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Abstract: Inventory classification is very important to manage inventory properly. Products need to be classified appropriately for 
inventory classification, optimization and inventory forecasting. In this paper, the authors propose an integrated FAHP (fuzzy 
analytic hierarchy process) for multiple criteria ABC inventory classification. The analytical comparison of AHP and FAHP are also 
discussed. A case study was made in Unilever Brothers Ltd. Khulna, Bangladesh to observe the effects of fuzzy analytical hierarchy 
process. The proposed FAHP methodology is used to determine the weights of criteria which represents the ratio of how much more 
important one criterion is than another. The main objective of this paper is to implement the FAHP in the warehouse of Bangladesh. 
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Nomenclature 

AHP Analytical hierarchy process 

FAHP Fuzzy analytical hierarchy process 

TNF Triangular fuzzy number 

CI Consistency index 

CR Consistency ratio 

RI Randomly generated consistency index

1. Introduction 

The ABC inventory classification process is an 

analysis of a range of distinct items, referred to as 

stock keeping units, such as finished products into 

three categories: A—outstandingly important; B—of 

average importance; C—relatively unimportant, as a 

basis for an inventory control scheme. Each category 

can and sometimes should be handled in a different 

way, with more attention and intension being devoted 

to category A, less to B, and even less to C. The larger 

firms, with larger inventory investments, will often 

use a 12-class system [1]. 

AHP (analytic hierarchy process), since its 

invention, has been a tool at the hands of decision 

makers and researchers; and it is one of the most 

widely used multiple criteria decision-making tools. 

This method is the most suitable for the examined 

problem solving. It is necessary to mention important 

advantages of the AHP method, it gives possibility to 

distribute the criteria by several groups and to evaluate 

the significance of every group components 

independently; the computable consistency of the 

judgments allows controlling the accuracy of 

estimation; it does not require the special software; the 

algorithm of AHP operation and the table form of 

representation of principal and intermediate results 

give possibility to demonstrate visually the reason for 
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choosing the certain alternative. 

The traditional ABC classification has generally 

been based on just one criterion—the annual dollar 

usage of the items. There are other criteria that 

represent important considerations for management 

such as lead time, obsolescence, availability, 

substitutability, criticality, repair ability, commonality, 

certainty of supply, impact of stock-out, inventory 

cost, number of requests for the item in a year, 

scarcity, durability, order size requirement, stock 

ability, and demand distribution. In this paper, using 

fuzzy logic developed by through a simple and 

applicable method for multi-criteria inventory 

classification system. 

2. Comparison Models 

2.1 Classical AHP 

AHP is a method for ranking decision alternatives 

and selecting the best one when the decision maker 

has multiple criteria. It answers the question: “Which 

one?” With AHP, the decision maker selects the 

alternative that best meets his or her decision criteria 

developing a numerical score to rank each decision 

alternative based on how well each alternative meets 

them. 

In analytical hierarchy process, preferences between 

alternatives are determined by making pairwise 

comparisons. In a pairwise comparison, the decision 

maker examines two alternatives by considering one 

criterion and indicates a preference. These 

comparisons are made using a preference scale, which 

assigns numerical values to different levels of 

preference [2-5]. The standard preference scale used 

for AHP is 1-9 scale which lies between “equal 

importances” to “extreme importance” where 

sometimes different evaluation scales can be used 

such as 1 to 3. In the pairwise comparison matrix, the 

value 9 indicates that one factor is extremely 

important than the other, and the value 1/9 indicates 

that one factor is extremely less important than the 

other, and the value 1 indicates equal importance. 

2.2 AHP (Analytic Hierarchy Process) 

The AHP (analytic hierarchy process) methodology 

was developed by Thomass L. Saaty (Fig. 1). It is a 

powerful method in solving complex decision 

problems. The AHP helps the analysts to organize the 

critical aspects of a problem into a hierarchical 

structure similar to a family tree. By reducing 

complex decisions to a series of simple comparisons 

and rankings, then synthesizing the results, the AHP 

not only helps the analysts to arrive at the best 

decision, but also provides a clear rationale for the 

choices made [6]. 

The above judgment matrix may be consistent if 

aij·ajk = aik. 

For all values of i, j, k, in the above judgment 

matrix, sum of the element in a column, 

yk = Σaij 

where i = 1, 2, … n and j = 1, 2, … n. 

Geometric mean is calculated as 

bk = [(ak1) · (ak2)… (akn)]
1/n 

where k = 1, 2… n. 

Normalized weights are calculated as 

Xk = 	  

Acceptability of alternative or attribute is measured 

in terms of CR (consistency ratio): 

CR = CI/RI 

Atty’s measure of consistency is done in terms of 

CI (consistency index): 

CI =  

where λmax = y1x1 + y2x2 + …+ ykxk …+ ynxn = Σykxk = 

largest Eigen value of matrix of order n. 
 

 
Fig. 1  The analytic hierarchy process. 
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Now, some RI (randomly generated consistency 

index) values are given in Table 1 from Ref. [6]. 

The size of the matrix define the acceptable CR 

range, i.e., 0.05 for a 3 by 3 matrix, 0.08 for a 4 by 4 

matrix and 0.1 for all larger matrices, n ≥ 5. The CR 

value defines the evaluation of matrix. When the CR 

value becomes equal or less than that value evaluates 

the matrix as acceptable or a good level of consistency. 

Again when the CR value becomes greater than the 

acceptable value defines inconsistency of judgments 

within that matrix has occurred. This also defines the 

evaluation process should again reviewed, 

reconsidered and improved. The acceptable 

consistency ratio determines where the improvement 

is necessary, which set of criteria should be given 

more priority. 

3. Why FAHP Instead of AHP? 

In the conventional AHP, the pair wise comparisons 

for each level with respect to the goal of the best 

alternative selection are conducted using a nine-point 

scale. So, the application of Saaty’s AHP has some 

shortcomings as follows [6]: (1) The AHP method is 

mainly used in nearly crisp decision applications; (2) 

The AHP method creates and deals with a very 

unbalanced scale of judgment; (3) The AHP method 

does not take into account the uncertainty associated 

with the mapping of one’s judgment to a number; (4) 

Ranking of the AHP method is rather imprecise; (5) 

The subjective judgment, selection and preference of 

decision-makers have great influence on the AHP 

results. In addition, a decision-maker’s requirements 

on evaluating alternatives always contain ambiguity 

and multiplicity of meaning. Furthermore, it is also 

recognized that human assessment on qualitative 

attributes is always subjective and thus imprecise. 

Therefore,  conventional  AHP  seems  inadequate  to 
 

Table 1  Randomly generated consistency index for 
different size of matrix. 

n 1 2 3 4 5 6 

RI 0 0 0.5 0.90 1.12 1.24 
 

capture decision maker’s requirements explicitly [5, 7-9]. 

4. Methodology 

4.1 Steps of AHP and FAHP Model 

AHP (analytic hierarchy process) and FAHP (fuzzy 

analytic hierarchy process) are used to determine the 

relative weights of the attributes or criterions and to 

classify inventories into different categories through 

training the data set. 

The main steps of the AHP and FAHP models are 

Step 1. Define the criteria 

Step 2. Pick the alternatives 

Step 3. Establish hierarchy 

Step 4. Calculate the weights of the criteria 

Step 5. Check CR (consistency ratio) 

Step 6. Calculate the final ratings 

4.2 Calculation of the Weights of the Criteria 

The priorities of the factors of each level have been 

calculated in a pairwise way using Saaty’s intensities 

of importance as shown in Table 2. Each of them is 

defined as triangular fuzzy membership functions. The 

ranges of linguistic values were predetermined by 

intuition. 

4.3 Data Collection 

Unit price, last year consumption or annual demand, 

last use date, criticality, durability, reliability, delivery 

time of 307 products of Unilever Bangladesh Ltd. has 

been collected. Range and value for the transformation 

of last use date, criticality and durability are shown in 

Tables 2-7. Every table has different parameters with 
 

Table 2  Transformation of last use date. 

Range Value 

Used within a day 10 

Used within 10 days 9 

Used within 30 days 7 

Used within 6 months 4 

Used within a year 2 

Used more than a year 1 
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Table 3  Transformation of reliability. 

Mean time before failure Value  

Greater than 1 year 10  

6 < month < 8 8  

3 < month < 6 5  

1 < month < 3 3  

Within 10 days 1 
 

Table 4  Transformation of durability. 

Range Value  

> 10 days 10  

> 30 days 8  

> 6 months 6  

> 1 year 2  

< 1 year 1 
 

Table 5  Transformation of availability. 

Range Value  

At the starting of week 10  

At the middle of week 8  

At the end of week 5 
 

Table 6  Transformation of criticality. 

Range Value  

Extremely critical  5  

Moderately critical 3  

Non critical 1 
 

Table 7  Transformation of delivery time. 

Range (hrs) Value  

Time > 10 6  

5 < time < 10 8  

Time < 5  10 

a value in a range from 1 to 10. The range value 

defines different importance. The range value 10 

defines most important, 9 is less important than 10 

and so on. Here related parameters have been found 

out for unit price, last year consumption or annual 

demand, last use date, criticality, durability, reliability, 

delivery time and they also have been rated in a value 

shown in Tables 2-7. 

4.4 Determination of the Weights of Criteria Using 

AHP 

The aggregated pairwise comparison matrix of the 

fourteen experts or decision maker’s with respect to 

the overall objective is shown in Table 8. 

The maximum value of Eigen vector from the 

below matrix of Table 8, λmax = 8.968402; CI = (λmax - 

n)/(n - 1) = 0.138343; Random index for the matrix of 

order 5, RI = CR = CI/RI = 0.098115. As CR < 0.1, the 

level of inconsistency present in the information 

stored in comparison matrix is satisfactory. 

The weight of each success factor is depicted in Fig. 

2 shows that the annual demand has higher priority 

than the other criteria. 

The weights of the criteria represent the ratio of 

how much more important one criterion is than 

another, with respect to the goal or criterion at higher 

level. 

4.5 FAHP Calculation 

The priority weights are shown in Table 9. The 

priority weights of each alternative with respect to the 
 

Table 8  Aggregated comparison matrix of the attributes for AHP model. 

Attributes Unit price Annual demand Criticality Last use date Durability Availability Reliability Delivery time

Unit price 1 2 1.5 1.25 1.15 1.75 1.1 1.05 

Annual demand 0.5 1 1.15 1.75 1.1 2.15 2.75 1.75 

Criticality 0.6667 0.869565 1 1.1 3.5 1.05 5.5 1.05 

Last use date 0.8 0.571429 0.909091 1 1.75 2.75 1.05 5.25 

Durability 0.869565 0.909091 0.285714 0.571429 1 3.75 2.75 1.05 

Availability 0.571429 0.465116 0.952381 0.363636 0.266667 1 6.25 5.1 

Reliability 0.909091 0.363636 0.181818 0.952381 0.363636 0.16 1 1.25 

Delivery time 0.9523281 0.571429 0.952381 0.19076 0.952381 0.196078 0.8 1 
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Table 9  Aggregated fuzzy comparison matrix of the attributes for FAHP model. 

Attributes Unit price Annual demand Criticality Last use date Durability Availability Reliability Delivery time

Unit price 1, 1, 1 2.5, 3, 3.5 0.66, 1, 1.5 0.66, 1, 1.5 0.66, 1, 1.5 1.5, 2, 2.5 0.66, 1, 1.5 0.66, 1, 1.5 

Annual 

demand 

0.28, 0.33, 0.4 1,1,1 0.66, 1, 1.5 0.66, 1, 1.5 0.66, 1, 1.5 1.5, 2, 2.5 1.5, 2, 2.5 0.66,1,1.5 

Criticality 1.5, 1, 0.66 0.66, 1, 1.5 1, 1, 1 0.66, 1, 1.5 1.5, 2, 2.5 0.66, 1, 1.5 2.5, 3, 3.5 0.66, 1, 1.5 

Last use date 1.5, 1, 0.66 0.66, 1, 1.5 0.66, 1, 1.5 1, 1, 1 0.66, 1, 1.5 1.5, 2, 2.5 0.66, 1, 1.5 2.5, 3, 3.5 

Durability 1.5, 1, 0.66 0.66, 1, 1.5 0.4, 0.5, 0.66 0.66, 1, 1.5 1,1,1 1.5, 2, 2.5 0.66, 1, 1.5 0.66, 1, 1.5 

Availability 0.66, 1, 1.5 0.4, 0.5, 0.66 0.66, 1, 1.5 0.4, 0.5, 0.66 0.4, 0.5, 0.661, 1, 1 3.5, 4, 4.5 2.5, 3, 3.5 

Reliability 1.5, 1, 0.66 0.4, 0.5, 0.66 0.28, 0.33, 0.4 0.66, 1, 1.5 0.66, 1, 1.5 0.22, 0.25, 0.28 1, 1, 1 0.66, 1, 1.5 

Delivery time 1.5, 1, 0.66 0.66, 1, 1.5 0.66, 1, 1.5 0.28, 0.33, 0.4 0.66, 1, 1.5 0.28, 0.33, 0.4 0.66, 1, 1.5 1, 1, 1 
 

 
Attributes    

Fig. 2  Comparison of priority among the attributes using 
AHP model. 
 

main attributes were combined and the priority 

weights of each alternative were determined. 

Inconsistency of TFN used can be checked and the 

CR has to be calculated. The results obtained are 

Largest Eigen value of matrix, λmax = 8.784298; CI 

= 0.112; RI = 1.41 and CR = 0.0795. As CR < 0.1, the 

level of inconsistency present in the information stored 

in comparison matrix is satisfactory. 

The normalized value of this vector decides the 

priority weights of each criterion over another (Fig. 3). 

By the normalized weight vectors are calculated as 

W = (WUP, WAD, WC, WLUD, WD, WA, WR, 

WD) = (0.1514, 0.1280, 0.1514, 0.1514, 0.1166, 

0.1514, 0.683, 0.08175) 

4.6 Determination of Composite Priority Weights 

Using FAHP 

Finally, the composite priority weights of each 

alternative also calculated using modified FAHP 

methodology. Class A involves 75%, Class B involves 

 
Attributes   

Fig. 3  Comparison of priority among the attributes using 
FAHP model. 
 

15% and Class C involves remaining 10% of the total 

composite priority weights. 

In Table 10, the results of the comparative analysis 

of AHP and FAHP are given. Using AHP and FAHP 

model, the control scheme or appropriate class of 307 

items of Unilever Bangladesh Ltd. have been 

determined. It can be noted that different items 

belongs to different classes using different models. 

5. Conclusions and Suggestions 

In conclusion, fuzzy analytical hierarchy process is 

a suitable approach for project based on some 

assumptions. Again, it takes care of more stakeholders’ 
 

Table 10  Comparative analysis of AHP and FAHP for 
multi-criteria inventory classification. 

Model Class A Class B  Class C  Total items

Very important Important Unimportant 

AHP 215 61 31 307 

FAHP 230 46 31 307 
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preferences compared with classical AHP. As a result, 

this project work takes the weight vector of the criteria 

given by FAHP approach to provide support for 

further research. The new inventory classes also 

suggest the following inventory policies: 

 Class A: (1) Since the main inventory investment 

is devoted to class-A items, the tightest controlling 

and auditing levels should be applied; (2) Detailed 

recording systems should be established (via 

automated records). 

 Class B: (1) A periodic review policy may be 

adopted, less detailed forecasts and simpler purchasing 

procedures can be employed (economic order quantity 

may be used); (2) Rational levels of safety stock can 

be held for the class altering items which are clustered 

in class-A with a traditional ABC analysis. 

 Class C: (1) Some control and record processes 

may be ignored; (2) Some review periods may be 

irregularly scheduled. 
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