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Bed allocation based on improved NSGA?2 considering patient equity and hospital costs

Chen Long, Liu Qinming?, Ye Chunming, Li Jiaxiang
(Business School, Shanghai University of Technology, Shanghai 200093,China)

Abstract: To address the problems of large operating costs and fairness between doctors and patients in the current hospital
bed scheduling, this paper proposes a multi-objective stochastic programming model for single department bed allocation
considering hospital operating costs and patient fairness. First, this paper proposes a weighted measure of responsiveness and
access to reflect the fairness of the doctor-patient relationship based on relevant hospital-based policies, and establishes a
multi-objective stochastic programming model considering the operational cost of the hospital; second, to facilitate the
algorithm solution, a linearization method is introduced to process the complex model into a mixed integer linear model;
finally, the improved NSGA2 algorithm solve the multi-objective problem The improved algorithm enhances the
convergence and diversity of the algorithm, and the experimental results verify the validity and applicability of the model by
adjusting different parameters for different numerical experiments.
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Fig. 3 Limitations of IGD
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5.2.1 MiXAHEE

NI O I M BRVRTE ISR . 2 RE . A S T T
HIMERE, HFEVEE FRM NSGA2 AT . X HifE L
WA NSRS HORE . PO N B N 100, FEERE X
e a. =1, TXSBHWHE N 20, TXMEN 0.9, FhEEA
FoAitE an=1, BRSHPHKEN 20, TREEN 0.1, K
KIEREL maxFE 9 500 K. {E NSGA2-DS 5k b £y id 3
R EN fe[0208], FRERFEMRMIBEKME. 5 ZDT
ZA)MAE P ) ZDT1 Al ZDT2 AR AN E N 30,
ZDT3 5 ZDT6 WA s Nk BN 10, DTLZ F 51 R 41
KA AR B E N S, AL mRIriZ 4T 30 K.
5.2.2 =B iK 22 B R AT

PR ELVETE ZDT R 5006 ek S BUE 15 H 4 SR an 1 4~7
fiz~, DTLZ &5 R S BUE 7 B o5 R an i 8~11 iR
BT ZDT RAIMEII KT BB R L, E & R Y %
FARNRE AL MR . & 4~7 "4, ZDTIL,
ZDT2. ZDT3 PR R i 4 R 7x NSGA2-DS HiE A
NSGA2 SR e 13 BB R SRR, 152 Bt i Sk B e
[t NSGA2 Y slish R BRI RIGRTIE; 7ERAE ZDT6 ik
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Fig. 4 Comparison of the ZDT]1 test function of NSGA2-DS and NSGA2
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Fig. 5 Comparison of the ZDT?2 test function of NSGA2-DS and NSGA2
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Fig. 6 Comparison of the ZDT3 test function of NSGA2-DS and NSGA2
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Fig. 7 Comparison of the ZDT6 test function of NSGA2-DS and NSGA2

wnlEl 8~11 Prox, #iAZ oy DTLZ F 510 ek £ 5
S RALIAFE, NSGA2-DS fIl NSGA2 HiAfE K DTLZ4
B BR B SRR BLdF 5 ESK A% DTLZ1. DTLZ7 i b5 %4
flgi Kb, NSGA2-DS M sttt prsR g A4 501k . 2 ¢
eI T NSGA2, {H1E DTLZ6 Jlixk b6 i i) e oR il s vk 5
AT 2 5 NSGA2 Bk, AR 2 ST R AN RE USSR -
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Fig. 8 Comparison of DTLZ]1 test function of NSGA2-DS and NSGA2
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Fig. 9 Comparison of DTLZ4 test function of NSGA2-DS and NSGA2
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Fig. 10 Comparison of DTLZ6 test function of NSGA2-DS and NSGA2
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Fig. 11  Comparison of DTLZ7 test functions of NSGA2-DS and NSGA2

NTEEEEEERE, BRI B SRR R
R GD. SP. IGD™ BTGt /NI R B iz AT
30 HIMEHE . Wk 5 o, A% H T#45 NSGA2-DS H
VETETH S IGD R bR I SRR B, 3R 2-3 4 20 B SvHw AN
W GD. SP. IGD'¥EARE ST Z. HE 2 WA,
%7 ZDT3, ZDT6, DTLZ7 ] NSGA2-DS ¥J{ AT NSGA2
HIsR AR &5 B, NSGA2-DS it 45 B8 B NSGA2; 1)
JiZ MR T DTLZ4 fl DTLZ6, NSGA2-DS [f145 R & /N T
NSGA2, HAHEMMEHME. M, f% 3 15 NSGA2-DS
fREIZ NS oAt e AR LT NSGA2, 3£ 4 11 IGD FEARX)
LLH AT E Y NSGA2-DS MG IR TE . S ARk
F NSGA2. BN G I SVETE S A Fe br L R ISRt F
Bk AT, H 2N B #T 5 15 H NSGA2-DS T 5] N i v
B 1) S0 32 SRS TE SRR AT M RS2 ie e 2, R A
PR B H B R 5 B SO P B 3 R B A, (H AR b
NSGA2-DS VRS T NSGA2, 7ER MR 2% o il i I
SALF NSGA2,

* 2 HULM GD /Xt

Tab. 2 Comparison of GD metrics of algorithms

MOP WE WrE
NSGA2-DS NSGA2 NSGA2-DS NSGA2
ZDT1 1.2905E-03  1.1155E-01 1.0383E-01  2.2383E-01
ZDT2 7.7206E-01  8.0814E-01  2.1526E-01 4.7526E-01
ZDT3  3.4035E-01 1.1853E-01 2.9865E-02  1.4833E-01
ZDT6  1.2527E+00 7.6714E-01  6.7582E-02  8.7535E-01
DTLZ1 1.0644E-01 1.1650E-01  1.1753E-01  1.1960E-01
DTLZ4 5.6410E-04 1.6629E-03  3.7653E-03  7.2703E-04
DTLZ6 1.2322E-06 3.3224E-02  5.2175E-01  4.2736E-02
DTLZ7 1.7736E-02  6.3030E-03  8.7163E-04  9.7526E-04
3 BEN SPIRERXTLL
Tab.3 Comparison of SP metrics of algorithms
MOP HiE U5 7%
NSGA2-DS NSGA2 NSGA2-DS NSGA2
ZDT1  1.1857E-02  1.4286E-02  4.8513E-03  5.1675E-03
ZDT2  8.8445E-03  4.3118E-02  2.6579E-02  3.1536E-02
ZDT3 9.6351E-03  9.6484E-02  6.2306E-02  2.0089E-01
ZDT6  6.4859E-02  8.1663E-02  4.7976E-02  2.9267E-02
DTLZ1 6.2130E-02 1.2700E-01 3.5439E-02 6.7673E-02
DTLZ4 52798E-02  4.9750E-02 1.0575E-03  2.4318E-02
DTLZ6 1.0868E-02  2.8241E-02  2.1739E-02  3.2587E-02
DTLZ7 7.8114E-02  6.5458E-02  7.3516E-03  8.6576E-03

53 HBISERRSH

A B L 5RO N7 5 e B A S B SRR, B0 I sk
F—H . FH NSGA2-DS M1 NSGA2 &K b & H AR
BHRIBERLE R ok, RSCE 5N R PSSR 1 B
) B3l 384k S92 (Multi Objective Black Hole) % S 4513k 4T SR i o
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Tab. 4 Comparison table of IGD+ metrics of algorithms

BEFrtERe, Fi MOBH HikL5 B 51 NSGA2-DS MOP IE BHE
VR SR AR 45 0T L ISR BVE AT VRPE DL R . B R NSGA2-DS  NSGA2  NSGA2-DS  NSGA2
M BFC MBS S, ACHEEMBEEN 100, 22 XA ZDT1  2.6380E-01 2.6731E-01  2.1354E-01  2.7446E-01
%5908, BRMER 0.2, HAEMRKE N 500, A CHH ZDT2  7.2289E-02  1.6480E-01  2.3286E-01  1.9115E-01
H A 5256 25178 Inter(R)Core(TM)i5-7300HQ Ab 3 28 Fidk4T, ZDT3  7.7883E-03  7.4604E-02  1.7964E-04  2.1827E-01
CPU ) 2.50GHz. ZDT6  4.0492E-03  2.4583E-01  7.6553E-02  3.5836E-01
AEZEAE I ANA A F R R K. fEPFTheE s DTLZ! 8.9427E-01 2.9019E-01 5.2123E-02  3.5009E-01
M KSR RS, BHASR, RN B B R 45 A [ 9 BT 7 DTLZ4 7.2021E-02 1.8170E-01  5.4791E-03  1.9456E-01
FIRAMAE . FBHANMERE BN TR 6 FIR, W5 DTLZ6 5.1624E-03  42612E-01  5.2175E-01  5.1147E-01
BECHN 300 4. DTLZ7 8.3260E-02  1.4033E-01  6.8030E-04  1.2387E-01
* 5 #5r NSGA2-DS H %M IGD+Hi b 25044
Tab.5 Experimental data of IGD+ metrics for some NSGA2-DS algorithms
ZDTI ZDT2 ZDT3 ZDT6 DTLZ1 DTLZ4 DTLZ6 DTLZ7
1 1.2369E+00  5.5009E-01 8.3731E-04 1.1201E+00 1.3793E+00 7.4869E-02 4.5272E-02 2.6386E-01
2 14817E-01  1.8469E-01 1.3343E-03 7.7460E-01 4.0639E-01 5.4145E-01 6.1207E-02 2.1322E-01
3 1.3494E-01  1.2456E-01 5.5377E-03 5.4134E-01 5.4101E-01 7.2493E-02 4.9200E-02 2.5220E-01
4 93185E-02  2.0480E-01 5.1773E-02 1.0118E+00 4.7429E-01 6.6197E-02 1.2824E-02 2.4571E-01
5  4.6381E-01  6.6873E-02 1.9210E-02 5.7931E-01 2.4599E-01 6.9159E-02 1.6820E-02 3.2278E-01
6  5.6183E-01  5.4086E-02 1.5812E-02 1.9935E-03 5.9775E-02 1.1230E-01 1.7746E-03 8.2786E-02
7 46979E-01  2.8209E-01 1.0978E-03 1.4068E-01 7.7372E-02 6.8710E-02 1.3956E+00 5.7351E-03
8  4.8367E-01  6.8352E-02 5.2100E-03 9.2168E-02 6.9379E-02 1.3291E-01 1.4465E+00 3.4214E-02
9  8.0304E-02  9.5271E-02 3.1011E-03 3.0865E-01 6.5800E-02 6.5710E-04 6.8387E-01 1.1199E-02
10 1.1164E-01  1.6310E-01 1.2379E-03 3.9021E-02 5.4966E-02 1.7579E-03 1.1603E+00 7.2705E-03

F 6 HW ARG HE G REAEER
Tab. 6 Table of basic information of some patient types and wards

NI PRI 5 R ERN /R ST At A B BIER

L E Nt 4.383 9.325 231.52 14
R RBA 0.442 7.662 724.35 7
wim o A 3.523 2617 502.31 6
HaE  BA 0.235 2.701 219.23 3
WE Ak 8.965 9.970 193.25 6
Rk Ak 0.178 10.259 595.00 4
HFE BA 0.498 6.212 511.08 7
A E aeis 3.512 11.231 257.09 13
Rk RN 0.642 10.326 276.01 5
Rk RN 0.215 8.679 735.00 7

FLR BRI b5 1) i S B AT REUE 70, DARBLER B
FEVE F PR i R AT BB 0L, OB EE B 12T HhL
I3 N 5 14 RS Bl ISR R B e 38 SR SOAS fie /NI (1 fie (e 4L
FRAONE DL T BN AT I SR F) .

®T SHEHME
Tab. 7 Table of parameter changes

UES I 3 A R AN N S
1 280 1.2
2 290 0.9
3 300 0.8
4 310 0.6

MR bR B Rl B BB, B BA R B AU M
AR At 2 FEM R HO AR o VAR MRS il R RS ALt 2 8
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PR Y RS B SR AR AR v — ELORFRAE 2.33 Zid, AP IORLEAE 0.5
A, BFEARTIREN T RO AR EE. 2 M KT
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NSGA2-DS b E . 45 5 B/RTE SRR 45 3R L NSGA2-DS
HiL5 MOBH LR iR 45 ¥ T NSGA2. NSGA2-DS &
VR ) T SR A S A A 3R 1, MOBH B35 B AR 7E 3K A8t BT SE IS
[t NSGA2-DS %5 HE RIS, 1HRfFLEH L NSGA2-DS #%
%, FEAPRE 0.5 FIALBUN BAF A T NSGA2-DS £
R shiE R K.
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Fig.12 Comparison of the Pareto optimal solutions obtained
by three different algorithms
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Bl 25 BN, 99 5 IR WCR %A R, A 13 [ s
AT LA 0 55 BUA B — B M s KA R, BIF EE R & A ik
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Fig.13 Optimal solutions for the three algorithms with different
numbers of total wards
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Tab. 8 Optimal Pareto endpoints for different ward capacities

I s 5 LR ES
250 E'={1,1,0.667,11,1,11,0.967,0.967,1,1,0.9331,0.95,11,0.883,0.933 1}
E2={0.8,1,0.817,1,0.831,0.8331,0.817,1,0.8,1,0.833,1,0.8,1,1,1,0.883,1}
E'=({11,0.88310.9831111,0.967,1,0.983121,1,1,0.983,0.883,0.983,1}
290 E?={0.851,1,1,0.851,0.8831,0.85,1,0.867,1,0.867,1,0.867,1,0.883 1, 1,1}
300 E'={11111112111111111111}
E2={0.9,1,1,1,0.883,1,0.8831,0.9,1,0.917,1,0.9,1,0.917,1,1,1,1,1}
310 E'={1111111211111211111%

E?={0.951,1,1,0.933,1,0.95,1,0.95,1,1,1,0.917,1,0.917,1,1,1,1,1}

HK, EHMPSHEATERT, i Ue e bR %S &
TSI B N IT T ARG B8 e S SRR = A R .
AT A S AR IR R 1.2, 0.9, 0.8, 0.6, WIE 14 Fis,
TR R AR I 4 LAY A AL $8 H s NS 1R B AR AL
MEEH RN MR ERER FIREGER, KZHHHLT
NSGA2-DS FIr 3R 15 A TE A [F] A P48 50 TR T H AR A 50,
FTsREE R, HR, AEHEMPISHEAEBL T, Bl
25 Bt M 55 % P 28 28 SR 5 N BT 75 A A 3 JHL ) S A A B = 2R
HISEI o K B RS R A AR RS 1.2, 0.9, 0.8, 0.6,
WE 14 PR, =FER S AR AU fia Bk sh i
BAERA MG BN TR E A e FIRE R, K
ZHE LT NSGA2-DS firsR 13 A AEAH R A P48 30 R KT
HoAh PR, FroRes B, MREREMEGR, HEERSK
HE EETE T MOBH 8k, MR 9 fil 14 nLUE HEFT A
ML B A B2 U R AR, TERCA 2 IS 510
ORI, e S5 720 R W A 32 3 52 i HLAS 4098 55 s AR AL 0 SR A

SERMIRZI R, W R FEIL T b R A B B A AR
BEANTAT YR o H T B A A S H R S5 BRI AP i A
N HRTe, FRHHN S S ERNEZEAL, Fita
JIAS 23 BB A S AL A B 9N T FAEAER S T 2 ~F AR B i 3 A
TREFAZ .
R 9 BANLSAANRIE 2N BRI 2T A

Tab. 9 Optimal Pareto endpoints at different multipliers of unit cost
EES IR ES
06 E'={11111111111111111111)
08 E'={11111111111111111111)
0.9 E?={0.91110.883331,0.8833310.9,1,0.91666,1,0.9,1,0.91666,1,1,1,1,1}
1.2 E?={0.9,1110.883331,0.88333,1,0.9,1,0.91666,1,0.9,1,0.91666,1,1,1,1,1}
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Fig.14 Optimal solutions for three algorithms

with different unit cost multipliers
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