2007 & TR A EERA
Hl#93E & (constraint satisfaction)

£ B i
BERAXFEIFICSER

ARmEE EDOHIFIFE R HRE

o BRSEE (finite domain) — FREFDEY 5 3
ENERIEETHDZ &

o AREE EOHKFTEEHBDOHITHZ L
e ZEE, n-queens
o BEEIMERL, R Pa—12y
o [EIEREDMT
o IHRIEAE (scene analysis)
* ERAELZEDLHTEER
o FINTREDNI-HDUERIFEMTELTNATILS

A R pE 15 _E O il #97T 12 i =B 0D

* BERDFES = RIHBOEK = AR
* FIFIDEEBMGR AN EE
e REXTH =y :forward checking

cf. #FIDZBHGFIA (2EHEDIFE) -
HH c(xp, X0) [Sx1 & X, DEADEZEEZ T
yesMno ME&FEZTHLD

* RIAHBDEZRET DIEFHLERE

Five-Queens Problem

* RENE : Xy, ooy Xs

. . o fEIE : 1<xg5
. . . o HH 2SI
. . ® X #X o
=X -]

..... :zi;id—h

X, X, Xg X, Xg




Five-Queens Problem, forward checking
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Five-Queens Problem, forward checking
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Five-Queens Problem, forward checking

Five-Queens Problem, forward checking
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Five-Queens Problem, forward checking
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Five-Queens (2)
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Five-Queens (2), forward checking

11

12




Five-Queens (2), forward checking
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Eight-Queens, forward checking
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Eight-Queens, forward checking
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Eight-Queens, forward checking
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Eight-Queens, forward checking
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Eight-Queens, forward checking
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Eight-Queens, forward checking

19

Eight-Queens, forward checking

20
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Eight-Queens, forward checking
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Eight-Queens, forward checking
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ZMEE (Cryptarithmetic)

o RH & B

SEND e0<s,e,nd,m,o,ry<9

+ MORE e0<c,C,CsC,<1

* %9

MONEY es,e,n,d,m,o,ry (XtHEL D
es=0, m=0
ed+e=10xc,+y
ec,+n+r=10xc,+e
o...

24

EHEDIERAK

8END
+ 10RE
SEND SEND ~ 10NEY

+ MORE ., + 10RE
MONEY 10NEY ~ 9END
+ 10RE
10NEY




25

HF D EEBIRY 12 F A

1. RABDSHD—D2% RV, TDEZRICRDD
(guess)

2. RICERHT-EZRAWLTHIIDIEIE (constraint
propagation) Z{TL), {EDERIMBDEY 5 BEZE
REYT S

* HORHMBOEY 5 HEN—DH LG G215
1. ICERY Ny +397)
* THLHEINEFEZ SR DT 1. Mo e

26

R IE] (D AE AR

¢ 2RTEHMM D IRTEHRZETT S ()
¢ RKODLD  REIDELDREE] (FIL)
e M3
o imZRL (2FE%) v

o FIHIEE EROBHILET HEFRTD, AIREHD
N)LDEEE (FUL FOE)

z115 e IANEHDE, BEOMIL A" ?
o cf. ARIEHER-HEL RELDBTES
RE DR 1F Bl Z m{R

* KOIEREHET DI-DICIFRENLE
o FHIZEEK, A D=EIESLERK
o ZEADEKRLHEMINTINS
o VUV UIFHEAN TR
o — DR

(= THLER)

VS.




FAITHWNSEE (1)
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FAITHWNSEIE (2)

30

EERITHWEZEA (3)

31

“HERAZEATHAVENSEAK

32




“TEIREMMA” B A T 1

33

“FEIREMIR” B4 T2

34

“IATEEMIR” B4 T2

35

“IRTREMIR” 24 T2

AN

36
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“TETREMIR” B4 T2

38

“FEIREMIR” B4 T2

Lesson:
ZBABIZSRNILHDIT S
nadZ &I, EIHEAEE
BERaHMETHASZ
: EDVEEBETH B
- +REHETIEARL,

39

wH¥WITRITSIT RIS A4T3Y

# SWI Prolog, SICStus Prolog, GNU Prolog % & [Z{¢
=
* TEEDF CRIEZ LR
o HERHMBDEY S HEDHEHZEE (RED in)
o HERHMPMNFER-IT REFFZERR k (cf. E1T)
(RE® # DEHIFI & all_different)
n HIHORELEGEREDE=ODRY FT—U N
Y ()
o TEELMENMEE %, guess EHIHEIELE /Y
2 b5 w Y TER (RED label)
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%E% (SWI Prolog with ‘clp/bounds’ library)

- use_module(library(“clp/bounds®)).
send([[S,E,N,D], [M,O,R,E], [M,0,N,E,Y]]) :-

Digits = [S,E,N,D,M,0,R,Y],

Carries = [C1,C2,C3,C4], I
Digits in 0..9, }ﬁﬁﬁiﬂﬁ
Carries in 0..1,

M #H= Cc4, )

O+ 10 *C4 #= M + S + C3,

N+ 10 * C3 #= 0 + E + C2,

E+ 10 * C2 #= R + N + C1, 5
Y + 10 * CL #= E + D, > HFIDKRR
M #>= 1,

S #>= 1,

all_different(Digits), y

label (Digits). ~— ZFGHR
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IEE%E&BEE@% (SWI Prolog with ‘clp/bounds’ library)

- use_module(library("clp/bounds®)).

add(1,A,B,C) :- C #= A+B. A B C D E
add(0,A,B,C) :- C #¥= A+B. 3 2 2 3 3
mul (1,A,B,C) :- C #= A*B. ExE ‘ j>(iixi ‘
mul (0,A,B,C) - C #¥= A*B.

(M1])[m2](m3]
circuit([M1,M2,M3,A1,A2],F,G):- M

A=3, B=2, C=2, D=3, E=3,

mul(M1,A,C,X), mul(M2,B,D,Y), @
mul(M3,C,E,2),

add(A1,X,Y,F), add(A2,Y,Z,06). F G

sum([],Sum) :- Sum#=0.
sum([S]Ss],Sum) :- sum(Ss,Sum0), Sum#=S+SumO.

42

2B (diagnosis) 178

o Bl EIRROHPEZH
e 5Z25%1M :
o ZFETFNDEERKRDEHE
o [EIFRDIERK
o EFE~DASN
o BBISINI-HN
e LUEFEBEZ DL, BV ATLIIHMERRICOUL
TORGFEZEFET 5 (RERHR)
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w & |E =
AREAREIRE IR AR
SEpERER R ERE e
B | (fE (B (MR (3L | RL| (R

|| | | R
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i 51| B B 2N S R AL TE

EE R
BRI
D < | mwmnsn | o
SERRIHN
| Emstesin |
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HlFID T T DERFEERF

* REE1

e “What are they?”

e “They are flying airplanes.”
*REE2

e “What are they doing?”

e “They are flying airplanes.”

46

%I]%,JOD-F-C O)K%ﬂ'h\ﬂ&

Az CAT

47

HlFID T TOXFERH

A A

48

HFUEET LT X s

* TRTOHMA 2 EHEOHNTHLES, HlH
FREMEFFRY FT—J TRETESD

X # X, X2 X+ (- 1)
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77— B &% (arc consistency)

o HlFFT BB
o TH CRAMB) x,..., X,
o ZXXHDM|E D,,.., D,
e HHDEE {C;}
¢ T—U CNT—IBELTNS
® Va;eD; Ja,eD; (Cij (a; aj)) AN
e Va;eD; 3a,€D; (C; (a;, &)
o FRY FT—ODNT—VEE
¢ TRTDT7T—IMNT—UEBELTLS
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7—HBE
* X <X (x,€{1,2,34}) DFE

revise(1,2)

ﬁ

revise(2,1)

ﬂ

51

T—OEEMH

® X=X, X=Xt (-1) (x e{1}, X, s€{1,2,3,4,5})

g ~ W N

52

7—oBalE

® X # X, %= X1 (1) (% {1}, % 5€{1,2,3,4,5})

Xs B S D
R— b E%S

Xy BN D4
R—hE%S

g A~ W N

forward checking
FYHLBAGEENY




7—o BEtE

¢ TV EBEUERIATETILFELH D LFRL%
L)

53

54

7—oBEtE

¢ 7TV BEUERIATETILHEADH D LEIRL%
LY

* JUBELGESHE RELGH) Z2RET D,
RRIEILOADALEREZIT > TEFNGHEEYE
EROD




