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Abstract. Madura Island, whose majority of the people work as fishermen, has the potential to increase
their productivity by recommending suitable fishing gear for their area. This research will give
recommendationhf suitable decision to choose fishing gear which have good selectivity and good
productive, the meth:n developed in this research is combination of Fuzzy AHP and Fuzzy TOPSIS
method. Fuzzy AHP is used to determine the weight of predefined criteria and Fuzzy TOPSIS is used to
rank alternative decisions. The results of the weighting criteria are: selectivity = 0.213, productivity =
0.190, environmental impact = 0.182, quality of catch = 0.147, not dangerous = 0.138 and cost =
0.129. The calculation results using Fuzzy TOPSIS obtained the priority of fishing gear suitable for
fishermen in Madura Island as follows: fishing = 0.682, ground fish pots = 0.589, gill nets = 0.504,
trawl= 0.411, lift net = 0.327 and purse seine = 0.318. The results of the implementation of Fuzzy AHP
and Fuzzy TOPSIS methods will be taken into consideration for decision makers to assist fishermen and
local government to develop a kind of fishing gear that suits the needs of the community,
environmentally friendly and does not violate the law.

Key Words: fishing gear, Fuzzy AHP, Fuzzy TOPSIS.

Introduction. To realize a sustainable capture fishery in accordance with the provisions
of responsible fishery execution of the Code of conduct for Responsible Fisheries (CCRF),
the exploitation of marine biological resources shall be carried out responsibly. Data from
The State of the World Fisheries and Aquaculture states that 5% of the world's fisheries
are in continuous production decline status, 16% have been over-exploited and exceeded
the optimum production limits, 52% have been fully exploited, 23% of production can
still be improved even in small amounts, 3% of fish resources are still below their
optimum exploitation level and only 1% is in the recovery process through conservation
programs (FAO 1995).

Based on these data, to maintain the sustainability of fish resources it is
necessary to examine the use of environmentally friendly fishing gear in terms of
operation of fishing gear, fishing area and so forth in accordance with the governance of
responsible fisheries or the Code of Conduct for Responsible Fisheries (FAO 1995 ). In the
future, the development trend of fishing technology is emphasized on environmentally
friendly fishing technology in the hope of utilizing fishery resources in a sustainable
manner. Eco-friendly fishing technology is a fishing tool that does not provide a negative
impact on the environment, ie the extent to which the fishing tools do not damage the
bottom of the water, no negative impact on biodiversity, resources and not resources
(Damayanti 2005; Sumardi et al 2014; FAO 2016).

The majority of the people of Madura Island work as fishermen with various
fishing gear. Based on data from the Central Bureau of Statistics of Pamekasan Regency
in 2015, fishing gear that is widely used by fishermen in Madura Island are: fishing,
Ground Fish Pots, Lift Net, Trawl, Gill nets and Purse Seine. Fisheries depend heavily on
the availability of fish in unpredictable waters at all times. The use of fishing gear in the
achievement of good production should really pay attention to the environmental balance
by minimizing the negative [lhpact on the life of aquatic biota. The purpose of this
research is to determine the suitable fishing equipment for Fishermen in Madura Island,
especially Pamekasan Regency in terms of technical, environmental, social and economic
aspects (Regency 2017) )

Determination of suitable fishing gear for Fishermen in Madura Island is a complex
problem because the goal is to establish the best alternative from a number of
Elternatives based on several criteria. Therefore, to solve the problem can be solved by
Multi Criteria Decision Making (MCDM) method, that is by combining Fuzzy Analytic
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:
Hierarcy Process (Fuzzy gHP) and Fuzzy Technique for Order of Preference by Similarity
to the Ideal Solution (Fuzzy TOPSIS) for produce the right decision (Gumus 2009; Oniit
et al 2010; Kaya & Kahraman 2011; Awasthi & Chauhan 2012; Blyukozkan & Cifci 2012;
Kutlu & Ekmekcioglu 2012; Lima Jr. et al 2014; Shukla et al 2014; Zyoud et al 2016;
Hozairi & Krisnafi 2018).

Fuzzy AHP is one of the excellent MCDM methods to model the opinions of experts
by doing pairwise comparisons of variables that become decisive in the decision making
process (Hozairi & Ahmad 2015; Mafi-Gholami et al 2015). However, the Fuzzy AHP
method is less effective to use with a large number of criteria and alternatives, to cover
that weakness, it requires another method of decision making that is Fuzzy TOPSIS
i ethod, the method works using the principle that the chosen alternative must have the
closest distance from the ideal positive solution and furthest from the ideal ideal solution
by using the Euclidean distance to determine the relative proximity of an alternative with
the optimal solution (Krisnafi et al 2017; Hozairi & Krisnafi 2018).

This study uses six criteria, namely: K1 = selectivity, K2 = productivity, K3 =
environmental impacts, K4 = quality of catch, K5 = not dangerous, K6 = cost and six
alternatives, namely: Al = fishing, A2 = ground fish pots, A3 = lift net, fBawl, A4 = qill
nets and A6 = purse seine. The purpose of this study will be to select suitable fishing
gear for fishermen in the island of Madura.

Material and Method. This research is located in Madura Island, the object of spreading
the questionnaire is fisherman community in Pamekasan and Sampang Regency. The
process of selecting gear that is environmentally friendly and has high productivity is a
difficult problem, because every fishing gear has different level of importance. The
method used to solve the problem is by combiniffl Fuzzy AHP and Fuzzy TOPSIS method.

Figure 1 describes the stage of the most suitable fishing gear assessment process
for Fishermen in Madura Island in terms of established criteria. The Fuzzy AHP method is
used to assess the importance of each criterion, once the criterion rating rating is
obtained, it will be used as a reference to the alternative rating by the Fuzzy TOPSIS
method.

MCDM analysis

Fuzzy AHP
to rank criteria

Identify Criteria Survey The Best Alternative
and Alternatives N Solution

Figure 1. Blcﬁ( diagram of research stages.

Fuzzy TOPSIS
to rank alternatives

Multi criteria decision making. Multi Criteria Decision Making @CDM) is a decision-
making method to establish the best alternative of a number of alternatives based on
@& rtain criteria. Criteria are usually the sizes, rules or standards used in decision making.
Based on the purpose, MCDM can be divided into two models: Multi Atribute Decision
Making (MADM) and Multi Objective Decision Making (MODM). Often MADM and MODM
are used to solve multi-attribute and multi-objective problems (Pohekar & Ramachandran
2004).

There are several classifications of MCDM methods, namely: (1). by data type
(deterministic, stochastic and fuzzy data types), (2). according to the decision maker
(individual or group). The MCDM problem does not always provide a unique solution, the
type difference may be to make a difference solution, that is:

1. Ideal solutions, criteria or attributes can be divided into two categories, namely:
criteria whose value will be maximized or minimized.

2. A non-dominated solution, this solution is known as the optimal Pareto solution.

3. A satisfactory solution, is a subset of feasible solutions where each alternative

goes beyond all the expected criteria.
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4, A preferred solution, is the non-dominated solution that satisfies most decision
makers.

Fuzzy Logic. Fuzzy logic is one of the components of Soft Computing. The basis of fuzzy
logic is the fuzzy set theory. In the fuzzy set theory, the role of membership degree as a
determinant of the existence of elements in a set is very important. The membership
value or membership degree or membership function is the main characteristic of
reasoning with fuzzy logic (Zadeh 1965).

Fuzzy logic is an enhancement of the application of boolean logic, to boolean
algebra that recognizes notation 1 and 0. Fuzzy logic allows membership to be between 0
and 1. Therefore, a condition can be partially true and partly wrong at the same time.
There are several reasons why people use fuzzy logic, that is:

1. The concept is easy to understand.

2. Very flexible.

3. Have tolerance to data that is not right.

4. Able to model very complex non-linear functions.

5. Be able to build and apply expert experiences directly without having to go

through the training process.

6. Able to cooperate with conventional control techniques.

7. Fuzzy logic is based on natural language.

Fuzzy logic is an appropriate way to map an input space into an output space (Sri
Kusumadewi, 2002). A fuzzy number represented on a Triangle Curve is basically a
combination of two linear lines. The fuzzy number triangle curve has a membership
function defined by three real numbers denoted as (I, m and u,) called Triangular Fuzzy
Numbers (TFN) and commonly used because it has a simple calculation (Figure 2).

u A

O P

1

Figure 2. Illustration of fuzzy triangular number (TFN).

(I,m,u) can be defined as follows in equation.1

0, x < |
* ff l=x=m
h m—
pr‘\(x]:
ru me=x<u 1
m u ( )
0, otherwise

Parameters (I, m, u) are real numbers, each of which shows the lowest possible
value, the most favorable value, and the highest possible value (I <m <u), which
illustrates the fuzzy case. Operational rules (algebraic operations) for two TFNs:

A = (a;, a; as) and N = (b, by, bs) are:

(2)
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A®N = (a;, a3 a3) ® (by, by, bs) = (a;+by, ay+by, as+bs)
A®N = (a1, az, a3) ® (b, bz, ba) = (aibi, az+bz, az+b3) (3)

A = (1/ay, 1/2y, 1/23) ()
Where ® denotes extende summation of two TFNs, and ® denotes the extended
multiplication.

Fuzzy analytic hierarchy process (FAHP). Fuzzy Analytic Hierarchy Process (FAHP) is
a combination of AHP method with fuzzy approach. FAHP covers the weaknesses of AHP,
ie problems with criteria that have more subjective properties. Uncertainty of numbers is
represented by a scale sequence.

The determination of FAHP membership degree developed by Chang (1996) uses
Triangle Tringular Fuzzy Number (TFN) membership function. Triangle membership
function is a combination of two lines (linear). The graph of the triangular membership
function is illustrated in the form of a triangular curve as shown in Figure 2. Chang
(1996) defines the value of the intensity of AHP into the triangular fuzzy scale that
divides each fuzzy set by two (2), except for the intensity of the interest of one (1). The
triangle fuzzy scale that Chang (1996) used can be seen in Table 1.

Table 1
TFN scale in variable linguistics

Linguistic scale for Fuzzy Triangular fuzzy number .

importance numbers (TFN) Reciprocal

Just equal 1 (1,1, 3) (1/3,1, 1)
Moderatly important 3 (1, 3,5) (1/5, 1/3, 1)
Strongly important 5 (3,5,7) (1/7, 1/5, 1/3)

Very strong 7 (5,7,9) (1/9, 1/7, 1/5)

Extremely strong 9 (7,9,9) (1/9, 1/9, 1/7)

The stages of the Fuzzy Analytic Hierarchy Process (FAHP) method are similar to the AHP
method. The following steps explain the procedure:

Step 1: Creating a hierarchical structure of problems to select fishing gear
suitable for fishermen on the island of Madura as Figure 3. Before performing F-AHP
calculations, the hierarchical structure of the problem is solved by using the AHP
calculation to ensure consistency of the matrix value of the comparison. Input value of
AHP comparison matrix is shown in Table 2.

The matrix comparison input value in Table 2 is processed to find the priority
vector weight, lamda, CI, and CR. The value of matrix in Table 2 has been tested
consistency index (CI) and consistency ratio (CR) the result shows consistent value
(Saaty 2008), so the value of matrix comparison can be used as reference for fuzzy
process.

The next step is to convert the AHEcomparison matrix into Fuzzy AHP. The result
of conversion of comparison matrix value can be seen in Table 3.

Table 2
Matrix comparison criteria with AHP
Criteria K1 K2 K3 K4 K5 K6
K1 1.00 3.00 3.00 5.00 5.00 7.00
K2 0.33 1.00 1.00 5.00 5.00 7.00
K3 0.33 1.00 1.00 5.00 5.00 5.00
K4 0.20 0.20 0.20 1.00 3.00 3.00
K5 0.20 0.20 0.20 0.33 1.00 3.00
K6 0.14 0.14 0.20 0.33 0.33 1.00
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Step 2: Determining the value of fuzzy synthesis (Si) priority by using the
formula as follows:

m 1
St= ZMf e (5)
B M]
Where:
m m m m
ZM} = ZUZ mj,Z uj (6)
j=1 i=1 j=1 i=1
While:
1 1

= . : ‘ (7)
?:1 Z;n:] Mlj Z?:lul"zzll ?n!!Z:;] h

Step 3: Determining the Vector Value (V) and the Defuzification Value (d ').
If the results obtained in each fuzzy matrix, M2 = M1 (M2 = (1, 2, m2, u2) and M1 = (I1,
m1, ul) then the vector values can be formulated as follows:

V (Mz 2 My) = sup [min(uM;(x), min(uMa(y)))]
Or equal to the membership function of triangle as shown in Figure 2, so that the
equation as follows:

1, if my=2m,
0, ifla =
l, - (8)
1~ P otherwise
(my — ) — (my — 1y)

V(Mzle) =

If the result of a fuzzy value is greater than k, Mi (i = 1,2, .. k) then the vector value can
be defined as follows:

V(M =M, M, MJ)=V(M=M,)and

V(M z=M,) 9)
V(M= M)=minV (M= M)
It is assumed that:

d’(A,‘) = min V(S, = Sk) (10)

For k = 1,2,..n; k # I, then we get the value of vector weight as follows:
W =d(A), d(Az), ... di(A,)"
Where A;=1,2,.....,n is n decision element. (11)

]
Step 4: Normalize the value of the fuzzy vector weight (W)
After normalization of equation (11) then the normalized vector weighting value as
follows (12):
W = d(A), d(A2), ... d(A) (12)

1
Fuzzy TOPSIS. The Technique for Order Preference by Similarity to Ideal Eblution
(TOPSIS) method is based on a well chosen alternative concept that not only has the
shortest distance from a positive ideal solfflon ie maximizing benefit criteria and
minimizing cost criteria (Yoon 1987), but also has the furthest distance from a negative
ideal solution that maximizes cost criteria and minimizes benefit criteria.

TOPSIS is used in processing the data for each alternative in the database, which
in the final result of the processing in the form of ranking based on predetermined
criteria. TOPSIS is widely used because the concept is simple and easy to understand,
computing is efficient and has the ability to measure the relative performance of decision
alternatives in simple mathematical models.

www.ecoterra-online.ro 39
2018, Volume 15, Issue 2




ECOTERRA - Journal of Environmental Research and Protection

The reason for the TOPSIS method combined with Fuzzy is to make it easier for
decision makers to be more confident to provide qualitative judgments than to express
judgments in the form of a single numerical value. Fuzzy TOPSIS is able to handle multi-
criteria decision making by translating linguistic values into Fuzzy thus allowing decision
makers to enter incomplete information. The algorithm of the Fuzzy TOPSIS method can
be describe as follows:

Step 1: Selecting linguistic values Xiir for alternatives regarding criteria. The fuzzy
linguistic rating *i* makes the normal range of fuzzy triangle numbers [0, 1].

Step 2: Create a normalized Decision Matrix

Each element in the matrix D is normalized to obtain the normalized matrix r. Any
normalization of r value can be done with the following calculation:

o= L For i=1,2,3,....,m.
4 E“A > j=1,2,3,...,n. (13)
1)
For i —\I 2,3,..
1_123m

Step 3: Create a normalized weighting matrix
Assigned weights W = (w;, Wz, «uuoe , Wy ), so Weighted Normalized matrix V may be

generated as follows:

Wiing .. Wyn, For i =1,2,3,....,m. (14)
WoaTot o WamTam J=1230n

Step 4: Determining Ideal Ideal Solutions and Negative IdealSolutions
The positive solution is denoted by A+ and the negative ideal solution is denoted by A-.
Define the ideal solution (+) & (-).
AT = {{muvl_;\:j}{mlnvh_;l:]}i—l"3 _‘f (15)
Wher_—{'.maxuu)ej'.mluvu_jejil-l m; =
Vjj = the matrix element V, row to-i and column to-j
J = {j=1,2,3,..., n and j due to benefit criteria)
J =4{j=1,2,3,.., n and j due to cost criteria)
Step 5: Calculating Separation Measure
Separation measure is a measure of the distance from an alternative to a positive ideal
solution and a negative ideal solution. The mathematical calculations are as follows:
= Separation measure for a positive ideal solution

i‘ n .
ZU’U— vT) (16)
=

Fori=1,2,3,...,.n
= Separation measure for a negative ideal solution

ST = iZ(l—’i}-— V) (17)

Fori=1,2,3,..,n

Step 6: Calculating Relative Proximity with Positive Ideal
Relative proximity of alternatives A+ with an ideal solution A~ is represented by:

€=t
T ST+ 57 (18)
www. ecoterra-online.ro 40

2018, Volume 15, Issue 2




ECOTERRA - Journal of Environmental Research and Protection

With 0 < C, and i=1,2,3,...,m

Step 7: Sorting results
Alternatives can be ranked in the order of C;, therefore, the best alternative is one of the
shortest distance to the ideal solution and furthest away with the ideal negative solution.
Resulf. This research begins by determining the criteria that become the consideration
of the selection of suitable fishing gear for Madura Island Fisherman as Table 4. After the
criteria is agreed, then decide the alternative (type of fishing gear) that will be in value.

Table 4
Criteria for selecting fishing gear
Code Criteria
K1 Selectivity
K2 Productivity
K3 Environmental impacts
K4 Quality of catch
K5 Not dangerous
K6 Cost

Table 5 describes the type of fishing gear that is widely used by fishermen in Madura
Island is 6 types, namely: fishing, ground fish pots, lift net, trawl, gill nets and purse
seine. This research begins with the distribution of questionnaires to some respondents
(fishermen, businessmen, government, academia and community leaders) who
understand and understand the condition of fishermen and fishing gear used. The
purpose of this questionnaire as input data to test the consistency of the assessment of
each alternative, with rating ratings as follows:

1 = Very bad
2 = Bad
3 = Enough
4 = Good
5 = Very good
Table 5
Alternative to the selection of fishing gear
Code Criteria
Al Fishing
A2 Ground fish pots
A3 Lift net
A4 Trawl
A5 Gill nets
A6 Purse seine

Fuzzy AHP results. Fuzzy AHP is used to analyze the weight of interest between criteria
by using the Saaty comparison scale. The purpose of this analysis is to obtain the weight
of interest on each criterion. Stages of interest assessment process using Fuzzy AHP as
follows:
Step 1: Develop a hierarchical ffucture of criteria

The determinants of the selection of suitable fishing gear for Fishermen in Madura
Island are influenced by six criteria as shown in Figure 4.
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Selection of fishing gear suitable for
fishermen in Machura Island

— i —
e -
Selectivity Productivity Environmental Quality of Catch
&) (K2) Impacts (K3) (K4) Not dangerous (K5) Cost (K6)

Figure 4. The hierarchical structure of fishing equipment selection criteria suitable for
fishermen in Madura Island.

Step 2: Cfllculate the value of fuzzy synthesis (S;)

The calculation of the AHP fuzzy systesis value leads to an estimate of the overall
value of each criterion as in Table 6. Compari§fin matrix elements in Table 6 divided by
the values on the number of rows. Aftefthat look for the eigen vector or the weight of
each criterion by summing the values in each line, then divided by the number of criteria.

Table 6
Results of the calculation of the number of rows of each column and vice-versa
Criteria 'l Number of rows Number of columns Inverse
L M u L M U L M U
K1 14.00 24.00 34.00 51.73 75.35 102.22 0.01 0.01 0.02
K2 14.00 19.33 25.20
K3 12.00 17.33 23.20
K4 4.00 7.60 11.43
K5 4.00 4.93 6.63
- Ké 3.73 2.15 1.77
-
After the value of the numt#r of rows and columns is obtained, then use equations (5),
(6) and (7). So we get the fuzzy synthesis value of each criterion (Sk) where i = 1,2 ...
4, as follows:
Ski = (Number of rows (L,M,U) * Inverse (L,M,U))

Sk1 ((14.00, 24.00, 34.00) * Inverse (0.01, 0.01, 0.02))
(0.14, 0.32, 0.66)
Ska = ((14.00, 19.33, 25.20) * Inverse (0.01, 0.01,0.02))

(0.14, 0.26, 0.49)

Sk3 = ((12.00, 17.33, 23.20) * Inverse (0.01, 0.01, 0.02))
= (0.12, 0.23, 0.45)

Ska = ((4.00, 7.60, 11.43) * Inverse (0.01, 0.01, 0.02))
= (0.04, 0.10, 0.22)

Ss = ((4.00, 4.93, 6.63) * Inverse (0.01, 0.01, 0.02))
= (0.04, 0.07, 0.13)

Ske ((3.73, 2.15, 1.77) * Inverse (0.01, 0.01, 0.02))

(0.04, 0.03, 0.03)

The result of recapitulation of calculation of fuzzy synthesis value can be seen in Table 7.

Table 7
Result of fuzzy synthesis calculation (S))
T Si
Crﬁma L M U
K1 0.14 0.32 0.66
K2 0.14 0.26 0.49
K3 0.12 0.23 0.45
K4 0.04 0.10 0.22
K5 0.04 0.07 0.13
K6 0.04 0.03 0.03
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Step 3: The result of the vector value (V) and the ordinate value of defuzification

This process uses a fuzzy approach that is ti§ minimum implication (min) fuzzy
function. After comparing the fuzzy synthesis value, we will get the de fi nificate ordinate
Blue (d ') which is the minimum d value. Based on equations (8), (9), and (10), the
values of vectors and deffuzification ordinate values offfach criterion are as follows:

= Criterion 1 is Selectivity (K1), its vector value (V) is:
(VK1) = (VK2, VK3, VK4, VK5, VK6)
Because the value of m1 = m2 and u2 = I1 is then used by the equations 9 and 10:

K1 > VK2 =1
VK1 > VK3 =1
VK1 > VK4 =1
VK1 > VK5 =1
VK1 > VK6 =1

So the value (d') based on equation (11) is:
d(VK1) =min(1,1,1,1, 1)
d(VK1) =1
In the same way as criterion 1 (selectivity), the value of vector for criteria 2, 3, 4, 5
and 6 ways used is same.
= Criterion 2 is Productivity (K2) obtained value as follows:

VK2 =z VK1 =1
VK2 = VK3 =1
VK2 =z VK4 =1
VK2 = VK5 =1
VK2 =z VK6 =1

So obtained the value (d ') as follows:
d'(VK2) = min (0.894, 1, 1,1, 1)
d'(VK2) = 0.894
= Criterion 3 is Environmental Impacts (K3) obtained value as follows:

VK3 = VK1 = 0.855
VK3 =z VK2 =0.930
VK3 = VK4 =1
VK3 =z VK5 =1
VK3 = VK6 =1

So obtained the value (d') as follows:
d'(VK3) = min (0.855, 0.930, 1, 1, 1)
d’'(VK3) = 0.855
= Criterion 4 is Quality of catch (K4) as follows:

VK4 = VK1 =0.705
VK4 = VK2 = 0.692
VK4 = VK3 =0.719
VK4 = VK5 =1
VK4 = VK6 =1

So obtained the value (d') as follows:
d'(VK4) = min (0.705, 0.692, 0.719, 1, 1)
d'(VK4) = 0.692
= Criterion 5 is Not dangerous (K5) as follows:

VK5 = VK1 =0.673
VK5 = VK2 = 0.647
VK5 = VK3 = 0.668
VK5 = VK4 = 0.837
VK5 = VK6 =1

So obtained the value (d") as follows:
d'(VK5) = min (0.673, 0.647, 0.668, 0.837, 1)
d'(VK5) = 0.647
= Criterion 6 is Cost (K6) as follows:

VK6 = VK1 = 0.642
VK6 =z VK2 = 0.606
VK6 = VK3 = 0.622
VK6 = VK4 =0.715
VK6 = VK5 = 0.707
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So obtained the value (d') as follows:
d'(VK6) = min (0.642, 0.606, 0.622, 0.715, 0.707)
d'(VK6) = 0.606
Based on the ordinate values K1, K2, K3, K4, K5 and K6, then the value of the vector weight
can be determined according to equation (11) as follows:
W’ = (1,0.894, 0.855, 0.692, 0.647, 0.606)"

Step 4: Normalize the value of the vector weight (W)
Normalization is obtained from the value of the vector weight divided by the total value
of the weight of the vector itself as in equation 12.

Wrew = (1 + 0.894 + 0.855 + 0.692 + 0.647 + 0.606)
WTgf = 3693

w = (1/Wiet, 0.894/ Wioe, 0.855/ Wiy, 0.692/ Wig, 0.647/ Wigr, 0.606/ Wiot)
w = (0.271, 0.242, 0.231, 0.187, 0.175, 0.164)

Wnnrmallzatlnn =1.271
The ranking for each criterion is obtained as follows:

K1 =0.271/1.271 =0.213
K2 = 0.242/1.271 = 0.190
K3 =0.231/1.271 = 0.182
K4 = 0.187/1.271 = 0.147
K5 =0.175/1.271 =0.138
K6 = 0.164/1.271 =0.129

The overall result of the process of normalizing the value of the vector weight (W)
and the criteria rank can be seen in Table 8. The weight of interest generated with Fuzzy
AHP will be considered or multiplied against the weighted normalization matrix in Fuzzy
TOPSIS.

Table 8
Result of normalization of vector weight (W) and ranking criteria
vixs 1 a (ther:;;;se S Mean Weioht
- LI-U2)/(M2- ummary ‘i
¢ K2) M2>=M1 L1>=U2 U2)-(M1-L1) of degree OfEE vecror ~ Rank
M2 Mi deg L1 uz deg degree o
K1 K1l == K2 0.219 0.257 1 1 1 0.271 0.213
K1 == K3 0.219 0.230 1 1
K1 == K4 0.219 0.101 1 1
K1 == 0.319 0.065 1 1
K1 :-:ﬁ 0.319 0.029 1 1
K2 K2 =>=Kl 0.257 0.319 Next 0.137 0.657 Next 0.894 0.894 0.894  0.242  0.190
K2 == K3 0.257 0.230 1 1
K2 >= K4 0.257 0.101 1 1
K2 == K5 0.257 0.065 1 1
K2 >= K6 0.257 0.029 1 1
K3 K3 >= K1 0.230 0.319 Next 0.137 0.657 MNext 0.855 0.855 0.855 0.231 0.182
K3 == K2 0.230 0.257 MNext 0.137 0.487 MNext 0.930 0.930
K3 == K4 0.230 0.101 1 1
K3 == K& 0.230 0.065 1 1
K3 == Kb 0.230 0.029 1 1
K4 K4 == K1 0.101 0.319 MNext 0.137 0.657 MNext 0.705 0.705 0.692 0.187 0.147
K4 == K2 0.101 0.257 MNext 0.137 0.487 MNext 0.692 0.692
K4 == K3 0.101 0.230 Mext 0.117 0.448 Mext 0.719 0.719
K4 == K5 0.101 0.065 1 1
K4 == K6 0.101 0.029 1 1
K5 K5 == K1 0.065 0.319 Next 0.137 0.657 MNext 0.673 0.673 0.647 0.175 0.138
K5 == K2 0.065 0.257 MNext 0.137 0.487 MNext 0.647 0.647
K5 == K3 0.065 0.230 MNext 0.117 0.448 MNext 0.668 0.668
K5 == K4 0.065 0.101 MNext 0.039 0.221 Next 0.837 0.837
K5 == K6 0.065 0.029 1 1
K& K6 == K1 0.029 0.219 Next 0.137 0.657 MNext 0.642 0.642 0.606 0.164 0.129
K6 == K2 0.029 0.257 MNext 0.137 0.487 MNext 0.606 0.606
Kb == K3 0.029 0.230 MNext 0.117 0.448 Next 0.622 0.622
Kb == K4 0.029 0.101 Next 0.039 0.221 Next 0.715 0.715
K6 == K5 0.029 0.065 MNext 0.039 0.128 Next 0.707 0.707
Total 3.693 1.271 1.000
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Fuzzy TOPSIS results. The results of the distribution of 100 questionnaires to the
respondents are: fishermen, community leaders, Government, academics, entrepreneurs
who understand about environmentally friendly fishing gear in Madura Island will be
analyzed using Fuzzy TOPSIS. The assessment scores in the questionnaire use a range of
values between 1-5 as shown in Table 9.

Table 9
Rating of interest

Score Rating of interest
Not at all important
Slightly important
Fairly important
Important
Very Important

[, I N PV I N

The workings of Fuzzy TOPSIS use the principle that the chosen alternative must have
the shortest distance from the ideal positive solution and furthest from the ideal negative
solution by using the Euclidean distance. Fuzzy TOPSIS calculations use triangular fuzzy
numbers on decision making such as Table 10.

Table 10
Convert rating of interest to Fuzzy number
Condition Fuzzy number
Mot at all important (0, 0, 0.25)
Slightly important (0, 0.25, 0.75)
Fairly important (0.25, 0.5, 0.75)
Important (0.5, 0.75, 1)
Very Important (0.75, 1, 1)

The result of questionnaire assessment based on predetermined rating value can be seen
in Table 11. Then the next step is to convert into fuzzy number according to the fuzzy set

in Table 12.
Table 11
Result of recapitulation of rating value of questionnaire

Alternative K1 K2 K3 K4 K5 K6

Al 5 3 4 4 4 4

A2 4 3 4 4 4 4

A3 3 4 3 4 4 3

A4 3 5 3 4 4 3

A5 3 3 4 4 4 4

AB 2 5 3 4 4 3
Table 12

Results of converting the questionnaire to Fuzzy number

Alter 'L' K1 K2 K3 K4 K5 Kb

M u L M u L M u L M u L M u L M u

Al 0.75 1.00 100 0.25 050 075 0,50 0.5 1,00 050 0.5 1.00 0.50 075 1.00 0.50 0.75 1.00
A2 0.50 0.5 100 0.25 050 075 050 0.5 1.00 050 075 1.00 0,50 075 1.00 0.50 0.75 1.00
A3 0.25 050 0.75 0.50 0.75 100 0.25 0.50 0.5 050 0.5 100 0.50 055 1.00 0.25 0.50 0.75
A4 0.25 0.50 0.75 0.5 1.00 100 0.25 0.50 0.5 050 0.5 100 0.50 0.5 1.00 0.25 0.50 0.75
A5 0.25 0,50 075 0.5 1.00 1,00 0,50 0.5 1,00 050 0.5 1.00 0.50 0.5 1.00 0.50 0.75 1.00
Ab Q.00 0.25 075 0.5 1.00 1,00 0.25 0.50 0.5 050 0.5 100 0.50 0.5 1.00 0.25 0.50 0.75

Next to form a decision matrix of fuzzy number results, then the next step is the
defuzification process that is every alternative in each criteria is taken the average value
so that obtained the value of decision matrix as in Table 13.
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Table 13
Result of normalization matrix of Fuzzy number

Alternative K1 K2 K3 K4 K5 K6
Al 0.92 0.50 0.75 0.75 0.75 0.75

A2 0.75 0.50 0.75 0.75 0.75 0.75

A3 0.50 0.75 0.50 0.75 0.75 0.50

A4 0.50 0.92 0.50 0.75 0.75 0.50

A5 0.50 0.92 0.75 0.75 0.75 0.75

AB 0.33 0.92 0.50 0.75 0.75 0.50
Average 0.58 0.75 0.63 0.75 0.75 0.63

Having obtained the decision matrix in Table 13, the next step is to find the squared and
root values in each criterion of the decision alternative as in equation (13). Squares and
root calculation results are shown in Table 14.

Table 14
Value squares and roots
Criteria K1 K2 K3 K4 K5 K6
Square 2.264 3.583 2.438 3.375 3.375 2.438
Root 1.505 1.893 1.561 1.837 1.837 1.561

Having obtained the value of squares and roots, then the next step is to normalize the
matrix according to equation (14) is the multiplication of decision matrix with the root
value in each criterion. Results of Fuzzy TOPSIS normalization matrix are shown in Table
15.

Table 15
Normalization matrix of TOPSIS fuzzy method
Alternative K1 K2 K3 K4 K5 K6
Al 0.609 0.264 0.480 0.408 0.408 0.480
A2 0.498 0.264 0.480 0.408 0.408 0.480
A3 0.332 0.396 0.320 0.408 0.408 0.320
A4 0.332 0.484 0.320 0.408 0.408 0.320
A5 0.332 0.484 0.480 0.408 0.408 0.480
Ab 0.222 0.484 0.320 0.408 0.408 0.320

The result of the decision matrix normalization Table 15 needs to be multiplied by the
weighting of the criteria results that have been generated by Fuzzy AHP. The weight of
the criteria resulting from the comparison between the interest as follows:

K1 =0.213
K2 = 0.190
K3 =0.182
K4 = 0.147
K5 =0.138
Ké = 0.129

The mulplication result between the weight of Fuzzy AHP and the normalized
decision matrix can be seen in Table 16.

Table 16
Q0 Normalized weighted matrix
i
Alternative K1 K2 K3 K4 K5 K6
Al 0.130 0.050 0.087 0.060 0.056 0.062
A2 0.106 0.050 0.087 0.060 0.056 0.062
A3 0.071 0.075 0.058 0.060 0.056 0.041
A4 0.071 0.092 0.058 0.060 0.056 0.041
A5 0.071 0.092 0.087 0.060 0.056 0.062
A6 0.047 0.092 0.058 0.060 0.056 0.041
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After obtaining a weighted normalization matrix in Table 16, it then looks for the
maximum and minimum values for each criterion such as equation (15). The result of
determining the maximum and minimum values in the weighted normalization matrix can
be seen in Table 17.

Table 17
Results of the maximum and minimum values for each criterion
Value K1 K2 K3 K4 K5 K6
Maximum 0.130 0.092 0.087 0.060 0.056 0.062
Minimum 0.047 0.050 0.058 0.060 0.056 0.041

Having obtained the maximum and minimum values on each of the criteria as shown in
Table 17, the next step is to measure the proximity of an alternative to a positive ideal
solution and a negative ideal solution. The calculation of the square and root values
corresponds to equations (16) and (17). The calculation of the benefit value (A +) and
the cost value (A-) can be seen in Tables 18 and 18.

Table 18
Value of squares on each alternative

Square value Benefit Cost

Al 0.002 0.008

A2 0.002 0.005

A3 0.005 0.001

A4 0.005 0.002

A5 0.003 0.004

AG 0.008 0.002
Table 19

Root values in each alternative

Root value Benefit Cost

Al 0.042 0.090

A2 0.048 0.069

A3 0.071 0.034

A4 0.069 0.048

A5 0.059 0.060

AB 0.0S0 0.042

After obtaining the root value of each alternative, the value of benefit (A +) and cost
value (A-) will be used as a reference to determine the priority recommended by Fuzzy
TOPSIS. The mathematical equation for finding the priority value according to equation
(18), the result of the priority value can be seen in Table 20.

Table 20
The priority value of each alternative
Alternative Priority value Rank
Al 0.682 1
A2 0.589 2
A3 0.327 5
A4 0.411 4
A5 0.504 3
A6 0.318 6

The result of the ranking of some fishing gear suitable for fisherman in Madura Island are
shown in Figure 5.
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Lift net (A3 = 0.327) Purse seine (A6 = 0.318)
Figure 5. The priority weight that is suitable for fishing gear Fisherman in Madura Island.

The results of prioritized fishing equipment priority ranking for fishermen in Madura
Island, especially Pamekasan and Sampang Regency are: [1] fishing = 0.682, [2] ground
fish pots = 0.589. These two fishing gears are good in selectivity but low in productivity.
Next [3] gill nets = 0.504, [4] trawl = 0.411, [5] lift net = 0.327. These three fishing
gears are both in terms of selectivity and good as well as productivity. Furthermore [6]
purse seine = 0.318 this tool from the side of high productivity but damaging the
environment.
Figure 6 shows that the results of this study recommend 3 (three) things:

1. the fishing gear with high selectivity and low productivity;

2. the fishing gear with good selectivity and good productivity;

3. the fishing gear with low selectivity and high productivity.
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Low selectivity fishing gear will produce fish that are not targeted for catch so that
the fish will be discarded, with the high catches being disposed of it indicates that the
fishing gear is not selective.

If the low selectivity will damage the environment and violate Indonesian
Government and FAO regulations. So the recommendation of this research is to choose
two types of fishing gear, namely:

1. the fishing gear with high selectivity and low productivity;
2. the fishing gear with good selectivity and good productivity.

Fishing gear with good selectivity are attempted only to catch fish that are the
only catch target. There are two kinds of selectivity that are sub-criteria, namely the
selectivity of the size and selectivity of the catch type and there are four sub criteria
assessed, where the assessor is reviewed from the lowest to the highest:

1. more than three species of different size;

2. at most three species of different size;

3. less than three species of approximately the same size;
4. one species of the same size.

The development of a fishing gear in an area can be seen from the condition of
the fishing gear, whether the fishing gear is socially acceptable, economic, public culture
and applicable legislation. The criteria will be assessed as follows:

1. low cost investment;
2. profitable;

3. not contrary to culture;
4. not prohibited by law.

In general, the recommended fishing gear from the results of this study has
considered the four criteria, so that the results of research fishing gear suitable for
fishermen on the island of Madura, especially in Pamekasan and Sampang are as follows:

1. fishing;

2. ground fish pots;
3. lift net;

4. trawl;

5. gill nets.
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Figure 6. Priority value for each alternative.
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:
Conclusions. The application g’ Fuzzy AHP and Fuzzy TOPSIS methods for the selection
of suitable fishing gear for fishermen in Madura Island can help provide the best
alternative {Bcommendations for decision makers. The MCDM mefflod with the
combination of Fuzzy AHP and Fuzzy TOPSIS is sufficient to be usgl for the selection of
suitable fishing gear for fishermen in Madura Island. Fuzzy AHP is used to determine the
[@eight of predefined criteria and Fuzzy TOPSIS is used to rank alternative decisions. The
results of the weighting criteria using the Fuzzy AHP method obtained by weighting the
value as follows: selectivity = 0.213, productivity = 0.190, environmental impact =
0.182, quality of catch = 0.147, not dangerous = 0.138 and cost = 0.129. The
calculation results using Fuzzy TOPSIS obtained the priority of fishing gear suitable for
fishermen in Madura Island as follows: fishing = 0.682, ground fish pots = 0.589, qill
nets = 0.504, trawl= 0.411, lift net = 0.327 and purse seine = 0.318. The results of the
implementation of Fuzzy AHP and Fuzzy TOPSIS methods will be taken into consideration
for decision makers to assist Fishermen and Local Government to develop a kind of
fishing gear that suits the needs of the community, environmentally friendly and does not
violate the law.
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