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Abstract One of the solutions to solve the problem of decision making of goods production is a decision support system to
estimate the amount of production of goods using the reasoning method, Fuzzy Inference System (FIS) which is a
development of the fuzzy set theory. In this study, a comparison will be made between the method Sugeno and Tsukamoto in
the application of fuzzy logic to the production of goods in the company. In this research, the problem to be discussed is
which method is closest to the production amount in the original data. The purpose of this study is to determine how many
goods the company should produce if the variables are numbers fuzzy with calculations using the method Fuzzy Inference
System Sugeno and Tsukamoto. Comparing the two results from Fuzzy Inference System Sugeno and Tsukamoto with
company data. The method that comes closest to company data will be used as an application to determine the amount of
production. From the calculation of the Fuzzy Inference System Sugeno and Tsukamoto, it can be concluded that the
Tsukamoto method is most suitable for determining the amount of the company's goods production.

Keywords—decision making, fuzzy inference system, production, sugeno, tsukamoto.

1. Introduction

O balance the demand for goods with the amount of production, a company is certain will conduct research
and analysis of the products that will be offered to the market or consumers. In the company, the production of
goods will have a big influence, because in addition to optimizing the raw materials used, this will also have a
big impact on the cost or financial sector.

The number of factors involved in the calculation will be an obstacle for decision makers in making policies
in determining the amount of goods to be produced. These factors are: maximum demand at a certain period,
minimum demand at a certain period, maximum supply at a certain period, minimum supply at a certain period,
maximum production at a certain period, minimum production at a certain period, current demand, and current
supply. For that we need a method to solve this problem.

The method most often used is theory unequivocal set. However, firm set theory is inoperable or used by the
general public (analysis people only), because apart from being a bit complicated in calculation, constraints in
production will also complicate things solving the optimization problem of production of goods. In addition to
strict set logic, theory fuzzy can also be used in the optimization of goods production problems.

In the problem of making goods production decisions, one solution to overcome this problem is a decision
support system to estimate the amount of goods produced using the reasoning method, Fuzzy Inference System
(FIS) which is a development of the set fuzzy theory.

In this research, a comparison will be made between the method Sugeno and Tsukamoto in the application of
fuzzy logic to the production of goods in the company. In this research, the problem to be discussed is which
method is closest to the production amount of the original data.

The objectives of this research are:

1. To determine how many goods the company should produce if the variables are numbers fuzzy, the
calculation uses the method Fuzzy Inference System Sugeno and Tsukamoto.

2. Comparing the two results from Fuzzy Inference System Sugeno and Tsukamoto with company data. The
method that comes closest to company data will be used as an application to determine the amount of production.

2. Literature Review

1467


mailto:murnawan@widyatama.ac.id
mailto:rae.virgana@widyatama.ac.id
mailto:sri.lestari@widyatama.ac.id

Turkish Journal of Computer and Mathematics Education  Vol.12 No.8 (2021), 1467-1476

Research Article

An Fuzzy Inference System (FIS) contains the knowledge and experience of an expert, in the design of a
system that controls a process whose input—output relations are defined by a set of fuzzy control rules, e.g., IF—
THEN rules [2]. Fuzzy logic-reasoning contains two types of information. The first concerns the labels and
membership functions assigned to the input and output variables. The accurate selection of these represents one
of the most critical stages in the design model. The other type of information is related to rule-base which
processes the fuzzy values of the inputs to fuzzy values of the outputs [3].

An FIS is composed of three blocks. The first, fuzzification, converts crisp value input to a linguistic variable
using the membership functions kept in the knowledge base. To the second block, the inference engine, is
assigned the task of evaluating the input’s degree of membership to the fuzzy output sets using the fuzzy rules.
Finally, the defuzzifier block transforms the fuzzy output into a crisp value. The inference engine is the FIS
heart, and can reproduce the human decision-making process by performing approximate reasoning in order to
achieve a control strategy [2]. The inference stage utilizes the fuzzy input values to activate the inference rules
and generate the fuzzy output value. The generic architecture of the fuzzy expert system is shown in Fig. 1.

Knowledge Base

Input l Rule base database . 1 Output
crisp cr

=) |-,;,.r...v.\.\ | | | | [ petursiication | |y

Inference Engine

Fig. 1. Architecture of a fuzzy expert system.

In a fuzzy inference model (approximate reasoning) the reasoning process is based on a series of if-then rules
as a kind of expert knowledge [4,5]. The conditional statement (or proposition) contains a premise, the if-part,
and a conclusion, the then-part [4,6]. The knowledge included in a fuzzy control system is made up of a group of
several rules of the form “if X is A then Y is B”, or, more generally, “if X1 is Al and ...and Xn is An then Y is
B”, where A, An, B are fuzzy sets [7]. The knowledge base, which comprehends general knowledge concerning
a problem domain, joins antecedents with consequences or premises with conclusions [8] (see Figure 1). The
most commonly used fuzzy inference technique was proposed by Mamdani. However, in Mamdani-type FIS the
number of rules grows with the number of premise-part variables. As the number of rules grows the activity of
assembling rules can become very burdensome and sometimes it becomes difficult to comprehend the
relationships between the premises and consequences [9]. A Sugeno-type method (or Takagi-Sugeno-Kang) has
fuzzy inputs and a crisp output (linear combination of the inputs). It is computationally efficient and suitable to
work with optimization and adaptive techniques, so it is very adequate for control problems, mainly for dynamic
nonlinear systems [10]. Sugeno method develops a systematic approach to generate fuzzy rules from a given
input-output data set. It changes the consequent (then part) of Mamdani rule with a function (Equation) of the
input variables. The T-S style fuzzy rule is: IF x is A AND y is B THEN z is f (x, y) where X, y and z are
linguistic variables, A and B are fuzzy sets on universe of discourses X and Y and f (x, y) is a mathematical
function [10]. Sugeno-type FIS uses weighted average to compute the crisp output while Mamdani-type FIS uses
the technique of defuzzification of a fuzzy output. The first two parts of the fuzzy inference process, fuzzifying
the inputs and applying the fuzzy operator, are the same [1]. The main difference is that the Sugeno output
membership functions are either linear or constant [1]. In Figure 2 different types of fuzzy systems are shown.
Type two is Mamdani FIS with output function based on overall fuzzy output, while type three is the Takagi-
Sugeno fuzzy inference.

Fuzzy sets theory has been applied successfully in recent years for dealing with sustainability and
environmental topics. The pioneers are certainly Phillis and Andriantiatsaholiniaina [11], Phillis et al. [12],
Phillis et al. [13]. They proposed a model called Sustainability Assessment by Fuzzy Evaluation (SAFE).
Ocampo-Duque et al. [14], Icaga [15], and Lermontov et al. [16] proposed the use of fuzzy set for dealing with
water quality. Fisher [17] applied the fuzzy sets to the study of air quality. Prato [18] developed a fuzzy adaptive
management tool for evaluating the vulnerability of an ecosystem as a result of climate change. Marchini et al.
[19] described a framework for designing fuzzy indices of environmental conditions. Gonzalez et al. [20]
integrated life cycle assessment (LCA) methodology and fuzzy reasoning. Silvert [21] showed how fuzzy logic
can be applied to analysis of ecological impacts.

1468



Turkish Journal of Computer and Mathematics Education  Vol.12 No.8 (2021), 1467-1476

Research Article

g Consequent =
< >
e Premise ~ Type 1 Type 2 o
. M . M . M. . M.
" W
| wy ! ! 1x, +bx
= o ! Al | W - e
™M
. . M . M
| W W 1, = ax, +hx,+r
Wy 4 MAX i
X Xz ‘ 1 ' ‘Id
1 1 1
1 1 1
1 1 1
v v \4

Centrold of area

Fig. 2. Different types of Fuzzy inference system

3. Results and Discussion

In order to solve the problems faced by the company, a calculation program will be made by comparing 2 not
much different reasoning methods to calculate the amount of production, then comparing with the results of the
actual number of production, which one is closest to the actual result, the decision will be chosen from the
method that is closest the production amount. The reasoning method used is the Sugeno and Tsukamoto fuzzy
inference system.

A. Data Analysis

1) Problems

Fuzzy decision support systems are used in various fields. This paper will discuss the determination of the
amount of packaging production in one example category "Food and Drink" by the company PT. XYZ. The
production process begins with the purchase of raw materials, especially packaging bottles, until they become
whole packaging bottles. Production at one customer does not always occur every month, but it can happen every
2 months, even if there are no design changes on the packaging. Initially there was no inventory in the first
month of production. Then initially more than the existing demand will be produced. After that, in the next
production month, the previous excess production will be calculated as inventory. Then it will produce about
10% more of the demand needed or it could be the same as the demand, and so on for the following month. The
data taken is data on demand and supply of packaging production during 2019.

TABLEI
DATA ON DEMAND AND SUPPLY FOR PACKAGING PRODUCTION IN 2019

Month Demand (pcs) Inventory (pcs) Production (pcs)

January 75,000 0 100,000

March 75,000 25,000 57,500

May 75,000 7,500 75,000

July 75,000 7,500 75,000

September 100,000 7,500 100,000

November 75,000 7,500 75,000

From 2019 data, it can be concluded that the minimum demand is 75,000 pcs and the maximum is 100,000
pcs. The minimum stock was out of stock in January, and the maximum was 25,000 pcs in March. The minimum
number of production reaches 57,500 pcs and the maximum reaches 100,000 pcs. The amount of production
depends on the quantity demanded and is deliberately produced less than what is required to prevent damage to
goods or to keep supplies low.
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In this case there are 3 variables, namely: 2 input variables, demand and supply variables, while for output
there is 1 variable, namely the production of goods. The demand variable has 2 linguistic values, namely down
and up. The inventory variable has 2 linguistic values, namely a little and a lot. Meanwhile, the production

variable has 2 linguistic values, namely increasing and decreasing.
Based on the unit of reasoning for inference in the form:
If xisA,andy is B, thenzis C.

If x is associated with the demand variable and A is the linguistic values, y is associated with the supply
variable and B is the linguistic values, Z is associated with the production variable and C is its linguistic values,
so the rules formed can be presented in Table Il below:

TABLE I
RESULTS OF THE RULES SHAPED BY INFERENCE FUZZY
Rules Demand Inventory Function Production
Implications

R1 DOWN MANY DECREASE
R2 DOWN MANY INCREASE
R3 DOWN LESS DECREASE
R4 DOWN LESS INCREASE
R5 UP MANY DECREASED
R6 UP MANY INCREASE
R7 UP LESS DECREASE
R8 UP MANY INCREASE

From the rules formed in Table Il, based on the rules on fuzzy inference, there are 4 possible rules and

according to the knowledge base, namely:

TABLE IlI
CONCLUSIONS THE RESULTS OF THE RULES WERE FORMED ON INFERENCE FUZzY
Rules Demand Inventory Function Production
Implications

R1 DOWN MANY DECREASED
R2 DOWN LESS DECREASED
R3 UP MANY INCREASE
R4 UP LESS INCREASE

The results of the conclusion from Table Il are as follows:

[R1] IF Demand is DOWN, and Inventory is MANY, THEN Production of goods is DECREASED
[R2] IF Demand is DOWN, and Inventory is LESS, THEN PRODUCTION GOODS IS DECREASED
OF[R3] IF Demand is UP, and Inventory is MANY, THEN Production of goods is INCREASE
INCREASED [R4] IF Demand is increasing, and supply is LITTLE, THEN Production of goods is

INCREASE

2) Sugeno Method Completion

The rules used will be slightly modified, assuming that the amount of demand is always higher than the
supply. From the rules formed based on the rule base oninference fuzzy, there are 4 possible rules according to
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the knowledge base, namely:

[R1] IF Demand is DOWN, and Inventory is MANY, THEN (Z) Production of goods = Demand-Supply

[R2] IF Demand DOWN, and Supply is LESS, THEN (Z) Production of goods = Demand

[R3] IF Demand is increasing, and supply is MANY, THEN (Z) Production of goods = Demand

[R4] IF Demand is increasing, and supply is LESS, THEN (Z ) Production of goods = 1.1 * (Demand-
Supply)

Problem solving with Sugeno:

1. Determine the variables involved in the process to be determined and the fuzzification function
accordingly.

0; xX=a
[x]—[(x—a]f(b—a] a=x=bh
1; x=hb

1; x<a
[x]—{[b—xj/’[b—a] a<x=bh
0; x=b

The value of a shows the minimum value and b shows the maximum value of a variable. shows the value of
the membership function in a variable x. Equations (1) and (2) will be used for each variable in this first step. In
this case, there are 3 variables to be modeled:

a. Demand (Pmt (x)) consists of 2 linguistic values, namely DOWN and UP. Based on the data on the
smallest and largest demand in 2014, the membership function is formulated as follows.

o x < 75.000
bemeryroy (8) = oo ————75.000 < x £100.000  (5)
0; x = 100.000
L x < 75.000
Mpme warx (8) = o ——————75.000 = x £100.000  (6)
1, x = 100.000

Based on equations (5) and (6), if the demand is 80,000 pcs, then:

100.000—x 100.000 —E0.000

Ypme TURD 30.000) = - = =08
pmerwayy ) 100,000 — 75.000 25 000 !
¥-T5.000 £0.000 - 75.000
. - 180.000) = = =0.2
Pmt NATK 100,000 — 75.000 25000 !

b. Inventory (Psd (y)) consists of 2 linguistic values, namely LESS and MANY. Based on the data on the
smallest and largest demand in 2014, the membership function is formulated as follows.

501[\:0 y=<0
Mpsd seprrrr ) = m‘ 0= y= 25000 (7
0 ¥>25.000
U: v
Mpsd manvax ) = oo 0 =¥ = 25.000 (8)
7y > 25.000

Based on equations (7) and (8), if the supply is 10,000 pcs, then:

_ 25000—y _ 25.000—10.000

Hesa seprerr (10.000) = 25.000-0 25000 0.6
_ y—b _ to.o00

Hesa sawyax (10.000) = 25000-0 25000 0¥

c. Production (z) consists of 2 linguistic values, namely DECREASED and INCREASED. This variable in
the Sugeno method is in the form of a linear constant, not aset fuzzy.

2. Application of the implication function
Based on equations (5) and (6), if the demand is 80,000 pcs, then:
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100.000-X _ 10D.DDD—E0.000
Hemeryayy (80.000) = 100,000 —75.000 25000 =08
X-75.000 _ _ £0.000-75.000
Up (80.000) = =0,2
Pt NATH 100,000 -75.000 25000 ‘

Based on equations (7) and (8) |f the supply is 10,000 pcs, then:

15.0 "5 DDD - 10.000D
10.000) = =06
sdszﬂuh’r{ ] 25.000-0 25.000

__¥-0 _ io000
lpsd savvax (10.000) = 25.000-0  25.000 0.4

Now we find and z value for each rule:
[R1] IF Demand is DOWN, and Supply is MANY, THEN (2)
Production of goods = Demand-Supply
oy = Upmervavy [ Upsdganvar 9)
= min(u pmt‘rL‘EL‘N{EU 000}, u ped BANY AK (10.000 ))
=min(0,8;0,4) = 0,4
From the rule [R1], the value is: = 80,000-10,000 = 70,000
[R2] IF Demand is DOWN, and Inventory is LESS, THEN (2)
Production of goods = Demand
ty = Upmervavy [ Ypedszoizrr (10) = min{u ngrTL'RL-'M{EU 0007, u ped SEDIKIT (10.000))
=min(0,8;0,6) = 0,6
From the [R2] rule, the value is = 80,000
[R3] IF Demand is UP, and Inventory is MANY, THEN (2)
Production of goods = Demand
ty = Wpmevarz M Bpedsanvar (11)
= m[ﬂ{“pmmﬂm (80.0007, u psdBA.‘."YAF-?':lU'UUU )
=min(0,2;0,4) =0,2

From the rule [R3], the value is = 80,000
[R4] IF Demand is LESS, THEN (2Z)
Production of goods = 1.1 * (Supply-Demand )

ty = Wpmewarz M BpedseomerT (12)
= min(u PMENAIE (80.000). u ped SEDIKIT (10.000 ))
=min(0,2;0,6) =0,2
From the [R4] rule, the value is:
=1.1*(80,000-10,000) = 77,000
3. Rule Composition (Aggregation)
The result of the application of the implication function of each rule, the MIN method is used to make the
composition between all the rules.

R_ oz,

With R the number of rules, the ©<,. fire strength is r and the output is in the antecedent of the r-rule

4. Defuzzification

After output of each rule (), defuzzification is carried out by calculating the average centered weight of each
rule.

F
=1 G2
2

i=1

A
o
€r;

0,4:70.000 +0,6 80,000+ 0,2 «30.000 +0.2=77.000
04+06+0,2+0.2

= 76.714,285
Z 5 is the result of packaging production. This result is also modified if it exceeds the maximum production

limit, then it is changed to the maximum amount itself because it is impossible to produce more than the
maximum production capacity.
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3) Tsukamoto Method

The rules used still use the same assumptions, namely the assumption that the amount of demand is always
higher than the supply. What is different lies in the production output of goods. In Sugeno, the output is a linear
constant, while the Tsukamoto method produces a fuzzy set of output. From the rules formed based on the rule
base on inference fuzzy, there are 4 possible rules and according to the knowledge base, namely:

[R1] IF Demand is DOWN, and Inventory is MANY, THEN (Z) Production of goods is DECREASED

[R2] IF Demand DOWN, and Inventory is LITTLE, THEN (Z) Production of goods is DECREASED

[R3] IF Demand is increasing, and Inventory is MANY, THEN (Z) Production of goods is INCREASED

[R4] IF Demand is UP, and Inventory is LESS, THEN (Z) Production of goods INCREASED

Completion problems with Tsukamoto:

1. Determine the variables involved in the process to be determined and the appropriate fuzzification
function:

The calculation is the same as the Sugeno method, only differs in the production variables. In this case, there
are 3 variables to be modeled:

a. Demand (Pmt (x)) consists of 2 linguistic values, namely DOWN and UP. Based on the data on the
smallest and largest demand in 2018, the membership function is formulated as follows.

100}50_1 x = 75.000
UpmeTuann (X)) = m:?iﬂﬂﬂ = x = 100.000
0 x > 100.000
0;
() =X = 73000 o DDEE ?BQDE[?D 000
Heme vam ) = T 7e og x::fDEDDD'
1; )

If the request is as many as 80,000 pcs, then:

100 000 —x 100,000 —E0.000
[T P p— 30.000) = = =038
samerurun ) 100,000 — 75,000 25000 !
*—75.000 £0.000— 75.000
M - 180.000) = = =02
Hame wark ( ) 100,000 — 75,000 25,000 ‘

b. Inventory (Psd (y)) consists of 2 linguistic values, namely LESS and MANY . Similar to equations (3) and
(4) the first step of themethod Sugeno. Based on the data on the smallest and largest demand in 2018, the
membership function is formulated as follows.

1
¥ :| U
25.000 — v y=
Uped sprprr (V) = —}: 0 =y=25.000
: 25.000 -0 2 3= 000
0: Yo
yoo y=19
Un A o= —;05‘525.000
Yped sanvazx (V) 25 000 — 0 J‘i 25 000
1 e

If the stock is 10,000 pcs, then:

25.000-y  25.000-10.000
10.000) = = =06
Hpsa sepixrr ( ) 25.000 -0 25.000 '
¥—0 10.000
10.000) = = = 0,4
Epsa pany ax ) SE000—0 25000 s

c. Production (prod (z)) consists of 2 linguistic values, namely DECREASED and INCREASED.
The fuzzy set membership functions are as follows.
1:

100.000—2 £ = 537.500
Uprog serruRaNG(Z) = | Top pop_smsor o/ 000 = 2 = 100.000
0; Z=100000
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o z < 57.500
Yprod sERTAMEARZ) = \Tpnoso—ssop o7 -200 = z = 100.000
1; z = 100.000

2. Application function implications
If the request is as many as 80,000 pcs, then:

100.000—x _ 100.000—-80.000 _

Hpme TURUN (80.000) = 100.000-75.000 25.000 0.8
_ x-75.000 _ B0.000-75.000
Home nazx (80.000) = 100.000-75.000  25.000 =02
If the stock is 10,000 pcs, then:
__ 25.000-y __ 25.000-10.000 _
Hpzq seprgim (10.000) = = =06

25.000 -0 25.000

y—0 10.000
10.000) = = =
Hpsa sany ax ( ) 25.000-0  25.000

¥

Now we find &,,,.. 4:5. and z value for each rule:
[R1] IF Demand is DOWN, and Supply is MANY, THEN (Z) Production of goods is DECREASED

81 = Hpmervavy 1 Bpedsanyax
= m[n{."‘lpmt‘!’ﬂﬁb‘ﬂf{gn'nnn]* Hprdsanvar (10.000))
=min(0,8;0,4)=0,4

From the rule [R1] above, the value is
=100,000-0.4 (100,000-57,500) = 83,000
[R2] IF Demand is DOWN, and Supply is LESS, THEN (Z) Production of goods DECREASED
ty = Upmervavy [ Ypedszoizrr
= min(u _ert‘!L'EL'N{EU'UUU:]J UpedsEDigIT {10.000))
=min(0,8;0,6) = 0,6

From the [R2] rule above, the value is
=100,000-0.6 (100,000-57,500) = 74,500
[R3] IF Demand is UP, and Supply is MANY, THEN (Z) Production of goods is INCREASED

Q3 = Hpmenarg N Bpsdpanvax

= min (f-‘pmrﬁmx (Eﬂ-ﬂﬂnjrﬂpsdmmﬁqx (10.000))

=min(0,2;0,4) =0,2

From the rule [R3] above, the value is

= 0.2 (100,000-57,500) + 57,500 = 66,000

[R4] IF Demand is UP, and Supply is LESS, THEN (Z) Production of goods = INCREASED

Gy = Hpmenarg N BpsasepixiT

= min (ﬂpmrﬁﬂx (En-ﬂﬂﬂjrﬁpsdﬁmmr (10.000))
=min(0,2;0,6) = 0,2

From the rule [R4] above, the value is obtained:

=0.2 (100,000-57,500) + 57,500 = 66,000

3. Composition of Rules

The result of the application of the implication function of each rule, the MIN method is used to make the
composition between all the rules the same as Sugeno. After the composition of the rules is carried out, the
output is obtained through the defuzzification step which will be explained in the next step

4. Defuzzification

Defuzzification used the same approach with Sugeno, which is the average weight centered(weighted
average)

4
A= @,
Ly =<3
.
i=1 %
_ 0,4+83.000 +0,6+74.500 + 0,2 466 .000 +0,2+66.000
0,4+0,64 0,240,2
= 74.500
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Z 5 is the result of packaging production. This result is also modified if the production result is less than the
difference between demand and supply, then it is converted into the difference in demand and supply itself
because it is assumed that the amount of production is not less than demand but still not more than the limit of
the maximum production amount.

B. Calculation of Data

The data to be calculated is the data in Table I processed using Sugeno and Tsukamoto's method, so it will be
concluded which method is closer to the company's actual production data.

TABLE IV
PACKAGING PRODUCTION DATA
Month Request Inventories Production Yield
(pcs) (pcs) Company
(pcs) Sugeno Tsukamoto

January 75,000 0 100,000 75,000 75,000
March 75,000 25,000 57,500 50,000 57,500
May 75,000 7,500 75,000 72 750 75,350
July 75,000 7,500 75,000 72 750 75,350
September 100,000 7,500 100,000 100,000 92,500
November 75,000 7,500 75,000 72,750 75,350

Based on Table IV, the results of production calculations using the Sugeno and Tsukamoto method are not so
far from the results compared to the production data of the company PT. XYZ. From Table IV, it can be seen and
compared which method is closer to the actual company data. In January, Sugeno and Tsukamoto's results were
as big as the company's production data with a difference of 25,000 pcs. In March, Tsukamoto's results have the
same data as the company's production data compared to Sugeno's results which have a difference of 7,500 pcs.
In May, July and November, Tsukamoto's results have350data pieces of onlycompared to Sugeno's results which
have a difference of 2,250 pcs.

4, Conclussion

Based on the discussion of the inference system fuzzy Sugeno method and Tsukamoto method, the following
conclusions can be draw.

From Sugeno and Tsukamoto's FIS calculations, it can be calculated how much data is closest to company
data. The following is the approximate data for each method:

a) Sugeno method: 1 data is closest compared to Tsukamoto

b) Tsukamoto method: 4 data closest compared to Sugeno

c) Sugeno and Tsukamoto's method: 1 the value data of both are the same.

So it can be concluded that the Tsukamoto method is most suitable for determining the amount of goods
produced by PT. XYZ.
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