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Abstract 

An integrated logistical network is a „unit‟, composed of various major functions of a 

supply chain system. An integrated operation is a must in hierarchical planning system, or 

value-chain system, or simply a supply chain system for optimality. While such integration is 

a prerequisite to success, it is not sufficient to guarantee that a firm will achieve its 

performance goals. All physical distribution systems have one common feature: they link 

manufacturers, wholesalers, and retailers into marketing channels that provide product 

availability as an integral aspect of the overall marketing process. The cost of each 

component and its movement becomes part of the value-added process. However, reports 

reveal that when integration is focused, many other important variables, such as management 

efforts required to manage such a network and its supply reliability are often ignored, or 

integration is achieved at the cost of these two parameters. These criteria are obviously 

conflicting. This research paper focuses on these aspects under conflicting criteria situation. 

For analysis, a big multi-national furniture company has been selected, which has discrete 

production environment. Finally, operational research-based transportation model has been 

used to determine optimal allocation and storage of different models of furniture at different 

distribution centers in the supply chain.  In this case, distribution system parameters have 

been identified that affect subsequent marketing. This research aims at optimizing overall 

distribution network while identifying the main goal from among multiple available 

conflicting objectives. The objective of optimization in distribution network has been selected 

with Multi Criteria Decision Making (MCDM) Analytic Hierarchy Process (AHP) technique. 

This research solves the problem of multi-criteria optimization using linear programming and 

multi-criteria technique in two steps. The objective of this optimization model is 

minimization of shipment cost. 

Keywords: Distribution, Logistics, MCDM, Optimization, Transportation 

___________________________________________________________________________ 

 

1. Introduction 

Supply-chain management seeks to synchronize a firm‟s processes and those of its 

suppliers to match the flow of materials, services, and information with customer demand. It 

also involves the coordination of key processes in the firm such as order placement, order 

fulfillment, and purchasing, which are supported by marketing, finance, engineering, 

information systems, operations and logistics. Successful supply-chain management requires 

a high degree of functional and organizational integration. The value of supply-chain 

management becomes apparent when the complexity of the supply-chain is recognized. The 

performance of numerous suppliers determines the inward flow of materials. The 

performance of the firm‟s marketing, production, and distribution processes determines the 

outward flow of products. Traditionally, organizations have divided the responsibility for 

managing the flow of materials and services among three departments: purchasing, 

production, and distribution.  

Distribution is the management of the flow of materials from manufacturers to customers 

and from warehouses to retailers, involving the storage and transportation of products. 
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Traditionally, it is assumed that a parameter needs to be optimized through right operations 

management technique. However, there is no basis as to why a particular parameter is 

selected as the objective function. This research provides an idea that AHP which is a 

technique of MCDM (Multi Criteria Decision Making) technique can be used to justify the 

selection of the right parameter as the objective function of an optimization technique. 

In many real world situations, there are many, often conflicting, objectives. For instance, 

if there are multiple potential suppliers requiring evaluation with conflicting criteria, such as 

quality of material, timely delivery, price, quickness of delivery, managing sudden ordering, 

etc., then it requires a solution (Hasin et al, 2004; Alam et al, 2008). Or, in selecting the right 

communication system, several conflicting criteria, such as speed of communication, cost, 

reliability of transaction, maintainability, etc. becomes important, which requires a 

combination of qualitative and quantitative solution (Shameem et al; 2002). The models 

discussed here, however, only allow one objective. How can they be adapted to handle 

multiple objectives? This requires Multi Criteria Decision making (MCDM) (Hasin, 2006) 

model. A logical question follows as to how these models be used in more complicated 

situations, where the choice is not just a number of alternatives, but rather an entire decision 

set, say represented by a linear program. Obviously, a linear programming approach to such 

situations will at least theoretically provide better solutions. But it has been proved in many 

situations that MCDM, more specifically AHP, can offset the benefits of more fine-tuned 

optimality over possibility of getting a solution in a realistic time period (Saaty et al; 2001). So 

AHP helps capture both subjective and objective evaluation measures, providing a useful 

mechanism for checking the consistency of the evaluation measures and alternatives 

suggested by the team thus reducing bias in decision making.  

Manufacturing firms rarely sell directly to the ultimate customer. Some buyers are 

manufacturing firms that buy products and services and incorporate them into their own 

output. Other buyers are wholesalers, retailers and distribution firms who buy the products 

and then distribute them further down the chain towards the ultimate customers. Obviously, a 

related issue is how to achieve the goal and how to measure the performance. Possibly, 

operations research, especially in the form of local search algorithm, is the only feasible 

solution, although it is true that global search algorithms may theoretically provide a better 

solution, however, at the expense of infeasibility and NP-hardness (Abrahamsson and 

Aronsson,1999 ; Wu, and Chou, 2007 ). To be fully effective in today's competitive 

environment, firms must expand their integrated behavior to incorporate customers and 

suppliers in the hierarchically integrated system. This extension, through external integration, 

is referred to as value-added supply chain management system (Angulo et al; 2004). 

This research is concentrated on physical integration issues, concerning materials and 

business logistics. For a large manufacturer, logistical operations may consist of thousands of 

movements, which ultimately culminate in the delivery of products to an industrial user, 

retailer, wholesaler, dealer, or other customer, which constitute the complex distribution 

network. 

The area of physical distribution concerns the last step of distribution network operations, 

which involves movement of a finished product to customers in shortest possible time and 

minimum possible cost. In physical distribution, the customer is the final destination of a 

marketing channel. The availability of the product is a vital part of each channel participant's 

marketing effort. The final or meaningful value that is added occurs only with final 

ownership transfer of products to customers when and where specified (Baker, 2007). All 

physical distribution systems have one common feature: they link manufacturers, wholesalers, 

and retailers into marketing channels that provide product availability as an integral aspect of 
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the overall marketing process (Cooper et al; 1991).  A realistic approach to planning must 

incorporate a range of shipment sizes supported by alternative logistical methods to satisfy 

customer service requirements (Vannieuwenhuyse et al; 2003).  

The transportation problem involves finding the lowest-cost plan for distributing stocks of 

goods or supplies from multiple origins to multiple destinations that demand the goods. For 

instance, a firm might have some factories, all of which are capable of producing identical 

units of the same products, and some warehouses that stock or demand those products. The 

transportation model can be used to determine how to allocate the supplies available from the 

various factories to the warehouses that stock the demand of those goods, in such a way that 

total shipment cost is minimized (i.e. the optimal shipment plan).  

2. Problem Description  

The distribution planning is an inventory control and scheduling technique that applies 

MRP principles to distribution inventories. An inventory record is maintained for each item at 

each location. Use of distribution planning for the selected big multi-national furniture 

company requires an integrated information system. Finally, operational research-based 

transportation model has been used to determine optimal allocation and storage of different 

models of furniture at different distribution centers in the supply chain. Manufacturing firms 

rarely sell directly to the ultimate customer. Some buyers are manufacturing firms that buy 

products and services and incorporate them into their own output. Other buyers are 

wholesalers, retailers and distribution firms who buy the products and then distribute them 

further down the chain towards the ultimate customers. The product of this research problem 

is a fixed chair of twelve models manufactured in the furniture company. The product is 

manufactured at three workcenters and then shipped to nine distributing warehouses 

Schedules sent to the firm by their customers may not fit their schedules. The just-in-time 

deliveries that the firms demand from their vendors may not be compatible with, for example, 

their job-shop production. If the manufacturers operates its own distribution centers and retail 

stores, called fixed quantity model or self distribution, gathering demand information and 

relaying it back to the plants is easy. If the manufacturer does not own the distribution centers 

and retail stores then it is called fixed time period model or contacted distribution. In this 

research work three models are considered.  

1) Fixed -quantity model or Self distribution model (M1), 

2) Fixed- time period model or Contracted distribution model (M2), 

3) Partly self and partly contracted distribution or Mixed model (M3). 

The basic distinction is that fixed-order quantity models are “event triggered” and fixed-

time period models are “time triggered.” That is, a fixed-order quantity model initiates an 

order when the event of reaching a specified reorder level occurs. This event may take place 

at any time, depending on the demand for the items considered, i.e. it is under firm‟s control. 

In contrast, the fixed-time period model is limited to placing orders at the end of a 

predetermined period; only the passage of time triggers the model. To use the fixed-order 

quantity model which places an order when the remaining inventory drops to a predetermined 

order point, the inventory remaining must be continually monitored. Thus, the fixed-order 

quantity model is a perpetual system, which requires that every time a withdrawal from 

inventory or an addition to inventory is made, records must be updated to ensure that the 

reorder point has or has not been reached. In a fixed-time period model counting takes place 

only at the review period. 
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In this research work it has been assumed that there are four criteria that are being used to 

evaluate distribution model. Four criteria are management effort, cost, integration, reliability. 

Further, it has been assumed that there are three distribution models (M1, M2, M3). 

The product is manufactured at three workcenters (and then shipped to nine distributing 

warehouses. Because the shipment costs are a major expense, management is initiating a 

study to reduce them as much as possible. An estimate has been made of the output from each 

workcenter, and each warehouse has been allocated a certain amount from the total supply of 

products. The problem is now to determine which plan for assigning these shipments to the 

various workcenter-warehouse combinations would minimize the total shipment cost. 

 

3. Computational Results 

In this research work it has been assumed that there are four criteria that are being used to 

evaluate distribution model. Four criteria are management effort, transportation cost, 

integration, reliability. Further, it has been assumed that there are three distribution models 

(M1, M2, M3). The measurement scale and hierarchy for this application are shown in Figure 

1 and Figure 2 For analysis, primary data and information have been collected from several 

national and international logistics companies being operated in Bangladesh. 

The firm must now develop a set of pair-wise comparisons to define the importance of the 

criteria. If the firm believes that cost is equally to moderately more important than reliability, 

a value of 2 expresses this judgment. If reliability is moderately more important service, a 

value of 3 is appropriate. 

However, as previously mentioned, judgments are not always perfectly consistent. 

Suppose that, for example, cost is judged moderately to strongly more important than 

management effort, so a value of 4 is appropriate. Continuing with this process, the decision 

maker decided that cost is moderately more important than integration i.e. a value of 2. These 

six judgments complete the pair-wise comparisons that are needed at this stage; this 

information is entered in a pair-wise comparison matrix. The other entries in the matrix are 

along the diagonal and reciprocals of the six judgments. 

Measurement Scale 

People making comparisons use their feelings and judgment. Both vary in intensity. To 

distinguish among different intensities, the scale of absolute numbers 1 is useful. It is also 

called “Scale of relative importance”. 

 

 

Figure 1: Model selection hierarchy used for multi-attribute evaluation. 
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On the basis of calculated results and above theoretical discussions, judgment matrices 

are prepared. The “scale of relative importance” is used for pair-wise comparison. On the 

basis of expert opinion, the following judgment matrices are prepared at each level of 

hierarchy. 

 
 

Figure 2:  Hierarchy used for multi-attribute evaluation. 

Table 1  Pair-wise comparison matrix and computations: evaluation criteria 

Attributes Effort Cost Reliability Integration  
Geometric 

mean, b 

Normalized 

weights, x 

Effort 1.00 0.25 0.50 0.33  0.45180 0.09529506 

Cost 4.00 1.00 3.00 2.00  2.21336 0.46684856 

Reliability 2.00 0.33 1.00 0.50  0.75984 0.16026656 

Integration 3.00 0.50 2.00 1.00  1.31607 0.27758982 

yi 10.00 2.08 6.50 3.83  4.74107  

 

Largest Eigen Value, λmax 4.03138  

Matrix Order, N 4  

Consistency Index, C. I. 0.01046  

Randomly Generated Index, R. I. 0.9 for n = 4 

Consistency Ratio, C. R. 1.1622%  

Since C .R . < 10 % , so acceptable. 
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Table 2  Model comparisons with respect to attributes/criteria 

Criteria Models Normalized weights, x 

Effort 

FTP Model 0.62501 

FQ Model 0.13650 

Mixed Model 0.23849 

Cost 

FTP Model 0.14286 

FQ Model 0.57143 

Mixed Model 0.28571 

Reliability 

FTP Model 0.16342 

FQ Model 0.53961 

Mixed Model 0.29696 

Integration 

FTP Model 0.16342 

FQ Model 0.53961 

Mixed Model 0.29696 

 

Table 3  Consistency ratio for different criteria 

Item 
w.r.t. management 

effort 
w.r.t. cost w.r.t. reliability w.r.t. integration 

λmax 3.01829 3.00 3.00 3.00 

N 3.00 3.00 3.00 3.00 

C. I. 0.0091474 0.00 0.0046014 0.0046014 

R. I. 0.58 0.58 0.58 0.58 

C. R. 1.577% 0.00% 0.793% 0.793% 

Comment 
Since C.R. < 10%,  

so acceptable 

Since C.R. < 10%,  

so acceptable 

Since C.R. < 10%,  

so acceptable 

Since C.R. < 10%,  

so acceptable 

On the basis of the above matrices, an over-all evaluation is performed using the 

calculated weights of the alternatives and four criteria. The composite weights of the three 

alternatives are calculated. On the basis of these composite weights, the alternative models 

are ranked. These are given in the following table. 

 

Table 4  Overall evaluation: comparison of model alternatives 

Alternatives 

Attributes and their weights 

Effort Cost Reliability Integration Composite 

weights 

Overall 

Ranking 0.09530 0.46685 0.16027 0.27759 

FTP Model 

(M2) 
0.62501 0.14286 0.16342 0.16342 0.19781 3 

FQ Model 

(M1) 
0.13650 0.57143 0.53961 0.53961 0.51605 1 

Mixed Model 

(M3) 
0.23849 0.28571 0.29696 0.29696 0.28614 2 
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The data in the matrix can be used to generate a good estimate of the criteria weights. In 

this problem, according to the results obtained, the FQ model (M1) with a score of 0.51605 

(Table 4) is ranked 1 i.e. judged to be best. Based on the solution, model M1 is selected. In 

this problem cost among all of the criteria is critical. So cost i.e. transportation cost should be 

minimized. 

The general transportation problem is concerned with distributing any commodity from 

any group of supply centers, called sources, to any group of receiving centers, called 

destinations, in such a way as to minimize the total distribution cost. The model for a 

transportation problem makes the following assumption about supplies and demands. 

1.  Each source has a fixed supply of units, where this entire supply must be distributed to 

the destinations. Let si denotes the number of units being supplied by source i, for i = 1, 

2, …., m. Similarly, each destination has a fixed demand for units, where this entire 

demand must be received from the source. Let dj denotes the number of units being 

received by destination j, for j = 1,2,……, n. 

2. A transportation problem will have feasible solutions if and only if 





n

j
j

m

i
i ds

11

. 

3.  The cost of distributing units from any particular source to any particular destination is 

directly proportional to the number of units distributed. Therefore, this cost is just the 

unit cost of distribution times the number of units distributed. Let cij denote this unit 

cost for source i and destination j. 

The only data needed for a transportation problem model are the supplies, demands, and 

unit costs. These are the parameters of the model. All these parameters can be summarized 

conveniently in a single parameter table as shown in Table 5. 

 

Table 5  Parameter table for the transportation problem 

 Cost per unit distributed  

Source Destination Supply 

 1 2 … n  

1 c11 c12 … c1n s1 

2 c21 c22 … c2n s2 

:  :  : : 

M cm1 cm1 … cmm sm 

Demand d1 d2  dn  

 

All the parameters of the model are included in this parameter table. Therefore, 

formulating a problem as a transportation problem only requires filling out a parameter table 

in the format of table. 

Let Z be the total distribution cost and xij  (i = 1,2, ,, m   j = 1,2, n, ) be the number of 

units to be distributed from source i to destination j, the linear programming formulation of 

this problem is 
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Minimize            Z = ,

1 1
ij

m

i

n

j
ij xc 

 

                         

Subject to 

                          i

n

j
ij sx 

1

        for i = 1,2, ,, m  

                           j

m

i
ij dx 

1

       for j = 1,2, ,, n  and 

                            ,0ijx            for all i and j. 

The product of this research problem is a fixed chair of twelve models manufactured in a 

local renowned furniture company. The product is manufactured at three workcenters (Dhaka, 

Bogra, and Chittagong) and then shipped by truck to nine distributing warehouses (Gazipur, 

Narayangang, Tangail, Rajshahi, Kustia, Khulna, Comilla, Cox-Bazar, Feni). Because the 

shipment costs are a major expense, management is initiating a study to reduce them as much 

as possible. An estimate has been made of the output from each workcenter, and each 

warehouse has been allocated a certain amount from the total supply of products. This 

information (in units of truckloads), along with the shipment cost per truckload for each 

workcenter-warehouse combination, is given in table. Thus, there are a total of 320 

truckloads to be shipped. The problem is now to determine which plan for assigning these 

shipments to the various workcenter-warehouse combinations would minimize the total 

shipment cost. 

The problem is actually a linear programming problem of the transportation problem type. 

To formulate the model, let Z denote total shipment cost, and let xij (i = 1, 2, 3; j = 1, 2, 3, 4, 5, 

6, 7, 8, 9) be the number of truckloads to be shipped from workcenters i to warehouse j. Thus 

the objective is to choose the values of these decision variables (xij) so as to 

  

Minimize    Z  = 1000x11 + 800x12   + 2000x13 +   5000x14 +4000x15 +   7000x16   + 3000x17 +  

                                       8000x18 + 4000x19   + 4500x21 +   5500x22 +3000x23 +   1000x24   + 3000x25 +    

                          5000x26 + 6000x27   + 12000x28 +   6500x29 +6000x31 +   5000x32   + 6500x33+  

                                       10000x34 +   9000x35   + 12000x36 +   3000x37 +1000x38 +   2000x39   

 

Subject to constraint 

                         x11  +  x 12 +  x 13  + x 14  +   x15  +  x 16 +  x 17  + x 18     + x 19      =  120 

                         x21  +  x 22 +  x 23  + x 24  +   x25  +  x 26 +  x 27  + x 28     + x 29      =  125 

                         x31  +  x 32 +  x 33  + x 34  +   x35  +  x 36 +  x 37  + x 38     + x 39      =  75 

                         x11  +  x 21+  x 31     =  20 

                         x12  +  x 22 +  x 32    =  40 

                         x13  +  x 23 +  x 33    =  20 

                        x14  +  x 24 +  x 24      =  55 

                        x15  +  x 25 +  x 35      =  50 

                        x16  +  x 26 +  x 36      =   45 

                        x17  +  x 27 +  x 37      =   20 

                        x18  +  x 28 +  x 38      =    50 

                        x19  +  x 29 +  x 39      =   20 
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Table 6  Parameter table for the transportation problem 

Source 

Destination 

Supply Gazipur 
Narayan 

gang 
Tangail Rajshahi Kustia Khulna Comilla 

Cox-

Bazar 
Feni 

Unit cost Per Truck load(TL) in Tk. 

Dhaka 1000 800 2000 5000 4000 7000 3000 8000 4000 120 

Bogra 4500 5500 3000 1000 3000 5000 6000 12000 6500 125 

Chittagong 6000 5000 6500 10000 9000 12000 3000 1000 2000 75 

Demand 

Truck 

Load (TL) 

20 40 20 55 50 45 20 50 20   

 

Table 7  Solution table for the transportation problem 

Source 

Destination 

Total 

 

Supply 

 

Gazipur 
Narayan 

gang 
Tangail Rajshahi Kustia Khulna Comilla 

Cox-

Bazar 
Feni  

Shipment Quantities (Truck loads) 
 

 

Dhaka 20 40 20 0 25 0 15 0 0 120 = 120 

Bogra 0 0 0 55 25 45 0 0 0 125 = 125 

Chittagong 0 0 0 0 0 0 5 50 20 75 = 75 

Total 20 40 20 55 50 45 20 50 20      
                

Demand 

Truck 

Load(TL) 

20 40 20 55 50 45 20 50 20 Tk.697,000    

The solution of the corresponding transportation problem for a product category shows 

what the distribution cost would be for shipment the product category from those plants to the 

distribution centers and customer zones. To formulate and solve a transportation problem 

using Excel Solver, two separate tables need to be entered on a spreadsheet. The first one is 

the parameter table. All the parameters of the model are included in the parameter Table6. 

The second is the solution Table7, containing the quantities to distribute from each source to 

each destination. The optimal total cost and distribution quantities have been shown in the 

solution Table 2. 

4. Conclusions 

The current trend of linear optimization is to select an objective function from judgment. 

Often, this is either cost minimization, or profit maximization. However, this judgmental 

selection of objective function is erroneous, thus sacrifice the objective of optimization. This 

research provides an idea that AHP, a technique of MCDM (Multi Criteria Decision Making), 

can be used to justify selection of the right parameter as the objective function of a linear 

optimization technique. Thus, the approach used in this research is logically expected to 

provide better results. However, as many of the parameters used in this optimization process 

are fuzzy in nature, a Fuzzy AHP or other fuzzy MCDM techniques can provide ever more 

accuracy in decision making. In future, a fuzzy MCDM technique can be used. Artificial 

Neural Network analysis can also be looked into. 
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