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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 satistied. 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.

Day d1 d2 a3

Manpower-shift m a n m a n M a n
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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.

Sz S 5, eSS b yas mee

6 4 1 1 2 Sl elis) 8
13 0 3 4 3 Sl S
6 4 1 1 2 3roeldls
11 2 3 3 B eSS
- - - - - Sl sl
4 31 1 1 Syl eSS
40 29 8 10 11 il S S

) igas Al glo Sy b -# Jgor
Table 6- Other characteristics of problem 1.

Pm Cmn Cma Cmm Sleghe jaass LSSl

07 130 100 100 L2l s1 1
07 130 100 100 obes) s s1 2
08 143 110 110 obes 8 s1 3
085 150 115 115 ksl S1 4
09 156 120 120 = ksl S1 5
09 156 120 120 = oLl 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
08 104 80 80 eSS s1 15
0.8 104 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  elals s2 20
07 130 100 100 ksl s2 21
08 143 110 110 obes 8 s2 22
08 143 110 110 ol S2 23
09 156 120 120 ol S2 24
09 156 120 120 = ksl 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 9 75 75 eSS S2 30
0.75 99 75 75 eSS S2 31
08 104 80 80 EIULY; s2 32
08 104 80 80 EIULY; s2 33
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Table 6- Continued.

Pm Cmn Cma Cmm <beghe (aass olS) e ld

0.85 110 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
0.85 110 85 85 eSS S3 40

39y A 9 Cain 5 33 ¥ gl Alluse 5Li0y90 (slog s olass -V oo
Table 7- Number of workers required for Example 2 per
shift and per day.

e JS 3, b e e

10 702 2 3 Sl el )5
24 18 5 6 7 Sl (eSS
9 6 1 2 3 Gy ool ls
22 17 6 5 6 B eSS
. . . . L Se Sl el s
6 4 1 1 2 Sl eSS
71 52 15 16 21 il S S

¥ dige5 dllus (glo Shig ol -A Jpor
Table 8- Other features of problem 2.
Pm Cmh3 Cmh2 Cmhl olbeghe (eass LSS eled

0.95 185 140 140 oLl Sl 1
0.90 178 135 135 bl Sl 2
0.90 178 135 135 bl Sl 3
0.85 170 130 130 ksl Sl 4
0.85 170 130 130 oebsly Sl 5
0.85 170 130 130 o)l Sl 6
0.80 165 125 125 bl Sl 7
0.75 160 120 120 ebals Sl 8
0.75 160 120 120 obdyls Sl 9

0.7 155 115 115 o)l Sl 10

£
3

0.95 145 110 110
0.95 145 110 110
0.95 145 110 110
0.90 140 106 106
0.90 140 106 106
0.90 140 106 106
0.85 136 103 103
0.85 136 103 103
0.85 136 103 103
0.85 136 103 103
0.80 130 100 100
0.80 130 100 100
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N

ATAREARTARY
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£
3
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Table 8- Continued.

Pm Cmh3 Cmh2 Cmhl Slkeghe  aads LS ol

0.80 130 100 100 eSS Sl 23
0.75 125 97 97 eSS Sl 24
0.75 125 97 97 eSS Sl 25
0.75 125 97 97 eSS Sl 26
0.75 125 97 97 eSS SS 27
0.70 120 93 93 eSS Sl 28
0.70 120 93 93 eSS Sl 29
0.70 120 93 93 eSS Sl 30
0.70 120 93 93 eSS Sl 31
0.65 115 90 90 eSS Sl 32
0.65 115 90 920 eSS Sl 33
0.65 115 90 20 eSS SOl 34
0.95 185 140 140 ool s I 35
0.95 185 140 140 oobs,ls RS 36
0.90 178 135 135 eksls & 37
0.85 170 130 130 oeksyls & 38
0.85 170 130 130 oekasls & 39
0.80 165 125 125 oobs,ls & 40
0.75 160 120 120 ool s I 41
0.75 160 120 120 oobs,ls RS 42
0.70 155 115 115 ekdls & 43

0.95 145 110 110
0.95 145 110 110
0.95 145 110 110
0.90 140 106 106
0.90 140 106 106
0.90 140 106 106
0.90 140 106 106
0.85 136 103 103
0.85 136 103 103
0.85 136 103 103
0.80 130 100 100
0.80 130 100 100

0.75 125 97 97 ér 56
0.75 125 97 97 8r 57
0.75 125 97 97 ér 58
0.75 125 97 97 ér 59
0.70 120 93 93 ér 60
0.70 120 93 93 ér 61
0.70 120 93 93 ér 62
0.65 115 90 90 ér 63
0.65 115 90 90 ér 64
0.65 115 90 90 ér 65

BEARLRRLLLLLLLALLLLLLLL

0.95 145 110 110
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Table 8- Continued.

Pm Cmh3 Cmh2 Cmhl SOleghe  aads LS ol

09 140 106 106 S5 Ssg Sl 67
09 140 106 106 RURL I S 68
085 136 103 103 iS5 Saig Sl 69
085 136 103 103 iS5 Saig Sl 70
080 130 100 100 RUNRL N SR 7

7B gy & ooleitin gl oSl yo Lojtal s pudass -F-¥

(a5 (Gl Lg s (1l o it LT plie el S 3515 352 ol 2l b jrelil ol pen (s USG01 15 (slagn ;ST ales )
(o SE Ghsy 3 el ol eslinal o SE a alesT b (bl iy 5l e aass ol ookt L;u(.;win 23 3gms0 Sa bl
oS g3 |y Ly eSS sl ol aslinad L jiole 3T 51 oS sl b roons (5o e 3 (6343 315 ganlllas (gl chalazs slaalyl
W g 55 S itns s gbay 15 a5 oS it 0T 52 5 (5LassSB p  (6la ) S 5 U S B (Lo iS16 1S o s oo
NSGA'ﬁ)}{j‘d})jbxibw;&hﬂutatlon cbﬁ@cMWAd)kJDGJyum MJ@&LMbL&)}ZSUd‘&‘chuw}@
sl o NSGAI 1255831 5 550 (glny 5586 o5 5 540 N_lteration 5 Pop size o)l |1

NSGA- 2,981 19516 o (g 353 (gaiuass) -1 Jgo

Table 9- Ranking of the effectiveness of each factor of the NSGA-I11 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.

() J> oo

Yl *

e

Ol Fallie Yalwe VYl Ydle odus)>

83054 34308
2901 1395

398487 383423 78438 100769 19762 GAMS
21136 20952 9048 8178 4937 SS
673 618 302 285 173 NSGA-II
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e GAMS
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Figure 6- Results of solving time for different problems using solution methods.
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Table 11- The value of the performance indicators obtained for each
problem solved by the SS and NSGA-I11 algorithms.

NSGA-I11 Scatter Search

SM QM DM SM oM DM Sy
0.2746 60.5882 332 13331 39.4118 18111 ) 4l
0.8165 1.1111 101.4 1.6260 98.8889 5439.1 Y 4l
0.4876 25 277 0.9134 75 492 Y dle
0.6162 45455 51.3 0.8765 95.4545 534 Yl
07385 3.2468 1454 05385 967532 3514 O s
0.6012 0 965 0.3538 100 1498 7 4l
0.6434 59322 1281 19503 94.0678 15407 Y 4Jls

18000

DM

16000

14000

12000
10000

8000
6000

4000
2000 —'/

0 !!l. no.E m\? TE4 no. no. no.
—— S S 1811/1 5439/1 49/2 53/4 351/4 149/8 15407
e=fii== NSGAII 33/2 101/4 2717 51/3 145/4 96/5 128/1

NSGA-11 5SS 2,651 48 Jauwsgs oads Jo Jsluws DM [aslds dulio =¥ JSi
Figure 7- Comparison of DM index of problems solved by SS and NSGA-I1 dual algorithms.
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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-11.
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Figure 9- Comparison of SM index of problems solved by two algorithms SS and NSGA-II.
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