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Abstract—This paper aims to implement Fuzzy Logic for
cost prediction. Fuzzy Logic using Tsukamoto Model and
Sugeno Model. Predicted costs consist of communication
cost, transportation cost, and social cost as the external
cost. The external cost is one component of living cost.
High external cost becomes one of the causes of the high
cost of living. The high cost of living is one of the factors
causing high-cost economy. In this case, the cost
prediction using Fuzzy Logic. Experimental results show
that Fuzzy Logic using Tsukamoto Model with value is
1891. Fuzzy Logic using Sugeno Model with value 1621.
Both models produce a feasible cost prediction. Feasible
is meaning accurate and proper (value cost between low
cost and high cost from all of cost). There are 46.56 % of
the population of middle class in Indonesia. This means
that 46.56% of the population of Indonesia has the
potential to reduce the high cost economy. High cost
economy (living cost) can be reduced, it can drive
economic growth (social cost) and be able to improve
social welfare (social cost).

Index Terms—Fuzzy logic, external cost, tsukamoto
model, sugeno model.

I. INTRODUCTION

The main component of external cost is
communication cost, transportation cost, and social cost.
Communication costs include internet access fees, access
fees in social media communication, call charges by
phone or mobile phone. Transportation costs include the
cost of using private vehicles, tickets, and rental cars.
Social costs include donations, gifts, booking fee meals
with friends, drinks in cafes, and unexpected expenses in
social interactions. Communication costs are linked to
social costs, but current communication costs are above
estimates due to the high costs of establishing
connections, expanding networking, and finding new
business opportunities. Social costs are costs in social
activities. The social cost is the sum of all internal costs
incurred by participants of relevant social activities [1].

Social costs contrast with personal costs. Social costs
are not only related to activities that benefit social
interaction, but the social effects of social activities are
influenced by personal _costs_and_other external costs.
Focus personal costs on maximum profit. Communication
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costs, transportation costs, and social costs most
significantly affect the cost of living. This means an
external source of expenditure. High-cost transportation
is one of a cause of goods and service become more
expensive. Communication cost of the increase making
social cost become highly. High social cost is one of high
living cost. High living cost is one of factor of high-cost
economy.

The high-cost economy also affects the global middle-
class population. The global middle-class population
exceeds 3 hillion people (half of whom live in Asia).
Most middle-class markets are from the G-7 group
(including India and China). Indonesia will enter the top
10, shifting Italy, by 2020. For the first time, predictions
by 2020, the middle class will be the majority of the
global population. Developed and developing countries
have a consumption rate of about $ 35 trillion or about
$ 12,000 per head, equally in the middle class by 2015.
The change in the distribution of middle-class spending
will affect the market. New households entering the
middle class will seek to purchase consumer goods, as
well as communication services (communication cost),
tourism (transportation cost), entertainment (social cost),
health, and education [2]. The projected population of
Indonesia 2020 is 271,066 million [3]. In Indonesia, the
middle class is someone who belongs to a category with
an income range of 2.6 million to 6 million rupiahs. The
middle class is the socio-economic class between the
workers and the upper classes, including professionals,
skilled workers, and lower-level management.

The middle class consists mainly of professionals in
services and industry and small entrepreneurs in the
informal sector. The middle class population in Indonesia
is about 128.51 million [4]. Growth in the middle class
creates new customers, with high purchasing power,
making life costs increasing. Living costs in the middle
class are high enough to affect economic growth. In this
paper, components of living costs are communication
cost, transportation cost, and social cost. Therefore,
communication cost, transportation cost, and social cost
need to be calculated accurately and relevant. Accuracy is
needed to predict reasonable and feasible costs. Relevant
costs are needed to reduce the high-cost economy.

Prediction cost can be done by using Fuzzy Logic.
Fuzzy Logic popular used to many application with
advantages: fuzzy logic is easy to understand, fuzzy logic
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14 Fuzzy Logic using Tsukamoto Model and Sugeno Model on Prediction Cost

is flexible, fuzzy logic tolerant of imprecise data, fuzzy
logic as model nonlinear of arbitrary complexity, fuzzy
logic can be joined with conventional control technique,
and fuzzy logic is based on natural language [5].

Fuzzy Logic is popular and used in many applications
is Tsukamoto Model and Sugeno Model. Advantages of
the Sugeno Model is computationally efficient, works

well with linear techniques, works well optimization and
adaptive techniques, guaranteed continuity of the output
surface, and well suited to mathematical analysis.
Advantages of Tsukamoto Model is especially in many
uncertainty and vagueness situation, this method is very
flexible and has tolerance to existing data [6].
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Fig.1. Cost Structure

Table 1. Component Cost

Component

Accounting

Prediction Cost

Revenue Cost

An amount that is expensed immediately thereby being matched
with revenues of the current accounting period.

Living Cost

The amount of money needed to sustain a certain level of living
including basic expenses such as housing, food, taxes, and
healthcare.

Expenditure Cost

An amount may be for the purchase of an asset, a reduction, of a
liability, a distribution to the owners, or it could be an expense.

Internal Cost

Costs that a business bases its price on include costs like
materials, energy, labor, plant, equipment, and overheads.

External Cost

Costs that are not included in what the business bases its price
on.

Private Cost

A producer’s or supplier’s cost of providing goods or services
include internal cost incurred for input, labor, rent, and
depreciation but exclude external cost incurred as environmental
damage.

Transportation
Cost

The costs that would be incurred to transport an asset form its
current location to its principal (or more advantageous) market.

Cost of private vehicle, ticketing,
and rental car

Communication
Cost

A certain monetary amount to the cost of a phone call or access
to the internet.

Access to the internet, online in
social media communication,
calling by phone or mobile phone.

Social Cost

Sum of all internal cost incurred by the relevant participant in the
payment chain. The social cost is also considered to be the
private cost plus external cost. Rational choice theory often
assumes that individuals consider only the cost they themselves
bear when making decisions.

Gift, societal cost, eating with
friends, drinking at the café and
unexpectedly cost
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Fuzzy Logic using Tsukamoto Model and Sugeno Model on Prediction Cost 15

Fig. 1 shown cost structure. In this paper, the cost
structure is used as a model for cost prediction.

Fig. 2 shown personal cost. In this paper, personal
costs as a model for the prediction of social costs.

Table 1 shown component cost (cost components). In
this paper, the cost components are related to the
individual's living costs and personal costs.

Personal Cost

gfhmunication
Cost

Fig.2. Personal Cost

Il. RELATED WORK

Fuzzy Logic has been proposed by many researchers.
Based on paper [7], Fuzzy Inference Systems (FIS) with
defuzzyfication and the weighted average for air
conditioning system. Mamdani FIS and Sugeno FIS used
to this system. Mamdani FIS lacks the adaptive nature of
other algorithms. Sugeno FIS can be used with other
algorithms but requires intuitiveness.

Based on paper [8], analysis and comparison between
Mamdani, Sugeno, and Tsukamoto method on fuzzy
inference systems to find the best method in terms of
reduction in electrical energy consumption of air
conditioner. The results of experiments showed that the
best method in terms of reduction in electrical energy
consumption of air conditioning system is a method of
Tsukamoto where the average electrical energy efficiency
achieved by 74,2775%.

Based on paper [9], presents the basic difference
between the Mamdani Model and Sugeno Model. Results
have shown that for air conditioning system Mamdani
Model and Sugeno Model performs similarly but by
using Sugeno Model it allows the air conditioning system
to work at its full capacity.

Based on paper [10], Mamdani, Tsukamoto and
Sugeno-types FIS are applied to assist the tuberculosis
diagnosis. The system is measured based on the level of
accuracy, precision, and sensitivity of the system. The
results have shown that, of the three types of Fuzzy
Inference System, the best model is Sugeno model.
Sugeno-type FIS has a better accuracy compared to
Mamdani and Tsukamoto by value 93%.

Based on paper [11], built an application to analyze the
comparison of Sugeno and Tsukamoto fuzzy method in
the case of determination bonus by one point and who has
the-highest.value average-in-sales:—The results showed
that the calculation of Sugeno bonus has 3.51% average
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error rate and computation speed 0.00726598 seconds,
while Tsukamoto 36.70% and 0.007607748 seconds. On
employee model selection Sugeno has 3.00% average
error rate and computation speed 0.0019221 seconds,
while Tsukamoto 38.38% and 0.0020729 seconds.

I11. THE PROPOSED METHOD

The proposed method consists of Framework, Fuzzy
Logic, Tsukamoto Model, and Sugeno Model.

A. Framework

Framework display in Fig. 3.

Sugeno Tsukamo
Model to Model

Fig.3. Framework Model

Fig. 3 shown that framework model of Fuzzy Logic as
Fuzzy Inference System (FIS) consist of Dataset,
Tsukamoto Model, Sugeno Model, and Output. Dataset
based on the data source (Data Training and Data
Testing). Tsukamoto Model based on FIS. Sugeno model
based on FIS. The output is a prediction of social costs.

B. Fuzzy Logic

Fuzzy Logic is a crisp set whose set does not use {0, 1}
but [0, 1], if the set member is represented by a real
number between 0 and 1. The crisp set is membership
function for an item in the crisp set rule is either 0 (for
not being the member) or 1 (for being a member). Fuzzy
Logic is an appropriate way to map an input space into a
space of output. Fuzzy Logic is an idea have member
functions that could represent the values of a term
represented linguistically by using fuzzy set theory [12].
Steps of Fuzzy Logic shown in Fig. 4.

* Membership + Fuzzy Input + Crisp Output + Prediction Cost
Function + Output Variable

Fig.4. Fuzzy Logic Model

Fig. 4 shown that Fuzzy Logic having 4 steps. Step 1:
Fuzzyfication is process mapping the input into fuzzy
input by using membership function [13]. Step 2:
Inference by fuzzy rules as fuzzy input and output
variables. Step 3: Defuzzyfication is processed converting
into the crisp output. Step 4: Output is the result of cost
prediction.

C. Tsukamoto Model

Steps of Tsukamoto Model can be seen in Fig. 5.
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16 Fuzzy Logic using Tsukamoto Model and Sugeno Model on Prediction Cost

Fig.5. Tsukamoto Model

Fig. 5 shown Tsukamoto Model step by step in this
application. There are 6 steps. Tsukamoto Model using
the formula:

e Fuzzy Rule
Tsukamoto Model by fuzzy rule formed as [14]:

if (xis A) and (y is B) then (zis () (1)

Where x is input variable, y is input variable, A is
consequent variable, B is consequent variable, z is output
variable, and C is variable’s value.

e Linear Increase Representation

This representation describes as a line that declines
from maximum value of 1 until reach 0 on the axis that
represents membership value and can be written as [14]:

b—x b alr
= 4 — =x=h
px) =4 o } 2)

0
e Linear Decrease Representation

This representation describes as a line which escalates
from value of O until maximum reach 1 on the axis that
represents membership value, and can be written as [14]:

y—g x<a
= 45— zx=h
plx) =4, o } ©)

1

e  Defuzzyfication

Defuzzyfication (using weighted average) can be
written as [14]:

?—1 M (x}izi

?_1 Fi(x}i

(4)

alue by using

D. Sugeno Model

Steps of Sugeno Model can be seen in Fig. 6.

Fig.6. Sugeno Model

Fig. 6 shown Sugeno Model step by step in this
application. Sugeno Model using the formula:

e Fuzzy Rule
Sugeno Model has two orde: orde-0 and orde-1 [15].
Orde 0 using rule formed as:

if (xisA)and (yisB)thenz =k (5)
Orde 1 using rule formed as:

if (xis A)and (yisB)thenz = f (X, y) (6)

Where x is input variable, y is input variable, A is
consequent variable, B is consequent variable, k is
constant as the consequent, z is output variable, z = f(x, y)
is a crisp function in the consequent. Usually, f(x, y) is a
polynomial in the input variables x and y.

e Linear Increase Representation

The method that is used in Tsukamoto Model [14] also
used to Sugeno Model.

e Linear Decrease Representation

The method that is used in Tsukamoto Model [14] also
used to Sugeno Model.

e Defuzzyfication

Defuzzyfication that is used in Tsukamoto Model [14]
also used to Sugeno Model.

IV. RESULT AND DISCUSSION

A. Dataset

Dataset consists of Data Training and Data Testing.
Data Training showed in Table 2.

Table 2 shown Data Training as Data Model on living
cost (US$/person /year). Information of current
population of Indonesia about 260 million, 60 million is
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middle-class population. It is 60/260*100% = 62%
middle class population in Indonesia. Table 2 shown Data
Training consists of ID (1, 2, 3, 4), Communication Cost
(CC with 4 data point), Transportation Cost (TC with 4
data point), Social Cost (SC with 4 data point), Low
(lowest data point), and High (highest data point). Data
Testing can be seen in Table 3.

Table 2. Data Training

ID CcC TC SC
1575 1658 1590
1494 1502 1450
1836 1924 1900
4 1703 1,675 1830
Low 1494 1502 1450
High 1836 1924 1900

Table 3. Data Testing

ID CcC TC SC
5 1638 1769 ?

Table 3 shown Data Training consists of an ID (),
Communication (CC with 1 data point), and
Transportation Cost (TC with 1 data point), and Social
Cost (SC=...7).

B. Tsukamoto Model

Step 1: Fuzzyfication

Fuzzyfication using Dataset based on linear

representation (increase and decrease).

1,x =< 1494
1836 — x

1494
0,x = 1836

0,x <1404
x — 1404

 CCrpe(x) = ,1494 = x < 1836

CC i () = ,1404 = x = 1836
4 CCaign ) 1236 *

1.x = 1836

U TC 1o () ,1502 = y = 1924

1502
Ly =1924

0.y < 1502
{ y — 1502

1Ly <1502
{ 1924 —y

uTC yign ) = L1502 = v =< 1024
| High ¥ 1974 ¥

1Ly = 1924
1.z = 1450
1900 — z

U SC (=) = ,1450 = z = 1900

1450
0,z = 1900
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0.z = 1430
z — 1450

1900
1,z = 1900

1 5C peax(2) = ,1450 < z < 1900

Step 2: Membership Function

Membership function based on fuzzyfication (using
linear increase and linear decrease).

u(x)‘ Low High p(x) 4 Low High
1 o / 1 S /_/’
. P 0.1209 o e
~_. N~
S o ‘T
N 0.0879 S
y "‘\7‘ /'/ f‘\'\
0 RN 0 NG o
1494 1836 1494 1638 1836,

CC for Dataset CC for Data 1638

Fig.7. Representation Input Fuzzy for CC

Wb Low Hgh | | w0 A Low High
1 S e T
. P 0.1509 ™
\,,—/ o :
PN 0.0875 N
P <
- g o N
0 N 0 S e
1502 182 1502 1769 122
TC for Dataset TC for Data 1769

Fig.8. Representation Input Fuzzy for TC

u(x)A Low High

1

0
1450 1800

SC for Dataset

Fig.9. Representation Output Fuzzy for SC

Step 3: Inference

The inference is a process of combining many rules
based on Dataset. Rule Base display in Table 4.

Table 4. Rule Base 1

R cC TC SC

R1 Low High Minimum
R2 Low Low Minimum
R3 High High Maximum
R4 High Low Maximum

Table 5. Variable Fuzzy

Input CC = 11494: 1836 = [Low:High)
TC = 11502: 1924] = [Low:High)
Output 5C = [1450: 13001 = {Minimum: Moximum)
Variable | {££.TC, 503
Category | CC:1434:1836.x = 1538
Rule All of rule can be used
SC:1450: | z=...?
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Table 6. Composition

C1 CZ
CC 1y = & CC 1e{[CC (]) CC ) = & CC mign([CC (]
1638 — i €C 1, ([1638]) 1638 = u CC y([1638])
CC 1y = £ waighy = CC e CC tow) — CC 1)
cc,., = 1836~ 163¢ 1635 — 1494
T YT CCim =—"7g38
198 14a
Co = Tgae 00 = e
CC 1y = 0.1209 = 1 CC ;10 CCrx = 0.0873 = 4 CCruign
Cs Cy
TC 3y = & TC 1ol [TC 35]) TC (33 = & TC signl [T € 3]}
1769 = 1 TC 5, ([1762]) 1769 — 0 TC 4:05([1765])
Tw="rc, |Tw="1c,;
o 1924-1769 1769— 1502
02— 1763 ey = ERLE
TC (= —— L2
)~ 1769 )~ 1769

TC 37 =0.0876— ;.LTE (L)

TC[‘}.] = 0.1509 — -“Tcl}ﬂ'y?ﬂ

Table 7. Membership Value 1

71

Z3

By = (apy)
RL =l EELIJ'I.!-' nu TEHI.H?!
R, = min([u CCppyl
o (1 Tagel
R, = min (0.1209 : 0.1509)
R, =0.1209 = z,

Ry = p (apg)

Rz =i Eﬂ'm. n .f-l'-Tch-
Ry = min([u CCp gyl
N2 TCypD)

R, = min (0.1209 : 0.08786)
Ry= 0.1209— z,

R, —if CC is Low
and TCis High
then 5C is Minfmum

1900 —z 01203
- — =1,
L 1900 — 1450

=% = 0.1208

450
1900 —=z= 0.1209=450

1200 — z = 544050
z=1%00— 544050
£=1545.5950

R, — if CCis Low
and TC is Low
then 5C iz Minimum

1900—z 0.067¢
- — =,
I 7 1900— 1450
1900—-z 0.087¢
450
1900 —z = 0.0876 =450
1900—z = 39.4200
z=1900— 32.4200

£ = 18605800

— 1845 — ~ 1860 - z,
73 Y

Ry = i (a3) Ry = i (2g4)

RE =i EEHIJP! nﬁTE‘mh
Ry = min([u CChign)
N [ TChign])
Ry = min (0.0879 : 0.150%9)
Ry=0.0879— z,

R-d- =l E'r.’.'mh nu TELIJ'H-
Ry = min([u CChjgp)
N [t TCy el
R, = min (0.0879 : 0.0879)
R, = 0.0876 =1z,

Ry — if CC is High
and TC is High
then 5C iz Moximum
z—1900 0.0879
- — =
1900 — 1450

- o
0 = 0.0875

£—1900= 0.05879=450
z—1900= 39.5550
£=1900+ 39.5530
£=1939.355(
—+ 1939 — 2,

Hy

R, — if CC is High
and TC is Low
then 5C iz Maoximum

z—1900 0.087¢
- =10,
1900 — 1450

z—15900 0.087€
450

£—1900= 0.0876=450
z—1900= 394200
£=1900+ 394200
z= 19354200
—=+1939—= g,

By
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Table 4 shown Inference by using Rule Base (R1, R2,
R3, and R4). Rule Base using IF-THEN rule with fuzzy
intersection using operator AND:

e RI1: IF CC is Low AND TC is High THEN SC is
Minimum

e R2:IF CCis Low AND TC is Low THEN SC is
Minimum

e R3: IF CC is High AND TC is High THEN SC is
Maximum

e R4: IF CC is High AND TC is Low THEN SC is
Maximum

Step 4: Variable Fuzzy
Variable Fuzzy can be seen in Table 5.
Step 5: Composition

The composition is shown in Table 6.

Table 6 shown Composition (C1, C2, C3, and C4) for
all of the rule base (R1, R2, R3, R4).

Step 6: Membership Value

By using o = alpha predicate (the minimum value of
membership degree), Z; = crisp values of membership
degree, and Z = defuzzification (get a value of weighted
average). Membership value display in Table 7.

Step 7: Defuzzy-fication

Defuzzy-fication to getting the weighted average
display in Table 8.

Table 8. Defuzzyfication 1

(i (@py) = z0) + (1 (@pa) = 22) +
(1 (@pa) = 22) + (1 (@py) = 25)
u (apy) + w (aps) + p(opa) + 1 (2p4)
(0.1209 = 1845) + (0.0676+ 1860) +

(0.0879=19390+ (0.0876= 1939

(0.12097+ (0.0876)+ (0.08797+ (0.087&)
(223.0605)+ (162.9360) +
(17043811+ (169.5564)

(0.1209%+ (0.0876)+ (0.0879)+ {0.0876)
T26.2510

£ =——— I=1891.328 Z =1891 (round number)
03240

T —
Po—

]
1}

T —
&=

B. Sugeno Model

Step 1: Fuzzyfication

Fuzzyfication wusing Dataset based on linear
representation  (increase linear representation and
decrease linear representation). Fuzzyfication that is
Tsukamoto Model also used to Sugeno Model.

Step 2: Membership Function.

Membership function based on fuzzyfication (linear

Copyright © 2018 MECS

increase  representation  and  linear  decrease
representation). Membership function that is Tsukamoto
Model also used to Sugeno Model (except Representation
Output Fuzzy for SC).

Step 3: Inference

The inference is the process of combining many rules
based on Dataset. Rule Base modified display in Table 9.

Table 9. Rule Base 2

R cC TC SC

R1 | Low | High EC=CC

R2 | Low | Low | SC=0.25 «TC —£C
R3 | High | High EC=TC

R4 | High | Low S0 =1910

Variable SC with rule modified based on expert input.

R1: SC = CC, it is meaning that value input CC can be
used to output SC.

R2: 0.25*TC-CC, it is meaning that output SC gets
from value 0.25 multiply TC minus CC (25% from
utilization Transportation Cost and Communication Cost).

R3: SC = TC, it is meaning that value input CC can be
used to output SC. R4: SC = 1910, that utilization SC
limited by value 1910.

Step 4: Membership Value
Membership Value display in Table 10.
Step 5: Defuzzy-fication

Defuzzy-fication to getting the weighted average from
the formula display in Table 11.

C. Output

The output from both model shown in Table 12.

Tsukamoto Model: SC is = 1891 (included in SC>
Low: 1450 AND High: 1900) >feasible. Sugeno Model:
SC is =1629 (included in SC—> Low: 1450 AND High:
1900)-> feasible.

Fig. 10 shown Dataset based on Table 2. Data Training
consists of ID (1, 2, 3, 4), Communication Cost (CC with
4 data point), Transportation Cost (TC with 4 data point),
Social Cost (SC with 4 data point), Low (lowest data
point), and High (highest data point).

Fig. 11 shown Tsukamoto Model with data value on
prediction cost. Prediction cost to input CC = 1638, input
TC = 1769, output SC = 1891.

Fig. 12 shown Sugeno Model with data value on
prediction cost. Prediction cost to input CC = 1638, input
TC = 1769, output SC = 1629.

Fig. 13 shown comparison with data value on
prediction cost. Prediction cost to Tsukamoto Model: CC
= 1638, input TC = 1769, output SC = 1891. Prediction
cost to Sugeno Model: CC = 1638, input TC = 1769,
output SC = 1629.
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20 Fuzzy Logic using Tsukamoto Model and Sugeno Model on Prediction Cost
Table 10. Membership Value 2
71 Z3
Rz = i (@)
Rlz'u_{ﬂ;pﬂ Rz=#C¢m.H#TELm.
Ry = CCppy N 1t TCpign Ry = min([u CCpp,]
R, = min([u CCyp,,] N [k TCopl)
t A [ TCw: h]i"“ R, = min (0.1209: 0.0874)
_ Hig R, = 0.087¢
RL:mLﬂ- [0.1209- U.lEUg] Rz—}U.EE*TE -
Ry =0.1209 Ry=0.25=1765— 1638
R, =1.19575—1.195
_ _ Ry — 2, =0.25=
R, -z, = 5C CC = 1638 S
73 2y
Ry = (@) Ry = it (@pg)
Ri=wnu CEHI;Q'P: ﬁ,tiTEHigh Ry=wu If.'lf.'m;gh M TC oy
Ry = min([u CChg] Ry = min([u CCy;gn]
N [ TChign]) N [ TCygmyl)
Ry = min (0.0879: 0.1509) | R, = min (0.0879: 0.0876)
R, = 0.0879 R, = 0.087¢
Ry — 2, =TC = 1769 R, =z, =5C =1910
Dataset
Table 11. Defuzzyfication 2 0
+ 1536]9731900 1.914(51:0
|[,f.|'. {%1} ® zl} |[,t.|'. {%3} * Za:} o s 0 - "'”’575 -
7 — + [pl_ {mpg} = za} + [;.1 (mpd-]' = zd_] - 10 1y 10
= i
@ (apy) +  (apa) + # (2pa) + & (2p4) Y
(0.1205+ 1638)+ (0.0876=1155) +
(0.0879 = 1769) + (0.0876+ 1910) "
0.1209+4+ 0.0876+ 0.0875+0.876 v i ) s o H,h
_ 1958.0342+ 1046682+ 1554951+ 167.31¢ wooms 1 85 e
0.1209+ 0.0876+ 0.0879 + 0.876 - e - m o ii
625.5273 Data Trining
=—— £ =1628.9773
0.3240 " nge
Z = 1629 (round number) Fig.10. Dataset
Table 12. Output
Tsukamoto Model
ID cc TC sC 2500 1924. -
5 | 1638 1769 Feasible 2000 14941836 ______ l_m ......... 145130"
Tsukamoto Model 1891 g 1000
Sugeno Model 1629 500
o
Table 13. Comparison of Model = Low 1494 1502 1450
m High 1836 1924 1900
TSUkamOtO Model OUtpUt m Data Testing 1638 1769 1891
R | CC TC SC Fig.11. Output Tsukamoto Model
R1 | Low | High Minimum
— Crisp Output
R2 Low Low Minimum Welghted Average Sugeno Model
R3 | High | High Maximum . . .
. . 2500 1924
RA | High | Low | Maximum 2000 14987 TS0z 50 o
Sugeno Model Output B 1500
38 1000
R cC TC SC 500 I I I
R1 | Low | High sc=cc 0
_ Constant (orde 0)
R2 | Low | Low | SC=0.25*TC-CC Linier (orde 1) = Low 1494 1502 1450
R3 | High | High sc=TC u High 1836 1924 1900
R4 | High Low SC = 1910 ® Data Testing 1638 1769 1629

Fig.12. Output Sugeno Model
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Comparison

cc TC sSC CcC TC SC
Tsukamoto Model ... Sugeno Maodel

Fig.13. Comparison of Cost

V. CONCLUSION

Fuzzy Logic using Tsukamoto Model and Sugeno
Model on prediction cost shown that external cost in
Tsukamoto Model is 1891 and external cost in Sugeno
Model is 1629. Both of model showed that result of
prediction cost is accurate and proper. Accurate is the
value of social cost can be decreasing high living cost.
Proper is the feasible cost on all component in living cost.
Prediction cost is reasonable cost can be decreasing high-
cost economy. There are 46.56 % the number of the
middle class of the population Indonesia. It means 46.56
percent of the population the middle class in Indonesia
have the potential to reduce high-cost economies (living
cost), able to drive of economic growth (social cost) and
improve social welfare (social cost). Future work, Fuzzy
Logic using Mamdani Model and fuzzy database
modified Tahani Model on External Cost.
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