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15 4%

x,y,z € {1,2,...,15}
x+y+z = 15
x+5y+10z = 90
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4 > DREEDH % Copris THE <

Copris'! ® 7045 L (coin.scala)

import jp.kobe_u.copris._
import dsl._

int(’x, 1, 15)
int(C’y, 1, 15)
int(’z, 1, 15)

add(’x + ’y + ’z === 15)
add(’x + ’y*5 + ’zx10 === 90)
if (find) println(solution)

HITHR

$ copris coin.scala
Solution(Map(x -> 5, y => 3, z -> 7),Map())

Scala L& TOISIV Y - VAT A
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HEIR /N XL DI % Copris THE <

Copris ® 7’074 5 Ls (puzzle.scala)

import jp.kobe_u.copris._; import dsl._

int(C’ B, 1); int(’ FB/, 2); int(C IE, 3); int(C ¥, 4)

val items = for (i <- Seq(’ #, ’ #f, > #&, °> R)) yield int(i, 1, 4)
add(Alldifferent (items))

val colors = for (c <- Seq(’ ¥, > &, > H, ’> &)) yield int(c, 1, 4)
add(Alldifferent (colors))

def Bo7% (x: Term, y: Term) = (x === y)

// BIEFAVWDEE SR U e L.
add(B-o7 C B, > BA) & ! Bo/k C B, ° R)

/] BWVEEE STADWBH, BL AL,
int(C #D, 1, 4)
add(Bo7 ( #D, > B) & Bof O #D, 0 ) & 0 HEh =/= B)

// ER#EEST-AHRL » R,
add(Bo7 C IE, * #) & ! BEok O E, ° )

if (find) println(solution)

7=yt
EITHER
$ copris puzzle.scala
Solution(Map(H -> 1, & -> 4, #H» > 4, & > 1, K > 2, # > 4,
£ ->2, % ->2, B ->1, ¥ ->4, $ >3, E->3, & -> 3),Map())
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WIhE, 52 ohHN%E SAT BEICHSE (—&naY
RAI) L, BB SAT VILNN—EHWTERERDTWNS.
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SAT (Boolean satisfiability testing)

EALNAAERERERRT S (HICT 3) RN THFET S
MES P ENET 2 RIE

o RHICNP-ELTH D Z & MRS M7= [Cook 1971]

o 2000 FtEA D, SAT BIEZ M SAT VIL/N—DHEREN KIE
ICEEL, FE% SAT ICFFS1E (£#) LTSAT VL —%
FAWTKET 2 SAT R R T LD BRLA BT THRIIL T
W3.

o Intel Core i7 Ot v #5&&t [Kaivola+, CAV 2009]

o Windows 7 7/34 & -+ K5 A /N\—#REE [De Moura and
Bjorner, IJCAR 2010] (SMT ¥V JL/X— Z3)

o V7 Yz TERDIKEFMRRN

o Eclipse [Le Berre and Rapicault, IWOCE 2009]
o Fedora Linux (& & U' RedHat, CentOS) @ dnf
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Y JL/N— (SAT Solvers)

SAT VIL/N—IF, 5ZX 5 SAT BEN TR B (SAT) hFER
TEE (UNSAT) B2 HIES 2 TOTZ L. REAETHNIZZDE
Y TERELTHAT .

o JEREY SAT VIL/A—TIE, DPLL 7T Y X ALK~ ikl
DNEAINKIELRMER ENARBINTLS.

o FENDDEHFE (CDCL), JEBEBIBNY I hSv Ik S
SLYRY— N ER)FIIL, EHBRE 21— T4 Y
(VSIDS), YFZ) 70y YiE# (LBD)

o IEAH SAT VIL/N—IF 10° EDMELH 107 EofH%22T
SAT BIBHERWIRD T &N TE S,
o 210° L 10300000 )k X X DYPRAEZE R
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“Satisfiability”, TAOCP, 4%, %5 6 2 ff
— —

INEWLY AVAILABLE SECTION OF
THE CLASSIC WORK

The Art of
Computer

Programming

DONALD E. KNUTH

Knuth DB ZRHRE TAOCP ORFOMIL SAT ICEET 2ETH .

Wow—-Section 7.2.2.2 has turned out to be the longest section, by far, in
The Art of Computer Programming. The SAT problem is evidently a killer app,
because it is key to the solution of so many other problems.

Satisfiability is important chiefly because Boolean algebra is so versatile.
Almost any problem can be formulated in terms of basic logical operations, . ..
The story of satisfiability is the tale of a triumph of software engineering,

blended with rich doses of beautiful mathematics.

Section 7.2.2 explains how such a miracle occurred, . ..
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Knuth: “Satisfiability” D&

Knuth HFE(F 300 R—IY LA ET 500 U EDBRERREES A
THY, D20 R—IRY TUTOHE/BNAINT WS,
27T TIRNILT U

BB E

7o I7%6
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B DR D

0 BlE x = (xox1) & y = (y3y201) D&

z = (zsz4232021) =KD B FHEEKT
H5.

o ZMEEEmEREATERL,
z=(10101); = 21 DFEMHE %A T SAT
YILR—=IZEZ 3 &, x=(11), =3,
y=(111), =7 OEHNKF 3.

FEHRICT D EUTH IWRBTRES.

z=111111111111111111111111110110000000000000000000000000000100115
= 4611685975477714963

x=1111111111111111111111111101101, = 2147483629
y=11111111111111111111111111111115 = 2147483647
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Conway D Z 4 7% — L (Game of Life) (&, EMDIE - FLiE %

YIXal—YavlEk2RxIVL-F— I MU THB.

o BEINZEHIEDEL SHDREEES, EEILDROEZ
DIREEILEFE S EDEILDIRRETRE 5.

Qo

Qo
(*]
(*]
(*]

WEOEIDREE x, BE 8 EFDEDEILOEN%E c, R
BZIDEIL DREE x' TKY.

x=%Nc<1A5 x =3 (B)
x=%Nc>45 x =5 (BE)
x=FEAc=3R5 x =4 ()

ZhLAE X' = x

=

SAT7T—LDBI (7145 —)
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Conway D Z 4 7% — L (Game of Life) (&, EMDIE - FLiE %
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DRREIZEFE 8 ED I DRETRE 3.
oﬁrwtwwh%éxH@8@¢®$@tw®@ﬁ%qm

BDEILDIRESE X/ ’Ci%?'
o x=%Nc<1A5 X =% (B)
o x=%Nc>47R5 X =% (BE)
o x=FANc=37%5x" =% (L)
o TNLAE X' = x

a4

SAT7T—LDBI (7145 —)

[T
1
[T
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2RTTEI - F—bFT NV THS.

o BEIVFENFEDEL SHIDREZRFL, &FEILDROEZ

DIRFE

EXEFE SEDEIDIREETRE 5.

oﬁrwtwwh%éxH@8@¢®$@tw®@ﬁ%qm
BZlDtE)LDIRESE X/ ’Ci’%?‘
x=%Nc<1A5 x =3 (B)
x=%Nc>45 x =5 (BE)
x=FAc=371b x =% (FE)
TN X' = x
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B D 2E 35/ XX

2018 £

AF A=  alldifferent FI#D 7 — L EEEIHA DR SL & 7 DR
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