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Abstract

Purpose: Workforce planning and scheduling is an approach to arranging elements in a temporal or spatial pattern to achieve
or approach vatious objectives, such that the constraints associated with these elements are entirely or almost satisfied. The
first step of this process is to determine the number of employees required with specific skills to meet the demand at different
times. In addition, all work rules and agreements must be considered during the process.

Methodology: For this purpose, in this paper, using mathematical programming, the specifications, conditions, regulations,
and work agreements of the Shahid Solimi Neka Power Plant, as one of the country's strategic power plants and one of the
most important national assets, are included in the problem. The workforce scheduling problem in this power plant involves
various and contradictory constraints. Therefore, this research investigates the workforce scheduling problem using a multi-
objective model. The proposed mathematical model has three objective functions: minimizing the number of workers with
high-skill levels assigned to low-skill-level jobs, minimizing the wages paid to workers, and optimizing the use of workers.
Due to the structure of the problem and its complexity, the problem is classified as a non-polynomial complex problem.
Two meta-heuristic algorithms, sparse search and genetic with non-dominated sorting, have been generalized to solve the
multi-objective model. Seven sample problems were solved using the generalized algorithms to evaluate the performance of
the proposed algorithms.

Findings: In summary, solving problems of different sizes using performance index graphs and comparing the two
algorithms show that the sparse search algorithm is better in two qualitative indices of quality and dispersion and that the

genetic algorithm with non-dominated sorting performs better in the quantitative index of space uniformity.

Originality /Value: Implementing this model in power plants can improve operational efficiency, human resoutce
productivity, and service quality.
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Table 1- How to manually shift forces.
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Figure 1- Overview of the distributed search method for the problem under discussion.
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Table 2- How the answer is output in the sparse search
algorithm in MATLAB software.
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Figure 2- VNS algorithm.
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Figure 3- General structure of the improvement procedure.
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Figure 4- Procedural feasibility of the solution.
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Figure 5- General structure of the genetic algorithm with non-dominated sorting.
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Table 3- Generated issues.
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Table 4- Common features of problems.
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Table 5- Number of workers required for Example 1 per

shift and per day.
Gd9z9e JS 59, S5 b yae mee
6 4 1 1 2 Sl wlis)ls
13 10 3 4 3 Sl S
6 4 1 1 2 3roeldls
11 8 2 3 3 B eSS
- - - - - S sdl el
4 3 1 1 1SSl eSS
40 29 8 10 11 Sy S S

) iged alluwe gl Shg ol -7 Jo>
Table 6- Other characteristics of problem 1.

Pm Cmn Cma Cmm &leghe jpass oSS o led
07 130 100 100 = ekl S1 1
07 130 100 100 = LBl S1 2
08 143 110 110 ool S1 3
085 150 115 115 ool S1 4
09 156 120 120 = oLl Sl 5
09 156 120 120 = ksl S1 6
0.6 84 65 65 eSS S1 7
0.6 84 65 65 eSS S1 8
0.6 84 65 65 eSS S1 9
0.7 90 70 70 eSS S1 10
0.7 90 70 70 eSS S1 11
0.7 90 70 70 eSS S1 12
0.75 99 75 75 eSS S1 13
08 104 80 80 eSS S1 14
0.8 104 80 80 eSS S1 15
08 104 80 80 eSS S1 16
0.85 110 85 85 eSS S1 17
09 115 90 90 eSS S1 18
09 115 90 90 eSS S1 19
065 126 95 95 obes)ls S2 20
0.7 130 100 100 oo s S2 21
0.8 143 110 110 oo s S2 22
08 143 110 110 L3, S2 23
09 156 120 120 oLl S2 24
09 156 120 120 = oLl S2 25
0.55 79 60 60 eSS S2 26
0.6 84 65 65 eSS S2 27
0.7 90 70 70 eSS S2 28
0.7 90 70 70 eSS S2 29
0.75 99 75 75 eSS S2 30
0.75 99 75 75 eSS S2 31
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0.8 104 80 80 eSS S2 32
0.8 104 80 80 eSS S2 33
aslsl -# Jy.\?

Table 6- Continued.

Pm Cmn Cma Cmm <leghe gaass oS ls

085 110 85 85 eSS S2 34
0.85 110 85 85 eSS S2 35

09 115 90 90 eSS S2 36

0.7 90 70 70 eSS S3 37
0.75 99 75 75 eSS S3 38
0.75 99 75 75 eSS S3 39
085 110 85 85 eSS S3 40

39y R 9 Sy 2 50 ¥ digd allune 5Lidy90 (glog i Slass -V Jou
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Table 7- Number of workers required for Example 2 per
shift and per day.

S S 5N b e e
10 72 2 300 SOl pulisyls
24 18 5 6 7 Sl (yniSS
9 6 1 2 3 3roeldls
22 17 6 5 6 B eSS
- - - - Seig S b )lS
6 4 1 1 2 S Sl eSS
71 52 15 16 21 Cdd S S

(¥ diged alle gl S il -A Joor
Table 8- Other features of problem 2.

Pm Cmh3 Cmh2 Cmhl <beghe gaass LS5 ojled
0.95 185 140 140 elaly Sk 1
0.90 178 135 135 o)l Sl 2
0.90 178 135 135 o)l Sl 3
0.85 170 130 130 o)l Sl 4
0.85 170 130 130 ol Sk 5
0.85 170 130 130 o)l SSle 6
0.80 165 125 125 ol SGle 7
0.75 160 120 120 bl Sk 8
0.75 160 120 120 o)l Sl 9

0.7 155 115 115 o)l Sl 10
0.95 145 110 110 eSS SIS 11
0.95 145 110 110 eSS Sl 12
0.95 145 110 110 eSS Sl 13
0.90 140 106 106 eSS Sl 14
0.90 140 106 106 eSS Sl 15
0.90 140 106 106 eSS Sl 16
0.85 136 103 103 eSS SIS 17
0.85 136 103 103 eSS Sl 18
0.85 136 103 103 eSS Sl 19
0.85 136 103 103 eSS Sl 20
0.80 130 100 100 eSS Sl 21
0.80 130 100 100 eSS Sl 22

olol =A Jgae
Table 8- Continued.

Pm Cmh3 Cmh2 Cmhl &)kl et LS el
0.80 130 100 100 eSS SS 23
0.75 125 97 97 eSS SS 24
0.75 125 97 97 eSS Sl 25
0.75 125 97 97 eSS Sl 26
0.75 125 97 97 eSS Sl 27
0.70 120 93 93 eSS Sl 28
0.70 120 93 93 eSS Sl 29
0.70 120 93 93 eSS SS 30
0.70 120 93 93 eSS Sl 31
0.65 115 90 90 eSS Sl 32
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0.65
0.65
0.95
0.95
0.90
0.85
0.85
0.80
0.75
0.75
0.70
0.95
0.95
0.95
0.90
0.90
0.90
0.90
0.85
0.85
0.85
0.80
0.80
0.75
0.75
0.75
0.75
0.70
0.70
0.70
0.65
0.65
0.65
0.95

115
115
185
185
178
170
170
165
160
160
155
145
145
145
140
140
140
140
136
136
136
130
130
125
125
125
125
120
120
120
115
115
115
145

90
90
140
140
135
130
130
125
120
120
115
110
110
110
106
106
106
106
103
103
103
100
100
97
97
97
97
93
93
93
90
90
90
110

90 eSS
90 eSS
140 sl
140 owls)ls
135 ko)l

130 b5
130 b5
125 -3y

120 owls)ls
120 owls)ls
115 ksl
110
110
110
106
106
106
106
103
103
103
100
100
97
97
97
97
93
93
93
90
90
90
110

FERRLLRLLLALLLLLLLLLLLL

&r
&

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
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Table 8- Continued.

Pm Cmh3 Cmh2 Cmhl Sbeghe  pass LS eles
09 140 106 106 S S 1Sl 67
09 140 106 106 iS5 S 1Sl 68

0.85 136 103 103 OeiSE Sg 1Sl 69
0.85 136 103 103 eSS S 1Sl 70
0.80 130 100 100 eSS S 1Sl 7
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Table 9- Ranking of the effectiveness of each factor of the NSGA-II algorithm.

Response Table for Signal to Noise Rations Smaller is Better

Level Pop Size N_Iteration Mutation
1 10.122 14.193 5.647

2 15.174 8.657 11.539

3 9.147 11.839 12.590
Delta 6.027 5.536 6.944
Rank 2 3 1
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Table 10- Results of solving time for different problems using different solution methods.
88 J> oles
Yalie fFalue Oddlie Fale Yale Yalo VYdle osus >
- - 398487 383423 78438 100769 19762  GAMS
83054 34308 21136 20952 90438 8178 4937 SS

2901 1395 673 618 302 285 173 NSGA-II
450000
400000 ?
350000
300000 I
% 250000 II
£ 200000
150000 I
100000
50000
0
e GAMS | 19762 100762 78438 383423 | 398487
i 55 4937 8178 9048 20952 21136 34308 83054
e NSGAIl | 173 285 302 618 673 1395 2901

.J.’ 6“&5))‘ oaL&.:...:l Lam JTIL‘M‘_J"ULG) @b -§ Ji&

Figure 6- Results of solving time for different problems using solution methods.

NSGA-II 4SS 23,651 Langs oy Jo dlune ;8 sdalcuwsds 53,5 has sloas-Ls jluie -V Jguz
Table 11- The value of the performance indicators obtained for each
problem solved by the SS and NSGA-II algorithms.

NSGA-II Scatter Search

SM QM DM SM QM DM  Soye
02746 60.5882 332 13331 394118 1811.1 ) 4l
0.8165  1.1111 1014 1.6260 98.8889 5439.1 V alue
0.4876 25 277 09134 75 492 Yl
0.6162  4.5455 513  0.8765 95.4545 534 Yale.
0.7385  3.2468 1454 05385 96.7532 3514 O 4l
0.6012 0 965 03538 100 1498 7 dls
0.6434 59322 128.1 1.9503 94.0678 15407 Y dlue

DM
18000
16000
14000 /’
12000 I
10000 I
8000
6000 /
A\ /

4000
2000 —’/ N\ /
0 no. E m! n!4 no. no. no.

—— S S 1811/1 5439/1 49/2 53/4 351/4 149/8 15407
=lli== NSGAII 33/2 101/4 27/7 51/3 145/4 96/5 128/1

NSGA-IL ¢SS 5,651 90 Jauwsgs oids Jo Joluwe DM s L duuglite -V Sl
Figure 7- Comparison of DM index of problems solved by SS and NSGA-II dual algorithms.
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SM

2/5

2 r
1/5

A
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no.1l no.2 no.3 no.4 no.5 no.6 no.7
—C— S 1/3331 1/626 0/9134 0/8765 0/5385 0/3538 1/9503
el NSGAII 0/2746 0/8165 0/4876 0/6162 0/7385 0/6012 0/6434
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Figure 8- Comparison of QM index of problems solved by two algorithms SS and NSGA-II.
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X

20
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—— S S 39/412 98/889 75 95/454 96/753 100 94/068
el NSGAIL 60/5882 1/1111 25 4/5455 3/2468 0 5/9322
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Figure 9- Comparison of SM index of problems solved by two algorithms SS and NSGA-II.
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