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1. Introduction
Assigning various tasks to an equal number of people while keeping project costs as low as
possible is known as the “Assignment Problem”. The fuzzy set notion was first presented
by Zadeh (1965) [12] to account for the uncertainty and imprecision inherent in real-world
situations. They worked together on a multi-objective optimization problem in 2004 [7] Marler
and Arora, fuzzy multi-objective undertakings were addressed in 2006 by Feng and Yang [3].
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Using their fuzzy ranking approach, Thorani and Shankar [10] submitted and resolved a fuzzy
assignment problem in 2017. It’s a three-parameter challenge, and the parameters are as
follows. The fuzzy undertaking hassle is extra sensible than classical venture trouble because
most actual environments are uncertain. Several authors have mentioned fuzzy assignment
problem the use of extraordinary techniques. Kar et al. [5] discussed fuzzy ranking and fuzzy
regulations to solve fuzzy project issues.

Trapezoidal fuzzy numbers and a three-parameter fuzzy assignment problem: fuzzy value,
fuzzy time, and fuzzy inefficiency are discussed in this article. By using a weighted average, a
single objective fuzzy assignment problem may be addressed without having to transform the
problem into a crisp one. The most up-to-date inspiration processes result in the most precise
and best answer. The diagonal optimum approach given herein yields the answer in Trapezoidal
fuzzy quantity form. Here we have to avoid the Trapezoidal fuzzy numbers into crisp.

2. Preliminaries
Definition 2.1 (Fuzzy set [12]). A fuzzy set A is distinguished by a membership function
that maps items of a domain, space, or universe of discourse X to the unit interval [0,1].
Ã = {(x,µÃ(x)) : x ∈ X } here µÃ : X → [0,1] is a mapping called the degree of membership function
of the fuzzy set A and µÃ(x) called the membership function value of x ∈ X in the fuzzy set Ã.
The real numbers may be used to symbolise the various levels of membership [0,1].

Definition 2.2 (Fuzzy number [12]). A fuzzy number is a subset of the universal real number
set R that is defined as a fuzzy set, with the membership function µÃ(x) if it satisfies the
properties given below:

(i) Ã is convex.

(ii) Ã is normal i.e., there is a x0 ∈ Ã such that µÃ(x0)= 1.

(iii) µÃ(x) is a piecewise continuous in its domain.

(iv) Ã is convex i.e., µÃ(λx1 + (1−λ)x2)≥min(µÃ(x1),µÃ(x2)), for all x1, x2 ∈ X .

Definition 2.3 (Trapezoidal fuzzy number [10]). A fuzzy member Ã = (a,b, c,d) is said to be
trapezoidal fuzzy member if its membership function is given by

µÃ(x)=



(x−a)
(b−a)

, a ≤ x ≤ b,

1, b ≤ x ≤ c,
(x−d)
(d− c)

, c ≤ x ≤ d.

2.1 Arithmetic Operations on Trapezoidal Fuzzy Number
Fuzzy arithmetic procedures on two trapezoidal fuzzy numbers Ã1 = (a1,b1, c1,d1), Ã2 =
(a2,b2, c2,d2) are defined as follows:
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Fuzzy addition: (a1,b1, c1,d1)+ (a2,b2, c2,d2)= (a1 +a2,b1 +b2, c1 + c2,d1 +d2)

Fuzzy Subtraction: (a1,b1, c1,d1)− (a2,b2, c2,d2)= (a1 −d2,b1 − c2, c1 −b2,d1 −a2)

3. Model of Fuzzy Multi-Objective Assignment
It is a fuzzy multi-objective assignment paradigm described in this part, which includes fuzzy
time, fuzzy cost, and fuzzy inefficiency, and so on, as well as its mathematical formulation.

In a common assignment problem, n tasks must be completed with the assistance of n
individuals, in order to keep costs down or up depending on their ability to execute the work
on a one-to-one basis. When the purpose of a job is to keep fuzzy costs and fuzzy time to a
minimum, then, fuzzy inefficiency and so forth, then this type of fuzzy venture trouble with
numerous parameters inside the following form of n×n fuzzy matrix in which every cell having
a fuzzy cost (c̃i j), fuzzy time (t̃i j), fuzzy inefficiency (q̃i j) and so forth is proven in Table 1.

Table 1. General fuzzy multi-objective assignment model

c̃11, t̃11, q̃11, . . . c̃12, t̃12, q̃12, . . . . . . c̃1 j, t̃1 j, q̃1 j, . . . . . . c̃1n, t̃1n, q̃1n, . . .

c̃21, t̃21, q̃21, . . . c̃22, t̃22, q̃22, . . . . . . c̃2 j, t̃2 j, q̃2 j, . . . . . . c̃2n, t̃2n, q̃2n, . . .
...

...
...

...
...

...

c̃i1, t̃i1, q̃i1, . . . c̃i2, t̃i2, q̃i2, . . . . . . c̃i j, t̃i j, q̃i j,. . . . . . c̃in, t̃in, q̃in, . . .
...

...
...

...
...

...

c̃n1, t̃n1, q̃n1, . . . c̃n2, t̃n2, q̃n2, . . . . . . c̃n j, t̃n j, q̃n j, . . . . . . c̃nn, t̃nn, q̃nn, . . .

3.1 Mathematical Formulation of the Multipurpose Ambiguous Assignment Problem
The mathematical formulation of a fuzzy multi-objective assignment problem in Table 1 can be
stated as,

Minimize z̃K =
n∑

i=1

n∑
j=1

(P̃K
i j)X i j, K = 1,2, . . . ,n

subject to
n∑

i=1
X i j = 1, j = 1,2, . . . ,n,

n∑
j=1

X i j = 1, i = 1,2, . . . ,n,

X i j = 0 or 1, for all i = 1,2, . . . ,n and j = 1,2, . . . ,n,

X i j =
{

1, if ithe person is assigned jth work,
0, otherwise,

where Z̃K = {Z̃1, Z̃2, Z̃3, . . . , Z̃k} is a vector of K -objective functions.
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There is no longer a fuzzy multi-objective assignment issue, but just one objective assignment
problem by taking into account the weights associated with the goal’s priority in the sort of way
that W1 +W2 +·· ·+= 1.

Minimize Z̃ =W1

n∑
i=1

n∑
j=1

(c̃i j)X i j +W2

n∑
i=1

n∑
j=1

(t̃i j)X i j +W3

n∑
i=1

n∑
j=1

(q̃i j)X i j +·· ·

subject to
n∑

i=1
X i j = 1, j = 1,2, . . . ,n,

n∑
j=1

X i j = 1, i = 1,2, . . . ,n,

and W1 +W2 +W3 +·· ·+= 1,

X i j = 0 or 1, for all i = 1,2, . . . ,n and j = 1,2, . . . ,n,

X i j =
{

1, if ith person is assigned jth work,
0, otherwise.

Z̃1 denotes the fuzzy cost function is defined as follows:

Minimize Z̃1 =
n∑

i=1

n∑
j=1

c̃i j X i j.

Z̃2 denotes the fuzzy time function is defined as follows:

Minimize Z̃2 =
n∑

i=1

n∑
j=1

t̃i j X i j

Z̃3 denotes the fuzzy inefficiency function is defined as follows:

Minimize Z̃3 =
n∑

i=1

n∑
j=1

q̃i j X i j

Z̃1, Z̃2, Z̃3 are called three objective fuzzy assignment problems.
By normalising the fuzzy cost, the three-objective fuzzy assignment issue is reduced to a

single-objective fuzzy assignment problem (c̃i j) fuzzy time (t̃i j) and fuzzy inefficiency (q̃i j) and
by considering the weights W1, W2 and W3 in light of the needs of the goal.

The assignment problem is not affect by normalized data.

Minimize Z̃ =W1

n∑
i=1

n∑
j=1

(c̃i j)X i j +W2

n∑
i=1

n∑
j=1

(c̃i j)ti j +W3

n∑
i=1

n∑
j=1

(c̃i j)qi j

subject to
n∑

i=1
X i j = 1, j = 1,2, . . . ,n,

n∑
j=1

X i j = 1, i = 1,2, . . . ,n,

X i j = 0 or 1, for all i = 1,2, . . . ,n and j = 1,2, . . . ,n,
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X i j =
{

1, if ith person is assigned jth work,
0, otherwise,

and W1 +W2 +W3 +·· · = 1.

4. Optimal Solution to the Fuzzy Multi-Objective Assignment problem
In this segment, a functioning principle to get ideal arrangement, utilizing diagonal optimal
algorithm. By normalising the fuzzy cost, the three-objective fuzzy assignment issue is reduced
to a Problem of single-objective fuzzy assignment.

The Average Method of Weighing
The weighted normal approach incorporates all multi-objective capabilities into a single scalar
composite goal function. Prior to the streamlining system, the weights are calculated and
normalised to one, i.e.,

k∑
i=1

Wi = 1.

Diagonal Optimal Algorithm
The suggested algorithm is discussed in further detail below,

Step 1: Each row’s least trapezoidal fuzzy cost must be subtracted from the next-lowest
trapezoidal fuzzy cost. On a row-by-row basis, we get the trapezoidal fuzzy penalty.

Step 2: The difference between the first and second lowest trapezoidal fuzzy costs should be
entered as the value for each column. Column by column, we get the trapezoidal fuzzy penalty.

Step 3: Determine the smallest trapezoidal fuzzy number that corresponds to the largest
trapezoidal fuzzy penalty row or column.

Step 4: Select the most severe maximum penalty fuzzy number and continue down this
column/row to get the smallest trapezoidal fuzzy number. Assign that cell and delete the
corresponding row and column.

Step 5: Repeat steps 3 and 4 until each row/column has a unique assignment. This is referred
to as the first solution.

Step 6: Find the ã j − c̃ j where ã j is the allocated cost and c̃ j the cost of the jth column of the
cost matrix.

Step 7: In order to create a rectangle with a negative trapezoidal fuzzy penalty for one of the
crossing lines, each corner is allocated a cell.

Step 8: The sum of the cells on the unassigned diagonal d̃ j is: In this case, all the d̃ j ≥ õ of the
assignments are the best they could be, so they are all the best. If not, choose the most negative
d̃ j . Then, change the diagonals of the grid. Repeat this until all the d̃ j ≥ õ are done.
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5. Numerical Example for Fuzzy Multi-Objective Assignment problem
Three personas (A, B, and C) and three tasks (I, II, and III) are used to exemplify the proposed
model, with the goal of reducing the fuzzy costs, fuzzy time, and fuzzy inefficiency associated
with trapezoidal fuzzy numbers as a Fuzzy multi-objective assignment problem.

Table 2. Three-objective trapezoidal fuzzy assignment problem

Person I II III

A
(4,7,9,15)

(7,11,15,19)
(1,6 9,11)

(3,5,7,8)
(5,7,9,12)
(1,3,5,7)

(10,12,14,17)
(13,15,18,21)

(7,9,10,13)

B
(3,4,7,8)
(4,5,8,9)
(2,3,6,7)

(5,7,10,13)
(6,9,11,15)
(4,5,9,11)

(7,8,10,12)
(9,12,14,16)

(5,7,9,11)

C
(7,9,12,14)
(8,11,13,15)

(3,4,5,7)

(2,3,4,6)
(3,4,5,7)
(1,2,3,5)

(5,7,8,11)
(6,8,9,13)
(4,6,7,9)

5.1 Solution
A well-balanced assignment issue is the multifunctional ambiguous assignment problem.

The weighted average method may be used to reduce the complexity of the problem of fuzzy
multi-objective assignment and allocating equal weights to the three goals Wi = 1

3 , i = 1,2,3 and
they are reduced to a single goal. The next table illustrates the same thing.

Table 3. Three-objective trapezoidal fuzzy assignment problem

Person I II III

A (4,8,11,15) (3,5,7,9) (10,12,14,17)

B (3,4,7,8) (5,7,10,13) (7,9,11,13)

C (6,8,10,12) (2,3,4,6) (5,7,8,11)

Applying proposed algorithm (diagonal optimal method) in matrix form
Task I Task II Task III Fuzzy penalty


Person A (4,8,11,15) (3,5,7,9) (10,12,14,17) (−5,1,6,12)
Person B (3,4,7,8) (5,7,10,13) (7,9,11,13) (−3,0,6,10)
Person C (6,8,10,12) (2,3,4,6) (5,7,8,11) (−1,3,5,9)
Fuzzy penalty (−2,1,6,9) (−3,1,4,7) (−4,1,4,8)

When all trapezoidal fuzzy penalty figures are compared, the highest penalty is associated with
the first row trapezoidal fuzzy. Choose and assign the row’s smallest trapezoidal fuzzy number.
In this instance, the cell is (1,2). As a result, the matching first row and second column are
omitted.
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The reduced matrix is,(
(3,4,7,8) (7,9,11,13)

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

)
Applying the first two steps, we get

Fuzzy penalty (3,4,7,8) (7,9,11,13) (−1,2,7,10)
(6,8,10,12) (5,7,8,11) (−5,0,3,7)

Fuzzy Penalty (−2,1,6,9) (−4,1,4,8)

The second row fuzzy penalty is currently the highest of all fuzzy penalties. Select the least
number in the second row (5,7,8,11) for the (3,3) cell. Crossing the 3rd row and 3rd column,
finally left with cell (2,1).
As a result, the allocations are (1,2), (2,1), and (3,3).
The assignment matrix is (initial solution)

Task I Task II Task III Person A (4,8,11,15) (3,5,7,9) (10,12,14,17)
Person B (3,4,7,8) (5,7,10,13) (7,9,11,13)
Person C (6,8,10,12) (2,3,4,6) (5,7,8,11)

Checking for optimality
(3,4,7,8) (3,5,7,9) (5,7,8,11) Person A (4,8,11,15) (3,5,7,9) (10,12,14,17)

Person B (3,4,7,8) (5,7,10,13) (7,9,11,13)
Person C (6,8,10,12) (2,3,4,6) (5,7,8,11)

By subtracting each column element from its associated assignment, we get (−4,1,7,12) (−6,−2,2,6) (−1,4,7,12)
(−5,−3,3,5) (−4,0,5,10) (−4,1,4,8)
(−2,1,6,9) (−7,−4,−1,3) (−6,−1,1,6)


Finding the d̃i j for all the unallocated cells. For d̃11

[ ]
(−4,1,7,12) (−6,−2,2,6) (−1,4,7,12)
(−5,−3,3,5) (−4,0,5,10) (−4,1,4,8)
(−2,1,6,9) (−7,−4,−1,3) (−6,−1,1,6)

 ,

d̃11 ≈
(

(−4,1,7,12) (−6,−2,2,6)
(−5,−3,3,5) (−4,0,5,10)

)
≈ (−8,1,12,22)≥ 0,

d̃13 ≈
(

(−6,−2,2,6) (−1,4,7,12)
(−7,−4,−1,3) (−6,−1,1,6)

)
≈ (−8,0,6,15)≥ 0,

d̃23 ≈
(
(−5,−3,3,5) (−4,1,4,8)
(−2,1,6,9) (−6,−1,1,6)

)
≈ (−6,2,10,17)≥ 0,

d̃22 ≈ d̃11 ≥ 0, d̃31 ≈ d̃23 ≥ 0, d̃32 ≈ d̃13 ≥ 0.
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Hence all d̃i j ≥ 0.
Therefore the solution is optimal

Task I Task II Task III Person A (4,8,11,15) (3,5,7,9) (10,12,14,17)
Person B (3,4,7,8) (5,7,10,13) (7,9,11,13)
Person C (6,8,10,12) (2,3,4,6) (5,7,8,11)

The optimum assignment schedule is

Person A → Task II, Person B → Task I, Person C → Task III.

The trapezoidal fuzzy assignment cost is

Z̃ ≈ (3,5,7,9)+ (3,4,7,8)+ (5,7,8,11)

≈ (11,16,22,28).

The assignment cost’s membership function is

• The optimal assignment cost will be between 11 and 28.

• The cost of the most satisfactory option is between 16 and 22.

• The decision maker’s satisfaction level is

µÃ(x)=


x−11

5
, 11≤ x ≤ 16,

1, 16≤ x ≤ 22,
x−28

6
, 22≤ x ≤ 28.

6. Conclusion
The weighted average approach was used to handle a fuzzy assignment issue using trapezoidal
numbers. An optimal solution was found without having to convert it into an exact answer.
The converted single objective fuzzy trapezoidal problem was solved using diagonal optimal
model. This method gives the solution to membership function instead of crisp one so as to get
the better choice of assignment cost.

Competing Interests
The authors declare that they have no competing interests.

Authors’ Contributions
All the authors contributed significantly in writing this article. The authors read and approved
the final manuscript.

References
[1] P. Biswas and S. Pramanik, Multi-objective assignment problem with fuzzy costs for the

case military affairs, International Journal of Computer Applications 30(10) (2011), 7 – 12,
DOI: 10.5120/3678-5179.

Communications in Mathematics and Applications, Vol. 13, No. 4, pp. 1277–1285, 2022

http://doi.org/10.5120/3678-5179


Solution to Fuzzy Multi-Objective Assignment Problems using Diagonal. . . : T. Beaula and S. Saravanan 1285

[2] M. S. Chen, On a fuzzy assignment problem, Tamkang Journal of Mathematics 22 (1985), 407 –
411.

[3] Y. Feng and L. Yang, A two-objective fuzzy k-cardinality assignment problem, Journal of
Computational and Applied Mathematics 197(1) (2006), 233 – 244, DOI: 10.1016/j.cam.2005.08.026.

[4] L. Huang and L. Zhang, Solution method for fuzzy assignment problem with restriction of
qualification, in: 6th International Conference on Intelligent Systems Design and Applications,
Jinan, 765 – 769 (2006), DOI: 10.1109/ISDA.2006.247.

[5] S. Kar, K. Basu and S. Mukherjee, Solution of generalised Fuzzy assignment problem with
restriction on costs under fuzzy environment, International Journal of Fuzzy Mathematics and
Systems 4(2) (2004), 169 – 180.

[6] A. Kaur and A. Kumar, A new method for solving fuzzy transportation problems
using ranking function, Applied Mathematical Modelling 35(12) (2011), 5652 – 5661,
DOI: 10.1016/j.apm.2011.05.012.

[7] R. T. Marler and J. S. Arora, Survey of multi-objective optimization method for engineering,
Structural and Multidisciplinary Optimization 26(6) (2004), 369 – 395, DOI: 10.1007/s00158-003-
0368-6.

[8] K. Salehi, An approach for solving multi-objective assignment problem with interval parameters,
Management Science Letters 4 (2014), 2155 – 2160, DOI: 10.5267/j.msl.2014.7.031.

[9] A. H. Taha, Operations Research, An Introduction, 5th edition, Macmillan, Basingstoke Hampshire
(1992).

[10] Y. L. P. Thorani, P. P. B. Rao and N. R. Shankar, Ordering generalized trapezoidal fuzzy numbers,
International Journal Contemporary Mathematical Sciences 7(12) (2012), 555 – 573.

[11] E. M. Vinoliah and K. Ganesan, A different approach for the solution of fuzzy multiobjective
assignment problems, AIP Conference Proceedings 2112, 020118 (2019), DOI: 10.1063/1.5112303.

[12] L. A. Zadeh, Fuzzy sets, Information and Controls 8(3) (1965), 338 – 353, DOI: 10.1016/S0019-
9958(65)90241-X.

Communications in Mathematics and Applications, Vol. 13, No. 4, pp. 1277–1285, 2022

http://doi.org/10.1016/j.cam.2005.08.026
http://doi.org/10.1109/ISDA.2006.247
http://doi.org/10.1016/j.apm.2011.05.012
http://doi.org/10.1007/s00158-003-0368-6
http://doi.org/10.1007/s00158-003-0368-6
http://doi.org/10.5267/j.msl.2014.7.031
http://doi.org/10.1063/1.5112303
http://doi.org/10.1016/S0019-9958(65)90241-X
http://doi.org/10.1016/S0019-9958(65)90241-X

	Introduction
	Preliminaries
	Arithmetic Operations on Trapezoidal Fuzzy Number

	Model of Fuzzy Multi-Objective Assignment
	Mathematical Formulation of the Multipurpose Ambiguous Assignment Problem

	Optimal Solution to the Fuzzy Multi-Objective Assignment problem
	Numerical Example for Fuzzy Multi-Objective Assignment problem
	Solution

	Conclusion
	References

