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Abstract— The overall growth of a nation is determined by the production rate of industrial sectors as they play a vital role 

in the upliftment of the economy of the nation. Each country sanctions several provisions to these sectors to promote its flourishment. 

Inspite of its contribution towards the development of people’s livelihood, one cannot accept and forgo its part in environmental 

destruction, which is the realistic status of the present industrial sectors. As every country is strict with the environmental regulations 

of avoiding the high risks of global warming, the industrial sectors are practicing waste management techniques to mitigate the rate 

of waste expulsion of all forms, but still the industries are induced to allot huge amount of money for maintaining the sustainability of 

its environment which hurdles their financial plans. To handle such economical burdens, these industrial sectors should adopt 

suitable waste management techniques suiting the type of waste generated from the production sectors. To make this decision making 

process feasible and compatible Intutionistic Fuzzy Soft Matrix Theory (IFSMT) is used along with the modified form of max-min 

average composition method is used in this paper. This work mainly aims in determining the suitable waste treatment methods to 

minimize the economical and environmental risks of the industrial sectors. 
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I. INTRODUCTION 
 

Decision making process in the industrial sectors regarding the choice of waste management techniques is quite a complex 

phenomenon. There are several decision making tools such as Analytical Hierarchy Process (AHP), DEMATEL, TOPSIS but to handle the 

situations of complexity which is characterized by uncertainty and impreciseness, the notion of fuzzy is incorporated in the decision making 

tools. But in recent times the concept of Fuzzy soft matrix theoryis used in decision making which involves fuzzy relation. Several researchers 

have applied this tool extensively in various fields for selecting the most feasible options and inferred that this tool is much compatible and 

realistic. 

Soft set theory was first proposed by Molodstov [1]. Maji [2] applied this theory to handle the risks of impreciseness. Later the 

aspect of matrix representation has been introduced by Yang and Ji [6]. Chetia and Das [9] initiated intutionistic fuzzy soft theory, which was 

then extended to intutionistic fuzzy soft matrix theory. Many methods such as max-min composition and max-min average are used for 

decision making. The approach of max-min average, which was used earlier by shanmugasundaram.et.al [16] in decision making of suitable 

jobs to the individuals according to their skills, is applied in this paper to determine the suitable waste treatment methods for the industrial 

sectors. Shanmugasundaram.et.al has applied this approach to a case study, but in this paper the same method is applied to a core problem of 

waste management. 

The paper is organized as follows: section 2 consists of preliminaries; section 3 presents the methodology; section 4 comprises the 

adaptation of the algorithm to the problem considered for analysis; section 5 presents the results and discussion and section 6 concludes the 

paper. 
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2. PRELIMINARIES 

                          This section consists of the basic definitions pertaining to IFSMT.  

Definition 2.1 

A soft set F is a mapping from E to P(U), where E is the of parameters and P(U) is the power set of the universe set U. 

Definition 2.2 

 A fuzzy soft set F is a mapping from A to IU, where A is the subset of E, the set of parameters and IU is the collection 

of all fuzzy subsets over of the universe set U. 

Definition 2.3 

 An intutionistic fuzzy soft set F is a mapping from A to IU, where A is the subset of E, the set of parameters and IU is 

the collection of all intutionistic fuzzy subsets over of the universe set U. 

Definition 2.4 

 An intutionistic fuzzy soft matrix A = [aij], I = 1,2,…m and j =1, 2,…n is represented as 

 

                                                    aij =    (μj(ci),vj(ci)) if ej∈A 

                                                              (0,1) ifej∉A 

Where μj(ci) denotes the membership value of ci in the intutionistic fuzzy set,vj(ci) denotes the non-membership value of ci in 

the intutionistic fuzzy set and ej is the element of the set E. 

Definition 2.5 

The complement of an intutionistic fuzzy soft matrix A = [aij], where aij =  (μj(ci),vj(ci)) is AC = [bij], where bij = (vj(ci),μj(ci)) 

for all i,j. 

Definition 2.6 

 Let A = [aij] and B = [bij] be two intutionistic fuzzy soft matrixes, the max-min average composition of fuzzy soft 

matrix relation is defined as 

AФB =  

Definition 2.7 

 A = [aij] and B = [bij] be two intutionistic fuzzy soft matrixes, then the score of the matrixes A and B is defined as  

S(A,B) = ½(V+W), where V and W are matrixes defined as  

V=[ μ AФB - vACФBC] and W = [ v AФB - μACФBC]. 

3. methodology 

The algorithm used by Shanmugasundaram.et.al is used in decision making process [16]. 

(i). The intutionistic fuzzy soft matrices A & B corresponding to the intutionistic fuzzy soft sets  

(F,R) and (G,D) along with their complements are obtained. 

(ii). Find AФB and AcФBc 

(iii). The score of the matrixes A & B is computed for making suitable decisions. 

4. Adaptation to the Proposed Problem of Decision Making 

 The four major pollution causing industries in India are Fertilizer industries (F), Tannery industries 
(T), Pesticide industries (P) and Chemical industries (C).The major types of waste emanated from these industries are solid (S), 
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liquid (L), hazardous (H) and organic (O). The available waste treatment methods are incineration (I), Gasification (G), 
Adsorption (A). Let P ={F,T,P,C} be the universal set, R ={ S,L,H,O} and D = {I,G,A} 
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The score matrix is as follows: 

  S L H O 

F (0.7,0.2) (0.8,0.1) (0.7,0.2) (0.3,0.7) 

T (0.4,0.5) (0.8,0.2) (0.6,0.3) (0.7,0.3) 

P (0.5,0.4) (0.6,0.2) (0.8,0.1) (0.4,0.5) 

C (0.7,0.2) (0.8,0.1) (0.7,0.2) (0.3,0.4) 

 I G A 

S (0.8,0.2) (0.8,0.1) (0.7,0.2) 

L (0.6,0.3) (0.8,0.2) (0.6,0.4) 

H (0.4,0.5) (0.6,0.2) (0.8,0.2) 

O (0.6,0.2) (0.7,0.1) (0.8,0.1) 

 I G A 

S (0.2,0.8) (0.1,0.8) (0.2,0.7) 

L (0.3,0.6) (0.2,0.8) (0.4,0.6) 

H (0.5,0.4) (0.2,0.6) (0.2,0.8) 

O (0.2,0.6) (0.1,0.7) (0.1,0.8) 

 S L H O 

F (0.2,0.7) (0.1,0.8) (0.2,0.7) (0.7,0.3) 

T (0.5,0.4) (0.2,0.8) (0.3,0.6) (0.3,0.7) 

P (0.4,0.5) (0.2,0.6) (0.1,0.8) (0.5,0.4) 

C (0.2,0.7) (0.1,0.8) (0.2,0.7) (0.4,0.3) 

 I G A 

F (0.75,0.2) (0.75,0.2) (0.75,0.2) 

T (0.8,0.25) (0.8,0.2) (0.75,0.2) 

P (0.6,0.25) (0.7,0.15) (0.8,0.15) 

C (0.75,0.2) (0.8,0.15) (0.75,0.2) 

 I G A 

F (0.45,0.45) (0.4,0.5) (0.4,0.55) 

T (0.4,0.5) (0.3,0.6) (0.35,0.55) 

P (0.35,0.5) (0.3,0.55) (0.3,0.6) 

C (0.35,0.45) (0.25,0.55) (0.25,0.55) 

 I G A 

F 0.3 0.25 0.25 

T 0.3 0.2 0.25 

P 0.1 0.15 0.2 

C 0.3 0.25 0.2 

 I G A 

F 0.25 0.3 0.35 

T 0.25 0.4 0.35 

P 0.25 0.4 0.45 

C 0.25 0.4 0.35 
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S(A,B) =  

 

 

 

 

 

 

 

4. Results and Discussion 

 The values in the score matrix clearly show that the incineration method can be used by the Fertilizer and the Chemical 

industries, Gasification by Tannery industries and Adsorption by Pesticide industry. It is represented graphically as follows 

 
 

Conclusion 

The approach of max-min average composition method is more feasible and compatible in determining the suitable waste 

treatment method for treating the pollutants and waste emanated from the major waste producing industrial sectors. This 

research work justifies the inferences made by shanmugasundaram.et.al about max-min average composition approach. This 

work can be extended with different types of intutionistic fuzzy sets 

. 
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