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Abstract — The lack of a disaster information system
nowadays has made it difficult to find out information in the
disaster area. Making information systems in disaster areas is
important to solve the problem of uneven distribution of aid
provided at each barrack. Because the conditions of each
barrack are different, a system is needed to determine the
priority for selecting disaster. To be able to determine the
recommendations for the selection of disaster barracks, this
study uses the Fuzzy Simple Additive Weighting (Fuzzy SAW)
method, uses fuzzy method to determine the input basis value
to SAW [3]. With the implementation of the Fuzzy SAW
method, the results of this study can provide recommendations
for Badan Penangguangan Bencan Daerah (BPBD) of
Malang to determine the priority of disaster barracks that can
take precedence.
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Fuzzy, Simple Additive Weighting.

|. INTRODUCTION

Geographically and geologically, Indonesia is located in a
disaster-prone region, both natural disasters such as
earthquakes, floods, landslides, volcanic eruptions, storms,
tsunamis, forest and land fires, and non-natural disasters such
as technological failures, modernization failures, epidemics and
disease outbreaks. According to DIBI, Data Informasi Bencana
Indonesia on the BNPB website, the number of natural disasters
during 2018 in Indonesia was 2,572 and the number of natural
disasters over the past five years was 10,406 [1].

Making information systems in disaster areas is important
to solve the problem of unequal aid at each barrack, stacking of
aid at a certain area but there is a lack of aid at other areas, there
is a shortage of certain commodities or vice versa the aid
provided is too much, and less useful. These problems are
caused by lack of information regarding disaster victim data and
lack of information on aid data that has been provided.
Nothingness of such information makes it difficult to determine
the priority of countermeasures that should be done with the
condition of different needs of each barrack.

To overcome the problems described earlier, need to build
an information system that can be accessed online using a web
browser and web server. In addition to being able to provide
recommendations for disaster management decisions, the Fuzzy
Simple Additive Weigting method is used in its development.

Il. LITERATURE REVIEW
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A. Information Systems

Definition of the system consists of a system based
approach that emphasizes the procedures and systems that
emphasize the elements. Systems approach that emphasizes the
procedure can be defined as a network consisting of procedures
that are interconnected, then gather together to complete
activities and achieve a certain goal. While the system that
emphasizes the elements defined as elements are integrated
with the same purpose to achieve the expected goals. So it can
be concluded that the system is an element or procedures that
are arranged and integrated with a common goal to achieve
certain goals. An information system has characteristics
including system components, boundaries, the environment
outside the system, connectors, inputs, outputs, processing and
the goals and objectives of the system [2].

B. Decision Support System

Decision support system is a system that helps decision
makers to complete information from data that has been
processed by the relevant and needed to make decisions about
a problem more quickly and accurately. The purpose of making
a decision support system [2], namely:
1. Make it easier for people to decision-making on issues that
semi or unstructured.
Provide support for decision making for managers at all
levels to help integration between levels.
Improving the effectiveness of managers in decision-
making and not an increase inefficiency.
C. Fuzzy Multi Attribute Decision Making

In particular in multi-attribute decision making models
can be explained as follows :
For example : A ={ ajli=1, ..., n} namely an alternative set
of decision makers and C = { ¢jj = 1, ... , m} is the set of
objectives desired, then the alternative set x° must be
determined which has the highest degree of expectation curve
towards the desired goal ¢;[3].

It can be concluded that the multi attribute decision
making (MADM) problem is by evaluating alternative m : A =
(i= 12, ..., m), where each attribute is independent of one



another. A decision matrix for each alternative to each attribute
X is given as follows:

X11  X12 X1in
X21  X22 Xon

X = .. .
Xm1  Xm2 Xmn

Where xij is the i-alternative performance rating for the j-
attribute. Weights that indicate the relative importance of each
attribute, are given as W:

W:{Wl',WZ',...,Wn} (1)
Values in weights (W) can be formed into a formula:
Xn
(Xt-1) @

Where:
Xn = n-variable (0-n)
Xt = Total variable in 1 record

Performance rating (X), and weight value (W) are the
main values that explain the absolute preference for decision
support. MADM problems must be ended by using the ranking
process in order to produce the best decision in accordance with
all the preference values that have been given.

There are several methods that can be used to solve
MADM problems, among others [4]:

1. Simple Additive Weighting (SAW)
Weighting product (WP)
ELECTRE
Technique for Order Preference by Similarity to Ideal
Solution (TOPSIS)
Analytic Hierarchy Process (AHP).

2.
3.
4.

D. Fuzzy Database Model Tahani method

This Fuzzy Database Models Tahani still use the Data
Base Management System (DBMS) standard relationship, only
this model using fuzzy set theory to obtain information on his
query [5]. Tahani describing a query processing method based
on a fuzzy with the manipulation of language known as SQL.
Fuzzy database models tahani is made up of stages, [6]:

1. Linear Representation, Triangle Curve Representation,
Trapezoid Curve Representation Each of these functions
will produce values between "0" and "1" in different
ways, according to the type of representation used. f uS
is a membership function of an element in the S set, then
for an element X it can be stated uS (X) which has a
value between "0" and "1" so there are nthree
possibilities: pS (X) = 1 — X absolute members of S,
uS ( X) =0 — X absolute is not a member of S, uS (X)
<l — X members S with degrees of membership
between 0 and 1.

Fuzzyfication is the first phase of fuzzy calculation,
namely the conversion of firm values to fuzzy values.
The process is as follows: an analog quantity is entered
as an input (crisp input), then the input is entered at the
scope / dominant limit of the membership function. This
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membership function is usually called the membership
function input. The output of this fuzzification process
is a fuzzy input value or what is usually called a fuzzy
input.

Fuzzyfication Query is assumed to be a conventional
(nonfuzzy) DBMS query that will try to create and
implement a basic system of fuzzy logic queries (fuzzy
logic based querting system). The concept of a fuzzy
relation in a DBMS uses the degree of membership p
which is defined in the domain set X = (X1, ..., Xn), and
has been generated in an external relation by the fuzzy
middle value. The query syntax used is as follows:
"select from where".

Zadeh's Basic Operators for Fuzzy set Operations in a
conventional set, there are several operations that are
specifically identified to combine and modify fuzzy sets.
The membership value as of 2 fuzzy sets is known as
Fire Strength or a-predicate. It is entirely possible to use
basic operators in the query process in the form of AND
and OR operators. a - predicate as a result of operations
with the AND operator is obtained by taking the smallest
membership value among the elements in the sets are
concerned, denoted : pANB = min(pA[x], uB[x]). As
for operating results with an OR operator is obtained by
taking the largest membership among the elements in the
sets are concerned, denoted: HAUB max(LALX],
MUB[x]). Recommended alternative is an alternative that
has a Fire Strength value or the level of compliance with
the criteria selected above 0 up to number 1.

E. Simple Additive Weighting

The Simple Additive Weighting (SAW) method is often
also known as the weighted sum method. The basic concept of
the Fuzzy SAW method is to find a weighted sum of the
performance ratings for each alternative on all attributes. SAW
can be considered as the easiest and most intuitive way to
handle the Multiple Criteria Decision Making MCDM problem,
because linear additive functions can represent decision maker
preferences. This can be justified, however, only when the
assumption of preference independence or preference
separability is fulfilled [7].

SAW method, because of its simplicity, is the most
popular method in the MADM problem and the best alternative
may be derived from the following equation:

A = {(w; () |max; xw;(x)]i =1,2,...,n)} 3)

or alternative gaps can be increased to build the best new
alternative A" to reach the desired level of each criterion. And
also:

“

n
u;(x) = ijl w;ri;(x)
Where Ui(x) shows the utility of alternative-i, and i =
1, 2, ., n;.While wj indicates the weight of criteria j.
In the equation rij(x) is a normalized rating chosen from the i -



alternative which corresponds to the j-criterion for all
equivalent units; assuming all criteria are independent. In
addition, the normalized rating chosen rij(x) from the i-
alternative which relates to the j-criteria can be defined as
follows [7]:
Form 1
o For the benefit criteria (bigger is better), rij(x) = xij / X,
where X’j = max; xj or make X’j the desired level, and with
condition 0 <= rjj(x) <= 1.
e For cost criteria (smaller is better), rij(x) = (L/xi)/(1/X) =
(maxi x")/(xij) or keep making xj the desired level.
Form 2
e For benefit criteria (bigger is better), rij(x) = xij - x;)/(Xj -
Xj), where X*j = max; x;; dan Xj = min; x;j or make Xj the
desired level (the best) and X7 as the least desirable (the
worst) level.
e For cost criteria (smaller is better), rij(x) = (Xj - Xii/(Xj -
X*j).
Therefore, the performance of synthesized are:

m

2

Where pi is the synthesis performance value or preference value
of the i-alternative; w; shows the weighting of the criteria to j;
;5 IS anormalized rating chosen from the i-alternative to the j-
criterion to become an equivalent unit; and the criteria are
assumed to be independent of each other. If the unit matrix is a
unit equivalent performance, we do not need to transfer data
matrix into which the selected normalized grading scale.

p; = W;Tij (5)

I11l. RESEARCH METHODS

A.  Analisis of System Functional

To determine the requirements for system functionality, a
design tool using UML is needed:

1. Flowchart Diagram

Flowchart is a diagram that represents the type of
algorithm or steps sequential instruction in the system. Fig. 1
shows the business system flow starting from a user login to the
backend, then in the backend system, a user can choose the
menus to manage disaster data, SAW method master data, and
user management. The disaster data will be used as the value of
fuzzy input data into the SAW method.

Input data

nput data
Master

Master

Input Bobot

Kriteria

Tidak Penilaian

SAW

Fig. 1. Flowchart Diagram

2. Class Diagram
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Class diagram is a diagram illustrating the interactions and
relationships between classes in the system. Figure 2 shows the
ten classes proposed in system design. Including class of user,
year, barracks, logistics, refugees, human resources, damage,
criteria, alternatives, and evaluation of SAW.

s PN 3 o—_e s —— 8

Fig. 2. Class Diagram

B. Analysis of Fuzzy Method

Here are the steps to determine the input value using the
Tahssani Fuzzy Database Model method.
1. Determine the criteria that will be used as a reference for

decision making..

TABLE I. Criteria

Variable Criteria Attribute
c1 The nur_nber of Cost
victims
C2 Capacity of barrack Cost
C3 Logistics Needs Cost
ca Avallablll_ty pf health Benefit

facilities
C5 Damag_eq _pub lic Benefit
facilities

The criteria are divided into two categories, namely
benefits and costs. Criteria are said to be a benefit if the
criteria are to be maximized while criteria are categorized
as benefits if the criteria are to be minimized.

2. Describe the Membership Function
Membership function is a curve showing the mapping of
points of data input into the value of its members.

3. Fuzzification

Fuzzification is the conversion of firm values to fuzzy
values. Variable Number of Victims is converted with
fuzzy numbers as follows:

TABLE II. The number of victims

The number of
victims Category Value
< 50 people Low 0
51 - 125 people Moderate 0,33
125 — 250 people High 0,67
> 251 people Very high 1

Variable Barrack Capacity is converted with fuzzy
numbers as follows:
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TABLE Il1. Capacity of barrack

Capacity of barrack Category Value
<50 m? Low 0
51-125m? Moderate 0,33
125 — 250 m? High 0,67
> 251 m? Very high 1

Logistics Needs variable converted by fuzzy numbers as
follows:

TABLE IV. Logistics Needs

Logistics Needs Category Value
<0,50 Low 0
0,51-0,75 Moderate 0,33
0,75-1,00 High 0,67
>1,10 Very high 1

Variable Availability of health facilities is converted with
fuzzy numbers as follows:

TABLE V. Availability of health facilities

Availability of

health facil?/ties Category | Value
< 2 facilities Low 0
3 — 5 facilities Moderate 0,5
> 6 facilities High 1

Variable damage public facilities converted with fuzzy
numbers as follows:

TABLE VI. Kerusakan Fasilitas Kesehatan

Kerusﬂ(r?:; rllzqasmats Category Value
< 2 facilities Low 0

3 — 5 facilities Moderate 0,5

> 6 facilities High 1

4. Fuzzyfication Query

Fuzzyfication Query is assumed to be a conventional
(non-fuzzy) DBMS query that will try to create and
implement a basic system of query logic.

TABLE VII. Fuzzyfication Query

. Kriteria
Alternatif Cl Co C3 ca 1 cs
Barrack 1 | 0,33 | 0,67 | 0,33 1 0
Barrack 2 1 0,67 1 0 0,5
Barrack 3 1 0,33 1 0 0,5
Barrack 4 0,33 1 0,33 | 0,5 0
Barrack 5 | 0,67 1 0,67 | 0,5 1

C. Analysis of the SAW Method

Once the input value obtained phases of the steps being
taken in the SAW method is:
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TABLE VIII. Criterion Weight

Criteria Variable | Attribute | Weight
The number
of victims ¢l Cost 16
Capacity of c2 Cost 28
barrack
Logistics
Needs C3 Cost 3.2
Availability
of health C4 Benefit 1.8
facilities
Damaged
public C5 Benefit 1.4
facilities

From Table VIII obtained by the weight values (W) with the
dataW =[1.62.83.21.81.4]
With alternatives

TABLE IX. Alternative

Alternative Variables
Barrack 1 Al
Barrack 2 A2
Barrack 3 A3
Barrack 4 A4
Barrack 5 Ab

Once an alternative is determined, then make the rating the
suitability of each alternative on each criterion (Table X)

TABLE X. Suitability rating

. Kriteria
Alternatif c1 2 c3 | ca | cs
Al 0,33 | 0,67 | 0,33 1 0
A2 1 0,67 1 0 0,5
A3 1 0,33 1 0 0,5
A4 0,33 1 0,33 | 05 0
Ab 0,67 1 0,67 | 0,5 1

From Table X, the decision matrix obtained as follows.

033 067 033 1 0
/ 1 067 1 0 0,5\
X=| 1 033 1 0 05
033 1 033 05 0
067 1 067 05 1

To normalize the X matrix into the R matrix requires
multiplication of the criterion weights (W) with the X matrix.
For the calculation of the matrix R requires the benefit or cost
value criteria in Table VII. Normalized matrix calculation as
follows.

For C1
R = 0,33 _033_
"™ min{0,33110,330,67} 0,33
1
Ry = = =0,33
1™ min{0,33110,330,67} 0,33
1
Ry = 0,33

min{0,33 110,33 0,67} 0,33 _



R = 0,33 033
*1™ min{0,33110,330,67} 0,33
R = 0,67 067 067
*1 ™ min{0,33110,330,67} 033
For C2
R = 0,67 067 0.49
2™ min{0,67 0,67 0,3311} 033
o = 0,67 067 0.49
*2™ min{0,67 0,67 0,3311} 0,33
R = 0,33 033
327 min{0,67 0,67 0,3311} 0,33
1
Raz = min{0,67 0,67 0,3311} 0,33 0.33
1
R, = = =0,33
2™ min{0,67 0,67 0,3311} 0,33
For C3
R = 0,33 033
¥ ™ min{0,33110,330,67} 0,33
1
R = = =0,
™ min{0,33110,330,67} 0,33 0.33
1
Ry = = = 0,33
3™ min{0,33110,330,67} 0,33
R = 0,33 033
™ min{0,33110,330,67} 0,33
R = 0,67 067 0.49
>~ min{0,33110,330,67} 033
For C4
max{1000,50,5} 1
R = max{1000,50,5}_1_0
2 0 0
Ru. = max{1000,50,5} _ 1 0
T 0 0
R = max{1000,50,5}_ 1 .
o 0,5 T05
Re. = max{1000,50,5}_ 1 .
T 0,5 T05
For C5
max{00,50,50 1}
R15 = 0 = —= 0
R = max{00,50,501}_ 1 =05
25 0,5 05
Rue — max{00,50,501}_ 1 - 05
33 0,5 T05
max{00,50,501} 1
Re. — max{OO,SO,SOl}_l_1
s 1 1
Then obtained a matrix as follows
1 049 1 1 0
033 049 033 0 05
R=|033 1 033 0 05|
1 03 1 05 0 /
049 033 049 05 1

89

JAREE-Journal on Advance Research in Electrical Engineering
Volume3, Number 2, October 2019

Furthermore, the ranking process done by the sum of the
normalized R matrix multiplication with the weight vector. The
ranking result in the Table XI.

P1=(1,6 x1)+(28x0,49) + (32 x 1)+ (1,8 x 1) + (1,4 x 0)
=7,979104

P,=(1,6x0,33) +(2,8 x0,49) + (3,2x0,33) + (1,8 x 0) + (1,4
x 0,5) = 3,663104

P3=(1,6 x0,33) + (2,8 x 1) +(3,2x 0,33) + (1,8 x 0) + (1,4 x
0,5) = 5,084

Ps=(1,6x1)+(2,8x0,33) +(3,2x 1) + (1,8 x0,5) + (1,4 x 0)
= 6,624

Ps= (1,6 x 0,49) + (2,8 x 0,33) + (3,2 x 0,49) + (1,8 x 0,5) +
(1,4 x 1) =5,588179

TABLE XI. Ranking Results

Alternative | Variable Preference Rank
Value
Barrack 1 Al 7,979104 1
Barrack 2 A2 3,663104 5
Barrack 3 A3 5,084 4
Barrack 4 A4 6,624 2
Barrack 5 A4 5,588179 3
IV. RESULTS

A. User Interface
The following will show the results of the system design
that has been developed using the PHP programming language

Fig. 3. Login Page

According to the analysis of the system functionality, the
user is required to login in Fig. 3 before being able to access
Front End

Fig. 4. Front End

After a user is on the front end page in Fig. 4, a user can
choose the menu management data barrack, logistics, victims,
damage and, decision support.



B. Fuzzy Simple Additive Weighting Method Process
In order to support the decision, the SAW method is
required to determine the criteria and attributes, then specify the
value of its weight. From Fig. 5 we know the weight value (W)
with the data W =[1,6 2,8 3,2 1,8 1,4].

Fig. 5. Kiriteria dan bobot kriteria

The data collected in the database is processed using fuzzy
database model tahani method and then used as suitability
rating of each alternative on each criterion. The results of fuzzy
values shows in Fig. 6.

Fig. 6. Suitability rating (X)

Based on the classification criteria of Fig. 5 where criteria
1, criterion 2, criterion 3 in cost and criterion 4, criterion 5 in
benefits, the calculation result to normalize the X matrix can
seen in Fig. 7.

Fig. 7. Normalized matrix (R)

Furthermore, the ranking process done by the sum of the
normalized R matrix multiplication with the weight vector. The
ranking result shows in Fig. 8.
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Fig. 8. Ranking result

V. CONCLUSION

The use of fuzzy queries in the fuzzy database model
tahani method successfully determines the degree of
membership that can be used as an input value on the suitability
rating of the SAW method and the output is rank result value
with the largest preference is 7.98 at Al and the smallest
preference is 3.66 at A2. The application of the Fuzzy SAW
method from this study can help BPBD of Malang to
determining the policy priorities of natural disaster barrack
selection.
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