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Abstract— Decision making® process is a huge and crucial
activity that must be given high attention by decision makers
and managers as it affects all business strategies in
organizations. As a result of the rapid increasing and
sustainable needs of organizations, relationship between
organizations and suppliers has become essential to any
business. In addition to all obstacles that will face the
organization when poor decision is made. Decision makers and
managers face challenges when they are about to select
suppliers, for procurement of raw material and components for
their manufacturing process. This paper presents a new hybrid
model which combines Linear Weightage and Analytic
Hierarchy Process (AHP) Models for supplier selection process.
The final decision from this new approach will guarantee better
decisions and provide a robust tool for assisting decision makers
and managers to make the right decision and select the most
suitable supplier. The proposed model has been applied in a real
life example and finally ranking the supplier based on their
scores obtained from this new approach.

Index terms— Analytical hierarchy process, Decision maker,
Hybrid model, linear weightage model, Supplier selection.

I. INTRODUCTION

Today’s global business environment characterized by
unprecedented competitive pressures and sophisticated
customers that demand speedy solutions. Decision making is
one of the crucial activities ever conducted in organizations
by managers. It involves multiple participants and required
conflicting resolution as well as multiple information
sources. The outcomes of decision making process absolutely
affect business performance within companies. Therefore,
supporting those decision makers is highly recommended
and desirable. Quantitative based decisions will always
support the managers in their decision making process.

In today’s business context, maintaining supplier
relationship is very important to reduce inventory, by
introducing new concepts of just in time inventory and
continuous replenishment of materials in the form of raw
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material, components or finished products. Organizations
have been more concerned about suppliers regarding the
rapid increase of purchasing materials and services which
have been playing an important role in business process.

In the literature, the importance of purchasing processes
can be easily observed. Some researches have mentioned a
statistical operation that shows the percentage of the amount
of money paid for purchased materials. The authors [1] states
that on the average, about 60% of the manufacturer’s sales
dollars are paid to supplier for purchased materials. For
example, automobile manufacturers spend about 60% of their
revenues on material  purchases, farm-implement
manufacturers spend about 65%, food processors spend
about 70%, and oil refineries spend about 80%. It has been
estimated that the labour costs represent only about 10 to
15% of production costs in many mass production industries
today. From these percentages mentioned above, the
importance of purchasing processes can clearly be observed
which comes to show that more attention should be given by
decision makers towards this critical purchase process as well
as selection of suppliers.

Though supplier selection is an old concept starting from
60’s, there are still lot of researches going on in this area.
Suppliers are necessary entity to any business, however
wrong selection may affect the whole business processes;
therefore the process of selecting suppliers is extremely
important. According to [2], supplier selection or evaluation
is the process of finding the supplier being able to provide
customer with the products or services that have the right
quality, right price, right quantity, and at the right time.
Although purchasing function encompasses various numbers
of processes, supplier selection was considered as the most
important and critical, and it has been one of the vital
research areas. Supplier selection is a multi-criteria problem
which includes both qualitative and quantitative factors [3].
Thus, attention should be given to supplier selection problem
by decision makers in order to make the right decisions.
There are a variety of steps that often decision makers follow
in order to make the right decisions and finally be capable of
selecting the most appropriate supplier. It is agreed in the
literature that supplier selection decision is so complicated
and difficult to cope with. According to [4-10] there are
various reasons which make supplier selection problem a
complex process and the authors used different mathematical
model in supplier selection like linear programming, integer
programming, mixed integer programming, non linear
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programming, total cost based approach, goal programming
and data envelopment analysis etc.

Il. LINEAR WEIGHTAGE MODEL

This model is mostly depended upon decision maker’s
judgment by assigning weights to the various criteria for the
products as well as the suppliers which is the beginning
process in decision making. In most cases there are some
criteria considered as more important than others, such as
product quality, product price, and delivery time. Decision
makers should assign weight to each individual criterion in
order to determine the relative importance of each one. These
weights play a vital role in decision making process and
extremely affect the final decision. First of all, decision
maker has to identify all criteria that are involved in the
certain process before performing any other steps. After
identifying all the criteria related to supplier selection
decision, decision maker has to determine threshold for each
criterion. Generally, threshold can be divided into two types,
i.e. maximum and minimum. To establish a threshold to
criterion, decision maker should classify all criteria into two
groups. The first group known as “larger is better” while the
other known as “smaller is better”. For example, the delivery
time, the distance between manufacturer and supplier
location, and product cost can be categories as “smaller is
better” where the threshold for this type of criteria must be
maximum. On the other hand, most of the qualitative criteria
can be considered as “larger is better” such as warranty,
qualities, experience of suppliers, supplier flexibility and
technical capability where thresholds must be minimum.

Based on these two conflicting threshold, the
decision maker cannot take this directly. The decision maker
must do the normalization process to overcome this conflict.
The normalization process is explained as follows. Once the
attribute is considered as a maximum type of thresholds,
formula 1 should be used.

_ Max — Vendor (1)

e Max — Min

where

V max = vendor value that has maximum type of threshold
with respect to a particular attribute/criterion.

Vendor = specific vendor that is considered at the time.

Max = maximum value of particular attribute/criteria
among all suppliers
Min= minimum value of the same attribute among the

whole suppliers.

In the other case when the attribute is classified under the
minimum type of threshold, formula 2 is the only option for
calculating the vendor’s value.

Vendor — Min
V- endo _ i @)
Max — Min
where
Vmin = vendor value that has minimum type of threshold

with respect to a particular attribute/criterion.
Vendor = specific vendor that is considered at the time.
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Max = maximum value of a particular attribute/criterion
among all suppliers.
Min= minimum value of the same attribute among the

whole suppliers.

The use of these to formulae is explained in the numerical
illustration. The idea of using formula 1 and formula 2 is
extremely valuable because they provide a method that
enables the comparisons among decision criteria. Usually
decision criteria have different units of measure so any
comparisons among those criteria are not logically
acceptable. By using the data normalization concept which
was represented in formula 1 and formula 2, all the criteria
will be having weights instead of a variety of measurement
units and then the comparisons can simply be made.

When all values of the criteria matrix are calculated, series
of calculations should be achieved by multiplying weights W;
of criteria by the whole values X; within the matrix. The total
score should also be calculated using formula 3 for each
vendor which represents the vendors’ scores. The final
decision table includes a total score for each supplier and the
one who gains the highest score is recommended as the best
supplier over all. The limitation of this model is assigning
weights to various criteria.

TotalScore=Y WX, /> W, 3)

I1l. ANALYTIC HIERARCHY PROCESS

Analytic Hierarchy Process (AHP) was originally
designed by [11] to solve complicated multi-criteria decision
problem, beside that AHP is appropriate whenever a target is
obviously declared and a set of relevant criteria and
alternatives are offered [12]. AHP has been proposed for
supplier selection problem to support managers through the
decision making activity, which aims to select the right
supplier among a pool of potential suppliers. AHP is a
popular model to aggregate multiple criteria for decision
making [13]. In AHP the problems are usually presented in a
hierarchical structure and the decision maker is guided
throughout a subsequent series of pairwise comparisons to
express the relative strength of the elements in the hierarchy.
In general the hierarchy structure encompasses of three
levels, where the top level represents the goal, and the lowest
level has the supplier under consideration. The intermediate
level contains the criteria under which each supplier is
evaluated. There are many ways to obtain the preferences
from the decision makers, but the measurement scale
proposed by [11] is most commonly used. Based on the
pairwise comparison between criteria, the measurement scale
enables the decision maker determines which degree of any
single criteria is important to other. This measurement scale
includes 1-9 scale point, each point represents different
degree of preference. By assigning 1 for equal preferences,
assigning 3 for moderate importance, 5 for strong
importance, 7 for very strong importance and 9 for extreme
importance during pairwise comparison. The values 2, 4, 6,
and 8 may be assigned based comparison between the above
values. The final score obtain for each supplier across each
criterion is calculated by multiplying the weight of each
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criterion with the weight of each supplier. The supplier who
obtained the highest score is suggested as the best supplier
and decision maker may consider that one as the best decision
choice. However, although AHP provides good solution to
any problem, the computation and understanding to the
decision maker view is difficult.

IV. THE PROPOSED HYBRID MODEL

Based on the previous discussion about both models, there
is an urgent need for new model that can support the supplier
selection decision and offer a powerful tool which can
ultimately produce satisfactory results. This paper intends to
achieve this objective by proposing a new hybrid model. This
new model concentrates on avoiding all the shortcomings
mentioned above. It combines two different aspects from
both AHP and linear weightage model. The new model uses
the measurement scale of AHP model to determine to which
degree each single criterion is preferred in comparison with
others. Once the pairwise comparisons have been made,
decision maker can obtain the weights of the whole criteria
when the relative preference of criteria is specified. The next
step in the proposed model is to assign thresholds to all
criteria considering “larger is better” or “smaller is better”.

First stage is to obtain preference criteria matrix, by means
of identifying various criteria against each other. Make
pairwise comparison between the criteria by assigning
weights in 1-9 scale. By performing three steps like sum the
elements in each column, divide each value by its column
total and calculate row averages. Finally by doing all the
three steps we can obtain weigtages of each criterion. The
second stage is to apply linear weightage model by finding
the thresholds from the original supplier data and after
normalization process by multiplying the weights obtain
from the above process, we can get the final decision table
matrix. Calculation of the whole values in the decision table
matrix has to be produced by considering the two formulae. If
the threshold is maximum then formula 1 should be used,
otherwise formula 2 is applied for minimum threshold.
When the whole cells that represent each supplier across only

criteria will be filled with a certain value in the decision table
matrix, then each column will multiply by the column of
criteria weights and obtain the new values of these cells. Now
each column represents one of the competitive suppliers, the
last step in the proposed model is to compute the sum of each
column to get the final scores of all suppliers. The highest
score indicates to the best supplier and that supplier will be
recommended as the most appropriate supplier among the
competitive suppliers.

V. NUMERICAL ILLUSTRATION

The data for this case study have been collected from the
procurement department which is accountable for the whole
purchasing processes at one of the top university in Malaysia.
Interview has been conducted for the purpose of data
collection. Eleven suppliers have responded with a quotation
representing the prescribe product with their attributes,
almost all the supplier got the similar experience with this
university and they got interest to be involved in the
purchasing process.

First column in Table 1 shows the criteria of the purchased
products which are server devices. These criteria which are
involved in the supplier selection process are eight different
criteria which describes each product that has been proposed
by each supplier. The eight criteria for the server devices are
processor, memory, power supply consumption, cache
memory, internal storage, warranty, price, and delivery time.

The rest of the columns represent the eleven competitive
suppliers. S1 in the third column refers to supplier 1 and S2 in
the next column refers to supplier 2 and so on till S11 which
refers to supplier 11. Applying the proposed model to
supplier selection decision implies that all the steps above
have to be followed. Accordingly, the preference criteria
matrix was obtained which compare each criterion to the
others and Table 2 depicts the preference criteria matrix and
gives a glimpse of decision maker’s judgment and preference
of criteria in a form of pairwise comparisons.

Table 1 Criteria and Supplier information

Attributes | Measurement Unit |S1 S2 3 M S5 S6|S7 S8 [S9 [S10 [S11
Processor Giga Hertz 1.86 366 186 16 185 175] 185 1BB) 1B 157 158
Mermary Mega Byte 1024 2000 1024 1024] 20000 1024| 2000| 1024] 1024 1024]) 1024
Power supply WWatt 835 1300] 83 B35 1300] 1300{ &35) &35) 1300 B350 1300
Cache Memory Mega Byte 4 1 4 4 1 2 2 1 2 2 4
Int-starage Giga Byte 146.8) 04| 146 46| 14B| 73| 734 46| 734| 146 14
Warranty Marth b ¥ OH* b A P | | |
Price R 20962) 48200 253200 23408| 4A2A0) F22A0| 24260(26400{31100] 23304| F2450
Delivery eek 4 3 B B 4 B 4 B 4 7 4
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Table 2 Pairwise comparison preference Criteria Matrix

processar | memary | power  [cache  ]int wartanty | price | delivery
starage
processar 1 1 7 ] 2 7 1 Fi
Moy 1 1 ¥ a 2 7 1 7
poseer 17 17 1 112 173 1 17 1
cache 115 115 2 1 172 2 174 2
[nt-storane 112 112 3 2 1 3 112 3
warranty s 1y 1 12 1r3 1 17 1
price 1 1 7 ] 2 7 1 Fi
delivery s 1y 1 112 1r3 1 17 1
total 412 412 24 195 2449 24 412 24

Processor, memory and price have an equal preference of
criteria that is why the cell across each two of them is filled
with ones. On other hand, processor speed is more important
than the power supply in the first row and four columns is
filled with 7 according the AHP measure scale, and thus
when compare power to processor it should be 1/7 = 0.14
because it is the opposite comparison. The same concept is
followed to fulfill all the pairwise comparisons.

The next step is to obtain the weight for each criterion by
normalized the data in Table 2. Three procedures applied to

preference criteria matrix and immediately the weights will
be calculated.

1. Sum the elements in each column.

2. Divide each value by its column total.

3. Calculate row averages.
Performing the previous mathematical calculation yields the
normalized matrix of criteria as illustrated in Table 3. The
average weights of rows are computed in the last column to
indicate the weights of the criteria.

Table 3 Weights of each criterion

cache
0.25641
0.25641
0.025541

Processor memary
processor 0242718 0.242718
memoary | 0.242718 0242718
power 0033931 0033981
cache 0048544 0.043544
int-storage 01213559 | 0121359
warranty 0033951 0.033981
price 0242718 0242718 0241379 025641
delivery  0.033981 0033931 0034453 0.025641
total | ] 1 1

power
0.241379
0.241379
0.034483
0053966
0.103443

0.034483  0.025641

int-storage| warranty

0.051282 0.0588%3
0.102564 0117786

price | delivery
0242718 0241379
0242718 0.241379
0033981 0034483
0.048544 0.065966
0121355 0.103443
0.033951 0.034483
0235571 0241379 0242718 0.241379 | 0.243034
0033869 0034453 0033951 0034483 [0.033738

1 | 1 1 1

weights
0.243034
0.243034
0.033738
0.057838
0.111847
0.033735

0.241373
0.241373
0.034483
0066966
0.103445
0.034453

0.235571
0.235571
0.038869

0.035563

From the Table 3, the weight for the processor criterion is
0.243034 as well as memory criteria. The weight of internal
storage criterion is 0.111847 and so on. The next step in the
proposed model is to compute the criteria value matrix using
the previous formulae relying upon the thresholds which

have already been determined earlier. Once the threshold of a
certain criterion is maximum type, thus formula 1 should be
applied to compute the value of that criterion with respect to
all suppliers.

Table 4 Normalized Criteria Values Matrix

Aftributes  Threshold 1 52 53 8 55 56 ST S8 59 510 SN
Processor ~ Mn 004 100 014 001 004 009 014 005 OO0 000 000
Memary Min 000 100 000 000 100 OO0 100 000 000 000 000
Powersupply  Max 100 000 100 100 000 000 100 100 OO0 100 000
Coche Memory  Min 100 000 100 100 000 0% 03 000 03 03 100
It-storage |~ Min 020 100 000 020 000 000 000 020 020 020 040
Wananty Min o100 100 100 100 o000 1m0 oo 100 000 o000 000
Price Max 100 000 082 08 0N 08 08 O78 089 089 O
Delivery May 075 100 02 0% 07 0k 075 0% 000 000 07

The arrival of figure 0.14 in Table 4 in the first row and
first column under processor speed of supplier 1 is explained
as follows.

From Table 1, the processor speed is in GHz, the figures
are 1.86, 3.66, 1.86, ...., 1.58 of the suppliers s1, s2, s3,...,
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s11 respectively. This criteria falls under larger is better,
therefore use formula 2.

For s1 we have 1.86 — 1.57 / 3.66 — 1.57 = 0.14. Repeating
this process for supplier 2 up to supplier 11 gives normalized
processor speed for s1 to s11, which will be 1.4, to 0.00. Let
us take price is another criteria which is in RM, from Table 1,
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20352, 48200, ..., 32450 of the suppliers s1, s2, ..., s11
respectively. Price criteria falls under smaller is better
therefore use formula 1.

For s1 we have 48200 — 20352 / 48200 — 20352 = 1.00.
Repeating this process for supplier 2 up to supplier 11 gives
normalized price for s1 to s11 will be 1.00 to 0.57. The next
step in the proposed model is to use the weights column of

Table 3 with the whole of Table 4 as shown in Table 5. The
last step is to multiply each row of eleven supplier value by
the row weight, giving Table 6. Table 6 depicts the final
scores of suppliers. The most important thing is regarding the
final results, the supplier who has the highest score is
suggested as the best supplier for the proposed hybrid model.

Table 5 Weight and Criteria Values Matrix

Crteria | weights | &1 52 50 8 i b 57 5 =00 50 8
processor| 0243034 014 1 014 00 0.04 009 014 00 0O 0 0
memory | 0243034 0 I 0 0 I 0 I 0 0 0 0
power | 00378 1 0 f f 0 0 f f 0 f 0
Cache | D078 1 I 1 I 0 033 034 0 03 03 I
nt-storagel (0.111647 02 f 02 02 02 0 0 02 0 02 02
wamanty | 00378 1 I I I 0 I 0 I I 0 0
pice | 0243034 1 0 0@ 08 0N 0/ 0% 07 OB 089 0N
deliery [ 00373 075 | 0% 05 075 0% 075 0% 07 0 075

In accordance with the results generated by the proposed
hybrid model, S2 has the highest score of 0.67 in comparison
with the rest of potential suppliers. As a result, the proposed
hybrid model would recommend S2 as the best supplier

among all suppliers. With the help of the Table 6, we can
rank the supplier based on the final score. S7 is second in
position.

Table 6 Final Decision Matrix

Criteria 51 52 53 54 o]

b 5 50 59 a0 51

0.034026 0243034 0034025 000243 000371 0021873 0034025 0012152 0.00243 I I

0 0013087 0.019057

0 003375
02163 0026734 0138529 0209009 0189867 0.148251
0.026304 0033738 0008435 0008435 0026304 0008435 0025304 0008435 0025304

PIOCES S0

mernary 0 0243034 I 0 0243034
power | 0033736 0 003373 0033738

Cache | 0057833 0 0057338 0057838
int-storage | 0.022369 0111847 0022369 0022369 0022369
wartanty | 0033738 0033738 0033738 0033735

price | 0243034 0 0199208

delivery

0 0243034 I I I I
0 00373 003375 0 003373 I
0 0013057 0.019037 0057333
I 0 0022363 0 0022369 0.02236Y
0 0033738 0033738 I I
0.2163 0138529

0 0025304

Score 045 067 039 031 033

0.2 0.5 0.3 023 028  0A

V1. CONCLUSION

The proposed hybrid model is considered as a robust tool
that can assist decision maker in the process of supplier
selection. In addition, the proposed model saves time because
there are only a few computations to be done. This model is
easy to understand and easy to use. Also it saves effort due to
its simplicity, and that will strongly accelerate the supplier
selection decision as well as improve the whole business
processes within organizations in turn.

Other advantage of the proposed model is avoiding the
limitation in the linear weightage model which assigns the
weights of criteria directly by decision maker based on their
experience and gut feeling. The proposed model uses the
AHP pairwise comparisons and the measurement 1-9 scale to
generate the weights for the criteria. This method provides
good solution when compared to human judgment. Thus the
proposed model overcomes the absolute dependency on
human judgment as in the case of Linear Weightage model.
In conclusion, the proposed model can be considered as a
powerful model for supplier selection problem. It fully
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integrates the advantages of both linear weightage model
and AHP approach. From the above supplier selection
example, we can conclude that mathematical models are
contributing more in managerial decisions.
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