different locations and their monthly
product flows. Since demands from customers in North America account for the

largest demands for T-company among all, most of the FABs solely serve customers
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from that area.

A hypothetical scenario involving abnormal states is further considered in this case
study. We suppose that an explosion in demand from customers in China occur owing
to government policy in promoting the usage of integrated circuit identity card, which is
a by-product of wafer foundry, from April to July. The data concerning this abnormal
state, including occurrence duration, abnormal demand distribution and duration
probabilities, is listed in Table 4.4. The expected demand distribution from the
abnormal location, China, is also calculated and shown in Table 4.4. The reliabilities
of the FABs, considering abnormal states, are listed in Table 4.5.

Due to the proposed full-capacity production of many FABs, demand expansion
occurring in China has led these FABs to low reliability, where there are diverse
reliability values as shown in Table4.5. The aceeptable utilization levels often reflect
the expectations of T-company -towards various FABs in different locations. In this
study, the maximally acceptable.capagity utilization is set to be 1, where there exists a
lowest unit-product production cost, while the minimally acceptable capacity utilization
is assumed to realize tolerable minimum revenue at the manufacturing plant. There
would be a small chance that capacity utilizations fall within a narrow range of
acceptable level due to a high expectation towards a manufacturing plant, thereby low
reliability values. The above reason explains why the two FABs in Taiwan (Hsinchu)
exhibit the lowest reliability values, as listed in Table 4.5. In addition to the acceptable
utilization limits, the reliability value also depends on the production allocation among
FABs in different location. Since there exists the surplus capacity of the FAB in

Singapore, it maintains a good performance under demand expansion.
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Table 4.4 Hypothetical data regarding abnormal state on customers in China

Abnormal month

Customers

in State occurrence April May June July
different duration and . =, -, =,
locations  probability Abnormal demand distributions: f,,x i~ N( f””ij ,o( f,,x "))

V=32, p=0.5 N(46818,2620) N (45160, 2392) N(43646,2125) N(18346, 2000)

V’=3.5, p=0.3 N (46818, 2620) N(43904,2436) N(43304,2330) N(44674, 2659)
 V=4.0,p702 N (46818, 2620) N(44330,2330) N(43648,2536) N(44297, 2765)
China  Expected demand N (46818, 1615) N(44617, 1477) N(43544,1369) N(31435,1394)

distribution
Normal demand distributions: ]N",f ~N(f, s o-(f,fc ))

Japan - N(42100, 3900) N(42155,3856) N(42578,3912) N(42321, 3866)
Taiwan - N(26955, 2881) N(27934, 2540) N(28142,2725) N(28568, 2506)
Europe - N(41746,4264) N(42078,4000) N(42256,4231) N(42129, 4303)

North America - N(513700, 61330) N(513650, 63954) N(514018, 58988) N(513755, 60418)

Table 4.5 Reliability of the manufacturing plants, given abnormal demand from China

Acceptable max. and min. Reliability in abnormal months

Location FAB utilizations April May June July
Taiwan 12-inch Y, =1, ¥, =0.85 03000 03068 03009  0.3684
(Hsinchu) k k

12-inch Y, =1, ¥, =085 0.:3000%,  0.3068 0.3009  0.3684
Taiwan 12-inch Y, =1, ¥,==0.82 03132 = 03207 03114  0.3859
(Tainan) k &
Shanghai 12-inch ¥, =1, ¥, =0.70 0.3228° 03333 03192 04010
USA 12-inch Y, =1, ¥, =0.75 03217 03319 03185 0.3994
Singapore 12-inch ¥, =1, ¥, =0.60 0.8430 09788  0.9999  0.9744
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Furthermore, the fluctuant demands from customers in Japan, Taiwan, Europe and
North America can be classified as normal by a comparison between the data in Tables
4.1 and 4.4. This study focuses on the unreliable situation arising from expanded
demand from China and proposes an adjustment strategy by solving P2 (Egs.
4.15(a)-4.15(g)). Suppose there are two available outsourcing firms in the market,
which locate in Japan and Korea with limited outsourcing amounts. The set of
adjustment months, t, is t={4, 5, 6, 7}, totaling 4 months. Table 4.6 lists the initial
values of parameters in P2. Table 4.7 shows the results and the optimal objective
function values with and without network adjustments.

As shown in Table 4.7, the expected production amounts of most FABs exceed
their capacities, which are unattainable situations. In this circumstance, T-company
could operate the FABs as initially. proposed and.bears a huge revenue loss of US$
39936000 in cases no adjustment, is performed, as listed in Table 4.7. T-company
could also alter and increase the-production.amount at a reliable FAB, i.e. the FAB in
Singapore; meanwhile, consider an‘outsourcing so that the high demands are satisfied.
As shown in Table 4.7, performing an adjustment yields a reduction in total production
cost which offsets the derivative additional costs, such as allocation costs, extra material
purchase costs and transportation costs, etc. Furthermore, the high penalty cost is
avoided. However, there are still unfulfilled demands due to limited outsourcing
amounts, remaining a penalty cost of US$ 4161600. By comparing between total costs
with and without an adjustment, the production adjustment is shown to benefit

T-company.
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Table 4.6 The initial values of parameters in P2

Definition Initial values
Average unit-material purchase cost ( p ) 25
Unit-product penalty cost (@P) 240
Fixed allocation cost (O, ) 350000
Outsourcing firms in different locations

Singapore Japan Korea
Unit-product compensation cost ( hﬁk ) 67 . .
Unit-product outsourcing cost (Omk ) } 402 405
Average unit-product transportation cost 24 2.28 1.5
Limitation of outsourcing production
amounts - 2000 3000
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Table 4.7 Initial proposed, expected and adjusted monthly flows, related costs and the

results of adjust/do-nothing judgments in response to demand expansion

Manufacturing plants

Operated by
T-company in

Monthly flows (8-inch eq. wafer)

Abnormal months (Apr.,

Customer in different May, Jun., Jul.)

different locations ~ FAB locations Initial proposed ~ Expected  Adjusted
Taiwan (Hsinchu) 12-inch  North America 112500 122035 112500
12-inch ~ North America 112500 122035 112500
Taiwan (Tainan) 12-inch  China 17315 17315
Japan 42359 42359
Taiwan 27810 27810
Europe 25016 25016
Total 112500 122035 112500
Shanghai 12-inch ~ North America 112500 122035 112500
USA 12-inch  North America 112500 122035 112500
Singapore 12-inch ~ North America 63755 63755
Europe 16480 16480
China - 32265
Total 80235 87165 112500
J apan** China - 2000
Korea China - 3000
Total penalty costs without adjustment (US$) 39936000
Total adjustment costs (US$) 20284256
(+) Allocation costs 17073020
(+) Extra material purchase costs 322652
(-) Differences in production costs 1619000
(+) Penalty costs 4161600
(+) Transportation costs 345984
Judgment Adjust

*Qutsourcing firms
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In the case study, T-company gains a high profit margin on wafer foundry;
consequently, it will suffer a great loss if the market price of the product is high and the
adjustment is not made. On the other hand, the outsourcing cost is paid to the
outsourcing firms, which include not only production and material purchase costs borne
by the outsourcing firm, but also a premium charged. This study further performs
sensitivity analysis to investigate how changes in unit-product penalty cost and
outsourcing cost affect the judgments of do-nothing and adjustments. Let o, be the
average unit-product outsourcing cost and ¢@P be the unit-product penalty cost,

m

respectively. Thus, ;_P reflects the ratio of the outsourcing to penalty cost. A large

0, . o . : .
value of —; indicates an increased outsourcing cost as compared with the penalty cost,

which reflects the situations of produet being less value or a high premium charged by
outsourcing firms. Figure 4.2 shows the thresheld of adjust/do-nothing judgments by
comparing between various unit=product otitsourcing and penalty costs. The left-hand
and right-hand sides of the solid line in Figure 4.2 represent, respectively, the judgments

being do-nothing and judgments.

As stated, do-nothing is suggested if the adjustment benefits cannot offset the
adjustment cost, where the adjustment benefits are given by the sum of savings in
production cost and the exemption from the penalty cost. Given the savings in
production cost, a decreased penalty cost leads to a shrunk adjustment benefit; thus, the
tendency towards adopting an adjustment is small, as shown in Figure 4.2.  Since the
penalty cost reflects the market value of the product, the result suggests the
manufacturer to stick to the initial proposed decisions and neglect the abnormal demand
if the product value is low. On the other hand, it is worth performing an adjustment
and continuing to outsource for a high value-added product, even though the payment is

expensive, as shown in Figure 4.2.
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*Average unit-product outsourcing cost/unit-product penalty cost

Figure 4.2 The threshold of adju‘s't/rdq-ia{)thiﬁgu jﬁ&gments by comparing between
unit-produ'q"t “outsdur‘_ci,_ng?f aﬂd pé‘palty costs
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Do nothing
1500 |

1000

500

Fixed allocation costs (1000US$
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Figure 4.3 The threshold of adjust/do-nothing judgments by comparing between

duration of abnormal months and fixed allocation costs
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In this study, the fixed allocation cost includes production schedule change costs at
the manufacturing plants, contract cost related to outsourcing firms, which is triggered
once an adjustments is made. The fixed allocation cost can be also explained as the
difficulty in searching qualified outsourcing firms. The fixed allocation cost will be
extremely high if there are few available and qualified outsourcing firms, at which the
disadvantage may outweigh the advantage of the adjustment. Furthermore, the total
adjustment benefits during the execution of an adjustment depend on not only the
considerable amounts of abnormal demand but also the duration of the abnormal
months. An increased duration of abnormal months accumulates lots of savings in
production costs and exempts heavy penalty costs, thereby an adjustment is suggested.
The advantage is diminished if the fixed allocation cost is high combined with a short
abnormal period. This study further examines how changes in abnormal periods and
fixed allocation cost affect the judgments of do-nothing and adjustments. Figure 4.3
shows the threshold of adjust/do-nothing judgments by comparing between the
durations of abnormal months and: fixed allocation costs, where the left-hand and
right-hand sides of the solid line represent, respectively, do-nothing and adjust

judgments.

As long as the adjustment benefits outweigh the adjustment costs, the production
allocation among the manufacturing plants should be adjusted. In some ways, the
adjustment decisions depend on whether the adjusted production amount can effectively
share the high fixed allocation cost. As shown in Figure 4.3, the threshold of an
adjustment is increased with an increase in the duration of abnormal months, meaning a
high fixed allocation cost will not prevent the manufacturer from performing an
adjustment. The results also encourage the manufacturer to look for qualified

outsourcing firms and book their capacities when the abnormal event continues
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influencing.  Furthermore, the results imply the manufacturer could neglect the
unreliable situations caused by an abnormal state with a short period, because the
accumulated benefits during this short period might not compensate the high allocation
costs. The results of the study provide a reference for the manufacturer in the decision
making procedures of network planning under demand expansion, as they cope with

related benefits, costs and the duration of abnormal months.

Another hypothetical scenario involving abnormal situations, causing demand
shrinkage in North America, is considered in the case study. Suppose a sudden
declined demand from customers in North America due to the occurrence of finance
crisis from January to March. The data concerning this abnormal state, including
duration, abnormal demand distributions and duration probabilities, are listed in Table 8.
The expected demand distribution fromthesabnormal location, North America, is
calculated and shown in Table 4.8. ° The reliabilitics of the FABs in different locations,

considering demand shrinkage, are listed in-"Fable 4.9.

128



Table 4.8 Hypothetical data regarding abnormal state on customers in North America

Abnormal month

Customers in ~ State occurrence

. . January February March
different duration and . ~ - ~
regions probability Abnormal demand distributions:  f, ; ~ N(f, ;.0(f, ;))

v'=2.3, p;=0.2 N(406936,45631)  N(415972,41330)  N(459639, 40629)

V'=2.6, p,=0.4 N@417712,47778 )  N(409685, 44852)  N(442366, 38844)

. v'=3.0, p;=0.4 N(418964,45711)  N(409119,41567)  N(422587,44753)

North America Expected demand ~ N(416058,27979)  N(410716,25820)  N(437909, 25058)

distribution
Normal demand distributions: 17,,’ ~N(f, n s o-(},{\_ ))

China - N(17189, 2021) N(17200, 1953) N(17239, 2563)
Japan - N(42366, 2963) N(42423, 3216) N(43019, 3623)
Taiwan - N(27693, 2896) N(28131, 2688) N(27585, 3022)
Europe - N(41500, 5626) N(42015, 6025) N(42134, 6060)

Table 4.9 Reliability of the manufacturing plants, given abnormal demand from North

America
Acceptable max. and min. Reliability in abnormal months

Location FAB utilizations January February March
Taiwan . v

- Y, =1, Y =085
(Hsinchu) 12-inch e z, 034801 0.4129 0.7888

12-inch Zu =1, ¥,.=0.85 0.4801 0.4129 0.7888

Taiwan . v o

- Y, =1, Y +=0.82
(Tainan) 12-inch nk z, 0.7291 0.6915 0.9372
Shanghai 12-inch ¥, =1, ¥, =0.70 0.9995 0.9996 0.9978
USA 12-inch Y, =1, ¥, =0.75 0.9850 0.9850 0.9972
Singapore 12-inch )7,,,(:1, Y, =0.60 0.5675 0.5080 0.8554
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Demands from North America account for nearly 80% output of T-company, as
shown in Table 4.1. To satisfy the considerable demands, most FABs produce the
products to serve customers solely from this location, as shown in Table 4.3. The
occurrence of an abnormal event in North America will markedly influence the
performance of the FABs in different locations. As shown in Table 4.9, the abnormal
demands from North America result in low reliabilities for most FABs, yet the FABs in
Shanghai and USA maintain good performance. Though there is no rigid expectation
towards the FAB in Singapore, the FAB exhibits a low reliability value as well. This is

because the output from the FAB in Singapore merely accounts for a small proportion of

total output from T-company, i.e. €, =0.125, as compared with 6, being 0.175 of

the others. When total demands declines, the production amount of the FAB in
Singapore declines even more than 'the others.. For the sake of simplification, this
study focuses on the unreliable situation arising from demand shrinkage in North
America and proposes an adjustfent ‘strategy by-solving P3 (Egs. 5.22(a)-5.22(e)).
The set of adjustment months, y, is y={1, 2, 3}, totaling 3 months. And the average
monthly customer demands during these months is estimated as 513754 8-inch eq.
wafers. Table 4.10 shows the initial values of parameters in P3 and Table 4.11 lists the

results and the optimal objective function values, respectively.
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Table 4.10 The initial values of parameters in P3

Manufacturing plants

Unit-product compensation  Average unit-product transportation

Location FAB cost cost

Taiwan (Hsinchu) 12-inch 58 4.9
12-inch 58 4.9

Taiwan (Tainan) 12-inch 59 5.0

Shanghai 12-inch 64 4.6

USA 12-inch 66 6.3

Singapore 12-inch 67 6.9

Table 4.11 Initial proposed, expected and adjusted monthly flows, related costs and the

results of judgments in response to demand shrinkage

Manufacturing plants Monthly flows (8-inch eq. wafer)
Customer in Initial Abnormal months (Jan., Feb., Mar.)
Location FAB different locations proposed Expected Adjusted
Taiwan (Hsinchu) 12-inch  North America 112500 96020
Europe - 16480
Total 112500 96436 112500
12-inch  North America 112500 96436 112500
Taiwan (Tainan) 12-inch  China 17315 17315
Japan 42359 42359
Taiwan 27810 27810
Europe 25016 25016
Total 112500 96436 112500
Shanghai 12-inch ~ North America 112500 96436 112500
USA 12-inch ~ North America 112500 96436 101060
Singapore 12-inch  North America 63755 -
Europe 16480 -
Total 80235 68880 -
Total adjustment costs (US$) -48978258
(+) Allocation costs 1588535
(-) Differences in production costs 50647545
(+) Transportation costs 80752
Judgment Adjust
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We can expect a fall in production amount of all FABs in different locations with
demand shrinkage, as shown in Table 4.11, yielding a low capacity utilization and thus
high production cost. To avoid the high production cost, an adjustment is considered.
As shown in Table 4.11, the adjusted production amounts of the FABs in Taiwan
(Hsinchu), Taiwan (Tainan) and Shanghai reach full-capacity production, where these
three locations are featured with low capital and variable production costs. And the
total production cost of these FABs can be effectively reduced. Though there is an idle
FAB locatied in Singapore, which yields a high idle capital cost, savings in total
production costs still exists, i.e. US$ 50647545, implying the effects of an idle FAB on
total production costs are offset by the reduced production costs. The results imply
that centralized production is recommended in response to demand shrinkage and the
manufacturing plants with low capital and variable costs always provide economical
incentives to produce more. To-serve customers from Europe originally served by the
FAB in Singapore, the FAB in Taiwan.(Hsinchu) is assigned to serve them due to the
low compensation cost. Table 4.11 also shows that the assignment of the FABs and
customers in different locations as well as their monthly product flows are similar to
those as proposed. The results imply that partial adjustment is encouraged, rather than
a whole network consideration, since the whole network reconstruction incurs
additional and unnecessary costs. Summing up allocation costs, difference in
production costs and transportation costs results in a negative value of total adjustment
costs, which shows the adjustment benefits T-company in response to the severe

fluctuations.

4.5 Summary

This study focuses on reliability evaluation and adjustment of the supply chain

network design responding to different demand fluctuations. The reliability evaluation
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method proposed in this study evaluates the performance of different manufacturing
plants on condition that abnormal fluctuations occur. Two mathematical programming
models with respect to demand expansion and demand shrinkage are further developed.
This study shows how the advantage and disadvantage brought by the adjustment can be
carefully considered in advance when solving the network adjustment problems. This
study also shows how the duration of an abnormal state and the related allocation costs

influence the judgment on whether or not an adjustment should be performed.

This study demonstrates the application of the models by using T-company as an
example, which specializes in wafer foundry in semiconductor industry. The result
shows that the manufacturer can reduce the impact of employing a large-size capacity
plant on the total costs, by realizing economies of scale and determining a full-capacity
production for that plant. The tesults_show<that*when severe demand fluctuations
occur, the performance of different manufacturing: plants depends on production
allocation among and various expectations-towards these plants. A full-capacity
production plant combined with high expectation often follows a low reliability value
under demand expansion, while other plants with surplus capacities maintain a good
performance. On the other hand, demand shrinkage will cause a further reduction in a

manufacturing plant whose output is originally sparse, yielding a low reliability value.

The results show that performing an adjustment in response to demand expansion
benefits the manufacturers in way that total production cost can be reduced and revenue
loss is avoided, which outweigh the derivate additional costs. The results also suggest
the manufacturers to stick to the initial proposed decisions and neglect the abnormal
demand if the product value is low combined with high extra allocation cost. On the
other hand, it is worth performing an adjustment and continuing to outsource for a high

value-added product, even though the payment is pricey. Furthermore, the threshold of
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an adjustment is increased with an increased duration of abnormal months, meaning a
high fixed allocation cost will not prevent the manufacturer from performing an
adjustment if the abnormal state lasts for a long period. The results also imply the
manufacturer could neglect an abnormal state with a short period, because the
accumulated benefits during this short period might not compensate the high allocation
costs. The results show that severe demand shrinkage from customers with
significance may result in low capacity utilizations for most manufacturing plants,
resulting in an overall high production cost. In the circumstance, the result implies a
centralized production is necessary, where the determinations of least economical plants
being idle and the rests being full-capacity production are suggested. The results also
imply that a partial adjustment is always encouraged, rather than a whole network
consideration, since the whole network reconstruetion will incur extra costs. In sum,
the results of the study provide a reference for.the: manufacturer in the decision making
procedures of network planning-under-demand fluctuations, as they cope with related

benefits, costs and the duration of abnormal months.

This study can be extended in several ways. In this study, the demand from
different customer is not correlated and is independent from each other. Some
abnormal event may occur and even have impacts on demand globally. Future studies
may address this issue by investigating the relationship of various markets and how to
adjust the network in response to global financial crisis. Second, the fixed allocation
cost reflects the difficulty in searching a qualified outsourcing firm. Total costs can be
reduced by bargaining with some outsourcing firms and book their capacities in advance.
Future studies may expand this study’s model and address this issue by investigating the
relative influences of the opportunity cost, occurrence duration, abnormal demand

distributions and the probabilities on outsourcing firm selection decisions. Finally, the
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case study is based on a wafer foundry company in the semiconductor industry, which is
characterized with extremely high capital cost. Future study may apply the model to
different industry. Such studies would need to examine the impact of capital cost and
customer demand on production allocation among manufacturing plants and how the

revenue is affected when the demand is not satisfied.
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CHAPTER 5
Incorporating dispatching decisions into supply chain
network design with production and shipping economies

Chapter 3 focuses on investigating how production economies of scale, customer
demand and investment conditions of different locations influence the supply chain
network design. This chapter further investigates supply chain network design
problems when incorporating inbound and outbound dispatching decisions by
considering both production and shipping economies. A nonlinear mixed integer
programming (MIP) model is formulated to determine not only decisions as per Chopra
and Meindle (2004) but also to determine the optimal shipment size and frequency
between supply and demand by minimizing the sum of the average inbound, production

and outbound costs. The research scope,of this part of study is shown as Figure 5.1.

(3) Customers

(1) Raw material vendor (2) Manufacturing plant (distributor/retailer)

=

Figure 5.1 The research scope of Chapter 5
5.1 Introduction to the problem

Manufacturing industries are usually characterized with high capital cost. Their
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economies of scale occur due to specialization. However, increased specialization also
requires increased transportation. As a result, the profits may shrink due to the
geographical spread of their suppliers and customers, leading to a higher transportation
cost. In response to the increased transportation cost, a nearby supplier is usually
chosen and assigned to serve manufacturing plants that are close by. However,
conflicts arise when the manufacturer aims to pursue a minimized cost rather than a
least transportation cost. Manufacturers usually maintain their long-term contractual
basis with particular suppliers, in which the total procurement meets the annual or
monthly demands. To remain adaptable, the manufacturer has the flexibility of
scheduling dispatching decisions, i.e. shipping frequency and shipment size to satisfy
their contracted annual or monthly demands. To avoid large inventories on hand, the
manufacturer may determine a more frequent shipment; however, this results in a higher
shipping cost due to shipping diseconomies. .On the- other hand, to take advantage of
shipping economies, larger shipment,sizes.are_encouraged. This may result in less
frequent shipments for an equal total shipment-amount, and consequently resulting in a
high inventory cost. These inbound and outbound dispatching decisions involve the
trade-off between inventory and shipping costs as a result of variations in the total

amount of flows between two locations and their spatial distance.

International manufacturing advantages, such as low labor cost and capital
subsidies, have provided manufacturers the incentives to operate manufacturing plants
in foreign areas. Benefits accrue due to the improved reliability based on the close
proximity to suppliers and customers in different regions, which have been investigated
and strategically planned. The strategic results of location decisions have a remarkable
influence on tactical and operational aspects (Miranda and Garrido, 2004). For

example, it is expensive to meet the demand of a key-component for a distant
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manufacturing plant with a large production amount. That is to say, the inbound and
outbound decisions are bound by the capacity and production planning of the

manufacturing plants and the demands of customers in different geographical areas.

This chapter aims at designing a supply chain network to incorporate the inbound
and outbound dispatching decisions by considering both production economies and
shipping economies. This study extends the supply chain design problems from a
two-echelon to a multi-echelon problem, with multiple suppliers, manufacturing plant
sites and markets, which are not necessarily in the same geographical regions.
Specifically, the proposed model applies mixed integer programming (MIP) methods
and attempts to minimize the sum of the average inbound, production and outbound
costs per unit product, subject to constraints such as satisfying monthly customer
demand in various geographical tegionsyithe relationships between supply flows and
demand flows within the physical eonfiguration and the monthly production limitation
of different size plants. The decision-variables-are‘made up of: (1) the capacity and the
monthly production amounts at each manufacturing plant, (2) the supplier selection for
different manufacturing plants, and the monthly procurement amount from active
suppliers to the manufacturing plants, (3) the assignment of each customer market to the
manufacturing plants, and (4) inbound and outbound dispatching decisions, i.e. the

shipping frequency and shipment size between two locations.

5.2 Model formulation

The formulations in Section 3.1 dealt with the general relationship between the
supply flows of all alternatives at different echelons and flows between those
alternatives and the alternatives of the lower echelons. In this section, the relationships

between the shipping frequency and shipment size and the total monthly amount of
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flows between two locations are further investigated. Let z ' be the average
k

shipment size from key-component supplier n, to manufacturer plant n. during one

month. To meet the monthly key-component requirements of a certain manufacturing

plant, 7., the following equation must be satisfied:

we g, )= D iz Vn, (5.1)

Vg,

where h:}f*‘ and g("@) represent the monthly shipping frequency of the
key-component from supplier n, ~ to manufacturing plant n., and the monthly

production amount at manufacturing plant 7., respectively.

In reality, some cost components mayrnet be‘paid by the manufacturer, e.g. the
key-component shipping fee and the inventory cost of the final products at the
customers. However, an optimization without these costs tends to transfer the burden
of the operation from the manufacturer to the‘customers and the suppliers, since their
costs are not being considered. In other words, the customers and suppliers may be
less willing to participate in the operation (Daganzo, 1991). That is to say, a
well-coordinated supply chain should integrate their decisions across the supply chain.
In this study, the cost components can be defined as including inbound, production and
outbound costs. Among these costs, the production cost incorporates both the capital
cost and variable production cost. The capital cost includes costs related to the
purchasing and installation of related equipments, plant construction, land rent, etc. as
well as differences among manufacturing plants due to different locations and size.
The variable production cost includes those paid for input factors other than

key-component, such as labor, utility and insurance, etc. The production cost of
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manufacturing plant 7., L, , can be formulated as follows:

~ 9
n;

L, =C(v,)+c(v,)gv,)  vn, (52)

k

where C(vné) and c(vn,;) represent, respectively, the capital and variable production

costs, depending on capacity v, , and the production cost is increasing with an

n >
increased monthly production amount; conversely, the average production cost per unit

product, lné, decreases with it, lﬂ; = ( A +c(v}1£). The total average production
g

i

cost per unit product for the manufacturer is obtained as:

2.0,.20,)
e,

Vn 4

H (5.3)

Eq. (5.3) shows that the total“.average production cost per unit product for the
manufacturer depends on the monthly production assignment among multiple
manufacturing plants, where the total monthly production amount by all manufacturing

plants is restricted to meet the total monthly customer demand.

The inbound cost comprises the key-component purchase cost at the origin prior to
shipping and logistics cost and fixed cost. The first two costs, i.e. purchase cost and
logistics cost, relate to the movement of the flows from the supplier to the
manufacturing plant, and the fixed cost represents all expenses required for the
manufacturer to contract with active suppliers. Let’s assume that it requires J different
kinds of key-components to produce and assemble one unit product, and let j denote a
specific key-component, j=1, 2,., J and each supplier produces a specific

key-component due to the complexity and specification of production. A specific
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key-component may be supplied by different suppliers. For the sake of simplicity in
this study, the problem regarding the bill of material (BOM) is not discussed. The total

fixed cost for the manufacturer depends mainly on the active suppliers and the category

of key-components. Let V,  be the fixed cost for the manufacturer contracting with

supplier 7, ,and let y,

k-1

be an indicator variable representing whether supplier 7,

supplies key-component j. The average fixed cost per unit product is then expressed as:

z Z V”/%l j/’{All I"All

= Y v

.= (5.4)
- 2.2(,)
Vn;
where 7, is an indicator representing whether supplier n, =~ is active for the
k-1 —

manufacturer. Regarding the key-component purchase cost at the origin before
shipping, the main influences affecting average purchase cost are unit key-component
production cost and a reasonable”payment ratio-determined by the suppliers. The unit
purchase cost is low when the monthly“purchase amount for that key-component is large.
In addition, the shipping frequency may also affect the unit purchase cost. The storage
space at the suppliers can be reduced by shipping a large amount at a time, i.e. a less
shipping frequency under an equal basis of monthly procurement amount, resulting in a
decreased inventory cost for the suppliers. Therefore, the suppliers may encourage
large shipment size by offering a price discount. However, this strategy results in an
increased inventory level at the manufacturing plants. The total purchase cost of all

key-components can be formulated as:

Y (-ul (] DY h ez s (5.5)
Vn,;

Vi v

where ¢/ denotes the basic purchase cost of key-component j without any discount,

-1
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u; (Z, ) is the discount when the average shipment size is Z; , and h,f/f"*’1 and
z;fkf"k" represent the average shipping frequency and shipment size of key-component j
from supplier n, ~ to manufacturing plant n, for the period of one month,

respectively.  The average shipment size of key-component j from supplier n, ~to all

manufacturing plants is estimated using the weighting average method based on

shipping frequency and shipment size, such as:

Z gy ey o
hnk k IZ,,A k lé‘nA k-1
k k k

Vn/;

= Vi, Vj (5.6)

i hj’nkll k-1
n;

Vn i

N

Eq. (5.6) shows that the average shipment'size from a specific supplier is increased with

an increase in the procurement size and- a decrease in the shipping frequency.

Furthermore, a large value of avérage shipping size, z/ , results in a high discount.
k-1

The cost of logistics in this study:includes shipping cost and inventory cost.
According to Daganzo (1991), shipping costs arise when transporting goods from their
origin to their destination, and the total cost is the sum of the costs of each individual
shipment. The shipping cost per shipment comprises fixed shipping cost and variable
shipping cost. The fixed shipping cost includes things such as driver wages,
depreciation cost of the shipping mode, and variable shipping costs include things such

as the fuel and handling fees, among others. The shipping cost per shipment for

. j’”/?—l . . . .
transporting z, ™' units of key-component j from supplier 7, =~ to manufacturing

n.), can be shown as G 41" 2" where /" represents
k k k

n;

plant n,Le. (”/;_v

. . . . . VRS
the variable shipping cost per unit key-component j for (n,_ ,n;), and Gn,; is the
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fixed shipping cost, respectively. Note that G,fkf"*’1 and t;fg"k"‘ are different for

different combinations of (7, ,n.) due to the fact that these variables depend on

k-1

distance. The average shipping cost per unit key-component j for (n, ,n.) can be

k-1

Jolg
G"/£ Jon_,
computed as ——+1¢,’
Tl n;

n

, which decreases with the shipment size, z/"*', in which
k

shipping economies occur because all key-components in a shipment share the fixed

shipping cost, G."'; however, the extent still depends on the value of G, The

total shipping cost for transporting all the key-components procured from the suppliers
to the manufacturing plants by different frequency of shipments can thus be formulated

as:

I Jolp_y T Ny e el
zz Z(Gnékl +tniklzlzlgkl)hn,; kzé‘ni k-1 (57)

Vj Vng Vn_

Eq. (5.7) shows that a frequent Shipment may-incur high fixed shipping cost, thereby

resulting in an increased total shipping cost.

The inventory cost, also called waiting cost or opportunity cost, is the cost
associated with the delay of the goods, including the opportunity cost of the capital tied
up in storage, any value lost while waiting, etc. The average waiting time can be
measured by one half of the headway between two consecutive shipments under a
continuous production. The total inventory cost for transporting all key-components
procured from the suppliers to the manufacturing plants can be formulated as:

I IPI e Z, Ok 8, (5.8)

Jong_
Nj Vg Vn, 2hn£ -

where ¢’ represents the inventory cost per unit key-component j per month. Eq. (5.8)

143



shows that a frequent shipment incurs a reduced average waiting time and a small
storage space at the manufacturing plants, thereby yielding a decreased total inventory
cost. From Egs. (5.5), (5.7) and (5.8), the sum of the average purchase cost and

logistics cost per unit product can be formulated as:

J

j g, c j,n; Joh; Joh;
G/ My + C (1 M (Z )+t1»”k71 + : Z«/’ i1 h k—lé‘i i1
Zg(v,,k ) ;VZ:VZ: R Al N

(5.9)

Eq. (5.9) shows relationships between purchase cost, shipping cost and inventory cost
with respect to shipment size and shipping frequency. The purchase cost will be low if
the manufacturer adopts a large average shipment size from a certain supplier to
multiple manufacturing plants. However, the shipping cost may be affected two ways.
The shipping costs may be high since: it involves a few suppliers and multiple
manufacturing plants, which are-spatially dispersed; on the other hand, it may result in a
low shipping cost due to shipping a large amount of goods at one time. But, there will
be a high inventory cost at the manufacturing plants. Summing up Egs. (5.4) and (5.9),

the average inbound cost per unit product is thus:

IC+V (5.10)

The outbound cost reflects the costs incurred from the manufacturing plants to the
customers in different regions. As suggested by Chopra (2003), products with a high
value are suitable for a delivery network with direct shipping, meaning products that are
shipped directly from the manufacturing plant to the customers. Therefore, the
outbound cost indicates the logistics cost resulting from distributing the products from
the manufacturing plant to the customers in different regions. The formulations of the

logistics cost from an outbound point of view are similar to those from the inbound.
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Let z:‘ be shipment size of the final product from manufacturing plant n, to

customer n_, and let h:k be the shipping frequency, respectively. The relationship

between the shipment size, shipping frequency and monthly customer demand can be

formulated as:

g :Zh:kz:‘ﬂ:k Vn, (5.11)
Vn/»

The total shipping cost for transporting all products from manufacturing plants to
customers in different regions can thus be formulated as:

DDUGT+1 z by B (5.12)

Vn; Vng

Eq. (5.12) shows that the total shipping cost ificreases with the shipping frequency and
thus it is expensive to serve customers who are located far from the manufacturing
plants, with frequent shipments and < without an economical shipment size.
Furthermore, the total inventory. cost for transporting all the products from the

manufacturing plants to the customers in different regions is:

DI R LAY (5.13)
Vi, Vng 2hn:

where ¢, represents the inventory cost per unit product per month. Since the market

value for the final product is usually higher than that for all the key-components,

c. >c’ . Therefore the total outbound <cost can be shown as

N

S Gl +2%)Z;’% " B" . When dividing the total outbound cost by the
Vn,; Vng ¥ ’ ’ ’

total monthly amount of the final product between the manufacturing plants and the

customers in different regions, the average outbound cost per unit product is obtained
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as:

— 1 n; n; C n; n; n;

C = G i s kgl & 5.14

Zzh:fzz,;ﬂn,; ZZ( g +( g + 2hn£ )Zn& } ng ﬂné ( )
Vn,

. P, Vn; Vn, n,

ané

The objective function in this study aims at minimizing the total average cost per
unit product of the supply chain. This includes the average inbound cost from the
suppliers to the manufacturing plants, the average fixed cost, the average production
cost at the manufacturing plants and the average outbound cost from the manufacturing

plants to the customers in different regions, which can be shown as:
IC+V +H, +0C (5.15)

From the discussions above, the nonlinear MIP model for the supply chain network

design can be formulated as follows.

min IC+V +H, +0C (5.16a)
S.1.

wl g, )= 2z s N (5.16b)

Ve,
g, =2 iz B Va, (5.16¢)
n

Zg(v,,£)=zgnx (5.16d)
iy v,

g(v",; ), v, 2 0 Vn, (5.16¢)
z;:f , hn/Anf >0 Vn, Vn, Vj (5.161)
z,k, h:zi] >0 Vn, Vn, (5.16g)
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ey .
5% =0orl Vn, Vn,  Vj (5.16h)

B," =0orl Vn, Vn (5.16i)

Eq. (5.16a) is the objective function that minimizes the total average cost per unit

product. Eq. (5.16b) states that the combinations of the shipping frequency and

shipment size between manufacturing plant n, and the suppliers must satisfy the

monthly amount of key-component j demanded by manufacturing plant n.. Eq.

(5.16c) constrains that the combinations of the shipping frequency and shipment size
from the manufacturing plants to customer n, must meet the monthly demand of

customer n_ . Eq. (5.16d) defines that the total monthly production amount at all

manufacturing plants must meet the total monthly customer demand. Egs. (5.16¢),

(5.16f) and (5.16g) constrain the:decision variables g(vn[ ), Vo Z ', oz, hS and

g," and B, to be binary. The decision variables are g(v, ), v
. A-

)
n; n;_

h;;nk , Wi, o /’"“ and f,". That is, the manufacturer can apply the model to

optimally decide the capacity as well as the monthly production amount for all
manufacturing plants, the monthly procurement amount of key-component ; from
suppliers to manufacturing plants, as well as which manufacturing plants should
produce how much of the production to serve customers in different regions. In
addition, the average shipping frequency and shipment size between different
combinations of suppliers to manufacturing plants and between those of manufacturing

plants to customers can also be determined. Furthermore, the optimal suppliers can be

obtained based on the results of &’" for all manufacturing plants, that is,
k
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I :min{l,Zﬁé’"**‘}, where 5}1’;"‘”‘ represents whether supplier 7, supplies
Vn

key-component j for manufacturing plant 7, .

5.3 Algorithm

The mathematical programming model in this chapter belongs to the non-linear
mixed integer programming models, where the objective function is non-linear. Using
the exact algorithm to solve the problem may require a considerable amount of time and
can only solve small problems. This study adopted the simulated annealing (SA)
heuristic proposed by Kirkpatrick et al. (1983) to solve the optimal problem. In this
section, we first develop an approach to generate an initial solution, and then use the SA

algorithm to develop the heuristic for improving the initial solution.

5.3.1 Initial solution (INIT)

The local improvement methods~start_from ‘a feasible solution. As for the
production, the average production‘cost per unit product may be reduced if there is a
larger amount of production assigned to a manufacturing plant with larger size capacity
based on production economies. An incremental rule, in which the production amount
is incrementally assigned to manufacturing plants until the total customer demands are
satisfied, may be used to investigate the relationship between the assigned production
amounts among various manufacturing plants and the total average production cost per
unit product. Furthermore, the location problems and the production assignments can
be referred to as a long-term strategy in supply chain management. In view of this, the
heuristic procedures can be further divided into two phases. In phase one, the optimal
capacity and the monthly production amount for the manufacturing plants are
determined based on production economies. The solutions obtained in phase one are

regarded as inputs in phase two. Then, the optimal suppliers, total amount procured
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and shipped from the suppliers to the manufacturing plants as well as the optimal
shipping frequency are determined by considering the key-components purchase price
offered by different suppliers, and the spatial distance between two locations. The
optimal decisions for the manufacturing plants and the customers in different regions
can be determined in a similar manner. The heuristic based on these data is developed as

follows.

Step 1. Randomly determine the capacity size v, for all n,, where the sum of the

capacity of all manufacturing plants must exceed the monthly demand from all

customers, ZVW > z g, - Set a value, m, representing the incremental production
vy Vng »

amount that can be assigned to the manufacturing plants at each iteration;

Step 2. Assign the monthly production amount for the manufacturing plants;

2.1 Calculate the total average production cost per unit product, H,, when the
incremental production amount, m, is;assigned t0 manufacturing plant »,. Find an
optimal manufacturing plant nk with the minimum value of H.. Assign m to
manufacturing plant nk , and update the monthly production amount for nk ,
g " g " +m;

2.2 Calculate the remaining customer demand and the unfulfilled capacity for each of

the manufacturing plants. If the demands of all the customers are satisfied, then go to

Step 3; else go to Step 2;

Step 3. Employ SA-1 in Section 4.3.2 to obtain the optimal capacity size and the

monthly production amount for all the manufacturing plants,i.e. v, and g (v, ) for
k k
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all n;

Step 4. Randomly select g suppliers from all the alternative suppliers;

4.1 Assign suppliers to serve the manufacturing plants as well as the total monthly
procurement amount between them according to their spatial distance and their purchase

prices offered.

4.2 For each combination of supplier and manufacturing plant, (» ) for all n,

i

and n._, find the optimal shipping frequency, h,f;""‘ , and shipment size, Z,{;n‘:’l ,with a

minimum value of C’/ +T/, where C’ and T’ represent, respectively, the average

inventory cost and average shipping cost per unit key-component j;

Step 5. Employ SA-2 in Section4.3.2 tonobtain the optimal shipping frequency and

shipment size between suppliers:and manufacturing plants;

Step 6. Assign the manufacturing“plants to serve customers in the different regions as

well as the monthly product amount between them according to the spatial distance.
6.1 For each combination of the manufacturing plant and customer, (n,, n,) for all

n, and n_, find the optimal shipping frequency, 4,°, and shipment size, z,’, with a

minimum value of C'+7', where C' and T' represent, respectively, the average
inventory cost and average shipping cost per unit product and C'+7' can be

calculated based on Eq. (17).

Note that since the number of suppliers, ¢, in Step 4 will influence the final results

and this study tests a variety of ¢ to verify a good feasible solution.

5.3.2 Simulated annealing (SA)
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Set up the SA algorithm parameters and the stop criteria for the SA and Metropolis
algorithms. Then, referring to Heragu and Alfa (1992) and Yan and Luo (1999), the

SA algorithms can be described as follows.
SA-1
Step 0. Employ Step 1 to Step 2 in INIT to find an initial feasible solution, S, and

calculate its objective value, z(S), where z=H .

Step 1. At temperature 7, implement the Metropolis algorithm;

1.1 Randomly choose a manufacturing plant and alter its capacity from the initial
solution. Again apply Step 1 to Step 2 in INIT to find a good adjacent solution S’

and calculate its objective value, z(S");

1.2 Determine whether the new=solution 1s accepted;
1.2.1 A=2z(S") - z(S);

1.2.2 If A<LO0, then § =S'; else randomly generate a variable y~U(0,0.99). If

A
exp * >y, then S=S"; else go to Step 1;

1.2.3 If the stop criteria of the Metropolis algorithm are satisfied, then go to Step 2;

else go to Step 1;

Step 2. If the stop criteria of the SA algorithm are satisfied, then stop; else let x =x+1

and T, =0.997 , and go to Step 1;
SA-2
Step 0. Employ Step 4 in INIT to find an initial feasible solution, ¥, and calculate its

objective value, z'(Y), where z'= IC+V .
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Step 1. At temperature 7, implement the Metropolis algorithm;

1.1 Randomly choose an active supplier and rescind the contract with it and choose
another inactive supplier as an active supplier at the current iteration. Apply Step 4 in

INIT to find a good adjacent solution Y’ and calculate its objective value, z (¥');
1.2 Determine whether the new solution is accepted;

Step 2. If the stop criteria of the SA algorithm are satisfied, then stop; else let x =x+1

and T, =0.997 , and go to Step 1;

5.4 Case study

This section presents an application of the proposed models, using a numerical
example. The object manufacturer is. D-company: of the USA, and the proposed models
are applied to a simplified version of D-company’s supply chain network. The aim of
the example is to design D-company’s supply chain' network for one of its specific
products, i.e. notebook. For the sake of simplicity, three manufacturing plants were
selected as being operated by D-company, a manufacturing plant located in the USA
(Texas), one in Malaysia (Penang) and one in China (Xiamen). To serve customers in
different regions and gain advantage through outsourcing, a substantial amount of
notebooks are manufactured by the original equipment manufacturers (OEM), but are
tagged as being D-company’s product. Those OEMs include manufacturers in Taiwan
and Korea. Regarding customer demand, there are five major customers of D-company
around the world, the USA, West Europe, Japan, China and Taiwan. The monthly
demands from these customers are 236500, 148500, 110000, 27500 and 27500

notebooks, respectively.

To simplify the study, the thin screen is selected as a key-component because it is

more standardized than any of the other components. The basic prices of one unit
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screen offered by suppliers in Japan, Korea and Taiwan are US$ 240, US$ 234 and US$
230, respectively. The screen suppliers in Japan, Korea and Taiwan account for the
major screen suppliers in the market. The inventory costs per month for one unit screen
and notebook are US$ 1.2 and USS 8, respectively. The base values for the parameters
in shipping and production cost functions are shown in Tables 5.1 and 5.2, respectively.
The model is programmed using Visual C++, a computer-modeling program developed
by Microsoft, based on the developed heuristic algorithm. Table 5.3 summarizes initial

solution values.
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Table 5.1 Initial values of base shipping parameters.

Shipping cost Shipping cost
Screen Fixed Variable Notebook computer Fixed Variable
Japan-USA (Texas) 3500 7.9  USA (Texas)-USA 3500 7.2
Japan-Malaysia (Penang) 3100 3.1 USA (Texas)- West Europe 4000 13.6
Japan- China (Xiamen) 2400 24  USA (Texas)-Japan 4000 19.9
Japan- Korea 1000 1.2 USA (Texas)- China 4000 27.1
Japan-Taiwan 2400 2.1 USA (Texas)- Taiwan 4000 30.7
Korea — USA (Texas) 4000 12.4  Malaysia (Penang)- USA 4000 30.2
Korea — Malaysia (Penang) 3100 4.0  Malaysia (Penang)-West Europe 4000 21.7
Korea — China (Xiamen) 1700 1.6  Malaysia (Penang) Japan 3500 7.8
Korea — Korea 500 0.2 Malaysia (Penang)- China 3500 9.1
Korea — Taiwan 1000 1.4  Malaysia (Penang)- Taiwan 3500 7.8
Taiwan — USA (Texas) 4000 12.3  China (Xiamen)- USA 4000 26.7
Taiwan — Malaysia 3100 3.1 China (Xiamen)- West Europe 4000 22.5
(Penang)
Taiwan — China (Xiamen) 1000 1.3 China (Xiamen)- Japan 3500 5.9
Taiwan- Korea 1000 1.4  China (Xiamen)- China 1000 1.5
Taiwan — Taiwan 500 0.07  China (Xiamen)- Taiwan 3100 33
Taiwan — USA 4000 30.2
Taiwan — West Europe 4000 24.3
Taiwan — Japan 3500 5.2
Taiwan —China 3500 43
Taiwan — Taiwan 500 0.17
Korea — USA 4000 23.1
Korea — West Europe 4000 21.9
Korea =Japan 3100 2.9
Korea:—China 2400 2.2
Korea —Taiwan 3100 3.6

Note: Variable shipping cost per unit goods is estimated by the distance between two locations and

shipping fee per goods.

Table 5.2 Alternative sizes and base production parameters for manufacturing plants

USA (Texas) Malaysia (Penang) China (Xiamen) Korea Taiwan
At. 1) @ B O @ & O @ & OH @ G @B 2@ 3
1 63 408 112 62 364 112 130 392 96 100 - 120 150 - 120
2 95 612 112 95 546 112 165 490 96 200 - 112 200 - 104

3 126 816 112 130 728 112 - - - - - -

Note: (1) Capacity (103 Notebook/month)

(2) Capital cost (10% US$)
(3) Variable production cost (US$/notebook)

154



Table 5.3 Initial results and optimal objective function values

From To Frequency® Average shipment size Monthly flow
Screen supplier Manufacturing plant
Japan Korea 55 9091 50000
Korea USA (Texas) 3 21000 63000
Malaysia (Penang) 3.5 17714 62000
China (Xiamen) 6.5 17692 115000
Korea 35 2857 10000
Total 16.5 15152 250000
Taiwan China (Xiamen) 5.5 9091 50000
Taiwan 15.5 12903 200000
Total 21 11905 250000
Manufacturing plant Customer
USA (Texas) USA 8.5 7412 63000™°
Malaysia (Penang)  West Europe 8 7750 62000 "
China (Xiamen) West Europe 7.5 8000 60000
Japan 11 9545 105000
Total 18.5 8919 165000 "
Korea Japan 2.5 2000 5000
China 7 3929 27500
Taiwan 6 4583 27500
Total 15.5 3871 60000
Taiwan USA 13 13346 173500
West Europe 5 5300 26500
Total 18 11111 200000*
Average production cost per unit note book  (US$/notebook) *, 105.39
Average cost per unit notebook (US$/notebook) Inventoty Shipping Total outbound
0.45 = 18.31 18.76
Average cost per unit screen (US$/screen) Fixed« Purchase ‘Inventory Shipping Total inbound
0.006--232.72 © 0.10 2.56 235.39
“Monthly production amount of manufacturing plants
® Monthly capacity
® Shipment/month
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Table 5.3 shows that D-company chooses to operate the largest-size of
manufacturing plant capacity in China (Xiamen) among all of its own plants due to its
low capital cost and plentiful labor force at a low labor costs. To realize production
economies, the monthly production amount for different manufacturing plants operated
by D-company reaches full-capacity production, resulting in low production cost, i.e.
US$105.39 /notebook. Also shown in Table 5.3, the monthly production amount of the
manufacturing plants in Taiwan is the largest among all OEMs and its own
manufacturing plants. The results are in accordance with the fact that Taiwan is
currently the largest OEM for D-company due not only to its production capability but
also its close proximity to the suppliers and customers. The large monthly production
amount of the manufacturing plants in_both Taiwan and China indicates that the two

manufacturing plants require a substantialramount of screens.

The active suppliers for D-company include suppliers in Japan, Korea and Taiwan.
That is, D-company procures screens. from all suppliers in the market to meet the high
demand from all its customers in different regions. Because the price offered by the
suppliers in Japan is the highest among all suppliers, to further reduce costs, D-company
assigns the suppliers in Japan to serve the manufacturing plants in Korea whose distance
are relative short compared to that from manufacturing plants in other regions. Table 5.3
also shows that the suppliers in Korea also serve the manufacturing plants in the same
region, but with only a small amount and that the larger amount of screens from Korea
are shipped to manufacturing plants in different regions. The results show that as long as
the reduced purchase cost can offset the increased shipping cost, the manufacturer can
procure a large amount of key-components from a supplier at a low purchase cost and
serve many manufacturing plants in different regions. The results also show that the

manufacturer aims at pursuing a minimized total cost rather than a minimized logistics
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cost. Therefore, the assignment of a supplier to serve the closest manufacturing plant is
not always applied. The results show that there is a low fixed cost, i.e. US$ 0.006
/screen, because a large amount of procurement shares the high fixed cost. The results
imply that the impact of the fixed cost on the optimal suppliers is not significant. The
most important factors influencing the optimal suppliers and their procurement size are
the purchase prices offered by the different suppliers and their average spatial distance.
After determining the optimal suppliers and the procurement assignments of different
suppliers to multiple plants, D-company adjusted and determined the optimal shipment
size and frequency in its procurement network. The minimized logistics cost is US$
2.66 /screen, and the shipping cost and the inventory cost are US$ 2.56 /screen and US$

0.10 /screen, respectively, as shown in Table 5.3.

The dispatching decisions ate boundedrby:the*monthly production amount of the
manufacturing plants and the monthly demands of all customers as well as their
locations. As shown in Table*5.3, the ‘customers in Taiwan are served by the
manufacturing plants in Korea rather thanthose in Taiwan. It is likely that assigning the
manufacturing plants in Taiwan to serve the distant customers, i.e. USA and West
Europe, is more cost effective than assigning other plants to serve these customers,
despite the fact that they are so far apart. The results imply that the optimal assignments
are determined from an entire network perspective, not from an individual node-to-node

basis.

From Table 5.3, the outbound logistics cost is higher than the inbound logistics
cost due to a higher inventory and a higher variable shipping costs for notebooks than
those for screens. With reference to Table 5.2, there are wide spreads among the
manufacturing plants and the customers in different regions. Because of the production

economies combined with transportation diseconomies, there is a higher outbound
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logistics cost. In order to further reduce shipping costs and take advantage of shipping
economies, D-company determines various shipping frequency for different
combinations of the manufacturing plants and the customers. For example, since the
manufacturing plants in Taiwan and customers in West Europe are far apart, the
economic shipment size should be as many as 5300 notebooks, while the economic
shipment size for two close locations, i.e. Korea and Japan is only 2000 notebooks.
Furthermore, since there are only a small amount of notebooks shipped between the
manufacturing plant in Taiwan and customers in West Europe, there should be less
frequent shipments to maintain the economic shipment size. In other words, only by
using a low shipping frequency for two distant locations with a small total monthly
amount can the economical shipment size be realized. On the other hand, the monthly
demand of customers in the USA is quite large, and there would be a high inventory
cost if D-company determines a low service .frequency for customers in this region.
Since there is a substantial amount ofiproduct produced by the manufacturing plants in
Taiwan and there is also a manufacturing plant in the USA, D-company assigns
manufacturing plants in the USA and Taiwan to serve customers in the USA with high
shipping frequencies, i.e. average 8.5 and 13 times per month, as shown in Table 5.3.

Furthermore, the average outbound cost per unit notebook is US$ 18.76.

To further investigate impacts of spatial distances and monthly flow between two
locations on the optimal shipping frequency as well as the economical shipment size,
Figures 5.1(a) and (b) illustrate relationships between the shipping frequency and
monthly flow between different combinations of suppliers and manufacturing plants and

between those of manufacturing plants and customers in different regions, respectively.
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Figure 5.2 Shipping frequency vs. monthly flow between two locations
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From left to right, the X-axis in Figure 5.2 shows that the distances between two
locations are increased. As shown in Figure 5.2, there is a similar pattern and a positive
relationship between total monthly amount and the shipping frequency between two
locations. Also shown in Figure 5.2(a), D-company tends to ship more frequent between
Korea and China (Xiamen) than within Korea, where the former has a larger monthly
procurement amount, and a longer distance than the latter. Furthermore, the average
shipping frequency and monthly procurement amount for the combinations of Taiwan
and China (Xiamen) and for those of Japan and Korea are the same, although it is
slightly more distant from Taiwan to China (Xiamen) than from Japan to Korea, yet its
difference is not as much as the others. These results imply that the total monthly
procurement amount between two locations impacts more than their distance does on
the optimal shipping frequency. As a result, reducing shipping costs by lowering
shipping frequency cannot compensate for the increased inventory cost. As shown in
Figure 5.2(a), the shipping frequencies within_the same region, Korea and between
Korea and Malaysia (Penang) are the'same, i.e..average 3.5 times per month, yet there is
less monthly procurement amount for the former than that for the latter. Moreover, the
relative difference between the monthly procurement amount and the shipping
frequency for different combinations of suppliers and manufacturing plants in Figure
5.2(a) is increasing from left to right. These results show that only a small amount of
procurement is required for two close locations to maintain the same shipping frequency
with that for two distant locations. To realize shipping economies, the more distant two
locations are from each other, the larger the monthly procurement amount should be.
Furthermore, this study compares the model results with considerations of spatial
distance and total monthly product and procurement amount between two locations and
the results with an average identical shipping frequency and summarizes the results as

Table 5.4.
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Table 5.4 Comparisons of results from models with and without considerations of

distances and total monthly flow between two locations

With considerations of distance and With an average identical

total monthly amount shipping frequency’
Average inbound cost per unit screen’ 235.39 235.45
Fixed cost 0.006 0.006
Purchase cost 232.72 232.72
Inventory cost 0.10 0.12
Shipping cost 2.56 2.60
Average outbound cost per unit notebook” 18.76 18.83
Inventory cost 0.45 0.50
Shipping cost 18.31 18.33

"The optimal shipping frequency between suppliers and manufacturing plants and between manufacturing
plants and customers are five and eight times a month, respectively
*US$/goods

Table 5.5 Results for supplier-manufacturing plant under a low price strategy of

suppliers in Japan

Screen supplier Manufacturing plant Frequency  Average shipment size Monthly flow

Japan USA (Texas) 35 18000 63000
Malaysia (Penang) 35 17714 62000
China (Xiamen) 5.5 20909 115000
Korea 6 10000 60000
Total 185 16216 300000

Taiwan China (Xiamen) 5.5 9091 50000
Taiwan 15.5 12903 200000
Total 21 11905 250000

Average cost per unit screen (US$/screen) . Fixed Purchase  Inventory Shipping  Total inbound

0.004 231.09 0.10 2.23 233.42

“Shipment/month
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D-company could alter the combinations of shipping frequency and shipment size
according to the spatial distance between two locations to meet the monthly production
and monthly customer demand. Table 5.4 shows that there are variations in inbound and
outbound logistics costs between model results when considering the spatial distance
and monthly amount between two locations and model results without considerations.
Because shipping economies are taken into account, the model taking into account
spatial distance and total monthly amount has advantages in low logistics cost over the

model without considerations, as shown in Table 5.4.

A reduction in purchase price offered by a supplier may influence the total
procurement amount from the supplier and how much monthly amount of screens to
procure from that supplier for different manufacturing plants, which can further affect
the shipping frequency and shipment size fordifferent combinations of the suppliers and
the manufacturing plants. This study assumes that the“suppliers in Japan offer a further
reduction in purchase price, i.e. US$ 232 /sereen, if the average shipment size from the
suppliers in Japan to multiple manufacturing plants exceeds 100000 screens. Table 5.5
shows results for different combinations of suppliers and manufacturing plants under a

price cut by the suppliers in Japan.

To minimize the total average cost in the supply chain, D-company may alter its
active suppliers, to meet the same monthly requirements of screens for different
manufacturing plants. Under a low price offered by suppliers in Japan, D-company
chooses to procure a large amount of screens from these suppliers instead from
suppliers in Korea as shown in Table 5.5. In other words, the procurement amount is
entirely shifted from suppliers in Korea to suppliers in Japan with a low screen price,
but more distant. Although the average distance from suppliers in Japan to the plants

is more distant than those from suppliers in Korea to the plants, the logistics cost is not
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increased. This is because there is a smaller number of combinations of the suppliers
and the manufacturing plants in the procurement network and there is also a large
monthly procurement amount, which realizes shipping economies and results in a low
logistics cost. Table 5.5 also shows that the average inbound cost is US$ 233.42 /screen

which is lower than that in Table 5.3.

5.5 Summary

The goal of this study has been to explore the supply chain design network in
previous studies from different perspectives. Those studies focused mainly on
developing an approximation procedure and compared the efficiency of the proposed
heuristic. This study constructed a MIP model to incorporate the inbound and outbound
dispatching decisions into a supply chain network design problem. This study explored
the impact of different flow values, total amount of flows between two locations as well
as their spatial distance on the-optimal shipping frequency and size. Moreover, the
impacts of the key-component price by suppliers, which are located at different distance

to the manufacturing plants, on the optimal supplier selection were also investigated.

The results show that the manufacturer can reduce the production cost by operating
a large-scale plant at an area with low capital cost and skilled employees. And to further
achieve production economies, the monthly production amount of a large-size capacity
manufacturing plant should be characterized with full-capacity production. If there are
large demands in the market and the customers are wide spread, the results imply that
the manufacturer may corporate with OEM whose production cost is low and is in close

proximity to the suppliers and customers.

Regarding the final products from the manufacturing plants to customers in

different regions, the results show that there might be a chance for a manufacturing
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plant to be assigned to serve distant customers, instead of serving customers in the same
area, as long as this assignment leads to a minimized total cost for the entire supply
chain network. The results imply that optimal assignments are determined from a
network perspective, not from an individual node-to-node basis. The results also show
that as long as the decreased purchase cost can offset the increased shipping cost, the
manufacturer can procure a large amount of key-components from a supplier who offers
a low purchase price, and then assign that supplier to serve multiple manufacturing
plants in different regions. These results show that the total monthly procurement
amount between two locations has a greater impact than their distance on the optimal
shipping frequency. The results show that it requires a smaller procurement amount
for two close locations than for two distant locations to maintain the same shipping
frequency and to realize shipping economies. The.more distant two locations are, the
larger the monthly procurement amount should be. The results also show the inventory
costs for different goods flowing in a supply.chain significantly influence the optimal
shipping frequency. The results imply. that the final product must be shipped with a
high frequent shipment strategy, not only to reduce the inventory cost but also to attain a
better service by shortening the waiting time. The results also imply that the
procurement network ought to be rescheduled if it leads to cost beneficial results.
Finally, it was demonstrated that the model results with considerations of spatial
distance and total monthly product amount and monthly procurement amount have a
better performance in cost savings than the model results with an average identical

shipping frequency strategy.

The results of this study may provide a reference for manufacturers when making
decisions not only for production allocation, supplier selection for different plants and

the assignment of customer markets to plants, but also for the inbound and outbound
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dispatching decisions, as they cope with spatially and temporal costs. And the
participants of the supply chain at different tiers could be better coordinated and more
willing to participate in the operation if all costs incurred by the operation are taken into

account.

This study can be extended in several ways. Regarding supplier selections, the
key-component quality of different suppliers is not considered, and the effects of taxes
and duties on the supply chain network design are not discussed in this study. Future
studies may incorporate these issues and investigate the impacts of these influences on
the optimal supply chain network design. Second, to simplify the study, we only
selected the thin screen as the key-component in the case study. Also, the problem of
manufacturing requirements planning (MRP), which relies on the bill of material (BOM)
of the product, was ignored. Future studiesjmay. expand this study’s model and address
this issue by determining the optimal shipping frequency and shipment size for different
key-components. Such studies “would. need'to investigate the relationship between
different key-components and the construction and installation phase of the final
product, and examine the impact of the manufacturing or assembly procedure of the
products on the optimal shipping frequency and shipment size for different

key-components.
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CHAPTER 6
Optimal delivery service strategy for high-tech product
manufacturers with time and spatial dependent demand

This chapter investigates physical distribution problems in the supply chain and
attempts to optimize a delivery service strategy for high-tech product manufacturer by
considering time-dependent demand, demand-supply interaction and geographical
spreads of plants and customers. A mathematical programming model is formulated to
solve the optimal number and duration of customers’ service cycles and their plant
assignments by maximizing profit subject to demand-supply interaction. The research
scope of this part of study is shown as Figure 6.1.

(3) Customers

(2) Manufacturing plant (distributor/retailer)

Figure 6.1 The research scope of Chapter 6

6.1 Introduction to the problem

In some ways, high-tech product demands are featured with time-dependent
distribution. For example, customer demand for notebooks is increased with the

coming of school open seasons and Christmas holidays. To prevent profit loss
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resulting from stockout, retailers often increase their inventory level, which leads to a
high inventory cost. To solve this problem and improve customer service performance,
transporting parts in frequent shipments of small lots are encouraged for the
manufacturer. However, this strategy makes it expensive to serve and deliver product
to customers whose distance are far away and the shipment size is not sufficient to
achieve transportation cost economies. Serving all customers via the same service
delivery strategy without considering variations in cumulative product amount during
each service cycle and geographical spread among plants and customers causes high
logistics cost under time-dependent customer demand. In addition, the service
delivery strategy has a dramatic influence on customer intention to purchase the
manufacturer product, since it determines delay in receiving products. A trade-off
relationship exists between logistics cost and customer demand for the manufacturer
product. A low average logistics cost could be tealized by a least delivery cycle but
customer intention to purchase is reduced due.to.consumers have to wait a long time in
receiving their ordered goods. Moreever, the amount of customer demand directly
influences the decisions on the capacity and production among of the manufacturing
plants. An inferior delivery service strategy may result in high production cost since
there is insufficient demand to realize production cost economies. In summary, how to
determine an optimal delivery service strategy for high-tech product manufacturer by
considering demand-supply interaction, time-dependent demand and wide spread

among plants and customers in different regions has become important.

The major issues related to supply chain network design have been extensively
examined in numerous studies, including facility location selection,
production/shipment quantities, etc (e.g. Arntzen, 1995; Melachrinoudis et al., 2005).

Most of studies focused mainly on developing an approximation procedure and
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compared the efficiency of their proposed heuristics with others. Some studies have
addressed the importance of logistics function on supply chain management. These
studies aimed at investigating relationships between supply chain performance and
logistics network using collected empirical data and by conducting hypothesis (e.g.
Leung et al., 2000; Morash and Clinton, 1997; Chopra, 2003). Ambrosino and
Scutella (2005) studied complex distribution network design problems, which involve
facility location, warehousing, transportation and inventory decisions. The main
contribution of this study is the statement of two kinds of mathematical programming
formulations: some formulations aimed at warehouse location-routing problems and
other formulations are based on flow variables and constraints. Eskigun et al. (2005)
formulated an integer linear programming (ILP) model, which considered the design of
an outbound supply chain network for vehicle distribution centers, considering lead
times, location of distribution- facilities and choice of transportation mode. A
Lagrangian heuristic was developed to,solve this large-scale integer linear programming
model. Results of the scenario analyses indicate that as the lead-time gains importance,
the use of trucks increases significantly to deliver the vehicle directly from plants to
demand areas in shorter lead-time. The interaction of time and spatial dependent
customer demand, logistics cost and production cost related to the delivery service

strategy in supply chain network has seldom been investigated.

In another line of research, numerous studies have investigated physical
distribution problems using analytical approaches (e.g. Burns et al., 1985; Blumenfeld
et al. 1985). This research typically considered shipping problems under inelastic
demand and focused on operating issues such as scheduling, routing and configuration
of physical distribution. Little research has investigated the influence on logistics and

production of time-dependent customer demand, demand-supply interaction and
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geographical combinations of plants and customers. Hsu and Li (2005) optimized a
delivery service strategy for Internet shopping by considering time-dependent demand,
demand-supply interaction and consumer socioeconomic characteristics. In their paper,
all customers in the market are served by the same fleet and the transportation cost

incurred due to spatial distances between plants and customers is neglected.

This study explores how to optimize delivery service strategy for the high-tech
product manufacturer in terms of service cycle frequency and duration for different
customers in various regions as well as their corresponding plant assignments. In the
study, the impacts of time-dependent customer demand and spatial distribution of
customers and plants on logistics cost are investigated. Moreover, the impacts of
demand-supply interaction on the optimal capacity and production amount of the
manufacturing plants are alsq* analyzed: The model applies mathematical
programming methods and attempts to maximize the manufacturer profit during the

study period subject to demand-stpply equality.

6.2 Model formulations

In this section, this study formulates customers demand function and manufacturer
total cost when adopting discriminating and uniform service strategies. Specifically,
this study employs the analytical method to formulate the supply cost function by
considering the time-dependent demand of various customers in different regions.
Then, this study formulates and incorporates disaggregate choice models to estimate
customer demand for firm’s product. Furthermore, this study develops a mathematical
programming model for determining the optimal delivery service cycles for customers
in different regions and the assignment of plants to customers during the study period,
taking into account time-dependent customer demand, demand-supply interactions.

This study further compares the objective value between discriminating and uniform
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service strategies and suggests that with the higher value for adopting by high-tech

product manufacturer.

6.2.1 Discriminating service strategy

The decision maker in this study is a manufacturer who operates multiple high-tech
product manufacturing plants around the world and serves customers in different
regions. This study proposes discriminating service strategy, which differs from the
traditional and typical uniform service strategy where customers at different regions are
served according to the same delivery cycle. Periods with considerable demands
suggest that frequent and short service cycles are suitable and may stimulate customer
demand for products and reduce logistics cost due to shipping economies.
Consequently, long service cycles are suggested-when demand is very low. In addition,
delay in receiving products is=determined ‘here as time span between customer
purchasing and receiving products, and depends on service cycles and average distances

between plants and customers.

Let s and & denote a specific customer and a manufacturing plant, respectively.
And let i, and 7(i;) be a specific service cycle and duration of service cycle i  for
customer s under discriminating service strategy during the study period,
TG,)=(t,0,).t,@G,)), i =1,2,., I ,where I_ is the total service cycle for customer s

during the study period and #,(i;) and ¢,(i,) represent the start and end times of

I_S
service cycle i, respectively. Note that the unit of 7'(i;) is day and ZT i)=T,

ii=1

where T denotes the study period. Ateach ¢, (i,), i =1,2,.., I , the operator begins

s

to deliver products to customer s accumulated during service cycle i . Figure 6.2

illustrates the profile of service cycles, where f, represents total demand of customer
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s for the manufacturer during service cycle i .

item

.
[ -
tO (lq ) tm (Zv ) tlme

Figure 6.2 The profile of service cycles

Consider two curves in Figure 6.2-representing.cumulative number of products, which
have been: (1) purchased by customer s; (2)-delivered by the manufacture. To satisfy
customer demand accumulated during.service cycles, the manufacturer must assign

which manufacturing plants as well as their production to serve customers in different
regions. Let f,(i,) represent product amount produced by plant & and deliver to

customer s for service cycle i,. To meet customer demand during service cycle i,

the following equation must be satisfied:
f;v = ka (lv )ﬂk (lv) vzs‘ VS (61)
vk

where f,(i,) is an indicator variable, if plant k serves and delivers products to
customer s for service cycle i , then f,(i,) =1 and the delivered product amount is

f,(@,); otherwise, B,(i;))=0. Total product demand of customer s for the

manufacturer can then be formulated as:
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DIWAEDWIWANVAS Vs (62)

S
i,=1 i;=1 Vk

Regarding products delivery, total amount of products delivered by plant £ during the
study period can be obtained by summing up total amount delivering to different
customers at various service cycles. Let f, represent total amount delivered by plant

k during the study period and f, can be formulated as:

fi=2 2 LGB Vk (6.3)

Vs Vi

In this study, the cost components incurring to serve customers in different regions
is defined as including production cost and logistics cost. The production cost
incorporates both capital and variable production cost. The capital cost includes costs
related to the purchasing and installation of related eéquipments, plant construction, land
rents, etc. as well as differences:among manufacturing plants due to different locations
and size. The variable production cost.includes those paid for input factors other than

key-component, such as labor, utility and insurance, etc. The monthly production cost

of plant k, L, , can be formulated as follows:
Ly =C(v)+c(vi)gvy) Vk (6.4)

where C(v,) and c(v,) represent, respectively, the monthly capital and variable
production costs of plant &, depending on capacity v,; and g(v,) denotes monthly
production amount of plant k and g(v,)<v,. Though the monthly production cost is
increasing with the increase in monthly production amount, the average production cost

. e L C
per unit product at plant k decreases with it, —*— = o) +c(v,). The total average

gv,) gv)

production cost per unit product for the manufacturer is obtained as:
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YL D (CH)+)gm,)
Se) S g(v)

(6.5)

Due to production restriction, some plants will not be assigned to serve customers
with large demands where demands might exceed production amount. Let ¢/ be a

specific delivery time of plant £ during the study period, j=1, 2,..,m, , where m,

represents delivery frequency of plant k. The duration of a specific delivery cycle of

plant k is (t,{’l, t,{ ), /=2, 3,..,m, , which is composed of two consecutive delivery times,

and D (t/ —t/")=T. Assume a continuous production, the relationship between
=

product delivered and production amount can be formulated as:

UREAE CESARVAD (6.6)

where g(v)

represents daily production amount of plant £. The left hand side of Eq.
(6.6) express total production ameunt of plant & -accumulated during delivery cycle

(¢/,t/*") and the right hand side is product amount delivered at time ¢/*'. Eq. (6.6)

implies that it requires a considerable amount of time for a plant with small capacity
producing sufficient products so as to serve customer with large demand, resulting in a

long duration of service cycle. A relationship exits among delivery times of a plant,

customers the plant served and the service cycles of those customers. For f,(i)=1,
plant £ is assigned to serve and satisfy the demand accumulated during service cycle i_;

consequently, the delivery time coincides with the end time of service cycle,

t1{+1 = tm (ls ) *

The logistics cost includes transportation cost and inventory cost.  The

transportation cost involves both fixed and variable transportation costs. Fixed
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transportation costs are costs attributable to each shipment regardless of shipment

volume, while variable transportation costs involve things such as the fuel and handling

fees, among others. The transportation cost per shipment for delivering f, (i,) units

of product from plant k to customer s can be shown as G* +¢* £, (i), where G! and

t* represent, respectively, the fixed transportation cost and the variable transportation

N

cost, both depending on distance between plant k£ and customer s. The transportation

cost resulting from serving customer s with service cycle i, can be formulated as:

> (G +1 [, GBI Vs Vi, (6.7)

Eq. (6.7) shows that assigning more plants to serve a specific customer, i.e. more
shipment incurred, leads to a high transportation cost and the cost will be higher if two
locations are distant apart. The average transpottation cost per unit product during the

study period can be shown as:

P Y3 S (G U D) (6.8)
;;ﬁs Vs i =1 Vk

Eq. (6.8) shows that the average transportation cost depends not only the assignment of
plants to serve customers but also service cycles for customers during the study period.
A frequent shipment may incur high fixed transportation cost, thereby leading to an
increased transportation cost.

The inventory cost, also called waiting cost or opportunity cost, is the cost
associated with delay of goods, including the opportunity cost tied up in storage, any
value lost while waiting, etc. The delivery and service cycles influence inventory level
of both customers and the manufacturer. A frequent delivery strategy may lead to a
reduced inventory cost for the manufacturer since it involves a small storage space at
plants. In addition, this strategy may serve customer with a reduced waiting time for

products, thereby a high satisfaction for the manufacturer. However, the benefits
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brought by frequent delivery in inventory cost will be offset by the increased
transportation cost if product amount delivered per shipment fall short of economical
shipment size. Since the goal of delivery and service strategies is to reduce logistics
cost and satisfy customer needs, the number and duration of service cycles should be
determined in accordance with the time-dependent demand of customers in various
regions. To avoid double counting, inventory cost discussed here reflects the
relationship between the production and delivery cycles of plants. The average
waiting time can be measured by one half of the headway between two consecutive
shipments under a continuous production. The inventory cost of plant £ during the

study period can then be formulated as follows:
<1 . - ) .
ZEUZ ~t/efi (i) B, () Vk (6.9)
j=1

where g represents the inventory cost per unitiptoduct per month. Eq. (6.9) shows that

a frequent shipment, short duration of service cycles, I€ads to a decreased inventory cost.

The average inventory cost per unit product'during the study period can be shown as:

d =+Zk%(t;f — 1/ gf, i) B G (6.10)

¥

Vs ig=1

Egs. (6.8) and (6.10) show the relationship between transportation cost and inventory
cost with respect to shipment size, delivery frequency and the assignment of plants to
customers during the study period. There are two sided effects on transportation cost
if the manufacturer assigns frequent delivery cycles to serve customers whose periods
are featured with large demand. The average transportation cost would be low only if
large shipment could be accumulated and shipping economies exists. Otherwise,
frequent shipment leads to high transportation cost because of large fixed transportation
cost. The transportation cost will be even higher if customers are served by multiple

plants whose distance are far apart. The above perspective also implies that long
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service cycles are suitable when demand is very low. From Egs. (6.5), (6.8) and (6.10),
the total average cost per unit product are:

h+7+d (6.11)

The discussions so far demonstrate how service cycles and the assignments of
plants to customers influence manufacturer’s cost. This study further deals with
dynamic and time-sensitive customer demand, and investigate how service cycle
durations affects customer demand for manufacturer products. This study applies a
binary logit model to determine customer choice probabilities for manufacturer products.
Let o be the objective manufacturer and » be a representative of other manufacturers
in the market. Let U (s,t) represent the total utility of customer s who purchase
products from manufacturer x at time ¢, U (s,t) =V (s,t)+¢&_, x=0, r, where V _(s,t)
and &,  represent, respectively, thé deterministic component and unobservable or
immeasurable factors of U (s,f). Supposing that all & are independent and
identically distributed as a Gumbel distribution, then customer choice probability of

purchasing products from manufacturer.o at time#,;" Pr, (s,¢), can be estimated as:

pUo (80U, (5.0

+ U5 (s:h)

Pr, (5.0) = (6.12)

The difference in utility values of customer purchasing from manufacturer o and r,

v(s,t)=U, (s,t)-U, (s,t), determines the choice probability, which can be rewritten as

v(s,t)

Pr (s,t) = lew . The utility function v(s,f) discussed here has the following
+e
specifications:
v(s,t)= By + Bip, + BT, = Bp, = BT (6.13)

where p, and p, denote product prices of manufacturer o and r ; T and T*'

represent delay in receiving products from manufacturer o and r at time ¢, respectively.

B, reflects alternative specific constant and S, and f, are parameters, respectively.
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Delay in receiving products depends on service cycles and average transportation
time to customers in different regions. The demand of products during a specific
service cycle may be received separately since it may involve various plants serve a

specific customer, thereby resulting in an inconsistent product receiving time. Let

H, be the average transportation time from plants to customer s, and H,; can be

represented as:
2T A

H, :% (6.14)

where T represents average transportation time from locations of plant k to customer

s

s, depending on their spatial distance and shipping mode and Z B, (i) reflects plant
Vk

number. Eq. (6.14) shows that a close proximity of customers and plants results in less
transportation time. Consequently, delay in- receiving products when customer s

purchases products from manufacturer o-attime ¢ can then be given by:
T =t,(G)+H, —t te(t,),1,0,)) (6.15)

From Eq. (6.15), delay in receiving products depends not only on transportation time,
but also on customer purchasing time. As customer purchasing time approaches

dispatching date, the customer perceives a decreased delay in receiving products.

Normally, total customer demand for manufacturer product can be estimated by
multiplying customer demand for products and the choice probability of purchasing

products from the manufacturer. Assume total demand for products of customer s at

time ¢ is exogenous and denoted as ¢!, then the time-dependent demand for

manufacturer product of customer s at time ¢ can be expressed as ¢, Pr (s,t).

Furthermore, total demand for manufacturer product of customer s during service cycle
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i;, f; ,canbe represented as:

1, (i

)
fi = 2.4, Pr,(s,0) Vs Vi, (6.16)

1=ty (i)

Eq. (6.16) shows that total demand for manufacturer product increases with increasing
value of choice probability of purchasing products from the manufacturer, Pr (s,?).
In addition to the choice probability, total demand accumulated during service cycle i,
will be large if the service cycle is periods with numerous demands for products. Total

customer demand for manufacturer product during the study period can be expressed as

DI

Vs Vi
Profit throughout the entire study period can be calculated based on the product
price, average cost per unit product;average key=Ccomponent purchase cost per item and

total customer demand for manufacturer product, such-as

r=(p, I -(h+F+d)> 2 f; (6.17)

Vs Vig
where / and 7 represent the average key-component purchase cost per item and
profit throughout the study period, respectively. A increased profit can be realized be

an increased customer demand and a decreased cost per unit product.

However, interactive relationships exist among profit, average cost per unit product and
total customer demand for manufacturer product. Customer demand will increase with
a frequent service cycle since it involves a less delay in receiving products, which
further results in a reduced production cost; conversely, logistics cost might increase
due to frequent shipments without transportation cost economies. On the other hand,
the cost saving by assigning least service cycles will be offset if customer demand is
little and customer intention to purchase manufacturer product shrinks combined. The

above least service cycle strategy also yields a high production cost since there is
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insufficient demand to realize the production cost economies. Only if a delivery and
service strategy with considerations of time-dependent customer demand,
demand-supply interaction and spatial spreads of plants and customers, will maximized

profit be realized.

A nonlinear mixed integer programming model is formulated here for determining
the optimal number and duration of service cycles for different customers and their
plant assignment by maximizing profit subject to demand-supply equality. From Egs.

(6.11), (6.16) and (6.17) and the discussions above, the nonlinear MIP problem is as

follows:
max 7=(p,—[—(h+F+d)D.D.f, (6.18a)
Vs Vi
S.1.

VAEDIWABAN Vs Vi, (6.18b)
Yk
t, (i)

fi = D.4.Pr,(s,0) Vs Vi, (6.18c¢)
1=ty (is)

URETAE CESARVAD vk (6.184)

IA

Z(tm (ls) - tO (ls )) = T VS (6 1 86)

i =1

gv,),v, =0 vk (6.18f)

t (i,),1,(1,) =0 Vi Vs (6.18g)

£.()=0 vk i, Vi (6.18h)

B.(i,)=0o0rl vk Vi, Vi (6.181)
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Eq. (6.18a) represents the objective function that maximizes profit throughout the study
period. Eq. (6.18Db) states relationships among customer demand, product delivered by
plants and plant assignment with respective to delivery cycles. Eq. (6.18c) defines
customer demand for manufacturer product during service cycles. Eq. (6.18d)
constrains the relationship between product delivered and production amount by plants.
Eq. (6.18e) constrains that the summation of the duration of all service cycle for a
customer must be equal to the study period. Eqgs. (6.18f), (6.18g) and (6.18h) define
the decision variables g(v,),v,, ¢,(,), t,(i,) and f,(i;) to be nonnegative. Eq.
(6.181) defines the decision variable S, (i;) to be binary. The decision variables are
gv,),v,, t,@,), t,(i,), f,(G,) and pB,(i,). That is, the high-tech product
manufacturer can apply the model to optimally decide the capacity as well as the
monthly production amount for all*manufacturing.plants, which manufacturing plants
should produce and deliver how-much of the production to serve customer in different
regions. Moreover, the optimal-duration-and.service cycles for different combinations

of the manufacturing plants and customers can also be determined.

6.2.2 Uniform service strategy

Regarding uniform service strategy, customers from the same region are served

according to the same delivery cycles. Let I, represent the service cycle for

customer s during the study periods with uniform service strategy. The duration of

each service cycle is — and a specific service cycle is denoted using 7(i,), namely,

N

T(i;,):(to(i;),to(i;)ntll,), i.=1, 2,..., I,, where t,(i,) and to(i;)+I£, represent

S N

the start and end times of service cycle i, assuming a uniform service strategy,

respectively. And the total average cost per unit product is formulated in a manner

similar to that for discriminating service strategy, as mentioned in Section 6.2.1,
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namely:

h'+7 +d
2 (CO) +e(v)g,) { i | ,
_ e D I I N (AT WA B A(A

;;g(vk) Z f Vs i =1 Vk

s L S L e @) (6.19)

Lo~
2207

Vs i =1

Total demand for manufacturer product of customer s during service cycle i, for

uniform service strategy, f., can be represented as:

K T
to (i )+F

fi= 24P Vs Vi, (6.20)

t=t(iy)

Additionally, profit throughout the entire study period for uniform service strategy, 7 ,

can be formulated as:

T =(p, I =(h +F +d )Y D S, (6.21)

Vs Vi;

The mathematical programming problem for determining the optimal number of
service cycles for different customers assuming a uniform service strategy can be
formulated in a manner similar to that assuming a discriminating service strategy
((6.18a)-(6.181)). Furthermore, this study compares the values of profit obtained by

the manufacturer from discriminating and wuniform service strategies using

-7

x100% , where 7 and 7’ represent profit using discriminating and uniform
T

service strategies, respectively. If x100% is positive, discriminating service

T

strategy is suggested; otherwise, uniform service strategy is recommended.
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6.3 Case study

This section presents an application of the proposed models, using a numerical
example. The object manufacturer is D-company of the USA who manufactures and
assembles different key-components into notebooks as the product and delivers the final
product to the customers in different regions. Total customers are classified according
to the geographic distributions, which result in five major customers, such as USA,
West Europe, Japan, China and Taiwan. This study assumes three months, from
September to November, as the study period, with the unit of time for study being one
day. For the sake of simplicity, three locations are available for D-company in
operating the manufacturing plants, that is, the USA (Texas), Malaysia (Penang) and
China (Xiamen). The capacity cost and_variable production cost of these locations are
different due to the various commodity, indexes in" different regions. In addition, to
satisfy the substantial demand and gain advantage through outsourcing, the original
equipment manufacturers (OEMSs). in' Taiwan-and Korea are also available and the
notebooks from these OEMs are tagged as being D-company’s product. The average
price and key-component purchase cost per unit notebook are US$ 1330 and US$ 1150,
respectively. The base values for the parameters in production and transportation cost
functions are shown in Tables 6.1, 6.2 and 6.3, respectively. Table 6.1 lists the initial
transportation parameters with respect to different combinations of the manufacturing
plants and customers, including fixed transportation cost and variable transportation
cost, while Table 6.2 lists the average transportation time from locations of the
manufacturing plants to customers. Table 6.3 shows the alternative sizes of capacity
and base production parameters for manufacturing plants in different regions. As
shown in Table 6.3, there are three different alternative sizes of capacity for the

manufacturing plants in the USA (Texas) and Malaysia (Penang) and two alternatives
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for the manufacturing plant in China (Xiamen). The unit-product production costs
paid for the outsourcing manufacturers are different with the outsourcing amount, in a
way that the outsourcing manufacturers encourage large size outsourcing with
preferential price. Figure 6.3 illustrates time-dependent demand from the five major

customers during the study period.
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Table 6.1 The initial values of base transportation parameters

Customers
USA West Europe Japan China Taiwan
Plants (1) 2 () (@) » @ O 2 o O
USA (Texas) 6600 7.2 8000 13.6 8000 199 8000  27.1 8000 30.7
Malaysia 8000 30.2 8000 217 7000 7.8 7000 9.1 7000 7.8
China (Xiamen) 8000 26.7 8000  22.5 7000 5.9 2000 1.5 6200 3.3
Taiwan 8000 30.2 8000 243 7000 5.2 7000 43 1000 0.17
Korea 8000 23.1 8000 219 6200 2.9 4800 22 6200 3.6

Note: (1): fixed transportation cost; (2): variable transportation cost

Table 6.2 The initial transportation time between locations of the manufacturing plants

and customers

Customers

Plants USA West Europe Japan China Taiwan
USA (Texas) 3.17 1417 14.67 16.42 17.17
Malaysia 9.50 12.58 7.17 5.33 4.75
China (Xiamen) 15.50 16.00 4.00 1.33 4.00
Taiwan 13.00 15.00 3.17 4.83 0.30
Korea 18.00 14,00 2.17 1.58 2.42
Unit: hour

Table 6.3 The alternative sizes and base production parameters for the manufacturing

plants
USA (Texas) Malaysia (Penang) China (Xiamen) Taiwan Korea
A, D) @ G O @ & OH @ G DH @ 6 O O 3
1 63 408 112 62 364 112 130 392 96 150 - 114 100 - 115
2 95 612 112 93 546 112 165 490 96 200 - 110 200 - 113
3 126 816 112 124 728 112 - - - - - - - - -

Note: (1) Capacity (10° Notebook/month)

(2) Capital cost (10° US$)

(3) Variable production cost (US$/notebook)
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From Figure 6.3, demands from the customers exhibit various time-dependent
patterns and demands from the customers in the USA and in Taiwan are featured with
the highest and lowest. And the demand for notebooks during the study period totals
1927983 notebooks, averaging 642661 per month. Generally, customer demands for
notebooks are relatively low in October and peak during September and November due
to the school open season and the coming of Christmas holidays. Assume D-company
ignores the impact of demand-supply interaction on the decisions in the capacity and
production allocation among the manufacturing plants. Table 6.4 shows the initial
results from models without considering the impact of demand-supply interaction on

production decisions.
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Table 6.4 The initial results from models without considering the impact of

demand-supply interaction on production decisions

Average frequency” Total product Average
Plant Customer  Sep. Oct. Now. flow monthly flow
USA (Texas) USA 11 11 15 195401 65134°
Malaysia Europe 8 6 7 162318 54106
(Penang)
Japan 4 3 5 20651 6884
Total 12 9 12 182969 60990 "
China USA 2 2 3 107929 35976
(Xiamen)
Europe 6 5 6 108110 36037
Total 8 7 9 216039 72013°
Korea USA 2 2 2 32036 10679
Taiwan Japan 13 10 14 162839 54280
China 10 7 9 84120 28040
Taiwan 24 31 18 62150 20717
Total 47 48 41 309109 103037°
Total Profit (USS) 53148823
Total customer demand (item) 935554
Average logistics cost (US$/item) 15.04
Average inventory cost (US$/item) 0.49
Average transportation cost (US$/item) 14.55
Average production cost (US$/item) 108.33

* Shipment/month
b .
Average monthly production amount
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As shown in Table 6.4, D-company will operate three manufacturing plants in
different locations and the meet the high customer demands, there are considerable
amounts of notebooks being manufactured by the OEMs. Among the manufacturing
plants, the OEM in Taiwan produces the most notebooks for D-company, while the plant
in China (Xiamen) also produce considerable product due to its low capital cost and
plentiful labor force at a low labor costs. The optimal delivery service frequency from
the customers and the corresponding manufacturing plants are also shown in Table 4.
This study considers the capacity limitation of the plants and relaxes the constraints on
one customer being served by only one plant. For example, the large amount of
demands from the USA is satisfied by the manufacturing plants in three locations,
namely, USA (Texas), China (Xiamen) and Korea. Also shown in Table 6.4, the
outsourcing strategy with the OEM in Taiwan brings the most demands among all the
plants. And the corresponding eustomers of the OEM in Taiwan, i.e. the customers in
Japan, China and Taiwan are all served-wiath-frequent delivery cycles. Due to these
alternatives locate in the same area, namely Asia, the transportation cost will not
increase significantly from frequent service cycles. On the contrary, the demand for

these customers can be boosted, yielding an increased profit.

Moreover, the average delivery service frequency differs significantly between
months and between the combinations of the customers and the manufacturing plants.
A high density of service cycles exists during September and November with high
customer demand, thus further simulating customer demand for D-company’s
notebooks. The average logistics cost per item can also be reduced by employing short
service cycles during periods with considerable demands and long service cycles during
months with sparse demand to realize transportation economies. Frequent delivery

service cycles also exist for the manufacturing plants and customers whose distance is
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short with large product flows. However, as shown in Table 6.4, some customers are
served by distant manufacturing plants rather than a near plant. It is likely that
assigning these plants to serve the distant customers is more cost effective than
assigning other plants to serve these customers. The results imply that the optimal
assignments are determined from an entire network perspective, not from an individual
node-to-node basis. Moreover, this study proposes a discriminating delivery service
strategy in response to time-dependent customer demand. And the optimal dispatching
date of the manufacturing plants for the customers can be obtained from the models.

Table 6.5 shows the optimal dispatching dates of plants in serving the customers.
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Table 6.5 The optimal dispatching dates of plants in serving different customers

Dispatching date
Customer  Plant Sep. Oct. Novw.
USA USA ISt, 3rd’ Slh, 7[}1, loth’ 141h, 3rd, Slh, 7th, lolh, 13[}1, ISt, 3rd’ Slh, 8[}1, loth’ 121h,
(Texas) 16" 18™ 21° 24™ 27™ 15", 18™ 215, 24™, 14" 16™, 18™ 20™,
29 27" 31 22m 231 25t o7t gt
China 14" 15 6" 31 1%, 8™, 25%
(Xiamen)
Korea 9™ 29™ 10", 29" 1%, 20"
Europe Malaysia 2", 6™ 10", 15®, 17", 3 7% 13% 20™, 50 2% 13™ 17, 21,
(Penang) 21%, 25" 29" 24™ gt 25M 31
China 3", 8™ 16™, 17™ 22", 3 12" 18", 24", 39, 10™ 13™, 18" 23,
(Xiamen) 27" 20 30"
Japan Malaysia 5", 12 21%, 26™ 34 21 31 1, 8™ 14™ 19t 25t
(Penang)
Talwan ISt, 4[}1, 6th, 8th, lolh, 12th’ lSl’ 4th’ 71h, 10th’ 13th’ ISt, 3rd’ Slh, 7[}1, loth’ 121h,
14" 17% 21% 22M 23 16™ 227 25™ 28" 14" 16™ 18™ 20™,
25th’ 28th 31 22nd’ 24th’ 26th’ 29th
China Taiwan 1%, 4™ 9h 10™ 13 14% 40 QW10 150 1%, 6" 11™ 14" 17%,
18" 22m 26™ 3P 191,23 2gh 20", 23 26™ 30"
Taiwan Taiwan 1%, 3", 5™ 70 9Mqqh 1%, 3% 5t 7% gt 1t
13% 14" 15" 16", 175, 13" 15™ 17" 18™, 20",
18™ 19" 20" 21%, 22" Everyday 21%, 23", 24™ 25™ 26",

23™ 24M 25t 260 278
281}1’ 29th’ 301h

281h 291}1
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The results shown in Table 6.4 are obtained from models without considering the
impacts of demand-supply interactions on the production decisions. The optimal
capacity of the manufacturing plants is determined when the customer demand is
exogenous. Though customer intention to purchase notebooks from D-company could
be increased by serving them with frequent delivery service cycles, the total profit might
be low if the production cost is high. With reference to Table 6.3, D-company tends to
operate large-size capacity plants to meet the demands. However, the capacity
utilizations of these manufacturing plants are low, i.e. the utilizations of the plants in
USA (Texas), Malaysia (Penang) and China being 51.69%, 49.19% and 43.64%.
These low utilization values result in an increased production cost for D-company, thus
a decreased profit. This study further assumes all customers are served with the same
delivery service cycles as Table 6.4.shows, thus the.changes in customer demand can be
neglected. Egs. (6.18a) and (6.18f) are applied to optimize the capacity and production
amount for the manufacturing plants; where data on customer demand is given and

shown as Table 4. The revised results-are shown as Table 6.6.
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Table 6.6 The revised results with considering the impact of demand-supply interaction

on production decisions

Plant Customer Average frequency Average monthly flow
China (Xiamen) USA 14 111789
Europe 6 53211
Total 20 165000
Taiwan Europe 7 36932
Japan 16 61164
China 9 28040
Taiwan 24 20717
Total 56 146853
Total Profit (USS) 53869199
Total customer demand (item) 935554
Average logistics cost (US$/item) 19.68
Average inventory cost (US$/item) 0.50
Average transportation cost (US$/item) 19.18
Average production cost (US$/item) 102.75
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As shown in Table 6.6, instead of all plants, D-company adopts merely two
manufacturing plants, China (Xiamen) and Taiwan, to serve the customers, where there
is full capacity production in China and surplus output from the OEM in Taiwan. The
average production cost is US$102.75 per notebook, which is lower as compared with
that in Table 6.5. The results show the impacts of customer demand for the
manufacturer product on profit lie not only on the logistics cost, but also on the
production cost, therefore, profit. The decisions on capacity and production amount
may not lead to profitable results if the demand-supply interaction is not considered.
However, increased specialization requires increased transportation and an increased
logistics cost exists in Table 6.6. The results show there is a tradeoff between
production cost economies and transportation cost diseconomies. However, the large
profit implies that the benefits brought by centralized production outweigh the increased
transportation cost by decentralized for D-company.- This finding also suggests that
the manufacturer may adopt a'strategy with_centralized production and deliver the

products to customers in different regtons with frequent delivery service cycles.

Delivery service strategies must not only realize transportation cost economies, but
also satisfy customer needs. Previous studies have considered physical distribution
problems other than demand-supply interaction by assuming exogenous customer
demand. This study compares the results from models with and with demand-supply
interaction, where the combinations of the manufacturing plants and customers are the
same as Table 6.6. A mathematical programming model without demand-supply
interaction, namely Eqgs. (6.18a), (6.18b) and (6.18e), is applied to optimize the average
delivery service frequency and average shipment size. For comparison, D-company is
assumed to adopt an identical market share that in models with demand-supply
interaction, namely 49%. Table 6.7 compares the results from models with and

without demand-supply interaction in delivery service strategy.
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Table 6.7 Comparisons of results from models with and without demand-supply

interaction
Average Average Average Revised average
Plant Customer frequency shipment size  monthly flow monthly flow
China (Xiamen) USA 2.5 44716 111789 41362
Europe 5 10642 53211 27138
Total 7.5 22000 165000 68500
Taiwan Europe 4.5 8207 36932 18835
Japan 6 10194 61164 33640
China 4 7010 28040 13459
Taiwan 9 2302 20717 12016
Total 23.5 6429 146853 77950
Model results without demand-supply interaction Revised results
Total Profit (US$) 54028244 25227477
Total customer demand
(item) 935554 439350
Average logistics cost
(US$/item) 1950 18.79
Average inventory cost
(US$/item) 1.23 1.16
Average transportation
cost (US$/item) 18.27 17.63
Average production cost
(US$/item) 102.75 103.79
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Table 6.7 shows that the average delivery service frequency using models without
demand-supply interaction is less than that in Table 6.6. Comparing the results from
Tables 6.6 and 6.7, the logistics cost without considerations of demand-supply
interaction is lower than that with consideration. This finding implies that without
considering demand-supply interaction, the manufacturer seems to pursue the largest
transportation cost economies by assuming inelastic demand and applying a less
delivery service frequency than models with demand-supply interaction. However,
further applying the proposed model to calculate the revised results, namely Eq. (6.17),
yields lower customer demands because of higher delay in receiving ordered goods with
those service cycles. The results show that the manufacturer overestimates the
customer demand. As for models dealing with demand-supply interaction, the
influence of service frequency on customer demand is examined in a way that demands
increase with reduced delay in receiving ordered -goods. Furthermore, customer
demand influences logistics cost and production cost. Finally, the delivery service
frequency from models with demand-supply interaction leads to higher profit as shown

in Table 6.7.
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6.4 Summary

Recent studies have investigated logistics issues in supply chain management
fields. Most of these empirical studies dealt with these issues by collecting empirical
data and testing hypothesis. This study develops a mathematical programming model
that determines the optimal delivery service strategy for high-tech product
manufacturers by exploring demand-supply interaction and time and spatial dependent
customer demand. This study also investigates how the production decisions can be

influenced by demand-supply interaction.

This study demonstrates the applications of the models by using D-company as an
example. The study periods are assumed to be three months where the peaks of
demand differ among customers in different regions. The results show the average
delivery service frequency differs:between months and between different combinations
of the customers and manufacturing plants..“A high density of service cycle strategy is
suggested for periods with considerable customer. demand and combinations of the
customers and plants whose distance 1s ‘'short. Regarding the assignment of which
manufacturing plants to serve customers in different regions, the results show the
assignment of a distant manufacturing plant in serving customers exists. The results
imply that the optimal assignments are determined from an entire network perspective,

not from an individual node-to-node basis.

The results show the impacts of customer demand for the manufacturer product on
profit lie not only on the logistics cost, but also on the production cost; therefore, profit.
The manufacturer tends to employ large-size capacity for all manufacturing plants when
the impacts of demand-supply interaction on production are not considered. The
results show the decisions on capacity and production amount may not lead to profitable

results if the demand-supply interaction is not considered. The results also show there
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is a tradeoff relationship between production cost economies and transportation cost
diseconomies. However, the result also implies that the benefits brought by
centralized production outweigh the increased transportation cost by decentralized, thus
a higher profit. This finding suggests the manufacturer to adopt a strategy with
centralized production and deliver the products to customers in different regions with

frequent delivery service cycles.

This study shows that without considering demand-supply interaction, the
manufacturer typically pursues transportation cost economies and minimized logistics
cost by assuming inelastic customer demand and applying less delivery service cycles.
However, this strategy overestimates customer demand and yields higher production
cost, leading to a reduced profit than strategies that consider demand-supply interaction.
The finding in this study also implies that thedelivery service strategy may not only
affect customer demand for the manufacturer prodiuct and logistics cost, but also

production cost.
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CHAPTER 7
Optimal delivery service strategy for Internet shopping with
time-dependent consumer demand

Previous chapters focus on designing a supply chain network from global logistics
viewpoints. Customers can be referred to retailers, wholesalers or end-users and is
classified in accordance with areas and regions. In this chapter, we further discuss the
impacts of time-dependent demand and socioeconomic characteristics of end-consumers
on delivery service strategy. Specifically, in this chapter, we attempt to optimize a
delivery service strategy for Internet shopping by considering time-dependent consumer
demand, demand-supply interaction and consumer socioeconomic characteristics. A
nonlinear mathematical programming model is formulated for solving the optimal
number and duration of service cyclesfor discriminating strategy by maximizing profit
subject to demand-supply interaction.- The research scope of this part of study is

shown as Figure 7.1.

(3) Retailer (@) End user (consumer)
==
a3
=
ARy Y
—m : ::'

Figure 7.1 The research scope of Chapter 7
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7.1 Introduction to the problem

Electronic Data Interchange (EDI) and related technologies have made it more
efficient to transmit information to suppliers. At the same time, information
flow-based Internet shopping has markedly improved consumer service by reducing
order processing time and providing delivery information. Since real-time consumer
demand is processed via the Internet, operator inventory costs are reduced by ordering
goods from wholesalers or manufactures and shipping them directly to consumers.
However, high order frequency and small order quantity that characterize consumer
Internet shopping behavior make it expensive to deliver goods to individual consumers
(Huppertz, 1999). With fixed transportation costs for each shipment, the average
logistics cost per item decreases with increasing shipment size. Therefore, a larger
quantity of goods will accumulate*with longer.shipping cycles, which also results in an
increased delay in receiving ordered goods,-thus redticing consumer intention to shop
via the Internet. The above process-involves-a trade-off between consumer demands

and operator logistics costs.

The goal of delivery strategies is to reduce logistics costs and satisfy consumer
needs. A crucial factor in optimizing a delivery service strategy is consumer demand.
The assumption of constant demand is highly controversial, since in reality demand
varies with time, space, and consumer socioeconomic characteristics. For example,
peak demand for food products is likely to occur at lunchtime. Serving consumers via
uniform shipping cycles without considering variations in cumulative quantities ordered
during each shipping cycle may result in high logistics costs under time-dependent
consumer demand. Conversely, shipping cycle has a dramatic influence on consumer
intention to shop via the Internet because it determines delay in receiving ordered goods.

When a consumer orders goods from an Internet store, they typically receive delivery
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information with respect to each service cycle, which is posted on the Internet. Upon
the completion of the service cycle, the goods ordered during that cycle are shipped to
consumers. Thus, service cycles coincide with shipping cycles for Internet store
operators. In addition to time-dependent consumer demand, consumer demand for
Internet shopping is also characterized by socioeconomic characteristics, and temporal
and spatial variations. Even when served by the same service cycles, consumers with
different characteristics perceive Internet shopping differently, which may further
influence consumer demand for Internet store goods and, thus, profit. In summary,
how to determine an optimal delivery service strategy for Internet shopping by
considering demand-supply interaction, time-dependent consumer demand and

consumer characteristics has become important.

Discriminating service strategy proposediin. this study differs significantly from the
traditional and typical uniform:service strategy in Which all consumers are served
according to the same delivery cycle. . Periods with considerable consumer demand
suggest that frequent and short service ¢ycles are suitable and may stimulate consumer
demand for Internet store goods because of reduced delay in receiving ordered goods;
this perspective also implies that long service cycles are suitable when demand is very
low. Such an approach would reduce logistics costs and boost profit. The Internet
store in this study is assumed to operate as a retailer, ordering a batch of goods from
wholesalers or manufactures and distributing these goods to consumers. Delay in
receiving ordered goods is determined here as the time between consumers ordering and
receiving goods, and depends on delivery cycles which include lead time for processing

and handling.

This chapter explores how to optimize a delivery service strategy for Internet

shopping in terms of service cycle frequency and duration by considering
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time-dependent consumer demand and demand-supply interaction. The model applies
mathematical programming methods and compares profit between using discriminating
and uniform service strategies thereby identifying the optimal strategy for Internet store
operators. This study uses R-company selling flowers via the Internet in Taiwan, as an

example to demonstrate the application of the model.

7.2 Consumer demand for Internet store goods

Three key groups of factors influence shopping behavior, namely goods
characteristics, shopping mode attributes, and consumer characteristics (Salomon and
Koppelman, 1988).  Generally, goods that require detailed examination before
purchase are considered inappropriate for Internet markets (Liang and Huang, 1998).
Thus, the goods discussed here are sthose that,are appropriate for Internet markets.
This study designs a consumer choice probability model for choosing between Internet
and conventional shopping modes. To capture dynamic and time-sensitive consumer
demand, this study considers issues such as differences in consumer socioeconomic
characteristics, temporal variations in ordering time of consumer goods, and spatial
variations in consumer locations and competitions between Internet stores and retail

stores in urban and non-urban areas.

7.2.1 Individual characteristics

Previous empirical studies have developed logit models to investigate the effects of
shopping mode attributes, characteristics of consumer shopping behavior on Internet
shopping (Koppelman et. al., 1991; Koyuncu and Bhattacharya, 2004; Bhatnagar and
Ghose, 2004). Following the formulation of logit models in literature, this study

applies a binary logit model to determine consumer choice probabilities for both

Internet and conventional shopping. Let U, (¢, /) represent the total utility of
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consumer x who orders goods in zone j at time ¢ via shopping mode k. Furthermore,

U, (&, )=V () +é&. ., where V_,(¢,j) denotes the deterministic component, and
&, denotes a random utility component representing the unobservable or

immeasurable factors of U, (¢,j). Supposing that all & , are independent and

identically distributed as a Gumbel distribution’, then the probability of choosing
shopping mode £ can be estimated using the binary logit model (Ben-Akiva and Lerman,
1985). Let subscripts 7S and R denote Internet shopping and conventional shopping,

respectively, and the choice probability of choosing Internet stores for consumer x in

zonej at time z, P, ;4(¢, ), can then be estimated as:

Uy s (t.))
PV’TS (t’j) - eUx,Ts(f»j) +eU,r,R(t»j) (71)

For simplicity, this study omits subscript x-1n the following disaggregate choice model
in which formulations of the model are.alse-discussed based on individual consumers.
The difference in the utility value of consumer shopping via Internet stores and
conventional retail stores determines the probability of choosing Internet shopping,

which can be rewritten as:
o)
Prs(faj)=m (7.2)
This study assumes technological advances and well-organized facilities in Internet
shopping environments enable consumers to access Internet stores with little effort;
therefore, search time for goods via the Internet can be ignored. Assume the quality of
a good is the same regardless of whether it is purchased via Internet shopping or

conventional shopping. Let v, and v, be the utility functions when the consumers

* To arrive at the standard logit formulation, it is necessary to assume that the random utility component
is independently and identically distributed as a Gumbel distribution (Ben-Akiva and Lerman, 1985).
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purchase goods via Internet shopping and conventional shopping, respectively, namely:

v, =B, - B p_IR_ﬂzTTS,z (7.3a)
- pPs _pr 7.3b
V2 - ﬁl I ﬂ:’? t,R,j ( . )

The utility function v(¢,;) discussed here then has the following specifications:

V(taj) = 180 +ﬂl%+ﬂ2TTS,t _ﬂl%_ﬂ3T;,R,j (7-3‘3)

where p,, and p, denote the prices of goods via Internet shopping and conventional

shopping, respectively; T, represents delay in receiving ordered goods for

consumers ordering goods via Internet at time ¢, and includes the goods

handling/processing time and transportation time, while 7 denotes access time for

t.R,j
consumers purchasing goods via retail stores in zone ; at time ¢. Furthermore, /
represents consumer average income-per unit.time;. f5,, f,, S, are parameters that
express the tastes of consumers; and' f, reflects alternative specific constant for
Internet shopping. The average value of time for delay in receiving ordered goods,

VOT , then can be estimated using Eq. (7.3). Restated,

T _ av(t’j)/aTTS,t — ]& (74)

- ov(t, j)/aprs By

Eq. (7.4) indicates that the average value of time for delay in receiving ordered goods
depends on consumer income per unit of time. Consumers with higher income are
more concerned with delay in receiving ordered goods than consumers with lower
incomes. The value of time for delay in receiving ordered goods can also be expressed
as consumer willingness to pay for one unit of delay savings in receiving ordered goods.

Moreover, consumers with higher incomes may be willing to pay higher prices of goods
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via Internet shopping to receive ordered goods with less delay as Eq. (7.4) shows.

Since it typically takes longer to receive goods purchased from an Internet store
than when purchased at a conventional store, consumers usually prefer to make fewer
purchases from Internet stores (Koyuncu and Bhattacharya, 2004). The heterogeneity
of consumers implies that consumers may perceive the same delay in receiving goods
differently; that is, different consumers have different waiting costs (Chen, 2001). In
this study, consumer income distribution is applied to investigate the relationship
between consumer socioeconomic characteristics, consumer demand for Internet
shopping and delivery service strategies for Internet shopping. Assume that individual
consumers with different personal incomes are served by the same supply condition,
then the expected choice probability of selecting Internet shopping for all consumers
can be further estimated by aggregatingmindividual consumer choices based on the
binary logit model and income: distribution; - The géeneralized exponential family of
distributions® can describe income distribution(Bakker and Creedy, 2000).  This study
assumes that personal income / is distributed with a normal distribution®, with mean
4 and standard deviation o. From Eq. (7.3), all other things being equal, v(z,j) is

a function of 7, so the pdf of v(¢,j) can be expressed through the transformation of

the pdfof 7. The pdfof w(z,/), f,,;,(v())) then can be expressed as:

AAUGY)))

= 1= Bi(Pr — Prs) ><| Bi(Pr — Prs) |
! ﬂo +ﬂ2TTS,t _ﬂ3Tz,R,j _V(t’j) ‘(/Bo +IBZTTS,t _ﬂsTt,R,j _V(taj))z‘

Vi,V (7.5)

3 The exponential family includes useful distributions such as the Normal, Binomial, Poisson,
Multinomial, Gamma, Negative Binomial, etc. (McCullagh and Nelder, 1989).
1 L=pp

6_2 o )

1

2ro

* The probability distribution function (pdf) of 7 is f,(I)=
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Consequently, taking the expected value of choice probability of selecting Internet

shopping yields the following expression for the expected choice probability:

ELPys (6, ) = [ Pos(t,)).f (P (2, )P 2, ) Vi, V) (7.6)

where E[P.(t,j)] represents the expected value of choice probability of selecting

Internet shopping in zone j at time z.

The difference in the utility values of Internet shopping and conventional shopping
determines the probability of selecting Internet shopping, P (¢, j), in Eq. (7.2); that is,

P(t,j) 1s a random variable transformed by v(¢,j). Consequently, the pdf of

Ps(t,))s f(Py(t,))), is presented as:

Prs(t,)) | ! | ve, vj (7.7)

S I = L D)8 i e, T P )

PTS(taj)
I_Prs(t,j)

of v(¢,j), dv(z,j), and that of P, (¢, ), dP(¢,j), can be further calculated as

From Eq. (7.7), since v(t,j)=In ;rthe relationship between the differential

1
 Py(t, )= Py (1, )))

in Eq. (7.6), Eq. (7.6) can be rewritten as:

dv(t, j) dP(t,j). Then, substituting Eq. (7.7) for_ f (P (¢, j))

E[Pys(t, )= [ Prg(t )+ F (Prs(t, )Py 1, )

LD gy g (7.8)

= [ Ps(t.))- £, (v= lnl_PTS(t,])

Bi(pr — Prs)

Similarly, from 7 = -
/Bo + ﬂZTTS,t - :B3Tt,R,j —v(t, j)

in Eq. (7.5), the relationship between

= B(Pr — Prs)
(B +ﬂ2TTS,t _ﬂ3Tz,R,j _V(t:j))z

Furthermore, from Egs. (7.2), (7.3) and (7.5), Eq. (7.8) can be rewritten as:

d/ and dv(¢, j) can be expressed as dI = dv(t, j) .
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. ! B PTS (t’j) .
E[Py (6, )= [ Pt )- f(v = In = )

Prs—p
Bo+h TS[ R*ﬂzTﬂs‘J*/}}Tf,R.j

° e
=, [yl

Bo+h +PaTrs = PsTi v, 5
l+e
_(1_7/‘)2

Bo+h pm;pk +Batrs = Psli g, Czr
=[-= ¢ dI Vi, Vj (7.9)
= — . , .

0 1+ Bo+h pTS] P +Patrsi—Pitir; N 2w o
e

7.2.2 Variations in ordering time of consumer goods and locations

The impacts of ordering time of consumer goods on their choice probabilities are
further analyzed. Delay in receiving ordered goods is demonstrated in past studies as
an important influence on the probability of choosing Internet shopping (Raijas, 2002;
Hsu et al., 2003). Once service cyclemlengths are determined, delay in receiving
ordered goods decreases with reducing time-between ordering time of consumer goods
and the end time of the servicé cyele, and-wice versa. Moreover, the smaller the
number of retail stores in areas or in regular store closed hours is, the longer access time
to retail stores will be. Therefore, it is important to understand how ordering time of
consumer goods, which is related to delay in receiving ordered goods and access time to

retail stores, influences the utility functions and choice probabilities.

Suppose the entire study period is divided into § consecutive service cycles, and

let 7, represent the duration of service cycle i, T, =(¢,,,¢,,), i =12,...,s, where s is

the last service cycle during the entire study period, ¢, and ¢, represents the start
and end times of the service cycle i, respectively. Consequently, the sum of the time
duration of all service cycles represents the entire study period, 7, namely

i=12,....,s, Internet store operators begin to deliver

im?

Z(tl.,m —t,,)=T. Ateach ¢
i=1
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ordered goods accumulated during service cycle i.

This study ignores the vehicle routing problem of goods delivery and simplifies the

problem by employing 7, to represent average goods delivery time to consumers.

Restated, consumers receive ordered goods between ¢, and (¢, +7;). Lead time’

includes the time required for order transmission, order processing and order
preparation. The above definition of lead time influences delay in receiving ordered
goods. This study defines “lead time” as the total time used by Internet store operators
for preparing goods for delivery, namely handling and processing time at each service
cycle. Consequently, a relationship exists among delay in receiving ordered goods,

ordering time of consumer goods and lead time. Delay in receiving ordered goods

when consumers order goods via the Internetattime ¢, 7, , thus can be given by

t. +T)—t,t(tig, (b, T
Tst:{(t,m R) ( ,0 ( R Z)) \/t (710)

(ti+1,m + TR) - ta te ((ti,m - Tf )9 ti,m ),
where 7, represents lead time. Access time to retail stores depends on the density of

retail stores opened during different service cycles and different zones. From Eq.
(7.10), delay in receiving ordered goods is influenced by ordering time of consumer

goods. Owing to the time required for goods handling and processing, if ordering time

of consumer goods falls during ((¢,,, —7,),¢,, ), the ordered goods will not be shipped

until the end of the service cycle (i +1).

Access time to retail stores in zone j at time ¢, 7,, ., can be obtained via

LR, j

> According to Coyle et al. (1996), lead time is the total time that elapses from placing an order until its
eventual receipt.
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Tor, = I;j , where R, j6 denotes the average distance to retail stores in zone ; at

time ¢,and ¥ represents the average consumer travel speed.

Normally, total consumer demand for Internet store goods can be estimated by
multiplying total consumer demand for goods and the expected probability of selecting

Internet shopping. Assume total consumer demand for goods in zone ; at time ¢ is

exogenous and denoted as ¢, ;, then the time-dependent consumer demands for goods

of the Internet store at time ¢ for all zonmes, ¢/° , can be expressed as

q” = z q, ,E[Pr(t,j)]. Furthermore, total consumer demand for Internet store goods
Jj=1

during service cycle i for discriminating service strategy, (,, can be further

represented as:

i,m

t,,m t n
0= a =D q, ElPg(t, )] i=12,.0s (7.11)

t=t; o t=t; o Jj=1

Furthermore, from Eq. (7.11), total consumer:demand for goods from the Internet store
during service cycle i increases with increasing expected value of the probability of

selecting Internet shopping, E[P(t,))].

Assume the entire study period is equally divided into S consecutive service

. . : . T :
cycles for uniform service strategy, and the duration of each cycle is 5 where T is

the entire study period. The duration of service cycle i for uniform service strategy is

denoted using 7, , namely, T, =(tl.’0,ti50+F), i=12,..,s , where s 1is the last

% The average distance to retail stores can be approximated using one half of the square root of the

. j

. . .1 f A;
average market area per retail store (Hsu and Tsai, 1999); that is, 5 —L | where 4 ; denotes the

area of zone j,and n,; represents the total number of retail stores in zone ; attime .
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. . . ' ' T
service cycle for uniform service strategy, and ¢,, and ¢, +? represent the start and

end times of service cycle i assuming a uniform service strategy, respectively. Total

consumer demand for Internet store goods during service cycle i for uniform service

strategy, Q., can be calculated as follows:

. T . T
0t Liot—

0= .= S EPsti)]  i=12us (7.12)

t=t; t=t;y J=1
7.3 Mathematical programming models for the optimal service cycles

The discussions completed to date deal with dynamic and time-sensitive consumer
demand, and demonstrate how service cycle duration influences consumer demand for
Internet store goods. This section futther investigates how consumer demand for
goods from Internet stores influences logistics costs for Internet store operators.
Moreover, this study devises a mathematical programming model for determining the
optimal number and duration of.service cycles during the entire study period by
considering the relationship between consumer demand and logistics costs and

assuming that Internet store operators are seeking to maximize profit.

7.3.1 Logistics cost functions for discriminating service strategy

The average logistics cost functions for discriminating and uniform service
strategies are formulated, respectively, by an analytical approach. Because of various
numbers of orders accumulating during different service cycles during the entire study
period, the average logistics cost during the study period is estimated using the
weighting average method based on service cycle number and duration. Logistics cost
is divided into transportation cost and inventory cost. This study ignores the problem

of fleet capacity, and assumes the fleet to have sufficient capacity to carry all ordered
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goods. The transportation cost involves both fixed and variable transportation costs.
Fixed transportation costs are costs attributable to each shipment regardless of shipment
volume, while variable transportation costs involve loading/unloading costs and depend
on quantity transported per shipment, namely the number of items ordered during each
service cycle. Transportation costs increase with the number of items transported.
This study denotes ¢ as a base value of fixed transportation cost, w, as a multiplier
reflecting additional labor cost during different service cycles, such as weekend, night
hours, or non-regular hours, because of the 24 hour nature of Internet stores and # as
variable transportation cost per item shipped. The average transportation cost per item

shipped during service cycle i for discriminating service strategy, ATC;, can be

expressed as follows:

€W,

ATC, =Qi(c-w,+hQ,.)=h+ i 12, (7.13)

Economies of scale exist, as illustrated m Eq. (7.11), since ATC, decreases with

increasing total consumer demand for Internet store goods during service cycle i, Q..

l

The average transportation cost per item during the entire study period for

discriminating service strategy, A7C, can be further expressed as follows:

1 l Sew
ATC =— ) ATC, =h+— ! (7.14)
S,-Z:l: SiZ:I: o,

where § denotes the number of service cycles for discriminating service strategy.

Inventory costs discussed here reflect the relationship between the batch ordering
of goods by Internet store operators to their suppliers and continuous ordering of goods
by consumers. Consider the situation illustrated in Figure 7.2, and moreover consider
that three curves in the figure represent the cumulative number of goods, which have

been: (1) ordered by consumers; (2) delivered and (3) ordered by the operator of the
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Internet store from suppliers. The shaded area in the figure represents the number of

“item-hours™ for items carried by the Internet store. Furthermore, denote 7, as the

time when the operator of the Internet store orders batch o of service cycles i and Q,,

as the number of items ordered in batch o of service cycle i.

&)

() /

1\

@

items
1ems

e

v

time
Figure 7.2 Inventory. cost profile

The inventory cost per item of goods per unit time can be estimated based on
purchasing cost per item, 7 and inventory carrying rate, @. Therefore, the total

inventory cost of service cycle i for discriminating service strategy, IC,, results from

the difference between the time when the operator ordered the batch and the time when

Lim

the consumers ordered the goods; that is, IC, =za[Q, (¢, —t;,) —Zq[], i=12,..s.

4,

Furthermore, the average inventory cost per item of goods of service cycle i for

discriminating service strategy, AIC,, can be determined by dividing IC; by the total

consumer demand during that cycle, namely:

tf.m

AlC, =QL7m7[Qi’0(ti,m ~t.,)->.4,] i=12,..,s (7.15)

t

i0
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Furthermore, the average inventory cost per item for the entire study period, for

discriminating service strategy, AIC, can be presented as follows:

AIC = %Z AIC, = éZQLﬁa}[Qw (1) 4] (7.16)
i=1 i=1 & l)

Consequently, the average logistics cost per item during the entire study period for
discriminating service strategy, ALC, can be expressed as the sum of the average

transportation cost per item and the average inventory cost per item, restated

ALC = ATC + AIC

g P, a0, )=S0 (7.17)

i=1 1 i0

7.3.2 Logistics cost functions for uniform service strategy

The average logistics cost per item-for.the uniform service strategy is formulated in
a manner similar to that for discriminating service strategy, as mentioned above. The

average transportation cost per item of service cycle i for uniform service strategy,

ATC;, can be presented as follows:

c-w

ATC, = h+ Q,’ i=12,..5 (7.18)

i

where Q. denotes total consumer demand for goods from the Internet store during

service cycle i for uniform service strategy, as illustrated in Eq. (7.12).

Similarly, the average transportation cost per item of goods for the entire study

period for uniform service strategy, ATC', can be formulated as:
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, 1< , 1 & . 1 Sew
ATC =— ) ATC, =— ) ATC,=h+— ! (7.19)
S ; S ; S ; o,

Similar to the analyses in Section 7.3.1, the average inventory cost per item of

goods of service cycle i for uniform service strategy, AIC,, can be formulated as:

AlC, —Qiﬂw[Q (to th i=12,...,s (7.20)

1

The average inventory cost per item during the entire study period for the uniform

service strategy, AIC', then can be further formulated as:

T
S O Q| R
AIC =?ZAIC1 = aﬂa)[on(tzo 10 th (721)
i=1 i=1

7.3.3 Formulation of the optimal problem

Profit throughout the entire“study period .can be calculated based on the price of
goods via Internet shopping ( p,, ), purchasing cost per item (), average logistics cost

per item ( ALC) and total consumer demand for Internet store goods throughout the

entire study period, Z O, , such as

T=(pn —ﬂ—ALC)-iQi (7.22)

where 7 represents profit throughout the study period. Eq. (7.22) illustrates the
relationship between profit, the average logistics cost per item and total consumer
demand for Internet store goods throughout the study period, whereby the larger total
consumer demand for Internet store goods during the entire study period or the smaller
the average logistics cost per item of goods, larger profit achieved by the Internet store

operator. Additionally, profit throughout the entire study period for uniform service
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strategy, 7 , can be formulated as:

T =(pp—7x—ALC)- Y 0, (7.23)

i=1
A nonlinear programming problem is formulated here for determining the optimal
number and duration of service cycles for discriminating service strategy by
maximizing profit subject to demand-supply equality. From Egs. (7.8), (7.11), (7.17)

and the discussion above, the nonlinear programming problem for maximizing profit

throughout the study period given discriminating service strategy is as follows:

Max =P —ﬂ—ALC)iQi (7.24a)

S, Ti=(t; 0tim)stisor Oio i-1
st.

ALC = ATC + AIC

s Lim
= h + %ZQL(C ’ Wt + ﬂa)[Qi,o (ti,m L9 ti,o) £ th ]) (724b)

i=1 i ti,r
0,=>.4" =>4, E[Py(t, )] i=12,...,s (7.24c)

1=t; o t=t; o j=1
— 1_7#)2
Bo+h Prs~Pr +PaTrs, =BT g, g
E[P(t. )] =] —= : L (7.24d)
I 0 Bot+hB Prs™Pr +B T ~Pslir; A 27 o '
l+e !

2, ~t,)=T (7.24¢)
i=1

Eq. (7.24a) represents the objective function that maximizes profit throughout the study
period. Eq. (7.24b) defines the average logistics cost per item as Eq. (7.17).
Moreover, Eq. (7.24c) represents the total consumer demand for Internet store goods

during service cycle i. Eq. (7.24d) expresses expected value of probabilities of
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selecting Internet shopping. Furthermore, Eq. (7.24¢) constrains that the summation of
the duration of all service cycles must be equal to the entire study period. The
nonlinear programming model for maximizing profit throughout the study period for
uniform service strategy can be formulated in a manner similar to that for discriminating
service strategy.  This study further compares the objective value between
discriminating and uniform service strategies and suggests that with the higher value for
adoption by Internet store operators. Furthermore, this study compares the values of
profit obtained by the Internet store from discriminating and uniform service strategies

T—-7T ! . e
x100%, where 7 and 7 represent profit using discriminating and

using &=
uniform service strategies, respectively. If & is positive, discriminating service

strategy is suggested; otherwise, uniform seryice strategy is recommended.

7.4 Case study

A case study is presented to demonstrate the application of the proposed model
using data available from R-company selling flowers via the Internet in Taiwan. For
simplicity, this study merely chose six cities from all of the cities currently served by
R-company as study zones, and assumed one operating day, namely 24 hours, as the
study period, with the unit of time for study being one hour. Base values for
parameters in the utility were calibrated using data collected via street interviews

conducted at Taipei Railway Station and several large shopping districts in Taipei City’

7 The survey was for three weeks in March 2002. After eliminating incomplete questionnaires, 952
complete questionnaires remained. The questionnaire consists of two data sets. The first set asked
shoppers several questions to obtain socioeconomic and demographic data such as income, resident
area and Internet experience. The sample had a fair proportion of different-income people, with an
average monthly income of NT$ 55,000, and the residences of the population were spread widely
throughout Taipei City. In the second set, respondents were asked whether they purchase via Internet
stores based on different values for various attributes of Internet shopping and conventional shopping
such as prices of goods via Internet shopping and conventional shopping, delay in receiving ordered
goods, access time for purchasing goods via retail stores, etc. The commercial software package
LIMDEP (Econometric Software, 1996) was used to calibrate the model’s parameters. Similar to the
finding of Hsu et al. (1998), this study found that the most significant factors are price of goods, delay
in receiving ordered goods, and access time for consumers purchasing goods via retail stores.
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and base values for logistics cost functions are estimated from Ministry of the Interior,
ROC. (2001) as listed in Tables 7.1 and 7.2, respectively. Table 7.1 lists the initial
values of base demand and supply parameters while Table 7.2 lists the related data on
study zones. The multipliers reflecting extra cost during different service cycles, w,
are two during AM 0:00~7:00 and PM 9:00~12:00, and one during other times of day.
Figures 7.3(a) and 7.3(b) illustrate time-dependent consumer demand for goods in
Taipei City and over the entire study area, respectively. From Figure 7.3(b), consumer

demand for goods is extremely low during AM 0:00~5:00, and peaks near PM 6:00.

Due to the complexity in solving a nonlinear programming problem, some
approximate methods are required and the greedy algorithm is applied in this study due
to its simple implementation and speed. _ In this study, the initial values, including the
number and duration of service ‘eycles,mare.randomly generated. Then the greedy
algorithm is applied to obtain the best results for service duration for a specific number
of service cycles. To verify this optimal.solution; this study tests a variety of initial
values for the duration of a specific number of service cycles. After several trials, the
optimal duration for a specific number of service cycles can then be determined. This
procedure is repeated until the optimal durations of service cycles were obtained for
each number of service cycle. By comparing the profit values obtained using different
numbers of service cycles with the optimal duration, the global optimal number and
duration of service cycles that obtain the largest profit can then be determined. The
model is programmed using Visual C++, a computer-modeling program developed by

Microsoft. Table 7.4 and Figures 7.4-7.5 summarize the initial solution results.

Figure 7.4 is time-dependent consumer demand for Internet store goods for
discriminating service strategy. From Figure 7.4, the solid line represents the

accumulated time-dependent consumer demand for Internet store goods for

216



discriminating service strategy, while the dotted line represents the number of goods to
be shipped during each service cycle. Moreover, Figure 7.4 reveals that numerous
items are demanded between 9:00 and 20:00, and a densely spaced service cycle; in
contrast, the duration of a single service cycle is 13 hours at night, implying extremely
low demand during this cycle. Table 7.3 lists the results and the optimal objective
function value for discriminating and uniform service strategies, respectively. The
optimal number of service cycles for uniform service strategy is six, and each service
cycle lasts approximately 2 hours, as listed in Table 7.3. Consumer demand for goods
differs significantly between uniform and discriminating service strategies, namely 818
and 864 items, respectively. However, the average logistics cost per item for the
uniform service strategy is NT$ 149.51, which exceeds the NT$ 141.41 for
discriminating service strategy. For discriminating service strategy, a high density of
service cycles exists during periods with /high consumer demand, thus further
stimulating consumer demand for Internet store goods. The average logistics cost per
item for discriminating service strategy.can alse'be reduced by employing short service
cycles during regular hours and long service cycles during late night hours to avoid the
high extra cost. Comparing the objective value for discriminating and uniform service
strategies yielded a positive value of &, namely 18.44%, and indicated that

discriminating service strategy is the optimal strategy for Internet store operators.
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Table 7.1 The initial values of base demand and supply parameters

Symbol Definition Initial Value

H Meag of the probability distribution of 353.4 NT$/hr
consumer income

o ‘ 'Stat'ldard deviation. of the probability 1992 NT$/hr
distribution of consumer income

1 Consumer average hourly income 353.4 NT$/hr

By 0.4 (2.02)

B -8.4" (-3.35)

B, -0.018" (-2.76)

B -0.095" (-1.98)

V The average consumer travel speed 25 Km/hr

Drs The price of goods via Internet shopping NTS$ 1,050

Va Purchasing cost per item of goods NTS 850

Dx Shop;“i};z price of goods via rconventional NTS$ 1,280

h Variable transportation cost per item NTS 135

c Base value of fixed transportation cost NTS 850

T, Lead time 0.5 hr

*Significant at the 5% level; t-statistics are reported in parentheses.

Table 7.2 The related data about study zones

Number of retail stores, »

t,j

Zone, j Area (kin'), A, 55500 TT:00-22:00 220025:00 23:009:00
Taipei city 272 83 105 76 6
Taipei county 2,186 37 97 43 3
Ilan county 2,137 11 15 7 1
Taoyuan county 1,221 48 68 35 2
Hsinchu county 1,428 17 20 9 1
Hsinchu City 104 31 34 17 2
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Figure 7.3(a) Time-dependent consumer demand for goods in Taipei City
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Figure 7.3(b) Total time-dependent consumer demand for goods over the entire study
area
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Figure 7.4 Accumulated consumer demand for Internet store goods for discriminating
service strategy
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Table 7.3 Results and the optimal objective function value for discriminating and

uniform service strategies

Strategy Discriminating Uniform
Optimal number of service 6 6
cycles

Consumer demand for 864 318

Internet store goods (items)

Average logistics cost per 141 .41 149 51

item (NT$)

Objective function value 50.569 41.240

(Profit, NTS)

Duration of service cycles 9:00~12:00 0:00~4:00
12:00~14:00 4:00~8:00
14:00~16:00 8:00~12:00
16:00~18:00 12:00~16:00
18:00~20:00 16:00~20:00
20:00~9:00 20:00~0:00

18.44%
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Figure 7.5(a) Average logistics cost per item vs. the number of service cycles for

discriminating service strategy
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Figure 7.5(b) Consumer demand for Internét store goods vs. the number of service

cycles for discriminating service strategy
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Figure 7.5(c) Profit vs. the number of service cycles for discriminating service strategy
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Figures 7.5(a), (b) and (c) individually examine the relationships among average
logistics cost per item, consumer demand for Internet store goods, profit and the number
of service cycles required to discriminate service strategy. Figure 7.5(a) illustrates the
average logistics cost per item versus the number of service cycles required for
discriminating service strategy. As illustrated in Figure 7.5(a), the average logistics
cost per item increases with increasing number of service cycles during a day. Figure
7.5(b) displays consumer demand for Internet store goods versus the number of service
cycles required to discriminate service strategy. However, although consumer demand
for Internet store goods increases with the number of service cycles but at a deceasing
rate, as shown in Figure 7.5(b), profit does not continuously increase in the same way.
Figure 7.5(c) illustrates profit versus  the number of service cycles required to
discriminate service strategy, and*demonstrated that profit is maximized when a day
contains six service cycles. Furthermore, the optithal batch ordering time for the
Internet store operator when ordering: from-the-supplier is 0.5 hours before the end of

each service cycle.

So far, this study has conducted a numerical example for a company selling
flowers in Taiwan. Next, this study further explores the influences of changes in key
decision parameters on optimal service strategy, along with optimal service cycle
number and duration. The base value of fixed transportation cost includes vehicle
depreciation, purchasing cost, and so on. Increased number of service cycles per day
leads to more frequent dispatching and thus higher transportation costs. Table 4 lists
the optimal objective function values for discriminating and uniform service strategies
under different base values of fixed transportation cost, namely NT$ 1200. Comparing
the results of Tables 7.3 and 7.4 reveals that the higher value of the base value of fixed

transportation cost produces higher average logistics cost per item for both
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discriminating and uniform service strategies. The frequencies of service cycles under
fixed transportation costs, namely NT$ 1200 and NT$ 850, are the same, meaning that
rather than serving consumers by reducing frequent service cycles when facing the
increased cost, Internet store operators should adopt the original strategy for attracting
consumer demand. However, the value of &, which indicates the advantage of
discriminating regarding uniform service strategies, is larger for higher fixed
transportation cost, namely 24.82% vs. 18.44%, as listed in Tables 7.3 and 7.4,

respectively.

The multiplier reflecting extra costs during different service cycles implies
compensation wages because of shipping and handling goods during non-regular hours,
for example night hours. Internet store operators can reschedule service cycles to
avoid the high logistics costs associatedswithrthe increasing values of the multiplier
reflecting extra cost. However, such rescheduling may influence the likelihood of
individual consumers choosing Internet shopping, and influences consumer demand for

Internet store goods.

Table 7.5 lists the optimal objective function values for discriminating service
strategy for different multiplier values reflecting extra costs. As the Table displays, the
optimal number of service cycles is six for a multiplier value of two. However, the
optimal number of service cycles is seven when the multiplier values are 2.5 and 3.0.
The reason for this decision is that because of the logistics costs increase with
increasing multiplier, and thus the Internet store operator should employ more frequent
service cycles for attracting more consumers to offset the influence of increasing
multiplier value on logistics cost. Furthermore, to avoid high additional costs during
non-regular hours, the additional service cycle is employed during regular hours, as

listed in Table 7.5.
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Table 7.4 Results and the optimal objective function value for discriminating and

uniform service strategies under different values of base value of fixed transportation

cost

Base value of fixed 1.200

transportation cost (NT$) ’

Strategy Discriminating Uniform

Optimal number of 6 6

service cycles

Consumer demand for

Internet store goods 859 818

(items)

Average logistics cost per 143.76 155.60

item (NT$)

Objective function value 48.321 36.326

(Profit, NTS)

Duration of service 9:00~13:00 0:00~4:00

cycles 13:00~15:00 4:00~8:00
15:00~17:00 8:00~12:00
17:00+18:00 12:00~16:00
18:00~20:00 16:00~20:00
20:00~9:00 20:00~0:00

& 24:82%

Table 7.5 Results and the optimal.objective function values for discriminating service

strategy under different values of multiplier reflecting extra cost

Multiplier reflecting 20 25 3.0

extra cost

Optimal number of 6 7 7

service periods

Consumer demand

for Internet store 864 879 879

goods (items)

Average logistics cost 141.41 142.98 144.17

per item (NT$)

Objective function 50,569 50,120 49,074

value (Profit, NT$)

Duration of service 9:00~12:00 9:00~12:00 9:00~12:00

cycles 12:00~14:00 12:00~14:00 12:00~14:00
14:00~16:00 14:00~16:00 14:00~16:00
16:00~18:00 16:00~17:00 16:00~17:00
18:00~20:00 17:00~18:00 17:00~18:00
20:00~9:00 18:00~20:00 18:00~20:00

20:00~9:00 20:00~9:00
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In this study, consumer income significantly influences demand, which further
determines the optimal number and duration of service cycles. Consumer income
reflects consumer perceptions regarding delay in receiving ordered goods. Even with
the same service cycles and delay in receiving ordered goods, valuations of Internet
shopping differ among consumers. Specifically, consumers with different income
levels have different levels of concern with delay in receiving ordered goods and price
levels. The model captures variations in consumer characteristics by employing
consumer income distribution and individual logit model to estimate the expected
choice probability of choosing Internet shopping for all consumers. An aggregation
bias exists, which affects the accuracy of the optimal decision if variations in consumer
income are not considered while using an average customer income value to represent
the perceptions of different consumers, regarding delay in receiving ordered goods.
Table 7.6 lists the optimal objective function values without and with consideration of

variations in consumer characteristics:

As listed in Table 7.6, owing to considering variations in consumer characteristics,
operators of Internet stores employ more frequent service cycles to serve various
consumers and thus satisfy more demand. The optimal number of service cycles from
models without considering variations in consumer characteristics is two, less than for
models that do consider variations. Because of many shipments during the entire
study period, the average logistics cost per item for models that consider variations in
consumer characteristics exceeds that for models that merely use an average consumer
income value; however, the operator gains more profit for models that consider

variations in consumer characteristics, as illustrated in Table 7.6.
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Table 7.6 Results and the optimal objective function values without and with

consideration of variations in consumers’ characteristics

Without consideration of

variations in consumers’

With consideration of

variations in consumers’

characteristics characteristics

Optimal number of ) 6

service cycles

Consumer demand for

Internet store goods 742 864

(items)

Average logistics cost per

item (NTS) 137.30 141.41

Objective function value

(Profit, NT$) 46,545 50,569

Duration of service 14:00~19:00 9:00~12:00

cycles 19:00~14:00 12:00~14:00
14:00~16:00
16:00~18:00
18:00~20:00
20:00~9:00

Table 7.7 Comparisons of results from models with and without consideration of

temporal and spatial variations in“consumer'demand of Internet shopping.

Without consideration

With consideration of spatial

Temporal Spatial and temporal variations
Optimal number of 6 5 6
service cycles
Consumer demand
for Internet store 847 840 864
goods (items)
Average logistics cost 142.91 140.31 141.41
per item (NT$)
Objective function 48,355 50,139 50,569
value (Profit, NT$)
Duration of service 3:00~7:00 13- 9:00~12:00
cycles 7:00~10:00 1959000~113é~0000 12:00~14:00
10:00~13:00 16:00~18:OO 14:00~16:00
13:00~18:00 18:00~20:OO 16:00~18:00
18:00~22:00 20'.00~9_'00 18:00~20:00
22:00~3:00 ) ' 20:00~9:00
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Besides socioeconomic characteristics such as income, consumer demand for
Internet shopping is also characterized by temporal and spatial variations, which could
influence the optimal decision regarding the number and duration of service cycles.
Spatial variations reflect various competitions between Internet stores and retail stores
in different zones. Besides spatial variations, consumer demand also displays
time-dependent distribution.  Serving consumers with service cycles without
considering time-dependent consumer demand may incur high logistics cost and low
consumer demand. This study compares profit, average logistics cost per item and
consumer demand for Internet store goods from models that do and do not consider
temporal and spatial variations in consumer demand of Internet shopping, respectively.
For models that do not consider spatial variations in consumer demand of Internet
shopping, the average time requited to aceess retail'stores during each hour is obtained
by averaging access time to retail stores across all® zones. Additionally, consumer
demand for goods during each hour for zones is uniform and obtained by dividing total

consumer demands for goods by the entire study period, namely 24 hours.

Table 7.7 compares the results from models with and without consideration of
temporal and spatial variations in consumer Internet shopping demand, respectively.
As listed in Table 7.7, though the optimal number of service cycles from models with
and without considerations of temporal variations in consumer Internet shopping
demand is the same, the durations of service cycles differ considerably. For models
that consider time-dependent consumer demand, demand increases and logistics cost
reduce because of the service cycle being densely spaced during periods with larger
demands and long duration of service cycles during night hours. Consequently, the
Internet store operator achieves increased profit. As for comparisons between model

with and without considerations of spatial variations, service cycles are less frequent for
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models that do not consider spatial variations in consumer demand for Internet
shopping. Moreover, profit is lower because of issues regarding spatial variations in
consumer locations and competition between Internet and retail stores in urban and

non-urban areas being ignored in optimizing the service cycles.

Delivery service strategies must not only minimize logistics costs, but also must
satisfy consumer needs. Previous investigations have considered physical distribution
problems other than demand-supply interaction by assuming exogenous consumer
demand. This study compares the number and duration of service cycles determined
with and without demand-supply interaction. A nonlinear mathematical programming
model without demand-supply interaction, namely Eqs. (7.24a), (7.24b) and (7.24e), is
applied to optimize the service cycles, where data on consumer demand for goods from
Internet stores is given and displays time=dependent consumer demand for goods, as
illustrated in Figure 7.2(b). For ‘comparison, the oOperator is assumed to adopt an

identical market share that in models with demand-supply interaction, namely 68%.

Table 7.8 compares the results from models with and without demand-supply
interaction. The table shows that the optimal number of service cycles using models
without demand-supply interaction is two, which is less than that using models with
demand-supply interaction. This finding implies that without considering
demand-supply interaction, the Internet store operator seems to minimize average
logistics cost per item by assuming inelastic demand and applying the least frequent
service cycles. However, further applying the proposed model to calculate the revised
results, namely Egs. (7.11), (7.17) and (7.21), yields lower demands because of higher
delay in receiving ordered goods with the service cycles, and implies that the operator
overestimates the market demand. As for models dealing with demand-supply

interaction, the influence of service cycles on consumer demands is examined in such a
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way that demands reduce with increasing delay in receiving ordered goods.
Furthermore, consumer demands then influence operator logistics cost. Finally, the
optimal number and duration of service cycles from the demand-supply convergent
state leads to higher profit than for models without demand-supply interaction, as listed

in Table 7.8.

As Chen (2001) indicated, consumers may be willing to pay a higher price for
goods to receive them faster and that different consumers have varying waiting costs.
Since consumer income is positively related to the price consumers are willing to pay
for goods as Eq. (7.4) shows, the Internet store operator may increase profit by serving
high-income consumers with frequent service cycles and high-priced goods. However,
consumer intention to shop via the Internet may be reduced due to the high price of
goods and, thereby, influence profit. Thissstady further investigates the relationship
between consumer average hourly income, the price of goods via Internet shopping and

the optimal frequency of service cycles,

Table 7.9(a) lists two scenarios based on consumer average hourly income and the
price of goods via Internet shopping. The price of goods and consumer average hourly
income are higher under scenario 2 than those under scenario 1, in which the standard
deviation of the probability distribution of consumer income remains the same.
Moreover, the percentage change in consumer average hourly income and in the price

of goods via Internet shopping between scenario 1 and 2 are both 11.65%.

Table 7.9(b) presents a comparison of the objective function values from scenarios
1 and 2. The optimal number of service cycles in scenario 2 is 7, which is larger than
that in scenario 1. Due to the frequent service cycles in scenario 2, the average delay
in receiving ordered goods in scenario 2 is less than that in scenario 1. Additionally,

consumer demand for Internet store goods in scenario 2 is not reduced by the high price
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of goods. This finding indicates that as consumer average hourly income increases,
consumer demand for Internet store goods becomes less price sensitive and, thereby, an
increase in price will increase profit. Conversely, this finding also demonstrates that
consumers with high incomes are more sensitive to delay in receiving ordered goods
than the price of goods; that is, these consumers may be willing to pay more to receive

ordered goods faster. Therefore, profit in scenario 2 is increased.

230



Table 7.8 Comparisons of results from models with and without demand-supply

Model without demand-supply interaction

interaction
Model with demand-supply
interaction
Duration of service 9:00~13:00 13:00~15:00
cycles 15:00~17:00 17:00~18:00

18:00~20:00 20:00~9:00

8:00~17:00 17:00~8:00

Initial results

Revised results

Consumer demand
for Internet store 864
goods (items)

Average logistics cost 141.41
per item (NT$)

Objective function 50.569
value (Profit, NT$) ’
Market share 68%

864

136.97

54,330
68%

720

137.36

45,106
58%

Table 7.9(a) Scenarios based on consumer average hourly income and the price of goods

via Internet shopping

Scenario 1 Scenario 2

Consumer average hourly income
353.4 400.0

(NT$/hr)

The price of goods via Internet

. 1,050 1,188
shopping (NTS$)
Table 7.9(b) Comparisons of results from different scenarios
Scenario 1 Scenario 2

Optimal number of service cycles 6 7

Consumer demand for Internet store 864 865

goods (items)

Average logistics cost per item (NT$) 141.41 145.84

Objective function value (Profit, 50,569 166,218

NTS$)

Duration of service cycles 9:00~12:00 10:00~13:00
12:00~14:00 13:00~15:00
14:00~16:00 15:00~16:00
16:00~18:00 16:00~17:00
18:00~20:00 17:00~19:00
20:00~9:00 19:00~22:00

22:00~10:00
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7.5 Summary

Recent studies have investigated Internet shopping carriers and provider issues and
their effects on consumer services and operating strategies. Most of these empirical
studies dealt these issues by collecting empirical data and testing hypotheses. This
study further develops a mathematical programming model that can determine the
optimal number and duration of service cycles for Internet shopping by exploring
demand-supply interaction and time-dependent consumer demand. This study shows
how demand-supply interaction can be carefully considered in advance of solving
delivery service problems. This study also shows how variations in consumer
socioeconomic, temporal and spatial distributions influence consumer demand for

Internet store goods and, thereby, profit.

The results show discriminating service:strategy-yields better objective values than
uniform service strategy, from=which indicates that'the Internet store operator and
consumers may benefit from spacing service €ycles according to time-dependent
consumer demand. This finding also suggests that in practice an Internet store
operator should employ frequent and short service cycles for periods with increased
demand and long service cycles when demand is very low. The results further show
that when transportation cost increases, the optimal frequent service cycles remains the
same or increases. This finding indicates that the impact of reduced consumer demand
for Internet store goods on profit is more significant than the increased logistics cost and,
therefore, Internet store operators should employ more frequent service cycles to attract

consumers and offset the influence of increasing costs.

The results show that variations in consumer socioeconomic, temporal and spatial
characteristics play important roles in determining the optimal number and duration of

service cycles and that not considering these variables yields reduced profit. This
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finding implies that the Internet store operator should carefully investigate the temporal
and spatial distribution of consumer demand, income and needs and provide a delivery
service strategy tailored to these criteria. For example, service cycles could be
intensely spaced for a consumer area or region with numerous retail stores or during
periods of large consumer demand. The finding also implies that consumers with high
income are more sensitive to delivery delay than to the price of goods and, thus, serving
these consumers with frequent service cycles for high price of goods could yield

increased profit.

Conversely, this study shows that without considering demand-supply interaction,
the Internet store operator typically minimizes average logistics cost per item by
assuming inelastic demand and then applying least-frequent service cycles. However,
this strategy yields lower profit than strategies.that consider demand-supply interaction.
In this study, demand-supply interaction is examined in a way that reduces logistics cost
due to a large accumulation of goods based on long and less frequent service cycles;
however, this strategy also results in an increased delay in receiving ordered goods, thus
reducing consumer intention to shop via the Internet. Consequently, this finding in this
study implies that the delivery service strategy may not only affect consumer demand
for Internet store goods, but also operator logistics costs. In practice, Internet store
operators may investigate the effects of service cycles on consumer demand for Internet

store goods and its relationship with logistics costs.

This study can be extended in several ways. On the demand side, this study
focused only on choice probabilities for two shopping modes rather than that among
shopping stores within each mode. Future studies may use the joint or nested logit
models to determine consumer choice probabilities for a specific Internet store.

Second, the case study is based on an Internet store selling flowers in Taiwan with a
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study period of one operating day. Future studies may apply the model to different
goods, such as computers and extend the study period beyond one day. Such studies
would need to examine the impact of different characteristics of goods on consumer
intention toward Internet shopping and calibrate a consumer demand function. Finally,
as Chen (2001) suggested, profit may be improved by segmenting the market and then
serving different market segments with different combinations of prices and service
cycle frequencies. Future studies may expand this study’s model and address this issue
by determining an optimal segmenting strategy and investigating the relative influences
of the price of goods and delay in receiving ordered goods on consumer intention to

shop via the Internet in the contexts of these different segments.
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Chapter 8

Conclusions

This chapter summarizes the important findings as well as some managerial
implications with respect each part of this dissertation. Furthermore, future research

areas that extend from the study and might produce interesting results are also point out.

8.1 Research summary

The purpose of this dissertation is to investigate the supply chain design problems,
coping with the impacts of scale economies and demand fluctuations on the network.
In view of this, a series models are formulated in accordance with various issues
emphasized. According to the issues;0f significance, there are five distinct parts in this
dissertation, where the study object of: the. first “four parts is high-tech product
manufacturers, while the last part focuses-on the end-consumer shopping behavior and
employs Internet store operators as the study object. Summaries of major results and

important findings of this dissertation are summarized as follows.
Part I: An integrated plant capacity and production model with economies of scales

(1) This study showed how economies of scale can be considered in solving the
capacity and production problems. This study also showed that the capacity
utilization as well as the production amount in the short run, and the size of capacity
of multiple plants in the long run are related, and that those two factors influence the

total cost.

(2) The results show that because of the high customer demand, the manufacturer can
operate manufacturing plants with large-size capacity combined with full-capacity

production, thereby lowering the production cost.  Since the government of Taiwan
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provided incentives for developing the high-tech industry, and since there is a large
local customer demand due to the economies of agglomeration in the semiconductor

industry, T-company’ core operations are based in FABs in Taiwan.

(3) The results of this study also show that when determining the production volumes
for multiple manufacturing plants, those with large-size capacity combined with low
capital and variable production costs have a higher priority in filling this capacity,
compared to those with small-size capacity combined with relative high capital and
variable production costs, not only because of their higher capability to satisfy

customer demand but also because they are more cost effective.

(4) Although there is a tradeoff between production cost economies and transportation
cost diseconomies, the results show that thésbenefits in terms of cost savings for the
wafer foundry company brought by-centralized production are larger than the
increased transportation cost-as a result of decentralization. Therefore, this finding
suggests that the manufacturér may adopt a production strategy of centralizing
production in manufacturing plants with large-size capacity and then shipping the

products to customer in different regions.

(5) As to raw material procurement, the results show that the impact of high fixed costs
on the total cost can be absorbed by large-amount procurement, and that the benefits
of a low unit purchase cost are larger than the high fixed cost. ~Also, active vendors

tend to serve manufacturing plants that are nearby.

(6) To reduce outbound costs, the product should be shipped from a manufacturing
plant to a customer that is located within a short distance. The results also show
that the production cost is the highest of all costs involved for a wafer foundry.

This finding implies that the wafer foundry industry shows production with
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economies of scale, and that this production is the most valued-added in the entire
supply chain. Therefore, the manufacturer must be aware of the impact on the
total cost of capacity utilization by its manufacturing plants with different-size

capacity.

(7) The results also show that a manufacturing plant with very high capital and variable
production costs is not recommended when the demand is extremely low.
However, without using small-size capacity combined with high capacity utilization,
operating large-size capacity with a relative low utilization is more cost effective for
the manufacturer as long as the customer demand is large enough to offset the high

capital cost.

(8) This model can be applied to inyestigate the.relationship between the total average
production cost and productien allocation when deciding whether to operate a new
manufacturing plant, or to develop a-new technelogy, such as 0.09 um process
technology, which may lead to larger production. Finally, it is worth noting that
the optimal capacity utilization of a manufacturing plant is related to its capacity

size, the larger the capacity size the larger the utilization.

Part II: Reliability evaluation and adjustment for supply chain network design with

demand fluctuations

(1) This study focuses on reliability evaluation and adjustment of the supply chain
network design in responding different demand fluctuations. The reliability
evaluation method proposed in this study evaluates the performance of different
manufacturing plants on condition that abnormal fluctuations occur. Two
mathematical programming models with respect to demand expansion and demand

shrinkage are further developed.
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2)

€)

(4)

()

(6)

This study shows how the advantage and disadvantage brought by the adjustment
can be carefully considered in advance when solving the network adjustment
problems. This study also shows how the duration of an abnormal state and the
related allocation costs influence the judgment on whether or not performing an

adjustment.

The results show that when severe demand fluctuations occur, the performance of
different manufacturing plants depends on production allocation among and various
expectations towards these plants. A full-capacity production plant combined with
high expectation often follows a low reliability value under a demand expansion,
while other plants with surplus capacities maintain a good performance. On the
other hand, demand shrinkage will cause a further reduction in a manufacturing

plant whose output is originally sparsepyielding a low reliability value.

The results show that performing an.adjustment in response to demand expansion
benefits the manufacturers in“way" that total production cost can be reduced and

revenue loss is avoided, which outweigh the derivate additional costs.

The results suggest the manufacturers to stick to the initial proposed decisions and
neglect the abnormal demand if the product value is low combined with high extra
allocation cost. On the other hand, it is worth performing an adjustment and

continuing to outsource for a high value-added product, even though the payment is
pricey.

The threshold of an adjustment is increased with an increased duration of abnormal
months, meaning a high fixed allocation cost will not prevent the manufacturer from

performing an adjustment if the abnormal state lasts for a long period. The results

also imply the manufacturer could neglect an abnormal state with a short period,
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(7)

(8)

because the accumulated benefits during this short period might not compensate the

high allocation costs.

The results show that severe demand shrinkage from customers with significance
may result in low capacity utilizations for most manufacturing plants, resulting in an
overall high production cost. In the circumstance, the result implies a centralized
production is necessary, where the determinations of least economical plants being
idle and the rests being full-capacity production are suggested. The results also
imply that a partial adjustment is always encouraged, rather than a whole network

consideration, since the whole network reconstruction will incur extra costs.

In sum, the results of the study provide a reference for the manufacturer in the
decision making procedures of network planning under demand fluctuations, as they

cope with related benefits, costs and the duration ef abnormal months.

Part III: Incorporating dispatching decisions_into supply chain network design with

production and shipping economies

(1)

2)

This study explored the impact of different flow values, total amount of flows
between two locations as well as their spatial distance on the optimal shipping
frequency and size. Moreover, the impacts of the key-component price by suppliers,
which are located at different distance to the manufacturing plants, on the optimal

supplier selection were also investigated.

The results show that the manufacturer can reduce the production cost by operating
a large-scale plant at an area with low capital cost and skilled employees. And to
further achieve production economies, the monthly production amount of a
large-size capacity manufacturing plant should be characterized with full-capacity

production. If there are large demands in the market and the customers are wide
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€)

(4)

()

(6)

spread, the results imply that the manufacturer may corporate with OEM whose

production cost is low and is in close proximity to the suppliers and customers.

The results show that there might be a chance for a manufacturing plant to be
assigned to serve distant customers, instead of serving customers in the same area,
as long as this assignment leads to a minimized total cost for the entire supply chain
network. The results imply that optimal assignments are determined from a
network perspective, not from an individual node-to-node basis. The results also
show that as long as the decreased purchase cost can offset the increased shipping
cost, the manufacturer can procure a large amount of key-components from a
supplier who offers a low purchase price, and then assign that supplier to serve

multiple manufacturing plants in different regions.

These results show that the total monthly procurement amount between two
locations has a greater impaect than theit distance on the optimal shipping frequency.
The results show that it requires ‘a smaller procurement amount for two close
locations than for two distant locations to maintain the same shipping frequency and
to realize shipping economies. The more distant two locations are, the larger the

monthly procurement amount should be.

The results show the inventory costs for different goods flowing in a supply chain
significantly influence the optimal shipping frequency. The results imply that the
final product must be shipped with a high frequent shipment strategy, not only to
reduce the inventory cost but also to attain a better service by shortening the waiting
time. The results also imply that the procurement network ought to be rescheduled if

it leads to cost beneficial results.

Finally, it was demonstrated that the model results with considerations of spatial
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distance and total monthly product amount and monthly procurement amount have a
better performance in cost savings than the model results with an average identical

shipping frequency strategy.

Part IV: Optimal delivery service strategy for high-tech product manufacturers with

time-dependent demand

(1)

2)

3)

This study explores how to optimize delivery service strategy for the high-tech
product manufacturer in terms of service cycle frequency and duration for different
customers in various regions as well as their corresponding plant assignments. In
the study, the impacts of time-dependent customer demand and spatial distribution
of customers and plants on logistics cost are investigated. Moreover, the impacts
of demand-supply interaction on_the optimal.capacity and production amount of the

manufacturing plants are also-analyzed:

The results show the average delivery service frequency differs between months and
between different combinations of the customers and manufacturing plants. A
high density of service cycle strategy is suggested for periods with considerable
customer demand and combinations of the customers and plants whose distance is
short.  Regarding the assignment of which manufacturing plants to serve
customers in different regions, the results show the assignment of a distant
manufacturing plant in serving customers exists. The results imply that the
optimal assignments are determined from an entire network perspective, not from

an individual node-to-node basis.

The results show the impacts of customer demand for the manufacturer product on
profit lie not only on the logistics cost, but also on the production cost; therefore,
profit. The manufacturer tends to employ large-size capacity for all manufacturing

plants when the impacts of demand-supply interaction on production are not
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considered. The results show the decisions on capacity and production amount
may not lead to profitable results if the demand-supply interaction is not considered.
The results also show there is a tradeoff relationship between production cost
economies and transportation cost diseconomies. However, the result also implies
that the benefits brought by centralized production outweigh the increased
transportation cost by decentralized, thus a higher profit. This finding suggests the
manufacturer to adopt a strategy with centralized production and deliver the

products to customers in different regions with frequent delivery service cycles.

(4) This study shows that without considering demand-supply interaction, the
manufacturer typically pursues transportation cost economies and minimized
logistics cost by assuming inelastic customer demand and applying less delivery
service cycles. However, thisistrategy overestimates customer demand and yields
higher production cost, leading to a reduced- profit than strategies that consider
demand-supply interaction. *The'finding-in:this study also implies that the delivery
service strategy may not only affect customer demand for the manufacturer product

and logistics cost, but also production cost.

Part V: Optimal delivery service strategy for Internet shopping with time-dependent

demand

(1) This study develops a mathematical programming model that can determine the
optimal number and duration of service cycles for Internet shopping by exploring
demand-supply interaction and time-dependent consumer demand. This study
shows how demand-supply interaction can be carefully considered in advance of
solving delivery service problems. This study also shows how variations in
consumer socioeconomic, temporal and spatial distributions influence consumer

demand for Internet store goods and, thereby, profit.
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2)

)

(4)

()

The results show discriminating service strategy yields better objective values than
uniform service strategy, from which indicates that the Internet store operator and
consumers may benefit from spacing service cycles according to time-dependent
consumer demand. This finding also suggests that in practice an Internet store
operator should employ frequent and short service cycles for periods with increased

demand and long service cycles when demand is very low.

The results show that when transportation cost increases, the optimal frequent
service cycles remains the same or increases. This finding indicates that the
impact of reduced consumer demand for Internet store goods on profit is more
significant than the increased logistics cost and, therefore, Internet store operators
should employ more frequent service cycles to attract consumers and offset the

influence of increasing costs.

The results show that variations in consumer soctoeconomic, temporal and spatial
characteristics play important toles in determining the optimal number and duration
of service cycles and that not considering these variables yields reduced profit.
This finding implies that the Internet store operator should carefully investigate the
temporal and spatial distribution of consumer demand, income and needs and
provide a delivery service strategy tailored to these criteria. For example, service
cycles could be intensely spaced for a consumer area or region with numerous retail
stores or during periods of large consumer demand. The finding also implies that
consumers with high income are more sensitive to delivery delay than to the price
of goods and, thus, serving these consumers with frequent service cycles for high

price of goods could yield increased profit.

This study shows that without considering demand-supply interaction, the Internet

store operator typically minimizes average logistics cost per item by assuming
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inelastic demand and then applying least-frequent service cycles. However, this
strategy yields lower profit than strategies that consider demand-supply interaction.
Consequently, this finding in this study implies that the delivery service strategy
may not only affect consumer demand for Internet store goods, but also operator
logistics costs. In practice, Internet store operators may investigate the effects of
service cycles on consumer demand for Internet store goods and its relationship

with logistics costs.

8.2 Extensions for future research

(1)

2)

The extensions from the study results for future research are discussed as follows.

In this study, the demand for high-tech product from different customer is not
correlated and is independent from each other. Some abnormal event may occur
and even have impacts on demand globally. Future studies may address this issue
by investigating the relationship of various.markets and how to adjust the network
in response to global financial crisis. . Second, the fixed allocation cost reflects the
difficulty in searching a qualified outsourcing firm. Total costs can be reduced by
bargaining with some outsourcing firms and book their capacities in advance.
Future studies may expand this study’s model and address this issue by
investigating the relative influences of the opportunity cost, occurrence duration,
abnormal demand distributions and the probabilities on outsourcing firm selection

decisions.

The case study of parts 1 and 2 is based on a wafer foundry company in the
semiconductor industry, which is characterized with extremely high capital cost.
Future study may apply the model to different industry. Such studies would need

to examine the impact of capital cost and customer demand on production allocation
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€)

(4)

()

(6)

among manufacturing plants and how the revenue is affected when the demand is

not satisfied.

Regarding supplier selections, the key-component quality of different suppliers is
not considered, and the effects of taxes and duties on the supply chain network
design are not discussed in this study. Future studies may incorporate these issues
and investigate the impacts of these influences on the optimal supply chain network

design.

To simplify the study, in the third part, we only selected the thin screen as the
key-component in the case study. Also, the problem of manufacturing requirements
planning (MRP), which relies on the bill of material (BOM) of the product, was
ignored. Future studies may expand this Study’s model and address this issue by
determining the optimal shipping frequency and shipment size for different
key-components. Such studies would need to investigate the relationship between
different key-components and’the construction-'and installation phase of the final
product, and examine the impact of the manufacturing or assembly procedure of the
products on the optimal shipping frequency and shipment size for different

key-components.

Regarding the fifth part, this study focused only on choice probabilities for two
shopping modes rather than that among shopping stores within each mode. Future
studies may use the joint or nested logit models to determine consumer choice

probabilities for a specific Internet store.

The case study of the fifth part is based on an Internet store selling flowers in
Taiwan with a study period of one operating day. Future studies may apply the

model to different goods, such as computers and extend the study period beyond
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(7)

one day. Such studies would need to examine the impact of different
characteristics of goods on consumer intention toward Internet shopping and

calibrate a consumer demand function.

Finally, as Chen (2001) suggested, profit may be improved by segmenting the
market and then serving different market segments with different combinations of
prices and service cycle frequencies. Future studies may expand this study’s
model and address this issue by determining an optimal segmenting strategy and
investigating the relative influences of the price of goods and delay in receiving
ordered goods on consumer intention to shop via the Internet in the contexts of

these different segments.
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GLOSSARY OF SYMBOLS

Part I: An integrated plant capacity and production model with economies of scales

G(N, A)

1,
f”m
Ty

é‘”kfl

B
I’

Vet

ny

S
I | Wi kst
k

bl

c,)

v,

A supply chain network, where N and A represent the set of nodes and the
set of links, respectively, in a directed graph G

A specific echelon in a supply chain

A node at echelon %, which can refer to an alternative at echelon £,
n,eN

The demand flows of a node at echelon & from its upper echelon (k-1)
when the supply flow of that node is one unit

The supply flows of a node at echelon k, n,

The flows between a node at the upper echelon, n, |, and a node at the

lower echelon, n,

An indicator variable representing. whether the node at the upper echelon,
n, ,,1s an active node:to the node at the lower echelon, n,

An indicator variable representing whether a node at the lower echelon,
n,.,, ,1s a demand node for node at its upper echelon, n,

The capacity of n,

The total supply flows at echelon £ when the customer demand is one unit

The echelon of manufacturing plants

A manufacturing plant

The capital costs of manufacturing plant 7,

The variable production costs of manufacturing plant »n,

The fixed cost of the manufacturer with raw material vendor 7, |

An indicator variable representing whether raw material vendor n, ~is an

active vendor for the manufacturer

The unit raw material purchase cost from raw material vendor 7,

The average unit-distance transportation cost per unit of raw material
between the locations of raw material vendor n, —and manufacturing
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plant n;

d" The average distance from the location of raw material vendor n, = to

manufacturing plant 7,

S The maximum amount of raw material supplied by vendor n,_

Y The capacity utilization of manufacturing plant 7,

Part II: Reliability evaluation and adjustment for supply chain network design with

demand fluctuations
]71 The random production amount of manufacturing plant £ in month ¢
e
]_p,fk The random realization of ]7,1’/ and a potential value of production

amount of manufacturing plant », under all demand fluctuations over

month ¢

Y, The maximally acceptable capacity utilization of manufacturing plant n,
The minimally acceptable capacity utilization of manufacturing plant n,

" (f’f) The reliability of7 manufacturing plant », with random production

amount f

The proportion of the production from manufacturing plant n, to that
from all plants

! The random demand from customer #_, in month ¢

]_F,fs The mean of random variable fn’
0'(]7”1) The standard deviation of random variable ]N”nt
K The set of all distinct states, which occur on the market during the

planning year

W A specific abnormal state
w The number of distinct abnormal states
w? Normal state, in which no abnormal fluctuation occurs

Pr(w; ) The probability that state w,’;é occurs during the planning year
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Ty Ny

N

k

The duration of abnormal state w’
A realization of v, with probability p,
The number of realizations of v

The set of months belonging to the time interval within which an abnormal

state w,  continues on the location of customer »n,Z 1i.e.
I = {t“j: JS 1< (t:‘ +v! —t} given state duration v/

The average demand from customer »n_ in month ¢ given abnormal state
",

The set of months belonging to the time interval within which excessive
demand continues, t={/'/,Vn_,Vi}

b
ng

The number of months in t where the adjustment is scheduled and
executed

The set of the detected unreliable manufacturing plants, J={n, }

A specific alternative' outsourcing firm, where the product quality is
indifferent from the.manufacturer

The unit-product outsourcing cost paid for outsourcing firm m,
The unit-production conipensation cost.for manufacturing plant 7,

The fixed allocation cost

The production amounts allocated from manufacturing plant 7, to

outsourcing firm m,

The production amounts allocated from manufacturing plant 7, to

reliable manufacturing plant 7,

The indicator representing whether there exists production allocation
relationships between 7, and m,

The indicator representing whether there exists production allocation
relationships between 7, and 7,

The average unit-material purchase cost
The extra material purchase cost over n(t) months

The realized average monthly production amount of manufacturing plant
n, under demand expansion
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n(y)

e. -
Ty 1y

iy

q;,

The realized average monthly production amount of manufacturing plant
n, under demand expansion

The adjusted monthly production amount of manufacturing plant 7,
The adjusted monthly production amount of manufacturing plant 7,

The total difference in production cost over n(t) months
Unit-product price

The proportion of penalty cost to product price

The total penalty cost over n(t) months

The average unit-product transportation costs from manufacturing plant
n, to customers

The average unit-product transportation costs from outsourcing firm m,
to customers

The total transportation cost over n(t) months

The set of months belonging to the time interval within which shrunk
demand occurs, y= {£;, Vn 5V}

The number of months in Y, ‘wherc the adjustment is scheduled and
executed

The allocated amountbetween manufacturing plants 7, and 7,

The indicator representing whether there is reallocation relationship
between manufacturing plants 7, and 7,

The unit-product allocation costs of manufacturing plant 7,

The unit-product allocation costs of manufacturing plant 7,

The total variable allocation cost of manufacturing plant i, over n(y)
months

The total variable allocation cost of manufacturing plants 7, over n(y)
months

The total difference in production costs for all unreliable manufacturing
plants over n(y) months

The total difference in production costs for all reliable manufacturing
plants over n(y) months

Part 1II: Incorporating dispatching decisions into supply chain network design with
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production and shipping economies

n;
k
h,

The average shipment size from key-component supplier 7.  to

manufacturer plant 7, during one month

The monthly shipping frequency of the key-component from supplier 7,

to manufacturing plant n,
The monthly production amount at manufacturing plant 7,

The basic purchase cost of key-component j without any discount,

The discount when the average shipment size is z/
k-1

The variable shipping cost per unit key-componentj for (n, ,n,)

The fixed shipping cost

The inventory cost per unit key-component j per month

Shipment size of the final_product’.from manufacturing plant 7, to

customer 7,

The shipping frequency between manufacturing plant n, to customer n,

Part IV: Optimal delivery service strategy for high-tech product manufacturers with

time-dependent demand

A specific service cycle a for customer s under discriminating service
strategy during the study period

Duration of service cycle i, under discriminating service strategy
The total service cycle for customer s during the study period

The start time of service cycle i,

The end time of service cycle i,

The study period

Total demand of customer s for the manufacturer during service cycle i, .

Product amount produced by plant k£ and deliver to customer s for service
cycle i

260



B ()

The indicator variable representing whether plant £ serves and delivers
products to customer s for service cycle i

Total amount delivered by plant £ during the study period
A specific delivery time of plant k£ during the study period
Delivery frequency of plant &

The objective manufacturer
A representative of other manufacturers in the market

The total utility of customer s who purchase products from manufacturer x
at time ¢

The deterministic component of U (s,?)
The unobservable or immeasurable factors of U (s,?)

Customer choice probability of purchasing products from manufacturer o
at time ¢

The difference in utility, values of customer purchasing from manufacturer
oandr

Product price of manufacturer o
Product price of manufaétuter#

The reasonable payment ratio

Delay in receiving products from manufacturer o at time ¢

Delay in receiving products from manufacturer » at time ¢

The average transportation time from plants to customer s

Average transportation time from locations of plant & to customer s

Total demand for products of customer s at time ¢

Time-dependent demand for manufacturer product of customer s at time ¢

Profit throughout the study period for discriminating service strategy

The service cycle for customer s during the study periods with uniform
service strategy

The duration of a specific service cycle

The start time of service cycle i,
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Total demand for manufacturer product of customer s during service cycle
i. for uniform service strategy

Profit throughout the entire study period for uniform service strategy

Part V: Optimal delivery service strategy for Internet shopping with time-dependent

demand

Ux,k (t’ .])

Vx,k (t’ .])

gx, k

s
R

Py (. ))

Prs
Pr

T

TSt

LR,j

1
yor

The total utility of consumer x who orders goods in zone j at time ¢ via
shopping mode £

The deterministic component of U, (2, /)
The unobservable or immeasurable factors of U, (¢, )

Internet shopping
Conventional shopping

The choice probability of choosing Internet stores for consumer x in zone
j at time ¢

The price of goods via Internet shopping
The price of goods via conventional shopping

Delay in receiving ordered'goods for consumers ordering goods via
Internet at time ¢, and includes the'goods handling/processing time and
transportation time

Access time for consumers purchasing goods via retail stores in zone
at time ¢

Consumer average income per unit time

The average value of time for delay in receiving ordered goods

fv(z,_/) (V(ta ])) The pdf Of V(f, ])

E[P (2, ))]

The expected value of choice probability of selecting Internet shopping in
zone j at time ¢

The number of service cycles for discriminating service strategy

The duration of service cycle i
The start time of the service cycle i
The end times of the service cycle i

Average goods delivery time to consumers
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LR,j

ATC,

ATC

i,0

IC,

AlC,

AIC

Lead time
Access time to retail stores in zone j attime ¢
The average distance to retail stores in zone j attime ¢,

The average consumer travel speed

Total consumer demand for goods in zone ; attime ¢

The time-dependent consumer demands for goods of the Internet store at
time ¢ for all zones

Total consumer demand for Internet store goods during service cycle i
for discriminating service strategy

The number of service cycles for uniform service strategy

The duration of service cycle i for uniform service strategy
The start time of service cycle i assuming a uniform service strategy

Total consumer demand, for dnternet store goods during service cycle i
for uniform service strategy

Base value of fixed transportation cost

A multiplier reflecting additional labor cost during different service
cycles

Variable transportation cost per item shipped

The average transportation cost per item shipped during service cycle i
for discriminating service strategy

The average transportation cost per item during the entire study period
for discriminating service strategy

The time when the operator of the Internet store orders batch o of
service cycles /

The number of items ordered in batch o of service cycle i

Purchasing cost per item
Inventory carrying rate

The total inventory cost of service cycle i for discriminating service
strategy

The average inventory cost per item of goods of service cycle i for
discriminating service strategy

the average inventory cost per item for the entire study period, for

dicocriminatine eervice ctraterov
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ALC

ATC,

ATC

AIC,

AIC

discriminating service strategy

The average logistics cost per item during the entire study period for
discriminating service strategy

The average transportation cost per item of service cycle i for uniform
service strategy

Total consumer demand for goods from the Internet store during service
cycle i for uniform service strategy

The average transportation cost per item of goods for the entire study
period for uniform service strategy

The average inventory cost per item of goods of service cycle i for
uniform service strategy

The average inventory cost per item during the entire study period for the
uniform service strategy

Profit throughout the study period for discriminating service strategy

Profit throughout the study period for uniform service strategy
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