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Abstract

For most service industries, the crew scheduling or rostering is a major concern of the
management because the increasing cost of service professionals. Nurse scheduling problem
(NSP) is a typical case of year-round service crew scheduling problems. The scheduler not
only has to provide a timetable or roster to satisfy all labor and the hospital regulations (hard
constraints) but also needs to consider to fit individual preferences (soft constraints) as much
as possible. Moreover, some nurse shift pre-assignments often reduce the choice for other

unfilled slots. Thus the complicated NSP is considered as a combinatorial search problem.

The character of NSP is like a constraint satisfaction problem (CSP). Thus, we formulate
the NSP as a CSP, using constraint programming (CP) Model to solve the problem and
conducted a case study of the medical ward in a general hospital, department of health. In
order to solve the problem efficiently; we-separate the NSP in two phases. The first phase is
“Off-day Scheduling Problem”, which solve the off-day roster for each nurse. The second
phase is “Shift Scheduling Problem”, which use the off-day roster result to solve the equitable
roster.

The CP models were implemented on a P4 1.8G Hz personal computer and used the ILOG
OPL Studio 3.0 to solved our CP. The result of a full-month roster of case problem can be
generated in 15 minutes. Compared with case rosters, and obtained very positive response. In
addition to the roster schedule results, our model also provides as a reference for the
scheduler.

Keywords : Nurse Scheduling, Combinatorial Search Problem, Constraint Satisfaction

Problem, Constraint Programming, equitable duty roster.
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Bdo o do] cd o ihis < dic» A 2 010 R o

(7) FEDZE AT TR BGEEH N ) D 2T U HheE P B - B iE
FoRI O EF - BED - R PR RUFE R o

n



(8)

9)

(10) =

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

FRWE LrTu B o 1 TR fe @R R 3 IFFIR] ihdp iR o dok RITHEIE A
A1 iesim] 7 g & Ryl FPtH s FFIFIn| Ay Bliciek 5 00 B3 € 5

X "I FITTH| o

FEPR - FLu B S 1 F Rl U E B R 3 IFrTR g S fio d WAL -
R4 T B X RFLGL (EFI] 0 24 i K REA R P FFI Gk o

P IR AR L & A KA FIN(8 7 FIITR[E RBIIE])MEL 0 B F
G T A ARSI AT o 4o 1-10 BT AT > T il A 4R ] A AT 5
2,4,6 = BrLY

LR RS % T4 ST SRR SR 12 861 Pi’ﬂ&wmﬂmﬂﬁw
A RFLISRIBEZE D X » A3 P FIFTR P RT > L EET AR L s
£ -

#ﬂ/b\mf’:m BpRBE D2 esFs ~pd A g - % 3T, VRERMAR G R
HiF R R o

Gl P dgidp b EFIFIW] L I FF R F P FT 0 P ik K dp inAp e eha 1R
L]

B Al e SRR R Ken vl WAERARRF SR
AT P FRERe

AP A AR Tl PRI e B B 1 el WA AR
B RE

FARELP % 1 (%X g B Hd ¥ 4 Bank Holidays » £ PR st sk P »
R RREEEE R R B 1P e
BFTIR U G]  BEAR L (EIIR| R L PR 2w 2 G LR ] 0 (e R

F0E g P H o R 4 s de RIS 2 BT TR o

#rrie & (Pattern) : TLEFLA B & > Prrie & 5 - ARG IE 2 > L8 € T
gﬁ;zi@mmﬁﬂﬁﬁm’ﬁ?%%ﬁﬁﬁmﬁwﬁg°

lE P ELFF L TR (RERE > TR ARl v # s
VLAV Y KPR A A ATV LA 2 51N .

EIL R

(20)

(21)

Rige: 3 F I A f bR B304 5 HARRE S Ao B I TR G F 0
PRl AR A BT RBRE R GERETAR R Ko

WAR X RIIN F D @R FHFERA AR X RPIR 1 18 # 25t



Frulle & o et FUg G 2R e

(22) LA A FERAR €A G F XL RFu PPN G ERETAR T
Foo

23) pF AN FVELFIRFTFAEZAAIFEY > Flt > 57 T8 ¥
WA RpE S Hivsin g F A2 A R dpk o

(4) 7 AFER A A AT (AR A HET AR ddple 1 (ERTU D (0 @A IF
{'% 1-,'? /Pﬁ‘!!k]q‘o

Tk oovg bk Berghe #7102 SR A B 0 G A4 R AR B A R 2T
Bl FRE T T IEIERNRE AL AR o

-4 SEEI I

U)E%Eﬁwfﬁﬁ4& FAErIu) ARG ARARO F A B SRS E A
R 4B Rl R T T F RF AR Rt ]

Q) FxFFIN2Z L EBF RAF T RAEKY VY €8 K7 A BERA
Roende A B s HABT FAEAS U WL IR FTRERAE D
e o

FE U kA (A e T BRI G AR 2
LA F R S AP T £4F 0 F1# o Cheangetral [3]83E72 4 R Ap B LH| I = 16 38 > &
EH"" ) I-L 16 jé‘ K“l# ||_,_ ]__ ; é'g ,{V\\Q H-o )?JQMT’H' 7 l“l# ||_,_ ]_‘f ﬁi—w’&f’?\ 21 o

FE T et ()R B S TS 2 T AR R TS SRR AL 2 R
e BEEEP A REF R b0 A LT eRIEE T L AAEE > s - B Ry
Bt itz He g b A Facit > f FIH RZEBET 2k > 3t fp a3
VR AL F R E 2T o Fl AL R EHE GRG0 KR LA BRI n R R
Fr2 B @g e gim, Tam R B2 BAg R



% 2.1

ETE AR PFTOURIE R A

Wik i LA S
1. @A R 1 T8 (5 /5]) [1,6, 14, 16, 19, 25]
2. @Ak 1 TFIL X Ho(B X /[ D) [6, 13, 16, 19, 25]
3. A1 IFITR)/R #o(E X /B SR [13, 14, 16, 25]
4, HIT AR Ba & ks [16, 19]
5. HIm AR Hrin [1,6, 13, 16]
6. FE1E AR KRB H(E < /B] /i F ) [1, 6,13, 14, 16, 19]
7. 1 TR kLR (3]) [6, 16, 19]
8. EITu|A i (trin|2 7 RKE) [1,6,16]
9. BpEEBEIGELE D) [6, 16, 25]
10. & % 1 % [1,6, 13, 14, 16]
11, L] T 4 B BRY(o2F/3 o3F— 421 i%)  [1,13,16]
12. #5120 & [6, 14, 16, 19, 25]
13. ¢ 2 (L 2 4p7%) [16]
14. 2 s @prer £ preng & [6, 16]
15. FLu| @ chr 4] [6, 16, 25]
16. 332 L B & & g R srn] L @5 5 (1,6, 13, 14, 16, 19, 25]
< /B S FE)
2.3 RHHRBE
23.1 s AR

#7730 *L] s &R 48 (Constraint Satisfaction Problem, CSP)&_d - # % #(varia- bles)
& 3 (Domain) £ *2 4| (constraints) b’“rﬁé%\l s DA T - B R %8 Xe {X1,X0,...,Xn} ~ & i
'L De {D,Dy,....Dy} ~ — 2L X Ce{ei,co. o) FE T » F 45

"R HAPI 2 T
BE LNz - BR ST R 2] B¢ ond AR ik Bl m & 7L

EREAE SE RN RS e - u_e_vrﬁ?m\a% £ o CSP T & k5

¢ 70 %l 3 UER - WFINZ BIAS > - BT (C, X, D)kFpif - T CSP R 2R ¢

4 %gx CSP ¢ f; fl} %ﬁ(X1)X27""Xn ’ l)zE_"l_k:E ‘%ﬁ(iﬁ‘:& E‘ﬁ% \:A" :“; XE{XI,X2,---,XH} °

5. F'UER ICSP Y A - BREFG T N E ddy,do F - BT EATHES DR S
5% gz @8 Die {di,dy,...,di} > & RBER R £o7HE~ 25 "ER 5 De{Dy,
Dy,...Dy} > B3 Y hiE R - TREEL L T AR B el F R

6. "L 1 CSP ¢ e ]38 A% ey if e BBl 0% o CSP 3 ¢ ' 458 7 it 2 58

R RE O FE B USRI R R N
CSP ¢ mﬁlﬁt]iﬁrs RS Bk fLz

L3 arity P2
= = 7 "4 ;% (binary constraint) °
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2 Fag:ﬁﬁ\%‘rt » 1 ;‘&EEJF“%EZ [ ARt Y FFE%E’ H _]z-,\ﬂp Gt R A S
Q?/“’mwﬁm“””Kﬁr4‘@%$xx B DY pE - B E di
S LT e @%gim'?‘mr%‘g\ 18 £ {d1,dy,...,dn} 7 5 7 7 f% | © Brailsford
ctal. [2]% & F4p &1 > & CSP ¥ AFEFDBAEA b enfz§

. PR&Ff*v »CSPRfEv M efd LI NRHAY T- BIrv s g o
2. 973 enfE > WP A CSP ¢ A T A fE o

3. B R IFIAFAFECSP RS 2R EE 2 RF R LD HL >
RSBV AR NEERDEE o

"4 43172 (Constraint Programming, CP) & — &7 B 503 Hojiv » A § W g
(Computer Science) & * 1 #F £ (Artificial Intelligence, AI)Af % c77%F & > Brailsford et al. [2]
BB e A& s TER RN F RN CET o ER F i HE» s e it
(state)* L% &R 3E > & 3 M 0T "9iF B & (sophisticated computer algorithm) 7 % 5t
Bos oS ffE(solve) 4] KA AE ) 0 A& P et T v R AL R
FEE > - ST AR (ot G R ) P REDR o R R eg B R AR
BT RE) o pEHROTNFE 2 HF LA BHEZ S (40 ¢ Prolog)® ;{‘;‘L » fe §d At
M FE 84 f 242 B (logical solutionprocedure)ZE# iZ x>« J2F & * FLHF kS d s
FUB U PR R ok Ao e KBTS AR - AhEE S IR FLE R B A R Rz
P B R AR 2 BEE S T R e 3t £ A& 4 4eCHIP (Constraint Handling in
PROLOG)iz #f "L+ 3¢ :3483% = (Constraint Logic Programming, CLP) o i7#& & » d **F
Raft B E 8 f R AT E R GRS 2 R KRR IR A (e e | PR kA P
IR ARE) g fo @ SR # E e N (Crt/lava) LR AR R AR B Dk
¥ 2 % ILOG Solver (C++) ~ ILOG Jsolver (Java)2: COSYTECH -CHIPvS (CH++) ©

EEIE-EAE - 8= K 7 (Two-Leve) g - B ¢ — K & J5 & "U410% LR ALY
Flsv it ¥ - %1 NI O AL T PR AR = 27 2 ]Lﬁ’*mu— o A AR N F 0 W

it e

N

1. *24]3% = i# (Constraint Component) :

PRUF 8~ X FE L L] P 03 14~ 2 (Constraint Modeling Component) B2 b
W E- BRIV E S o R ﬁ it EF & (intuitive) ~ € % = 7 4 ;i—a\ 5% #c(deci-
sion viables)& L4 ;% o AR @ o d A F G AE2 UH N enfEsE AR § § (drlogical constraint
arithmetic constraint ~ cardinality constraint, alldifferent constraint, atleast constraint, atmost
constraint %) » #T ¥ EZ R F TR REV 40 B P 2N LRI R 3 A- BEHR
PP A R R 2 (7 R A2 50 1Y (Modeling)#¢ (T 0 Bt o %F;"%Eﬁ?ﬁ'iii“v i
Mom 3o PR R S BE R i{;;’ﬁl%* Arig h oo
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2. #23% Ff2 ~ i# (Programming Component) :

plémﬂ%ﬁubyzﬂ%fﬁ S AR R RS KRR Y S 5 - BAE
A AP BT A AR o 5 R CTHAAIN 1k S R RRHE A

3> ,fg_;\j\ﬁ*m.iﬂ RIEE G- oA e R EE AR o BRa %ﬁﬁ $eo A enp 3
e s W UG R oS A § R 4

TRPRBIF T i KRR R 0 i R £ AT R
e i1 RVAEARL 5 — i 4] ¢hCSPR AL(A Sequence of CSP) » £ 0§ 38 * "L R3] &
Fofi— Bdox (C]) M RAERF o UGG B ()T BP0 K s E — B
BENME R FL B R § AF R BI - BYFRZE T TR
S =ZHp & %Q;:SZ*)J 1P $524] ;% (Objective Constraint) 3 p* *34]:% &K 45 ¢
SERF T - T AR dop e D f*ﬁ’*:,f”" ESES NN
E oWy ﬁ“ﬁfn( DR REePE d R o KA o AT E Y LHRY h FfrE L B d R
&’w%%ﬁa«Fwﬁﬁwéﬁﬁmgg&éLnimﬁ’*%**’“@%@”ﬁ
O SUFIRG] AR R AL 0 TS U A 0N AT LI AR i g
E .‘]L’\ﬁ*nb °

FEFN Y UHIRA 2 AR R A AR TR TR E §
Tz g

L oo ffagsl 1o o rCRARBLARITEE ¢ o A KBS - KRR
$# it(Consistency Checking Techniques)~7%+] 5% i & % +](Constraint Propagation)£? 47
£ 3o F jf 8 2 (40 | Forward Checking Algorithm ~ LookAhead Checking Algori-
thm) » & {8 ARG endfiraFfpy B o

2. HENaE 2 3 d LR RAIE S BN E T P 2 T 2 822 (Declarative
Language) ;> # 3¢ * f ¥ 2UiF B 3% UPIRRIE T RS HEH UG0S N AR
X o
X

3.0 FIL S R UFI RG] T Mg AR AR A U sl B Y 5 S
ARG TR 2B g 4ot F R4 58 (Boolean Constraints) ~ & 41 54
(Logical Constraints) ~ 5 71 *241] ;% (Sequence Constraints) % - #7127 43+ 7 34 & 5 R
232 i "ﬁ » 2RV % A & (Intuitively) ~ F % 3 (Easily)i& * *T4] 3.3 iﬁ‘}uﬁé
Hoq4h LR m B i v B RE o

23.3 UFIRHI2 KR E 2

R SRR E A R R - RS § ST 2 R e
S HF T WA I Aas BArxsar L"’f——;’&']ﬁ_%ﬁ.%:}i,{ﬁ’j\‘qﬁ,ﬁ\ Bz R
(Variables” Domain Reduction) » ™ > ¥ 732 & 2 B » NI EPE* T 078 2 %
BLit g ovnk REFUHIE ERET FRE2 P R GRG0 o RfRig B2 R - A
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A ch7 B30 F 5 5 2 (Intelligent Tree Search Algorithm)e 12 T 4 W 4 %2 p 5 4] 23]
PBA AT REERSKFEMITE P RG] AR R 2 EA s FHEFFEE o

1. - R te s Hikr

AR H Y B A - RPEKSHRBIFE FE 0 & 2- K+ (Node Consistency) ~ &
A - IR M (Arc Consistency) ~ B 2 - 3 {4+ (Bounds Consistency) ~ — & it 2. - &R |4
(Generalized Consistency)® f o # f- RUEEHRPEITTRERE T 3 F > A& H - R
WHRPWELAFENTT R LEEEAARE F 2 > AB4ffed- REBHRIIFLAFH
PRETFLEERERARL > RTE - - REKRHRPIT G HIRRE G RS o

FlE - i RPN T A AR 2 U o ey I 5 - A
FIGVEE % - RERRPNT U 2 ARG E @ SR - R ReRE
A5 % n(=3) I g R R SRPT B o o 3'—‘ I 5 X2 =
1—Y2 A XA0 AN Y20 > B ik i 8 8o 4 2 @8 2 DX)=D(Y)={-1,0,1} » 5 £ 4 45 -
FIFEP o B 52 RIS 0 Bt 5 - RIS o AT B Bt - “‘WJ;\L— ﬂ'b‘_%é.%a
#iﬁﬂ?ﬂ*?? 7 WELE R - RIS rﬂ»‘“ P F A AGE I L FE A A - R

B R R P R R RS P b 0 S o B R eh B S
bounds consistent > #7124 ji- L ¥ B2 B R 2% g AR L F e R8T 580 H - R
Pt s i R S Rl B3 > o IR e U 0@ 38 4 G arc consistent > 91 2 P4
PR REERERERIZ EE 0 DT DX)=D(Y) =4 -

0 AR R R A Ao e | N AT R - A 2 A
FAFI o T W3- BEEAM - B RPRERBTR G TR TR AL
T PGP AAEE Y - BEREE -

2. zRHE-

L0 UL Y chn A E S 2 g»}; I g*ﬁ xR y;;,;,fig GG P
KL )gki #7# ¢11 Generate-and-Test (GT)% Backtracking (BT)= # 4 sLi- 30&F i & 2 &2 %
£ - aw e Bh T2 T (7 0 B {8 - T 3% 7 Backtracking F & 2 17 2 UGz 7 AR
5

(1) s suisenz BFH0E 7 5 2

g BAE G E 2 2 4p Tk Suit 4 (Systematically) ~ = & # (Completely)
HOF B ALT AL

GT# BT B2 LB M7 A B &R kA4 ¥ Edpiis 4R kg » GT L
Wz ¥ Py - g s B k- BT i E(generating value to each variable
independently and simultaneously)> @ BT &b fe ik i 3 Jpin b & B A L Fd- BV
it {E(generating value to each variable independently but orderly) ; £ 24]5% 2. & & %k

B GT e U e B PR 8 5 % 977 FB P ARdgin- BY R EFF - 1 2F W28
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Boom BT el i * § - BREARIR- BY o E > TEE
% ’ t”T'/(:‘]"jD; @&'ﬁi&'ﬁ%,{}ﬁ? —g ’ BT /ﬁ—%—; /24: ‘*i f’r "%‘7" ﬁiGT/ —n/z‘ﬁili °

a. Generate and Test (GT)

GT iFH 2 5 f BRIV WHFFEZY sy P FREETREZ > BFEi2
Pe A BEE 2 iF T

E

7~ %5 — B 4_Generator(f% A2 4 B)fr Tester(f3tk &4 &) H
FRE T A BAA M oV R RUEBET 3 s EY WEFE AR
KRR I o B S GT B afddd BR 2 R RET D
PR AL(TIRFI )R AL T AR #EF GT ehAd 2 BF fem»as > 715 GT 4
%B,éivuﬁmﬁ;iigi;mﬂ*%47@ﬁc

b. Backtracking (BT)

¥ te ki (BT),% ARMIF R EP EAEA BT R FEE B FE

22 iF (TP 4 5 T 12 Tree Search 4 15w 45 2 T#‘ % R #8% (Depth First Search,
DFS) 5 #& $v& ~ 144~ 4> 1 (initiate) /4 R L B(EA R LB TH R B8 ¢ F#H -
B 8 4p /% db 0t -5 8) 17 & 4 d<(Branching) 2. B e~ 174 5 B 8 38 {o P U 34 7
2o RS RS B D P BB R LE BAKS B LR
T~ 38 7|5 & & 2h(deadend node) = I (Bounding) % kit sk 2. % p] > H ¢
d 3R BARKEEET f field B R P B T A RE R T
F5 - B & 2k(State Node) » @ e BT i i2 ¢ > #73) chid- K R e 8 {0 4]
P - RPER%R? T AT R RS A e T BT 2 - KRR A7)
&R 4y T A EFARRRESIOU ST L - R R 282 2
ZA-RER o TEA TP FOLKRSEEL - BrAESE A AN R EFA R K
2o Rl A - BAEE L EEA AT Rk 7 fﬁ FE g3 & &
Bha wmI G B2 - BARER XA RESIERY - BAREFH

:’.ng"

& BT jf &2 2 8 ivafer - 7 &dp Tdo4nit ) Fld > B X R i34
% © A7 45 iv % #c(already initiated variables) ~ 3747 4 it % #c(newly initiated
variable)/ it 4~ 45 i* % #c(currently initiated variable) ~ & 4= 4~ 1* % #c(not-yet initiated
variables) = #f > @ #73) e A4 i R d 2 4y DA P ik & BEZ 50 0 © A= da b
AR R d e i Rk ﬁ&&m%ﬁﬁwﬁ?ﬁﬁ—kﬁ
(Consistency) » #7142 d & f= 4o i- S ora; & enfz § &£ 7 4L 5 [ 384 f(Partial
Solution) | ; #7T3f ePRTA= 45 b %‘ﬁﬁ:ﬁ :}F] P ok Ay ?.iﬂ,i;‘z‘!»,} TR R REFZ A
ERSE 2 FHES P CS S-S SR Y e P NTER S P

BT #8223 5/n42 5 T34 DFS # 0| > & & 3 4§ L (extend)— B84 f2
(partial solution) » & 2 5 |- B¥ (FfF 5 b > F AFF LWL fRnifir? B~ &
G 8L Ptk nd (T2 WFE AT v RIS E SR - BA KGR UEF
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T BA R 8 2 g O R R B R
T 5 Frd=4o i B8 T8 - 341" BB ¢ > FH - B iE(Value)i® ;3
% Bcege 4 1 8 (Initiate Value) o

%iﬁﬁ%ifﬂ Frcsm 2 BT w8 /g - GT &,%/;JF sek s %)% ¢ BT

TR SR PR RERE AP TL T BT R LA
R RS I N T T
* BT i % 3% fk d-queens A5 61> {7 1
Eitinfe o BP9 @ e T 2.1 417 ¢

WE R F T AR
FI-BARLALEFZE A
=+ ;% ## (Cartesian Product) o 14 i&
AL BT wE 22 9%

=

Q
Q
Q|Q Q Q R 3
: Q Q|Q Q Q
: Q
¢ Q
X x « y
Q] |Q Q Q Q Q] |Q Q Q Q 5
Q 2 -
Q Q Q[Q Q 3
. 9 9 Q Qe 5
X X X X X X X
Q QIFTIQ Q Q 2 5 5
¢ 9 9 Q Q A [ I [@
g Q
Q Q Q Q Q Q Q )
X X X X X % J

B 2.1 BT % ;2-12 4-queens % &
TR kR (18]

SR VR RER F R A BT WS 2R GT iwE 2 2 0 o+ BT
R AR RSB R SR AR NA R LR PRRST AR

i%*g%iﬁﬁﬁ"*ﬂélW%*BTﬁﬂﬂﬁﬁﬁﬁﬁa*vwﬁ%ﬁkﬁg

A ‘@%miwﬁﬁ’arqm@a&@BTﬁﬁgmﬁiiﬁoélﬁé
BT ;éf‘;’ai;é ‘ —’#fﬂt’ T ”“‘ﬁigw g5l - RIERHRPITT BT FHE 7 0 -

(2) ,‘i ,.lf\;‘.‘_,ﬂ* l_’f‘] Eri*‘ﬂ'] F’ﬂ’&] /ﬁﬁé‘; /2.];‘ BT 4%,‘%7 /é': o1 4_queens :‘% ,]}]J

s o
,:“: oL ﬁ”%r%“‘!] e @Li’_ﬁ/z‘ 4 }JF] o /: R LN ;‘a%}'f"' . ,ﬁ 3 5 % g B i

% 727 & > &5 L¢3 Forward Checking (FC)¥? Look-Ahead Checking(LC)
ﬁoﬁ%i»me%L03ﬁﬁEéiﬁﬂﬁurﬁE%ﬂ’ﬁﬁ—ﬁﬁﬁ%ﬁ
AU PP 2 e R P RBI KA R A o
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Y4k
SN WU )

F_L

FEUZFHFFRL 2 > d NHE A AP - 2 Y - KRR
jﬂﬁ“r#M” “%ﬁ*%ﬁ%gﬂ%&ﬁJa%.éd%&@ﬁﬁfﬂwWPﬁ$4ﬁ’
F oAb i ez B - ¢ G4 it Bz @S (R4F - &K+ (Consistency) » F]pt 0 &
gﬁﬁﬁﬁgﬁggf&k%@ﬁ@BTﬁﬁé RE B FRTA b1 R C A

PORET L - KRR - BEE T T AR R R BAOFF R 2 Y R
ﬁﬁﬁ%iﬁﬁﬁﬁaf&u@%] R 78288 L@ Ak g 84 enir

Feg b e o e B4 3 THOH 2ok 0 A B M E 2 H AT o
a. Forward Checking (FC)

d Haralick £ Elliott & =& %+ 1980 & #7458 B ) k enFC i 5 % A &3 7
R a2 hAM BV R*Y2FE2 HEFTMAS BT ~ Rk » £ 8
M FCg &2 428 % - R GHR PRI 451 R BE KA 41 Gl 7 7
FAF* A RTA ST B ET L A i B %ﬁ ARREFCREZNEEER
P J“f%m Pt RBEER Y B RS EEG - R ]iﬁﬂfﬁiéfﬁ(DomainValues)
PUEERL P W ARG TReh A RIFR 080 % A R EE A B aEERY ¥
fe A 2 ek A RABABT 22 {7 %g 0 25 - AFE
TREIEFFEE o P > idd FC s 23 L/ 4-queens FFJE 5 &) > i 7

iéﬂi%?ﬁ*iffwﬁ%kui?ﬂd,WMﬁi’ﬁ B EE (TR T 4o ] 2.2 AT
Q
Q
Q Q
Q
Q
Q Q
X
Q Q
Q
Q Q
X
Q
Q
Q
Q
v

B 2.2 FC & /2-11 4-queens » i

T KR (18]
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i o FC & BT B i 2 0F B3 0 7 P AT 390 FC 2 4 K & Bk
(Branch Node)# BT > {% % » ¥ FC 4 /% & (Depth of Branch)7™ # BT & » j&_
W @ FCiw B 2 e F BT iz i d o

b. Look-Ahead Checking (LC)

LC & & 2 - 48+ FC { 4 £ 3 (Intelligent) s & ;2 » HiF (7= 8 &2 FC %
W o 2 ehE > LC - e B RERHHEMIFLIEY T T Ad i Rl
KAl R 0 R B LCRFC R { A FRHF R L& F T B Ra
—fEh 2 - RPHKRHRE FC pi0F Y A Bk e R QW FC g { 590
PR KM - Rk -

d Sabin £ Freuder & =5 4>t 1994 & =75 & ) % MAC (Maintaining Arc
Consistency)— Rk s B o ?‘]F@ej BF R R A st e A4 41t
RET2 - R HFF3 382 TUER- REEKERPITLAH S 1A
Fde v R B2 B T S 03 PR BUR AE(sub-CSP) & - Rt fe sk 2
% 05 MAC R3] 5% B AA~ 4ot Flcz 75 B L P 32 sub-CSP R 7 -
3% (non-consistent)2_ JL % fF > L T P w2 sub-CSP % F @ P ¥ (% » #7110 &
VI S T ) R R o

"2 4-queens & B v aE* IMAC F Rt AT 2 38 172 5N 4] 2.5 41 0 B
BT A7 T A4 VEHcT B P sub-CSP T 7 — R2 EFE > @ ¥k
FHETERE 2 Aol PR TERE T AR 4 B BB & 7] p o 2 sub-CSP
Z E%ﬁmﬁa‘"'l“ff’? P g N R REFEF 5 Il 2 AL REES B8P
7 sub-CSP A4 7 - R2Z. g HY 1=1 > rllbpxrﬂf—pg;;_;;i]m@ﬁg
27 BB sub-CSP 2 4 7 - R2 A4 4" SHEFE > n BT #kF 5 29
fFdm o FHRTES L 1 DR EAARHEL A e R Y Bp 2
BT T H 2N AA e FHER By P F)n K E R B B @
His el BicF PR apde o 8B 23 22 24 kA 47 > d 20558 MAC 2. - R
Mok 15 > FIE S - 7|2 P o queen HIKE B fﬁ;-‘a}_fi’ p % sub-CSP # -
RoOBELCHEZN B LI, - A KRI A TR FLERT Ff2a 1 A K
TV—*@F*‘%’&*@%’%&L%“;W#%&’ A R FWE ﬁ*%ﬁjﬁiﬁﬁéiﬁﬁ

7"9;_3 o
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R R S A

EA R RIS - R F RPN LR FFRL - 2 E R RE T2
o HEP AR 3 - S ¥R 15 Haa1 (vpFf2 ki F apgraims 3R
{gﬁﬁﬂﬁﬁuﬁiﬁmAﬁﬁﬁamﬁi’yﬁﬁJ@ﬁmqﬂ%Pﬁfﬁﬁ’W
P FRaRER A F RS RIRE F 0 I VAT A g R F L
BRAMBART VRS HAITREE > TN FHE B OF AL ET A fTE o prTy
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Yoo =SOff Z % d R EIZ A Fon g iR o RN RBEITA L - ARd ¢& B~
BOFFEES S RPE AR BTN A N R - AT LEFENREFET L
FER > T PEE . Ry iR E s 1 TR R A RITH RSB AT 0 F N R
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IR R OTER 2 SR 2 R ST AT A o
2. Ml

IR R HE 2 F o TG RN RG] EONHN L AR T e G - e
BELB R s T RS H R FRp

X\/yi—,’ti“v%'\»i\"“Pxﬁy’ﬁ‘ﬁ?ﬁﬂ—%\i?'ﬁ? °
X/\y t:l/\z\__1 ’Ql"'x__‘? Y’ﬁ—:ﬁi:’j%?g\'_:o

X=>y HBP & FBl FEXFZ Ry s B2 o

if statementthd:

1
statement)) =
( ) {0 otherwise

3 ((statement)) 5 B4R 4 0 v 84 LT B E 0 XS HE AR -
WA BRGNP L A L BT U 2 o
() #mA 4 g &
CLBREFp v RIEEEA ¥k

D (Ve = Off vy, =s0ff)) =off _ nurse, vd (C1)

R (CI! U d HI ~ H2 2 H3 gl f oo hpst 4 & 558 % p A f
R A #c> e H ki A Bc(off_nurseg)d ;*g‘,ﬁ;w LR (9 FLE T\A Borl 3 A d
RFRAH) e AT ST e

off nurse, =Ns—(D _nurse;, + N _nurse, + M nurse,) vd

HY Dnurseg# v FTZ £ A B~ N nurseg % -] e @ KA B ~D _nurseg % * & § f 4

# o
C2: 8 p1if2Z NaMt RB2ZHERZARESFTI X o

anlwm ((y,, =work vy, =swork))>5  vd )

F(C2)'4ld H4~HS &2 H6 L4147 @ &k » FlE % & ErT5Tn|d b Ny & st
SR Ao 2 E TEIE AR 2 R R O I B R L | R R
SRR AR R R A R R R SRR TS R T LE p 2
CUEF SNy F B2 HIT AR BF R o PREORRLEE B¢ on|ng ., & TF
HIWAR P o A 32 HILAR o

C3: £ L BEREA RFF T (FFLH| o
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Yy, = SWOrk vnen ske work,vd ed ske (C3)

F(C3) U 5 Rl HT & H8 > A AR E R L 21 f’rfmj ;
A A PRI IEPE F h piRaTe] g A PR o B ¢ on_ske_work & § if ¥ FrTH|2 £
B >d.ske 232 p iy -

Ca: B E#HERA LRI G o
Y, = SOff vnen_ske_off,vd ed _ske (H9)

F(CAHLH 5 R4 HY» 5B AR A R + F‘i»;}*k Pf'\’ fr';' oo e e L
124 R IF AP R PH AT 1H] 0 H P onske off & F FE L h2 HEm 1 B > d_ske
LI P -

(2) hipgriz R4
C5: ®#F& P ikiE- % o

1< Zde{l,..ﬂ}((yd” =off vy, =soff))  vn (C5 a)
1< g (Ve = OFf v Y = soff R v (C5_b)
1< oy (Vo = Off v Yy 8007V (C5_¢)
1< o ((Yan =OFF vyg =s0ff))  wn (C5_d)

F(C5 T (C5AdDERAFTHIO #8j£& F-F3 F ik U3N(C5a)i 0] &5
[hades S LIRS ﬁ”‘a;— N N ) #H/L\P}‘\IE B TR B IR Bk ﬂfr}‘@"\"{-‘ 1o His % - 3%
IHETETR o

C6: =¥ % RiEKI % -

zde{l"_ﬂ}((ydn —off vy, =soff))<5  V¥n (C6_a)
2iisng Y =0ff vy, =soff <5 wn (C6_b)
Zdé{ls’_._’m((ydn —off vy, =soff))<5  vn (C6 _¢)
D en. 2 Ve =0ff vy, =soff)) <5 wn (C6_d)
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X(C6 a) 2(C6 d)5 B L HIL> b HIO 2 L] > A u| £ % - 3 5w ik 1T
SRS RN TR PO LY SR CE MR

C7: #a3ix& > REe X o

Zde{l,.“,m}(( Yan =Off vy, =soff)) =4 vn (C7 a)
Zde{S,...,Zl}((ydn = Off vy, =s0ff)) > 4 vn (C7_b)
> iita o (Vo =0ff vy, =soff )24 vn (C7 ¢)

F(C7 )2 (C7T o)5 R U4 HI2 » B2 2228 1307 5 8 1 173 #c? 94238 10
T kL l’}‘\lfkﬁ”zm ToTEAGESG KRB X B9 N(CT )R - FEF =
FHRARBEIAEETZT 44X NMHIZb)EA S - FEE =% U o

C8: @ ikiE? FLESX -

> (Yo = Off v Yy, = SOff YL ¥n, Ve {L....,(Ds - 5)} (C8_a)

> (yg =work)) 21 Zwn,vdefl...,(Ds=4)}ad gd_ske_off (C8_b)

F(C8 a)5 B4 HI3 > @ (C8 b)yased P48 o 11585(C8 a)m = » 26 %7 >
R 7 FARES X AR FL AR A RBEI N WA ET A Ry
RBEARLBS X - FC8DAGFSEP > B P1iF1 X 23539 ¥72e 73Rk
Bz riw] » H e dske off 2 d = 5 ZEIp R KRB -

(3) 1 =% jg "4
CO: @ f1iridrdk s 6= o

> (Vg =WOrk v y,, =swork)) <6  vn,vd e {L,...,(Ds - 6)} (C9)

FCHERUFIHIT7 2857279 > 1 F2 83 FALEO6X > I HIZ» 2 B IiF5
FEFERZ R TR BAEE AR (FARE6 R o

C10: # @ MRk E ~ B~ R 2 & (010)

(Yo =Off v Y4, =SOfF ) A (Y410 = WOrK v Y 4y, = SWOrk)
= (Yegszm = WOrK v Y 4, =swork) — vn,vd e {L,...,(Ds—2)} (C10)
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F(C10)5 RUHI HIS » £ % d = FLul & RKA TR R > 2 d+l 2 FTu 5 1 (F g
FFRA T P d+2 2 TN T F g TFFLR[ N R A W LFE R 0F 0 WA (T g iR iR RS
Blo b4y VA F LT A2 o

(4) R

BN AP G R o s A Y R BAR M 2 2 T ien v A R R B
GRS Th

Cll: & =#= A F# 3P RFv kiEx ko
Off i <D, (Vg = Off vy, = s0ff)) <off vn (C11)

F(CID) % P S2 2 o P4 5Y » FI RT3 2 515 4 g3 L iR s
£ > F]gt % H 12 ILOG OPL Studio ¥ 2 # i $0&F 3372 k& 7 L 3aikipdpii > Rlrck 3 3
F oo E AR RET R BV e KRBT BRI S % o 8P Offyn
B Offpax B2 348 A GPRAYP R REBEE/ L FEEL R #K) FREITHRERK
6 RPTRBEMTETZEEA | R B RFIE o 40T 7T e

(Zd off _demand, )/Ns = off ,avg

_off _avg. =off .
_off _avg. +3=off

Cl2: & =3#B A B+ 3P F o p T ihEREK -
1<) (Y4 =0ff vy, =soff)) <5 vn,Vvd e weekend (C12)

F(C12) % R 4] S3» Hiv# o C4» '] = I A B33 F o i p iR ipse
1% ~$%55% e

(5) "ﬁ e xiq:r” ;k

ShcPRfRrn A AR 2 RBERT B FRNIIEAY  AFT VLA B
L o REFH ko

C13: ik 213k B 2 thigk = B & (A< thiR % #<5)

weekoff ; =1= weekoff, . = 1Aweekoff , =2  VnViell,...3} (C13_a)
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weekoff ; =2 = weekoff ,,, #1Aweekoff ;. #4  vnVie{l,...3} (C13_b)
weekoff ; =3 = weekoff ;,,, # 3 A weekoff ;. =4 vn,viell,...3} (C13 ¢)

weekoff ; =4 = weekoff ,,, =1  vn,Vie{l...3} (C13_d)

F(CI3) 42 & 500 C7 22 Cl1 24|50 > FF LA T e b 2 (R % e %o &
F 7 & ~ﬁ”¢’3‘; Bz pens NG %FHHITLL 27 7fF o o ;87 weekoffy 2 EZ A f n

WHR IFZ B REX B PR A B EFARGE - R I P2 B RER kT
FV ,\,\:k@:’ MFRCI3 a5 bl TE R I FRBEI S 1LRF R 2 REX i

ARG IRE2A P URTPET FRLPELE > e RRER -

Cld: % a3 &2 GlBp hiEx e s BHEp Rk &=<4) -

weekwo,, =1=> weekwo,, =2 v weekwo,, =3 vn (Cl14_a)
weekwo,, =2 = weekwo,, =1v weekwo., =2 vn (C14 b)
weekwo,, =3 = weekwo,, =0v weekwo,, =1 vn (C14_c¢)
weekwo,, = 4 = weekwo,,-= 0 vn (C14 d)

‘k(C14)‘“?F L& e CI2PTHFY - He 4 C13 - ;4 ¢ weekwoy #3524 B n
WE - FE R D FZ BEEP R Weekwon, A EE A A N R 2 E e ik B
BIBER KRB PEEFF 2 REI eSS > LA B EA AR5 - e fI* @
BAEZ R HD R AN S T RL 2 BIED T H UN(Cl4 a)E B E TS
FHlEp R 1T R T2 0Rp REAEEL 22833 % ndFIRT
L pe b p kB PR

44.2 UFIRPIHE AR

SR I A R LS R ARG B B F TR RER LT (7R 0 A
# 3 12 ILOG OPL Studio3.0 3£ B *LH|REFF B AR/ > P F 4L & & 5 H5 A8 Tl 4h s 30
o % - FFE 2 £k OPL #1558 4o 8] 4.2 #757 o

F12E 1 AHAFRALT S > B T8 - FTRAEY » FHARGER
fRpE s ¢ AWM F B T MEERNEY c B Fikenum v 4 Sl F P AL
7124 74 %8k Nurses &7 oshiftsi?%ii? ¢z e 2 int e A fEch
B > 7 3 74 nbday 20 FAL R a0 5 A AN ’75%]% B s Bz ct2 @ Bl g
TLAE3F 5 range & T& ﬁﬁii%@ v e iT 4 4 4 days el = 1 T nbday ; struct 7

Bt A R AMLTHE 57 AR SRR TR T SRR ST R
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Bk F = BN E P REEE 0 F L struct Nurse = © 4 Nurse 7 - B3 ~ 4
PP Rl re F2 BETHEAE B L2 A 5 & {4 Nurse Nurse_data[Nurses]® # %
#c Nurse_data /&> Nurse . T Fo A FEBAR e T2 BN riT5179 57
% Nurse %147 level ~ avgholiday £ acctime = 7 Fad » 7 10 Pl g & # k3@ 4 5
WZIF A AT ovardEiz 2 ¥y 2 w1254 y 5 - ~%# 0 d days & Nurses
fTie s o I g iR oshifts ¥4 b ko

Solve 3% 5 2 & #3N B 4s R f2 > (7 13 #7570 > 73 B 352 "] ik 235 F 73 solve
AP (F1312722); 7143716 F,?Ei#*fl’? LA w7 14m 3 0 ThGE
AR 1A H - AFFRIIT AL PRI E2Z DN kAT B E IR

FLu 5 7 17 2 17 21 5 K AL A48 2 H2& > {7 17 2 forall(d in days),zp % F ¥ days

sum(n in Nurses) (“statement”):% ;= P| & o= %, & » r#-statement 2. Ui 5 E —‘F"f F— 4 a2t

¥ forall(d in days) sum(n in Nurses) ( workday[d,n]=0)=off demand[d]# ¥ %77 days
HaEpaRiBA#g E05Fp KEA #Z K off demand[d] -

72331729 5 "LFIRGI Rz F [ - A8 7 % ILOG OPL Studio #7# &2
o] B L 0% 3F 2 dmin R RE~T 30k iE# o (7 23 2 search 3 7 2 40F 2 d oL B 42
& o T RERRH 2 HF i BT search kdEHL M o 725 WL iRy I AR 2 R A
Rk b X %i:}ﬁmr}i i (increasing dmin(sume.offday[n])) » % Fa Tdp i ik B2 EIL A
B pl#d *g,’? P FLuk 5 R workday[d,n] =00 14 iE g o T A fe iR iE gz P o

FURB KRBT - 300 5 A TR T R R 2 ST Ao 43 HoT -

714 %-#c Nurses 2 T » & 1 20 F @A B 7 X 5% Nursel T Nurse20; 7 2 % %

fcoshifts 22 TAL» ¢ 73 2 I8 E3 2D T8 T4 5FETLREAATH

d 3¢ g £ 3@ A B @ 7 level ~ avgholiday £ acctime = 78 F il » F]pt & @A
195

AR5 = sp i » W &2 > 12 Nursel 5 &) > H level=1 ~ avgholiday=2 £ acctime=0 >
L4205 FSAAE P ET AR iR R R A B £F 30 X
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enum Nurses = ...;
enum oshifts = ...;
int nbday = ...;
range days 1..nbday;
struct Nurse {

int level;

int avgholiday;

int acctime;
|8

0 Nurse Nurse data[Nurses]=...;

— O 001N NP~ W —

11 intoff demand[days]=...:
12 var oshifts y[days,Nurses];

13 solve {

14 y[1,Nursel |=SW;
15 y[1,Nurse2|=SW;
16 y[2,Nurse2]=S0O;

17 f:orall(d in days) sum(n in Nurses) (workday[d,n]=0)=off demand|d];

18 forall(n in Nurses, d in 1..nbday-3) {

19 workday[d,n]=0 & workday[d+1,n]=1 => workday[d+2,n]=1;
20 L

21 forall(n in Nurses) 10-<= sum(d in days) (workday[d,n]=0) <= 12;
22}

23  search {

24 forall(d in days) {

25 tryall(n in Nurses-ordered by increasing dmin(sum_offday[n])) {
26 workday[d,n]=0;

27 ¥

28 ’s

29

B 4.2 ik OPL 5"

1 Nurses = {Nursel Nurse2 --+ Nursel9 Nurse20};
2 oshifts = {work off swork soff};

3  nbday=30;

4 Nurse_data=[<4,2,0>,<4,2,0>,' -+ ,<1,0,0>,<1,0,0>];

5 off demand=[6 7 8 6 7 -~ 7 7 7 7 7}

Bl4.3 #k OPL 7414
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443 §-PERRLE
$o PRREFLSE AR AHILA R F PRIy 21 PR s Hom L AR 430

# 4.3 #EEARzZ1FTERBEFRFTRE

Nursel | *Nurse2 Nurse3 | *Nurse4 Nurse5 =+ | Nursel9 *Nurse20
1 soff | **swork(D) | soff | swork (M) | swork (M) | **- | swork (D) soff
2 off soff work off work e work work (D)
3 off soff work off work work work (D)
4 off soff work off work work work (D)
5 | work work (D) off off soff work work (D)
6 | work work (D) off work (M) soff work off
29 | work work (D) work off off e off off
30 off off off work (M) w e off off

¥L AT A & FT2 I AR o 0 Nurse2 % 0] 0 B %5 9 FIAFH » & FTuISL 6 BT o
L p T IIN| 2 ET® A R > W Nurse2 Y& -~ X LI 9 FLo

143 5% -PRAER®A B FEREEF LSS o work LA | AR X BT
off #FE @ L v X uﬁn&, swork % I A A 3 5% T 2 @ IT ; soff # I X F 30 R X
—yFl;JH': I"}'\IF';\° L —L% _Q ¥ = ]"‘b_ﬁn ‘} *é? s AT A r},__ Fb-FJ» ;\4 ¢ iﬁ;’;{ggﬁg& ﬁ

14 > H &t T r.r;;bﬂ? 0
4.5 % = PFEC D JRTTHC;N(Shift Scheduling)

‘—’%u%$ﬁ$##“%3%§ﬁ4ﬁfﬁﬁﬂﬂ? P F CFFEA R WL RIS
K312 HWAR AT A THR A1 2@ a;f;ﬁ__ﬁ_ffrﬂa] o I LR BN R
fEib o g AL - rgﬁxx,p%ﬁg,]% ‘“%F FAEGE AL A R S L A S N
BRI rT4] N o F b g AT AFTies EITAE o g o o~ TR A
A4 H ﬁ’ru BFTFT W] 87 (RE2 450 o ‘_,_-Qﬁ»%“ H14 t;.;ﬁ.x—h HI5 & 1438 2 >0 5550 A
Kb R FI P PRRZ BN AR A B A E SR L R (7 AR

451 TUHIE TR AR e
1. /L%’i%ﬂ'{ :
e {D,N,M,off ,Sw,So}  Vvd,Vn

bR TR FAASTRFI RS d R R AJ N 3 h X, 0 TR
ARGZHVRX BEfarin s HY @A B nE 32 pihhdz BERE RS 3
X, =D % % d%géiﬂ’&ﬁn?wf,,xdn—Nz\“d%‘jEI“’&ﬁn,?~,a,xdn:Nz\»
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npl’FlFIsy an—SW*LLd:kFE

B RN DR, =off 45 d %
d<EILA R n 3 HAKESY o 5 FFR2L %

AR NG HFRL FFLL]) 5 X, =S0 % &
BB RAIT™ £ 44 57 -

2 4.4 SIFERSEEREHEZL

PR A R R H(Y,,) | AT R R (X,
work D~N-M
off off
swork Sw~D~N-M
soff So ~ off

2. fLI SR

1 FEREERZ RIS - RGBS T FleFIEW A R 2 PFIgE p
FLG| A @ FIEIR A J 2 RS TR d I A L B A 2 U] T2 o HE R iR
RS RN AT SN R S B R IR e N RS TRk C
BR BT RITT o PR g2 A U EE IR e

2
#1
(1) #Em@ 2 4 7 &
C15: 6 318 A H 16 A (5 v FLpH) e
Y. (X4 = D)) =D _demand, Vd; Vg pWw nurse (C15)
FCI)E RHIHL > 2 A ¢ FL2M U R Erirn| v S > H{op 35 p
I RAFORE 0 FUARRHTTIR S v FLE > £ ¢ pw_nurse % AR RS fiapiiﬂ’ AR e
D_demandyq ”’r’,?a‘rl‘fw FUARHE d R 3Tw| 5 0 FL{S » ek 0 FIABRE R o B 5% 4r
—T.}\"EJTTF ’ nDT\' 2] fI_AF'%—V‘EE;EJ_& ﬁ °

D_demand; =6- ((xan = D)) vd

Cl: [ RF KA 44 (F ] RAFFES P REFZAE)

D (X =N)) =N _demand, vd,Vne pw_ nurse (C16)

F(Cl6): R4 H2 » 2 A @ F12 EIW A R EFIFIH| 5 /] 7 'ﬁ ’_,“M—fr'}'i@-:t-%“ﬂkﬂ
D RERABREL ) RAFES e ) AR HFTR L) .zi‘ N_demandg 7 % alr“/]t‘ o]
RAFES e rERARH d XFIN G ,(,g’”rif 2 li/‘g;ﬁ%'i N L

rz'Li—/“ ’ nN z\»" ]{;?E %—» ‘EE;EJ_& ﬁ
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N demand, :4—(((xan = N))+ T o el N))) vd

ClT: * RFRA: I3 A (FARAFFEF A RFEELE) o
D (X4, =M))=M _demand, vd,Vn¢ pw_ nurse (C17)
FCIT 5 RAUFIH3 » # A ¢ FI2EIL A @558 5 4 k% > B AR E 0 H
FRFRARGRS A RS e S R A | A TR L S R - M_demandy T 5 40 g <
&AE'-%'.EE’{?‘"&;E, Fl d:iIT‘;v‘Ja“liw ”"Tif] ‘k&&g{%.ﬁf’ﬂz. ;\‘-lir"r}\‘

BT 0 Ny % % TA’ZAE'- %’L &E«.—_ fl
M _demand, =3 (((x,, =M))+ D eon e Xen =M ))  wd

Cl8: v FIE P A FF - N3t Aoz A F (50 54 H) o

Z((xdn =D))>D level demand, vd,Vn ¢ pw_nurse (C18)

F(CI18) % R "L Hae > % A8 ST AR v 54 22 3(F Ny)% > 5 p 3% 3

D _level demandg + & v FT o % FE4g i3> 0% @ w77 > P| D_level demandy=0- % v 5T
A 0 d X R B D_level_demandg=1 ¢

ClO: fREPHSZH - N3N E R oz £BAE (5 RSB e L REEAE) -

D (X4 =N))= N _level _demand, vd,Vn e pw_ nurse (C19)

NENjeyel>3

FCERAFIHS » 2 Ao FTEBA R 2 B R B AN3(TNy)F > FpIP7F
N _level demandg * & ] & o % | ®RARHE N & /] k2 N3#ER A B3 d X & &0 P
N _level demandq=0> % | RAEHE & ¢ | k2 N3FEIE L B> d X ik B
D_level demandg=1 -

C0:+%EpPERDSETF - N3 Erz EEAR(F X R4FHHE A RERLE)
Z((xdn =M))>M level demand, vd,Vn e pw_nurse (C20)

NENjeyel>3
S(C20)5 RIUFIHO > £ A& FIE A R Y H B A 3(TN)F - 591253
M_level demandg * &+ & o %~ RAFHE N & ~ k2 N3EEAE>»dIEX &R

M_level_demandy=0 - & = RAFH & & = oz N3ER AL 30 d %33k B
D_level demandq=1 -

41



(2) 2 %4 g "4

C2l: % RIGP # ¥ FLo
Xgp =M = X 2D Vd e{l,...,(Ds—1)},Vne pw_nurse (C21)

S (C2) 5 RUATHIO 2 A e 512 @A R > F d X FIR 5 & pFo d+l % 2519

F R & W FLo

C22: 4 RIGP # 7] R o
Xy =M = Xy 2N Vd e{l...,(Ds=1)},Vn e pw_nurse (C22)

F(C22)5 R*AFIH20> 2 A & 512 P AR » 5 d X FI8| 5 < & pFod+l X 251y

K ¥ =Y
Z T S A

C23: -] ®IE P # 4&v FLo
Xgo =N = X gy 2D Vd el DS, Vn ¢ pw_ nurse (C23)

F(C23)5 R4 H21 > 23K @ Fi2 1A B oo d X FLw| 5 o] R pF o d+l X 2514

F R & W FLo

C24: ~ e fs4ko 71 PHEBBLIL R KK
Xgn = M A X420 = D = Xgy, = Off vd e{l,...,Ds—2},¥n& pw_ nurse (C24)

FC2) 5 R4 H22 » 2 A e 512 FW AR > FdXsrul i+ &y d+2 X 51y
B0 FIEE > d+]l X edp iR BIIE] o

C5: x s R OPEFRLI 1L KK
Xgo =M AXgppp =N =Xy, =0ff  Vde{l...,Ds-2},Vne pw_nurse  (C25)

F(C25) 5 A4 H23 » £ A& 712 HEM AR » 4 d X FIw 5 % &P d+2 X 718 5
) PE S d+L R dp iR R BFLY]
(3) x FH WY

WP PFE U AR A R A FIEE AR H L BrIrTw X i T 54 fe(SI) o
ScH AR B Lo T A
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C26: 27 1B A R+ PF e 71V ErFrt g o
D, < zd ((x,, =D))<D, . VYne pw_ nurse (C26)

39(C20)5 R4 SL> £ A2 # fT’EI‘” A ﬁ)"‘ﬁ JHP R o F1¥ EFTX fce B & — FEER
Rt s 5 RF- o T pBEREAL ﬁfT PR R R R D EFTIT R T A0 fr il A
12 M AR o VY Dpin B8 Dy 82238 G (GPE PR A FTEE AR B o FLETT
B LIHP R R e T A ﬁﬁx) FREITHEEIIHS  ABHRITEITL A& FIHE
ARG FTEITR feft [ E 358 23840 VT o

D _demand, /Ns —(nD +n, +n, + npw_nu,se)z D avg
.D avg. =D,
D avg,+3=D,_,,
C27T: 4 # FTHETT A R+ IW /] 517 B33 #c o
N . < Zd (X =N <N Vg pw nurse (C27)

—\(027),? B 4] S1 - z\%EfI_PEI“' OB 2™ B5% #eo b 2 (C26) 0 3
P Npin B2 Npax 82,328 5 =GFHEH B A T1E3 L F 4] R @58 P3P FAS
FIE D A ﬁﬁx) e limarrﬁzw e Bed JRIT B (T L A FTHE AR ) REFL
Bl B o 3-8 o 8o Unraie
N avg

N _demandd/Ns—(nD +n, +n,, +npw_nurse):

N avg, =N_.
N avg,+3=N,_,.

C28: 27 1B A R HPRF LIV Erit g o
M szd (X =MN<M Vne pw_nurse (C28)
—V(czs);; B Sl> 4 A FTHEM A F LA A T BFLE o 58 (C26)
v Mpin & £3 Mmax R F‘L—ll%’: ; ()‘Léﬁﬁ FAe L E A ﬁ‘v& 28 Efrﬁ/{/”’ﬁ | Hp E&#\G
T

FTEE A ﬁﬁ/{) FRETIHESIHS  PPHMITEITS A FIHEIT A R X REFLX
B o 358 2 e S o
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M _demandd/Ns—(nD +Ny +Ny,

LM_anJ = I\/Imin
.M _avg +3=M_,

Bt Rt RE B RS A BTN 0 e RS fR L AFSE
o AT BE S SR RGN BRI A B R AL 0 g RBEIE A
ERER AT R Y 2T < Ap e o B B ISR R

RRATZ 4] o N % Aok 4.5 9 o

+n pw_ nurse )

=M _avg

4.5 LPFEUHINHRE

EN) R I IRFLHC
H1 Cl15
H2 Cl C16
H3 C17
H4 C18
H5 C2 C19
H6 C20
H7 -
-~ 3 -
H9 C4 --
H10 C5 --
H1l C6 --
HI12 C7-Cl13 -
H13 C8 -
H14 ERFE-S Tl X S B
HI15 CRFSSS Sl X U R
H16 -- RRK S s
H17 C9 --
H18 C10 -
H19 - C21
H20 - C22
H21 -- C23
H22 -- C24
H23 -- C25
S1 - C26 ~ C27 ~ C28
S2 Cll1~C13 -
S3 Cl2-Cl4 -

44

87

3

B

A
F
B x

‘_{2‘\' s m

B AT



452 "UFIRFIHE AR

PP ZUFIRIIRTIIH N Ao B 4.4 BB 4.5 ot 0 B w - PREHD ‘\‘Jfﬁﬁ‘ s {7
I 15 afs_;\AA{'JnJ Eg 4 2 {“xgt SRR PRSI EE AT 122
nor-nurses % % # Nurses 2.+ & & - (7 13 2 "\ ¥z 2 -

7142 solve 32 7 A  B4pFfz; 7 1527 17 A3 LR FT2 |58 > ez
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D fEed L REA R AfdT o F B AOF Rk AR e KL A o (724
2 search 3 ¥ 2 40F 2 d PB4 K 720 W5 kdp A e FTHERT AR 2 R0 Sk
> % % & dp % ik B(increasing dmin(sum_dl[n])) - F#x ¥Apine L2 LA | o Rl §
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—_—

enum Nurses = ...;
enum shifts = ...;

[\

int nbday = ...;
range days 1..nbday;
struct Nurse {
int level;
int avgholiday;
int acctime;
3

0 Nurse Nurse data[Nurses]=...;

— O 00 31 O\ L &~ W

11 int nurse demand[workshift,days] =
12 {Nurses} nor-nurse=...;

ceey

13 var shifts x[days,Nurses];
14 solve {

15 x[1,Nursel |=off;

16 x[1,Nurse2]=D;

17 x[2,Nurse2]=off;

18 forall(d in 2..nbday,ws in workshift: ws=D) {
19 nurse_demand[ws,d]= (sum(n in nor-nurse) (d1[d,n]=1)

20}

Bl 4.4 %31 OPL #i;" Partl
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21 forall(n in Nurses, d in 1..nbday-1) n1[d,n]=1 => d1[d+1,n]=0;
22 forall(n in nor-nurse) 11 <= sum(d in days) (d1[d, n]=1) <= 14;

23

24 search {

25 forall(d in days) {

26 tryall(n in Onurse ordered by increasing dmin(sum_d1[n])) {
27 d1[d,n]=1;

28 ¥

29 15

30}

B 4.5 7%FT OPL #i-3¢ Partll

P~ 5L Nursel I Nurse20 : {7 2 & $#cshifts 2 Ffl > £ ¢ 75 7 fdrrw
—ER AR RRL I KTVR A3V ED R FALERA A AT A8

B BTN L 300 3] EFASF 128 AR FL2 FEW AR o

Nurses = {Nursel Nutse2 -+ Nursel9 -Nurse20};

shifts={D N M off ZT};

nbday=30;

Nurse data=[
<4,2,0>,<4,2,0>,<4,1,0>,<4,1,01>,<4,1,0>,<4,1,0>,<4,1,0>,
<3,1,0>,<3,1,0>,<3,1,0>,<2,0,0>,<2,0,0>,<2,0,0>,<2,0,0>,
<1,0,0>,<1,0,0>,<1,0,0>,<1,0,0>,<1,0,0>,<1,0,0>];

NN DN R W=

8 nurse demand=[

9 5 6 6 5 5 6
10 3 3 4 4 2 - 2
11 B3 2 1 1 1 3 1;

12 nor-nurse= {Nursel Nurse3 Nurse5 --+ Nursel8 Nursel9 };

DN W
N B
— Ao
=5

Bl 4.6 3T OPL 7 414
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Nursel | Nurse2 | Nurse3 | Nurse4 | NurseS | Nurse6 | -+ | Nursel9 | Nurse20

1 off D off M N D ok D D
2 off off D off M N D D

3 off off M off M N D D

4 off off M off M M D D

5 D D off off off off D D

6 D D off M off N D off
29 D D D off off off e off off
30 off off off M D D e off off

24 TSR AR S TP 4T A

Nursel | Nurse2 | Nurse3 |-Nurse4 | -+ | Nursel9 | Nurse20
v FT{E FT#c 10 19 11 0 12 20
] R EFTEC 6 0 6 0
* RIEFTHC 3 0 3 20 B 2
FiBx #i 12 12 11 11 12 11
RS 3 3 3 2 " 4 4
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Nursel2 11~12~13~14~15
Nursel3 14~ 15

Nursel6 16 ~ 21

Nursel8 2~20~21~22
Nursel9 7~8

SEKL ARG SHd R FP AR RETZFREES JAAR
= % Nurses : 19 £ ; Days : 31 % ; Shifts : D~ N ~ M ~ OFF ~ ICU(ZT)
2w % I Nurses : 20 4 ; Days : 30 = ; Shifts : D~ N ~ M ~ OFF ~ # = (HC)

50



7 % Nurses : 20 £ ; Days : 31 * ; Shifts : D~ N+~ M ~ OFF

?;}—'ﬁg;]» S Fn%}ii'-:\ £ Lap »’tﬁfxfiajig,q‘;\ FT Aggpg;w N
FATALIRL GFIN TR BB BRLSEFEN IS B LRET
ﬁ’ﬁﬂ%éH%E*ﬁLEHHW%A°E‘E‘;g’ﬁﬂpmﬁﬁW’*ﬁ
Afched 5.6~ & 5784 58475 5 ¢ FIF e 5.9 Ao o

456 ZP#Hm@ABEP LFINT KA K

<
W
(O8]
(O8]
(O8]
(O8]
W
(8]
(O8]
W
(O8]
(O8]
(O8]
(O8]




EAS SN R~ P e FTA RSBl | ) e FTA B EL | T FTIA R L
v FIAR 2 2 2
g o] 7 SAE¥)~ 13-~ 17 B(4E ) ~ 17 B(4E )~ 13
EARRE 44 8)~ 10~ 11 44 ¥)~ 10~ 11 4(E %)~ 10~ 11
Frie A R £ 20 20

g 21 iFFLH] | 11(ICU) 20(D) 9(D)

5.3 BEHFLELAS

g b o A 1 IR FTE LK ‘%TE%":‘_% PER o om AR 2 R Gt
‘"\’fél“ TEAOH DT 7R 30 AR FRE R 1L A T e R
PEBdl » FETHEFRITAFTA R UIN AL FLFRE Y- RS

:37 SRR ERE o FaRE Wl - pde A BIE REPER R e o

foEEE AT LR TR R AN ATy R fE2ER A B LA LT E T
Z P Bhpgi 3R B RN R B G p R 0 FLEFISIH ) RE
FLA e+ REFIAHT 7 o B FlegTa 0 FATH B3I A | H ErIrT R 5
HE g2 FIB|EEE > F 0 A g VRGP R WL = BEITIINR & BT RN 0 g 3T
IR A RBEIIHE FEH AT FIZEEA R G 1T e (S X IR £ pFT
FREE TR B R G F 5B e A L FHEEC -

EYRFREBEH = e~ T VRO RS S0k 510977 o H Ty
TR LWL =2 105380512 % 110280417 % 1108 0.81 -

%510 #HPYF hiBdES

EIT AR e 123|456 78] 910
EREI NS S 0919919791919 9 |10
PRI NEE S 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10 | 10
I 7 iRipdk 12 (12|11 (11 | 11 | 11 | 10 | 12 | 10 | 10

AR SEL |11 (12 |13 | 14| 15|16 |17 | 18 [ 19 | 20
ERLI N ES 9 11010} 10| 10| 10 [ 10 | 10 | 10
L NS S 11110 10| 10|10 | 10 | 10 | 11 | 11 | 10

IS S 1210 (11 | 10|10 | 10 | 10 | 11 | 12 | 11

g

2. PEHEDPFOIBEP ARRBEH = v ~ T 7 2 ET LR GEP RERESES4oL 511 41
oo HIMm@Eg LY pws 28 1268287065 % 1355206537 " 1315
2059 H¢ > ATy E AR FBEEF) > BE L4770 2 & FLFHER
Lpp TR fps CFm AR TR R RTURD T F 2 & R

52



Hlgr > FRIFHEE T RBEETE T 5 H Ay e

£ 5.11 2 41HE B KRS %

2P hlEpRBESE | 3 3|3 3132|3333
v Gl R | 4| 4| 3| 44343313
T8 BEp RiE#E | 3 3 3 2 4 2 3 4 3 3
| #mepsmn [ s es[ie]17]18]19]20)
Z U BEpRBEE | 4| 3] 3] 313 1 2 1 2|2
PhlEp s | 3| 4 434314 3] 414
vhlp ki | 3 [ 333 (33|34 4]4

3. 2P ASTTIEE AR BIISTR[HZ Y 9 I ) R X REFTHE S Aok 512 AT o
AT B L owl i 10 F 132520625 /)& 15082 079; & :3.08%&
1o

i L EFIFIH| 2 X #Hic

4 w0 K e ITHTM AR EFIFILHcIw Y 9 Tl B A RIS R A0 R 513 S o
Ao g A ns t 0511238 1165 ) & 16158 114 % & 1 2.4 8
0.8 o

%513 v RAeFIHEEAER L EFIFIH 2 X Hic

v F1(D) 1010 | 11 |10 | 10 |13 |12 |13 |12] 10 | 12 | 12 | 11
| %(N) 8|6 |6 | 8| 8| 5|6 |5(6|6| 6|5
=~ &(M) 214 3121212121224 ]12]2]3

5,10 A& FIERAR EFFIU BT P 6 FIa ] R A R EITHCE R Aok 514 45 o
HTyog e £ A uh f 6 S 11382085 [ & 6.548 0665 4 & 12548
0.52 -

53



4514 I % A& TP AR L BEFIITNZ X ik

gm B | 135679 12]ais]16]17]18]19
5 ¥1(D) wlmnfjwlw|lnfule|ef2ieje]z]e
'} & (N) 6|67 7]7]7]6
< (M) 2

0T BATEERERT o R ) R SR A R EITTu gL B Y
B ZB 0% 4 > B AP AT HITA 2 PiEe § BB E £ PIT L A ok
515 1 % 5.20 #7 o

2505 5 AT HEREE 2 $R GE V" REA > BT BT dpiRet 1o "‘%5 3
Z_G)Ep RGN A L S RITA s B R RPN A L S PFTL 2 SR T
Frd j\/pﬂ 1.-3_—\.»41-“1!-%4'7 T4 | J~§= s H oo Ty ]%gy,\,i om T ;\LL',]%;}F]’]:F—Z Wiz R FlA
BLF T FHRARFII RN R AP F AL RFFLZ R T 1 AT
'&ﬁ%ﬂw»:wmo

%515 HERARPEFINL P L5 (CV i) i

ZAridk 2 7314 I3

VIR p ‘ . , . , .
WL AEF | EEE | AP | EEE AR Y

B #(CV) 0.06 0.05 0.1 0.04 -- 0.08
B p R BEE(CV) 0.22 0.24 0.22 0.14 -- 0.19
v FTE FTH(CV) 0.08 0.05 0.23 0.1 -- 0.07
/| % B FLHE(CV) 0.45 0.16 0.4 0.19 -- 0.1
< & EFTH(CV) 0.71 0.32 0.84 0.32 -- 0.20

%516 14 520 5 £ 2T Pgphz T HAGEEVRE 0T B REY Vi
ERELIPBEAFTT RS2 X s fﬁ%[ﬂ ° :T‘,/r‘.i Brria 3 o “% R Hcl? G P R
et 0 B Z I EITITN 2 ARG T30 HE X g THEEER V0L BApg L o
THERFEAEL 9% 8% 6% > ma Y gR IR TREF L R GER EL
SRR R s RsEa S Ay AT oA pAE Y TR SR LT Y
FefE o BN HCN R ¢ MR R R RS s G ROF Bk R TR
oo Fe b E P T AR PR THRFEA S 2 X 22X 2 % o tnd P RET A0
BEHN E TR AT RG R GERA AR R

54



45,16 HIL AR PFTIRER A FEE I RE
2 ok 2 ik
T 3o i ,FEE o REARE
A i g (%) BE(X) | A R(R) | 2EE(R)
9.5 8-10 2 9-10 1
10 9-11 2 10-11 1
10.8 8-13 5 10-12 2
3 1
% 5.17 EE AR EIIHED RBEX fics 251 RE
T4 & FE/———F"\'—’ jUEH;Z %‘a‘
AEEFE(R) | 2EE(R) | AGERGE) | 2EE(R)
2.7 2-4 2 1-4 3
3.5 2-5 3 3-4 1
3.15 2-5 3 2-4 2
3 2
% 5.18 I A H PTG FTEFLE fiek S F 4
E 1w *~ S
T a3 i ke, Bz , iR
A w g FICR) 2ER(R) | A fﬁﬁf?lﬁ(:‘) DEE(R)
13 12-15 3 13-15 2
11 9-19 10 10-13 3
11 8-21 13 10-12 2
9 2
% 5.19 EIE AR PIT | REFLX #ieh A
= E o4k 7L
AEERE(R) | 2E(R) | AGFEF(R) | 2EE(R)
2.7 1-8 7 4-6 2
3.5 1-10 9 5-8 3
3.15 1-9 8 5-7 2
8 2

55




#5.20 GEILA RS REIIA oA R R
b T o #ic I SR AT R
SRR | REE(R) | ATERIR) | R2EE(R)
=" 3.1 0-7 2 s ;
z 2.46 0-6 p o ;
i’ 2.5 0-5 5 23 1
T30 > §E p ;

AT AT P ER R E R A T SRR AR R A
RiEd e R 23R &2 PEAEABEE 10 ~4 =08 1 =05 3 kiR 107~ iRiB2
FH g ? o AL ERANRS X 3 AP 6K e FIERA R ESHE 0 E D 2
FoRAF T RE LA AR B AR T2 pTR] s iR P R R S A B IR
2A N1 A1 A > P DU ERITE TG F kAW E 5K 5K 135 0§
HRHF AR FEIEA RIS B e F A1 S PrTL o BT i EE T
FLRR @ E R E T e L T e A R R - o
EE BT R

# 5.210 EIE AR PL3T o M 5l dg &
=58 f{_%\’ byl Iﬂ—_%\’ E fi%\»
HgE R . ==y N .
EREL XY | ERE | AT | ERE | AR
HI2: & i i b
PR 10 = 0 = 4 = 0 = | % 0 =
T X (iE 5 IR
H15:010 F1%] % & , ,
. 5= 0 =% 3= 0 =x 6 = 0 =x
(i F = ¥)
FXTE@ AR B H
FIER A RS 2 % 0 = 1 = 0 = 1 = 0 =
W FIu|(iE 5 X )

U E ISR T A It T TP L FTEE S SRR I

B AT RN 2 ok B o

56



R =3 4L = +
E}Jn-ﬁ- “f;é\n,i‘a

E R T E L MR E AL 2 F 2 S EP @Ps‘?—gfﬁ&;%*wd%%ﬁ%* IRF
SRALY B G- BRI EF I R D R BRI R RIIR AL 2 355 T 452
ﬁ%’wﬁﬂwm’mﬂ% [ AR AH B TEI A R IR AR 5 g R %
ﬁfﬁﬂ iR ] sﬂﬁ—*‘ﬂ’* RG] KRR R R 0 F] 0 AT LR R %\Tﬁh
HESN o O R KR RELE P A B(E D) j‘fﬁgé, AR PEFTHOGN o

RIS SRS T AR T 2 B i Y F ARG B R AT 0T
IV RfE o AP EE RG] T BEGURERG S T ¥ b d N FPRII E
gn,ta RfEd FApIT Mz o # FUHPRG] AR MARFEREL G B REM R 2
ﬂ&ﬁﬁﬁna—hﬁa.*ﬁ@ﬁ@aﬁ,uﬂ@gﬁzki%mc

%P*uﬁw&ﬁﬁﬂéw’ﬁﬁsﬁ%af&ﬁﬁﬁﬁﬁwa’ﬁ”ﬁm%&%
55 AT 2 Bk o R4 5N R ARG 0 2 RGN R fRiEm 4 R P
FLF A8 £ R iﬁ’;%g—xqﬁll"* [ ) 2 AF e T i“i » FORRp "]‘g‘/{h‘%ﬁ? 3%

VLA S

I AT g BB A M GEIE A B BETRRL - rLRAREE ffREIm A B TR A
RRLBIP LAY e RO RATS  E1T B R R - R i
WL AR AR [ B RE TR RS -

2. FAELE RS fEad g o I ER A R RFIFAE S HE P E e
FRAR G R Tap RIS R A R ?ﬁﬁ e o AP
FoeEIm A B2 A K el > Foohde B R > S ERE R 2 R RR g
iR ia“*]“,ffﬂ TR Ao Rfgae g o

M
3%

lv

3. AEME L Prd B o Y B R BN P AT R R
RS 774 F A2 A oo PR ﬁ#kaFB%i—‘p—’ﬁ BHBE R EEAF D
SRR 2 FREERR I TR N FTRS S R T
LR EE O PFIAR 2 F Ko

4, RPIFEZ B 2. B HEEARTFIL > FHEUHIRLZER AR PIT2 VA 7T
RG] GRS TRARSN T 2 B Rp A R LR
(DSS) » #¢ = i ¥ 3 B i 2 Pos i B 8

5.>*&iﬁh$tﬁﬁﬁﬂi R RS LR 0 BRE RS T
‘fﬂ y IE *Bi"fﬁ &#_g‘!;ﬂ,—,ﬂ = ]!b_gl‘ T\ﬁ r’:’— l‘§ Il{ s i@ foTV—JJjF}/L\g ); —R' E 29‘3 s M
LEFIITRREE T NIRBF = X B3 FFIu 2 FR e

[
i

57



L2 ER

AETHA LSRRG PR EAERF AL LR ER > 2R AT AR
Lz PR ERARS RS PR R AR 2 e

AEL T LA PR R 0 BT RS KRk e kBT AR RHBR L F
‘%ﬁ%ﬁiﬁ&ﬂﬂ’%%” e B AR % FLFLN) 2 B S T A
NI AR TS I [T 0 RS TS RS S - PR R
REHEA RIS A e PR A U PRI T A R HITA 2 SRR -

SAAER R RAGL ) WRILA S A 0T LN =5) 0 g
%ﬂﬁmé’w%&a#%%ﬁ B2 plpockss < o EEBHET £ Row
Fru|sdpindd 2 2 @A R n(xd :s)yﬁ*:&&*ﬁ;ﬂ« A onieie d % sul s(x, =n)
MR ORFRIE IR B e o o

3 e

AHFAFERD LT RARNA > AL RRS T CH - B TR W
J';),%%,\}_“ 3 Il%x*a:“ X Z_ fTVJJf{E’-#H- ’ l%\ 5}l'€ysau ] fir_z\, égﬁg/\ ﬁi@%—l’:ﬁifﬂl%
S LB £ A

ﬁﬂ&ﬁﬁﬂ#?ﬁﬁé%@%ﬁa%ﬂ’*ipﬂﬂh%”@’ﬂﬂ%*ﬁgﬁ
&%ﬁﬁw"Uﬂ?ﬁwuwiﬁi%%veua&w$¢W“ HHEE

KK AR D 201 (Te Kk uf#_}\ A B BAs

AF7 3 5 £ ILOG OPL Studio /i 6" ™™ B35 #-F sy » > 0 R R ™ 1 AIF 5% 5 7]
o2 FH SRR R AHGUEE L XU T AR R FE LU R
B EHGY 2 316 7 201 ILOG Solver I fie & CHH35 3 S HH L 4 | £ FLR
AHES 2 RS R R R

58



10.

11.

12.

\\\Xr

3o

. Berrada, 1., J. A. Ferland, and P. Michelon (1996), “A multi-objective approach to nurse

scheduling with both hard and soft constraints,” Socio-Economic Planning Science 30,
pp.183-193.

Brailsford, S. C., C. N. Potts, and B. M. Smith (1999), “Constraint Satisfaction Problems:
Algorithms and Applications,” European Journal of Operational Research 119, pp.
557-581.

Cheang, B., H. Li, and A. Lim (2003), “Nurse rostering problems — a bibliographic
survey, ~” European Journal of Operational Research, Vol. 151, pp. 447-460.

Chun, H. W, H. C. Chan, P. S. Lam, M. F. Tsang, J. Wang and W. M. Yeung (2000),
“Nurse Rostering at the Hospital Authority of Hong Kong,” In Proceedings of AAAI/IAAI
Conference.

Cheng, B. M. W., K. M. F. Choi, J. H. M. Lee, and J. C. K. Wu (1999), “Increasing
constraint propagation by redundant modeling: an experience report,” Constraints: An
international journal, 4, pp. 167-192:

Cheng, B. M. W,, J. H. M. Lee, and J. €. K. Wu (1997), “A nurse rostering system using
constraint programming and: redundant modeling,” IEEE Transactions in Information
Technology in Biomedicine, Vol..1;.pp. 44-54.

Cheng, B. M. W,, J. H. M. Lee, and J. C. K. Wu (1996), “A constraint-based nurse
rostering system using a redundant modeling approach,” 8" International Conference on
Tools with Artificial Intelligence(ICTAI ‘96), November 16-19, pp. 140-148.

Darmoni, S. J., A. Fajner, N. Mah¢é, A. Leforestier, M. Vondracek, O. Stelian and M.
Baldenweck (1995), “Horoplan: Computer-Assisted Nurse Scheduling Using Constraint
Based Programming,” Journal of the Society for Health Systems, Vol. 5, No. 1, pp. 41-54.

Hare, D. R., and B. C. Kelowna (1998), “Staff scheduling with ILOG Solver”, In
Proceedings of INFORMS National Meeting Conference,.

Jaumard, B., F. Semet, and T. Vovor (1998), “a generalized linear programming model for
nurse scheduling,” European Journal of Operational Research 107, pp. 1-18.

Lustig, 1. J. and J. F. Puget (2001), “Program Does Not Equal Program: Constraint
Programming and Its Relationship to Mathematical Programming, ” Interfaces, Vol. 31,
No. 6, pp. 29-53.

Kusumoto, S. (1996), “Nurse scheduling system using ILOG Solver”, In Proceedings of

59



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

the Second ILOG Solver and Scheduler Users Conference. Paris:ILOG.

Millar, H., and M. Kiragu (1998), “Cyclic and non-cyclic scheduling of 12h shift nurses
by network programming,” European Journal of Operational Research 104, pp. 582- 592.

Miller, H. E., P. William, and J. R. Gustave (1976), “Nurse scheduling using mathematical
programming,” Operations Research 24(5), pp. 857-870.

Pesant, G., M. Gendreau (1999), “A constraint programming framework for local search
methods,” Journal of Heuristic, 5, pp. 255-279.

Soft constraints in the nurse Rostering problem, Full description of all the constraint types
in use in Plane System, February 6, 2001. Available from <http://www.cs.nott.ac.

uk/~gvb/constraints.ps21>

Wang, Y. C., and H. W. Chun (2003), “Nurse rostering using constraint programming and
meta-level reasoning,” IEA/AIE 2003, pp. 712-721.

LH BB R R A ei3 2 9 2 R BITR 4T 0 W

IF (2002) T
_1—,_ ? ;P"__%‘f EFI_I ’/‘ o

I
Qﬂ—?"\ Eﬁg,];f

I~ (2003) 0 T ?75%%§ﬁﬁéi§ﬂ4ﬁﬁH%%LPfJ’&iﬁﬁ*
§'1 ?/._,: ﬁ ’/\ °

FRG (1994) M35 > B Rgedamagad M £ DR 7 o

HRED BT A ’rét’ﬁjﬁa SEIMA B RV RETT L 2 i TiE 0 EIEReE ) AR A
LaEA st EX 58 % 20387 o

HEET (2003) > TR AN HEAE 2 & R RPRAR A B TR - BR AR #T 5
@“’@iiﬁ*ﬁﬁﬁ%ﬁﬁ%ﬂgzmi%ee

}% L (2003) > TR RS T PR R G PR 45 R S B0 B2
LR TR L

3+ 7 (2001) > T 22 - Web-Based ;£33 48 k0 2 #‘ffﬁ’/’%ﬁ??ﬁ‘;ﬁiﬂf
SN A

i EF (1996) 0 THHP BAM T SR LPITL BEFY o Mo I FAELEF
TLEE G gL e o

Faes (2002) 0 " HCP BB S EIL A 4 e RE F R R 2 RS b o
C PR F TR L G

Bz (1994) T A R 2 BRIy 0 F2 SRR B § IR T L

o

60



28.

29.

30.

31.

EPum (2001) T REERA B RxE G2 Ay - B E i R B2 A
S S L o

Flkz (2001) M #cin M EM A R PRI A2 Y o o R EA S L EFIE fgT

’_5’”/7;?0

1N

Wk f (2002) 0 TF I L BE ) At o

CP-AI-OR * F http://cpaior05.mff.cuni.cz/

61



WA R PEFT S

K}

i A

= ow WWD Slele|l5|z|5|== D-N z | a N-D
KRlomllalala W W W Z. W z|=2|=la|l=z W nlalz MW
aluwllalalals|s|lelelz|= W W Slz|=5 £ Ele|=
glie|Elal=|e|e|E|lz|E|=|5|=|E|la|=|E|=z|o|=
ymemmmmDNDMMDNWDMN-N
SEIRS =g W nWV-D alz|al=|=|E|l=z|=z|a|=|5 z | &
9 | WWN Slelalalg|e & W Slz|alals|z|z]|=
Slaflolalal=5|a|E|z|E|E|=|5|=z|a|5|=z|=z|a]|=
glulalalal=|a|E|E|z|=|E|=s|alz|a|E|z|E|E|=
qluflelalal=lalElalz|z|=|=|c|5|5|5|5|=|=]|E
slifelalElElalz]|e L= E|E|=|=|=|c|lz|z|na
Rl=folg|=z]= al g Elz|=s|z|z|z|e|c|E|lE|a
2l |[E|a|=|= ale|Slalg|=s|elzz|e|E|z]=|5
zlulolalzl=(=Elalz|a|=|E|5|5|z||5|=2|a|E
R T WD = MN z. W W ) W W )
i =]/ = W A W WW
ot z|lAal|l=s|= Z Alz|AalaAa
= || = = | = n N|lz|alA
S x| a zZ | = a W Z. n Nnlzlala
Slwlelel5E|e|E|= A Elz|ale
S| & WD = W W Az W Alz|laAalA
o | WWD s|slala A al K £ 5
wlw|Elalal=|=|E|E nlz|El=z|a]|a
=l [=lalal=|E|=|= alz|E|=|a]|o
olal=|alalg|=|z|a Llz|z|z|a]|e
wlw|=|elE5l=]z|el5 EE|lalzlale
< | = || = W [ =1 W = NnlAalA DW
olal=z|alalEl=|=|= alel|k WW
~ | E|e slalz|=s ale|z|ElE|E
~lvwlale =K== £le NiDim z

Nursel

Nurse3

Nurse5

Nurse6

Nurse7

Nursel4

Nursel5

Nursel6

Nursel8

Nurse19

ARG A TTEIEAR ) FIUR A EEEILE] o

62



Wk B—iE 12 A f Rrre 73T %

P 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
! ﬁ E4 B 2 - = = r E4 B 2 - = = r Ed > 2 - = = s I B 2 - = = s Ed 7
Nursel D |OFF| D D N N | OFF | OFF | OFF | N N N M |OFF| D D N N N |OFF| D D |OFF| D D M | OFF | OFF | D | OFF
_ D D D D OFF | D D D D D |[OFF| D D | OFF | OFF | D D D D D | OFF | OFF | D
N N |OFF| D D M M | OFF | OFF | OFF | D N N D D M |OFF| D D N N | OFF | OFF | OFF | OFF
M M M M M | OFF | OFF | M M M M M M M M M M | OFF | OFF | M M M M | OFF
Nurse5 D D N N N | OFF | OFF | D N N N D D D | OFF D M | OFF | D | OFF
Nurse6 OFF | D D D D OFF | OFF - D D N OFF | N N OFF | OFF | OFF | D
Nurse7 D D D N N |OFF| N N OFF | D D | OFF M | OFF |OFF | D N | OFF
N N OFF | N N N | OFF | OFF | N N | OFF | OFF | N N N |OFF | N
N N | OFF D D D ' D | OFF OFF | OFF | OFF | D D D M M g
M M M M M | OFF | M -l M | OFF | OFF | M M M | OFF | OFF | M M | OFF | M
N M M M M | OFF | OFF - M M "M M OFF | M M |OFF | M M | OFF | OFF | M | OFF
Nursel2 N N M M | OFF| D N N N |OFF| D N D D | OFF | OFF | D D D D | OFF | OFF | D
Nursel3 OFF | D D D |[OFF| D D D D D | OFF D | OFF M | OFF | OFF | N M |OFF| N N | OFF | OFF | D D D N | OFF
Nursel4 D | OFF | OFF | D D N N N |OFF| D D |OFF| D N N N M - D D M | OFF | OFF | D D |[OFF| D
Nursel5 D D ; D M M M M | OFF | OFF | D D |OFF| N N | OFF | OFF | N N OFF | OFF | D D D D N
Nursel6 OFF | D D D |OFF| D D D D D | OFF | OFF | D D |OFF| D N | OFF | OFF | D N M | OFF | OFF N N M | OFF
- OFF | N N N | OFF | OFF | OFF | N N | OFF | OFF N N - OFF N N N |OFF | N N | OFF N N N N
Nursel8 OFF | OFF | OFF | OFF | D D D |OFF| D D | OFF D D | OFF | OFF | D D |OFF| D M [(OFF| D N N |OFF | N N N M
Nursel9 M M | OFF | OFF | OFF | OFF | D D D |[OFF| D D |OFF| D D |[OFF| N N |OFF| N M [(OFF| D D N | OFF | OFF | D D N
D D D D | OFF | OFF | D D |OFF| D D | OFF [ OFF | D D D D

ARl A TTHEE AR TIugR & TR o
63



=N
TITR
SR *
B2 ﬁ 4|

13

3

fitd C—

23
55|15
53 & it
Z. 5 - :
£l s 3
e =| A o
= = : i O
2 - I
()] 3 - D O
Z - - M |
Z - D |
)] : : D |
)] i - N
= - N :
r | | : T = o) z | o
vy = s A W A = [, - r& k& W W : F
— | |
@ | W ElE| = © £ s & : W O W nnm
rﬁru o ElE o [ [a) 5 - O ik O
A ! ) .mFu © . m - : N ;
[a) = : N g |
Z. Z. W W N F O
o =) O - : O N |
[a)] : : M N |
()] : F N |
._N = - O D D
& o) W ) 2 - : T :
A AlE - mFu : F D
7_ M 5= @) ol =)
BN [ =) [ W : N O D
[x, [a] &) o : O | |
0 A N N F
& o = - W N F
& [a B o 5 : : O D
A &) 5 : O O N
= A N D F
el __— M W N N mrv
&a Zla al=E|5 1 3E g
[ o W : : r@ W
. 52 £ N N | W
S 1A & - g F
2 - D :
()] @) W [t | | |
| = 5 - N |
i 52 = | = | D |
[, A o [, o o) . : D N
=) 5|5 . W D D
N Z. [ Z. S - : F |
A - - F O |
[a) ) o | = & W : D
K = o . : : O N
o
()] : Wu F |
It M e E|ls|=z ) Z )
N . N F
[ T £ ) : : D O
&) o W Z. [T | ,Mu.....u - r@ 1
=) 8 =) o 3 F...._..MW 3 - W nEFM
W S Z. . (."M ‘,,_.nW - W D O
o | =) S . i ™ |- : ol
£ a o fal o |- m“ T
'y O W O.H. | i : O
Slelk =] Y _ I
h=t E|E =] .. : W |
[, [ (@) T W M |
AR5 ) i D !
5 | =153 -
= : F D
" Z. - W t W |
gl I —Z : | D
= - : FD
= N F
Z. - |
Foy . N |
o : | D D
“a : | F |
[, : i
Z. - . F O |
&l _ : O |
a - W | F |
Z. Wu O r@ |
| - O z. A )
= . : |
[a)] o : : D | |
| N Z | Z W .
o " Z. = F : D O |
= F |
Bl A M O O |
m M Z | Z W "
|
| N =S| =] A - W : E
| M | : 5 Z | A
%) . D | D
= | = - : D
= : D
g Wu M F W |
Al E =3 M : W N D
()] - O D W O
| .. : = o Z [,
© 5|5 - mu D |
ALE = E o e - O
| | W M i - & [, Z, @)
“ 52 £ e e |
[, @) Z. : | O :
— M | 1%
i mu : 3 = 21 8
O : | | | |
< = a = - : T N
I, Z. [, = - : i N
5 £ | s : L .
_ 2
3 : - A |z m M N
W“ Z | A :
| ) - :
™~ - : r@ 6 W
=) -
1 : 2|2
E =
= : :
% Z.
y o
-

3 ke FIEP AR [ FIH 3 EXTw| o
. \'";E,
3 T J-
A ;
:;a‘l
/f__%
: S
A -

64



