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Abstract
The analytical hierarchy process (AHP) is not as effective and efficient as the
pairwise comparison (PWC) matrix. The aim of this research is to tackle the
weaknesses of the AHP and then applied them to a real-life case of new supplier
selection in the Indonesian steel pipe industry. Some criteria are identified that
are relevant in the Indonesian steel pipe companies to select new suppliers. A
total score is calculated for each supplier and this ranking is used to identify the
best one. In this research, the decision maker created the sorting of the criteria
used in supplier selection. The matrix of PWC was constructed based on the
sorting. Then, the weight of each criterion was calculated using AHP. The result
of the method was an improvement over previous methods, because the value of
the consistency ratio (CR) was zero, indicating a high degree of validity. This
modified method was an improvement on the AHP, with a consistent solution
without the need to repeat the calculation.
Keywords: Analytical hierarchy process (AHP), Consistency ratio (CR), Criteria,
Pair-wise comparison (PWC) matrix, Supplier selection.
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1. Introduction
Indonesia is developing a steel pipeline network for integrated gas distribution in
islands of Sumatera, Sulawesi, Kalimantan and Java. Thus, demand for steel for
pipes in Indonesia is increasing. Increased production capacity of steel pipes must
be balanced with the amount of supplied material. If suppliers of materials for steel
of pipes cannot guarantee the availability of materials required by the steel pipe
industry, many companies will be forced to stop or slow production. The
availability of materials is an important factor for the sustainability of the steel pipe
industry. Therefore, selection of suitable suppliers affects the performance and longterm sustainability of each company [1, 2]. Saen [3] commented that the objective of
selecting suppliers is not just to choose a supplier based on price or delivery time, but
the supplier is also expected to be a part of the life of the company. Thus, errors in
supplier selection should be avoided at the earliest possible time.
In order not to be wrong in choosing a supplier, it is necessary to assess them first.
The assessment should be based on criteria considered very important to the
company. Supplier selection is usually done by looking at past data relevant to each
criterion considered by the company. In fact, companies are often faced with the
problem of deciding on the selection of new suppliers who do not have a performance
record. In fact, these new suppliers could have a better performance going forward
than the old suppliers. Therefore, there is a need to select the right criteria for the
company so that they can be used appropriately in choosing a new supplier.
One method often used to choose suppliers is the Analytical Hierarchy Process
(AHP). According to Anojkumar et al. [4] and Azizi et al. [5], the quality of AHP
solutions are determined by a pairwise comparison matrix (PWM). The AHP solution
is considered valid if the PWM is declared consistent. The weakness of AHP is that
if there are too many criteria (i.e., above 7 criteria), the decision maker must perform
a large number of pairwise comparisons [6], where it will be difficult to achieve
consistent results [7]. Then, AHP fails to reflect associated uncertainty and ambiguity
based on capture of expert judgments [8-10]. Saaty and Ozdemir [11], therefore,
recommended to use seven or fewer criteria. This recommendation is not easy to
achieve, because the number of criteria must be relevant to the real-life cases.
Another weakness of AHP is that it is not efficient. Patil and Kant [9] commented that
the pairwise matrix is formed via human judgment, which can very easily lead to
inconsistency due to great influence of subjective expert judgment and preference. Thus,
the decision maker should perform some revisions of the judgements provided [5]. The
decision maker must fill the matrix continuously until a consistent matrix is obtained [4].
This is a waste of time, effort, and cost. A further weakness of the PWC matrix is it only
uses nine-point scale numbers for judgments and for their resulting priorities [12].
According to Routroy and Kumar [10] and Bakhshimazdeh and Alikhasi [13], the
resulting PWC matrix is not sufficient to represent one’s perceptions and Ravikumar et al.
[14] explained it cannot accurately capture the correct decision. Thus, the matrix of PWC
is limited in solving vague problems and cannot reflect human thinking styles [10, 12].
Based on the explanation above, it can be concluded that the cause of AHP’s
lack of effectiveness and efficiency is the PWC matrix. This research proposes a
modification in making of the PWC matrix to produce more consistent results.
Thus, the AHP solution is much more likely to be valid. In addition, the study also
proposes new criteria that can be used to select new suppliers for the Indonesian
steel pipe industry.
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2. Literature Review
Our initial goal was to investigate the selection of criteria in previous supplier
selection research. The articles were retrieved from academic databases including
Science Direct, Emerald, Springer-Link Journals, Francis & Taylor, and
Inderscience. The keywords for our search were “supplier selection” and “vendor
selection.” Only articles that had been published between 2016 and 2018 was use.
To achieve the highest level of relevance, this study only included articles from
international journals. Conference articles, master and doctoral dissertations,
textbooks, unpublished articles, and notes were not included in this review.
A number of 349 articles is collected. Every article was carefully and strictly
selected in accordance with the scope of our research. There were 25 articles
included in total. Criteria that were used in the research sample were price [15-37],
discount [20], payment term [19, 38], quality [16-39], quality management [23, 25,
30, 33, 35, 38], delivery [16-18, 20-30, 34-40], packaging [20, 38], flexibility [1620, 23, 26, 28, 32, 34-37, 40], shipment [23, 39, 41], location [17, 20, 23, 38, 40],
accessibility [19, 20, 31, 35, 38], customer service [19, 22, 23, 25, 27-29, 35-39],
relationship [9, 16, 17, 20, 23, 25-28, 34], financial and capital [15, 16, 19, 23, 25,
27-29, 40], reputation and experience [15, 19, 20, 23-25, 28, 29, 33, 38],
organization and management [16,19,26,28,30,38], human capital [15, 16, 19, 23,
39], company culture [17, 31], production planning [19, 23, 32], facilities support
system [15, 19, 24, 29, 37, 40], production capacity [18, 20, 23, 24, 26, 33, 34, 37,
40], product design [19, 25, 26, 28, 32, 33, 41], technology capability [17, 19, 21,
23, 25-29, 33, 34, 36, 40], health and safety [19, 23, 28, 37], stakeholders rights
[23, 30, 37], social responsibility [19, 25, 30, 31, 33], unrest of social politic [31],
legality [19, 31, 37], pollutant control [19, 30, 31, 34, 35, 37], and green
competence [21, 24, 25, 28, 30, 31, 34, 35].
Companies can easily evaluate old suppliers, but it is very difficult to evaluate
new suppliers. New suppliers usually offer proposals consisting of offered price,
terms of payment, discounted price, and warranty, but all these criteria are
commonly used to select suppliers in general. The new suppliers do not have
historical performance data, however, so the company can only estimate their
performance. This is inherently risky for the company. Therefore, it is necessary to
identify new criteria in the selection of new suppliers, which can only be found in
real cases; often each case will have different new criteria. The criteria found in the
literature were ultimately used as a source for the seven evaluation criteria used in
the case study discussed below; these criteria were narrowed down based on the
circumstances of the particular supplier situation in the case study.

3. Theory Foundation
3.1. Analytical hierarchy process (AHP)
Saaty [42] fully described, that there are three steps in AHP. The first, we must
make the PWM, shown in Eq. (1). This matrix contains the values of comparison
between criteria. The values of these comparisons involve the judgment of the
decision maker. The next step is to calculate the normalization matrix, as in Eq. (2).
Equation (3) is the final step, producing the relative weights of each criterion.
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(1)

The aij value is equal to 1 if criteria i and criteria j are equally important. The
values of aij differ depending on the relative importance of the two criteria. For
instance, aij = 3 if criteria i is moderately more important than criteria j; 5 if
criteria i is strongly more important than criteria j; 7 if criteria i is very strongly
more important than criteria j; and 9 if criteria i is extremely more important
than criteria j. If criteria i is compared with the criteria j and that a judgment
matrix aij is obtained, then the judgment matrix between criteria j and criteria i is
rji =1/rij [42].
 a11
 n
  ai1
 i 1
 a 21
 n
N ij    ai1
 i 1
 ...
 a n1
 n
  ai1
 i 1

a12

a
i 1

i2

a 22
n

a
i 1

i2

...
an2
n

a
i 1

a1n 

ain 


i 1
a2n 
... n

ain 


i 1
...
... 
a 
... n nn 
ain 


i 1

...

n

i2

n




 a


a
  11  a12  ...  1n . 1 
n
n
n

 n 
a in   

   a i1  a i 2
i 1
i 1

  i 1





W1 
W    a 21
a 2 n   1 
a 22

. 
 n
 ...  n
Wi   2     n
  n 
     a i1  a i 2
a

in 

    i 1
i 1
i 1


Wn  






an2
a nn   1 
  a n1


 n
 ...  n
. 
 n
  n 
   a i1  a i 2
a

in 
  i 1

i 1
i 1


(2)

(3)

3.2. Model validation
The goal of this stage is to assess the validity of the AHP solution. As noted in
[42], there are three calculations involved in this process, shown in Eqs. (4) and
(5). The result of this second stage is the CR value. If this value is below 0.1, the
CR is acceptable, and then the solution in the first stage is valid [42]. The 10
percent rate is the minimum limit where a disagreement can be tolerated. This
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limit of CR indicates a good level of consistency in the comparative judgments,
which are represented in the PWC matrix [4]. Based on the studies by Anojkumar
et al. [4], in contrast, if CR value is more than 10 percent, inconsistency of
judgments within the matrix of PWC has occurred. The greater the CR value the
greater the difference of judgements, and the greater their inconsistency. Thus,
the smaller the difference of judgements the more consistent they are, and the
greater the agreement between decision makers. If the solution is invalid, then
the process of AHP is repeated.

 1   (a11W1  a12W2  ...  a1nWn )(1 / W1 ) 
  (a W  a W  ...  a W )(1 / W ) 
2n n
2 
i   2    21 1 22 2
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(4)

 1 n

( n  i )  n

CR =  i 1
RI (n  1)

(5)

The random index (RI) values for each number of different criteria are given in
Table 1.
Table 1. Random index [11].
n
RI

1
0

2
0

3
0.52

4
0.89

5
1.11

6
1.25

7
1.35

8
1.4

9
1.45

10
1.49

11
1.52

12
1.54

3.3. Modified AHP
In modified PWC matrix proposed here, the decision maker must determine the
importance level of the criteria. The importance level is based on the opinion of the
decision maker. The decision maker first determines what criteria will be used to
select suppliers. Then, they will write down the criteria in order. The first sequence
is more important than the next sequence. This sequence indicates the importance
level of each criterion. for supplier selection. The final level of importance of each
criterion from many decision makers is combined by geometric means. According
to Hruska et al. [43], in this step, Eq. (6) is used. Then, the PWC can be obtained
by comparing the importance level of the criteria.
1

2

CGi = m Ci Ci

...Cim

(6)

The various stages in the selection of suppliers of the proposed method are seen
in Fig. 1. The first stage is identification of the criteria considered in the supplier
selection. The second stage is determining the ranking of criteria. Both of these
stages are performed by the company prior to the PWC procedure. The third stage
is determination of criteria weights using the PWC matrix. The fourth stage is
supplier scoring. This scoring is based on the data about or provided by the supplier
and the weighting of the criteria. Model validation uses the CR value. If CR is less
than one, then the solution of criteria weights and supplier scoring are valid. If CR
is more than one, then the second stage is repeated again.
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Identification of criteria in supplier
selection

The company determine ranking
of criteria in supplier selection

Construct the pair-wise
comparison matrix

Collection of data in supllier

Scoring of supplier

Validation

NO
CR<1?

Determine the eigen value matrix
and eigen value maximum

YES

Calculation of consistency ratio
(CR)
The results is valid

Supplier selection

Fig. 1. Flow chart of the proposed method to select supplier.

4. Case Study
4.1. New supplier
Most supplier selection research is only on selection of old suppliers; this study
focused on selecting new suppliers. To build the concept of research on the
selection of new suppliers, the case of steel pipe companies in Indonesia was used.
The steel pipe industry in Indonesia has undergone some recent retrenchment
and reorganization. Therefore, there only three companies were used in this
research, namely PT. Bumi Kaya Steel; PT. Bakrie Pipe Industries; and PT. Raja
Besi. PT. Steel Pipe Industry of Indonesia (SPINDO) only produces seamless steel
pipe, while this research focused on companies that produce welded straight pipe.
Typically, the main supplier of raw materials is PT. Krakatau Steel. However,
there are nine potential competitors with the ability to produce steel plate as raw
material of steel pipe industry that could become new suppliers: PT. Master Steel
Manufacturing; PT. Gunung Garuda; PT. Toyo Giri Iron; PT. Interworld; PT.
Jakarta Central Asia; PT. Jakarta Cakra Tunggal; PT. Jatim Taman; PT. Hanil Jaya;
and PT. Ispatindo. Of these, the latter three companies were not willing to become
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new suppliers, as they only focus on supplying companies in their immediate area.
Thus, the sample was restricted to the first six listed suppliers.
Thus, the case study involved three existing steel pipe factories in Indonesia
selecting a new supplier to meet the raw material of steel plate (slab). As noted above,
the prospective suppliers of slab previously had never produced steel plate for the
steel pipe industry, but had the ability or technology to produce steel plates. Steel
products that have been produced from the potential suppliers have been used by
other companies, and thus already have a number of cooperative relationships with
other companies and a strategy to maintain this cooperation, such as enhanced
delivery performance. Thus, a reputable supplier will easily obtain recommendations
or awards and references from external or other companies. This reputation is also
reflected in how long the cooperative relationship has existed between the supplier
and the other customers.
Based on the brief description of the prospective suppliers, and by looking at
the literature study in the previous chapter on the list of criteria that has been used
in previous research, the research proposed seven criteria that are highly relevant
as consideration of new supplier selection but have not been used in previous
research: supplier motivation, the number of suppliers supplied, the length of
cooperation with other companies, supplier strategies in order to maintain
cooperation with other companies, delivery performance, awards from outsiders,
and the supplier’s references.

4.2. Result and discussion
Usually, the criteria that are often used to choose suppliers are price, discount,
ease of payment method, and quality. These criteria will surely be the same for
each supplier. Therefore, new criteria were needed to select new suppliers. These
criteria are the supplier's motivation, the number of suppliers supplied, the length
of time in a cooperative relationship with other companies, the supplier's
strategies in order to maintain cooperation with other companies, the
delivery performance that has been given to other companies, the award from
outsiders, and the suppliers' references. Each of these criteria were weighted
using modified AHP. The data required in weighting is the value data for each
criterion, obtained from the procurement manager of each steel pipe company,
and shown in Table 2.
The explanation of Table 2 is as follows. First of all, the decision maker listed
all the criteria used. This list starts from the criteria considered the most important
to the criteria that is not important. Criteria that are in the first list are given the
greatest value. If there are n criteria, then the largest value is n, and the smallest
value is 1. For example, the decision maker of PT Bakrie chose the motivation (C1)
as the first on the list. Then the value of the criteria of motivation is 7 (Cr1 =7),
because there are 7 criteria considered. While the criteria of references (C7) have a
value of 1 (Cr7 =1), because it is last on the list. Because there is more than one
decision maker, then the final value of the motivation criteria should be combined.
This combined value is obtained using Eq. (6). So, the final value of the motivation
criteria (CG1) is 3 C11C12C13  3 7 x7 x5 or 6.26.
Using Table 2, the PWC and criteria-weighting were established, as shown in
Table 3. If criteria Ci is compared with criteria Cj, then the aij for PWC matrix is
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Ci/Cj. When, for example, criteria C1 is compared with criteria C2, then the a12 for
PWC matrix is C1/C2 or 6.26/3.30 or 1.895. To obtain the relative weights of each
criterion, we used Eq. (3). For example, the relative weights of criteria C1 (W1) are
n 7

n 7

n 7

n 7

n 7

i 1

i 1

i 1

i 1

i 1

the value of [a11/  ai1 + a12/  ai 2 + a13/  ai 3 + a14/  ai 4 + a15/  ai 5 + a16/
n 7

n 7

a
i 1

i6

+ a17/  ai 7 ] or [(1/4.35) + (1.895/8.243) + (2.733/11.888) + (4.966/21.603)
i 1

+ (1.053/4.58) + (1.108/4.82) + (2.483/10.802)] multiplied by [1/n or 1/7]. From
this calculation, the relative weights of criteria C1 (W1) of 0.23 is obtained.
Table 2. Data of each criterion.
Criteria
Motivation (C1)
No of company
supplied (C2)
Long cooperation
(C3)
Maintain
cooperation (C4)
Delivery history
(C5)
Award form
outsider (C6)
References (C7)

PT. Bakrie
Rank
Cr1
1
7.00

PT. Bumi Kaya
Rank
Cr2
1
7.00

PT. Raja Besi
Rank
Cr3
3
5.00

CGij
6.26

4

4.00

5

3.00

5

3.00

3.30

5

3.00

6

2.00

6

2.00

2.29

6

2.00

7

1.00

7

1.00

1.26

3

5.00

2

6.00

1

7.00

5.94

2

6.00

3

.00



.00

5.65

7

1.00

4

4.00

4

4.00

2.52

Table 3. Pairwise comparison.
C1
C2
C3
C4
C5
C6
C7
Weight
CR

C1
1.000
0.528
0.366
0.201
0.950
0.902
0.403
0.230
0.000

C2
C3
1.895
2.733
1.000
1.442
0.693
1.000
0.382
0.550
1.800
2.596
1.710
2.466
0.763
1.101
0.121
0.084
(Consistent)

C4
4.966
2.621
1.817
1.000
4.718
4.481
2.000
0.046

C5
1.053
0.556
0.385
0.212
1.000
0.950
0.424
0.218

C6
1.108
0.585
0.405
0.223
1.053
1.000
0.446
0.207

C7
2.483
1.310
0.909
0.500
2.359
2.241
1.000
0.093

The most important thing in supplier assessment is the scoring for each criterion.
In order that the score for each criterion is uniform, a scale based on 10 was used.
The scores assigned are 0, 2, 4, 6, 8, and 10. Thus, if the supplier has an amount of
motivation is 1, then the score is 2; if the supplier has the amount of motivation is
2, then the score is 4, and so on. The explanation of the scores of each criterion can
be seen in Table 4.
The averaged data for each supplier for each criterion can be seen in Table 5.
Each supplier had one reason to motivate them to supply the pipe manufacturers.
PT. Mater Steel had the largest number of supplied companies. However, the
average length of cooperation with the supplied company was smaller than that of
PT. Gunung Garuda. PT. Gunung Garuda worked with other companies for about
24 years. Both of the abovementioned companies had the same number of ways

Journal of Engineering Science and Technology

December 2018, Vol. 13(12)

3902

A. Ristono et al.

(three) to maintain such cooperation, less compared than PT. Cakra Tunggal, i.e.,
five. PT. Master Steel had the longest delivery history compared to other suppliers.
All suppliers had no reference, but all have external rewards. The supplier with the
most number of outside awards was PT. Cakra Tunggal.
The data are then scored based on the score shown in Table 4, then
multiplied by the criteria weight. The results of multiplying the score with the
weight of criteria for each factor are then summed up. This sum is called the
total score. The result of multiplying the score with criteria weight and total
score for each supplier can be seen in Table 5. An example of the calculations
in Table 5 follows.
Table 4. Score of each criterion.
Motivation (C1)
0
1
2
3
Score
0
2
4
6
Number of companies
0
1
2
3
supplied (C2)
Score
0
2
4
6
Rate of long cooperation
0
1
2
3
(C3) (year)
Score
0
2
4
6
Maintain cooperation (C4)
0
1
2
3
Score
0
2
4
6
Rate of delivery
>5
5≥x>4 4≥x>3 3≥x>2
history (C5)(day)
Score
0
2
4
6
Award from
0
1
2
3
outsider (C6)
Score
0
2
4
6
References (C7)
0
1
2
3
Score
0
2
4
6

4
8

≥5
10

4

≥5

8

10

4

≥5

8
4
8

10
≥5
10

2≥x>1

≤1

8

10

4

≥5

8
4
8

10
≥5
10

PT Master Steel has an amount of motivation is 1, giving a score for criteria
C1 of 2. The number of companies it supplies is 11 with rate of long cooperation
5 years; the scores of criteria C2 and C3 are both 10. PT Master Steel has three
strategies to maintain the cooperation, giving a score for criteria C4 of 6. Time of
delivery in PT Master Steel was on average 4 days, giving a score of criteria C5
of 4. PT Master Steel has five awards from outsiders and has no references; the
scores of criteria C6 and C7 are 10 and 0, respectively. The total score of PT
Master Steel is W1·C1 + W2·C2 + W3·C3 + W3·C3 + W4·C4 + W5·C5 + W6·C6 + W7·C7
or (0.23)(2) + (0.121)(10) + (0.084)(10) + (0.046)(6) + (0.218)(4) + (0.207)(10)
+ (0.093)(0) = 5.74.
The total scoring of each supplier is seen in Fig. 2, which the best supplier based
on the weighted criteria scores is PT. Cakra Tunggal. These results are based on a
combination of assessments of three steel pipe companies. In fact, each company
provides different assessments. This is another advantage of the proposed method.
By using contiguous contribution levels, then the criterion weight has a small
margin. Thus, if a criterion ranks differently for different companies but not too
much different, then the results will be the same.
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Table 5. Data and total score of each supplier

PT. Master Steel
PT. Gunung
Garuda
PT. Toyo Giri
PT. Interworld
PT. Jakarta
Central Asia
PT. Cakra
Tunggal
Weight

C1

C2

C3

C4

C5

C6

C7

1.00

11.0

5.00

3.00

4.00

5.00

0.00

Total
score
5.74

1.00

2.00

24.0

3.00

1.50

3.00

0.00

5.06

1.00
1.00

6.00
3.00

4.67
21.0

1.00
1.00

1.50
1.50

2.00
2.00

0.00
0.00

5.02
4.70

1.00

2.00

4.00

1.00

1.50

0.00

0.00

3.46

1.00

7.00

9.00

5.00

1.50

7.00

0.00

6.80

0.230

0.121

0.084

0.046

0.218

0.207

0.093

Fig. 2. Total score of suppliers.

4.3. Validation
To validate the result, CR was used. The first step this step is calculation of the
eigenvalue of each criterion (i) using Eq. (4). The example of this calculation
follows. For criterion 1, 1 = [a11·w1 + a12·w2 + a13·w3 + a14·w4 + a15·w5 + a16·w6 +
a17·w7] · [1/w1] = [(1 · 0.23) + (1.895 · 0.121) + (2.733 · 0.084) + (4.966 · 0.046) +
(1.053 · 0.218) + (1.108 · 0.207) + (2.483 · 0.093)] · [1/0.23] = (1.609/0.23) = 7.
By using Eq (5) consistency index (CI) can be calculated, CI = [1 - n]/[n - 1]
= [7 - 7]/[7 - 1] = 0. Then, CR is zero, because CR = 0 / RI=0. Based on this CR
value, it can be seen that the result is absolutely consistent. This is the most
important advantage over using the original AHP method; the proposed method is
more likely to produce a valid solution. Using the original AHP, it will be very
difficult to obtain CR equal to or approaching zero.

5. Conclusions
A modification of AHP-based model of MCDM, which enables Indonesian steel
pipe companies to assess the critical criteria in supplier selection, has been
developed. The proposed scorecard model enables steel pipe companies to assess
suppliers. First, in order to obtain the data for the model, it requires steel pipe
companies to first acquire an in-depth understanding about the suppliers in its sector
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or industry. Second, the output obtained by the model focuses supplier selection.
Third, it allows reliable discovery of suppliers with the highest score, enabling the
optimal choice of new suppliers. The proposed model allows varying the weights
of the criteria based on decision maker. Proposed method of modified AHP is
effective without repeating judgement processes and capable of obtaining
consistent PWC matrices.
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Nomenclatures
aij
CGi
Ci
Cri
M
Nij
n
Wi

Pair-wise comparison value of criteria i and criteria j
Combination of importance level of criteria i
Criteria i
Importance level of criteria i by decision maker r
Number of decision maker, person
Normalisation of pair-wise comparison matrix of criteria i and criteria j
Number of criteria
Weight of criteria i

Greek Symbols
λi
Eigen value of the criteria i.
Abbreviations
AHP
CR
MCDM
PWC
RI

Analytical Hierarchy Process
Consistency ratio
Multi criteria decision making
Pair wise comparison
Random index
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