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Abstract

This paper deals with modeling a nurse scheduling problem considering service level in uncertain conditions. In accord
with the urgent need of hospitals to provide better services to patients, it is necessary to consider nurses’ preferences in
the work shift scheduling. Hence, a multi-objective model is presented by regarding the rules and regulations related to
the assignment of nurses to work shifts, in which the service level to patients is also considered. Due to the uncertainty
of the number of patients that refer to the hospital, this parameter is taken uncertain into account. In order to evaluate
the output results, two numerical examples in small and large sizes with real data of Labbafinejad Hospital with 18-person
and 90-person wards are designed and Epsilon constraint method is used to solve the small-sized problem.
Computational results reveal that increasing the service level to patients is directly related to increasing the number of
nurses per each shift. Moreover, because of NP-Hard nature of nurse scheduling problem, the large-sized problem (90-
person ward) is solved by a Gray Wolf algorithm and on the basis of designing a new chromosome. The results obtained
by this method include 35 different efficient solutions for nurse scheduling in this hospital.
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Figure 1- Social hierarchy of the gray wolf.
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Figure 4- Mechanism of continuous to discrete space conversion.
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Table 6- Suggested parameter levels for parameter setting of gray wolf algorithm by Taguchi method.
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Figure 5- The graph of the average S/N ratio and average averages in the gray wolf algorithm.
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Table 7- Required data for the small size problem.

SITAN Siyaelip &

(Celo )V o el g cela 7 b g oo <) cded e Sl Jsb

! 39 Se b )38 9,8 0 sl slre 6,8 Slels 2Slas

celo YO ads Sy )3, 9 le sl e ) wlels Jlao

el FY e Sy 0,5 g9 2 sl e )5 Sl ST

celoyes olo b )3 L5 s,m o sl 5Lo a0 6,15 lels JBlos

el VA olo b 50 5 (s9,m 52 s e 6,15 Slels STas

I olg Vo B0 5oml O)les gl 50 )15 (69,00 10 anass 1 de > oo

oy oo Ol B4 el anse

cas V0 S50yl 0,95 G )0 ol S jlme i3S la

G VA s S 5o (LS o Sg - A Jgu
Table 8- Characteristics of employees in a department of 18 people.
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Table 9- The minimum required number of each skill level of employees in each shift of each day in the planning
period in a department of 18 people.
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Table 10- The best and worst values of the objective functions of the problem by individual
optimization method.
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Table 11- The set of efficient solutions resulting from solving the problem in a small size.
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4.645 251 17 1 359791 1

4.55 313 16 2 352577 2
4.606 249 14 3 356764 3
4.646 238 17 4 359770 4
4.577 289 9 5 354731 5
4.629 223 21 6 358773 6
4.619 293 20 7 357649 7
4.646 258 16 8 359697 8
4.594 273 15 9 355636 9
4.598 261 14 10 355740 10
4.633 252 17 11 358801 11
4.681 248 14 12 362741 12
4.726 299 25 13 365840 13
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Figure 6- The graph of the average S/N ratio and average averages in the gray wolf algorithm.
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Table 12- Timing of the work shift of the small sample problem.

sty S5 Gl by Gl S5 Gl Ly Gl S8 Gl sl 2
18 6 2-1 17 16 11-8 14 9-10-5 1
12 8-3 13-15 10-5 16 9-11-4 2

16 7-2 18 13-14 4-1 17 11-6-5-4 3

18 15 11-8 13-17 12 10-4-3 13 9-10-6-1 4
12 5-1 16 14 7-2 17 9-6-4-3 5

15 6-4 16 11-8 14 7-3 6

13 10-1 17 11 9-3 12 8-7-3-2 7

12 9-2 18 16 11-8 17 11-7-6-4 8

14 3-1 16 13 7-4 17 10-8-6-5 9

13 9-10 16-12 11-4 18 15-12 7-5 10

15 2-1 17 14 5-3 18 4-6-7-8 11

12 11-3 18 14 9 17 5-6-8-9 12

14 8-1 13 6-4-2 15 10-6-5 13

13-16 4-3 15 5 9-2 12 11-10-7-6-5 14

12 8-2 15 9 11-7 18 10-6-1 15

13 3-1 18 16 10-4 17 11-7-6-5 16

12 9-5 16 15 11-8-6 17 10-8-7-4 17

14 7-3 18 15 11-1 16 10-6-4-2 18

13 11-10 15 16 4-1 17 9-6-2-1 19

15 8-6 12 7-2 14 9-11-5 20

13 10-7 17 12 9-4 18 5-2-1 21

18 5 11-1 12 9-4-3 6 8-2 22
13 9-3 14 12 8-2 17 10-7-6-4 23

12 6-1 14 16 11-10 18 8-5-4-2 24

15 11-10 17 14-9 8-2 13 9-7-5-4 25

12 2-1 13 14 8-5 13-7 8-6-4-3 26

5 9-3 16 11-4 15 10-7 27

14 10-6-2 12 16 11-1 18 8-7-4 28

13 8-4 12 15 11-7-5 18 9-11-7-1 29

18-17 15 6-5 14 16 10-2 12 9-10-3-1 30
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Figure 7- The process of changes in the level of service to patients in different rates of uncertainty.
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Table 13- Required number of each skill level of employees in each shift of each day in the planning period
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Table 14- The set of efficient solutions to the problem in a large size with the gray wolf algorithm.

B abyloiie Fablaie Y alblaie ¥ ablade ) ablade L ol
14.00208 5267 16 32 1163131 1
14.08018 5318 9 28 1163135 2
14.10335 5326 12 26 1163139 3
14.10336 5308 10 28 1163147 4
14.14462 5280 5 28 1163154 5
14.16694 5296 7 25 1163155 6
14.17275 5322 6 22 1163155 7
14.17797 5326 11 21 1163156 8
14.20748 5272 5 29 1163157 9
14.20945 5282 14 29 1163157 10

14.2324 5279 14 28 1163159 11
14.24856 5277 14 28 1163163 12
14.2821 5325 19 25 1163164 13
14.3268 5296 9 22 1163165 14
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Table 14- Continued.

O pblade Faolifade Y alilade TV ab,lade )b laie LHE oles
14.3315 5284 18 25 1163168 15
14.34539 5318 7 22 1163169 16
14.36508 5276 16 25 1163170 17
14.36678 5291 16 26 1163170 18
14.49848 5307 9 23 1163176 19
14.54298 5277 9 26 1163176 20
14.60751 5285 5 23 1163177 21
14.62653 5286 12 24 1163179 22
14.64074 5303 18 24 1163180 23
14.6793 5299 12 21 1163181 24
14,7007 5272 5 26 1163185 25
14.71563 5283 20 26 1163186 26
14.78142 5279 5 25 1163194 27
14.80763 5303 20 22 1163202 28
14.81219 5289 12 26 1163203 29
14.82868 5284 8 24 1163205 30
14.91916 5278 5 26 1163207 31
14.92826 5284 19 23 1163229 32
14.93301 5309 11 21 1163245 33
14.93952 5292 7 25 1163261 34
14.99914 5285 7 23 1163343 35
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Figure 8- Pareto front resulting from problem solving in large size.
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