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ABSTRACT 

 
A new term namely, realistic assignment of a fuzzy assignment problem is 

defined. For finding a realistic assignment of the fuzzy assignment problem 

with costs of triangular fuzzy numbers, a new method namely, level method is 

proposed. Numerical examples are presented to understand the solution 
procedure and to show the importance of the proposed method. Further, the 

level method is extended to intuitionistic fuzzy assignment problems. 
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1.INTRODUCTION 

The assignment problem is a special case of linear programming (LP) problem [8] in 

which the main objective is to assign n number of jobs to n number of machines 

(persons) at a minimum total cost in such a way that one job is assigned to only one 
machine(person) and one machine(person) is assigned to only one job. Such problems 

play an important role in assigning persons to jobs, or classes to rooms, operators to 

machines, drivers to trucks, trucks to routes, or problems to research teams, etc. In the 

literature, various methods are available for solving classical assignment problems of 
real life situations. Hungarian algorithm developed by Kuhn[9] is one of the popular 

algorithms for solving assignment problems. 

In real life, some of the costs of an assignment problem are uncertain instead of 

precise numbers because of cost for doing a job by a machine/person that might vary 
due to various reasons. An assignment problem with fuzzy costs is known as a fuzzy 

assignment (FA) problem. In the literature, different types of FA problems [1, 2, 5, 6, 

11, 12, 20] have been considered and solved by using the concepts of decision making 

in fuzzy environment developed by Zadeh [21] and Belmann and Zadeh [4]. In 
general, the FA problem is solved by using ranking function, or has been transformed 
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into one or a series of classical assignment problems and then, it obtained an optimal 
solution. Amit Kumar and Anila Gupta [1] presented a method for assignment and 

travelling salesman problems with cost coefficients as LR fuzzy parameters. A 

method for solving fully FA problems with triangular fuzzy numbers was developed 
by Amit Kumar et al. [2]. In [15], Sathi Mukherjee et al. discussed the application of 

fuzzy ranking method for solving assignment problems with fuzzy costs. An efficient 

algorithm based on labeling method for solving FA problems was proposed by Lin 

Chi-Jen and Wen Ue-Pyng [10]. Thorani and Ravi Sankar [19] developed a method 
for solving FA problems with generalized fuzzy numbers. In [13, 18], a fuzzy version 

of Hungarian algorithm for solving an FA problem in which the problem is not 

converted to classical assignment problems. 

Atanassov [3] proposed the concept of intuitionistic fuzzy (IF) sets which is found to 
be highly useful to deal with vagueness. An intuitionistic fuzzy assignment (IFA) 

problem is an assignment problem in which costs are IF numbers. Sathi Mukherjee 

and Kajla Babu [16] proposed a heuristic method for solving a class of IFA problems 

by using similarity measures. Senthil Kumar and Jahir Hussain [17] developed a 
method for solving IFA problems, using ranking function and the Hungarian method. 

Prabakaran and Ganesan [14] have developed a fuzzy version of Hungarian algorithm 

for finding an optimal solution of IFA problems with costs of triangular IF numbers. 

This paper is organized as follows: Section 2 deals with some basic terminology of 
fuzzy sets and IF fuzzy sets. In Section 3, the mathematical formulation of a fuzzy 

assignment problem is presented, realistic assignment of the FA problem is defined, 

level method for finding realistic assignment of FA problems is proposed and the 

mathematical proof for optimality of the assignment of the FA problem obtained by 
the proposed method is given and also, numerical examples for finding a realistic 

assignment of the FA problem are illustrated. Section 4 discusses the works which are 

done in Section 3 in intutionistic fuzzy environment and finally, the conclusion is 

given in Section 5. 
 

 

2. FUZZY SETS AND INTUITIONISTIC FUZZY SETS 

The following definitions and concepts related to fuzzy set theory and IF set theory 
are needed which can be found in [21, 7, 3]. 

 

Definition 2.1 Let X denote a universe of discourse and XA . Then, a fuzzy set of 

A  in X, A
~

 with the membership function )(~ x
A

 is defined as follows: 

}));(,{(
~

~ XxxxA
A

 

where ]1,0[:)( XxA . 

For each Xx in   ,  )(~ x
A

 represents the membership degree of value of x  in the set 

XA . 
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Definition 2.2 A triangular fuzzy number a~  is a fuzzy number denoted by ),,( 321 aaa  

where 321   and  , aaa  are real numbers and its membership function )(~ xa  is given 

below. 

Otherwise:

:

:

  

0

)/()(

)/()(

)( 32

21

233

121

~ axa

axa

aaxa

aaax

xa  

 

Definition 2.3 Let ),,(~
321 aaaa  and ),,(

~
321 bbbb  be two triangular fuzzy 

numbers and k  be a non-negative real number. Then 

(i)  a~ b
~

 = ),,( 332211 bababa  and  

(ii)  ak~  = ),,( 321 kakaka . 

 

Definition 2.4 Let ),,(~
321 aaaa  be a triangular fuzzy number. Then,  

(i)  a~  is said to be non-negative if 01a  and 

(ii)  a~  is said to be integer if ia , i =1, 2, 3, are integers. 

 

Definition 2.5 Let ),,(~
321 aaaa  and ),,(

~
321 bbbb  be two triangular fuzzy 

numbers. 

(i)  a~ b
~

 iff 3,2,1,iba ii  and  

(ii)  a~  b
~

 iff .3,2,1,iba ii  

 

The triangular fuzzy number ),,(~
321 aaaa  can be represented as an interval number 

form as follows: 

])(,)([]~[ 232122 raaahaaaa ; .1,0 hr  

 

 
 

Note that r and h are the level of pessimistic and the level of optimistic of the fuzzy 

number u~  respectively. 
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Definition 2.6 Let X denote a universe of discourse and XA . Then, an IF set of A  

in X, IA
~

is defined as follows: 

}));(),(,{(
~

~~ XxxxxA II AA

I  

where ]1,0[:))(),( Xxx AA are functions such that 1)()(0 ~~ xx II AA
 

Xx allfor . 

For each Xx in   , )(  and  )( ~~ xx II AA
 represent the membership and non-membership 

grades of x  in the set XA . 

 

Definition 2.7 A triangular IF number Ia~  is an IF number denoted by 

),,)(,,( 531432 aaaaaa  where 4321  , , , aaaa  and 5 a  are real numbers such that 

54321 aaaaa  and its membership function )(~ xIa
 and its non-membership 

function )(~ xIa
are given below. 

otherwise

axa

axa

aa

xa

aa

ax

xIa

:

:

:

0

)( 43

32

34

4

23

2

~  and 

otherwise

axa

axa

aa

ax

aa

xa

xIa

:

:

:

0

)( 53

31

35

5

13

3

~ . 

 

Definition 2.8 Let ),,)(,,(~
531432 aaaaaaa I  and ),,)(,,(

~
531432 bbbbbbb I be two 

triangular IF numbers and let k  be a non-negative real number. Then,  

(i)  ),,)(,,(
~~

553311443322 bababababababa II  and 

(ii)  ),,)(,,(~
531432 kakakakakakaak I . 

 

Definition 2.9 Let ),,)(,,(~
531432 aaaaaaa I  be a triangular IF number. Then,  

(i)  
Ia~  is said to be non-negative ) 0

~~ ( IIa   if 01a  and 

(ii)  
Ia~  is said to be integer if ia , i =1, 2, 3, 4, 5 are integers. 

 

Definition 2.10 Let ),,)(,,(~
531432 aaaaaaa I  and ),,)(,,(

~
531432 bbbbbbb I  be two 

triangular IF numbers. Then,  

(i)  Ia~   Ib
~

 iff 5,4,3,2,1,iba ii  and  

(ii)  Ia~    Ib
~

 iff 5,4,3,2,1,iba ii . 

 

A triangular IF number ),,)(,,(~
531432 aaaaaau I

 can be represented as an interval 

number form as follows: 

])(,)(][)(,)([]~[ 2353213313431233 raaahaaaraaahaaau I
,  
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where .1,,,0 2121 hhrr  

 

 
 
 

Note that 1r  and 1h  are the level of pessimistic and the levels of optimistic of the 

membership part of the IF number Iu~  respectively and 2r  and 2h  are the level of 

pessimistic and the levels of optimistic of the non-membership part of the IF number 

Iu~  respectively. 
 

 

3. FUZZY ASSIGNMENT PROBLEM 

Consider the situation of assigning n machines to n jobs in a company. Each machine 

in the company is capable of doing any job at different costs. Let 

),,(~ 321
ijijijij cccc  be a fuzzy cost of assigning the jth job to the ith machine. Let 

ijx  denote the decision variable of the assignment of the ith machine to the jth job. As 

the policy of the company, one job is assigned to only one machine and vice versa. 

The objective of the company is to determine an assignment schedule of all jobs to the 
available machines at the least total fuzzy cost. 

The above situation can be represented as a fuzzy LP model as follows: 

(P) Minimize ijij

n

j

n

i

xczzzz  ~ ),,(~

11
321  

subject to 

ij

n

1j

x  1  (1) 

ij

n

1i

x 1  (2) 

}1,0{ijx , njni ,...,2,1  and  ,...,2,1 .  (3) 

 

A set },...,2,1  and  ,...,2,1,{ ij njnixX  is said to be an assignment or a feasible 

solution to the problem (P) if X satisfies (1), (2) and (3). An assignment X of the 
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problem (P) is said to be an optimal assignment or optimal solution of the problem (P) 

if )(~)(~ UzXz , for all feasible U of the problem (P). 

Now, the FA problem (P) can be represented by a tabular form called an assignment 

table. For 3n , the structure of the fuzzy assignment table is 
 

 J1 J2 J3 

M1 
11

~c  12
~c  13

~c  

M2 
21

~c  22
~c  23

~c  

M3 
31

~c  32
~c  33

~c  

 

 
Now, we can construct three levels of crisp assignment problems from the FA 

problem (P) namely, lower level assignment problem, (L); truth level assignment 

problem, (T) and upper level assignment problem, (U) as given below: 

(L)  Minimize ijij

n

j

n

i

xcz 1

11
1   subject to (1), (2) and (3) ; 

(T)  Minimize ijij

n

j

n

i

xcz   2

11
2  subject to (1), (2) and (3) and 

(U)  Minimize ijij

n

j

n

i

xcz   3

11
3  subject to (1), (2) and (3). 

 

Note that the FA problem (P) has an optimal solution, only if the problem (T) has an 

optimal solution. 
Now, we need the following theorem that connects the optimal assignment of problem 

(T) and the optimal assignment of FA problem which is used in the proposed method. 

 

Theorem 3.1: Let LX , TX  and UX  be optimal assignments of the problem (L), the 

problem (T) and the problem (U) respectively. If ULT XXX , then TX  is an 

optimal assignment of the FA problem (P) with FA cost )(~
TXz . 

 

Proof: Now, since TX  is optimal assignment of the problem (P), then TX  is an 

assignment of the FA problem (P). 

Let Y  be an assignment to the FA problem (P). 

Now, since Y  is an assignment to the FA problem (P), Y  is an assignment to the 

problems (L), (T) and (U). 

Now, since LX , TX  and UX  are optimal assignments of problems (L), (T) and (U) 

respectively and ULT XXX , we conclude that 

 ))(),(),((  )(~
321 UTL XzXzXzYz   

)(~  ))(),(),(( 321 TTTT XzXzXzXz . 
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Therefore, TX  is an optimal assignment of the FA problem (P) with FA cost )(~
TXz . 

Hence, the theorem is proved. 

 

Remark 3.1 If ULT XXX , we say that the problem (P) is a realistic model and 

its optimal solution is a realistic assignment. Otherwise, the problem (P) is called 

non-realistic and it has no realistic assignment. 
 

3.1 Construction of a Realistic Fuzzy Assignment Model 

Now, we propose a method for constructing a realistic model from a non-realistic FA 

model. In this method, we modify the lower and upper values of the fuzzy costs of the 
FA problem in the optimal allotted cells of the problem (T) in such a way that the 

optimal solutions of the problems (L), (T) and (U) are the same. 

Now, using the interval representation of fuzzy number and for making the same 

assignment at all level problems, we obtain the following two relations which connect 
the optimal values of the problems (L), (T) and (U). 

)())()((()( 1122 LTTT XzuXzXzXz   (4) 

and 

)())()((()( 3232 UTTT XzvXzXzXz   (5) 

where u and v are real numbers. 

Now, from (4) and (5), we obtain the values of u and v which are given below: 

Otherwise:               0

)()(:
)()(

)()(
12

12

12
TT

TT

LT XzXz
XzXz

XzXz

u  

and 

Otherwise:               0

)()(:
)()(

)()(
23

23

23
TT

TT

TU XzXz
XzXz

XzXz

v  

Now, we construct a new FA model from the non-realistic FA model, called a 

modified FA model with cost matrix ]
~

[ ij  where 

    Otherwise:                   ~
(T) problem  theof cell assignment                                                                 

 optimalan  is ),(:))(,,)((
~

2322122

ij

ijijijijijijij

ij

c

jivccccuccc

 

Now, from (4) and (5) and the construction of the values of u and v, we conclude that 

TX  is an optimal solution of the lower level and upper level problems (L) and (U) of 

the modified FA problem. Therefore, the modified FA model is realistic. Thus, the 

modified FA model is the realistic FA model that corresponds to the given non-
realistic FA model. 

Now, we propose a new method namely, level method for obtaining a realistic 

assignment of FA problem (P). 
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The proposed method proceeds as 
Step 1: Construct the three crisp assignment problems (L), (T) and (U) from the given 

FA problem (P). 

Step 2: Solve the problems (L), (T) and (U) obtained in Step 1. by the Hungarian 

method and obtain the optimal assignment of each one of the problems. Let LX , TX  

and UX  be optimal assignments of the problem (L), the problem (T) and the problem 

(U) respectively. 

Step 3: If ULT XXX , then TX  is a realistic assignment of the given FA 

problem (P) with FA cost )(~
TXz by the Theorem 3.1.. If not, go to the Step 4.. 

Step 4: The given problem is not realistic. 

Step 5: Construct a realistic FA model from the FA model obtained in the Step 4. as 

per the method given in the Section 3.1.. 
Step 6: Compute a realistic assignment of the realistic model obtained in the Step 5. 

using the Step 1. and the Step 2.. 

 

Now, the solution procedure of the level method is demonstrated, using the following 
numerical examples. 

 

Example 3.1 Consider the following FA problem with costs of triangular fuzzy 

numbers: 
 

Person  

Job  

A B C 

1 (1, 5, 9) (8, 9, 10) (2, 3, 4) 

2 (7, 8, 9) (6, 7, 8) (6, 8, 10) 

3 (5, 6, 7) (6, 10, 14) (10, 12, 14) 

 

 

Now, by the Step 1. and Step 2. of the level method, optimal assignments of the three 

crisp assignment problems are given below ; 

(i) (L) problem: :LX C1 ; B2  and A3  with assignment cost 13 

(ii) (T) problem: :TX C1 ; B2  and A3  with assignment cost 16 and 

(iii) (U) problem: :UX C1 ; B2  and A3  with assignment cost 19. 

 

Now, since ULT XXX  and by the Step 3. of the level method, the realistic 

assignment of the FA problem is C1 ; B2  and A3  with FA cost (13, 16, 

19). 

 

Remark 3.2 The optimal solution of the Example 3.2. obtained by the level method is 

the same as in Amit Kumar at al.[2]. 

 
Example 3.2 Consider the following FA problem with costs of the triangular fuzzy 

numbers: 
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Person  

Job  

A B C 

1 (4.5, 5, 5.5) (8.1, 9, 9.9) (2.7, 3, 3.3) 

2 (7.2, 8, 8.8) (6.3, 7, 7.7) (7.2, 8, 8.8) 

3 (5.4, 6, 6.6) (9, 10, 11) (10.8, 12, 13.2) 

 
 

Now, by the level method, the realistic assignment of the FA problem is 

C1 ; B2  and A3  with FA cost (14.4, 16, 17.6). 

 

Remark 3.3 The optimal solution of the Example 3.3. obtained by the proposed 

method and by the method proposed in De and Bharti Yadav [6] are the same. 

Using the level method, we can solve FA problem with costs of trapezoidal fuzzy 
numbers. In the case of trapezoidal fuzzy numbers, we consider two truth level 

assignments problems instead of one in the case of triangular fuzzy numbers. The 

solution procedure is demonstrated with the help of the following numerical example: 

 
Example 3.3 Consider the following FA problem with costs of trapezoidal fuzzy 

numbers: 

 

Person  

Job  

A B C D 

1 (3, 5, 6, 7) (5, 8, 11, 12) (9, 10, 11, 15) (5, 8, 10, 11) 

2 (7, 8, 10, 11) (3, 5, 6, 7) (6, 8, 10, 12) (5, 8, 9, 10) 

3 (2, 4, 5, 6) (5, 7, 10, 11) (8, 11, 13, 15) (4, 6, 7, 10) 

4 (6, 8, 10, 12) (2, 5, 6, 7) (5, 7, 10, 11) (2, 4, 5, 7) 

 

 
Now, using the Step 1. and the Step 2. of the level method, optimal solutions of the 

level assignment problems are given below ; 

(i) (L) problem: :LX C1 ; B2  ; A3  and D4 C1 ; B2  and 

A3  with assignment cost 16 

(ii) ( 1T ) problem: :
1TX C1 ; B2  ; A3  and D4 C1 ; B2  and 

A3  with assignment cost 23 

(iii) ( 2T ) problem: :
2TX C1 ; B2  ; A3  and D4 C1 ; B2  and 

A3  with assignment cost 27 and 

(iv) (U) problem: :UX C1 ; B2  ; A3  and D4 C1 ; B2  and 

A3  with assignment cost 35. 
 

Now, by the Step 3. of the level method, the realistic assignment of the FA problem is 

C1 ; B2  ; A3  and D4  with minimum FA cost (16, 23, 27, 35) 
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Remark 3.4 The optimal solution of the Example 3.4. got by the level method is the 
same as in Sathi Mukherjee and Kajla Basu [15], Manimaran and Ananthanarayanan 

[11] and Nagoor Gani and Mohamed [12]. 

Now, we present an example of FA model which is non realistic, and illustrate the 
method of constructing a realistic FA model from it. 

 

Example 3.4: Consider the following FA problem with costs of triangular fuzzy 

numbers: 
 

 J1 J2 J3 

M1 (7, 21, 29) (7, 20, 57) (12, 25, 56) 

M2 (8, 9, 16) (4, 12, 35) (6, 14, 28) 

M3 (5, 9, 22) (10, 15, 20) (4, 16, 19) 

 

 

Now, by the Steps 1. to 2. of the level method, optimal solutions of the level 

assignment problems related to the given FA problem are given below ; 

(i) (L) problem: :LX 11 JM ; 22 JM  and 33 JM  with assignment cost 

15 

(ii) (T) problem: :TX 21 JM ; 32 JM  and 13 JM  with assignment cost 

43 and 

(iii) (U) problem: :UX 11 JM ; 32 JM  and 23 JM  with assignment cost 

77. 

 

Now, since ULT XXX , the given problem is not realistic and has no optimal 

solution. 

Now, we construct a realistic model from the non-realistic FA model and obtain a 

realistic assignment of the realistic model. 

Now, )83,49,15())(),(),(()(~
221 LLLL XzXzXzXz ; 

)107,43,18())(),(),(()(~
221 TTTT XzXzXzXz  and 

)77,50,23())(),(),(()(~
221 UUUU XzXzXzXz ; 

Now, 12.1
)()(

)()(

12

12

TT

LT

XzXz

XzXz
u  and 53123.0

)()(

)()(

23

23

TT

TU

XzXz

XzXz
v . 

Now, by the Section 3.1., the cost matrix of the modified FA model is ]
~

[ ij  where 

    Otherwise:                   ~
(T) problem  theof cell assignment                                                                 

 optimalan  is ),(:))(,,)((
~

2322122

ij

ijijijijijijij

ij

c

jivccccuccc

 

 

Now, the modified FA problem from the given FA problem is given below 
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 J1 J2 J3 

M1 (7, 21, 29) (5.44, 20, 39.7) (12, 25, 56) 

M2 (8, 9, 16) (4, 12, 35) (5.04, 14, 21.4) 

M3 (4.52, 9, 15.9) (10, 15, 20) (4, 16, 19) 

 
 

Now, by the level method, the realistic assignment of the modified FA problem is 

21 JM ; 32 JM  and 13 JM  with minimum FA cost (15, 43, 77). 

Therefore, the modified FA problem is realistic and it has a realistic assignment. 

 

 

4. INTUTIONISITIC FUZZY ASSIGNMENT PROBLEM 

Now, we consider an assignment problem in a company. In the company, there are n 
workers and n jobs. Each worker is capable of doing any job at different costs. The 

company has a policy that one job is assigned to only one worker and vice versa.. Let 

),,)(,,(~ 531432
ijijijijijij

I
ij ccccccc  be an IF cost of assigning the jth job to the ith worker. 

Let ijx be the decision variable that denotes the assignment of the worker i to the job j. 

The main objective of the company is to find an assignment schedule between jobs 

and workers such that the total IF fuzzy assignment cost is minimum. 

The IF mathematical programming model for the above said IFA problem is given 

below: 

(Q) Minimize ij
I

ij

n

j

n

i

I xczzzzzzz  ~ ),,)(,,(~

11
531432  

subject to (1), (2) and (3). 

A set },...,2,1  and  ,...,2,1,{ ij njnixX  is said to be an assignment or a feasible 

solution to the problem (Q) if X satisfies (1), (2) and (3). An assignment X of the 

problem (Q) said to be an optimal solution of the problem (P) if )(~)(~ UzXz II
, for 

all feasible U of the problem (Q). 

The IFA problem can be put in a table form which is called assignment table. For 

3n , the structure of the assignment table is 

 
 J1 J2 J3 

M1 Ic11
~  

Ic12
~  

Ic13
~  

M2 Ic21
~  

Ic22
~  

Ic23
~  

M3 Ic31
~  Ic32

~  Ic33
~  

 

 

Now, we can decompose the given IFA problem (Q) into five level crisp assignment 
problems namely, non-membership lower problem, (NL) ; membership lower level 
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problem, (ML) ; truth level problem, (T) ; membership upper level problem, (MU) 
and non-membership upper level problem, (NU) which are given below: 

(NL) Minimize ijij

n

j

n

i

xcz   1

11
1  subject to (1), (2) and (3) ; 

(ML) Minimize ijij

n

j

n

i

xcz   2

11
2  subject to (1), (2) and (3) ; 

(T) Minimize ijij

n

j

n

i

xcz   3

11
3  subject to (1), (2) and (3) ; 

(MU) Minimize ijij

n

j

n

i

xcz   4

11
4  subject to (1), (2) and (3) 

and 

(NU) Minimize ijij

n

j

n

i

xcz   5

11
5  subject to (1), (2) and (3). 

Note that the IFA problem (Q) has an optimal solution, only if the problem (T) has an 
optimal solution. 

Now, the following theorem connects the optimal assignment of problem (T) and the 

optimal assignment of IFA problem (Q) which is used in the proposed method. 

 

Theorem 4.1: Let NLX , MLX , TX , MUX  and NUX  be optimal assignments of the 

problem (NL), the problem (ML), the problem (T), the problem (MU) and the 

problem (NU) respectively. If NUMUMLNLT XXXXX , then TX  is an 

optimal assignment of the IFA problem (Q) with IFA cost )(~
T

I Xz . 

 

Proof: It is similar to the proof of the Theorem 3.1. in the Section 3.. 
 

Remark 4.1. If NUMUMLNLT XXXXX , we say that the problem (Q) is a 

realistic model and its optimal solution is a realistic assignment. Otherwise, it is called 
non-realistic, and has no optimal. 

 

4.1 Construction of a Realistic Intutionistic Fuzzy Assignment Model 

Now, we propose a method to construct a realistic IFA model from a non-realistic 
IFA model. In this approach, we modify the lower and upper values of the IF costs in 

the optimal allotted cells of the problem (T) such that the optimal solutions of all the 

level crisp assignment problems are the same. 

Now, using the interval representation of a triangular IF number and for getting same 
assignment, we obtain the following four relations connecting the optimal values of 

the problems (NL), (ML), (T), (MU) and (NU) 

)())()((()( 11133 NLTTT XzuXzXzXz  (6) 

)())()((()( 22233 MLTTT XzuXzXzXz   (7) 
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)())()((()( 41343 MUTTT XzvXzXzXz   (8) 

and 

)())()((()( 51353 NUTTT XzvXzXzXz   (9) 

where 1u , 2u , 1v  and 2v  are real numbers. 

Now, from (6), (7), (8) and (9), we obtain the values of 1u , 2u , 1v  and 2v  which are 

given below: 
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Now, we construct a new IFA model called a modified IFA model from the given IFA 

model with cost matrix ]~[ I
ij  where 

                                                                   Otherwise:   ~

   (T) problem  theof cell assignment optimalan  is ),(:  ~    ~
I

ij

I
ijI

ij
c

ji
  (14) 
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I

ij . 

Now, from (6) to (9) and the construction of the values of 1u , 2u , 1v  and 2v , we 

conclude that TX  is an optimal solution of the lower level problems and upper level 

problems of the modified IFA problem. Therefore, the modified IFA model is 

realistic. Thus, the modified IFA model is a realistic IFA model corresponding to the 
given non-realistic IFA model. 

Now, we propose a new method namely, level method for obtaining a realistic 

assignment of IFA problem (Q) from its level assignment problems. 

 
The proposed method proceeds as 

Step 1: Decompose the given IFA problem (Q) into five crisp assignment problems 

(NL), (ML), (T), (MU) and (NU). 

Step 2: Solve the problems (NL), (ML), (T), (MU) and (NU) obtained in the Step1. 
by the Hungarian method and obtain the optimal solution for each of the problems. 
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Let NLX , MLX , TX , MUX  and NUX  be optimal solutions of the problems (NL), 

(ML), (T), (MU) and (NU) respectively. 

Step 3: If NUMUMLNLT XXXXX , then TX  is a realistic assignment of 

the given problem (Q) with IFA cost )(~
T

I Xz  by the Theorem 4.1.. If not, go to the 

Step 4.. 

Step 4: The given problem (Q) is not realistic. 
Step 5: Construct a realistic IFA model from the IFA model obtained in the Step 4. as 

per the method given in the Section 4.1. 

Step 6: Find a realistic assignment of the realistic IFA model obtained in the Step 5. 

using the Step 1. and the Step 2.. 
 

Now, the proposed method is illustrated for solving IFA problems by means of 

numerical examples. 

 
Example 4.1 Consider the following IFA problem with cost of triangular IF numbers: 

 

Person  

Job  

A B C 

1 (2, 5, 8)(1, 5, 9) (8.5, 9, 9, 5)(8, 9, 10) (2.5, 3, 3.5)(2, 3, 4) 

2 (7.5, 8, 8.5)(7, 8, 9) (6.5, 7, 7.5)(6, 7, 8) (7, 8, 9)(6, 8, 10) 

3 (5.5, 6, 6.5)(5, 6, 7) (7, 10, 13)(6, 10, 14) (11, 12, 13)(10, 12, 14) 

 

 

Now, by the Steps 1. to 2. of the level method, optimal solutions of the crisp 

assignment problems are given below ; 

(i) (NL) problem: :NLX C1 ; B2  and A3  with assignment cost 13 ; 

(ii) (ML) problem: :MTX C1 ; B2  and A3  with assignment cost 14.5 ; 

(iii) (T) problem: :TX C1 ; B2  and A3  with assignment cost 16; 

(iv) (MU) problem: :MUX C1 ; B2  and A3  with assignment cost 17.5 

and 

(v) (NU) problem: :NUX C1 ; B2  and A3  with assignment cost 19. 

 

Now, since NUMUMLNLT XXXXX  and by the level method, 

C1 ; B2  and A3  is a realistic assignment of the IFA problem with IFA cost 
(14.5, 16, 17.5) (13, 16, 19). 

Now, we present an example of non-realistic IFA model and illustrate the method of 

obtaining a realistic IFA model from it. 
 

Example 4.2. Consider the following IFA problem with costs of triangular IF 

numbers: 
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Worker  Job  W1 W2 W3 

J1 (7, 21, 29) (2, 21, 34) (7, 20, 57) (3, 20, 61) (12, 25, 56) (8, 25, 60) 

J2 (8, 9, 16) (2, 9, 22) (4, 12, 35) (1, 12, 38) (6, 14, 28) (3, 14, 31) 

J3 (5, 9, 22) (2, 9, 25) (10, 15, 20) (5, 15, 25) (4, 16, 19) (1, 16, 22) 

 

 

Now, using the Step 1. and the Step 2. of the level method, optimal solutions of the 
crisp assignment problems are given below ; 

(i) (NL) problem: Optimal assignment, :NLX 11 WJ ; 22 WJ  and 

33 WJ  with assignment cost 4 ; 

(ii) (ML) problem: Optimal assignment, :MTX 11 WJ ; 22 WJ  and 

33 WJ  with assignment cost 15 ; 

(iii) (T) problem: Optimal assignment, :TX  21 WJ ; 32 WJ  and 13 WJ  

with assignment cost 43; 

(iv) (MU) problem: Optimal assignment, :MUX 11 WJ ; 32 WJ  and 

23 WJ  with assignment cost 77 and 

(v) (NU) problem: Optimal assignment, :NUX 11 WJ ; 32 WJ  and 

23 WJ  with assignment cost 90. 

 

Now, since NUMUTMLNL XXXXX , the given problem is not realistic. 

Now, 43)(3 TXz ; 8)(1 TXz ; 4)(1 NLXz ; 18)(2 TXz ; 15)(2 MLXz ; 

107)(4 TXz ; 77)(4 MUXz ; 117)(5 TXz  and 90)(5 NUXz  

Now, using (10) to (13), we obtain the u’s and v’s values which are given below: 

1143.11u ; 12.12u ; 5313.01v  635.02v  

Now, using (14), we obtain the following realistic IFA model corresponding to the 

given IFA model: 
 

 Worker Job  
W1 W2 W3 

J1 (7, 21, 29)(2, 21, 34) (5.44, 20, 39.65)(1.06, 20, 46.04) (12, 25, 56)(8, 25, 60) 

J2 (8, 9, 16)(2, 9, 22) (4, 12, 35)(1, 12, 38) (5.04, 14, 21.44)(1.74, 14, 24.8) 

J3 (4.52, 9, 15.91)(1.2, 9, 19.16) (10, 15, 20)(5, 15, 25) (4, 16, 19) (1, 16, 22) 

 

 

Now, by the Step 1. and the Step 2. of the level method, optimal assignments of the 
crisp assignment problems corresponding to the modified IFA model are given below 

; 

(a) (NL) problem: Optimal assignment, :NLX 21 WJ ; 32 WJ  and 

13 WJ  with assignment cost 4 ; 

(b) (ML) problem: Optimal assignment, :MTX 21 WJ ; 32 WJ  and 

13 WJ  with assignment cost 15 ; 

(c) (T) problem: Optimal assignment, :TX  21 WJ ; 32 WJ  and 13 WJ  

with assignment cost 43; 



2932  P.Pandian and K.Kavitha 

 2932 

(d) (MU) problem: Optimal assignment, :MUX 21 WJ ; 32 WJ  and 

13 WJ  with assignment cost 77 and 

(e) (NU) problem: Optimal assignment, :NUX 21 WJ ; 32 WJ  and 

13 WJ  with assignment cost 90. 

 

Now, since NUMUMLNLT XXXXX  and by the level method, 

21 WJ ; 32 WJ  and 13 WJ  is a realistic assignment of the modified IFA 

problem with minimum IFA cost (15, 43, 77) (4, 43, 90). 

 

Remark 4.2 The optimal solution of the Example 4.2 in Senthil Kumar and Jahir 

Hussain [17] is 11 WJ ; 22 WJ  and 33 WJ  with minimum total IFA cost 
(15, 49, 83)(4, 49, 94). It can be noted that, when the membership value is one, the 

optimal solution of the problem is 49, but the actual optimal solution is 43. The 

optimal solution of the Example 4.2. in Prabharan and Ganesan [14] is 21 WJ ; 

32 WJ  and 13 WJ  with minimum total IFA cost 

)4141,1717,43;3737,1313,43( rrrr , a function of ]1,0[,rr . It can be noted 

that, when 0r , the optimal assignment cost is (30, 43, 80)(26, 43, 84), but the 
actual value is (18, 43, 107)(8, 43, 117). Now, according to the proposed method, the 

given IFA model is not realistic. So it is converted into realistic, and the optimal 

solution of the realistic model related to given IFA model, that is, the realistic 

assignment, is 21 WJ ; 32 WJ  and 13 WJ  with IFA cost (15, 43, 77)(4, 43, 
90). 

 

 

5. CONCLUSION 

In this paper, we consider an assignment problem in which cost coefficients are 

impressive (triangular fuzzy numbers / triangular IF numbers). Realistic assignment 

of an impressive assignment problem (FA problem / IFA problem) is defined. Level 
method is presented for finding a realistic assignment of a impressive assignment 

problem. We prove mathematically, the optimality of the solution obtained by the 

level method. The method of construction of a realistic impressive assignment model 

from the non-realistic assignment model is presented. The proposed method is easy to 
understand and apply in which ranking functions are not applied. Numerical examples 

are presented to show the importance of the level method by comparing with latest 

proposed methods. The level method helps decision makers to understand and to 

apply for finding appropriate realistic assignment of impressive assignment problems 
occurring in real life situations. 
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