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On a Positive Instance Generation for
the 3-Satisfiability (3SAT) Problem

ATsusHI MOCHIZUKI,t MITSUO MOTOKIt and OSAMU WATANABE!

For the 3-Satisfiability Problem (3SAT), we consider a problem of generating its positive
instance (and its solution) randomly. For such a problem, it is desirable in some cases if an in-
stance generation algorithm produces only (and all) “unique solution instances”, i.e., instances
with only one solution. In this paper, we consider one simple instance generation algorithm,
and investigate a condition that the algorithm generates unique solution instances when gener-
ating 3SAT instances with n variables and m clauses. We first prove that if m > din? (where
dy is some constant), then the algorithm generates unique solution instances with high prob-
ability. We also report some experimental result showing that if m > danlogn (where dp is
some constant), then the algorithm generates unique solution instances with high probability.
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Ratio of formulas that requires k times greedy algorithm to find two

Fig. 1

HREIL M
n =50, m = 600, £ :n =90, m = 1080)

solutions (left: n = 50, m = 600, right: n = 90, m = 1080).
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Table 1

0.8-

0.6r

0.4r
1

10

M2 n=90D&ED r %L

20
m/n

30

Fig.2 Relation between r and m/n on n = 90.

*1

Bk oAV 8 M K p

Number of formulas with unique solution.

WKHEERENZELZEFELEVI ) IC m ERATER = -
- e . p 115
LB ¢t UHOTRE ST F 2 VEELH p | 953 950
o 20 | m | 270 272 275 276 280
e p 947 956 958 963 952
% B, EBIX CRAY C916 LT, BELEREEL 30 | m | 420 429 435 441 444 447
45 036 944 947 053
i1x C916 L Cray Standard C D #HiAA B rand() 10 :L 200 604 608 2?2 61z 6l6
. 945 945 941 950 962 948
;?;;;7“‘ 50 :» 790
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—n%i“’“‘“"—.‘ 5 . 60 :1 990
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ST - v - 70 | m | 1155 1162 1166 1172 1176 1183
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Fig.3 relation between n and m/n where ratio of
number of fomulas which has only one solution.

DEFEERDALZLITLA R, 20 m OHH
&, ERIZXVERIEBO N p (B—@EEox)t
EEh-EE) OEERT.

ZOEHLTELONZ m OLR, TRZHWY,
BEICEROR n, WEICHEERY m/n L LTF T
FiZ7ay bThE, B3 DLIIChS.

DY Z 7o BEEHIL m/n 5 logn [ZHBIL T
WBEIICRZA, FITRANEREEYHVCERE
bk, min=546+2.66lnn L\ IRERERIBLN
7. DFY, TOEEII, m >5.46n+2.66nlnn T
ST, B—RrH oI SN HHEEH 0.95 DL
LIt BrZ L EZRLTWAS,

5. b I

3R REMH ERIRE 3SAT O IEBFIREER 7O B
WA T NI AL EBHL, BE m BT n 1L
Tm>din® OBIERERTHHEICIE, TLAY
DA, TRBHFT1 DL WHRERITERINSL S
EERFEHE L. F72, £HEHOT m > denlogn @
BAETY, TREBF1I O LI RVRERAFTERINS
LW EBRNLERERL. SHROBEE LT,
COEBRERTERBNIGIHTAZLIEENS .

B b7z 8 912, RRMATL D LAIRVieE
RO, BOFIEOAR L WIBERGH? S
A5, ~RICAFEOERIE, EFEOERLIDD IS
KEELWEVWDRTWS, 22 21, NP # co-NP D
KD d LTk, 3SAT MBI T 5 AL T-T
EBTAEERXT VT XAIFEEL Y (FRICK
L, SEOBMEERT VT X503, EREEDIF
Loxdssicel, EFAEETRTERLTNS).
Tz, AETRDIVAVABHFEEINTVEHY (AL 2

June 1998

W, XEk5) BH), ROFICELFERRDP->TW
V. BREF 1D LPRVERERTZERL, F0%
EBERT L ZEL W OMBML CTEFIE%1ES
FHL, —BROTHEDZEEOERTEL LTHER
TEDLHDEELIOND,

BEetdss, KEXTHERHICRELEE (m >
din?) Db LTI, EROTFHISHL IR L I,
TI—=F 1 TRT) XATEHIT S LS RBEI BS
CERESNBZLIRB, LdoT, 2NP5ERK
SN-EBIRE, FRICEFIED, HENEEICE N
TLEILES), LL, ERERIEIETHEZBOON
LIREEERLTEBY, ZOHBAIIE, ) —F1 -
THITYZATEELVRDIEZERSNELD LA
V. 29 L7ZEOBERHEITD, ThrbnBEER
BETHD.

HE ARLOMYPOMBIT BB LA e B %
BRLTEEIVE LAEREOFAICEH L
7.

2 £ X ®

1) Karg, C., Kobler, J. and Schuler, R.: The
complexity of generating test instances, Proc.
STACS’97, Lecture Notes in Computer Science
(1997). to appear.

2) Watanabe, O.: Test instance generation for
promised NP search problems, Proc. 9th Struc-
ture in Complezity Theory Conference, New
York, pp.205-216, IEEE (1994).

3) TTANGHE | FERANT Bk % A BB D A 2 B
I AR, RRLEKRYE, FEHRL, (1996).

4) Koutsoupias, E. and Papadimitriou, C.: On
the greedy algorithm for satisfiability, Infom.
Process. Lett., Vol.43, pp.53-55 (1992).

5) BARIER, BHHE—# )77 VvoRBEME
FBRLUZ-FTERAREZ 3CNF X, BEREHRBREZE
HARRT 78R & (1995).

f 2

& (3) DAELE XSRS, AXHTHHHEL
E91, M = my/NgNg /Ny EBRRZEILE ST,
%K (3) DAELDEEIR, e P/ No—v/No)® p g
(b,

—%,

- §(/o-V/Fe)’
_ - (VE-VEB)

oy (\/(n—1)(n~2)~\/(n——1)(n—2)-k(k—-1))2

=€



Vol. 39 No. 6

< e~§(\/(n—1)<n—2)—\/<n—1>(n~2)—n'(n'—l))2

LB (12770, o' =n(1/2~¢)). 2T, 4K
XhnpkhkE2BE, n—1,n-2%nn-1%7n
THEBL T L ZVwOT, UTOL)CHEHO LR
HEEHE 5.

(Ve DE-2-yEDm-2-w e -D)”

— g (VaE- =G rmen?)?

e °

-3 (1-vimareo2)?

(B 9 482 8%
(FH 10 4F 3 A 6 HiRER)

2H I}

1970 4. 1992 ER T THEKE
TH#HBERTEREZE. 1994 £
KEFERFREE TEHERERTFE

HiRRAE 1 AL

WELHRET. FE, (K) HER

3 TR EE M H BRI 3SAT O IEBIREERFIEDOBAT 1857

TR FiE

1970 4E4. 1996 ER G THKE
THHBRET LHEHEE. 1998 4
FRFEARZEREERE TN RS
TEHEBEEERET. FE, BX
FRFEIEHRE TFHRA S - 5
B ERE TR RE S,

B A (EXH)

1958 4E 4. 1980 FHRRLEKRF
HEIIEWRL AR, 1982 FRIK
FRFEE TEH R RHERFIEE I
BLEREET. FE, FiELRES
B, TfE+, 1982 ERGITELE
i?z-se-ilsﬂjﬁ 1990 4E [F] TE#EMBh#EZ. 1997 £RKT
ERFERERERE TEMEREE. EMEEEOH
MEOER L ZOINH. BEREHRERFEYSR, EATSC,
LA &#%E.




