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Abstract

The internet has become one of the most powerful tools that people use these days in their daily life
activities. The internet has changed the way people live and how they relate to each other. It has
become the tools that people cannot live without. There are lots of things people can do with it. In this
study, selection of the best internet plans to purchase will be discussed in detail. The main objective of
this thesis is to rate the internet plans according to student’s preferences as one of the types of internet
plans’ that are consumers by using two Multiple Criteria Decision Making (MCDM) methods. Analytic
Hierarchy Process (AHP) method and Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS) method are the two methods that will be discussed in detail in this thesis. These methods are
able to help decision makers by developing pair-wise comparison judgments. This study has applied
four criteria for selecting the best one among four internet plans. The selection criteria are availability,
speed, type of connection and price/cost. By applying these two methods, Plan 1 should be selected
as the best internet plans since it has won in many aspects according to all the criteria. Microsoft Excel
is used to assist in accomplishing the calculation involved.

Keywords: AHP is most popular multicriteria methods.

1. Introduction

Operational research is the process of making better decisions through data analysis, mathematical
modelling, optimization, and other analytic methods. The internet is the worldwide used among people
to do daily activities such as in communication, study, working, business, and many other activities. The
internet is the global system of interconnected computer networks that uses the internet protocol suite
to communicate between networks and devices. In this competitive world, there are many types of
brands and services that provide different types of convenience to many people. As a user, we can be
the decision maker to choose the best choices when purchase the internet plans. As decision maker
we need to consider a lot of criteria that may be helps us to find the best internet plans.

There are some important criteria for a decision maker need to consider before choosing internet
plans such as the availability of internet plans at their place, type of internet connection, speed of
internet plans, prices, and brands. Multi-criteria decision making (MCDM) is an advanced field of
Operations Research which deals with complex decision problems involving multiple criteria, goals, or
objectives of conflicting nature. The tools and methodologies provided by MCDM include some
mathematical models aggregating criteria and points of view or attributes.

Multi-Criteria Decision Making (MCDM) is a technique of figuring out the most suitable or the best
chosen in line with the selected standards. Because the criteria basically battle with each other, there
is no single solution that satisfies all the standards simultaneously. MCDM technique has its advantage
which are they can compare the wide variety of the standards and alternatives. (Yildiz and Ergul,2015).
2. Literature Review
2.1. Multi Criteria Decision
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Multi-criteria decision making (MCDM) is a branch of Operations Research (OR). In a MCDM problem,
the basic ingredients are the criteria and alternatives. Different alternatives evaluated against set criteria
to formulate a comparison of alternatives. The results can be improved further by assigning weights to
different criteria, as the importance can vary extremely from one decision-maker to another. Hence, for
selected criteria, there can be a different level of importance from the perspective of different decision-
makers (Sabaei et al., 2015). It is important to evaluate the assigned weights to each criterion from
different decision-makers to ensure the reliability of results.

2.2. Analytic Hierarchy Process (AHP)

The Analytic Hierarchy Process (AHP) is one of the most popular and widely employed
multicriteria methods. The technique for this method is by rating alternatives and aggregating to find the
most relevant or the best alternatives are integrated (Ramanathan,2004). The main difference between
this AHP method and other MCDM methods is the major characteristic of AHP is the use of pairwise
comparison. The pairwise comparison used to estimate criteria weight and to compare the alternatives
with the different criteria.

For the internet plans, AHP can be used to classify the preferences of consumers and market sales.
The availability and speed of the internet plans will be the main criteria. Through measuring the average
of criteria and alternatives, the weight was derived from the criteria and revealed the best alternative.

AHP developed by Saaty (1980), uses pairwise comparison questions to elicit a matrix of
judgments of the relative preference between each pair of alternatives with respect to each attribute,
and a matrix of judgments of the relative importance of each pair of attributes.

2.3. Technique of Order Preference by Similarity to Ideal Solution (TOPSIS)

The parametric optimization of machining performance at different combinations has been
evaluated through a multi-criteria optimization technique named as ‘TOPSIS’ which was developed by
researchers in 1981 and further modified in two stages during 1987 as well as 1993. Among the different
possible MCDM methods, TOPSIS has some unique features, such as that of being particularly suitable
for application when ranking many alternatives due to its simplicity, good computational efficiency and
rationality (Roszkowska, 2011). The basic concept for TOPSIS method is to choose the best alternative
depending on closest and most distance respectively to positive ideal solution and negative ideal
solution.

2.4. Preference Ranking Organization Method for Enrichment of Evaluations (PROMETHEE)

The PROMETHEE belongs to the family of outranking methods and is used around the world in
a wide variety of decision scenarios such as business, governmental institutions, transportation,
healthcare and education. The PROMETHEE method helps decision makers find the alternative that
best suits their goal and their understanding of the problem. The basic elements of the PROMETHEE
method were first introduced by Professor Jean-Pierre Brans in 1982. It was later developed and
implemented by Professor Jean-Pierre Brans and Professor Mareschal in 1994.

3. Methodology

3.1. Research Data

The concept for this study is to find the best internet plans by using four different main criteria
that will be considered. There are a lot of well-known brands of internet plans. A survey will be
conducted without mentioning what type of brands the alternatives will be.

3.2. Data Collection
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In this study, the understanding that needs to be seized from the experts is the standards for the
selection of internet plans of every criterion for choice plans. Survey forms are the approach that can
be used in this research. The useful statistics for internet plan selection can be obtained by using the
evaluation of raw data on features from various brands of internet plans and references from many
sources.

In this study, student of Department of Mathematics at Faculty of Science, UTM who without knowing
the brand of the selection of internet plans as the specialists which have been asking to fill in the survey
form to gain the useful facts about the criteria of choosing internet plans as a user.

3.3 Analytic Hierarchy Process (AHP)

Analytic Hierarchy Process (AHP) can help to solve the complex problems with the structure of
the hierarchy of criteria, stakeholders, and outcomes considered by developing weights or priorities.
The structure of an AHP model is a model of an inverted tree. Where, there is a single objective or
purpose of the problem of decision making at the top.

3.4 Technique for Order Preferences by Similarity to Ideal Solution (TOPSIS)
In this method, two artificial alternatives are hypothesized:

i. Ideal alternative: The one which has the best level for all attributes considered.
. Negative ideal alternative: The one which has the worst attribute values.

Here, TOPSIS selects the alternative that is the closest to the ideal and farthest from the negative ideal
alternative.

4. Results and discussion

4.1. Analytic Hierarchy Process (AHP) Analysis

The pair-wise comparison for each criterion is formed by comparing the scales from the rating process
of 100 respondents. From the evaluation in the survey, the scale of the criteria will be rated. The pairwise
comparison for each criterion is formed by comparing the scales from the rating process of 100
respondents. From the evaluation in the survey, we will rate the scale of criteria.

The pair-wise comparison table of each criteria when developed into a square matrix with diagonal
elements in the matrix are 1 as shown as in Table 1.

Table 1 Pair-wise Comparison Matrix for Four Selection Criteria

Criteria Availability|  Speed Type of Connection Price
Availability 1.0000 5.0000 9.0000 6.0000
Speed 0.2000 1.0000 5.0000 2.0000

Type of Connection 0.1111 0.2000 1.0000 0.3333
Price 0.1667 0.5000 3.0000 1.0000
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From Table 1, Availability possesses the highest importance in all criteria, followed by Speed. Next is
Price and the lowest importance is Type of Connection. After finishing constructing the pairwise
comparison, calculate the priority of criteria. By using the formula of AHP method, the best criteria of
internet plan was obtained.

Table 2 Develop the Weights for the Criteria

Criteria Availability Speed Type of Connection Price 4th root of product Priority Vector(PV)
Availability 1.0000 5.0000 9.0000 6.0000 4.0536 0.6493
Speed 0.2000 1.0000 5.0000 2.0000 1.1892 0.1905
Type of Connection 0.1111 0.2000 1.0000 0.3333 0.2934 0.0470
Price 0.1667 0.5000 3.0000 1.0000 0.7071 0.1133
SUM 1.4778 6.7000 18.0000 9.3333 6.2433 1.0000
SUM*PV 0.9595 1.2762 0.8458 1.0571 4.1386
Lambda max 4.1386
Consistency Index,CI 0.0462
Consistency Ratio, CR 0.0513

From Table 2 below shown the values of the weights, W for every criterion also known as
Priority Vector in this research. The steps on how to get all the values will be explained below.
First, calculate the 4'" roots of the product since in this study we had four criteria as below.

Availability =3VIX5x9x6
= 4.0536

Speed = V0.2x1x5x2
=1.189

Type of Connection = Y0.1111 x 0.2 x 1 x 0.3333
= 0.2934
Price = V0.1667 x 0.5 x 3 x 1
=0.7071

Each of the aforementioned fourth root of product values are then added together to equal 6.2433.
Secondly, calculate the weight of the criteria.

. 4.0536
Availability = (6 5433

= 0.6493

< d_(1.1892
beed = \6.2433

= 0.1905

)
0.2934)
)

Type of Connection = (6.2433

= 0.0470
0.7071

Price = (6.2433
—0.1133

Note that, the sum of weights for each criterion must be equal to 1. Next, we calculate and check the
consistency ratio (C.R). The pairwise comparison values in each column are added together. Each sum
is then multiplied by the respective weight, W.
Note the row labelled “SUM*PV” shown in Table 4.2 above. Each value in this row shows the result of
multiplying the respective sum by the respective weight for each criterion. The aforementioned values
“SUM*PV” added together to yield a total 4.1386, this value known as Eigenvalue (4,,,4)-
The Consistency Index (C./) is calculated by using this formula:
ﬂ“max —-n

c.1= ( n—1 )

n is the number of criteria being compared.
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The Consistency Ratio (C.R) is calculated by dividing the (C./) with a Random Index (R./) based on
Table 3.1. The (R./) is a direct function of the number of criteria being considered. Since our n is 4, the
(R.]) we used is 0.900.

In general, the Consistency Ratio (C.R) is calculated as:

_C1

" RI
_0.0462

~0.900
=0.0513

If the C.R < 0.10, the decision maker’s pairwise comparisons are relatively consistent. In our
case, the CR equals 0.0513, means our pairwise comparisons are relatively consistent and no
corrective action is necessary. But, if the C.R > 0.10, we must consider re-evaluating out pairwise
comparisons. Resolved and the analysis need to be re-done again.

Next, we need to develop the ratings for each decision alternative for each criterion. There will
be one pair-wise comparison matrix for each criterion. And within each matrix, the pairwise comparisons
will rate each internet plan relative to every other plan. So, we have four separate matririces since we
have four criteria applicable to our internet plans decision which are availability, speed, type of
connection and price. Our matrix must be of size 4x4. Here are the four matrices to determine the
ratings for each decision alternative (internet plans) for each criterion.

Table 3 Availability of Internet Plans

1.Availability

Plan 1 Plan 2 Plan 3 Plan 4 | 4th root of product| Priority Vector(W)

Plan 1 1.0000 3.0000 3.0000 4.0000 2.4495 0.5150

Plan 2 0.3333 1.0000 1.0000 2.0000 0.9036 0.1900

Plan 3 0.3333 1.0000 1.0000 2.0000 0.9036 0.1900

Plan 4 0.2500 0.5000 0.5000 1.0000 0.5000 0.1051

SUM 1.9167 5.5000 5.5000 9.0000 4.7567 1.0000

SUM*PV 0.9870 1.0448 1.0448 0.9460 4.0226

Lambda max 4.0226
Consistency Index,C./ 0.0075
Consistency Ratio, C.R (0.9) 0.0084

Concerning Availability based on Table 3,

o Respondents determine that availability for Plan 1 is “moderately important” (3) to Plan 2 and Plan
3. While “intermediate value between moderate to strong important” (4) to Plan 4. Then for Plan 2
is “equal important” (1) and “intermediate value between equal to moderate important” (2) to Plan
3 and Plan 4 respectively. Lastly, Plan 3 is “intermediate value between equal to moderate
important” (2) to Plan 4.

Table 4 Speed on download and upload of internet plans

2.Speed
Plan 1 Plan 2 Plan 3 Plan 4 | 4th root of product| Priority Vector (W)

Plan 1 1.0000 3.0000 0.3333 5.0000 1.4953 0.2634

Plan 2 0.3333 1.0000 0.2000 3.0000 0.6687 0.1178

Plan 3 3.0000 5.0000 1.0000 7.0000 3.2011 0.5638

Plan 4 0.2000 0.3333 0.1429 1.0000 0.3124 0.0550

SUM 4.5333 9.3333 1.6762 16.0000 5.6776 1.0000

SUM*PV 1.1940 1.0993 0.9451 0.8804 4.1187

Lambda max 4.1187
Consistency Index, C./ 0.0396
Consistency Ratio, C.R (0.9) 0.0440

Concerning Speed based on Table 4,
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o Respondents determined that speed for Plan 1 are “moderately important” (3) to Plan 2 and “strong
important” (5) to Plan 4. Then for Plan 2 is “moderate important” (3) to Plan 4. Lastly, Plan 3 is
“moderate important” (3), “strong important” (5) and “very strong important” (7) to Plan 1, Plan 2
and Plan 4 respectively.

Table 5 Type of connection for internet plans

3.Type of Connection

Plan 1 Plan 2 Plan 3 Plan 4 | 4th root of product | Priority Vector (W)

Plan 1 1.0000 1.0000 0.3333 0.2500 0.5373 0.1142

Plan 2 1.0000 1.0000 0.5000 0.3333 0.6389 0.1358

Plan 3 3.0000 2.0000 1.0000 0.5000 1.3161 0.2797

Plan 4 4.0000 3.0000 2.0000 1.0000 2.2134 0.4704

SUM 9.0000 7.0000 3.8333 2.0833 4.7057 1.0000

SUM*PV 1.0276 0.9505 1.0721 0.9799 4.0301

Lambda max 4.0301
Consistency Index, C./ 0.0100
Consistency Ratio, C.R (0.9) 0.0111

Concerning Type of Connection based on Table 5,

o Respondents determine that type of connection for Plan 1 is “equally important” (1) to Plan 2 and
Plan 3. While “intermediate value between moderate to strong important” (4) to Plan 4. Then for
Plan 3 is “moderate important” (3) and “intermediate value between equal to moderate important”
(2) to Plan 1 and Plan 2 respectively. Lastly, Plan 4 is “intermediate value between moderate to
strong important” (4), “moderate important” (3) and “intermediate value between equal to moderate
important” (2) to Plan 1, Plan 2 and Plan 3 respectively.

Table 6 Price for internet plans

4.Price
Plan 1 Plan 2 Plan 3 Plan 4 |4th root of product | Priority Vector (W)

Plan 1 1.0000 0.2000 1.0000 1.0000 0.6687 0.1278

Plan 2 5.0000 1.0000 4.0000 5.0000 3.1623 0.6042

Plan 3 1.0000 0.2500 1.0000 2.0000 0.8409 0.1607

Plan 4 1.0000 0.2000 0.5000 1.0000 0.5623 0.1074

SUM 8.0000 1.6500 6.5000 9.0000 5.2343 1.0000

SUM*PV 1.0221 0.9968 1.0442 0.9669 4.0301

Lambda max 4.0301
Consistency Index, C./ 0.0100
Consistency Ratio, C.R (0.9) 0.0111

Concerning Price (from questionnaire’s result),

o Respondents determine that the price for Plan 1 is “equally important” (1) to Plan 3 and Plan 4.
Then for Plan 2 is “intermediate value between moderate to strong important” (4) and “strong
important” (5) to Plan 3 and Plan 4 respectively. Lastly, Plan 3 is “equal important” (1) and
“intermediate value between equal to moderate important” (2) to Plan 1 and Plan 4.

The “equal important” (1) values shown along the upper-left to lower-right diagonal are comparing each
plan to itself and so, by definition must be equal to one. The remaining values shown in the matrix
represent the reciprocal pairwise comparisons of the relationship. The process to calculate the rating
for each criterion was the same with the process to calculate the (C.R) before.

All the (C.R) for all four of the aforementioned matrices depicting the rating for each decision alternative
for each criterion are < 0.10. Therefore, no correction actions are necessary.

For the final phase based on Table 7, we calculate the weighted average rating for each decision
alternative where we can choose the best internet plan that has the highest score.

We determine the final scores for each internet plans by multiplying the criteria weight (from

first step) by rating for the decision internet plan for each criterion and summing the respective products.
Here based on Table 8, we can see that Plan 1 is the best plan because it possesses the highest score
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at 0.4044. By using this AHP method, we can conclude that the arrangement of the internet plans from

highest to lowest scores is Plan 1> Plan 3> Plan 2> Plan 4.

Table 7: Weighted average rating each decision alternatives

Weighted Average Rating Each Decision Highest
Availability | Speed | Type of Connection| Price Score Ranking

0.6493 0.1905 0.0470 0.1133 1.0000

Plan 1 0.5150 0.2634 0.1142 0.1278 0.4044

Plan 2 0.1900 0.1178 0.1358 0.6042 0.2206

Plan 3 0.1900 0.5638 0.2797 0.1607 0.2621

Plan 4 0.1051 0.0550 0.4704 0.1074 0.1130 :P1>P3>P2>P4
1.0000 1.0000 1.0000 1.0000 1.0001

4.2. The TOPSIS Model for Internet Plans Selection
In this method two artificial alternatives are hypothesized:
1. Ideal alternative, A*: The one which has the best level for all attributes considered.

2. Negative ideal alternative, A’: The one which has the worst attribute values.
TOPSIS selects the alternative that is the closest to the ideal solution and farthest from the negative
ideal alternative.
Table 4.8 shows the decision matrix with weights obtained from AHP method as input to TOPSIS

method.

Table 8 The decision matrix with weights

Step 1(a)
Weight, W 0.6493 0.1905 0.0470 0.1133
Availability Speed Type of Connection Price
Plan 1 0.5150 0.2634 0.1142 0.1278
Plan 2 0.1900 0.1178 0.1358 0.6042
Plan 3 0.1900 0.5638 0.2797 0.1607
Plan 4 0.1051 0.0550 0.4704 0.1074

Starting with construct normalized decision matrix.

rl —
]
inj

This step transforms various attribute dimensions into non-dimensional attributes, which allows

"—’2 i=1234;)=1234.

comparison across criteria, based on Table 9 and 40.

Table 9 Transforms various attribute dimensions into non-dimensional attributes

Weight, W 0.6493 0.1905 0.0470 0.1133
Availability Speed Type of Connection Price
Plan 1 0.5150 0.2634 0.1142 0.1278
Plan 2 0.1900 0.1178 0.1358 0.6042
Plan 3 0.1900 0.5638 0.2797 0.1607
Plan 4 0.1051 0.0550 0.4704 0.1074
2
*ij 0.3484 0.4042 0.3309 0.4187
.
(Z x{j)2
0.5903 0.6357 0.5753 0.6470
[ 3 )
\ )
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Based on Table 4.9, to get normalized decision matrix, by using this formula:

=—L fori= 1234;j=1234

1. =
3 sz
ij

Table 10 Normalized decision matrix

Step 1(b) : 135
Weight, W 0.6493 0.1905 0.0470 0.1133
Availability Speed Type of Connection Price
Plan 1 0.8724 0.4143 0.1985 0.1975
Plan 2 0.3218 0.1853 0.2360 0.9337
Plan 3 0.3218 0.8869 0.4862 0.2483
Plan 4 0.1781 0.0865 0.8176 0.1660

Next, multiply each column for Plan 1 until Plan 4 in Table 4.10 by its associated weights, W to get an
element of the new matrix is v = wjrj (Table 4.11).

Table 11: The weighted normalized decision matrix.

Step 2(a) : Vij A*:Ideal Solution
Weight, W 0.6493 0.1905 0.0470 0.1133 A': -ve Ideal Solution
Availability Speed Type of Connection Price
Plan 1 0.5665 0.0789 0.0093 0.0224
Plan 2 0.2090 0.0353 0.0111 0.1058
Plan 3 0.2090 0.1689 0.0229 0.0281
Plan 4 0.1156 0.0165 0.0384 0.0188

Based on Table 11, we identified the ideal solution (A*) and negative ideal solution (A’) for each criterion.
The green one is the ideal solution. For availability, speed and type of connection, the ideal solution is
the highest scores between the plans. While for price, we choose the lowest score as the ideal solution
because for price the less the better.

The orange one is the negative ideal solution for each criterion. For the negative ideal solution, the
condition is opposite to the ideal solution. We will choose the lowest scores for availability, speed, and
type of connection. And the highest score for price will be selected as a negative ideal solution.

Ideal solution, A* = {0.5665,0.1689,0.0111,0.0188}

Negative Ideal solution, A’ ={0.1156,0.0165,0.0093,0.1058}

Next based on Table 12 and Table 13, we determine the separation from A* and separation from A’
respectively by using formula as below:

Table 12 Separation from A*

Step 3(a) : separation from A*
Weight, " 0.6493 0.1905 0.0470 0.4133
* * 2\2 2 %
5. = (> (0= ) st=(Z -
Availability Speed T\ple of Co j l;rlice J Summation of Plan n row
Plan 1 0.0000 0.0081 0.0000 010000 0.0081 0.0901
Plan 2 0.1278 0.0179 /0000 2\ 20076 0.1532 0.3915|
Plan 3 0.1278 0.0000 ¢ — [ Yofey].. — 7,7} J.00o1 0.1280 03578
Plan 4 0.2033 0.0232] L \ Zopdo7[/ J7 Jo.0000) 0.2272 0.4767|
(=]
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Table 13 Separation from A'

Step 3(b) : separation from A’
Weight, W 0.6493 0.1905 0.0470 0.1133
o
| 5= (D -v))
Availability Speed Type of Connection |Price Summation of plan n row
Plan 1 0.2033 0.0039 0.0000 0.0070 0.2141 0.4627
Plan 2 0.0087 0.0004 0.0000 0.0000 0.0091 0.0952
Plan 3 0.0087 0.0232 0.0002 0.0060 0.0382 0.1954
Plan 4 0.0000 0.0000 0.0008 0.0076 0.0084 0.0917

For the last step, we calculate the relative closeness to the ideal solution by using this formula.
Relative closeness to the ideal solution, C;
C = Si
LTSI+

Table 4.14 The relative closeness to ideal solution.

Step 4 : Relative closeness to Ideal Solution
. 5i
G =5ys
Ranking

Plan 1 0.8370

Plan 2 0.1957

Plan 3 0.3532

Plan 4 0.1614|: P1>P3>P2>P4

After calculating and following all the steps, we can conclude and rank all the internet plans
according to all criteria by looking how far and close to the ideal solution. In the TOPSIS method, the
higher the relative closeness to the ideal solution, the higher the performance score.

From Table 4.14, we can see that Plan 1 has won since it has the highest value for relative
closeness to the ideal solution compared to other plans. Hence, we can conclude the ranking
sequences from the best selection to the worst selection as Plan 1> Plan 3> Plan 2> Plan 4.

Conclusion

Both methods, AHP and TOPSIS were considered both qualitative and quantitative approaches to
study. The hierarchy structure of the main goal, criteria and the alternatives for internet plans are built
in the first step. This is the most creative and important part or step of decision making.

| chose AHP method as one of the methods that | applied into this study because AHP method provides
a rational framework for a needed decision by quantifying its criteria and every alternative option, and
for relating those elements to achieve the main goal of the problem. AHP also converts this evaluation
into numbers, which can be compared to all the possible criteria. By this we can prove that the AHP
method is unique compared to other decision-making methods.

The TOPSIS method is selected to solve the problem in this study because TOPSIS is a method that
has capacity and simplicity to solve a non-confined quantity of the alternatives and the criteria in the
decision-making.
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