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ABSTRACT

In the competitive environment, warehouse design and optimization is very important 
for firm’s profîtability. In this study, a combined approach has been suggested for a 
Chemical material warehouse. The warehouse has been analyzed and optimized by 
using AHP, multi-criteria ABC analysis and mathematical optimization techniques 
consecutively.

AHP method and multi-criteria ABC analysis have been used to determine the most 
moving materials in the warehouse. An integer programming model has been 
developed and solved optimally by using an optimization solver for the minimization 
of the total handling.

Keywords: Analytical Hıerarchy Process (AHP), Multi-Criteria ABC Analysis, integer 
Programming, Assignment Problem
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Designing an effective warehouse layout requires carefully planning when running an effective 

and efficient business. In this study, a Chemical material warehouse has been analyzed and 

improved to reduce handling time. The fîrm has 170 Chemical products and 3 types of pallet such 

as CP1, CP3 and Euro pallet. Each product is carried by only one type of pallet and also there 

exists 8 hallways, totally 3188 shelves and 502 stacker areas. Shelves have different sizes 

according to the hallways. Each pallet has been placed in only one shelf. Pallets place the 

products in the stacker area and top shelves of the stacker area include same product. Thus, firstly 

products will be placed in stacker area.

The project has three stages. In fırst stage, the importance ratings of the criteria has been 

calculated with AHP method. Then products have been classifıed by using multi-criteria ABC 

analysis. Finally, mathematical model which is integer programming was developed which 

minimizes work order and haul of product in vvarehouse.
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Well-designed shelf space and warehouse enhances the enterprises’ stock investments and also 

increases customer satisfaction and sales and profıt margin. Yang solves the shelf space layout 

problem by developing an algorithm similar to the algorithm used to solve the knapsack problem. 

In this model, the proposed heuristic method distributed the rack space in descending order of the 

sales’ rate of each product relative to the area covered by the rack under certain constraints [1]. 

The shelves where the products are displayed and stocks are stored are one of the main sources of 

the enterprise. Therefore, it is important to decide how the shelf management should be done. 

Firms can increase their profıtability and decrease their costs by warehouse management Systems 

[2]. Non-linear programming model has been developed for shelf space allocation, which 

includes the area flexibility of the demand function as well as the cross product flexibility 

between products, and the lower and upper limit constraints of the supply and product quantities 

are included to the model structure by Cortjens and Doyle [3].

Analytical hierarchy process has been developed by Saaty in 1980 and it is used by a lot of 

researcher (Gajpal et al., 1994, Partovi and Burton, 1993, Partovi and Hopton, 1994) in ABC 

clasification. [4] The ABC analysis is an inventory categorization technique. ABC analysis 

divides an inventory into three categories- "A items" with very tight control and accurate records, 

"B items" with less tightly controlled and good records, and "C items" with the simplest Controls 

possible and minimal records. NG has developed a vveighted linear optimization model for the 

solution of the ABC stock classifıcation model with multiple criteria. In this model, ali criteria 

were transformed into a single scalar scorecard and inventory classifıcation was made by the 

ABC method using the calculated score [5]. A mathematical model for effîcient layout of a raw 

material warehouse has been developed and by Murat Çolak et al. in 2016. [6]
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METHODOLOGY OF RESEARCH

Analytical Hierarchy Process

AHP can be described as a decision making and forecasting method that gives the percentage 

distributions of decision points in terms of the factors affecting the decision, which can be used if 

the decision hierarchy can be defıned. The AHP relies on individual benchmarks on a decision 

hierarchy using a pre-defined comparison scale in terms of the factors that influence decision 

making and, the signifıcance of decision points in terms of these factors. As a result, differences 

in signifıcance are transformed into percentages on decision points. The steps to be taken in order 

to solve a decision making problem with AHP are described below:

The implementation of AHP method has four consecutive steps. In first step, data is collected 

from specialist and decision makers. Then pairwise comparison matrix is created by using 1-9 

scale. Comparison matrix is given Table 5.1.

Table 1. Comparison Matris Value

Expession Numerical Value
Equal Importance 1
Moderate Importance of one över 
another 3

Essential or Strong Importance 5
Very Strong Importance 7
Extreme Importance 9
Intermediate Values between the Two 
Adjacent Judgements 2,4,6,8

In second step, key criterion and their sub-criterion is calculated by using comparison matrix. In 

third step, consistency of matrix is checked, if consistency ratio is greater than 0.1, matrix is 

regulated. Consistency ratio is calculated by equation (1) and (2).

CI = (Xmax-n) / (n-1) (1)

CR = CI/RI (2)

Xmax expresses maximum eigenvalue of decision matrix and n expresses number of criterion. RI 

expresses random index and it may change by number of criterion. Final step of AHP method, 

weighted value is calculated related altemative. [6]
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ABC Analysis

ABC analysis is an inventory categorization method which consists in dividing items into three 

categories; A, B, C.

• A being the most valuable items,

• C being the least valuable ones.

The ABC approach States that a company should rate items from A to C, basing its ratings on the 

following rules,

• ‘A’ items are goods which annual consumption value is the highest; the top 70-80% of the 

annual consumption value of the company typically accounts for only 10-20% of total inventory 

items.

• ‘B’ items are the interclass items with a medium consumption value; those 15-25% of 

annual consumption value typically accounts for 30% of total inventory items.

• ‘C’ items are, on the contrary, items with the lowest consumption value; the lower 5% of 

the annual consumption value typically accounts for 50% of total inventory items.

Steps for the Classification of items

1. Find out the unit cost and the usage of each material över a given period;

2. Multiply the unit cost by the estimated annual usage to obtain the net value;

3. List out ali the items and arrange them in the descending value (Annual Value);

4. Accumulate value and add up number of items and calculate percentage on total inventory 

in value and in number;

5. Draw a curve of percentage items and percentage value;

6. Mark off from the curve the rational limits of A, B and C categories.

Multi - Criteria ABC Analysis

The usual ABC analysis classification based on single criterion, namely the value of annual use. 

Single criterion classification can also be done according to the other criteria but considered 

separately. However, the inventory managers need more than one factor taken into account 

simultaneously in classification.
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Mathematical Model Formulation

i: Products

j : Shelves

Cj: Volüme of shelf j

Vi: Volüme of product i

ki: Importance index on ABC of product i

dj: Distance of shelf j

If product i places shelf j, 1
Otherwise, 0

Min Z = Z;2ı kt * dj * Xtj (3)

%7=°ıXij = 1 Vj (4)

< ı Vi (5)

Cj > Vj (6)

Equation (3) expresses objective function and it minimizes total handling by using importance 

index on ABC analysis, distance of shelves and decision variable Xij. The class A products placed 

nearest the door than others such as Class B and Class C because they are most moving products. 

First constraint guarantees (4) that each product places down only one shelf. Second constraint 

guarantees (5) that each shelf has capacity for only one pallet. Third constraint is equation (6) that 

is related with capacity of shelf. If volüme of product is less than capacity of the shelf, pallets 

place down suitable shelf.
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RESULTS

Warehouse management is an important part of the supply chain management and creates huge 

cost for companies. Therefore, well designed warehouse increases firm’s profitability and 

continuity. In this study, Chemical warehouse was analyzed, then improvements of the warehouse 

effıciency were studied. In this project, we have 109 Chemical products and products were placed 

down into the stacker area with pallet. In the warehouse, 8 hallways, totally 3188 shelves and 502 

stacker areas. Shelves have different sizes according to the hallways. Top shelves of the stacker 

area involves same product. Pallet sizes and heights have been multiplied and product volüme has 

been found out.

Firstly, products were ranged accordingly multi-criteria ABC analysis. Afterwards, mathematical 

model was designed by using criteria weight from ABC analysis. The mathematical model was 

solved by using IBM ILOG CPLEX and products was placed down into shelf as a result of a 

mathematical model. The total handling was found 2391.509 (cm) via IBM ILOG CPLEX.
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