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Abstract

This paper describes the multicriteria model of outbound logistics for Taiwan notebook computer industry.  The proposed two-stage method involves a mixed integer linear programming model and the AHP.  The analytic method provides quantitative assessment of the relationship between manufacturers and customer services.  Computation results of the multicriteria model show some dynamic characteristics among various performance criteria of outbound logistics.  
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1. Introduction

Today’s global economic environment is causing profound changes in how companies manage their operations and logistic activities.  Changes in trade, the spread and modernization of transport infrastructures, and the intensification of competition have elevated the importance of flow management to new levels.  This phenomenon forces corporations to modify their logistics organization and invent fresh solutions – that is, alternative means of transport, new sites for warehouses, or reallocation of inventory.  In response to infrastructure problems, companies may change their operating approach in any of the following ways (Dornier et al., 1998): (1) increase procurement areas by implementing international sourcing policies, (2) pursue wider geographical spread and greater mobility of production facilities, or (3) implement worldwide distribution for markets.

In the computer industry, Apple, IBM, and Dell contract component making from companies such as SCI Systems, Solectron, or Jabil Circuit, Compaq, on the other hand, manufactures all of its computers in-house. When companies increase the level of modularization by doing more inbound outsourcing, they can significantly reduce their fixed costs.  Dell, for example, supports $2.9 billions in annual revenues with $60 millions of fixed assets.  It takes in $35 of sales for every dollar of fixed assets, while for Compaq, the figure is $3 (Dornier et al., 1998).  The trade-off is in the variable cost (i.e., the per-unit cost is higher), since some margins to the subcontractors have to be included.

Empirical evidence suggests that vertical integration along the supply chain, modeled earlier by General Motors and Compaq, is not desirable.  More and more companies are replacing vertical integration with vertical coordination and developing long-term arrangements with outside suppliers (Dornier et al., 1998).  Taiwan, for example, had been a preferred site for offshore assembly in the semi-conductor and other assembly-required industries because of cheap labor.  However, following local currency (NT) appreciation, labor was no longer so cheap, and start-up costs became much greater.  As a result, industries moved the assembly function offshore, while Taiwan moved toward high-tech industries.

In general, companies have three options for focusing their facility networks.  These include focusing by market, by product, and by process. Successfully locating offshore also requires a commitment to strategic planning.  Five categories of factors determine whether locating abroad will increase the competitive strength of the manufacturing function (Dornier et al., 1998).  They include: (1) access to low production input factors, (2) proximity to market, (3) use of local technological resources, (4) control and amortization of technological assets, and (5) preemption of competition.  

The objectives of facility orientation are to meet the competitive priorities of the various products at the various markets.  These priorities include the cost, quality, service, and flexibility.  Multiple objectives are often incommensurate, both quantitative and qualitative, and carry different weights of importance.  This leads to a complex problem of trade-off evaluation using the decision maker’s utility or preference function.  Reliable construction of a utility function may, however, be too complex, unrealistic, or impractical (Zeleny, 1982).  The set of nondominated solutions then provides a meaningful step forward under such conditions of relative ignorance. 

The logistic system can be divided into two segments: inbound and outbound logistics.  Inbound logistics involves providing all the materials and goods required for making the products.  Outbound logistics involves the movement of products from point-of-origin to point-of-consumption.  A product produced at one point has very little value to the prospective customer unless it is moved to the point where it will be consumed.  Transportation achieves this movement which across space or distance creates value or place utility.  Time utility is mostly created or added by the warehousing and storage or product until it is need.  If a product is not available at the precise time it is needed, there may be expensive repercussions, such as lost sales, customer dissatisfaction, and production downtime (Lambert and Stock, 1993). Transportation moves a firm’s products to markets that are often geographically separated by great distances.  By doing so, it adds to the customer’s general level of satisfaction, because he or she has access to the products.  So, customer satisfaction is an important component of marketing concept. 

Because customer service standards can significantly affect a firm’s overall sales success, establishing goals and objectives is an important logistic decision.  Distribution is closely related to customer service, so the outbound logistics department plays an important role in the establishment of customer service goals and objectives (Johnson et al., 1999).  The outbound logistics department must be aware that the goals and objectives that they want established are going to cost how much?  Relatively small increases in the overall level of customer service objectives can substantially increase the costs of maintaining the increased level of customer service. 

Tang et al. (2000) developed algorithms based on these models to compare the operation cost while adopting different BTO (Build to Order) or CTO (Configuration to Order) logistic model.  They applied BTO/CTO logistic models to analyze the interactive relationship among computer firms, material suppliers, distribution centers and customers, and built up various mathematical models for the logistic distribution system.  Although the research had investigated different logistic system with analysis models, but it considered the cost only.

In this paper, we adopt a multicriteria decision process to help CEO selecting their manufacturers, warehouse location (Hub), and customer assignments in order to establish trade-off between cost and customer service.  The proposed method is a two-stage procedure involving a mixed integer linear programming (MILP) model and the AHP.  In the following sections, we will introduce logistic activities of the notebook industry.  Then we will build up the mathematical model with two-stage approach and apply an example to illustrate the multicriteria model.

2. Notebook Computer Industry

In the notebook computer industry, orders for key components must be placed months in advance, and order quantity can subsequently be changed by only limited amounts.  Because technologies quickly become obsolete, suppliers are reluctant to make the investments necessary to provide sufficient production capacity to allow manufacturers more flexibility.  This means that manufacturers must decide which models to produce and in what quantities months in advance, before components have been developed and notebook computers have been completely designed.  Furthermore, a firm’s ability to change production levels to react to unforeseen demand is tightly constrained: to increase production of one model by 10% within one month requires that every supplier be able to increase deliveries by that amount within that time, and that is not always possible.  And even if it were possible, to adjust production may still be inadvisable.  

The attractiveness of a notebook model that is selling well in one month may erode greatly the next, due to the introduction of a new notebook model by a competitor.  On the other hand, decreasing the production of a slow-selling model may not make sense unless the production of other models can be increased to maintain the utilization of manufacturing assets.  The most common response for most producers is to shorten the delivery lead time and reduce the inventory in reaction to market conditions, not it’s production quantity (Rutherford et al., 1999).  So the shorten delivery time is a key successful factor for the notebook industry.  Since technological advances occur at a rapid rate, the average life cycle of a notebook model is only about six months.  The life cycle of a notebook model ends when the manufacturer chooses to upgrade it, incorporating newly developed features to remain competitive, or to replace it with a new platform (i.e., family) based on a new technology.

Michael Dell started a computer business in his dormitory room in 1984 with this simple insight: He could bypass the dealer channel through which personal computers were being sold and instead sell directly to customers and build their personal computers (PCs) to order.  This direct business model eliminated the cost of inventory and the reselling expenses.  Dell’s use of technology and information to blur the traditional boundaries in the supply chain between suppliers, manufacturers, and end users, has been named virtual integration.  Technology enhances the economic incentives to collaborate because it makes it possible to shared design databases and methodologies and speed the time to market.  “The whole idea behind virtual integration is that it lets you meet customers’ needs faster and more efficiently than any other model.” (Simchi-Levi et al., 2000)  While Compaq, IBM, and Hewlett-Packard all announced plans in late 1998 to emulate portions of Dell’s business model, with various build-to-order (BTO) plans, all have had difficulty in making the transition.  Most are moving to a target inventory level of four weeks, while Dell maintains just eight days of inventory, allowing it to turn over inventory 46 times a year.  

A firm is continually faced with the decision of when to upgrade and which features to include in each upgrade in order to maximize profitability.  From its knowledge of its own internal processes and from the ‘road maps’ of suppliers, a manufacturer should be able to accurately estimate production costs 6-12 months in the future.  Furthermore, a manufacturer’s relationships with its suppliers are crucial in guaranteeing that it gets timely supplies of the most advanced components and in ensuring that the manufacturer has the opportunity to design the newest features into its products as early as possible (MIC, 1999).  So, a firm improving the relationship with suppliers and customers is very important for building up the corporation logistic system.

For products with short life cycles, such as notebook computers, fashion apparel, and automobiles, effective integration of production, inventory, and sales is arduous.  Supply chain planning for a company in notebook computer is particularly challenging.  Each year, the company introduces newly designed products that must be manufactured in time for sale during a short retailing season.  Moreover, the difference in sales volumes and revenues between popular and unpopular items are great, which are difficult to identify before the season begins.  A further complication is the design, manufacturing, and sales activities are spread over countries on several continents.  Therefore, the effective logistic system is a challenge for notebook computer industry.

3. The mathematical model and solution approach

Which supply chain structure is the most appropriate?  To answer that question, companies must assess the trade-offs in cost and service.  Three criteria (total cost, delivery time, and service rating), have conflicting requirements.  For example, shorter delivery time will often require opening more warehouses and hence higher operating costs.  On the other hand, the relationship between delivery time and service rating and between total cost and service rating may not be known a priori (Tyagi, et al., 1997).

The selection of a model of transportation or service offering within a mode of transportation depends on a variety of service characteristics ranging from speed to assistance in problem solving.  Based on numerous studies, all service characteristics are not of equal importance, and few are dominant in the minds of decision makers.  According to multiple surveys that rank transport service characteristics except for cost, speed and dependability are the most important factors. (Ballou, 1992) Therefore, cost of service, average transit time (speed), and transit time variability (dependability) can serve as the basis for modal choice.

In this section, two-stage solution approach for the outbound logistics model are presented.  The first stage of this methodology develops a set of preferred alternatives based on the relative ranking of the three criteria and allowable trade-off.  The advantage of this approach, as compared to goal programming, is that it allows for predetermined amount of sacrifice in the top-ranking criterion to improve achievement of lower ranking criteria.  Furthermore, any number of preferred alternatives can be generated by choosing different sacrifice amounts in a MILP model (Tyagi et al., 1997).

3.1 An outbound logistics model

This section will explore the finding of a path analytical investigation of the interrelationships between the firm’s perception of economic globalization and the firm’s emphasis on logistics and manufacturing considerations.  Kanda and Rao (1984) incorporated linear penalty costs for delaying certain events into the classical time/cost trade-off formulation.  Specifically, they transformed the problem into a sequence of algebraic flow problems.  They tested their algorithm on small-scale problems.  Hamacher and Tufekci (1984) modified the problem in Kanda and Rao (1984) by transforming into a sequence of algebraic flow problems.  It is important to note that the transformation advanced by them has the ability to handle different objective functions.  

Tyagi et al. (1997) considered the issue from the vantage point of a wholesaler and developed a procedure that can be adapted to his/her business environment.  A multicriteria approach was proposed to wholesale procurement and distribution problems using 3 performance measures: cost, delivery time and customer service rating.  A mixed-integer linear programming model was developed to generate the alternatives, which were then evaluated using the analytic hierarchy process (AHP).

In this paper, we propose that the decision-maker rank the three criteria in order of their importance and specify their minimal acceptable levels.  These levels would represent the minimum standards that must be fulfilled by an acceptable solution, and may be developed by considering the competitive environment of the wholesaling business.  We adopt Tyagi’s concept to solve the multicriteria decision problem.  We utilize a MILP model to first optimize the objective function for the top ranking criteria.  Next, the objective functions for the lower ranking criteria are successively optimized, while allowing a prespecified percentage sacrifice in the top-ranking criteria with the help of a suitable additional constraint.
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Figure 1  A framework of global logistics for notebook computer company

(Reference: Tang & Yu, 2000; Lin & Lin, 1999)

3.2 The mathematical model 

Multicriteria problems do not have a single objective function since the criteria are not commensurable.  A number of alternative solutions using different priority structures may be generated in this fashion, and the decision-maker then subjectively selects the most satisfactory of these alternatives.  To build up the mathematical model, the definitions of variables are explained as below:

	i ,j
	Arbitrarily node of set N

	ij
	Arbitrarily path of set A

	M
	Demand node of set M

	P
	Arbitrarily route of set P

The type of route：1. Component supplier→plant→demand
              2. Component warehouse→plant→demand
                3. Finished-product warehouse→demand

	TC
	Total Cost

	Cj
	Unit Processing Cost of Node j, j
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N

	Cij
	Unit Transportation Cost of path ij, ij
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	tij
	Time of Transportation from node i to node j, ij
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	B
	Large positive number

	Dm
	Demand for customer m, m
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	Maximum acceptable delivery time

	tj
	Processing time of Node j
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	Maximum capacity of warehouse or plant I, i
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	δim,p
	=1 if path im fall in the p
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	δij,p
	=1, if path ij fall in the p
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	Vi
	Capacity of plant or warehouse I, i
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	Xij
	Amount shipped from node i to node j, ij
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	yp
	=1, time of path p
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maximum acceptable delivery time;

=0, otherwise

	fp
	Amount in path p

	R
	Average service rating

	rim
	Service rating of node i with respect to customer m


The objective functions are defined as below:

	a) Min TC=ΣiΣjCijXij+ΣjCjVj
	
	(3-1)

	b) Min T=Σjδij,p (tij+ tj) yp  
	
	(3-2)

	c) Max R=ΣmΣj(δim,p+δij,p)rimDm/ΣmDm
	
	(3-3)

	s.t.
	
	

	Σpδij,p fp = Xij
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The outbound logistics problem is a NP competed problem.  In this paper, LINDO software will be used to solve it.  In the future, we can consider the problem solving efficiency.  The branch and bound algorithm (Tang et al., 1995), or other decision support system can be used for solving the large scale problem.Tang et al. (1995) proposed a framework for a two-phase model of planning and scheduling to select the part type and assign required tools to machines for processing.  In the planning phase, a linear integer program model of part type selection is formulated and a branch and bound algorithm is used to solve the model.  The outbound logistics model is alike the part type selection problem.  

4. An example of Taiwan notebook computer company

We now illustrate the implementation of the proposed approach to a notebook computer company involving two material warehouses, two plants, two finished-product warehouses and two demand points to generate the optimal solution about the procurement, manufacture and distribution decisions in global logistics. Details of example data applied to this model are described below (see Table1 to Table 3).

Table 1  Component supplier and unit component cost
	Important Component
	Specification
	Unit price (USD)
	Country of supplier

	LCD
	13.3”
	510
	Japan, Korea

	
	14.1”
	540
	Japan, Korea

	
	15”
	610
	Japan, Korea

	DRAM
	64M
	9.01
	Japan, Korea


Reference: Tang & Yu (2000)

Table 2  The data of demand
	Demand
	Average demand /per week (set)
	Labor Cost /per day (NT$)
	Produce time

(day)
	Assemble time

(day)

	Taiwan
	230
	1131
	2
	1

	U.S.A.
	13908
	2706
	3
	1


Reference: Tang & Yu (2000)

Table 3  Service rating for all route
	Route
	P1
	P2
	P3
	P4
	P5
	P6
	P7
	P8
	P9
	P10

	Service

Rating
	76
	62
	48
	72
	70
	58
	45
	70
	78
	64

	Route
	P11
	P12
	P13
	P14
	P15
	P16
	P17
	P18
	P19
	P20

	Service Rating
	40
	68
	68
	45
	46
	73
	80
	75
	72
	80


Reference: Assumption
4.1 Generation of Optimization-based Alternative Solutions

Step 1. 
Specify the lowest acceptable levels of delivery time and service rating. Total cost is the mast important criteria. Delivery time is next ranking criteria with 10 days as the maximum permissible delivery time to any customer. And average service rating, the third criteria, must be maintained at no less than 60%.

Step 2. 
Since the total cost (TC) is the most important criteria, optimize it subject to the acceptable levels of all criteria. For this example, there is a feasible solution to this optimization problem and the objective function value of this problem, NT$294,630,300 is regarded as the target cost.

Step 3. 
Generate the first alternative as follows: add a constraint TC
[image: image37.wmf]£

294,630,300 to keep the total cost at target value, and minimize T in order to optimize the next ranking criteria, delivery time. The optimum value of T is 5.5 days. Now maintaining delivery time at 5.5 days, maximize R, the service rating. The optimized value of R is 71.79%. The alternative route is shown in row 1 of Table 4. The route 1-5-9 means that, the demand from Taiwan is 230 sets, it is manufactured by Taiwan plant (node 5) with the materials procurement from the Japan supplier (node 1). The other one route 7-10 is 13,908 sets from U.S. customer is offered by the finished-product warehouse in Taiwan (node 7).  

Step 4. 
Generate the second alternative by allowing TC to be added to NT$319,912,500.  Repeat step 3 to first optimize delivery time (5 days), and then optimize service rating (69.15%).

Step 5. 
Generate three more alternatives with allowable cost increasing, the criteria values and the route selections for these alternatives are shown in Table 4 and Figure 2 and Figure 3.

Table 4  Generating five alternatives of the example 
	Alternative
	Actual Cost
	Delivery Time (days)
	Service Rating(%)
	Selected Route

	A1
	294,630,300
	5.5
	71.79
	1-5-9

7-10

	A2
	319,912,500
	5
	69.15
	1-5-9

3-5-10

	A3
	320,517,200
	4
	71.58
	3-5-9

3-5-10

	A4
	465,125,200
	3
	73.80
	3-5-9

8-10

	A5
	475,802,500
	1
	77.52
	7-9

7-10


Note: The number of route is location of node
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Figure 2  Delivery Time (days) v.s. allowable cost
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Figure 3  Service rating v.s. allowance cost

4.2 Evaluation of Alternatives by Analytic Hierarchy Process

Tyagi et al. (1997) recognize that customer preferences for warehouse assignment would vary and should be a key determinant for the distribution plan to ensure customer satisfaction.  They emphasize here that the geographic proximity of a warehouse to a customer cannot be considered a proxy for such preferences since they are expected to be influenced by the availability of specific resources at the warehouse, perception of service quality, and the customer’s prior experience.  In this paper, we assume that such service ratings for all warehouse-customer pairs are expressed as a score between zero and on hundred to reflect the overall quality of service expected or perceived by a customer from the warehouse.

Step 1 Let us assume that the decision maker has specified the relative weights of total cost, delivery time, and service rating to be 50%, 30%, 20%.

Step 2 We now illustrate the process of assigning the relative preferences of the five alternatives for each criterion. In AHP (Saaty, 1994), the alternatives must be compared with each other on a ratio scale of 1 to 9, with 1 presenting equal preference and 9 representing extreme preference of one alternative over the other. (See Table 5 to Tabel 7) 

 Step 3 To rank the five alternatives, we use Expert Choice to develop the composite weights. The ranking of the alternatives is shown in Figure 4, the alternative A1 is the best alternative.

Table 5  Total cost preference for five alternatives

	Alternative
	     A1      
	     A2       
	A3
	A4
	A5

	Total Cost
	$294,630,300
	$319,912,500 
	$320,517,200 
	$965,125,200 
	$975,802,500

	Preference
	9
	8
	3
	2
	1


Table 6  Delivery time preference for five alternatives
	Alternative
	A1
	A2
	A3
	A4
	A5

	Delivery Time
	5.5
	5
	4
	3
	1

	Preference
	1
	2
	4
	6
	9


Table 7  Service rating preference for five alternatives

	Alternative
	A1
	A2
	A3
	A4
	A5

	Service Rating
	71.79
	69.15
	71.58
	73.80
	77.52

	Preference
	3
	1
	2
	5
	9
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Figure 4  Evaluation of alternatives by AHP
Table 8  AHP ranking for five alternatives
	Alternative
	Composite Weight Calculation for each alternative
	Composite Weight

	A1
	(0.5)(9)/(9+8+3+2+1)+(0.3)(1)/(1+2+4+6+9)+(0.2)(3)/3+1+2+5+9)
	0.37

	A2
	(0.5)(8)/(9+8+3+2+1)+(0.3)(2)/(1+2+4+6+9)+(0.2)(1)/3+1+2+5+9)
	0.054

	A3
	(0.5)(3)/(9+8+3+2+1)+(0.3)(4)/(1+2+4+6+9)+(0.2)(2)/3+1+2+5+9)
	0.14

	A4
	(0.5)(2)/(9+8+3+2+1)+(0.3)(6)/(1+2+4+6+9)+(0.2)(5)/3+1+2+5+9)
	0.175

	A5
	(0.5)(1)/(9+8+3+2+1)+(0.3)(9)/(1+2+4+6+9)+(0.2)(9)/3+1+2+5+9)
	0.232


To illustrate the trade-offs made in the example, delivery time and service rating have been plotted as a function of the corresponding allowable cost of the five alternatives in Figure 2 and Figure 3.  It may be observed that as the allowable cost increase, the delivery time decrease. This trend is predictable, since higher costs should result in an improved measure of delivery time due to a direct tradeoff between the two criteria. However, no such consistent improvement trend is observed for service rating due to a lack of direct trade-off between cost and service rating. Service rating being the lowest ranking criteria in our example, it is allowed to be optimized only after the delivery time is first optimized for the allowable cost. Hence, if different ranking is assigned to above criterion, then a different set of alternatives will be generated by following a similar logic. 

When total cost is NT$294,630,300, there is a relative solution with the delivery time 5.5 days and service rating 71.79%. When the total cost increase to NT$320,517,200, the delivery time decrease to 4 days, but service rating decrease to 71.58% because there is trade-offs among the criteria. If minimum total cost is the only target, a single objection solution on TC is NT$283,348,400(See Table 9). It is lower than A1 solution (See Table 4) with sacrifice of delivery time to 6.5 days and service rating to 67.49%. It is difference between multicriteria approach and single objection programming.

5. Conclusion

In the area of logistics and supply chain management, a lot of literatures have discussed about warehouse location selection and assignment of distribution route. Most of them use the single objection programming to generate the maximum or minimum solution, but for most company decision makers, it is necessary to consider more than one criterion such as cost, delivery time, service, demand and profit. 

In this paper, we develop a multicriteria decision process to help decision maker select their material supplier, plant and warehouse locations in order to establish trade-offs between cost and customer service. It is proved that multicriteria decision process is more reliable than single objection programming for decision maker.  The analytic method provides quantitative assessment of the relationship between manufacturers and customer services.  Computation results of the multicriteria model show some dynamic characteristics among various performance criteria of outbound logistics.
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