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IRZ IR LY I 2 AR ELAE A k. DRI, 7 - HEBIE 1) R IG 10 2 %o 2 e R 5 BN D30 2 5 3 SR i
A AL R 2R 1 R, AT SRAR DAL — TR E PR Ak

P EHEE R AT LR R TR R IL, MR R TONIRN. R RIEHL
ARSI SEAN R R B RS RS HEA Isken U 1 Glass 45 ) 8 H O BE B0 R T77%, LA
J¢ Belién 4 191 RO 2) SR M TTI5. BeAh, He 46 171 91 AR sSR0SI ) AT 1 2 5

S35, AR ASEBARR] T AR W ICE KR, Burke 5 B 3 Y 10 - HEBE U VR
BEERER, L5 AR I TR SE O AR AR R D01 R 12 AR R R 18 ok
SRAFS LHEPE L oAk, B0 L HEHE R EUE A AR 2 A R T7 R, FIA0 Bai 45 1) SR IR A LS
. Anwar 45 191 $2 R R UEE RL K Huang 55 1161 52 A E b BT,

H 7 L HERIE ] L MSE B S AR i H R R AL, AN TR] B2 e R AN 7 75 5K 3 B0 17 U YT BLOR
G HEEE SCHEB, I UL A AR S, T2, &SR CODeS PRI T /0
RS E 0718 BOE A, fESE 1w E bRy L HEEESE R B, Valouxis 45 191 S H B HONLI 5 R
PRI R AL & HIR A HIE . Burke 48 PO SR 70 SO S AL L 55 2 32 A0 19 3 2 4 R R
S HIER] T HA R

T I BE B R Se b 5, 5 2 Jm E BRAR HERE SR 3R IR SR T 2B B R R R,
FESR I W WL SRR PR BE R |, ST T 2 B B DG N BE A HERIE A 9 75 SR AL S AL, A
M AEAFHEPE B HL RS T, 5 BRI g0 1 SR AR IR ARTE. Rk GEFR kAT 15 SCRMBLS N, &%
7 SCRMIREN DRFE, ASCER I FIRAE R IE P HEA O 4.

AT BEBERT B N G 5 SRR A AN E L, RO A HEEEAR 25 5 8 AR B AR A I 5 22
VAR RULSE 2 s bR L HESE SR R R TR ARSI A, AR EEANHERE A R o 2 AR
FRIB B, 2o 5 H B BOEEAT HEEIN JoiEAS R0 SRR BUR N S /3K, RN Jois 3 e i B RS R. 2
ZREOLT, VyR & 255 8 T Fr 4 AR B HETE R ) (1 AR &

ASCHE SO XA 2 Ry L HEEESE SR M B M 2 ARG U R R Ok, IZEAE T
S H bR R BUE N 2 BN L BCE T AN F RO, A AR 2 B A Gt s . A T AR I
A B (A, SRR A Tt K BT A BB RO R AL, Xt A H AR R B AT A AR E
IEARIREAA ot e VUM, B30 H o B, R B E N AR 2 A SO 2 4P b AT S AL
Hx, FEMER T 2 s AR 2% FE XS A AR TR B ARIBI R, IF AR AR AR Eh 1 I BORSh A R BEIR R %48
BRRORER. BEAh, B B IR AT 1 AR S PP A 45 R BT 1 247, AR TEEWH. &5, Fik
BeiE 7B H bR e s A R 2R A S, DLSEBUG B P BR 2 R B AAE.

ARSCHE T RAER 7 5 F2 00 N A5 M. 5 2 XA 2 Jmdr L HEPE TS FR 0 i AU R AT T ] L
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.5 5 T HE SIS SR ) E B SRS AT TR T IR B a — TR ST B4
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AW R HEPE ) AR AL B b A& R e TR SR B I R R AT Be P 4 ) AR R
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1) ‘B 7 M3 A http:/ /www.kuleuven-kulak.be/nrpcompetition.
2) ‘B 7 M A http://mobiz.vives.be/inrc2/.
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d, d, d; d, ds ds d;
m b3, ky hy, ky hy, ky hys ky hy, ky Iy, ky
n, hy, Ky hy, ky hy, ky hy, ky hy, ky
n3 hs, ky 3, ky hs, ky s, ky

4 h3. Ky hs, ky I3, ky I3, ky
ns By, ky by, ky Ty, Ky hy, ky hy, ky hy,ky

1 fREERA

Figure 1 Example of solution

APEAR T KRB PR, O TR, A5 R PR IS MR
AL — MR, G, A FIERISHERT R, BB L KRS e, BB AR
WA (BE BRI (MFE, 34 s (K, BB 5) 1 (WK, B9 L) I 4 MM, %0
S48t LS MR 7L PRI KO WA B RN R 0 AR, SR 13— IR,
BT AE I I Ze HERS  FBE, IER A Ze— AR R —R BE, B3R, %L
SUH IR LA BAh, A HERERN RIS A B, KR 26 I BT HEBE. Rt
WL (THESERT, JCRE ISR R B HRBE, R0 S0 B R TFL R 51 A S
RAGE, FATRIGILIE B (F55) BEMRT— MBI BUR B BL e oE ol A 2 2 T B
S T AR A0 0 A SRR AP L T 42, A S ARALE T L3R 0
L T3 8 TR RAL. IR LR RS, B TR RS, M PRV b B R B 5
SRR, BEAP, AP T LU R Y56 0 S SR,
SN ¢ KBS RS B R RN BALR. & D N HEER W % RARM %S, D,
AIEL i h % KISEA, D = DU Dy U=+ U Dy N RIS B NSRRI K then
fetrs X[ A N |Dof HOBERE, FT30RA 4LAEM B 6 o % R s HEEA R, Joob, 468
(SiftOf) 7T W M —MHFRIBESG XK Ay (V] x |D,| (0RBE, AT AEW B i &R
{3 Al 1 S IOBEV: X/ R XK SRR T R ¢ ORI R X, B H0R
X, X = (X0 KXoy Xl B LSIT —A 5 Ak 7 RO RRGL ME AR — R
AR, 05 ny {655 dy RUESHAE I (hs, ko), 1 ny 7658 dy RAREL.
AR 4/ R B
o Hy S—IRIRAR. AP EREE SRR A R A SR R R 0
JrF, SRR E 3L,
o Hp NEUTBRASR. AERAEAH IR HOHESE NSO T H MR R
o Hy REAR. [P LESRR SR L E OB, i, AL ERR L
TR, WA RASRE RIS 1 R
o B BERESUR. ScHREUS IS S AU RS A B, SeHEAE (LR, )
PR AU KA g,
B, FEA 8 AR R G IR 4L
o Si BALABLAR. HERE ISR 51 5RO AN T4 E R, RE6 g4
S| 1AL RO T4 T Hy LR ARSI R N B R M.
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o So EEETIERLSR. HAS MBS T {EREUAFE L 5 i X 7] P, 6/ Hh AR AL T4
A E] 1A IE T

o So ESHARBERAR. G/ g B — HE R HOA B4 K [ 9, 5
SRR 0T AR F AR 3 1 AN R 5

o Sy EEEMKEAR. AL RIS R R TR AL E R I, AR R R
ZF| 1 HALIAET.

o Sy, TIEREFAR. IR AP ilR RS L IE, (B9 B e % T 3
A2 B 1 AL,

o So. REARAR. MR 10E FIHEESAT 52 R0 A, WA A HIHESE A U #
¥ LSS PR, T ] 1 LA T

o Sy, MHETMESR. AR LR R e A TR SO AL E K ), R
R TAE H AR5 1 AR E S

o So. BERHYEAR. AP AR R T (0 AR T4 5 ik
fi, AP — A TR IR AL B 1 AL, Horb R SR FAERE — R BB R A SR T4,
TN

Horp P B 20 AT AR B B b 5 18 i B a2 BV B HERE &0 TR B S7 5
Ss AL R AT AE BB B % 8, BB BUE AT 19 RINATEOS A ARG, S7 5 Sg i
BAWIZR, BT84 AR HEE R 2 B BUdtAT 19, BRI AR HE A — D B A e e F 5
XA LR A SRR RE. 0T At B, AT DR B A PPAS SRE 25 18, LARIT 1L Hi 9 A5 p& M
RidZ%. 55, BT Hy 5 Sy RS EHEAR AR, HAb 2R 80 Ay, b2 WAL
SN R RRERSR A H bRy, RN HEUE RIS R, R X PR Hy ~ Hy, RN R
WSy ~ Sy ZBIMELT . BIAR S; AEFTA I BRGSO £i(X), HERECN ¢, W&k
fit X B HBRREL f(X) sk (1) B,

8
f(X)ZZCini(X)v (1)

AL SR SIS 2 R T VS g SR A P Cilin BE R AN GI=R Z &N ) 7N

ORI L E AR R 3 2K

W5 BN B B By o~ 68l e 1 HEDE R A, Rl RE M L HEOCRI B fE, H
T K AR S R RO, ANFEF SIS AT A, BRI HEHEE A+ 5 A2 T i & R 2R A
HApEFME T Sy Al Sy Fid RAESLREM LTRS¢ il KR BERAG SRR, S7 Fif L
R HEPERIX 8] A S Hhi S BRI R R HFHE S B FR.

ORAR S T AN B, Herh G5 TR Hy A1 Sy B33 SORE B2 I ARG 5K, BT — B B b
RAFA I T AE R AR R AL L8R, DLK S5 i 9 HiE R EEK.

P 5245 JE B AET — B Befteidian Ja — B BERO Kt T PP s B BeZO i ads S s . SR [ g 245
BAEX R R EORHEES L BUR e — RIHEE . LR B m (SR HEE R AL
SRS B RESE . SRR & B S AT DOREAE R TR Bl DA A 2 SR AR A AL B2 Be A .

HAREH s QA S 3% L RAE L TG LN AL PR 225 55 38 10 ) il SO A 118,
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TREATAE: SRAFZ B B L HEE R AU R R R

3 THNEIZHER
3.1 EBEILRIEMER

?F'iﬁFﬂi e ) SR i 1 AR B B AR IR AT, B30 o BN HEBE R . andRik 1 Fow, AN B
LA 5ef 2. Scenario ERYEXHINTSAEE by SARK B R SRAE S Weekdata; AN, A AUZE 248
REE, iﬁuﬁﬁ-‘%ﬂiﬁ@ﬁﬁ@% X; SHETHBAE IR hiy. EARUGEIES D, LA MILUE N
AR BB, Wy 4 A 8, HES388 R ot SEl— AL SR 5%, R4 ER
Wi P A% 20K 56 OB R BT A B B ) I

i 1 P LHEE R AR AR A
Input: B B Scenario, InitialHistory, Weekdata;
Output: SRIBRISCHEFE R X
ho < InitialHistory;
1 <= 0;
while ¢ < t do
X; < WeightedTabuSearch(Scenario, h;, Weekdata,); // WA % 2
hi+1 < GenerateHistory(Scenario, h;, X;);

1 <=14+1;
end while

Xt BT BOEATHEMEAE A 1 AU e R Sk, HOp RS a5k 2 R, BEE e A AN AR
VIREARAE D9 i A, AR5 S8 (TSR rh Ve BRSO F) 22 RRIBAE Rt R, AR S i A S rh P R XT 24 i
fi st AT ik, SO e R IAE X A, B S EE REAT IS, BIAL E KT AR Rk &R
I R BN B e ACHEPE. T PR — AN BUEAT HEPE, 75 B SCRAN BUR X, 19 H AR AL

ZCJXfJ +ZCJX91 (2)

b f5(XG) AR Sy AERY B AR 2N, Hk SO0 SOMEN o e I A X TS AR
. g7 Al g5 IR S7 A1 Sy HUUTIBLVF A & 2L
R VRGN 4 TSN BOR MR ) S5 SC B AR 1Y

B3 2 KEY LA SR AU B R BEE AL
Input: GRS Scenario, History, Weekdata;
Output: RAGHIAR B BARARETHRI X
X,; < GeneratelnitialSolution(); // EEE‘Z%)J;ZL‘% 3.2 /N
s <= Xy /) s TR HHI#E
repeat
ResetWeight(w); // W 3.5 /N1
s <= TabuSearch(s, w); // S 2 ABIIEETIL R, W 3.4 DNHE 3
UpdateOptima(s, X;); // BH&RmLE X,
s <= SelectRandomly(s, X;); // M s Al X; FHEEMERRBENGE B —MEAT 2 5 R B3 2
w <= AdjustWeight ToBiasNurseWithGreaterPenalty(s); // T TIALE, W, 3.5 /N
s <= TabuSearch(s, w); // BiiiPEZ AR IMEE TR, W 3.4 PN IEE 3
until i 2 45 1E 5
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3.2 VIIRFRERL

WIGEMRI A S T 2O M&E I 77325, MBI BRI B — R BB Ja — RS Fe I TR DL i€ HEBE T
R X TRE—R d, Gt kP RS RARTE RKE rg e, BERALREN & &I TARE R N2 T
BRZH, rap = 3 ,cr MinDemand(d, h, k), Fe9 MinDemand PRECRIRSS d RIEIK b 588 k& B )RS
(h,k) FINBCTFBR (BEZ)R Hy). SRS AR H 5 ZERE 4 120 num 0 U E SEHFIEAN B RE 1)
FrA I R, Wi r/num /N, SR BRI AT R L, FEFELLERE Zi 2, T LABCE G T HE;
S AR R4 AT 0K, MU 8. FE A r/num EEECKIMHRETT G, 451%H0hE
[ A I TR RE IR R 4 1, ERA B Hy FE B ANECT BR. TR I A4, £ ORIEAN I3 [ il 249 TR
Hy, H A1 Hy BITEOCT, RSei £l Beae B8O D 1990 L, A7 24 ae 80m R i 47 L i BBk iz — A4,
PAZE 5 B4 Re I [A) RS £f B B 78 R NG, [RIHPRAERIG A B 2 A6 1. BN eE dy RETIERE (hy, ky) 2
DFBEAER TERE by L, 3 g A g R EREGE &y, 71 ns R RS kA Ey PRI
Hoig, WAERRILET LI, A ng Al ny HHEEREZRFENLILHE— N E 7% AR, BIZ2HE ny B no £E28 dy
RAEFHHERE by EHEIR hy.

B TZ B0 A9 IE D7 VR EUE T B, B0 B AT AR AR AN R B2 R Hy I AREEAR. (2 TR S,
WAEAE, RIS T REWE SR ABEIER K, 2/ B RWET, KIESE S Rz L
WA RME . SRR T SLUR LR, 183 20 O A 1 7 V245 B BRI aa Al A2 100%, A s ZEiEid 8 &
B5.

3.3 4BELEH

XA IR B 0 e R X, A DOl O — AN S ER B — AN R A B X, XA
A I PRy X, AR, 8 X, AR N ISR X AR N AR EhfE m, 21EH T X, B0
HERIEE SN M(X,;); C N Boole FK3E U HEH 14 bR £, W 2R Fir4s Boole RIE X UNEEL 1, 75 HY
0. JUPKE T4 L AR B e 3R] LASE SCan R SR ah 44

o HEMNHEIE. LHFE AR d RIKEMI L n £ d RIEX b 6 b BYE ZAEEMEREE N

Mi(X;) = {mi(n,d, h,k)|¥n € N,¥d € D;,Vh € H,Vk € K,xl! ;= ShiftOff A h # ShiftOff}, (3)

PAE 1 P i e o), B IRARTE dy RARERH L ny ZHERI A (ho, ko) TAE, WIAZ 9K 2 i
NI
o BOHEE. LHIEARLESE d R B 0 S d RARE. IZBESHER LS N
My(X;) = {ma(n,d)|¥n € N,vd € D;, x|, ; # ShiftOff}, (4)
CLE 1 BRI m o0, 2R ATE d R EVERI & ng AROE, MIAZ NI 3 B s 12T
o TWEHME. ZHIEAREY d RINK o | Hif o, , LYERIP £ n 25 d RIEIR b $556E & L3E
ZABEENERI S N
Ms(X;) ={ms(n,d, h,k) | ¥n € N,Vd € D;,VYh € HVk € Kz}, ; # ShiftOff A h # ShiftOff
A (xfn,d 7£ hv xil,(n,d 7& k)}v (5)
LABE 1 Pos B 1) &9, K58 de RIEARLER [BRE (ho, ko) EIERIFF L ny ZANTE (b, ki) BBE, NI
2B A PR AR .
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TIEATAE: SRARZ B B L HRRE ) B R R R
d, d, dy dy ds dy d;
m hs, ky hyy ey hy, ky hy, ky hy, ky hy, ky
1y by, ky hy, ey Iy, key by, by by, Ky
73 hs, ky f3. Ky hy, ky hs, ky
ny hy, ky by, ky h3, ky h, ky I3, ky
ns hy, ky hy, ky hy, ky hy, ky hy, ky hy, ky
2 IEINHEERG)
Figure 2 Example of adding assignment
d, dy dy dy ds dy dy
ny hy, ky hy, ky hy, ky hy, ky hy, ky
i Iy, ky ha, by hy, ky hy, ky hy, ky
n3 hs, ky h3, ky h3, ky h3, ky
1y hy, ky h3, ky hs, ky b3, ky
ns hy ky hy, ky hy, ky hy, ky hy ky hy, ky
3 A HIRA
Figure 3 Example of removing assignment
d, dy dy dy ds ds d;
n h3, ky hy, ky hys ky hy, ky hy, ky hy, ky
ny h29 kl hz, kz hz, kz hz, k] hza kl
ny hs, ky h3, ky hy, ky hy, ky
4 h3, ky hy, ky h, ky hs, ky
ns o ky Iy, ky hy, ky hy, ky hy ks
El 4 TEHERHG

Figure 4 Example of changing assignment

o HRHRE. BUHALH SN 0y BT ng fE5E dy B dy REGHFPE. ZATEENERISR G N

da
My(X;) = {m4(n1,n2,d1,d2) Vni,ng € N,Vdy,dy € Dy, dy <dy A ( > Cafl . # zfm,d)> > o}, (6)
d=d;

CLEE 1 BRI i) o B, 2834t ng A ng A do B ds RIGHEEE, WIAR N 5 Fos 1488 .
4 Ppalsgbfa b, S0, gl AR S HERE I S AR BEAERT RN, T AS B HEHE ) B R FERUR. BARZA
T 3 FhARIE BN AE I ZH A RT AR R A e R ARk 3N A , (R )R 348 2R B — 2D 18 1B B Re % ok H A ek 2
SRIEEh e, ARSI AT DL AR S R Sk A A . Bl n AN A S — R ES_EHER, A8 el 1R X —
R HEBE R DS R RIE SR AT P N8 S HEPE AT I8 B0 . 5 B X AN 4 & S AR B AR H bR bR E0E 1 2528,
A RS BB, (B Je g e o — AN L (AR BRIV, 2 R IR BT IR 1 e NSS4
BRFEEORERET, TRZLEINRASHEIAT, Wi FHHEGIMEASHHEE. 55—, W
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d, d, ds d, ds dg dy
m hy, ky hy, ky Iy, ky ha, ks hy, ky
) Iy, Ky Iy, ky s ks by, ky hyy ky by, ky
3 hs, ky hy, ky hy, ky hy, ky
7y h3, ky hy, ky h3, ks hy, ky
ns hy, ke, hy, ky hy, ky hy, ky hy, ky hy,ky

5 IRHFHIRG)

Figure 5 Example of swapping assignments

SR Sk (AR A 70 A A Al B 2B AR, b (PR P e S B oR. 5 ks S8 e pi 97
AR RIGHE 5 522 A AN L AOHEPE, AT RE HBLSE AR 3 — N L I HEYE R SR RIS A
BUNT NECRIREIE O, Bk, SZ e BEAE a3 Fh&BIRah 1F 4 &1 i 5 & AR s 1, BARILE

3.4 ZUHERINE

WIREE IR USE S ZONNELE, AR R IR DI AU, I RIS 4 FhEE AN R A 4RI
R — AT R, ISR 3 PR, 2R e T B AR MR AR S, R R AR S R
FEVFITA SBIEIESHAT IPIRES . BRI PAT SIS ZOS AL, ERNES: @ AU H th ikt A
KRR RPN OUR s+ B I, FERIE T, BB BERAE My ~ My IS0 M, 25
X M T S EREAT PP, THEHON B AR R BUE I R R, RIHAT SRS 5 15 200 A 1) H AR B
ST BT B A bR R B ZEAE. 3 (R DR ARIBIE m )5, SRR AR 2RI,
PATIZABILEN 1, I B A AL R KR M. o JE AR 1% AR 1 0 B ST R — OB % <R3
e IR, 45 TR 4 R R A FL AR S

% 3 2 WHEEBHREE NG
Input: IR 0, & LMEDBE o,
Output: KM ATAE T A B AR 57
s<=s0 s* =9 /) s RonHETH
InitializeNeighborhoodSelectionPossibility (p1, p2, p3, pa); // p1 ~ pa FFHFRIRIER My ~ My FIHER
repeat
M <« SelectNeighborhood(p1, p2, p3, pa); // TEMER D ATIERE—FhA0IR, W 3.4.1 /N
m <= FindBestNeighborhoodMove(s, M); // 2B RN ENE, W 3.4.2 /MY
s <= ApplyNeighborhoodMove(s, m); // ¥ 4T s FATIE m
UpdateOptima(s, s*); // SEHT M s*
UpdateNeighborhoodSelectionPossibility (p1, p2, p3, pa, M, m); // EHTABBIEFEMER, WL 3.4.1 /N1y
until 3 25 1R %A

3.4.1 APIBIEIFRER
T AREERTT 4 MEMRFRIRARER, RSB R A — 00 BT ARk T HR R I K, IR b fg
RGBT VRS, T2, AR B SR e v Bk M e R FHEE 2 T 2o B A/E .
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TRAATEE: SRR 2 B BU L HRUE B i B B R A

AR T R A SN, R ARR M, A — S RS p, Mok R, A A0 vk A 2 2 il
WL L ps = 1 R RN GRS 75T A Bk — AN AT R, A R
KEUH AR

MR py BRI w; RAEH, pi = wi/ S0 wi. WIHART 4 FPARSAORCE A S, B3 T RS A8 A
0.25. {EFHZ R, BIRMARIE AL M, MFR G AT E o, BB bR A T4
BREE m i, 2 I m SO T BARME s SO T ARTAR s VA SO Y BB LR R AR LE AR
PRI 2 —. 3 4 A BRI T AR 2 BT Z R IS I, S T XA I B R A SO R
FE.ARSEAR, %L B A0S AR AE B TR IR DL R B 3, R AS SRR B T 4 I
W O ~ Qu, 53515 F3k 4 RS BUARRT L, AT — AR 1 04 AR 0 R V8 B 87 A3 AL
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Table 1 Settings of important parameters

Parameter Section Description Value in this paper Recommending range
th 3.4 Maximum iterations without improvement scale® [0.8scale, 2scale]
04 3.4.1 Benchmark value in neighborhood selection 4096 [1.502,40]
Qo 3.4.1 Benchmark value in neighborhood selection 2048 [1.5Q3, 4Q3]
Qg 3.4.1 Benchmark value in neighborhood selection 1024 [1.5Q4, 404]
Qq 3.4.1 Benchmark value in neighborhood selection 256 [0, 4096]

A 3.4.1 Adjusting factor in neighborhood selection 0.125 [0.0625, 0.25]
l1 3.4.2 Tabu tenure 1.5|D;| [|D;l, 2] D;]]
la 3.4.2 Tabu tenure 1.5|D;]| [|Dil, 2] D;]]
r1 3.5 Nurse selection proportion 0.2 [0.1,0.4]
r2 3.5 Nurse selection proportion 0.05 [0.01,0.1]

a) Scale stands for problem scale, and scale = |[N| X |D;| x \/|H| x | K].

=2

NRER BT ELER

Table 2 Computational result on small scale instances

Instance Known best Our best Winner’s best Our average Winner’s average
n035w4_2_8-8-7-5 1255 1335 1255 1370.5 1367.5
n035w4.0_1-7-1-8 1630 1685 1630 1756.5 1630
n035w4.0_4-2-1-6 1800 1970 1810 2021.5 1831.5
n035w4_0_5-9-5-6 1755 1760 1755 1834.5 1755
n035w4_0_9-8-7-7 1540 1660 1545 1723.5 1586
n035w4_1_0-6-9-2 1500 1650 1525 1737 1545
n035w4_2_8-6-7-1 1490 1600 1510 1644.5 1510
n035w4_2_9-2-2-6 1705 1895 1705 1947.5 1708
n035w4._2_9-7-2-2 1650 1940 1650 1970.5 1695
n035w4.2_9-9-2-1 1620 1880 1620 1927.5 1652

n035w8_0_6-2-9-8-7-7-9-8 3020 3505 99999 3628 99999
n035w8_1_0-8-1-6-1-7-2-0 2770 3405 2900 3653.5 12669.4
n035w8_1_0-8-4-0-9-1-3-2 2775 3190 2870 3378.5 80576.7
n035w8_1_1-4-4-9-3-5-3-2 2805 3180 2810 3325 2849.5
n035w8_1_7-0-6-2-1-1-1-6 2840 3440 2840 3548.5 2842

n035w8_2_2-1-7-1-8-7-4-2 2910 3445 3050 3672 90304.1
n035w8_2_7-1-4-9-2-2-6-7 2960 3540 2960 3632.5 3028.5
n035w8_2_8-8-7-5-0-0-6-9 2815 3385 2815 3603 2863

n035w8_2_9-5-6-3-9-9-2-1 3045 3350 3045 3533.5 3083.5
n035w8_2_9-7-2-2-5-7-4-3 2715 3295 2865 3488 2928

HFI RS R, Our average TR AR L 10 KIMNRAIFIIE, Winner’s average KR RFEH 1 L3RG #H
10 RSP 3MEL. X T 3R HARE MRS O, SeaRH B2l H B B B N — N K TG 2385
K H AR R A FIBUE, FEARIRTEZE T 99999, IS RXT LW LLE h, ABIEM BRI E R 1 464
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Table 3 Computational result on medium scale instances

Instance Known best Our best Winner’s best Our average Winner’s average
n070w4_0-3-6-5-1 2700 3090 2705 3151 2723
n070w4_0-4-9-6-7 2430 2790 2430 2889 2446
n070w4-0-4-9-7-6 2475 2865 2475 2948 2557.5
n070w4_0_8-6-0-8 2435 2855 2435 3016 2477
n070w4.0_9-1-7-5 2320 2725 2320 2864 2323
n070w4_-1_1-3-8-8 2700 3035 2700 3134.5 2728
n070w4_2_0-5-6-8 2520 2880 2520 3012 2533
n070w4_2_3-5-8-2 2615 3050 2615 3141.5 2635
n070w4.2_5-8-2-5 2540 2875 2540 3005.5 2544.5
n070w4-2_9-5-6-5 2615 2975 2615 3046 2652

n070w8_0_3-3-9-2-3-7-5-2 5115 6000 5115 6222 5164
n070w8_0_9-3-0-7-2-1-1-0 5390 6420 5390 6602 5478.5
n070w8_1_5-6-8-5-7-8-5-6 5475 6095 5475 6236.5 5549
n070w8_-1_9-8-9-9-2-8-1-4 5100 5700 5100 6018.5 5167
n070w8_2_4-9-2-0-2-7-0-6 5410 5990 5410 6259 5581.5
n070w8_2_5-1-3-0-8-0-5-8 5280 5975 5280 6315 5359.5
n070w8_2_5-7-4-8-7-2-9-9 5505 6210 5505 6317.5 5531.5
n070w8_2_6-3-0-1-8-1-5-9 5120 5960 5120 6255 5240
n070w8_2_8-6-0-1-6-4-7-8 5350 6205 5350 6492.5 7138.5
n070w8_2_9-3-5-2-2-9-2-0 5320 5895 5320 6044.5 5374

— B ZERR, AEAE SO A E], (R AN [ B Re R AL A A M. SR 1 A M EEAE ] n035w8_0-6-2-9-
8-7-7-9-8 | 10 XIS4T A R A EM, FIRAEZ AN EH Er=E 7 EEM (n035w8_1.0-8-1-6-1-7-2-0,
n035w8_1_0-8-4-0-9-1-3-2, n035w8_2_2-1-7-1-8-7-4-2, n110w4_1_0-1-6-4, n110w4_2_0-2-7-0), S IHLLEX L
RIS P SN PN AP

5 S5 tE

553 AR T SRR S BN SR AR R S A S i 4 S - LA T R A SR EA T X
SIAT, DAL BF I 81 e Ty 2 119 L DR AR A FH PR S0 350 AR SR S b Bk i, o TS5, o E RS
177 32 k.

5.1 4BiELEHRTEE A

EARYCT W e My BAE EAT UL ZA My ~ My AT, ERHEART LR ERE T 8K E
TIVER. AT W HEEEAS 3 VR X 5, 43 AIHE A TEAS e HEBE S AR 1) S5 A R Sadk A7 1
. B 6 73 WIEAIR BN AT I TR AN f FE 7R 1A T8 My I SRERAE BN B b s S o, i
Bk 8 T BENLPRL I — S NS (n035w4_2.8-8-7-5) — NI EF] (n070w4_0_3-6-5-1) 1
— AN RIEFAS] (n110w4_0.1-4-2-8) Y 32 RIS IS AT H xSk AR BORT i ) 21 B A7 B BORE A5 1
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Table 4 Computational result on large scale instances

Instance Known best Our best Winner’s best Our average Winner’s average
nl10w4.0-1-4-2-8 2710 3395 2720 3539 2725
nl110w4.0_1-9-3-5 2920 3475 2970 3663 3065
nl10w4.-1.0-1-6-4 2850 3685 2920 3769 12690.4
nl110w4.-1_0-5-8-8 2820 3440 2895 3569.5 3210
nl10w4.-1_2-9-2-0 3345 3995 3380 4092 3425
nl10w4.1.4-8-7-2 2805 3515 2805 3661 2855.5
nl10w4.2_0-2-7-0 3005 3795 3175 3903.5 51625.5
nl10w4.2_5-1-3-0 2925 3520 3025 3637.5 3095
nl10w4.-2_8-9-9-2 3415 3895 3470 4025 3502.5
nl10w4-2_9-8-4-9 3135 3640 3335 3769 3540

nl10w8_0-2-1-1-7-2-6-4-7 5155 6420 5165 6596 5243
n110w8_0_3-2-4-9-4-1-3-7 4805 6015 4830 6172.5 4982.5
n110w8_0_5-5-2-2-5-3-4-7 4750 6065 4870 6227 4939
n110w8_0_7-8-7-5-9-7-8-1 4855 6105 5005 6251.5 5234
n110w8_0_8-8-0-2-3-4-6-3 4465 5920 4955 6146.5 5021.5
n110w8_0_8-8-2-2-3-2-0-8 4865 6310 5435 6469 5510.5
n110w8_1_0-6-1-0-3-2-9-1 5090 6330 5175 6514 5259.5
nl10w8_1.4-1-3-6-8-8-1-3 4315 5925 4785 6115.5 4842.5
n110w8_2_2-9-5-5-1-8-4-0 4770 5840 5200 6222.5 5274
nl10w8_2_8-5-7-3-9-8-8-5 4360 5540 4765 5809 5292
95 104

—— S—My

— M—-My
2 — LMy ||

--- S+M;,

15 --- M+My

--- L+My

Best objective value found so far

Best objective value found so far

Iteration (log, ¢ times)

Figure 6
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(Color online) Significance of block swap neighborhood. (a) Measursed by iteration; (b) measured by time

Time (log, t s)
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ST SRAG I AN B A0 H AR B BUE; B 6(b) ARG AA AR N SEIE AT IR A, AR AR IR B L 2 R i
V) A5 BV BT SR A R BN I B e B E b BRSO R D SRV T A S50 B AR Bk, i 5 100 v b 25 AR
AR FE AL /DN, S 505 ) EDORE P 68 SR AN T 58 L e g PRl o A b Sy st A 25 R e 1) 220 P %S 50
EER, 733N = =log,i (K 6(a)), = =1log,t (Kl 6(b)), Hr a = 1.08, i NEFERIERLEUT, ¢
HURE PR ek 8] .

MEL 6 Ha] DUE H, DLIEARIR B BUCRE TR BRI, Hess ot Sy A BE B S T8 R e R B, RIZEAH
FRREACE RN, i 7 A PE S R SR s . (H2 B T8 R A8 W HEE B/ AR I A e (1)
FRaS s, BIAERS TRAR E ORS00 R, B9 T s e 2 Ja 48 RPAT B ECE A DR e Sk T # Y
IR B, DCREAS U B i F P 3 sh VR I v (ELFE 48 240 1 11 Rt s o B A s U P 2 P 4
R BAI A BRI, HUSIAR FRAL T A Bz e (15 . b AT DL, s 48 4T 3806 16 M3 A0
SR FE R S, 12 NKIAR) B AR R BUE T IR R, &R T EEMERA.

5.2 BREUMIE R IRREXTEL 04

%L H by R B B R RT UK, AR ST — @ W22 5. 2R BT AR 2 20 A0 B £,
JRI R R 5 ] — ELVE N SR A s Vs AR XE AR HEAT S5 A VE R, 117 3.5 /NI IR A EE R BRSNS (Adjust
weight) I AT RRBE E ROHRBERS J7, N BER B — M SRS H MBS R, Oy 7RI
M, VLT AR S AT H. He— RBEHLIEE (Random walk), BI$AAT — i BB A 154
e, FASEN 4 FhARIE b SR R — AR P BNk TS, A B ESERLEE. LR
Hs> H i (Partial rebuild), RIFEALOR B MR A1 BT 70 TR, AR5 R AN 2 ANECT BRI () R REATL 7S i
P E B ER G N RELEE . B A VAR 3 Fhpah 7y AT 1O EEaL
AT R S R BEALPRIE T 18 NG BT T 32 RMSLIE R, JEGE T 2 0t RAR S
H br R S0 P B A T3, R 5 A TGS R, Hod Random walk s F BEALIGAE (E A
B W, Partial rebuild &7~ FH 5840 B /E NI BN TRME, Adjust weight 3R~ 15 FACE A B4 Nl o-
W%, Best o~ 32 WA AL S5 R, Average FRon 32 M K34

M 5 FTLAE H, FEL 32 ISR A AE, A FIBHUE A8 R SRS BT B35 2 57, AEAE— A
TEMEAE KBRS _EALT 55 AR Wb S (1) 15 100, e rh A B R SR 72 5 AN L A s T 53 o
PRSI . T P A E0RT U IAE A 1 g 2 J5 A B A W R 9T T, £ 75% WS B
PR fige o m il 1 5 ARl SR, B SR i RE SR 30 ) TR R BE . X 15 AR AR A
HERME I — A R B R s, A S M B Piah g n 1 EE AR E .

5.3 ERAFRITIAITiE SRR L 5347

NI AJRZIR S M Sg WU AAPFAl SRS X SR A RE IR, BT 0 B S0 B L 1 22008 4 Jmy 240 3R
(Ignore)~ K F34153 5B BEHEPEAL A 5 0E (Even allocation) 1 3.6 /N5 BT (944050 43 T 6l 4% HEBE E 1)
FMS (EA on remainder) FISRMFI &, SLIGRENLPRIE T 6 NEAH 5 AT T 32 RASLINER. % 6 45
7RI FIX 3 Fh SR 2 A T3 AL AT R (Best) AFIYZE IR (Average) XS HUIF L.

M 6 AT LAE H, 584 202 R 2R AR B BE, 0 R NRIG I IR E &2 N2 s 1T
HI~F- BB R B AN 53 ANPIRITT SR, TR 38 50 7 BO R AR FEDIEAR, A58 2 T I BoHRBIE (0 S 22 R2 e S il
FIE S BIGHEEEZ S5, 16 5 NEAG]_E AR g A E R T 350 40 Be &5 P BEHEFE R SR, 15 ah
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Table 5 Comparison of computational results between diversification strategies

Instance Best Average
Random walk Partial rebuild Adjust weight | Random walk Partial rebuild Adjust weight
n035w4.0_1-7-1-8 1675 1705 1685 1788.91 1778.28 1747.19
n035w4-1_0-6-9-2 1675 1650 1655 1791.56 1774.38 1747.03
n035w4_2_8-6-7-1 1520 1575 1555 1628.28 1656.25 1635.47
n035w8_0_6-2-9-8-7-7-9-8 3410 3315 3420 3665.00 3597.03 3578.28
n035w8_1_0-8-1-6-1-7-2-0 3400 3350 3370 3602.03 3616.88 3601.88
n035w8_2_2-1-7-1-8-7-4-2 3495 3420 3460 3769.84 3703.13 3682.50
n070w4_0_3-6-5-1 3115 3025 3010 3243.44 3170.78 3154.38
n070w4.1_1-3-8-8 3050 3040 3020 3118.75 3136.25 3128.44
n070w4_2_0-5-6-8 2895 2815 2890 3034.69 3021.41 3015.78
n070w8_0_3-3-9-2-3-7-5-2 6140 6035 5945 6415.94 6289.53 6230.16
n070w8_1_5-6-8-5-7-8-5-6 6105 5910 5940 6325.63 6219.22 6214.22
n070w8_2_4-9-2-0-2-7-0-6 6050 5865 5880 6373.44 6280.63 6210.94
nl110w4.0_1-4-2-8 3340 3400 3355 3516.72 3565.94 3527.81
nl10w4_1_0-1-6-4 3630 3615 3670 3765.31 3768.44 3794.38
nl10w4_2_0-2-7-0 3745 3720 3760 3893.13 3907.66 3925.00
n110w8.0_2-1-1-7-2-6-4-7 6255 6300 6235 6595.16 6578.59 6532.97
n110w8.1_0-6-1-0-3-2-9-1 6310 6280 6270 6608.13 6512.66 6469.69
n110w8_2_2-9-5-5-1-8-4-0 5855 6115 6045 6257.34 6316.25 6300.94

* 6 EFITITTERIEH T E LRI

Table 6 Comparison of computational results between approximate global constraints evaluation strategies

Instance Best Average
Ignore Even allocation EA on remainder | Ignore Even allocation EA on remainder
n035w4_2_8-6-7-1 2300 1610 1540 2505.31 1705.47 1642.81
n035w8_0_6-2-9-8-7-7-9-8 | 4700 3485 3410 5059.84 3695.47 3574.22
n070w8_-2_8-6-0-1-6-4-7-8 8305 6390 6155 8725.31 6801.72 6502.03
nl110w4_-1_0-1-6-4 4930 3655 3630 5532.03 3837.50 3789.06
nl10w4.-2_0-2-7-0 5175 3685 3695 5693.59 3915.31 3931.88
nl10w8_2_8-5-7-3-9-8-8-5 | 8810 5725 5565 9380.00 6047.34 5776.56

WAL T3 5) 4 B 25 B BRHEBE A K20 3% B, i b v] WA SRy Ad FH 1) 4 JR 240 oR AR i AU Aty SR mes
(1 R
6 =%

ASCHE T — M TSR A 2 B B L HEBE e AU R A s, AEXS S 2 T B B L HEBE SE 3R P
SR AT T R E RN R, ASCHRAHEA T PR R R AL, FE USRI ZR VLG,
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M LA I A2 DAPR 2 ST Rl AR ] RO T DA% R T B K R &3, ) A 4 1R 34T BE 78 0
R, SRR, X254 R VAl SRS T AT SEAE 5 i, LSRN 2 B B SR A 5
FOE SR T EANHEPI AN B E B MBS, 55 £ AR EAE T, KRN
B IRAOE R DU FAT VA AR BN A E RN PR A% 2 .

F A B Be 4 PR AR SE N TR e ik, HEPE—BOu B E TR, NE W B+
FIFHE ] S A e A A At U SR04 5 2 5 [ PN R e it — 20 ROVAE AN AR, #EAT AT A X R ) 75 3R 7
ANES A AR, AR SCHR HH A 00T DA DA J SUIAEE [ A B e 4 2 Y B B A

ERERNR, WAL SR I AT AR RT3 L HEYE R SR AR, FXT g 7 B R A 9 11
SERTEAL I RE ST, AT AAEAR 2 A S AL R AR BN, O BRI SR B R, Rk
xF Z B Bl B SR AR e 70, R K 2 BRI ISR L. 0 ANH 2 PR R AN 5 AR R R AT 5 1, A
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Weighted tabu search for multi-stage nurse rostering problem
Zhouxing SU, Zhuo WANG* & Zhipeng LU

The Laboratory of Smart Computing and Optimization, School of Computer Science and Technology, Huazhong
University of Science and Technology, Wuhan 430074, China
*E-mail: wang_zhuo@hust.edu.cn

Abstract This paper presents a study of the multi-stage nurse rostering problem, which was proposed in the
Second International Nurse Rostering Competition. We propose a weighted tabu search algorithm for solving this
rostering problem, which is a very important problem in healthcare optimization. The algorithm employs the
following neighborhood structures: 3 structures that are exclusive to each other and 1 compound structure. The
possibilities of selecting a neighborhood to search are tuned dynamically by the extent to which they are adaptive.
Meanwhile, the balance between intensification and diversification during the search procedure is achieved by ad-
justing the weight of the penalty for each nurse. We address the problem caused by the lack of global information
within each independent stage by proposing an approximate evaluation strategy for spanning constraints. The
algorithm employs a cache for neighborhood move evaluation with the purpose of reducing the overall compu-
tational cost for the adaptive neighborhood selection strategy, which improves the efficiency of the algorithm
further. The benchmark result of our algorithm on 60 instances from the competition shows good solving quality
and ranks fourth in the final of the Second International Nurse Rostering Competition. Furthermore, we compare
and analyze some key factors in the algorithm and demonstrate their rationality.

Keywords nurse rostering, tabu search, timetabling, personnel scheduling, metaheuristic, combinatorial opti-
mization
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