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A Constraint Solving Algorithm for Semi
On-line Scheduling Problem

ZHANG Ju-Yang! 2 SUN Ji-Gui»*? YANG Qing-Yun': 2

Abstract Most of real-life scheduling problems are semi on-
line. Recently, how to solve such dynamic problems is a hot topic
in the research of artificial intelligence. The semi on-line schedul-
ing is introduced and the constraint models are analyzed and cat-
egorized. By defining the relevant concept of monotony about
constraints that appear in general dynamic constraint models,
a kind of constraint extending is formalized. Based on this dy-
namic constraint modeling, a sound dynamic constraint solving
algorithm is designed to deal with the scheduling problems. Fi-
nally, an application example of semi on-line discrete resource
scheduling problems is given. Experiments show that the algo-
rithm is valid.
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(Constraint programming, CP) X+ 37 (fE4k /) F1EL)
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RPERAR, 2 FISE 0 RARIX —HU# & g ik X+
FEJP BETE A ) 3R AR (0 77 1548, RUFSCREF AR A& i
i) AL F) $E BEMT TH SR e CP R B WA I i ELARS 303 &
255 SR At PSRRI A 11 DR AR 24 RO 2 ). (RRS)
TR 2 4@ (Constraint satisfaction problem, CSP)[s] GIA
T TR R 20 2 U B I R (R A RO R, R TGV R S A TR
W R (R SRR SR AR, X F s AR A B, SCHR [9] $ i
TELE L9 FO /2 1) B (On-line CSP) HIMES:; 40 E 24532 T
AP, SCHR [10] SIS A0 2 10 (Dynamic CSP,
DCSP) %1,

AR ST AR 32 B AR AR — B A e R B ) A TR sh A
A B SR AL . Bl 1R A — YA 2 10 A A —
SO R A AL (A TR 3G I BN IR AN 5 5 1k A T A AR 1)
ke, BAVRIXFE M2 WA RS e B A& v, xF b2k
LUy Je T T AR AR B A X, T VA 6 R SR A
BFATH NS o] LAY g 25 S o I BIILA R R g+ 2, 1M
T T AL DCSP BT A RERHT shs SRk if. AT T —A
EF 5T BRI SR RS, FEUE WX AR R 4 IR
KA 2 5E A5 (0. sk B B0 R IR, 3R AR RN By et
AR I AR RN SR A 2 A R
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EXLE 502 W8 P h—A =64l (X, D,
C), B EESLS X = 21, ,2n, WHESLS D =
D(z1), -, D(zn) (XH D(z;) X TAE =z; MAIHE
HRARER), ARES C = {1, ,em)y —MNEAFE
HEAS X LRAR ¢, X(a) = (za, -+, za) 2R IR
HRIJLFR D(zi1) X -+ x D(xa) BT

E (vi,-- yon) L (min, -, @) RNARE P52
1B, BV 41 (v, ,vn) (R (T, -, z) EIIBE:
(v, - yvn) L (@i, - s win)= (v, -+ o). RIE TR

ARSI (1, L on), WRVI=1,--+ ,n,v; € D(z;) H
j=1 ,mvi, - ,vn) | X(c;) € C, MEAIFRZ HA K
WA BV 80, A2 UL, A RO 2 A 58 4 (1074 6 S 4
th, BT AR, Sol(P) 1 B MU i 41 (4 4,
BAVRZ R A 2 08 P IIfi4R.
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T,R,X,C,D, f, Jtih T EAE% (T.F) &, R Z5IHE
&, X RN EARRES (T MEEES), C RARES, D

AR X WEAE, £ o8 AR

EX3. HWE P = (X,D,C) KA P =
(X,D,C) ¥k, Wk X C X', C CC HHV: €
X, D(z) = D'(z). W2, WHRRNIGELGHE P iR
TR AR, WAE] A R n 8 P

EX4. ARYREZHRWAN, WR P 2P YR Ba
Sol(P') | X C Sol(P), iIXH X ZE P A RES, il
L, PR PR MR AR S PR

CX) Rr—HHuARAFEREES LWARKH
B IXRE 2 TRZH A5 M T 24 TR 2 Il LI T Tl L 3 R,
C(z1, -y xr) PRIARTASHZEIAILE 21, 28, W
YA Al DU R s b ). AR RES X -
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EX5. B Sol(C(X), D(X)) AR C(X) Mk
Bt X MMRAE, 20 0R1L B 50 2 B in, W R T
X MY MAEES Sl(C(XUY),D(XUY)) | X C

Sol(C/(X), D(X)).
B, ARy R IR RS EY R — N, |
) LSRR DAL G, (I AY R, 2 TRAL 3G SR I 11 B

PR IR AR FR IR TR T BRI AL B Bl B 1 A
WIARA 20 AL R R G s . BRI B AL L 2
SR
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PR B A, ANEITA T TG R (WA R X
M C(X)) #BZ A, B T A2 e 8 B2 o 3h 38 4
(TIN) 1, BUSUAR 29 0 2 M3 P e AWt ey ke,
M, BBARSEARAE AWM EESE X L
AR CX). HEWE P iy A P, AXMY kE
R R B2ENATFTELES WL ESE X Lk
HATARAL 1, SFRIFMARLEEY G, fil kB
2 SR BT AR IR T 2 SRAE R, IXORE 1 3 e 2 R Y, B
Sol(C(X UY), D(X UY)) | X C Sol(C(X),D(X)), X
AT AORAIR B A AT A I 32 P 30 285 B 1 24 TSR A
B FEARNE . N AN HEd Dyna-Solver &y M 58 %%
k.

Dyna-Solver 52— MN&A R RME L, B EHS
AFR S CB-Solver ™ (24l BVEMA AT LA R4
C(XUY), ¥ ERIEE DX UY) Mgl D'(XuY)
FEHIA AR Y, RN Sol(C(X UY), D(XUY)). &
R BRI PR, MOCTTINAR (RHEES) R T
MR G (BREIeER). Sk E e YRS
25, TR R AN 2 U TR AL R o R, AR
TE3E (N EBEE 25 ORAE), SRS, FEHERR P DR AF AL B b, gt
i, LA YRS R AR,

Pro(z1,- -+ ,zn) BIEEARE C(X) LNARLEE
2 U SR AT th ) TR i % R R, MR R L R A
C(X) F A [F) 2 TR fih e =42 P T I TR A [i) (100 24 SR A% 98 0
Pro(zi,...,zn) BIEPATAR C(X) PIEARAERFERER. )
FE AR i B [ I AR A A BRI A 24 SR A A I sl B e AL,
WRINAS BEAR A, A HEA SR A0 1 913 o B B . LIFO
(last-in/first-out) W& AT LAG 1F & —PPBRHl, 1R 1 AR FE )
Hidk T HATIEFE. Dyna-Solver 9% 325U

WUE L. R S HEAR AR, RIS S HUR ARk

L2, W k> 1, (F1EEHRELE Pro(x, -+ ,ar); 18

PN IR AR 45 T AN HERR, ORAF TN 20 SR 25, 5 AL
PR3, AL 21, -, @k, Ter WHUE AR B,
HF zp1 €Y

SERA. AR B HE R R A A AR S AL (0 A
e, WAL 1;

FB5. HWNZLRNBEES IS, HE, WELR 9,

FI6. AR/ AREZ N RAEREE
YER MR E curVar;

FBT. AW YRR BISEUR A A M. I, MR
159 T, 75 5 22 558 9;

IR 8. AT AL 2 SRR, BVE A AR H
Rk A AEFRLAIR Pro(zy, -+, @k, Tug), A5 20 RAHE B
&, RIF 1 FRRHE, S5% 4 SIS 5,

FIBO, [BE AR TR, B 5 5
FFAE, &I\ 0.

T R FEAE (Rl W AR A T AN A, R S £
Hk, R UL, AL IR R R IR (X 2 B E (1 H
BR), PRAFZE BRI OX — 3R EAE Y RS 2 RO 2 SRS o i Ik
Joi¥E BN TE ), WOE LART I AR, i sh A& R A,
Af LA R R A 1 R

¥R R 1€ BAIE T Dyna-Solver H.15 2 5€ 4% 11, JF A.
RE 19 B LB S HVL T i

. WRHELFR KM E VL CB-Solver J& 58 % A1 .1
1, HBLAWR C(X) ZHMI, I2hELRKMEH L Dyna-
Solver &5 1. W2, WA BIREMAA KR, Hik
DS BIRERSE L PN R, g T

Sol(C(X UY),D(XUY)) C CB — Solver(C(X U
Y), D'(X) U D(Y)) C CB — Solver(C(X UY), D(X U
Y)), MR &% Dyna-Solver fi#4 Sol(C(X UY), D(X U
Y)), D'(X) = CB — Solver(C(X), D(X)).

4 7% Ship-loading [ FH &

SRS VLR A R R ] I M 2R R R
W RE ) L Sk N 49, Shop-loading i & J& — S B JEFh 2k
HOH 1 MR URL, HAS R NP L ) R R . 14
Sk BH MR TR, BRI AR, 452
A PR R, %A KA BPATIEL ESPATHRE —E
IR (RN ), BRI -E, ARIERA R, H
Fi A 5 /M I 28 52 IR 8] AR SE BT A AT I AR P, I e S
AR (REEDBEAT) H I B 0T T V2 5 ) 4R T 8 T 4 (R AT
SSAT IR, RN IL 12k Shop-loading LTS, LN 7
BT B T7 AT ShAS AL, T 1 DAaZ i 8 4 s i Y AR
SCERRT ARG I BT BT I B A 2 R A VE R K i B0

W) CSP B W AR B4R X = {st1,sto,...,stn},
I [A] A% & sty RoRBADMAES T B FF 46 I E; 8 R
% D = Di,Dy,...,Dy, Di HAG st; W, ¥
0,57, Duri]; YA C(X). AR LYKR:
Successors(T;) = Ty, RoRANZEXLAK stj > st; + Dury; %
AR EAR: Cumulative ((sti, sta, ..., stn), Duri, Durs,
ooy Dury), (Thi(R),T2(R), ..., Tn(R), h), FIR{EAE I %)
t(sti <t < sty + Dury) HAKRKR 1L Ti(R) < h, %4
R RAH.

# 1 Ship-loading 2%

Table 1  The parameters for ship-loading scheduling
T; T1 T> Ts Ty Ts Ts T7 Ty Ty T1o T11 T2 T3
Successors T2 T4 T3 T5 T7 T,5 Tﬁ Tg Tg Tg T10 T1 1 T12 T13
Dur; 3 4 4 6 5 3 4 3 2 3 2 1
Ti(R) 4 4 3 4 5 4 3 4 8 4 5 4
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5. 1E 2k Shop-loading i & 1) /8 S, A ESE n =
13, RURAE h = 8. WALILLAIH, AE55 I TN TR B 5
RE ETR 1R, BEERZ] ¢ = 20 EOFES T (S
ﬁ Duris = 3,T14(R) = 1)7 W\U?ﬁﬁﬁlﬂﬁiifﬁﬂﬂ Y = {5t14}«
Y LW N: Successors(Ty) = Tha, Bl st14 > ststa+ Durs,
Cumulative(X UY, Dur U Duria, T(R) U Tha(R), h).
MEARFREE QT
i3 85: IBM Netvista P4 2.0G CPU/256M RAM
BAFFEE: Windows 2000 Server SP4/Sun j2sdk1.4.0

&% 1. CB-Solver Kfit

I CB-Solver ®.iFK i, BIAE Tha )G, 45718 477
BLPAT, EHPATEE. WEMRS R R oK 1,
makespan = 35, CPU(s) = 3.152.

A
8 -
h 4 13
4 1 10
5 6 12
1 2 3 7 3 9 11
T T | >
0 10 20 30

t

1 CB-Solver Kfi#4;
Fig.1 The solution of CS-Solver
1 2. Dyna-Solver Kfi#
F] Dyna-Solver S35dEAT e, P SEMET TR 2R W
K| 2, makespan = 35, CPU(s) = 1.875.

A

3

v

T T I
0 10 20 30

2 Dyna-Solver sKfi# 455
Fig.2 The solution of Dyna-Solver

ST aE R, WIH AR Cumulative FOBNIN AL & staa
TGN I B X RIGE E HARME (makespan) F2AER . 48
FHAES Tia TGN TR & Tha 1S BREBUEAEAS 2 1 % H
FRAE R BT QR S i B i H A R K
SO TIPS EAEAE AT I E] 5 22 BEENME AT 0. SIS IE
2 RFERENZSE FRERN RS CPU JFAE 2 T AR/
FUASEIN Y A LA b, AR AT 5% VR LA % H.
B K0 AR 2% Tk ) i, 384 B IR AR AT TR Sk
AR AL, AR DL B BhaS RS0 8 TEAf 2 DL 2
WY R THE.
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