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Abstract— In today’s highly competitive business environment,
the rapidly changing customer demands and with the advent of
enterprise wide information systems, the managers are bound to
think beyond the conventional business processes and devise
new ways to squeeze out costs and improve the performance
without compromising on the quality at the same time. Supplier
evaluation and selection is one such area which determines the
success of any manufacturing firm. Supplier selection is the
problem wherein the company decides which vendor to select to
have that strategic and operational advantage of meeting the
customers’ varying demands and fight the fierce competition.
This paper presents a simple model based on Analytic
Hierarchy Process (AHP) to help decision makers in supplier
evaluation and selection, taking into account the firm’s
requirements. The article is intended to help new scholars and
researchers understand the AHP model and see different facets
in first sight.

Index Terms— Supplier Selection; Multi-Attribute Decision
Making; Analytic Hierarchy Process (AHP); Procurement
Strategy; Priority Weights

|. INTRODUCTION

In the dynamic and challenging environment, where
the product life cycles are increasingly getting short, the
changing customer demands, the competition to squeeze
out the costs and improve upon the delivery performance
it has become extremely important for the manufacturing
firms to select the best available resources. In order to
match up the pace of the competitors, it has become
equally important for the firms to work in close co-
ordination with one another. Supplier Selection is one
such area which provides the competitive edge to win the
market not only by improving the operational
effectiveness but also by the strategic alliance between
the firms. The dyadic relationship helps both the firms
flourish and prosper even in adverse conditions, reducing
the risks involved and bringing out the best possible
outcomes out of the existing limited resources. Supplier
selection involves various qualitative and quantitative
criteria and thus it is a Multi-Criteria Decision Making
(MCDM) problem and involves mitigating risk and
uncertainty. The decision makers need to analyze and
assess the suppliers based on the quantitative and
qualitative factors. A firm can decide upon the various
criteria based on the type of alignment it is looking with
the supplier. The set of evaluation criteria varies whether
the firm is looking for strategic partnership or just merely
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the operational effectiveness (to reduce costs), or whether
the relationship between the firms is a short or long term
relationship and moreover it also depends on the firm’s
internal strategy and supply chain strategy (efficiency
driven or responsive supply chain). The article discusses
the application of AHP for solving the supplier evaluation
and selection problem based upon the firm’s internal
strategy and criteria. This paper would help in giving a
quick insight to the AHP and future work in the related
area. It is strongly believed that the article would help the
practicing scholars get the different facets of AHP.

Il. LITERATURE REVIEW

In most of the industries, the raw material and product
parts have the substantial share in the total manufacturing
costs and take the toll rise up to 70% of the overall
manufacturing cost [1]. From a long time, the need of
effective and robust selection of supplier has been felt
and identified. The supplier selection and evaluation
problem is a MCDM problem wherein the firms try to
minimize the risk and try to find out the best supplier to
meet the uncertainty in business. Supplier selection has
become a vital issue in production and operational
management literature [2]. An effective supplier helps the
firm in minimizing purchasing risk and maximizing the
value of both the firm and the supplier. It is the need of
the hour to work in close co-ordination and develop the
products and services, capable of meeting the demands
and customer preferences, using minimum resources.
With the change in manufacturing technologies and
application of new concept of Just-in-Time (JIT)
manufacturing, the supplier selection should focus on
bringing the firms more close and establish long term
dyadic relationship between them [3]. The researchers
have realized the increasing importance of effective
supplier selection in incorporating the concept of JIT
manufacturing and Total Quality Management [4, 5]. The
supplier selection problem could have been much simpler,
it a single criteria e.g. cost could have been used. But
single criteria does not yield expected results in this era,
thus it becomes very important to identify and consider
all the important criteria while evaluating the various
suppliers. In the problem, it is essential to determine how
far each criteria influences the decision making process.
Take a case of Fast Moving Consumer Goods (FMCG)
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products manufacturing company following a responsive
supply chain strategy, then the delivery performance may
be the most important criteria to rate the suppliers while
for best quality goods manufacturing company, quality
may be of prime importance while evaluating the
suppliers. It depends on the firm whether all the criteria
are given equal weights or whether their influence varies
with criteria [6]. Supplier selection and evaluation is a
MCDM problem in which majority of the researchers
focused on the use of quantitative criteria in solving the
problem and assign them weights as per the requirements
of the firm [7]. There are various conflicting criteria in a
MCDM problem and the decision maker needs to analyze
the trade-off among the various criteria affecting the
decision and assign weights as per the importance [8].

Dickson [9] analyzed and tried to find out the various
criteria used by the decision makers in selecting and
evaluating the suppliers. The researcher performed an
extensive study by sending a questionnaire to two
hundred and seventy three managers and purchasing
agents. The study revealed that quality was ranked the
most important criteria while delivery and performance
history stood second and third in the ranking. Weber et al
[10] examined the supplier selection literature for the
seventy-four articles published since 1966 and attempted
to find out the impact of JIT manufacturing on the
selection criteria of the decision makers. The researchers
identified quality, price, delivery performance, location
and production capacity as the most widely used criteria
for evaluating supplier’s performance. Zhang et al [11]
reviewed the literature for the articles published between
1991 and 2003 based upon the study conducted by Weber
et al [10]. The researchers reviewed forty-nine articles
and found price, quality and delivery performance to be
most prominent among the criteria followed by various
decision makers. Another review study conducted by
Bross and Zhao [12] revealed that cost, quality,
relationship, service and organization are among the most
valuable supplier evaluation criteria.

Saaty [13] was the one who introduced the Analytical
Hierarchy Process (AHP) and presented its applicability

in prioritizing the suppliers based on the pre-specified
criteria. The AHP proposed by the researchers allowed
the decision makers in structuring the complex problem
just like a decision tree. The hierarchy consists of
generally three levels- goals, criteria and alternatives.
Vaidya and Kumar [14] found that AHP is one of the
most prominent approaches used by various researchers
in solving the supplier selection problem, since its
invention. Ghodsypour and O’Brien [1] studied the two
conflicting tangible and intangible factors based on AHP,
to choose the best supplier. The researchers proposed a
model based on AHP integrated with linear programming.
Akarte et al [15] proposed a systematic model based on
AHP to evaluate and select the best casting quality
supplier. The scholars used eighteen different criteria in
evaluation the casting suppliers. The criteria were divided
into four groups- quality capability, manufacturing
capability, product development capability and cost and
delivery. Out of the eighteen selected criteria- six were
objective types and rest were subjective. Chamodrakas et
al [16] proposed an AHP based model to solve the
supplier selection problem in electronic marketplace. The
proposed model tried to improve upon the information
overload effect, generally seen in the electronics industry.
The model uses Fuzzy Preference Programming (FPP)
along with the AHP for efficiently selecting the best
supplier, given the conditions. Tam and Tummala [17]
used AHP in evaluation and selection of vendors in the
telecommunication industry. The researchers found AHP
to be very efficient in evaluating conflicting objectives
and finally arrive at a common consensus.

1. THE AHP MODEL

Supplier selection includes the qualitative and
guantitative evaluation criteria, strategic and operational
effectiveness measurement, long term planning and
strategy execution to have a competitive advantage over
others. One possible scenario in which various suppliers
can be evaluated is shown in Fig 1.

Alternate

Ranking and Prioritization Based

Suppliers On Different Criteria
* Quality
* Net Price
* Lead Time
* Service Support
#* Technology
* Capability

* Performance History
* Geographic Location

* andsoon

Fig. 1. Scenario of supplier evaluation and selection in manufacturing environment
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AHP is a multi-criteria decision making tool and an
Eigen value approach to pair wise comparison. AHP
helps the decision makers in modeling the problem in a
hierarchical structure. The structure has the main
objective or goal at the root node, followed by the criteria

Level 1: Overall Objective

Level 2: Criteria

at the second level, sub-criteria at the next level and
finally the alternatives at the last level. The hierarchy can
be generalized to include the criteria, sub-criteria, sub-
sub-criteria and so on. The general hierarchical structure
of the AHP is shown in Fig 2.

Fig. 2. General hierarchy structure of AHP

The AHP approach helps in calibrating the scale for
representing qualitative dimensions in quantitative terms
and hence helps in maintaining consistency among the
various parameters used for evaluation. The AHP model
proposed by Saaty [18] uses a nine point scale. Saaty [18]
also used the same nice point scale to assign the weights.
The scale values and the judgments are shown in Table 1.

Table 1. Scale values for pair wise comparison

Verbal Judgment or Preference | Rating Level

Extremely Preferred 9

Very, Very Strong

Very Strongly Preferred

Strong Plus

Strongly Preferred

Moderate Plus

Moderately Preferred
Weak or Slight

PRI W|[r[fO|lO |

Equally Preferred

Initially each criterion is assigned a priority weight
based on its importance in evaluation of suppliers. The
priority weight is assigned depending on the commodity
type, its lead time, the type of supply chain strategy of the
firm, the criticality in terms of impact of variability on the
business performance and so on. Then after, all the
entities at each level of AHP model are compared pair
wise to get the pair wise judgments, to find out the
relative importance of various criteria and sub-criteria.
Therefore, in case of n distinguished criteria at a level, we
have n(n—1)/2 compared values. Fig 3 shows the pair

wise comparison in case of four criteria at any level of
AHP.

The results of the pair wise comparison are gathered in
the pair wise matrix structure, wherein each criterion is
compared to rest of the criteria at the same level. A
sample pair wise comparison matrix is shown in table 2.
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Criteria, Criteria,

Criteriay

Criterias

Fig. 3. Pair wise comparison in case of four criteria at a level

Table 2. A sample pair wise comparison matrix

Selection Criteria Cy C, Cs C, Cs
Cost (Cy) 1 2 4 5 3
Quality (Cy) 12 1 3 4 4
Delivery (Cs) 1/4 | 13 1 3 4
Technology (C,) 1/5 1/4 | 1/3 1 3
Service Support (Cs) U3 | 14 | 14 | 13 1

Therefore, a vendor having good performance on cost
is slightly preferred to the one on quality (a value of 2),
which is strongly preferred compared to the delivery and
technology. Similarly, good performance in quality is
moderately  preferred over  consistent  delivery
performance, and strongly more important than the one
using the latest technology and having good service
support. Only the elements above the main diagonal of
the matrix needs to be filled up, while the lower triangle
can be calculated taking the inverse cell values. The
diagonal elements hold the value of 1 as both the criteria
compared are the same and thus are equally important.

Once the pair wise comparison matrix has been filled,
next task is to compute the priority vector (weighting) for
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the criteria. In order to find the vector, the Eigen values
need to be computed and thus the column wise total is
calculated. On order to normalize the values on the scale
of 1, each entry of the column is divided by the
corresponding column total and finally the row wise sum

id calculated. Now, to find out the actual weight of any
criterion its row total is divided by the number of criteria
to arrive at the average weight out of 1, as shown in table
3.

Table 3. Normalized pair wise matrix and calculated priority weights

Criteria C: C, Cs C, Cs ROW TOTAL AVERAGE
C, 0.438596 0.522193 0.4662 0.375094 0.2 2.002083942 0.400
C, 0.219298 0.261097 0.34965 0.300075 0.266667 1.396786886 0.279
Cs 0.109649 0.086162 0.11655 0.225056 0.266667 0.80408405 0.160
C, 0.087719 0.065274 0.038462 0.075019 0.2 0.466473743 0.094
Cs 0.144737 0.065274 0.029138 0.024756 0.066667 0.330571378 0.067

TOTAL 1 1 1 1 1 1

In the table, it is evident that the criteria C; (0.4) is
valued the most by the decision makers and thus is given
the highest weight or priority in evaluating the supplier
followed by C, (0.279), C; (0.16), C, (0.093) and Cs
(0.066). Once the priority weights have been computed,
the consistency ratio is calculated to check for the
inconsistency in the ranking done by the decision makers
in selecting the criteria. This is another important thing in
AHP which eliminates the inconsistencies in the
weighting of the criteria and differentiates it from rest of
the methods. According to Saaty [18], the consistency
ratio (CR) of 0.10 is acceptable. If the CR value thus
calculated, falls short than 0.10 then the weight results are
considered valid and consistent. Otherwise, the pair wise
matrix results are considered inconsistent and therefore
are not used for further analysis. To computer the CR, we
need to calculate the consistency index (Cl) using the
relation-

Cl = (ﬂ’max - % _1) (1)

Where n is the size of pair-wise comparison matrix
and Anax IS calculated by multiplying the pair wise
comparison matrix (Table 2) with the average weights of
the criteria calculated in Table 3 and then dividing the

Level 1: Overall Objective

Lewvel 2: Criteria

Level 3: Altemnative
Suppliers

thus computer values with the average values of the
criteria. The average of the calculated values is then taken
to get Amax and this gives us the CI using the above
relation. The random consistency index RI=1.10
forn =5. On calculation we arrive at CR=0.1 which is
just at the boundary value and we accept the above
criteria. Now when the final weights have been calculated,
the different sub-criteria and alternatives can be easily
evaluated.

IV. ILLUSTRATIVE EXAMPLE

Let us now consider a hypothetical firm dealing in
manufacturing of baby toys, which needs to evaluate its
suppliers based on four factors. The four criteria being
used are cost (C), operations (O), delivery (D) and
flexibility (F). The four factors used in the numerical
example are independent, as per the requirements of the
Saaty [18]. There are three suppliers- A, B and C out of
which the firm wants to select the best supplier. The AHP
model of the above problem is shown in Fig 4. In the
structure, the overall objective is to select the best
supplier for supplying the toy parts to the firm and this
lies at level 1.

Delivery

Flexibility

Fig. 4. AHP hierarchy structure for the firm
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Next level consists of the four evaluation criteria
followed by the alternate suppliers on level 3. The main
objective of the model is to evaluate and select the best
supplier out of them. First of all, the pair-wise
comparison matrix has to be prepared. As shown in table
4 for the firm, the operational support is slightly more
important than the expenses or price while cost is far
more important than the delivery (rating =5). The firm
observes that the operational support is considerably
more important as compared to delivery performance
(rating =5) and flexibility is considerably more important
than delivery performance (rating =5).

Table 4. Pair wise comparison matrix for the firm

Selection Criteria © (0] D F
Cost (C) 1 1/3 5 1
Operations (O) 3 1 4 1
Delivery (D) 1/5 1/4 1 Ya
Flexibility (F) 1 1 4 1

Now once the pair-wise comparison matrix has been
prepared, the next task is to normalize the above matrix to
find out the criterion weights on a scale of 1 or 100%. In
order to get the priority weights, the column wise total is
calculated and each column element is divided by the
corresponding column’s total as shown in table 5.

Table 5. Normalized pair-wise comparison matrix and priority weights

Criteria C () D F ROW TOTAL AVERAGE
Cost (C) 0.192 0.128 0.357 0.308 0.985 0.246
Operations (O) 0.577 0.388 0.286 0.308 1.558 0.389
Delivery (D) 0.038 0.097 0.071 0.077 0.284 0.071
Flexibility (F) 0.192 0.388 0.286 0.308 1.173 0.293
TOTAL 1 1 1 1 1

Thus for the firm operational support (0.389) is the
highest priority followed by Flexibility (0.293), Cost
(0.246) and lastly Delivery Performance (0.071). The
Eigen vector thus calculated (0.246, 0.389, 0.071, 0.293)
is shown in last column of table 5. The CR calculated is
0.071 which is less than the upper cap of 0.1, thus the
matrix comparison is consistent and acceptable. Now this
can be seen from the above comparison matrix that the
most preferred criteria to evaluate the suppliers is to have
consistent and remarkable operational support. The
ranking of evaluation criteria is shown in table 6.

Table 6. Ranking of criteria

Rank Criteria Global Weight
1 Operations 0.389
2 Flexibility 0.293
3 Cost 0.246
4 Delivery 0.071

The next step after the priority weighting of the criteria
is to evaluate various suppliers on the basis of each
criterion:

A. Cost

On the basis of the cost or expenses to the firm, the
three suppliers are assigned ranks as shown in table 7.

Table 7. Pair-wise comparison matrix of suppliers A, B and C based on
expenditure

COST A B C
A 1 9
B 1/5 3
Cc 1/9 1/3 1
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The above table shows that A is much better than B in
terms of cost and is extremely preferred over C, when the
firm takes only expenses into account. Similarly, B is
moderately preferred over C. Thus it could be interpreted
that the supplier C is least preferred out of the three,
when the decision is solely based on the costs. The Eigen
Vector calculated for this matrix is (0.74, 0.18, 0.07) and
shows that the supplier A is seemingly the best out of the
three in terms of expenses. The CR calculated is 0.037
(less than upper cap of 0.1) and thus the results are
consistent and acceptable.

B. Operations

On the basis of the operational support, the three
suppliers are assigned ranks by the firm as shown in table
8 given below-

Table 8. Pair-wise comparison matrix of suppliers A, B and C based on
operational support

OPERATIONS A B C
A 1 1 5
B 1 1 3
C 1/5 1/3 1

The above table shows that A is strongly preferred than
C in terms of operations support while B is moderately
preferred over C, when the firm takes only operations
support into account. The Eigen Vector calculated for this
matrix is (0.48, 0.40, 0.11) and shows that the supplier A
is seemingly the best out of the three in terms of
operations support. The CR calculated is 0.037 (less than
upper cap of 0.1) and thus the results are consistent and
acceptable.
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C. Delivery Performance

On the basis of the delivery performance, the three
suppliers are assigned ranks by the firm as shown in table
9 given below-

Table 9. Pair-wise comparison matrix of suppliers A, B and C based on
delivery performance

D. Flexibility

On the basis of the flexibility in business or
adaptability, the three suppliers are assigned ranks by the
firm as shown in table 10 given below-

Table 10. Pair-wise comparison matrix of suppliers A, B and C based on

DELIVERY A B C
A 1 1/3 1/9
B 3 1 1/3
C 9 3 1

flexibility
FLEXIBILITY A B C
A 1 1/9 1/5
B 9 1 2
(@ 5 1/2 1

The above table shows that B is moderately preferred
over A in terms of delivery performance while C is
extremely preferred over A and moderately preferred
over B, when the firm takes only delivery performance
into account. The Eigen Vector calculated for this matrix
is (0.07, 0.23, 0.69) and shows that the supplier C is
seemingly the best out of the three in terms of delivery
performance. The CR calculated is O (perfect consistency)
and thus the results are consistent and acceptable.

The above table shows that B is extremely preferred
over A in terms of flexibility and slightly preferred over
C. On the other hand, C is strongly preferred over A,
when the firm takes only delivery performance into
account. The Eigen Vector calculated for this matrix is
(0.06, 0.61, 0.31) and shows that the supplier B is
seemingly the best out of the three in terms of flexibility.
The CR calculated is O (perfect consistency) and thus the
results are consistent and acceptable.

Table 11. Matrix of Eigen Vectors for A, B and C.

FLEXIBILITY Cost (C) Operations (O) Delivery (D) Flexibility (F)
Supplier A 0.74 0.48 0.07 0.06
Supplier B 0.18 0.40 0.23 0.61
Supplier C 0.07 0.11 0.69 0.31

Now when the suppliers have been evaluated taking
into account one criteria at a time, so the overall matrix
showing the Eigen Values of each supplier for different
criteria is given below in table 11.

The matrix shown in table 11 shows the performance
of various alternative suppliers in terms of various criteria.
From the first sight, one can easily interpret that supplier
A is far better than B and C in terms of C and O, supplier
B is the best in terms of flexibility and lastly supplier C is
the best when one considers the delivery performance.
But before making the final conclusion it is important to
determine the performance of the suppliers as per the
requirements of the firm. Thus, for some firm which
focuses more on cost and operations support, the supplier
A may be the best but not for all the firms. Similarly, the
firm whose main evaluation criterion is delivery
performance would opt for supplier C as compared to the
rest two. To get the maximum value out of the money, the
firm should select that supplier which performs best as
per the firm’s requirements. Thus, to make the final
judgment the above values need to be multiplied with the
Eigen values (0.246, 0.389, 0.071, 0.293) of the four
criteria calculated in table 5. Finally after matching the
firm’s requirements with the supplier’s capabilities it is
found that supplier B is the best supplier for the firm with
the score of 0.395 followed by supplier A at 0.391.
Supplier C remained on the last position with net score of
0.199. Hence, supplier B is the best supplier for the firm.
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V. CONCLUSIONS

Supplier evaluation and selection is emerging as a
sword for the firms in achieving a comfortable position in
the market and having a competitive edge over the
competitors. Effective supplier selection has helped the
big organizations in reducing the risks associated with the
performance and in dealing with market uncertainties.
The AHP provides a structured approach to model the
complex decision making problem of supplier selection
and hence helps in reduction of complexity of the
situation. The consistency ratio eliminated the possible
inconsistencies and help in priority ranking of criteria.
The model proposed has been verified with help of an
example of a hypothetical firm dealing in toy
manufacturing. The system is capable of handling
complex problems involving various criteria, sub-criteria,
sub-sub-criteria and can facilitate decision makers in
selecting the best suited supplier among the numerous
suppliers.
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