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Abstract: In today's real world, many quantitative and qualitative factors such as profitability,
quality, price, flexibility, together with developments and innovations must be taken into account
to make decisions. For this purpose, to determine the rates and the weights, the linguistic
variables can be used and they can be expressed in the form of fuzzy numbers. In this study, one
of the multi-criteria decision-making methods called Analytic Hierarchy Process (AHP) in the
states of Classic and Fuzzy are investigated to obtain the weight of effective parameters on
products prioritizing of Fars Green Pipes Factory. Following data collection, the two mentioned
methods are used comparatively. Due to the differences in the obtained results, the accuracy is
calculated by the index of Mean Square Error (MSE) and the following results are obtained: 1. in
both methods, the profitability index and the ease of transportation have respectively the
highest and the lowest weight of importance at the related case study .2. In conformity with the
existent reality, the fuzzy method has higher accuracy than classical method. This difference is
confirmed using the index of mean square error .

Keywords: Ranking, Products Prioritizing Indices, Multi Criteria Decision Making, Analytical
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INTRODUCTION

Each of managers’ tasks, such as planning, organizing, and controlling is the
manifestation of decision-making. The effectiveness of the decision, which is a
function of different quantitative and subjective factors, shows that the managers
have done their tasks effectively and efficiently and ultimately productivity that is
the major factor of capability in any organization to achieve its strategic goals in
long term will be fulfilled. Therefore, it is natural when managers face large and
complex factors; this process actually works difficultly and slowly .

As a result, the need to concentration, serious discussion and achieving
general agreements as well as the use of appropriate decision-making tools
prevent the disorder in decision-making as possible. Among the most important
decisions of directors are identification and ranking of effective indices on
products prioritizing based on achieving an appropriate number of desired goals?
In this regard, identifying influential indices on products prioritizing and obtaining
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the importance level of these criteria in business interests achievement seems to
be imperative.

Regard to the fact that ambiguity and uncertainty are inherently dominant in
the management sciences, particularly in the areas of planning and decision-
making . Important applied topics are associated with linguistic propositions.
Fuzzy sets, compared to the classical sets, are one of the most efficient methods
in decision-making issues . The input and output data of ambiguous topics are
examined by imprecise measures values. In recent years many efforts have been
made to resolve these ambiguities and uncertainties that ultimately have led to
the application of fuzzy sets theory in multi-criteria evaluation methods . Fuzzy
sets theory published by Professor Lotfi Zadeh in 1965 indicates the human
behavior understanding. It is applied to analyze the issues that are complex and
ambiguous and analyzing them by traditional common methods is faced with
high sensitivity. This theory allows the user to do verbal judgments by linguistic
expressions.

Generally, linguistic descriptions in comparison to numeric descriptions, are
a bit more specific and more accurate . Fuzzy methods compared with classical
methods have greater ability to measure and predict exactly. One of the classical
AHP problems that often cause concern to decision makers is the subjective
judgments in formulating paired comparison matrix. Therefore, classical Analytic
Hierarchy Process is not efficient for ranking the options based on paired
comparisons . In other words, this method does not have the capability to reflect
the human thinking style completely ~ and it is better predict for long-term and
make decisions in the real world using fuzzy sets '. When uncertainty must be
observed in some or all of the paired comparison values, in the classical AHP
method random values are used that are actually not appropriate .

It is more realistic that a decision maker can replace fuzzy judgments with
vague and imprecise judgments . The results of fuzzy AHP are more documented
and are closer to reality. In fact, the fuzzy decision theory tries to resolve
ambiguity and uncertainty inherent in the preferences, goals and limitations on
the issues of decision-making . According to this claim, the present study aimed
to evaluate the accuracy of the fuzzy Analytic Hierarchy Process (FAHP) and
classical Analytic Hierarchy Process (AHP) for ranking the effective indicators on
products prioritizing of Fars Green Pipes Factory by proposing the following

questions :
1- What are the effective indicators on products prioritizing ?
2- Is there any difference between fuzzy Analytic Hierarchy Process

(FAHP) and classical Analytic Hierarchy Process (AHP) in the evaluation and
determination of the indicators importance weight ?
3- Which of AHP and FAHP methods has higher accuracy?
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This section presents a summary of the studies done in the field of AHP and
FAHP. Extensive research has been done in the field of research methods some
of which is referenced in the following :

F.T.S Chan and K.H Chan have created a model for supplier selection and
have examined its application in the advanced technology industries. They used
Analytic Hierarchy Process and principle of quality management system to build
the supplier selection model. Regard to the fact that not all criteria of the issue
for supplier selection is quantitative, only a few have been used to formulate the
optimization

Jabbari has ranked Iranian industries based on economic indicators. In
this regard, he considered nine economic indicators, including value added and
production value as the benchmark and Iranian industries as the option. Using
AHP method, he attempted to rank them.

Results of multivariate analysis allocated the first rank to the production of
basic chemicals

Chi and Wu conducted a study on the financial assessment. In the first stage
using analytic hierarchy process, they evaluated and adjusted the calibration of
the initial financial evaluation system. They investigated thirteen financial
evaluation indicators and categorized them into 14 groups. In the second stage
using the DEA, they introduced a model whose output specified units that are
more efficient .

Ghodsi Poor presented a model to make decision for supplier selection
using analytic hierarchy process and linear programming .

Chan and Kumar introduced a model using fuzzy analytic hierarchy process
for the organization supplier's selection with regard to the risk factor

Chou and Liang combined fuzzy sets theory, the hierarchical analysis and
entropy concepts and used the presented model in performance evaluation and
ranking shipping companies

Duran and Aguilo introduced a hierarchical approach based on fuzzy multi-
criteria methods for the evaluation and justification of advanced manufacturing
technologies and involved strategic and economic criteria in the model

Tolga et al., investigated the issue of operating system selection using fuzzy
replacement analysis and fuzzy analytic hierarchy process. In this study, the
economic and non-economic aspects of the selection and ranking of operational
systems were considered

MATEREALS AND METHOD

One of the important steps before evaluating the study subject is to select
its appropriate model or models .

The model examined in this study consists of four stages. In the first stage,
the influencing indicators on products prioritizing of the factory are identified. In
the second stage, using paired comparison matrix and classical analytic hierarchy
process method the weight of each factor is set. In the third stage, the weight of
indexes is obtained using fuzzy analytic hierarchy process. Finally, in the fourth
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stage the error rate of each of the AHP and FAHP methods is calculated by
computing the mean square error (MSE). Implementing these four steps is
described below :

The first stage (indexes selection) :

One of the main components and stages of this study is deciding on the
indexes selection. Choosing the best set of indexes is a critical stage in any
decision-making study. The several effective indicators on products prioritizing
are identified through library and internet study of applied research and invoking
productivity technical resources, production management, production
scheduling, and so on. Then, 10 factors that are the most influential on factory
products prioritizing have been identified through interviews with the statistical
population, which included four specialists and experts in the production of
Shiraz green pipes (Lule sabz Gostar) factory.

These indicators include profitability, ease of production, product quality,
product safety, time consuming to produce, market availability, the
environmental impact of production, associating with technological
developments, customer demand, and ease of transportation .

The second stage (classical analytic hierarchy process) :

At this stage, through Analytic Hierarchy Process model the problem is
analyzed, and is divided into several easier parts. After determining the
indicators, paired comparisons are done between indices. Then the following
algorithm is gone by:

1. Filling the paired comparisons matrix: to fill the matrix of paired
comparisons, the scales of 1 to 9 is used to determine the relative importance of
each indicator compared to the other indicators (Table 1).

Table 1. Paired comparison in classical Analytical Hierarchy Process

Equal value 1
Slightly higher value 3
More value 5
Much more value 7
Absolute value 9
Intermediate value 2,46,8

Note: when the elements i and j are compared, one of the numbers in the
above table is assigned to it. In comparison of the element j with i, the inverse of
that number is assigned. So that we always have:

Xji = 1/xij

In addition, in paired comparisons matrix, the row i is compared with the
column j. therefore, all the elements of the main diameter of the matrix is the
number one. Furthermore, any value below the main diameter is the inverse of
the value above the diameter.
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2. Obtaining the arithmetic mean of each matrix row to the normalized
of paired comparisons (which refers to the relative weight): In this method, first
each column is normalized and then the elements line mean is computed to
obtain the weight vector.

3. To calculate the adjustment vector: the elements of weight set
vector are divided by the relative weights vector. Resulting vector is called
"inconsistency vector".

4, Computing the largest eigenvalues of the paired comparisons
matrix: To compute the largest eigenvalues of the paired comparisons matrix, the
elements mean of adjustment vector is calculated.

5. Calculation of inconsistency index: inconsistency index is calculated
as follows:

[l = (A Max-n)/(n-1)

6. Calculation of inconsistency rate

Inconsistency rate is calculated as follows:

IR =1l/IRI

Where, random inconsistency index is a value that is extracted from the
corresponding table. Random inconsistency index table is obtained based on
simulations as follows (Table 2).

In order to assess the validity of the questionnaire from the apparent
validity, using the professors and experts' opinion, the research questionnaire is
revised and final set. In order to assess reliability of the questionnaire, test-retest
method is used.

Therefore, the research questionnaire is first distributed among 15 directors
and senior experts of staff domain involved in evaluating the performance of
Hormozgan University of Medical Sciences. The questionnaire reliability is
computed using Cronbach's alpha coefficient of 0.87. Then, the questionnaire is
conducted among the entire population of the survey that is equal to 0.92. The
reliability of each of the aspects of the Balanced Scorecard is as the table below
shows.

The analysis is performed using descriptive statistics and simple frequency
and relative frequency. It is conducted based on fuzzy logic and MATLAB analysis
software.

Table 2. random inconsistency index

IRI 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.51

If the inconsistency rate is less than or equal to 1 (IRl < 1), there is
consistency in paired comparisons and it can be continued. Otherwise, the
decision maker must revise in the paired comparisons .

The third stage (fuzzy analytic hierarchy process):

Step 1: Drawing hierarchical chart
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Step 2: Defining the fuzzy numbers in order to perform paired comparisons:
in the present study verbal linguistic has been used instead of absolute numbers
to perform paired comparisons and to determine the indexes weight. Table 3
presents the verbal statements to describe the criteria importance compared to
each other.

Table 3. Linguistic phrases to describe the importance of standards

1 Equal (1,1,1)
2 Infinitely less important (1,2,3)
3 Very less important (2,3,4)
4 Less important (3,4,5)
5 Medium (4,5,6)
6 Important (5,6,7)
7 Very important (6,7,8)
8 Extremely important (7,8,9)
9 Absolute importance (8,9,10)

For fuzzy expressing of the problem and changing linguistic variables to to
fuzzy numbers, the triangular fuzzy numbers are used in the form of A = (I, m, n).
In this study, the membership function selected for fuzzy numbers is as follows:

0 x <l
_Jx—=1l/m-1 [<x<m
uix) = u—x/u—m m<x<u
0 xX>u

Step 3: Formulation of paired comparison matrix (A) using fuzzy numbers

|1 an 1 i=j
A= o« ilsta=is s s sis _

S : Ty {2,3,...,9,2—1,3-1,...,9—1 i %j
a1 ves 1

Step 4: Calculation of Sk for each of the rows. Sk which is a triangular fuzzy
number is calculated from the following equation:

n m n
Sk :ZM kj X ZZMU
j=1 i=1j=1

Where k denotes the number of rows, and i and j respectively indicate the
options and indexes.
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Step 5: Calculation of largeness degree of Sks compared to each other. If it
is assumed that M1 and M2 are two triangular fuzzy numbers, as follows:

M1 =(ly,m,ux) » Ma=(l1,my,uy)
Then their largeness degree is calculated as follows:
1 if my = m,
i otherwise

(uy—1lz)+(my-my)
Step 6: Calculation of the criteria weights in paired comparison matrices. To
achieve this goal the following equation is used:
w(@)=Min{V(5;=Sk)} k=1,2,3,...n k=l
Normalizing the values obtained above, through the following formula, the
weight vector of each criterion is obtained:

W =WO/I- W)

Fourth stage (calculation of Mean Square Error):

In this index, the smaller errors will be weighted larger. In other words, in
the comparison of methods, the method that has a much smaller error is elected.
This means that the method has higher accuracy. In the present study to
compare the accuracy and closeness to the existent reality in both classical and
fuzzy analytic hierarchy processes, MSE (Mean Square Error) is used. To compute
Mean Square Error, ri is the coefficient obtained from fuzzy or classical method, ki
is the coefficient obtained from the professionals viewpoint for each index and n
is the index number. The mathematical equation of this index is as follows **:

MSE = Z?=1(7;li_ki)2

RESULTS

The results obtained from the classical analytic hierarchy process (AHP)
shows that the profitability index has the first rank, and the transport index has
last rank. Weights obtained by AHP method for each of the indicators is given in
Table 4. Consistency rate in this method is equal to 0.812, which shows that the
performed calculations and the ranking results have high accuracy and the
consistency between the criteria is met.

Table 4. Weight of indexes by AHP method

10 3 2 8 7 9 5 6 4 1 Rank
0.001 0.15 0.151 0.082 00 0.03 0.1 0.08 0.131 0.205 Norm
8 alized

weigh

t
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The results obtained from the fuzzy analytic hierarchy process (AHP) shows
that the profitability index has the highest rank, and the transport index has
lowest rank of importance. Weights obtained by FAHP method is given in Table 5.
Consistency rate in this method is equal to 0.868, which shows that the
performed calculations and the ranking results have high accuracy. It means that
the consistency between the criteria is met in the best way.

Table 5. Weight of indexes by FAHP method

01 2 9 7 8 6 3 5 4 1 Rank
0 0.22 0.01 0.06 0.0 0.1 0.1 0.11 0.12  0.25 Norm
1 3 alized

weigh

t

Comparison of two methods of fuzzy and classical with the existent reality of
the effective parameters on products prioritizing (the normalized values obtained
from the responses of experts) shows that the results of indexes ranking in fuzzy
AHP method, in terms of priorities and accuracy, have very high consistency with
the results obtained from the experts’ point of view. However, the results of
classical analytic hierarchy process, despite of weaker accuracy and compliance,
is different in terms of priority order. Another sign of fuzzy AHP greater precision
compared to the classical method is the relative closeness of indexes and their
higher consistency with each other, which is clearly visible in this study. So that
the dispersion coefficient in fuzzy method is 0.045 and in classical method is
0.203. According to the results of Mean Square Error (MSE), the interval between
the indexes coefficients of classical method and fuzzy method is calculated by the
normalized ratio derived from experts’ opinion respectively 0.03,161 and
0.00,109.

CONCLUSIONS

Evaluation of effective parameters on products prioritizing, particularly,
determination of the importance weight of each of them play a constructing role
in the development and improvement of the manufacturing firms’ status. In this
regard, two decision-making methods of classical and fuzzy are used. Although in
both classical and fuzzy Analytic Hierarchy methods the profitability index and
the ease of transportation have respectively the highest and the lowest weight of
importance, the indexes ranking results in fuzzy method, in terms of priorities
and accuracy, are very highly consistent with reality. In MSE index the interval
between the indexes coefficients of classical method and fuzzy method is


http://code-industry.net/

Talebbeydokhti and Mardani., 2014

calculated by the normalized ratio derived from experts’ opinion respectively
0.03,161 and 0.00,109. MSE value is much smaller than in the fuzzy method and it
can confirm the above claim.
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