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Abstract

The arrangement of sports scheduling for each sport scheduling planner is a time
consuming and strenuous work.To meet the daily team pairing needs, a schedule planner
must make efficient arrangements for the constraint team pairing, and also considers how to
comply with the relevant rules for the league and baseball teams. The sport of Taiwan
Professional Baseball League is very popular in recent years; up today it formally marches
to its 16™ anniversary, and the Professional Baseball sports scheduling problem is a pairing
optimization problem, in practice, the constraints are that the relevant rules for the
regulations of Chinese Professional Baseball League are also need to be considered, and for

this reason it is of difficulty on both the‘model planning and the resolution.

In this research the sports scheduling is formulated as a constraint satisfaction problem
(CSP), it applies the method of:constraint-programming (CP), by the design of problem
variables ~ competition pairing and the time-frame in the contest day to develop models
for each constraint to solve the problem. In the sametime, in order to promote the efficiency
of solution, this research designates three phases for the solution, and after the generation of
weekly competition pairing ~ time frame charts, the fields will be allocated according to the

demand of tickets office of the main baseball field and the policy of the league.

This research applies the contests scheduling of year 2005 for Chinese Professional
Baseball League as a comparative case. The testing environment includes Windows XP
Operation System ~ 2.8G Hz Central Process Unit, and running the OPL Studio 3.0 for the
solution; to get the solution after three phases takes 30 minutes. Comparing the contests
scheduling chart of year 2005 with the literature which resolved this kind of problems, this
research focuses on the features of Professional Baseball contests scheduling, arranges the
contests scheduling which complies with the rules of Chinese Professional Baseball League,
satisfies each baseball team and conforms to the real contests and the contest system. It
helps strengthen the positive image of Chinese Professional Baseball League, and assists
establishing its decision making support system for contests scheduling, it could also

provide as a reference for the sports scheduling planners for various sports.

Keywords : Sports Scheduling, Sports Timetabling, Constraint Satisfaction Problem,

Constraint Programming, Chinese Professional Baseball League
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ST E AR TR UG AR 0D R R i S G o (P AT IR D
SMOR™ 2 a3 B2 REEFtA > R €17 P2 FIAEAEL 2 b
EE N TR S T R SRR N EAR e i ML S S R S
L2 2 m:rf; [7% AL A 3 0 PUFIARF] 2 A if 2 Rf2> 2 - Simonisimonis [30]d5 1 >

REIE VRIS P fT(Scheduling)‘fJ*@T iw % (Allocation )~ s\ﬁs‘](Transportatlon%
KNS (Crew Rostering) # I 38pF » % % {3957 "% 0k 383 K f2 o Puget[24]+%7 3
BT o RN EARE FLA KR AL > 1% PLFRL 60 2 0 R H R AR U 2 B
AR T AEFFPMEIRE LAY PFLL .

2.1.2 BATR 32 f2k

BT AR AT 0 BRI PSR L o HARE Y T BE AR TR
SRR RAD LB B R T SRR N AL
AR RfENTHE LS LA % - L& & FE 2 2 (Optimal Solution Algorithm) >
¥ - 4 g 3N F B 2 2 (Heuristic Algorithm) o &7 5 eR 35 4] ik &2 2 cie & pF Y £ B
REdAp B > Tt AR ARRR KT 2 f20F F Hw AR PF R & K3 (Timetabling) R {52 5 o

Bdiwe2 R REEre gl miE T s PSP BRBRET (712
ZEMNKES- BE o A0 02 R R0 RN - B PR RE TS AR
%54’14’1%@%;%”3@ R fAPERY L 233 7GR ST 0-1 BECR L Rt R
¥ & 7 % (Branch and Bound Method) & & > 4c % 2.3 #77 o

% 2.3 e N ‘f\ﬁ**’}.%

Gugp | A RV UR BTG AN R R A e
PAGEE A B P - T R R P SRR &
(Node Selection) | B+ # #6417 B B 48 % (Best-Bound Search) - i & 4%
( Depth-First Search ) ~ & & #% (Breadth-First Search ) ~ S %1%
% (Random Search) % = ;¢ o
A P ARIL - AR RGE —\ﬁ;kjg_@ﬁﬁ*g:br-]a_ i %
BEX BRAPHEAL LI X =0% x;=1 hd BF I 1Y
( Branch) AR E o TEH X REAL T A B A
F_'Y HE - B3RS ERAP b2 R EET LT P £
B ER a2 S S IR R S RSt 8 2 SEC IS
(Bound ) BoiEfE o

B BIRAARBALETT ALY B A KU TEEE

IJ:L
ﬁ*(‘ }’1’;’/5_»;:1-—? b i BEES T Y %Eﬁxf;"ﬁ }Iﬁ;’ » H ‘ﬁ = i@_-’, N ']?}tﬁﬁ,j— :
¥ A SRR N2 FNAL AT RS 3R
( Fathoming ) TR R EfRL FRfE2 SRR FEfE~3. 3R

\ﬁ,u fagp 7 4pF & £ f2 (Incumbent) % o

T kR [33]



ANBRRFEZEZAFIFERN REVT FRORTT > - HEITF EN AR
NI § EH R FETUFNFRZ  NFR-FT AR BRI ERLEAG
3o LB e p T e KR S LA L B AT AMTR O M RARN AV L Uk
3\ f#i2 3 #4130 F 2 (Tabu Search, TS) [6,15] ~ ##:2 X ;2 (Simulated Annealing,
SA) ~ & Fi% & 7% (Genetic Algorithm, GA)[11]% -

AR R LA SRR B 0 T e A G R0 e
1. i¥## % (Operation Research, OR )

TEAT AL I BRI IE AR A RERE A&
e R %\mﬁ‘: v i ;gsg Ffr g i’eﬁ’&’;‘#&“%{ v 3 MY F OR & 2 Rz
RI ARy 7 A Sl Air ¥y 4 ‘fﬁ#grﬁgéﬁ—‘k&ﬁf i * BlA;% ¢ B 42 (Graph
Coloring Problem, GCP) K fp v R 42 0 & 5 nodes coloring problem 22 edge coloring
problem » i ;ﬁd )LHJ_ GCP % /&2 £ 257 42[33] - GCP &_B]75 ¢ eh& B & 2 (node)
i (edge) Frpad »GCP VP ehiA AIF| E AP F BT ¥ U F FAple chppd o
E Ok méﬁvﬁqful%aﬁq/“ EBE > BT RS E R A 0 ET R mpﬁvﬁ‘i%‘
B2 ¢ Apaieng & 5 GCP ¥ » & 8% 4 i“»#ﬂé‘? PR SR Fﬁtﬂ%wﬁ* -
R BRFE 0 B d i g IS PSR B A S R > g rU R d dkp
2T LA BEBF RS o AR A EER TN L Ap e chpEd o e 32 é» Lo Ao

4B 2.1 Bt’ﬂZZb’“r:r °

® 2.1 Node Coloring Problem 7+ %, B8]

Edze 1

B 2.2 Edge Coloring Problem 7+ &, )



2. & #;% (Cluster Methods)

Arabinda Tripathy ] #* » ¥ L4 » #-i3 - F kfeng 4 ET?; — 3%, ;gg; g
PRy chgfick f§ i GCP» £ 41 * Integer Linear Programming = ;% £ % GCP -
—ARA T AT R - A RN AL F AR A S e D3 e o

2 i T P E R ORI A AR TIE R R 0 1R R LR iR g §,\,J‘ R
PLF[8] o kK KA o TSR BiEFFEER PREE AR 1 KR EE TR A a¥
L] AR T - IR R R S e R 4] -

3. FxF %% & 2 (Heuristic Algorithm )

W2 o L ERF S EOF N RE 2 g B e b B @ FE TV J# (Simulated
Annealing, SA) ~ # 4|4 % ;% (Tabu Search, TA) ~ & F]/% & / (Genetic Algorlthm, GA)e
Hybrid Approaches 3% ¢ s * »03F 5 PAZR ALY > iplt 2 2 00— B 5 BAsdefaie
4 R R s %E\;}%’g R W LT » R hb E 27 o g i 2 nv g
FAsanEE > 2V TL-?I" F bt E mﬂéﬂ?"*%\ Ao ANEBIFREIZEZ AP TIERP
RET [k FIT o - B R X QRN AT A IE € FE R 6 T
WE o FE R BT AR B SR R R AR R e B ok
FHAL P EFAHTF o Safaai Deris[ 1T 8 1% GA % & CSP & £ Firh it
f# g4 >t Safaai Deris ¥ 4 A3 5 ¥ % GA P2cp XA P H2 5nhiL- &
WA 0 R B B AR A 2 BT R B fEagk A T 0 & GA guBfz? % CSP %
#4132 ¥  (constraint handling) S AFH Rz ks — B d GA 14 4 07 i 330
£ -

4. L AB) i

5 tp B #7 3 ¢ * Constraint Satisfaction Programming * T‘i’#k WA ARS8
ef %\‘[1 1,19] - Constraint Satisfaction Programming i & ¢hiF d § 7 W -RAR P 40 ¢ en
‘% EARS IR R eASS 1B /T eSS TICIES i I K eASS TR el 4 lﬁ e U SN S EAE R

£p B = U] B R G LA AT o OSP i AN AT ¥ 408
7 NP-complete e 4 » gt $rijd o 22 Pz B %\rﬂﬁﬁ I“ﬂ‘ ip o F)P CSP ik & kg
AR AL o d T E KT OT AL EFE > F3F S i WK HE e
Constraint Satisfaction Programming 4p B # 3 > I}L % 75&'7 MR E R T B E L FIF S
TRRFFEDCSPERAL DR 54 (Ex : ILOG OPL Studio) > :E{1* CSP k £z
PIEPEETRAPRPIES S - BATAEE
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2.2 F2E)

"L A% (Constraint Programming) 5 - fé%% & OR £ Computer Science & * 4%
B o &M% ki Constraints 9535 o AT+ & RN F AT AL AR
w—ﬁﬁroaavrﬂﬁ%ﬁ%mﬂmé@kan’%@ﬁ*i@”%E?“A’
TP RAR A S B i R %\‘ﬁ‘_;\‘g’—-*ﬁ’} °

FIR A AR TR ERLHRL ot S 24 & Ok r?—«u@ senfe i FE S (Co
Pascal ~ Basic) » 7/ % & 45 p % chfe 2 Ho 335 RG> T & 4 55585 (Imperative
Language ) 5> #7/0 T P¥H3 25785 H é, (Programmer) R I SRR S RE IV} ]
B % ez, B enhf 1% (relationship ) & "’%F (constraints ) » # 259 35 enF o o @ Sien
ERET BRSNS H R R R B R R H B B 3% 1960
ﬁﬁ’iﬁﬂﬁzmﬁsgﬂ,4A¢W%m@?%ﬂu%@—ﬁ%:kifaﬁ*
sﬁz i H st pr 2 }”fl:}% N BRI el R SRS B E

£ p Wi R a4 RE3E S (Constraint Programming Language » CPL) » CPL %P
WARNE S HuE R Y 3 Tg 4 022 (Declarative Language ) 5 ©

'\:_—L-;bt’@»‘\‘ﬁ’»“mz}c.g‘d*%&’f’bf’"}PP?Q#K&3$WDFL ggm*ﬂ ’&P
ER L lﬁkévlt‘.ﬁ IR e T o SRR e Thowy aF 3 > Ap¥ten 2 45553

=3
B
LR
AT Twhaty g0 &5 2angsd > 25 LenB i * abpp g

'g

el S R F""FHFF Wy rdL > B4R AB iR a Py LN E AT R
15 BIEE 7 (logical programming language’) 4= Prolog > :# 7 Haskell, ML i&#f S #ic
B30 ?K{@*?E 2RFET

LD B~ e d At T AR F 1 (multi-disciplinary ) » v & 7 7 @ A
B ORI ~ 4 1 E (AL) Hir @ H A48 £ i35 5 2 (constraint solving
algorithm) & 7 7 i#, m@:?ﬂ’ PoHNEEE 0 N E ORI/ GFE £ o VT‘ LIS )
TR E P UH R A KGR F% LR SE(CSP )R RgpFiE * 7 AL 4R % ¢ Consistency
P T P ang R AR E o MBS H RfRams o

CPA- a7z P& P A= & kp 2 %4 (Computer Science) 4 1 47
453 (Artificial Intelligence » Al) i B > 1345 5 —‘F% Brailsford % A [3]¥ 2423 e
i%rﬁﬂ*mﬂﬁﬁfmﬁ*“%p’iﬁﬁﬁ*%ﬁ@%#ﬁwmﬂﬁ£W%’
TE A RO I B 2 G RS e KRGS R A e SOWIR DT E ko P
ML s ”F'&;&jﬁ o 4 BRI 2 T 0 B A T G LIRS - A RS
FIRFRER 0 - A S R R AR 0 ¥ - K S R RIS AN AL D
A RR AR A F A BT
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1. 4|38 < ¢ (Constraint Component )
Fl- BREEZHGNFT R HavdE s kw2 REE U
AR R 5 A4 5% (40 logical constraint ~ arithmetic constraint ~ cardinality
constraint ~ all-different constraint ~ atmost constraint % ) # 7 H #1458 =~
SRR I o A R UNERPARES ANLE SRR E R R T R S
Bl ws e

2. ARV Rpra (Programmlng Component )
70 I mﬁéﬁ#&ﬂ’ml*ﬁ ZREHEFAE CP P % g 4% &
%\‘—ﬂ‘#%\ g K AL A B A AR EES S U 2 B - R ET

( Consistency Checking Techniques ) ¥ *2 4] ;% & 57 # 4] ( Constraint

Propagation) » ¥ — * & » #F ~ F B L A guF Y 2 5wz (Backtracking >
BT) » A BT &% B 4 &k { B2 dF 7525 Forward Checking
Maintaining Arc Consistency (MAC) 5

HEA ’“\?F'J*ﬁ-%'l)‘]ﬁ{/f%’* TR B 2T Rk BRI R R BT
A% § A BIEF T (4o Prolog) ¥ sty S AET Y BB A T 7
o F R B RIL U b o F]pt o QARG B ) - 1 AN SRR LR R AL
;B 48% 7 (Constraint Logical Programming,) > #.%_CHIP 3% % ( Constraint Handing in
PROLOG )i €_d Prolog i zxa K » Ff #FLFY 8 2013 58 2 [F e 0% K 4vid L@ o
TEREFTNHAHZRAFANERRE oy 2 e es p iﬁf& 70 P BEE
T BENEL G PR Ee NG RGeS F L 5 ILOG 2 & 0 Sover(C++)
Scheduler (C++) ~ Jsolver (Java). 34 % COSYTECH 7 CHIPvVS (C++) °

LFPRB A DA EARR Y 2 BRIt B A A TR AR &
WARE AL BRFEFT O IEHEEATIIREFRE T okERY 2o
bt 5 RS R LR o % 8 L T S S
o A - s TR Aoyt o FEN o PRI 2L B PR T AR
BEFOILTE KRG R SALR/RY RG] F KR LT ARG A 4o
PR RS S R E12] 2 APE[O]TE 2 AREE S F AL BAURE
FORE S FT A R3E0 2 RETI[10] 5 4P M RO BE o

—dpdm S o INT s LT TN

A ~ Real arithmetic equation constraints
Blde 1 (14X =2Y+Z ) N ( Z-X=3 ) N ( X+Y=5+Z ) - &3 24| 5¢
FfE iz LB RBEFERY 0 BF L év'ﬂ,iﬁ—fp'\Gauss-Jordan Elimination Algorlthm ,
P EAR T A R A R BiE

B ~ Tree constraints

R Al e 5 5% i}u‘{ 1]’3 AN E = 7&; ¢ E,ﬁmﬁf 2 f? d & é_
fe R REOE ¢ Kbk - g o REAP AT ;J;LF. P LA e
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C ~ Boolean constrains
“73} 7 Boolean constraints )’I*uz‘i T RAINE Y B8 (Domain) " 25

** Boolean 73754 » 7F WP ¥ F B - @ o @ & * Boolean Constraints mﬁxﬂ gz
BEFT 1~ T 848X 3 (Logic Circuit Modeling ) ©

D ~ Sequence constraints
Sequence constraints # ~ g * %ﬁ%’-\é_ DNA et 5 b oo

E ~ Block world constraints
Block world constraints £_j&_4 1 £ (Al) § ¢ % B 3 k4|58 » 0 fgidf %
2EF PTG G SAGNEY BRI F I ARE YR
2] (Configuration) F > dof83-3=EK & 0t B ~ 83 B i B 2R3 o

et s FRAINZETS BRI E LT A BT A G
A ~ uniary constraint ( — ~*F[0 ) 4 X < 4
B ~ binary constraints ( = 7~ *q4|;4 ) 140 X#Y & X+Y =5
C ~ n-ary constraints ( % ~*q4|;% ) 40 X+Y+Z = 10
MU AP AR R R 2 F R - e aR P > § A € TR
X R AR H S A B R A aaskAs  BOgELp U R ehy PR HIT o

22,1 Ud)n AR A2 TR

#7331 "L &R 4L (Constraint Satisfaction Problem, CSP) & = % 4 1 47 £ 47 3
HWT G 3 AEZ — 03t 1970 # RS Y o Tsang[33]4- T4 5% TR AL N R H 40T

— s EUFIRAEd = @A Arle s (Z,D,C):

(1) Zz & % # 5 e % #i ( Variables ) » & 3 "L e ¥ & # &

Z={X Xy uer... X, )e

(2) _'Ei (Domain, D) > CSP # & ip ##yi3 £ ¥ it Ed,d,,...... d, o &
- BREST “E“ﬁ*mﬁgﬁyéﬁ%&ﬁ@@
Di={d1,d2, ...... A b B iE A - TR BEEA L S 7 A

B de v TR

(3) *24] (Constraints, C) > CSP ¥ 4| * kit S8z Wenpd 2> 2
T E R - BRg R BRI RE Ry R
UFI5 L G oarity cnlE T 0 5 CSP P a1 B 00 B o fL2 5

" binary constraint | °

% CSP @ » #13 eh¥ {7 f# (feasible solution) 7 & & i % fic x, &M #TjhehiE
D, ¥ $E - B d, o B LG U o F B R E RS

1»*‘%\:
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{d1dyseendypnnd, ) 5 7 (7 é0f2 o Brailford % % % [314 41 & CSP ¥ » i ¥
EEBAB RS

(1) &CSPY FAAFHE- 7 T3> $H37 723 2 BTV o
(2) & ddry v 713 o
(3) ZHpAIER L) IHIEULET R FfENE P E T RafE o

R R AR o U R A ot A i T (Opt1m1zat10n) RRRE o H ffzp ehn
ANEFE- BN BT EE oAt EE %\‘Lr-% Foz BEfR o BEER Y > BE L
7% 3 B % ¢ R 48 (Map Coloring Problem)fr n- 2 & ¥ 42 (N-queens Problem) » #X @ ¥ $
FARE L2 B % AR RE 0 Bde ¢ FLA 3K 3 R 42 (Timetabling Problem )
[ & & 2 B %2(Crew Pairing Generation Problem) ~ & f 7%:# (Crew Rostering

v RR L] E KR AR B 0 A 1970 F N s & 1 97 E(Artificial Intelligence, AI)AR &
""’F“{f,;filﬁ ﬁf’“ﬁ;#}\)\ = —El_y' /p:rv‘“ Boh ,__L*Jfﬁm«;‘t | % R ;9_7_‘457 /p:r;Z F oy % ;‘a‘;’ﬁ{,
d 3l - T RE R A AR L 0 TR L TGS Ry £ G ke @ L)
A IR, R KR LT IR A T F A R IR KB Hm 2 AT o £ 3 1990
E NI TS anE B g 4 AR Rk @ BRI }ix’ | %‘:’?\%ﬁiﬁ 2 AR
Flam g isF e A Ui LB HE RRBEE T - FEL S o ¢/§J%J LR eSS
BB S T W B R A KRR B 2 e

222 SLFIRBIH 4

B 5 OR AR “T4R 3 en % 5 B35 P P 558 end i3 1 (Optimization) i 4% > iz 44
¥2F 5 3 Ao F1(scheduling) ~ T 4 (timetabling) ~ i%i£ (rostering) =% & 4 (combinatorial)
RORE > FIH R baE S AFRes 5 A HE S #Wﬁ_hﬂ@? % F 1 o 1999
£ R TISATE 0 CP-AL-OR R F7 31 § [44]01 %035 5 che s gl a4l o
WITA Bl ARADES P

LA L B et A 1 9 E(Artificial Intelligence, Al) &7 G428 3F 5 = o a5
Boo—drm g o T dy e TR B 2 T R s LR AL 1 &
Pen? 3@ i A e PR A NAiE - RN Z T AR E DR H
7he P B RO BT KRR o

PR AIBGE £ TR B ene £ B R AT(de ¢ F PR T L e g AR
%»gﬁimﬂmﬁﬁﬁﬁ&aiwm¢ﬁaﬁ&wnﬁ%w%\ﬁﬁa%wa\

Poibin g A A RE BN TR ) - bR S IR U R A F R
BILITEFA Y KedF ;) Ra o i’*&mﬂﬁi}ix'&mibﬁdi“ FAgm 5 o d W IFEA Y
RS A B B R ATR - (CE R § 2 AR K RO

2
j !
A1 i U A B EEAT T SRS AL AT RS T 4 24 5
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% 2.4 OR 2 CP = % #7if * 2 B 4247

[ = e Ffz iz Gl c el -2 el
LA B PR AL op v ARG L
(Fully-constrained Problem) i 4 e(fragment)

“Q%’J %R A=)t {E

. . CP+OR | i*F “fﬁiﬁ"iﬁf"
(median-constrained Problem)

LA R KR A TRz EARE
. OR , v
(less-constrained Problem) R 1§

AL KRR [36]

T CUPIRA] S 2 R KRR AN AL AR T LR

= 5 B3]

Lo 5 red 2 RfEsd) d 2 ARG RFERFY > o r R8T - RS
i o (Consistency  Checking Techniques) ~ * 4] ;% if i@ % 1] (Constraint
Propagation)#? A7 £ 4| e F j7 5 2 - @ @ AR LR fErad g g 3 o

2. HWlEszZzZ 3 gHd A mﬂfljfgﬁqgg—f /g,a;,«ﬁ_«u ;g— ¢z 3 24 Nz =

( Declarative Language ) ;> & 2@ * Jﬁ" BT B B8R R REE S ILL* 4{?

B 4006 LR AR o
3.0 P T R U URPRE T Mg E AT AR AR s aE Al e H Y g
PEBERLITRZER/R P del F 45 (Boolean Constraints ) -

BB L4]3¢ (Logical Constraints) ~ & 71 415t (Sequence Constraints ) % > #7

-"1?#*’:“7*%ﬁ&?*ﬁa%‘lﬂ—l%ﬁﬂ?*‘ﬁ’m?ﬁ?f RS I iﬂ*fﬁﬁ

RSP R AR TR AR A T
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223 FLERL| L B HF H I

LI RB Y RREF R R A - RPRKRBITE T THOEF R 2 TS
FEEBAIAL e f@"”\i SR - RLRBHITR ST TR LR o 7 - R
WP 0 BT A BREXE X #rF aeD; (X2 B8 ) % beDj (Xj2
B) a5 0 F _af‘i » Xpoa K H B ST - B b E B E A TN
RIfE- 527 2 o & R<X; X>- 3 (Consistent )» & RIf# % - 3% (Inconsistent ) -
- RPWRSHRPITDOP DENFT B PR L B RERSH T hEFN LR
- R

- RPHEHFME L D 8- %% (Node Consistency ) » &3 - &+ (Arc
Consistency ) ~ B *2— &+ (Bounds Consistency ) ~ — 4k i* — & 4+ ( Generalized
Consistency ) = faHjir > 7 o - R EHRFITAFIRR 7 F o 5} BH - Rk
TR R B R R g 5 - - Rl eSRET LRI Y PR o A
- = 438 (Binary Constraint ) 2. Arc Consistency i & ;pw GIA BT ol

B 23 ¢ s(@)% 7 x1 2 x2 k keniEid o (b)# 7 < x1,x2> arc consistent F1{E & >

(c) % 77 < x1,x2>¥2 < x2, x1>35 arc consistent 77iE i o

X1 X2
Q Xr<X2-2 Q
(12,3,4,5) (@) h Kihmis (12,3,4,5)
X2
X1 X1<X2-2
{1,2} (b) <X1,X2> arc consistent £77E 3 {1,2,3,4,5}
X1 X2
X1<X2-2

(12} (c) <x1,x2>¥2<x2, x1>#5arc consistent=I{z i 4.5

FH KR 3]
Bl 2.3 Arc Consistency # &
AR 2 FF L2185 = 1wt (Backtracking) ~ % v % %72 (Forward
CheCking) A MAC /ﬁj”; ° ‘}"’Eﬁ’;i“}%’g L& T‘FE?E i ﬂ‘»r_]f* r‘h/‘rﬁ/z‘m I‘Q f&
Lo @mIum IR I 5o nw A2 MAC FE 289@ % - REKBHRFEIFTLE

16



F e -

AR

S

LRER J’i”a”ﬁfﬂ* i (Tree) 77 B @ 30F R & > #hk B chs - &8
- 3R> (partial solutlon) ) A BEEEY > F R gl (d 2
LIS fi) P R HAL G T2 ¥ i (past variable) o AP R BcE
. (future variable ) » A K S #cE_ &8¢ & RiE ffézﬁzm S B B ehiE
(8 REF o ¥ b A% (current variable ) #_F %0 It &% g % fic o HHKk 2
g ¢ s L (branch) M4 ffcH 6 ¥ i B 0 AROFELY AL LA TREDEL
6 FBZERARRIHEL P HFHE P P REEL 7 - ReDE > § A KPR ER
PoeniE AR S 3 (empty) P 3% & Bhak i A2 5 5 & & 2 (deadend node) > 7
ERgfEAsL o ZfFEFA LR AW H BRIl A KD 5 4o B 2.4 41T
U s~ d-queens SPUHLE KR AP v ik B P2 e MAC R E 2 3 R
ORI AT EAL 0 hoT B 2.5 3 B 2.7 #0F o

FIRO

el

I

g

S A~ ]

k%

I

ﬂJ)\,;_

F_" ﬁ ~<

b

SECPRE 4 JEEATIR R AR R B EL
{5 &' 4 31 E QIR0 o 2 i 69 5 3
Look Back : Look Ahead

Backtracking Forward N _
- Maintaining Arc Consistency
Checking

FAL kR [5]
Bl 2.4 BT ~ FC &2 MAC = 8% & /% ¢4 R )

4-queens = N-queens R 482 — f8 |+ > N-queens & — fa 4 25\ ifd X tim g &
fo AT 0 A NxN m#“* ¥ &R~ N B queens » et Hp| e Jf 2 & ¢
HP () 1 - 77 4 1A B queens
HP(AHN) 2 - 37 5 A1 IA B queens
HP] (AHY ) 3 - HAEMA NI AS B queens
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= %é /z‘ F ‘m F»V!.»ﬂg ‘&L”T .
(1) w ;2 (Backtracking, BT )

WA 2 HOE AR 0T B ] ¢ 4 3L U2 (Branch and Bound Method)
WHFEFERY > - T R E Aot ERIOF T2 0 TG BT ARG &
Boo fpwmEg Y > pa %ﬁ”f:’ﬂr#}‘q T2 08 €& P w ek A f2 (current partial solution )
EEVH FF A - R2ZFVERERFEAZ PR EYI - BREELITE D 7
LR A ho] 2.5 5 e

Q
Q
QlQ Q Q Q Q
Q Q QlQ Q Q
Q Q
Q Q
X \( X X
Q Q Q Q Q Q Q Q Q Q Q
Q Q Q
Q Q QlQ Q Q
Q Q Q Q QlQ Q
X X X X X X X
Q Q Q Q Q QlQ Q Q
Q QlQ Q Q Q Q Q Q
Q Q
Q Q Q Q Q Q Q Q
X X X X X X v

R kiRt [34, 35]
B 2.5 BT #& ;= 34 4-queens = &
e ARES orwar ecking,
(2) =#=whapiiz (F d Checking, FC)

d Haralick £ Elliott - Ti?iﬂ’”’? 1980 & [16]#7% 7
TEFEZY AL KT RY 2 FE > HF (T ’F 7 BT *&4ple » £ B M A
FC ﬁw’ﬁ 2 AEF - R r++ﬁ%;:;;t4+m~$fm» 4o b B H T A A ‘;T SHTa P FEF A

el RS e A R B ¢EFCHB iz BEFELL P f%%”&w“
%ﬁ”ﬂl&fi‘“ PP mIRAfRE G R - R F* e84 @ (Domain Values) » k3 4 B 0 384 2
et fReniER o iEm < X R OF T R EREERY Vi AL 2 SRk &

Wer 2 BABT FE 22 g A5 - BHAEAUZFHFFEZ - iy > &

*Fcﬁﬁm*#ﬁ4®%mﬁinw’@viaaf%ﬂzFCEﬁ%zﬁmﬁ
iRAR 0 R R (AR T hoR] 2.6 1

zTﬂ

9 % £ a E o LAEA R

(i’r
\v
By

e

-\H-F-

~

T

-n\1,
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Q Q
Q
Q
Q Q
X
Q Q
Q
Q Q
X
Q
Q
Q
Q
v

TR kR 1 [34, 35]
?] 2.6 FC 5}%’:’3? /é -1 4_queens :‘; l/;"lJ

it i FC &2 BT % & /2 2 #F g7 ¥ (searching tree space)(®) 2.5 ~ B 2.6) »
&g 3 I FC 2 4 4< & B:8c(Branch Node)# BT ** i % » ¥ FC #4 %;:;r)ii(Depth of
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B TR 2 TR R e OR &R I R
Ao TR R AR A T A kB B Pend A4 & i o
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1. & #2440 050 ¢ 42 32434 ](Constraint Programming, CP)#i-;% #_OPL £ & %%
EEARLE A S e
2.0 % ﬁ ¥ L p T4 F & 2 (Seatch Procedure) : OPL L3F i # "F,*‘ retE G ofeene &
Bofd 1R AR (4 ¢ SURRGI AT BTl R RNE T LS R A FE 0 p e
EFEZ D BAOEGVIVES T JEERE A o
3R EL F AU FED VIR PR R AR L R TR AR R AR
(Scheduling Problem)#* 3 ik fie B R 48 (Resource’ Allocation) > OPL #% ik & ® ei3F /2 &
% 77 & B (Activity) & A_Ji‘l(Resource)* REENRE 2> 6 15 * ﬂ LRSI e R R AR

Wl F ;p_{;u},OPL;}&,Lkulgmﬁ_—\,Lngg 4N RS N Al
Higher-Order Constraint ~ Logical Constraint % o

21



225 HERFIEUFIRL 2 v

BF RPN E GRS 7 R RE G IWF AL 2 RS R R

£ R .‘M‘s— AR R ARl o B RLIh 2 EARBHEE LS LR KRR 2 E S
ey EH A e B RO T LA AT L A S
2w j\‘f\ﬁ’i%éﬁ‘i‘]’gbﬁ,\f LR RE o ﬁ g B %\j\‘__ﬁ_,’ A VIS I L - SR 4 ﬂi
BN kg ApF e o GRS 2 A AR s RBe e iR 0 d

51 o oy A N by SRR s 5oL P A T S I I APV 1 2 a3
AT o @ PRE T BTN Y R R GABR R AL AL e B

WOk b RAT

BE RG] AR RS PR HANERAD PRS2 U RS
a3 F PR A3 BcF 20 i F* 4 (MP Formulation ) » 3% & & 3 C ~
A NEE A BTy (2 R) FRB>a g gwl iz ST A B € e r SR 2 Rk
B RY I fEE Y o U AT ;,umgﬁrﬁ#@p FE R B BT (7R (EE
DA R S TR KRR LS ] et E AR S 5 e
DR JREG A B P L5 ztk@ LR B A D R ATe 3 0 TR
SRR T LAy L e

<

A TG R AR L8 R e FESE o KPR P B A B IS BTG L e
FRwT o folcf A7 i LRI BB R RN e 0 R R AT
o R

1

‘ér* W

PN R R 2 Z 0T 2 BIRA G
THE BB
€% K PR R S AR R TRT R

ﬁﬂ&%;@w++o

S OUFRANF T AR AR R LR R U B2 0 R B
IR S Tﬁi&mmﬁ: CRERE I R

3. HF
wﬁm%%ﬁﬂﬂﬁ“ﬂTZKﬁP—@ﬁﬂﬁa5L5M%£%$%£ﬁ
T (7 fE O UL R A e - BT AR S SRR AL

awr*ﬁwgak%@ﬁ;&%mﬁﬁ\ y;fﬂﬁﬂ—@

m

Ffas apg 2 5 F A o B LG A UPRG Ry o R 4V
BB T THOE Rk S N RS B HHVE B Y R e 4 S B (g
B #8572 FEEFEITIT b ddd L0} 0 AP cf0F 108 23
ol

ﬁﬁﬁzﬁﬁﬁﬁﬁx?uﬁﬂﬁ*mf?ﬁﬂ&?oﬁ%%&#“
YA S 0 BRSPS FEN VAR EIFEA AT T EHFE

22



g{%?i—ﬁ‘%lj—s /;_’1—57 K‘—‘lﬁ| i’ﬁ‘ﬁl = *
U AT R A A

PSR R Ui
R -
B4 40 8] A8 248

Optimalization

MP formul ation

Win Z=CG0
5.t
AX=ER

-3 BT

XA Fod
A~B~-C

II-:IH .%;!:i _-l-. !-!‘

1 I CPLEX
Mathematica
LINGO

fix B X *
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