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Abstract— Today's communication is very important to do, this can be done by using
communication tools that are currently being used by everyone, none other than
SmartPhone, so people are competing to get it. Many found difficulties in choosing a
SmartPhone Brand Product that suits the wishes of each user from a number of
alternatives such as Advance, Xiaomi, OPPO, SAMSUNG, and VIVO, because many
criteria must be considered such as memory capacity, battery durability, sharpness of
capture camera, the form of design producy, the number of features produced from the
product, which is equally important is the overall performance of the product. This
difficulty is a general matter discussed by each user, because it requires the best
solution that can be used to solve the problem. One method that can be used to select
the right SmartPhone is the Analytic Hierarchy Process (AHP) method combined with
the TOPSIS method. In this case AHP is used to determine the preference quantity in
weighting and TOPSIS is used for mathematical detailed calculations of a number of
criteria specified in ranking from a number of alternatives. The results obtained based
on the mathematical calculation process are the first rank brand products with the
highest weight of 0.597 from SAMSUNG, followed by a weight of 0.586 from OPPO,
then weighing 0.555 from Advance, then weighing 0.511 from VIVO, and the smallest
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weight 0.491 from Xiaomi.
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I. INTRODUCTION (HEADING 1)

Seeing the level of human activity in the virtual
world at this time, giving an illustration to anyone in
the eye to be able to understand the importance of a
very high level of communication that cannot be
limited by space and time. Technology is able to
compensate for the busy conditions of each person
to be able to communicate with each other remotely,
even know no time. SmartPhone is one of the
technologies closest to the current conditions. Once
the importance of the tool, so that all interests can be
resolved easily. There is a very urgent concern for
communication devices in the form of SmartPhone,
which is the superiority aspect of each Product
Brand which is the most important criterion in the
race for the Product Brand selection for SmartPhone.
the size of the storage media is memory, the battery
strength is always mobile, the sharpness of the
camera's capture power in the form of photos and
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images, the real appearance of the product design,
the number of features produced by the product, and
most of all the performance of the Brand Product
SmartPhone. Brand Products SmartPhone are used
as research material, namely Advance, Xiaomi,
OPPO, SAMSUNG, and VIVO.

To help users determine their choice of
SmartPhone Brand Product that suits their needs,
given an optimal solution to become a barometer in
obtaining the right SmartPhone Brand Poduct is a
Multi-criteria method, the Analytic Hierarchy
Process (AHP) will be combined with the TOPSIS
method. Both of these methods have different
functions in their collaboration. AHP is used in
determining preferences from a number of plural
criteria, while TOPSIS is used to calculate the detail
of the selection process for a number of alternatives.
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Il. LITERATURE REVIEW
2.1. Analytic Hierarchy Process (AHP).

Every human being to carry out a decision
making process is expected to be able to increase the
level of effectiveness in decision making. To
determine the decision problem at the same level,
the level of importance and choice of evaluation
decisions from the decision criteria can be different
assessments. AHP can provide opportunities for
effective decision making in solving decision
problems such as this condition. mathematical
methods that evaluate criteria and alternatives that
are qualitative and quantitative by considering the
priority of groups or individuals together in decision
making [1].

Famous figures such as Saaty had developed
AHP in 1977 and he had succeeded in making it
used to solve decision-making problems. AHP can
be described as multi-criteria decision making and
forecasting methods used in the decision hierarchy
and provide a percentage distribution of decision
points in terms of factors that influence decisions
[2]. AHP is based on comparisons used to determine
the important values of decision points in terms of
factors that influence decisions using a
predetermined comparison scale [2]. Saaty realized
that in order to succeed in decision problems,
accurate mathematics was needed not complex
mathematics and he had developed AHP as a result
of analysis for complex situations and decision
making for complex, simplified problems [3], AHP
could be used for alternative determination and
criteria. specified from the eigenvector value [4] can
also be combined with other methods in a multi-
criteria cluster such as promethee [5] or using other
methods. AHP configures hierarchically and
visualizes complex multi-criteria problems so AHP
is used effectively in solving problems faced in
many scientific fields [6].

To make a decision in an organized way to
produce priorities, we need to decipher the decision
into the following steps 1) Define the problem and
determine the type of knowledge sought; 2) The
hierarchical structure of decisions from above with
structured decision objectives, then goals from a
broad perspective through the middle level (criteria
that depend on the elements below) to the lowest
level (which is usually a set of alternatives); 3)
Create a set of pairwise comparison matrices. Each
element at the top level is used to compare elements
at the two levels below; 4) Use priorities obtained
from comparisons to compare priorities at the level
below. Do this for each element to the lowest level
as an alternative [2], [6], [7].
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2.2. Technique for Order of Preference by
Similarity to Ideal Solution (TOPSIS).

TOPSIS method is one of the Multi-criteria that
gives a description of the rank listed in the dataset, if
there is an addition to the dataset it can lead to
changes in the next ranking [8], [9] . To handle
problems like this can be done by determining the
new preference and then adding the next data set, so
that TOPSIS can be said to be a mixed method in
determining the ranking.

TOPSIS and AHP are part of the Multi-criteria
Decision Making (MCDM), usually the nature of
Multi-criteria has the same stages. The following is
a general description of the main steps in making
Multi-criteria decisions as follows: a) Establishing
system evaluation criteria that return the system's
ability to its objectives; b) Develop alternative
systems to achieve goals (produce alternatives); c)
Evaluating alternatives in terms of criteria (criteria
function values); (d) Applying normative criteria
analysis methods; e) Receive one alternative as
optimal preference; f) If the final solution is not
accepted, collect new information and enter the next
iteration of Multi-criteria optimization [10]. The
things like this, will be shown in the determination
of preferences derived from the eigenvector value,
where the determination of the eigenvector will
experience five iterations to get an eigenvector with
a value without difference. This means that there is
not the slightest difference to the decimal value
generated from the eigenvector that was obtained
last with the previous eigenvector value and so on.

Decision making plays an important role in
various life cycles, to identify objectives that are
simple Analytic Hierarchy Process (AHP) then used
to prioritize preferences. The output of AHP is used
as an input for Preference Order Technique by
Similarity to Ideal Solutions (TOPSIS) which
produces metrics that decide the best alternative
among so many alternatives [11], so here it will
show that there is good collaboration between AHP
and TOPSIS when viewed from the technique use of
dataset results.

2.3. Expert Choice.

The Expert Choice application is software that
can be used to prove the harmony between the
results obtained by the determination of the
eigenvector which is processed with the algebra
matricis method correctly. Algebra matricis can be
used as a standard of completion with mathematical
concepts through several iterative stages. The
iteration process that occurs in the determination of
eigenvector values is not always the same,
depending on the amount of deviation value
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produced. The greater the deviation value it is
possible for an iterative process to determine the
eigenvector bias repeatedly, on the contrary if the
resulting deviation is small, it allows not too much
iteration. The important note for the process must be
at least one time, because the determination of the
eigenvector difference is obtained from the
reduction between the first eigenvector and the
second eigenvector. The Expert Choice 2000 was
made like making a hierarchy [12] with a different
concept, namely by determining the level of
objectives, level criteria, and alternative levels that
are designed in the same way as hierarchy but the
appearance of entries is different.

The appearance of the two dimensions of Expert
Choice 2000 can be seen in (Figure 1), where there
are seven criteria compared to one another, the value
displayed in Expert Choice 2000 is a process that is
converted from an arithmetic scale obtained from a
number of approximately 140 respondents were
changed to a geometric scale and converted to scale
AHP scale 1-9. The results obtained are shown as
(Figure 2) and are used to determine the weight of
each criterion which becomes a ranking benchmark
to determine the criteria weights in TOPSIS.
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Figure 1. Display Input Expert Choice 2000
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Figure 2. Eigenvector Output Results
2.4. The calculation process used in TOPSIS.

To understand more about the combination of
AHP and TOPSIS, first learn how to determine the
criteria that can be used to measure a SmartPhone
Brand Product. Some equations that can be used to
determine the eigenvector value and this is the usage
limit of AHP as a determinant of the criteria, then
the results of the eigenvector are used in the
mathematical process using the TOPSIS method. As
for a number of equations that can be used as
follows: Determining the normalized table, this is
done to determine the position of the value of a
determinant measured through a scale range
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obtained from the magnitude of the results of
squaring, so that it can determine where the position
of a point is, as for the equation used in (equation 1).

)CU'

m 2
DRI

\ Y

Thus each criterion determined by its size can be
determined by the point where the point is located.
Next is to combine the amount of value calculated
with AHP in determining the normalization weight,
as for the equation used to determine the
normalization weight using (equation 2).

R;= (1)

Vij =Wy 2)

For using the (equation 2) illustrates that the
results of each of the normalization processes occur
multiplication between the results of normalization
of data with the amount of criteria obtained through
eigenvector values, thus the amount of results will
be processed further.

The next step is to determine the magnitude of
the ideal positive solution and the magnitude of the
negative ideal solution. This is done by summarizing
each criterion to determine the maximum value and
minimum value of each criterion used to determine
the SmartPhone Brand Product, of course there will
be two equations that can be used to determine
positive ideal solution and negative ideal solution in
(equation 2) and (equation 4). Positive ideal
solutions can determine the value of a criterion taken
from weighted normalization, which is reduced by
the maximum value of each of the squared criteria,
as well as the negative ideal solution obtained from
the value of each criterion line divided by the lowest
value of each criteria taken from weighted
normalization, which is reduced by the value of the
minimum amount of each of the squared criteria.
Then each row can be added to determine the
dimension value of V.

At = (y1*,y2*,y3%, ... ,yn*)

®)

A-=l1",y27,¥3", ... .yn7)

(4)

Dimension V is obtained based on a combination
of processes from negative ideal solutions divided
by the sum of positive ideal solutions and negative
ideal solutions. The equation s that can be used can
be seen in (equation 5). Thus ranking can be
determined from each alternative, which one has the
greatest weight is in the top position and which has
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the lowest value is the lowest position and this does
not use the index system.

®)

I1l. PROPOSED METHOD

The research method that can be used as a handle
in collecting this data is based on several sources,
namely the questionnaire method and a number of
preferences about the SmartPhone Brand Product as
a form of field research and to integrate the two
literature studies as a form of unification which is
equation in mathematical completion methods
prepared starting from determining the value of
decisions arranged in a table to simplify the
problems that vary. Then determine the criteria and
alternatives to be resolved.

The stages of research that will be carried out are
1) Conducting data collection from several methods,
namely the questionnaire method, field research, and
literature  study methods; 2) Process the
classification of data to be grouped into their
respective criteria; 3) Perform calculations on the
eigenvector value carried out using the AHP
method; 4) In line with the AHP method, the process
of forming data normalization is carried out with the
TOPSIS method; 5) Perform a combination process
of both AHP and TOPSIS methods, namely
determining the weight of normalization; 6)
Determine the size of the Positive ideal solution
value; 7) In line with that also determines the
magnitude of the solution to the negative ideal
solution value; 8) Determine the V point process; 9)
Determine the ranking of a number of alternatives
from the Procurement SmartPhone Brand Product.
The stages of this research must be carried out
according to the rules of the game that allow each
stage to display the results as outlined in a table as
an illustration of the understanding of the use of the
AHP and TOPSIS methods.

The process of the research stage that requires
nine stages of the process can be described simply as
can be seen in (Figure 3). This provides interrelated
evidence between the AHP method and the TOPSIS
method. Where AHP gives priority to each criterion,
obtained from the eigenvector value that has been
through iterations until there is no difference
between the last eigenvector value of the iteration
process with the previous eigenvector value. This
indicates that the acquisition of eigenvector values
gives optimal results without any difference behind
the decimal places value. And it can be proven by
the Expert Choice 2000 application, which gives the
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same value as mathematically algebra matrices. This
eigenvector value will be used in the mathematical
process through the TOPSIS method.

Collecting Data
Clasifiying Data

Eigenvector Process Normallization Process
Using AHP Using TOPSIS
Weight
Normalization
Ideal Positif Solution Ideal Negatif
Solution

W Point Process
TOPSIS Ranking

Figure 3. TOPSIS Algoritm

IV. RESULT AND DISCUSSION

Ranking of a smartphone product brand using
the TOPSIS method, has many stages that must be
passed, the first step is to determine the value of the
decision. The decision value used has seven levels
of assessment starting from very bad with a weight
of one to very good assessment with a weight of
seven, note (Table 1) which describes the point of
assessment of the smart phone product brand that
was appointed in this study..

Table 1. Point of Branda Product Assessment

table of decision values

1 very very bad

(3]

very bad
bad
enaught
well

very well

I e T T I V)

very very good

From the results of the input obtained so that the
value of the amount of each decision of the
SmartPhone Brand Product can be determined, the
results can be said as the basic table used for
processing in the TOPSIS method, where the
magnitude obtained from the eigenvector value is
indicated as the weight of the criteria. Note (Table 2)
the following are illustrated seven main criteria,
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namely: Performance, Feature, Design, Camera,
Battery, and Memory. The determination of the
eigenvector value can be obtained in two ways,
namely: first it can be done with the Expert Choice
Application and the second can be done using the
Algebra Matrices method. In applying Algebra
Matrices, it requires several iteration stages so that it
does not produce the difference between the last
eigenvector value and the previous eigenvector
value that has passed several iterations. The results
obtained from the Expert Choice Application can be
seen in (Figure 1) which is the result obtained from a
number of respondents which is used as input for the
search process stage of the eigenvector value and
(Figure 2) describes the process results obtained
with the Expert Choice Application and used as a
preference for reprocessing with the TOPSIS
method in determining the normalization weight of
the six criteria used as a measurement of the
Smartphone Brand Product.
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Figure 4. Preliminary Data on Algebra Matrices
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Figure 5. Multiplication of Algebra Matrices

The algebra matrices process (Figure 5) has five
iterations until it is found that there is no difference
in value between the last eigenvector and the
previous eigenvector, while the final results obtained
by algebra matrices are noticed (Figure 6).

Eigenvector Eigenvector Difference
0.227 0.000000000000000000000000000000
0.196 0.000000000000000000000000000000
0.172 0.000000000000000000000000000000
0.147 0.000000000000000000000000000000
0.134 0.000000000000000000000000000000
0.124 0.000000000000000000000000000000

Figure 6. Eigenvector value without difference

The eigenvector value displayed in (Figure 6)
explains that, the value of the eigenvector value
without gives the difference meaning that the
eigenvector is final and has great strength, if a
sensitivity test is done, even vice versa if the
eigenvector value is obtained by a different method
with the iteration way method, it can be said that the
decision taken has a slack if tested with a sensitivity
test. Sensitivity tests can be done by changing the
values according to the parameter limits ranging
from 0.1 to 0.9; if there is a change, the decision is
said to be weak, but conversely if the results of the
sensitivity test do not experience changes in value,
this means that the decision has extraordinary
power, meaning that the decision determined
describes a  very  mature  consideration.
The value obtained from the calculation process
using the AHP method can be used as a preference
for reprocessing with the TOPSIS method in
determining normalization weight, note the
weighting criteria shown in (Table 2) which will be
processed using the TOPSIS method in determining
the priority of decisions for SmartPhone Brand
Products. .

Table 2. Decision Value

Weight Criteria 0.227 0.196 0.172 0.147 0.134 0.124
Criteria Performance Feature Design Camera  Battery Memory
Advance 0.107 0.077 0.086 0.054 0.062 0.059
Xiaomi 0.092 0.090 0.062 0.076 0.062 0.059
0PPO 0.107 0.090 0.086 0.054 0.062 0.050
SAMSUNG 0.107 0.090 0.074 0.065 0.062 0.050
VIVO 0.092 0.090 0.074 0.076 0.053 0.059

Referring to (Table 2) it can be seen that each
weight has been given a point as a weight criterion,
whose total magnitude is one hundred percent. With
utilization (Table 2) the results of normalization will
then be obtained. These results can be obtained
using (equation-1) with results that can be seen in
(Table 3) below.

Table 3. Normalization

(riteria Perfomance  Festwe  Design  Gamera Battery  Memory
Advance 0473 03% 0501 0369 01460 047
Hizom 045 0450 0358 0316 0460 047
OPFO 0473 0480 0.501 0369 0450 045
SAMSUNG 047 0460 0430 044 0460 045
VD 0455 0450 0430 0316 033 LY

To determine each weight of each criterion, we
need a weight value from the eigenvector value
obtained from the AHP method. The magnitude of
each of the criteria and alternatives can determine
the magnitude of each alternative based on the
criteria used, so that it can determine the
determination of the maximum value and the
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minimum value of each criterion in each alternative.
The maximum value and minimum value can be
used as an appropriate scale to determine the points
of each alternative, so the value of the decisions
taken has a very significant impact on the final
decision that is optimal. Therefore, the positive ideal
value and negative ideal value as a benchmark
determine the best decision on a SmartPhone Brand
Product.

Table 4. Weighted Normalization

Criteria Performance  Feature Design (amena Battery  Memory
Advance 0107 0 008 005 0,062 0059
Yiaomi 0052 000 Q62 7% 0,08 0058
0] 0107 0.0%0 .08 00 0.062 0.050
SAMSUNG 0307 0050 Q0 1065 .06 0050
Vo s 0.0%0 00 0% 0,053 0058

By observing (Table 4) each criterion can
influence a number of alternatives in determining
the V dimension that is derived by an ideal positive
solution symbolized by D + and a negative ideal
solution. Symbolized by D-. Look again at the value
of each criterion which seems to be seen which is
the biggest and which is the smallest, so that is the
right placement of alternatives in determining the
ideal solution. The equation that can be used is
(equation 3) and (equation 4).

Table 5. Ideal Positive Solutions

Di+ 00000000  0.0001655  0.0000000 00004698  0.0000000  0.0000000
D 00053 00000000  CL00GOED 00000000  D.0OOOD  0.0000000
D3+ 00000000  0.0000000  0.0000000 00004635 0.0000000  0.0000N0R
DI 00000000 00000000  0OO0ISLT  OODOI7A  OODOOOOD  0.0000702
D 00000000 00001656  0O0ISLT Q0004638  OLODOODOD  0.0000DO0

Positive ideal solutions are taken from the

determination of the largest value in each criterion
which is then processed from the value of n on a
particular line divided by the reduction in the largest
value and the value of the squared value. Each value
of n on a particular line must be done in the same
way to determine the location of the row value of the
magnitude of the value in the specified range.

Table 6. Ideal Negative Solutions

DI- 0.0002353  0.0000000  0.0005063  0.0000000  0.0000774  0.0000702
D2- 0.0000000  0.0001656  0.0000000  0.0004638  0.0000774  0.0000702
D3- 0.0002353  0.0001656  0.0006063  0.0000000  0.0000774  0.0000000
D4- 0.0002353  0.0001656 00001517  0.0001174  0.0000774  0.0000000
D5- 0.0000000  0.0001656  0.0001517  0.0004598  0.0000000  0.0000702

Taking into account (table 5) as a positive ideal
solution and (table 6) as a negative ideal solution the
two tables can be used to determine the dimension
of V as a ranking benchmark, so that decision
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making can be done carefully. The table results of
research on SmartPhone Brand Product can be
resolved properly. The results of the SmartPhone
Brand Product selection rank can be seen in (table 7)
below.

Table 7. TOPSIS Ranking.

Vx Bobot V Alternative Ranking
Vi 0.555 Advance 3
v2 7 0401 Xiaomi 5
V3 0.586 OPPO 2
V4 0.597 SAMSUNG 1
NE] 0.511 VIVO 4

V. CONCLUSION

Selection of SmartPhone Brand Product using
the combination method between Analytic
Hierarchy Process (AHP) and TOPSIS, provides
optimal results in the ranking obtained, namely: The
first rank is occupied by SAMSUNG with a weight
of 0.597, followed by the second ranking by OPPO
with a weight of 0.586, the third ranked continuation
is occupied by an Advance with a weight value of
0.555, and ranked fourth and fifth in sequence are
VIVO with a weight of 0.551 and Xiaomi with a
weight value of 0.491. Of the five SmartPhone
BrandPproduct that greatly outperformed from
SAMSUNG and this is an optimal decision that can
be used as a reference in determining priorities. It is
evident clearly that the Analytic Hierarchy Process
(AHP) can be collaborated with TOPSIS, because
both in one process determine the rank of each
object evaluated.
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