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Abstract: Nurse scheduling involves creating a schedule that not only has the required number of nurses in
each shift each day, but also satisfies many constraints considering the health and social life of each nurse. In
addition, due to implicit constraints and unstated criteria, simple optimization techniques that find a single
optimal solution do not suffice for obtaining a practical solution. In hospitals, schedules are created with
attention given to the work shifts of skilled nurses. Accordingly, in this study, we focus on decision variables
concerning skilled nurses which frequently appear in the formulation of optimization models, and we treat
the degree of difference in the values of these variables as the “difference” between solutions. We propose a
simple model for simultaneously obtaining multiple solutions that differ greatly from each other. We then
observe the differences between multiple solutions given by our model and how these differences affect the
quality of each schedule. We also compare the results of obtaining multiple solutions that differ greatly from
each other for all variables without considering the importance of the variables.
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Table 1 Example nurse schedule.
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FIT, ZOFETIE, ¥—LhbF—ADKEHDOL Tk
DEND, MBEREO [En] 2RTLEELT, TED
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T, ZTOMROBIEICHESE, RERTIIBIEET VAR
FLTHHT 5.

BARMICIE, 4.1 HISRT PRERRT, 2 D0EBROM
DEWE, FIfi CE SN HBMEERS (AR 16) THsH
153 DR 25, DIEDE (R LMHEF-728) TEZ
5ZLI2T5. ZLT, 2D 153 &K 455 (BT 5 (i, 4, 5)
ERRIZ, XTI RATOEEDL LT ONE L LRS-
LEI, MBROEPEDLIIEAT I 0ETRD.

FHEBROFEREDI S EFVOMEEZ RV L, 4.2
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72, VR 28R OD, Bl OB ERIERE D EHR
ELTCLVARTHLEEZLND 3 ETLET A,
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4.1 FROEIRED =D DEBEER
HBROEDOL NV EHIFTE R EETIVTIE, B
TO2HMBREOEEY K = {1,2,..  knaxy £ LT, HIH
(1)—(15) 2 T RTH-TIFEATTRLZEBROELSGE X, £
DEFE ab (2l iel,jetseS)ETh. TIT, ak,
X, MIBELICBIILF—Z2iOH BV 7 b s OB4
1, 29 ThWwE X0 LR bEEIEERET S, 512,
MBI R % (2725 153 BH 2455 [T 5 (4,7,8) DA
BETELT, af, =aly, =1 (khe K,k <h) £%ib
(i4,8) € TWFAEL T2 & ST L0 B 0-1 KK S A
T4, FLTC, $%Frke K0YE 2EZOENLOHME
B(0) D) % f(aF) &L, KREBRICLEL SNEE
FEINRTGAH L LT f2HEATS.
CoETNVOEANLE, EXALIZBIT S KX 0EKE L
TIRT.
ERAE

Minimize

YD ok (16)

k,heK (i,j,s)€T
E<h
subject to

zk € X, ke K (17)

k h kh
xs + s < 1485,

k,he K,k <h,(i,j,s) €T (18)

flah) < f, ke K. (19)

(16) HIBAEIE, (i,4,s) e TISHLT, afj =alj, =1¢&
b YO A RMET 5.
ANEBEEREc KX, 28OS —AATr YV a—Y) v JET
Vo (ERAR) o (1)-(15) DT RTEF5.
(18)6KL 1%, (i,j4,s) e TIZDWT, a2k =2l =1Tdhh
1 %2 & 5.
19 BFEec K OH f(2F), 2F1) 2 ZoE{toH
HRA%L (0) DIEIX f LLFT% TRV T A,
STHEEER
3 BT MG (R#ifE 2) ZRIC, |T) = 153,
kmax =28 L, fOlZ 1025 2FTLTOMWS LiA
5, TNEN2OOEHREL RO LFHHEREIT 72, K
WAL )V N—& LT Gurobi 8.1.0 #FJL, 2> Ea—%
(CPU: Xeon E-2144G at 3.60 GHz; memory: 64 GB) E
T, 1 HM (1,440 43) % HIBREER & L THEAT L7
xR 3 ILEROKREZRT. LOFINSIEIC, E L
72 f oM, KIBDOATF A & A, KFEEER, B EE
(=2, =1, (i,j,5) € T Lo BHEOH), 2L
T, 1 /LD 25, ZNEN2ODBOY f(xb) & f(x?)
2T, EBOKBEIS, f>57TlR, EEEOSVES
(F—2Z, H, Y71 IZBVWTEo/L{Rhb2o0DH
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* 3 FHEEHROMR

Table 3 Results of the computational experiment.

time | objective quality

f status (min) value f&Y) | f(=?)
10 optimal 8.1 0 10 10
9 optimal 3.0 0 9 9
8 optimal 3.3 0 8 8
7 optimal 14.1 0 7 7
6 optimal 14.4 0 6 6
5 optimal 15.3 0 5 5
4 no feasible solution | 1,440.0 - -

3 no feasible solution | 1,440.0 - -

2 no feasible solution | 1,440.0 - - -

1,440.0: time limit

BREEDLIENTE. MOBLFLHRDR L 25
(f DIEA/INE L 2 B) 120N, RIBEEMAE 2D L0
BB H 5 LI ICEZLND.
EBROEE, 2RI fEHLLRY, fOEEICH]
WIS B 2 NS h oz, Shid, HEEEY (f ofins
KEWV) H5, BHEKMELY BVEIC (RAMELRT <)
BBHEVIHEIES, 2F ), TELET fofizk
LT, HWMBOMEA RAMEL 7R EZ 2 5.
F<ABELSEIE T AR THLETTRME 12
LB ENTER Do, FIT, MBEOTILHI
LCHl) oTidn <, BB TRELTELE2 2.
512, (4,5,8) ¢ T, (i,j,s) € T, s # s \Zxt L,
ol =%, =1 %R (EERSN TS —A0H
IZBWT, WEBHDY 7 FTHELIZR > Twiz) AR
Nz, F=8=v DT 7 IR LI > TV AHHEFEIL,
Pl A, BT RTOSHIEICIRIT B EER, 7 b
DREFEARS TS, BV T2y, (s€9) OMBEE
L AOMBUEE LA 222 (F—ALH) AR
BBV T MIAB L) REBERLEKT I LICL.

4.2 ZRRGEBOSERK

zijs OMBUHEZ (i,7) TLICARILE & ICRS L S
5 (i, ) \Cx LEBROBZE Y (B2 7 M8EI) B TS
N7 AL S, BIBROE 2 R#E{LT5 &9
ERALEABIET 5. BT 2 ZHO LB OGRS T
H5 (i,)) DEEET LixETsE, T=153 %0,
TRTOD (i,5) K 2 O ~v—2r L—F L7z (HEFIC
LoT—HTHLEMS LW EIEE LY., HER
ENTVE (BEROBBFEIEHV) LIVIZBWTRL S
YT MBS, DTFIORTERETE, of), =l =1
(k,he K,k <h) %5 (i,j) € T' HFHAE LT & &2 ok
D1 & e AAMAZEET 5.
BIBROBEIINTLEAL LT p #EBALT, HME
Mo ckLzEgbs, 2o&RN0EKE L TIRT.
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Fig. 3 Layered display of three obtained schedules.

ERXAL

Minimize

PRI RO INICY (20)
k,he K (i,5)eT’ keEK
k<h
subject to
z" e X, ke K (21)
xfjs + x?js <1+ 5Z’-€jh,

k,he Kk <h,(i,j)€eT',s€S. (22)

(20) H W9 E%E, (4,5) € T', Is € SIZH LT, aF

o =1k BRAORERMET S £ b, &)

BROTLDOF—AAT V2= v 7EICB T LHE

B ORI 2 w/MET 5.
QN#HEEe K&, TOF—AAr Y a—1) v 7HED

fil# (1)-(15) DT RCTEF 5.
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(22)05M 13, (i,j) e T I22WTC, ok =2l =1L%2%
SESHHHETALHOITM1 %L 2.
B

oL E AL, 4.1 8 & F CREFICH LT, [k
GLERIHEBRE T2 DOBRE B L EH LT o 72, IHED
FHIAE f(z) 252 T b REE)HR D 2 2B 5z (4.1 8
OFEBRTIE, HIRFEHMNIC f(x) 254 LT OB LRI S
Nhhpolz) TEhH, BFEROGRIHHE LTI DT
E7 <, BB CREIL LAV RWERIEONS
EHGyIr o 7z,

FIT, E51C, WP o THMRERICR S L b
N5 3O0OHBREMLIAERZIT-o72. Thb (20
DEHEEED, 3O00HHEETL) OFEBRKERIE, F
KNSR SN 20, 22T, 3208BELE
LRITHEEBRORERIIOVTRFLCHEL, 2 00HELRE
B L RIEFEBROBRIIMAERIOT S,
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X4 |T| =153 O%aEo Y 7 MEER
Fig. 4 Number of assigned shift types for |T7| = 153.
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W —AF T+ SORBRIHBERET Lo THY, Lz
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DDA Va—NVEFEL, FELVOT—213 7 N OFME
(-1 HE), e #EE), n A&, /K&, + 1 201,
frlEEY 7 ) ZRT.

M4, M3D3IOOWMBEEROEKEFT—ADKHIZEHD
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B 5 |T| =750 (|| = |I| x |D|) O¥E0 > 7 bR
Fig. 5 Number of assigned shift types for |T7| = 750 (i.e.,
T = [I] x | D).

R4 U7 MEEEOSM
Table 4 Distribution of the numbers of assigned shift types.

|T"| = 153 |T'| = 750
cells € 7' | all cells | cells € T” | all cells
fixed - 79 - 79
1 type 8 157 16 31
2 types 61 345 86 338
3 types 84 169 51 302
total 153 750 153 750

x5 3ODEKED f(x) fiE
Table 5 Values f(x) of three schedules obtained.

|T'| =153 | |T’] = 750
f(=b) 3 15
f(=2?) 5 12
f(=*) 4 8

|T'| = 750 TV 734, 302 V3 DY 7 b %1%
7o B —RThleo TEMELEHS ORI, F— A
DAFNV LNV EEEB L WA ICHEATE2EHE2 0N
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EHIFIDOENL L %), FHlOEVEIBHRI TSI L
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A, H) BT RZMEERE> (RER) BBREH57:
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£ A1 V7 b EAER
Table A-1 The number of matches and differences.

IT'| = 153 |T"| = 750
cells € T | all cells | cells € T' | all cells
fixed - 79 — 79
match 21 225 30 67
difference 132 446 123 604
total 153 750 153 750

£ A2 2O00HBED f(x) H
Table A-2 Values f(x) of two schedules obtained.

|T'| = 153 | |T’| = 750
f(=") 2 5
f(=?) 2 3

Ehhol: fla) =2 OREEMHREHGL LN TEL.
2ODEHRTEIN BT/ 7 MAFECICR o722 LD
MERZ - LVO¥KER ALIRL, 2 008HBED
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