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ABSTRACT

Decision making can be defined as a selection process of the best one among the alternatives sets in order to obtain goal, and mostly has an uncertain situation. Additionally, mostly linguistic variables (weak rock, massive ore deposit, etc.) become in question. Mine planning engineers often use of their intuition and experiences in decision making. As the fuzzy set theory was carried out since 1970, these uncertainties in question are easily evaluated in decision making process. Real world study is decision making under vague constraints of different importance, after using uncertain data (linquistic variables), where compromises between antagonistic criteria are allowed. 

This paper deals with the underground mining method selection, which based on the fuzzy set theory, for a lignite mine located close to Istanbul-Turkey. The needed physical parameters such as geologic and geotechnique properties of ore, hanging and foot wall, economic effects, environmental effects, which are established with field and laboratory tests together with other uncertain variables were determined. Meanwhile some uncertain variables dealing with the matter, were described according to the view of some experts. Then the fuzzy set theory was applied to these parameters set considering the available underground methods in order to choose the proper method. At the end of the evaluations, the room and pillar method with filling occured as more suitable method for the test site. 

1. INTRODUCTION

Available deposits should be evaluated carefully in optimum manner.  In the process, selection of the most appropriate underground mining method is of great importance from the economic, technique and safety point of view. The method selection process, many controllable and uncontrollable parameters, should be taken into account. Therefore, this parameters must be produced with scientific and technical studies for each ore deposit (Kahriman, et all, 1994; Demirci, et all, 1995).

Until today, different researchers dealing with the undeground mining method selection were done by many scientists such as Boskhov-Wright (1973), Hartman (1987), Laubscher (1981), Nicholas-Narek (1981) (Nicholas, 1993; Hamrin, 1998). Evaluations that are made with classic methods generally produce a complex situation and take a long period. Especially, because of being question of a lot of parameters and being uncertain elements on underground mining method selection, it makes more difficult the decision making process. Developed new methods for decision making processes are enable to reach more quick, easy and sensitive to the aim. 

2. OBJECTIVE

Because of the existence of a summer resort area in Black Sea side at north-west of The Yeniköy Lignite Site, which is located at 30 km. north of Istanbul, open-pit mining method is restricted and the activities are stopped. Therefore, application of one of the underground mining methods is unavoidable for producing. The main aim of the present study is to determine the optimal underground mining method for the evaluation of the lignite deposit.

The needed physical parameters such as geologic and geotechnique properties of ore, hanging and foot wall, economic effects, environmental effects, which are all established with field and laboratory tests together with other uncertain variables were determined. Meanwhile some uncertain variables dealing with the matter, were described according to the view of some experts.

3. FUZZY SET THEORY

Fuzzy logic is an appropriate methodology for investigating a number of problems characterized by unreliable data, imprecise measures, ambiguous language and unclear decision rules. Over nearly the past three decades, fuzzy logic has been advanced as a formal means to handle the implicit improcision in a wide range of problems, e.g. in industrial control, military operations economics, engineering, medicine, reliability, pattern recognition and classification (Başçetin, 1998; Başçetin,1999a). 

Mine planning engineer often use of their intuition and experiences in decision making. Mostly linguistic variables (weak rock, massive dimension ore, etc.) become in question and decision-makers may not know how this variables are computed. Since the fuzzy set theory has been carried out, these uncertainties in question are easily evaluated in decision making process (Başçetin, 1999b).

Fuzzy set can be described  as a value appointment that shows membership degree in the fuzzy set to whatever an existence  in pronunciation universe as mathematical (Zadeh, 1975). Question of the membership degree shows the adaptation degree to the properties that are described by the fuzzy set of this existence. It is not a question of a definite distinction between elements of the fuzzy set and outside remainings of these elements. Thus, fuzzy set can be described as consepts/objects having uncertain limits between them. Namely Fuzzy set theory is interested in fuzzyness that appears with these uncertain limits. For example; old people, high temperature, small number (Gökay, 1998).

An element on classic set theory is either element or not this set. Partial membership is not. This state is seen in Figure 1. If the temperature decreases below the 30 0C, it is not hot. According to the classic fuzzy set, 29.50C is not hot. Naturally there is no elasticity in this logic. On real world, limits is not that much sharp.
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Figure 1. Classic set theory

Entirely on the contrary, it is wanted to be a certain elasticity of events. Fuzzy logic softens to the sharp world that is formed bilateral variables such as cold-hot, fast-slow, high-low with elastic qualifiers such as little cold-little hot, little high-little low and likens to real world. Figure 2 shows fuzzy set theory that is give more nearby in reality watched for value for variables such as temperature. According to this, membership degree of the hot fuzzy set is come into being values between 200C and 400C. According to Figure 2, there is a graduated decrease from 1 membership degree  (300C) to 0 membership degree (200C).  According to Figure 2, it will come into being little hot state when the temperature decreases. Namely while 250C temperature is qualified as little hot, 300C temperature will qualified as very hot and 200C temperature will not be counted as hot, consequently 200C temperature is not element of the hot fuzzy set.
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Figure 2. Fuzzy set theory

Figure 3 shows a step more forward phase of the fuzzy set theory. Here,  hot fuzzy set membership degree gains cold fuzzy set membership identity at 0.5. Degree of the cold fuzzy set membership increases when temperature reduces. According to this, temperature that is until from 0 to 150C is counted pretty cold and this part have cold fuzzy set entire membership. There is cold fuzzy set graded membership between 150C and 250C. There is appeared being covered that intersected of fuzzy sets between 150C and 250C. This part can be taken up as either hot or cold ( elements in being covered is element of either hot or cold set). 


Figure 3. Being covered in fuzzy set

Although these examples validate for not fuzzy entrances, sometimes entrance can be fuzzy in fuzzy logic. In this state, fuzzy set membership degree is determined from the area being covered between fuzzy set and fuzzy entrance value. This state is shown in Figure 4 and membership degree is about 0.3.


Figure 4. Membership degree of the fuzzy entrance variables

4. FUZZY MULTIPLE ATTRIBUTE DECISION MAKING 

Decision making is explained as selection process of the best alternative from alternative sets in order to reach to aim or aims. There are many methods of decision making. The focus of this paper is on the Yager's method that is one of the methods of fuzzy multiple attribute decision-making. This method is simultaneously based on the analitical hierarchy process (Başçetin, 1999c).

Analitical hierarchy process that was developed by Thomas Saaty (1988) is used successfully on decision maker that compared of the governments on application and on a lot of problem solution, interested with planning. This technique has been used to solve the problems of decision makers on different areas such as political, defence, town planning, communication and psychology.  Analitical hierarchy process is based on decomposible bottom parts as graduated and analysed of problems. This process is formed from following stages (Albayrak, 1997).

· Problem is clearly described

· Bottom aims that enable reaching to the aim is determined

· Factors that effect the bottom aims are determined

· According to alternatives, results of the model are analysed

Formally, let A = (A1, A2, A3( be the set of alternatives, C = (C1, C2,( be the set of criteria which can be given as fuzzy sets in the space of alternatives and G the goal, which can also be given by a fuzzy set. Firsly, memberships degrees that will take of alternatives are determined for each criterion with expert views.

G  = [0.5/A1, 0.8/A2, 0.3/A3]

C1 = [0.7/A1, 0.9/A2, 0.5/A3]

C2 = [0.4/A1, 0.2/A2, 0.9/A3]

For the criterion weights is determined, used judgement scale (Table 1) is determined by decision maker. 

Table 1. Deternined judgement scale by decision maker

	Numerical Scale
	Meanings

	1

3

5

7

9

2, 4, 6 , 8
	Equally important 

Weakly more important

Strongly more important

Demonstrably more important

Absolutely more important

Compromise judgements


Yager’s method is based on the max-min principle of the Bellman and Zadeh approach. Hence, the fuzzy set decision is the intersection of all criteria (and/or goals):


(D(A) = min ((G(A), (C1(A), (C2(A),……,(CM(A)( for all Ai ( A

            and the optimal decision,


(D(A*) = maxA (D(A) where A* is the optimal decision (Yager, 1981).

In this method, Yager suggests the use of Saaty’s method for pair-wise comparison of the criteria (attributes). A pair-wise comparison of attributes (criteria) could improve and facilitate the assessment of criteria importance. Saaty developed a procedure for obtaining a ratio scale for the elements compared. To obtain the importance the decision-maker is asked to judge the criteria in pair-wise comparisons and the values assigned are wij = 1/wji. Having obtained the judgements, the mXm matrix B is constructed so that: (a) bii = 1; (b) bij = wij; (c) bji = bij (Saaty, 1978). To sum up, Yager suggests that the resulting eigenventor should be utilized to express the decision maker's empirical estimate of importance (the reciprocal matrix in which the values are given by the decision maker) for each criteria in the decision and criteria 1 and 2, respectively C1 and C2, are three times as important as G, and the pair-wise comparison reciprocal matrix is: 




G   C1    C2  



  G       1   1/3   1/3


  C1      3     1      1                  



  C2
 3     1      1   


Hence, the eigenvalues of the reciprocal matrix are ( = (0, 3, 0( and therefore (max = 3. All values except one are zero (as stated in Saaty (Saaty 1978)). The weights of the criteria are finally achieved in the eigenvector of the matrix,


                         0.299   


eigenvector =    0.688    with (max.

                                     0.688

The eigenvector corresponds to the weights to be associated with the memberships of each attribute/feature/goal. Thus, the exponential weighting is (1=0.299, (2=0.688, (3=0.688 and the final decision (membership decision function) about the site location is given as follows:
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G  =  [0.5/A1, 0.8/A2, 0.3/A3]1/3     = [0.79/A1, 0.92/A2, 0.66/A3]

C1 = [0.7/A1, 0.9/A2, 0.5/A3]2/3      =  [0.78/A1, 0.93/A2, 0.63/A3]

C2 = [0.4/A1, 0.2/A2, 0.9/A3]2/3      =  [0.54/A1, 0.34/A2, 0.93/A3]

(D(A) = {0.54/A1, 0.34/A2, 0.63/A3} 

and the optimal solution, corresponding to the maximum membership 0.63, is A3 ((D(A*) = 0.63/A3).

5. CASE STUDY

This study is based on the searching of the optimum underground mining method selection for Yeniköy Lignite Site located at 30 km. north of Istanbul-Turkey. 

A part of  the domestic requirements of the neighbouring cities is supplied by open-pit mine application, which works currently at the nort-east side of the lignite basin. Because of the existence of a summer resort area in Black Sea side at north-west of The Yeniköy Lignite Site, which is located at 30 km. north of Istanbul, open-pit mining method is restricted and the activities are stopped. Therefore, application of the one of the underground mining methods is unavoidable for producing. The main aim of the present study is to choose the optimal underground mining method for the evaluation of the lignite deposit. In accordance with the objective aim of this study, the needed physical parameters such as geologic and geotechnique properties of ore, hanging and foot wall, economic effects, environmental effects, which are established with field and laboratory tests together with uncertain variables were determined. Meanwhile some uncertain variables dealing with the matter, were described according to the view of some experts. The generated parameters, wich are needed for the method selection, are given briefly in Table 2 together with related criterion.   . 

Table 2. Technical Parameters Determined as Selection Criterion

	Criterion
	Description

	Geometric shape of the lignite deposit
	Plate state (Layered)

	Thickness of the lignite seam 
	2.1 m. (Average)

	Seam inclination
	70 (horizontal lignite seam)

	Excavation dept
	50 m. (Average)

	Soundness degree of the lignite
	Low strength 

	Contact state of the lignite seam-hanging and foot wall
	Not clear

	Soundness degree of the hanging wall
	Hanging wall is clay. Low strength (Compresive strength :  2.2 kg/cm2)

	Soundness degree of the foot wall
	Foot wall is clay. Low strength (Compresive strength :  2.2 kg/cm2)

	Subsidance effect
	Seam is nearby to the surface and hanging wall is low strength. Therefore, there is subsidance risk

	Support necessity
	Howover, hanging wall and foot wall became low strength, support is necessary

	Nearness of the settlement areas
	There is a settlement area over the lignite seam at north-west of the lignite site

	Burning property of the lignite
	The lignite have burning property by itself

	Hydrolic conditions
	There is Black Sea at the north of lignite site and there is water problem


Optimum method was selected from among the methods that listed in Table 3.  These methods were  defined as more applicable methods for these conditions at the and of the preliminary election considering the expert comments. 

Table 3. Alternative Underground Mining Methods

	
	Alternatives

	A1
	Longwall Methods With Filling (Direction of Inclination Rising)

	A2
	Longwall Methods With Filling (Direction of Inclination Decline)

	A3
	Longwall Method With Filling (Progressed)

	A4
	Longwall Method With Filling (Returned)

	A5
	Room and Pillar Method With Filling


Some of the linguistic results produced from various solution methods such as linear programming, expert systems, expert views etc. Each alternative (method) has shown their own advantages. In this case, it did not appear that an easy solution to the problem will be obtained. From the solution point of view, application of the fuzzy set theory would be a proper choice and, therefore, used in this paper. It was given some of this analysis that were determined by experts below:

· According to dimension, A3 is the best method

· Seam thickness is average 2.1 m. Therefore, A3 is the best method

· According to seam inclination, A5 is appropriate between methods 

· According to soundness degree of the hanging wall, A5 is more appropriate from other methods

· From viewpoint of appropriateness hydrolic condition, A1 is the best method

The selection criteria is presented in Table 4 and optimum underground mining method selection procedure is given follow.

Table 4. Parameters That Taken Into Consideration at Underground Mining Method Selection 

	Criterion
	Selection Parameters
	Criterion
	Selection Parameters

	C1
	Geometric shape of the lignite deposit
	C10
	Support necessity

	C2
	Thickness of the lignite seam 
	C11
	Nearness of the settlement areas

	C3
	Seam inclination
	C12
	Burning property of the lignite

	C4
	Excavation dept
	C13
	Methane existence

	C5
	Soundness degree of the lignite
	C14
	Hydrolic conditions

	C6
	Contact state of the lignite seam-hanging wall and foot wall
	C15
	Mining cost

	C7
	Soundness degree of the hanging wall
	C16
	Capital cost

	C8
	Soundness degree of the foot wall
	C17
	Production ratio

	C9
	Subsidance effect
	C18
	Labour cost


Let A = (A1, A2, A3, A4, A5( be the set of alternative systems and  C = (C1, C2, C3, …, C18( be the set of criteria. The decision-maker is then asked to define the membership grade of each criterion that is conferred with experts on this subject. Following that procedure the membership grade of each criteria is given below in detail: 

C1  = (0.80/A1, 0.75/A2, 0.95/A3, 0.90/A4, 0.85/A5( 
C10 = (0.60/A1, 0.55/A2, 0.85/A3, 0.65/A4, 0.80/A5(
C2  = (0.75/A1, 0.80/A2, 0.88/A3, 0.85/A4, 0.82/A5( 
C11 = (0.80/A1, 0.75/A2, 0.90/A3, 0.65/A4, 0.95/A5(
C3  = (0.70/A1, 0.65/A2, 0.87/A3, 0.85/A4, 0.92/A5(
C12 = (0.78/A1, 0.70/A2, 0.90/A3, 0.75/A4, 0.65/A5(
C4  = (0.70/A1, 0.75/A2, 0.90/A3, 0.80/A4, 0.65/A5(
C13 = (0.50/A1, 0.72/A2, 0.80/A3, 0.60/A4, 0.85/A5(
C5  = (0.55/A1, 0.60/A2, 0.70/A3, 0.75/A4, 0.85/A5(
C14 = (0.85/A1, 0.45/A2, 0.75/A3, 0.60/A4, 0.50/A5(
C6  = (0.50/A1, 0.55/A2, 0.65/A3, 0.75/A4, 0.85/A5(
C15 = (0.60/A1, 0.55/A2, 0.80/A3, 0.70/A4, 0.95/A5(
C7  = (0.70/A1, 0.65/A2, 0.85/A3, 0.75/A4, 0.90/A5(
C16 = (0.60/A1, 0.55/A2, 0.80/A3, 0.65/A4, 0.90/A5(
C8  = (0.40/A1, 0.50/A2, 0.70/A3, 0.80/A4, 1.00/A5(
C17 = (0.75/A1, 0.70/A2, 0.82/A3, 0.80/A4, 0.90/A5(
C9  = (0.65/A1, 0.75/A2, 0.85/A3, 0.60/A4, 0.95/A5(
C18 = (0.65/A1, 0.70/A2, 0.80/A3, 0.75/A4, 0.60/A5(
Additionally, the mXm matrix (Figure 5) was constructed to express the decision-makers empirical estimate of importance for each criterion. Then, the maximum eigenventor was obtained using the Matlab (Matlab Version 5.0, 1996). The judgement scale used here as: 1. Equally important; 3. weakly more important; 5. Strongly more important; 7. demonstrably more important, 9. Absolutely more important.
	
	C1
	C2
	C3
	C4
	C5
	C6
	C7
	C8
	C9
	C10
	C11
	C12
	C13
	C14
	C15
	C16
	C17
	C18

	C1
	1
	1/3
	1/3
	3
	1
	7
	3
	3
	3
	5
	9
	5
	9
	7
	5
	5
	7
	9

	C2
	3
	1
	1
	7
	3
	5
	3
	3
	5
	7
	9
	7
	9
	9
	5
	5
	7
	9

	C3
	3
	1
	1
	7
	5
	7
	3
	3
	7
	9
	9
	7
	9
	9
	5
	5
	7
	9

	C4
	1/3
	1/7
	1/7
	1
	1/7
	1
	1/7
	1/7
	5
	7
	7
	5
	5
	5
	3
	3
	3
	7

	C5
	1
	1/3
	1/5
	7
	1
	5
	1
	1
	7
	7
	7
	7
	7
	7
	3
	3
	5
	9

	C6
	1/7
	1/5
	1/7
	1
	1/5
	1
	1/7
	1/7
	3
	7
	1
	1/5
	5
	5
	3
	3
	5
	7

	C7
	1/3
	1/3
	1/3
	7
	1
	7
	1
	1
	5
	7
	7
	3
	7
	9
	3
	3
	9
	9

	C8
	1/3
	1/3
	1/3
	7
	1
	7
	1
	1
	3
	5
	5
	1
	7
	7
	1/3
	1/3
	7
	9

	C9
	1/3
	1/5
	1/7
	1/5
	1/7
	1/3
	1/5
	1/3
	1
	5
	3
	3
	3
	3
	1/3
	1/3
	3
	5

	C10
	1/5
	1/7
	1/9
	1/7
	1/7
	1/7
	1/7
	1/5
	1/5
	1
	3
	1/3
	3
	1
	1/5
	1/5
	3
	5

	C11
	1/9
	1/9
	1/9
	1/7
	1/7
	1
	1/7
	1/5
	1/3
	1/3
	1
	1/5
	3
	3
	1/3
	1/5
	1
	5

	C12
	1/5
	1/7
	1/7
	1/5
	1/7
	1/5
	1/3
	1
	1/3
	3
	5
	1
	3
	5
	1/3
	1/3
	3
	7

	C13
	1/9
	1/9
	1/9
	1/5
	1/7
	1/5
	1/7
	1/7
	1/3
	1/3
	1/3
	1/3
	1
	1
	1/7
	1/7
	3
	3

	C14
	1/7
	1/9
	1/9
	1/5
	1/7
	1/5
	1/9
	1/7
	1/3
	1
	1/3
	1/5
	1
	1
	1/5
	1/5
	1/3
	3

	C15
	1/5
	1/5
	1/5
	1/3
	1/3
	1/3
	1/3
	3
	3
	5
	3
	3
	7
	5
	1
	3
	5
	7

	C16
	1/5
	1/5
	1/5
	1/3
	1/3
	1/3
	1/3
	3
	3
	5
	5
	3
	7
	5
	3
	1
	5
	7

	C17
	1/7
	1/7
	1/7
	1/3
	1/5
	1/5
	1/9
	1/7
	1/3
	1/3
	1
	1/3
	1/3
	3
	1/5
	1/5
	1
	3

	C18
	1/9
	1/9
	1/9
	1/7
	1/9
	1/7
	1/9
	1/9
	1/5
	1/5
	1/5
	1/7
	1/3
	1/3
	1/7
	1/7
	1/3
	1


Figure 5. Criteria comparison.
Hence, the maximum eigenvalue of the reciprocal matrix is ( = 21,3488. The weights of the criteria are finally obtained in the eigenvector of the matrix.

eigenvector = {0.3543, 0.4855, 0.5369, 0.1637, 0.3069,  0.1298, 0.2990, 0.2320, 0.0782, 0.0450,

                        0.0430, 0.0777, 0.0313, 0.0288, 0.1564, 0.1600, 0.0353, 0.0197}(max
 The eigenvector corresponds to the weights to be associated with the memberships of each attribute/feature/goal. Thus, the exponential weighting is (1= 0.3543, (2 = 0.4855, (3 = 0.5369, (4= 0.1637, (5 = 0.3069, (6 = 0.1298, (7 = 0.2990, (8 = 0.2320, (9 = 0.0782, (10= 0.0450, (11= 0.0430, (12 =0.0777, (13= 0.0313, (14= 0.0288, (15 =0.1564, (16 = 0.1600, (17 =  0.0353, (18 =  0.0197 and the final decision is obtained as follows:

(D(A) = min(((C1(A)(1, (C2(A)(2,…, (Cm(A)(m);  for (>0

and the optimal decision,


(D(A*) = maxA (D(A) where A* is the optimal decision

(D(A*) = maxA (D(A)  A* 

C1  = (0.80/A1, 0.75/A2, 0.95/A3, 0.90/A4, 0.85/A5( 0.3543    = (0.92/A1, 0.90/A2, 0.98/A3, 0.96/A4, 0.94/A5(
C2  = (0.75/A1, 0.80/A2, 0.88/A3, 0.82/A4, 0.85/A5( 0.4855    = (0.87/A1, 0.90/A2, 0.94/A3, 0.91/A4, 0.92/A5(
C3  = (0.70/A1, 0.65/A2, 0.87/A3, 0.85/A4, 0.92/A5(0.5369     = (0.83/A1, 0.79/A2, 0.93/A3, 0.92/A4, 0.96/A5(
C4  = (0.70/A1, 0.75/A2, 0.90/A3, 0.80/A4, 0.65/A5(0.1637     = (0.94/A1, 0.95/A2, 0.98/A3, 0.96/A4, 0.93/A5(
C5  = (0.55/A1, 0.60/A2, 0.70/A3, 0.65/A4, 0.85/A5(0.3069       = (0.83/A1, 0.85/A2, 0.89/A3, 0.87/A4, 0.95/A5(
C6  = (0.50/A1, 0.55/A2, 0.65/A3, 0.75/A4, 0.85/A5(0.1298     = (0.91/A1, 0.92/A2, 0.94/A3, 0.97/A4, 0.98/A5(
C7  = (0.70/A1, 0.65/A2, 0.85/A3, 0.75/A4, 0.90/A5(0.2990
     = (0.90/A1, 0.88/A2, 0.95/A3, 0.92/A4, 0.97/A5(
C8  = (0.40/A1, 0.50/A2, 0.70/A3, 0.80/A4, 1.00/A5(0.2320     = (0.81/A1, 0.85/A2, 0.92/A3, 0.97/A4, 1.00/A5(
C9  = (0.65/A1, 0.75/A2, 0.85/A3, 0.60/A4, 0.95/A5(0.0782        = (0.97/A1, 0.98/A2, 0.99/A3, 0.96/A4, 1.00/A5(
C10 = (0.60/A1, 0.55/A2, 0.85/A3, 0.65/A4, 0.80/A5(0.0450     = (0.97/A1, 0.97/A2, 0.99/A3, 0.98/A4, 0.99/A5(
C11 = (0.80/A1, 0.75/A2, 0.90/A3, 0.65/A4, 0.95/A5(0.0430     = (0.99/A1, 0.99/A2, 0.99/A3, 0.98/A4, 1.00/A5(
C12 = (0.78/A1, 0.70/A2, 0.90/A3, 0.75/A4, 0.65/A5(0.0777     = (0.98/A1, 0.97/A2, 0.99/A3, 0.98/A4, 0.97/A5(
C13 = (0.50/A1, 0.72/A2, 0.80/A3, 0.60/A4, 0.85/A5(0.0313     = (0.98/A1, 0.99/A2, 0.99/A3, 0.98/A4, 1.00/A5(
C14 = (0.85/A1, 0.45/A2, 0.75/A3, 0.60/A4, 0.50/A5(0.0288     = (1.00/A1, 0.98/A2, 0.99/A3, 0.99/A4, 0.98/A5(
C15 = (0.60/A1, 0.55/A2, 0.80/A3, 0.70/A4, 0.95/A5(0.1564     = (0.92/A1, 0.91/A2, 0.97/A3, 0.95/A4, 0.99/A5(
C16 = (0.60/A1, 0.55/A2, 0.80/A3, 0.65/A4, 0.90/A5(0.1600     = (0.92/A1, 0.91/A2, 0.96/A3, 0.93/A4, 0.98/A5(
C17 = (0.75/A1, 0.70/A2, 0.82/A3, 0.80/A4, 0.90/A5(0.0353     = (0.99/A1, 0.99/A2, 0.99/A3, 0.99/A4, 1.00/A5(
C18 = (0.65/A1, 0.70/A2, 0.80/A3, 0.75/A4, 0.60/A5(0.0197     = (0.99/A1, 0.99/A2, 1.00/A3, 0.99/A4, 0.99/A5(
(D(A)=(0.81/A1, 0.79/A2, 0.89/A3, 0.87/A4,0.92/A5(
and the optimal selection is,

(D(A*) = 0.92/A5 

At the end of the evaluations, Room and Pillar Method With Filling (A5) occured more suitable method with 0.92 membership degree as an optimum underground mining method . Other methods which are lower membership degrees than A5 have lower the chosen probability.

To reach the result of this study, it was benefitted from expert views with ordered a guestionnaire to determine the alternative methods and criteria weights. When optimum method that will be applied for this site was asked to experts, most of experts suggested The Room and Pillar Method With Filling.

As interested with fuzzy set theory that used to optimum decision making, on the later studies, it was aimed to searched of reliability with risk analiysis of the optained results and to transformed to a packet program of the applied process.

6 CONCLUSION

By the development of computer technology and programming of colloquial language with expert systems have considerably reduced desicion makers burden. With regard to classic methods, decision making with fuzzy set theory was enable to reach more quick, easy and sensitive to aim.

This paper has discussed decision making in a fuzzy environment (uncertain data-linguistic variables involved in the systems) for solving multiple attribute problems of optimum underground mining method selection. Since the focus is on fuzzy multiple attribute problems, a detailed discussion of the most important methods for solving these problems was presented. 

At the end of the evaluations, Room and Pillar Method With Filling (A5) occured more suitable method as an optimum underground mining method for The Yeniköy Lignite Site. Results of this study that was determined the underground mining method selection with fuzzy set theory will show the way to the most appropriate method selection studies at the other mines.
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