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This paper proposes a new hybrid encoding of finite linear CSP to SAT integrating order and log encodings.
The order encoding maintains bound consistency by unit propagation and works well for instances with
small/middle domain sized variables and/or arity of constraints. The log encoding generates smaller CNF
and is suitable for instances with larger domain sized variables, but its performance is not good in general
because more inference steps are required to ripple carries. The proposed hybrid encoding takes advantages
of both encodings by applying order encoding for constraints of small/middle sized domain/arity and log
encoding for other constraints. We carried out experiments on 12 handmade instances and 1002 instances
from CSP solver competition. In the result, our proposed hybrid encoding solved more number of instances
within shorter time than each of order and log encodings. Moreover, we succeeded in solving instances
which cannot be solved by both two encodings and confirm the synergy effect of the hybridization.
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BRA R LOMBoRl 2 NRET S, Ak, H
FNZHIR AR ED % <13, BEEEE R - O/IE
HHITRBITEL 2 ERBHSNT VLS,

X% B OEAEETSE (UT o, y, 21, y1 FTE
BERT). 1,22, ..., 20 DEE, a1,0a2,...,a0, B
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&5 (constraint set) EWES, DU €, C1 % Ciiliy
2RL, C HEFORMERTTHIIEAEZET.

EE 1 HINWFTEEMBE (CSP; Constraint Satisfac-
tion Problem) ¥, YT &7 94l (X, Dom,C) T
b5,

o X I3 EW OHMES (X CX).
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% 50,100,150, 200,250,300 TEfLE ¥ 7. F

AL VPR E D RNBIFFDBRRNTH 5
tEZoN%.

o “OHDRIXA—FHEAHII n=8 THEHELL,
d % 10,20,30,40,50,60 TE{LI X, FXA
YHFEYKREL L, n BHEBENAE O
% fF e O ITB DB I CIEF T B2 8h 1
WThartEZILNS,

6.1.2 SEBERERE

# 113 CPU R, B LTHER S NLIfi DR
SAT YV WN—IZ & % RERFETHEL = FFORE %
Hi L7z bDTh 5, L, EERREEOFRLKITIRIE
PRtz Order, W 5L%E Log, #ET 5
A7) v FiiE{t% Hybrid £2I87 2%,

X RBEFFEIEIEEICa 7 P ez
ToTED, n=4 DEFAIIE d =300 IZ%->Td
10 NIRRT W 2 05, Lol
BH6, n =8 TIENBR SO RMIEREDITVEDL T
2855, BHIINBRFESL TN LiF 079
DHERTFHEE I TH D, X D% DEDEBERHEL L
Phn=8 CTMERDLZIEDBHL RokDF L
Eiobid,

WU, WEFFSE n =8 ORI SL
XD b nFERETL D% OREEZFHNTHS
ZEDG,DL, L LS, HFFEhTldn=4
DERFIZ R AL Y d DREZINI250 22 % L REDS
R eod, JRRE LTHIBERICR -7 2 &
PEFoNS, EE, n=4 Td= 300 DRICIEF
FEfbcERE N B Hi%E 2179179 TH H, T
MR OEiI%K 1677 D 1000 f5HL EicZ%2 > T3,

BET 24 7V v FRFELIZEYIC 2 2N off
FHEDOREFZR & oTE D, MRS 7 8
AT ZEWTE, ST TRS,
n =8 DIRFIINA 7V v FRSIIERRFFL, W
FEED BTN L D AR wPIERIECCRIEZ 7 <
TEIHINLTED, NA 7Y v OISR % HER
TE, Ko n=28 & d=60 DRIEZGIRREAN
IR 2 EBTELDIEIANA 7V Y PO AT
Hot-,



x®1 AINGMEEICEITS CPU KM, %, FEEHROLLE

o CPU W (8) | R LA 3 P

Order Log Hybrid Order Log Hybrid Order Log  Hybrid
4 50| 440 105 469 | 63,179 1,088 33,644 | 50,026 67,154 8,078
4 100 | 19.26 1.86  1.86 | 246,379 1,283 1,283 | 156,794 168,198 168,198
4 150 | 85.33 235 235 | 549,579 1482 1,482 | 422,925 218,686 218,686
4200 | 257.63 4.4 413 | 972,779 1,470 1,470 | 935133 436,850 436,850
4 250 | TO 247 249 | 1,515,979 1,438 1,438 — 249,755 249,755
4 300 TO 688  6.90 | 2,179,179 1,677 1,677 — 716,163 716,163
8 10| 129 124 128 | 12,923 1,691 12,923 8,508 61,520 8508
8 20| 443 3180  3.95 | 48283 2,118 29,774 | 64,066 2,339,531 11,722
8 30| 35.91 87.11  7.80 | 106,043 1,998 62,986 | 536,078 6,498,426 26,737
8 40 | 4563 TO  12.05 | 186,203 2,529 45,177 | 500,552 — 87,173
8 50 | 131.39  TO 2219 | 288,763 2,487 67,599 | 1,150,698 — 142,961
8 60| TO TO 3595 | 413,723 2441 94,633 — — 190,635

6.2.2 RERER

Hybrid (815)

=
e
v

B1 KRBTEIEEERINVE

Order (772) Log (770)

6.2 CSP VILN\—EKRaORE%Z Vi
6.2.1 RYFI—YDFA

AffiTIF 2009 D CSP VY UAN—gE A THW 61
7[R 1002 Flic DWW C O SR 2 FIHT 5. 1002
ORI B A Tlib - MO R EAD S N
MIHIFITH 0 K X 4 v 252 TORER M
L7, 727 L, PB OfE (363 [H) 122w TIFHL
DERW7z, BHIE 0-1 ZR oA THEKI LS PB il
FNTIEHH S IS ERF S %@ LTk D, PB flivic
WIS LSEIEN S X 5 A 7V v PR LE)
g 27:0THs, FECHHALZ 1002 D F 24
YA RUF 1~20001, 7V T4 1~50 IC9F LT
B, 2o okiBEOMENGENTVS
T EDTN B, TOERBIE 900 BRI T
fTL 7.

B 1ISRTRYRIZE VT, FLORTE 725 134
@iz il 7B e £ L Tw 5, FRkicAk
MO 46 + 1 IFMEFRS AL TR TRHERSL T
J e R, AR 40 + 5 W BEFE LT C
PR TR 2 LEEZER L Twb, Nf 7Yy
FRFEIE, 205D 93% (86/92) % fR\V7-9H 2T
X SIS DR LTI 22205 7 4 MO RE% fiF
CLICHI L7, Thenl kb, RET IS
7'V v FFE{hid CSP #iHa of#E 1002 iz v
T, PRSI E BB OBE Z E» L L TH
HTEkEni s,

#2113, 2NZNOFFEMIC K > TR 7 RIED
) = RBIIRL TS, KFETREINALT Y =R
ENA 7y FRESLOBEE £ 7- CHEED F XA~
A XD EECRETH 2. TrbLIN6D
) —=RTNA 7Yy PRSI S, SR
FLOMGTHAMAT 2, K1k, Z0Z0of51{k
TR ZRIEOUEERE R L XV RTH D, X2
12, Z2RZFnoOF 5L TR 7 RMiER L CPU KD
BRzHRLh 77270y b TH 3,

N7 5554k & N5 Ahas 772 [ & 770 [ % f#
WD LT, BETENA 7Yy FRE{LIER
b4\ 815 M &7, Frlg,

“Fischer”, “Square



K2 YU—XBOREH

) =% (FEDE) Ord. Log Hyb.
2D Strip Packing  (20) 8 7 8
All Interval Series (15) 9 9 9
BMC (15) | 15 15 15
Chessboard Col. (15) 12 12 12
C. Job-Shop (10) 5 4 5
Domino (10) 10
Fischer (25) 17 23 24
Golomb Ruler (28) | 23 18 23
Graph Coloring (141) 98 97 98
Haystacks (15) 3 1 3
Job-Shop (76) 67 61 67
Knights (10) 7 10 9
Langford (43) 27 24 27
Latin Square (10) 9 5 9
Magic Square (18) 13 13
Multi Knapsack (6) 6
NengFa (7) 7

Open-Shop (75) 71 60 71
Square Packing (74) 56 56 57
Pigeons (29) 23 23 23
Primes (76) 44 69 70
Quasigroup Exist. (5) 5 5 5
Queens (16) 1 12 11
Queens-Knights (9) 9 9 9
RCPSP (78) 78 78 78
Rader Surveillance (65) 65 65 65
Ramsey (16) 10 10 10
Schurr’s Lemma (10) 9 8 9
Super-solutions (85) 63 54 63
Total (1002) | 772 770 815

Packing”, “Primes” TlI/NA 7V v FfFELED
5 DB THRT 2 WRIEE R 2 LIS
L 7.

CITHE L WDIX, CSP d SAT fF5{bic b3
72N PB HEAREMIC i c k> Tw 3855
TH PB % SAT BT 2 Rfil2 &L & vwH T ET
b%. ZOA—R—~y FEHRZ DI, WLy

F2 =21 LT, Sugar O TEREZIT-7. #
RELT, RMBEUL 787 TH— "=~y FEEZT
W BREHIEIC &L B RBED LD o1z, T DFAIZEEIC
iRz > T3 PB 05 SAT ~DOF 5L 4 —
W=y FONS UL, KO RESRBEELDS
n3,

7 BbOIC

AREX T, WP L WSz /la L 7%
CSP ONA 7)) v Fiafb etz Lz, £9 CSP D
BRREGT TR 2 /5% WA TR I 3 2 BEHE
TN oA ZREL, RICEENRANL 7
Uy FRFSLOBMHZITo 7, BESETRESA 00
72 CSP ODEBEEZNBHAFT 5 b D LIETFRS
L5 2% b DICHET 205 03H 525, FFHEELT
FXA U2 TERREL 7.
PREFHEIZABEY 7 b7 2 7 Diet-Sugar & L THE
L, Zo0RVFe— 2o THMiZITo7. A
TRy Fe—72HORFHITE, RET 25
A4 70y FRESOIEFR 5L, SERFE0 & g L
TE DA%\ CPU KM & FIERIFCCREZ R 2 &
MWTELILERLE, R n=8,d=60 DI#ET
i, EL50/FELTHMRIF R uIEEZML Z L
B L7:, ZoHORYF=—2 Tk, THFEHFSL
TR TRBAF AL TR 2 R, B FSeT
RV TR B LT e WIETED 93% % R 2 &,
FELLDFEMLTHMMIT R ol AflENAL T
Uy FRFSCMEC T LI L %, BRI skig L 7
MESUIERF R A6 s 772 [, REAFBLAs 770 7
THLDIIRN L TRET 24 7V v FRFEIZ 815
MEiRb % ORIEEROT. 25 OREHE 5 fd
HEZEC LRV TZODHE DAL 7Y v FiLz
FEHRTETEEVR S, SHBROMEHEL LTl
WEA-D SAT fF5{bz232E L, ~A 7V v FRIE{kIC
AR Z L IFEEL EEZ TV,
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