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In the present paper is followed an optimal dividing of five operators on
the same number of machines, using the Hungarian algorithm through
Network Modeling module, in the WinQSB software.
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1. Theoretical notions

Allocation represents the optimal dividing or assignment of a particular entity
to a certain location [5].

Firstly, in the present paper, will be divided five operators for the same num-
ber of available machines, supposing that an operator has the ability to take more
than one position. In this case, the assignment takes in consideration the minimal
total execution time.

2. Case study

Five operators are being tested so they can participate to an optimal dividing
on five machines. The time that each operator obtained after the processing on the
machines is measured in minutes and presented in the table 1.

Table 1.
Machines M; M, M3 M4 M5
Operators
0, 10 15 22 18 11
0, 12 12 20 15 10
05 11 12 21 16 8
O, 13 10 21 14 10
Os 11 11 23 15 9
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1) Make usage of the Hungarian algorithm, an optimal dividing of available
human resource in a way in wich, all in all, the whole execution time on the ma-
chines to be minimal.

2) Make an optimal dividing of three operators, if the other two get sick.

3. The problem solution

1) Introduce the problem data according to the figure 1.

Metwork Modeling

File Edit Format Solve and Analvze Itilities  Window WinQSE  Help
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M Amariei Alexandru: Minimization (Assignment Problem)

01: M1 10

From \ To M1 [ M2 | M3 | M4 [ M5

01 10; 15 22 18 11
02 12 12 20 15 10
03 11 12 21 16 8
04 13 10 21 14 10
05 11 11 23 15 9

Figure 1. Input data for the problem

It is decreasing the minimal value of each line, then of each column and it is
being obtained the data from figure 2.

% Hungarian Method for Amariei Alexandru - lteration 1

Fram : To Iyl 112 113 L4 L3
ol B 2 z 4
02 2 2 £ 1 f
03 3 4 3 4
04 2 0 1 0 i
03 2 2 4 2 0

Figure 2. Iteration 1
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It is used the Hungarian algorithm until on each line and each column exists
an 0" classified, so the coupling is maximum.

M. Hungarian Method for Amariei Alexandru - Iteration 2 {(Final)

Fram ' To L1 M2 | M3 114 M5
o1 5 2 4
02 . : 9
03 - B 1 2
04 1 2
S I N O I O

Figure 3. Iteration 2 (finale)

The optimum obtained solution it is presented in figure 4.

Metwork Modeling
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% Solution for Amariei Alexandru: Minimization (Assignment Problem)
04-25-20N6 From To Aszsignment Unit Cost Total Cost | Reduced Cost

1 0 M1 1 10 10 0

2 02 M3 1 20 20 ]

3 03 M5 1 8 8 0

4 04 M4 1 14 14 ]

5 D5 M2 1 1 1 0

Total Objective Function Value = 63

Figure 4. Problem data solution
It can be observed that the operator O1 it is allocated to machine M1, 02 on

M3, 03 on M5, 04 on M4 and O5 on M2, so the total time of execution is 63 min-
utes.
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% Graphic Solution for Amariei Alexandru: Minimization (Assignment Problem)

Figure 5. The problem solution in graphic form

2) In the case that two operators are missing, respectively O1 and 04, it has
to realise an optimal assignation of the three operator remained. The problem be-
comes unbalanced, and to balance it, we introduce two fictive operators — OF1 and

OF4.
Machines M, M, Ms My Ms
Operators
OF, 0 0 0 0 0
0, 12 12 20 15 10
0Os 11 12 21 16 8
OF4 0 0 0 0 0
Os 11 11 23 15 9




M Hungarian Method for Amariei Alexandru - Iteration 1

From . To I 1 T2 i Tl IS ]
OF1 g a a a
o2 2 2 10 4]
K] 3 4 13 a
OF4 B B & & &
035 2 2 14 E [|]

Figure 6. Iteration 1

M Hungarian Method for Amariei Alexandru - Iteration 2 {Final)

From ', Te T[] Tl T3 e i)
OF1
o2 JE
o3 ] P il f
OF4
B8] [F q] g i q]

Figure 7. Iteration 2 (final)

The obtained solution it is presented in figure 8. It can be observed that the
allocation plan has changed, such as the fictive operators OF1 and OF4 are allo-
cated on the M3 and M4 machines, and the operators 02, O3 and O5 on the ma-
chines M1, M5 and M2.

35



M. Solution for Amariei Alexandru: Minimization (Assignment Problem)

04-25-2016 From To Azzignment Unit Cost Total Cost | Reduced Cost
1 0OF1 M3 1 0 0 0
2 oz M1 1 12 12 0
3 03 M5 1 8 0
4 OF4 M4 1 0 0
h 05 M2 1 1 1 0
Total Objective Function Value = 1]

Figure 8. The problem solution in matrix form

It can be observed that the two fictive operators are allocated to the ma-
chines M3 and M4 and that’s why it is necessarily to share these machines at two
of three existing operators, according to figure 9.

M Amariei Alexandru: Minimization {Ass

05 : M4 15

From \ To M4 | M3

02 15 20
03 16 21
05 i5 23

Figure 9. Input data

After using the Hungarian algorithm, it is obtained the final solution after one
iteration (figure 10).

M Hungarian Method for Amariei Alexand

From \ To JBE S Lluminy |
o2 —d] a %
o3 ] 1 +

o5 —Eli 3 +

Figure 10. The final iteration
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& Solution for Amariei Alexandru: Minimization (Assignment Problem)

04-25-2016 From To Assignment Unit Cost Total Cost | Reduced Cost |
1 02 M3 1 20 20 0
2 03 Unuged_Supply 1 ] 0 1]
3 05 M4 1 15 15 0
Total Objective Function Value = LU

Figure 11. The final solution in matrix form

M Graphic Solution for Amariei Alexandru: Minimization {Assignment Problen

Figure 12. The final solution in graphic form

4. Conclusions

The optimal allocation for the five operators on the number of machines is:
— operator O1 is allocated on the machine M1;
— operator 02 on the machine M3;
— operator O3 on the machine M5;
— operator 04 on the machine M4;
— operator O5 on the machine M2,
and the total execution time is 63 minutes.
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In the second case, but taking in consideration the solution for the first case,
the optimal solution for the problem is:

- operator 02 will work on the machines M1 and M3;

- operator O3 will be allocated on the machine M5;

- operator O5 will work on the machines M2 and M4.

The objecting function is: [min]f = 124+204+8+11+15=66 min.

It can be seen an increase for the objective function value, meaning the total
execution time with 3 minutes, after the absence of two operators and the re-
placement of the two of three existing operators.
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