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This study compares the Type-1 Fuzzy and Interval Type-2 Fuzzy in Decision Support System (DSS). Particular case studied in this paper deals with supplier selection for development of new product. DSS is developed to recommend a decision to provide assessment criteria on the supplier. All the type of membership functions and rules between these systems are equally applied. It is shown that  in Type-2 Fuzzy can manage the level of uncertainty in decision making. In general, both systems have a surface resemblance. The result shows that type-2 Fuzzy based decision making with a level of uncertainty is able to provide alternative decisions.
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1. Introduction

This paper investigates type-1 fuzzy logic (T1 FL) and type-2 fuzzy logic (T2 FL). , as the model for decision making system. Sometime ago, Prof Zadeh realize that T1 FL membership function is actually a crisp as well. Then in 1975 Prof Zadeh discovered T2 FL. However, T2 FL became popular in early 2000. 
According to Mendel, T2 FL is used to model and to minimize the impact of uncertainties that may occur on fuzzy logic. There are three types of uncertainties that consist of 1) a word used as anteceden and consequent of a rule can have different meanings to different people 2) consequently obtained from the polling group of experts will often differ on the same rules because the experts will not all agree on the rules 3) noise contained in the data. T2 FL can overcome this uncertainty by using the T2 FL membership function[1][2][3]. T2 FL commonly used is interval T2 FL (IT2 FL). According Turhan and Gariballdi, the implementation of IT2 FL to allow DSS capturing the variations of human decisions. Variations decision by fuzzy logic can be set using the level of uncertainty in the membership function [1]. However,, the use of IT2 FL in the DSS is still rare and very possible to be develop. 
T2 FL able to model the uncertainty of intrapersonal and interpersonal. According to Mendel [2], intrapersonal uncertainty describes the uncertainty a person has about the word. While interpersonal uncertainty describes the uncertainty that a group of people have about the word, ie ,’words mean different things to different people’. Word use as antecedent and consequent of the rule. Antecedent or consequent uncertainties translate into uncertain antecedent or consequent membership functions. Then, this paper  will compare between T1 FL and T2 FL and will prove the impact of uncertainty.

2. Theory

Type-1 Fuzzy Logic
Type-1 Fuzzy Logic theory was first introduced by Prof. Lotfi A Zadeh in 1965 [3].  Mechanism of fuzzy logic consist of 1) Fuzzification  2) inference  3) defuzzification. Figure 1 describes T1FL.
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Figure 1 Type-1 FLS

Type-2 Fuzzy Logic
The concept of type-2 fuzzy sets (T2 FSs), originally introduce by Zadeh as an extension of the concept of an ordinary fuzzy set, for instance type-1 fuzzy set [4]. Type-2 fuzzy sets have grades of membership that are themselves fuzzy, which can be very useful when such systems are used in situations where lots of uncertainties are present. The resulting type-2 fuzzy logic systems (T2 FLS) have the potential to provide better performance than a type-1 (T1) FLS. To-date, because of the computational complexity of using a general T2 FS, most people only use interval T2 FSs in a T2 FLS, the result being an interval T2 FLS (IT2 FLS). The computations associated with interval T2 FSs are very manageable, which makes an IT2 FLS quite practical [4].
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 Figure 2 Type-2 FLS

A general T2 FLS is depicted in figure.2. it is very similar to the T1 FLS in figure.1, the major structural difference being that the defuzzifier block of a T1 FLS is replaced by the output processing block in a T2 FLS. That block consists of type-reduction followed by defuzzification. Type-reduction maps a T2 FS into a T1 FS, and then defuzzification, as usual, maps that T1 FS into a crisp number [4].  
The first step in this chain of computations is to compute a firing interval. For the minimum t-norm, this calculation requires computing the sup-min operation between the lower (upper) MFs of the FOUs of each input and its corresponding antecedent. The firing interval propagates the uncertainties from all of the inputs throught their respectives antecedents. An example of computing the firing interval is depicted in the left-hand part of figure. 3 for  a rule that has two antecedents [5].
For Mamdani Inference, the next computation after the firing interval computation is the meet operation between the firing interval and its consequent FOU, the result being a fired-rule output FOU. Then all fired rule output FOUs are aggregated using the join operator, the result being yet another FOU [5].
An example of this computing is depicted in the right-hand part of figure.3, and an example of aggregating two fired-rule output FOUs is depicted in figure.4. figure.4(a) shows the fired-rule output sets for two fired rules, and figure.4(b) shows the union of those two IT2 FSs. Observe that the union tends to spread out the domain over which non-zero values of the output occur, and the B does not have the appearance of either B1 or B2 [5].
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Figure 3 Mamdani Inference for IT2 FLSs: from 
firing interval to fired-rule output FOU [5]

Refererring to figure.3, this aggreagated FOU is then type-reduction, the result being an interval-valued set, after which that interval is defuzzified by taking average of  interval’s two end-points [6].
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Figure 4 Pictorial description of (a) Fired-rule output FOUs for two fired rules, and (b) combined fired output FOU for the two fired rules in (a) using Mamdani Inference [5]

Decision Support System (DSS)
A decision refers to a choice made between two or more alternatives. Decision are being made by all of us, every day. However, most major organizational decisions are made by managers [7]. According to Gorry and Scott Morton(1971) who defined DSS as Interactive computer-based systems, which help decision makers utilize data and models to solve unstructured problems. Another classic definition of DSS, provide by Keen and Scott Morton(1978), follows:
Decision support system couple the intellectual resources of individuals with the capabilities of the computer to improve the quality of decisions. It is a computer-based support system for management decision makers who deal with semi-structured problems. The early definitions of a DSS identified it as a system intended to support managerial decision makers in semi-structured decision situations. DSS were meant to be an adjunct to decision-makers to extend their capabilities but not to replace their judgment.
  
A DSS Aplication
A DSS is usually built to support the solution of a certain problem or to evaluate an opportunity. As such it is called a DSS application. A DSS is an approach (or methodology) for supporting decision-making. It uses an interactive, flexible, adaptable CBIS especially developed for supporting the solution to a specific nonstructured management problem. It uses data, provide an easy user interface, and can incorporate the decision-maker’s own insight [7].
In addition, a DSS usually uses models and is built (often by end-users) by an interactive and iterative process. It supports all phases of decision-making and may include a knowledge component. Finally, a DSS can be used by a single user on a PC or can be Web-based for use by many people at several locations [7].
Many companies are turning to DSSs to improve decision making. Reasons cited by managers for the increasing use of DSSs include the following: New and accurate information was needed; information was needed fast; and tracking the company’s numerous business operations was increasingly difficult. Or, the company was operating in an unstable economy; it faced increasing foreign and domestic competition; the company’s existing computer system did not properly support the objectives of increasing efficiency, profitability, and entry into profitable markets .

3. Methodology 
Case selection of suppliers to develop new products refers to a study by Carrera and Mayorga [8]. Based on these studies there are ten criteria as input to the system, namely the level of technology, economical situation, production capacity, market share, level of quality, cost reduction, delivery rate, part quotation, investment cost and project time.
In type-1 fuzzy uses Gaussian dan Generalized bell membership function. in Table 1 can be seen rule base for the  recommendation decision. 

Table 1 Rule base for final decision
[image: wpsD5E9]

Both of systems develop same rules. In the type-2 fuzzy system uses Interval membership function.it has upper and lower membership function. Implementation of the Interval type-2 is relatively easier to manage than the others type-2 fuzzy. The Interval type-2 fuzzy of membership functions define Gaussian and Generalized Bell with a midpoint that is uncertainty. This curve is used to form a fuzzy set.
Before the output established, type reduction and defuzzification will be processed first. Type of reduction is the reduction of type-2 to type-1. It uses centroid (center of sums) method. Besides, This type reduction process using the EIASC algorithm [9].

4. Result 
Type-2 Fuzzy able to model the uncertainty of intra-personal and inter-personal. According to Mendel [2],  intra-personal uncertainty describes the uncertainty a person has about the word. While inter-personal uncertainty describes the uncertainty that a group of people have about the word, i.e., "words mean different things to different people".
Words use as antecedent and consequent of the rule. Antecedent or consequent uncertainties translate into uncertain antecedent or consequent membership functions.
[image: wps22DC]
Figure 5 Gaussian MFs have uncertainty intervals associated with them

Figure 5. is one example of the shape of interval membership functions on an input variable, namely Delivery Rate. For example,the membership of number 50 is [0.78,1]. Observe that an IT2 FLS is bounded from the above and below by two T1 FLS, which are called Upper MF and Lower MF, respectively. Based in this, type-2 fuzzy Interval membership functions can be modelling the diverse opinions from different individuals.
Consequent obtained by polling a group of experts will often be different for the same rule because the experts will not necessarily be in agreement. However, it can be seen from Table 2 that recommended decision has different decisions although crisp input is the same. Based on interval can be affected resolve decision. This can be done by type-1 fuzzy with additional rule. Variation decision IT2 FLS generated by this study confirm previously [1] that the variation in decision making using the Type-2 Fuzzy logic can be controlled by the level of uncertainty contained in membership functions.

Table 2 Crisp output from type-1 and type-2

	Group
	Type-1
	Type-2
(interval 5)
	Type-2
(interval 10)
	Type-2
(interval 15)

	Strategic Option
	93,41
	93,00
	92,42
	91,29

	Supplier Performance
	94,95
	94,49
	94,00
	93,07

	Percentage of Provision
	86,86
	86,22
	85,60
	84,80

	Output Final
	91,89
	90,24
	86,28
	76,42

	Recommended Decision
	Selected
	Selected
	Selected
	Under Consideration



Table 3 Time comparison between type-1 fuzzy and type-2 fuzzy

	Fuzzy System
	Time (in second)

	Type-1
	0.047

	Type-2
	2.68



The difference this time is not a problem because the processing time required is in seconds.it can seen on table 3.  One of the outstanding characteristics of the DSS is a relatively short time to get a decision. Intervals as input parameters for the membership function affects the shape of membership function itself. The greater  interval given the increasingly wide area FOU also formed.
Interval value is a wide range UMF with LMF. The distance here is implemented by calculating the difference between the two middle values​​. Form of membership functions based on interval.While the surface for different intervals changed little. In nature was not seen significant changes. But if the note will detail the changes visible on their tops.Based on previous studies [] that changes in the surface makes the IT2 FLS is more adaptive and can be understood as the relationship between inputs and outputs are complex and can not be done by a T1 FLS. In addition, the Karnik-Mendel stated that the IT2 FLS can be viewed as a collection of different embedded T1 FLS.
Understanding of adaptive that embedded T1 FL used for interval limit computing as changing of input. Adaptive correlation with crisp output on table 2. Every test data gets crisp output tend descend with interval expand. Except, first test data gets crisp output increasingly.
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Interval by 5
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Interval by 10
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Interval by 15



Figure 6 I/O surface is adaptive toward interval changing

Globally, landscape grafik between T1 Fl and T2 FL have the same nature. It can be seen at figure 7(a-e) that the same input for IT2 FL or T1 FL gave output value a little bit different. Crisp output of T2 FL using interval 5 approach crisp output of T1 FL. It means interval 5 is smallest interval.  
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Figure 7 Comparing output on test data

Meanwhile final result is a bit variation between T1 FL and T2 FL, but recommend decision is the same. Simulation of fifth data using interval 15 give recommend decision different with interval 10 and 5. It can be seen at table 2. T1, T2 (interval 5), T2 (interval 10) result recommend decision “Selected” but T2 (interval 15) result “under consideration”. Different of recommend decision because of uncertainty level. More uncertainty level is more variation of decision.

5. Conclusion

IT2 FLS can resolve uncertainty better than T1 FLS. Differences in perception of the word can be handled in the interval membership functions. then disagreements group of people can be managed with different intervals. IT2 FLS possess more adaptive to changing interval membership functions. This is due IT2 FLS is a set of embedded T1 FLS. IT2 FLS results rule base less than T1 FLS. T1 FLS can not implement input and output as complex as IT2 FLS with the same rule base. Type-2 Fuzzy Systems is able to provide a variety of decisions based on the uncertainty level. Variations of  decision is one of the alternatives that will be considered by the decision-maker In DSS, timing is a parameter in decision making. It is different between type-1 fuzzy and type-2 fuzzy. Process of Type-2 fuzzy is slightly longer than type-1 fuzzy.
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