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Abstract: Nursing scheduling is a complex multi-objective combinatorial optimization problem that requires the
simultaneous optimization of multiple conflicting objectives,such as nurse workload balance,shift preference satisfaction,
control of consecutive working days,and labor costs. Traditional optimization methods often face challenges when dealing
with the scale and multi-objective nature of such problems. This study addresses the characteristics of multi-objective
nursing scheduling problems by proposing an improved particle swarm optimization algorithm based on membrane
computing ( Membrane Computing-based Particle Swarm Optimization, MCPSO ). This algorithm incorporates the
structured organization, parallel evolution, and information transmission mechanisms of membrane computing into the
particle swarm optimization framework. The core idea is to use membrane structures to partition and manage the particle
population ,implement differentiated evolutionary strategies in different membrane spaces,and promote the exchange and
sharing of high-quality solution information among different sub-populations through inter-membrane communication
rules. This structure aims to enhance the algorithm’s global exploration and local exploitation capabilities in complex
solution spaces, while improving solution diversity and distribution to more effectively approximate the Pareto front of
multi-objective problems. Experimental results demonstrate that the proposed MCPSO algorithm exhibits good feasibility
and adaptability in solving multi-objective nursing scheduling problems. This study provides a new approach that
integrates membrane computing concepts for addressing complex multi-objective nursing scheduling problems.
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Fig.2 Structure of the proposed method
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% 1 NSPLib ##E&E4HE
Table 1 NSPLib dataset features

S EaR JH/d PR AL [CEAT ¢ AL
NSP-25 25 7 A/P/N/R 12 6
NSP-50 50 14 A/P/N/R 23 9
NSP-100 100 28 A/P/N/R 41 17

K 3 FR, 78 NSP—-50 5241 i = 4k B 4523 [a] v, MCPSO J& B8 H1 5 7 (1) 43 A7 31 B, 0 HOAE 0 75 3 >
— 142 —



2B JETROTROR T REFA R 2 F bR g BHEE ] BT 5

0.85 [1725 i X BRI A T 2. M 2 R NSGA—IT fi-4E 2450 (AT 47 POl 4 240 5.7% , MOPSO 7 i Ak
XTEI[ 120,130 ] HH PSR AE G, SA W 3 O TR IX k. X A 23 AR EIE T MCPSO 14 /I 53 DX AL i — AR Ji
51 5o BRI 1 RS 40 TF 2 2 515 B

® MCPSO
® NSGA-II
® PSO

SA

ANFTRA( L)

E 3 NSP-50 SL6IHRIERIE D
Fig.3 NSP-50 instance Pareto frontier distribution

2 WE oM i — D fa s SRR TR S 7 T, MCPSO 7E NSP-100 SEf 1) GD {4 NSGA-II
FEAIG 19.4% , 345 25 F I 04 IR T 2 3R W Jn 3 Jmy S e 8. 0 A Y9 51 P 5 4% Spacing .7~ , MCPSO 7
NSP-50 S fi%5 PSO 2T+ 42.3% , Bk 1 5 T4 BT I 28 19 5 (] 3T A 0 ZHE R I 4E 4P 8O AR R TR R
MCPSO 7£ NSP-100 () HV {EAN e 3.8% ~7.2% , 22 Wi 46 7 56 B i LA A BRABRA E e 3. (45
FERE M, PSO BiTE F, (H MCPSO % NSGA-TI 54 10.6% HIBCRIR T, iE W EI AT WL 2% % 1354
BAH. SA TEA [R)E ) Al M Se 401 b R BRSNS PR RE R D T A X A, X B Kl SA 1R —
e S R TEAL IS A e 2 HARIA) N | M LI AR R AR R — 1 B R ih R 404, ki 4
PAEZ HERUAL S0 & M.

x2 ZERMERIERIIIL (BMEREE)

Table 2 Comparison of multi-objective performance indicators( meantstandard deviation)

Bk S GD( ) Spacing( | ) HV( 1) S
NSP-25 0.021+0.002 0.038+0.004 0.752+0.008 58+3

MCPSO NSP-50 0.018+0.003 0.041+0.003 0.698+0.007 127+6
NSP-100 0.025+0.003 0.049+0.005 0.641+0.006 31512

NSP-25 0.025+0.003 0.051+0.005 0.731+0.009 62+4

NSGA-II NSP-50 0.023+0.002 0.057+0.006 0.672+0.010 142+7
NSP-100 0.031+0.004 0.063+0.007 0.612+0.012 348+15

NSP-25 0.029+0.003 0.062+0.006 0.703+0.011 42+2

PSO NSP-50 0.027+0.004 0.071£0.008 0.654+0.009 98+5
NSP-100 0.035+0.005 0.080+0.009 0.598+0.014 23510

NSP-25 0.047+0.003 0.071+0.006 0.861+0.003 36+4

SA NSP-50 0.035+0.002 0.082+0.006 0.732+0.012 77+6
NSP-100 0.056+0.003 0.093+0.004 0.653+0.012 196+15
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Fig. 4 NSP-100 instance hypervolume convergence curve Fig. 5 Box plot of runtime distribution
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