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Abstract Maximum satisfiability problem is the central problem in theoretical computer science.
Maximum 3-satisfiability problem(Max-(3)-Sat) is one of the most important sub problem of the
maximum satisfiablity problem. Local search has been testified to be very effective for solving
this problem by many times of real computation. However, there is no related results for analy-
zing the performance of the local search method to solve the problem. This paper approaches the
local search method to solve the maximum satisfiablity problems and analyzes the performance of
the method. The central issue of the paper is to discuss the local search algorithm to solve the
Max-(3)-Sat. The authors show that the one-bit-flip local search algorithm can achieve the per-
formance ratio 4/3 for solving the Max-(3)-Sat; and the algorithm of one-bit-flip local search fol-
lowing the conditionally all-bits-flip can achieve the performance ratio 5/4 for solving Max-(3)-
Sat. And the authors design a new local search algorithm to solve the Max-(3)-Sat problem using
the one-bit-flip local search following the all-bits-flip, and show the new algorithm have the per-
formance ratio 8/7. The 8/7-approximation algorithm can be extended to solve the Max-(k)-Sat
problem with performance ratio (2k+2)/(2k+1) for k=4. Finally the authors give the two-bits-
flip local search algorithm to solve the Max-(%)-Sat problem, and prove the algorithm can have

1
2k+1+k(k—1)/(n—k)

the performance ratio 1 for .2>4. Repeatedly running the local search
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algorithm can further improve the performance of the solution. The results of the paper demon-

strate the inevitability for local search to have high performances in solving the maximum satisifi-

ablity problems.
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{u17a27u3}9 C,1

4 —fIBtEMEEBE 8/7-EFHE
BRREZX

T TE B 92 2 %) AT 2% A% 5 R P il 2 19 39 AT
SRARERL G 2-95 L RO T, T I B A T A AT 3
AN JRAS f R FRATTR ] — OBk A, e Rk 13 2
20l I G 1 Je R4 R O vk GRS A MR RE.

Y ET RAF R IR o (U). S BRAT 2 — AR IR AR
BRI AT W C R et s T
P

(1) # C, € NSLal, W C A3 KA 2 54 Ry
1= 2 s AN AT RBZAE Ry 2T AL B8 3T A

()4 C,eSla, L]0 C ARy 1-98 542 H
2Tt SR SR L L R AT RBAE S 31 A2 5

(3 # CoeSla 2], CABHy 2-3 R 8K
L1 L 33T A2 o AN TT B AE g ANl A2 5

(D #7 C,e€SLa31. 0 CABA 3-8 2 5Ky
2T 2 AN TTBEAE Ry 13 2 BAN T A

Hy it % CLi 013 H aCu,) BU ol S il 2 75
N RRIUE S CLy 1] RRHE aCu) BUR .

199 AL AT TR A5 C L7 213 8 aCu))
BB iy 2= A8 3-Tl R AR &5 C Ly 313K
B aCu) BUR . 3-8 2-3l A 4. Bl

CLj.0]={C/|C,eNS[al, a(C,,uj))=F} (2)
Clj.1]={C|C eSla.1], a(Chup) =T} (3)
Clj.2]={C/|C,eS[a,2], a(C,,u;)=F } (4)

Clj,3]={C.|C,eS[a,3], a(C,,u;)=T} (5
Horpr 1<) <<m. — M R 72 5 W {EL IS k722 de KAk
L9 /2 R 2 R TR A I Bk n T

%3, oneflip-max3sat(U,C).

1. aCuy)<-Rand{T,F},1<k<n;

2. While (45 w; . i | C[j. 1]+ |C[j.2]|<<

[CLj,0]I+IC[j.3]) do

3. a(u,)em;

4. End While

5. Return a(U)

LR While 75 38, $047 — kB A1) 3 19742 &
TP B B 48 4 ) C [, O ] v 8y 00 oy AN 3 /2 78 o 1-
W2 CLy 3]y 3-w A2 2-W 25 CLy . 1]
I E - R AR CLy L 2R T 2-
WAy 3-T A2 1-T R 2T R I H Z &
AHETN 1L C A UE m AT BT RLUELTE While 1§ ER
—EREHE A . X TR AR AR B L CLyL - I
WA S M O Gm) s BT ASE i AE While 1§ 26 i 48
=D wi g CLi I+ ICLs 2] <<[CLj.0]|+
|CLj» 31 [ By mf[a] &2 Z% 2 O Gmn). B34 3 — K,
1= 2 A0 2- 1 R ) TR H 2D 3G 1, Fir DL I
] 52 2= ¥ Ry OGn®n) . 1 THTRE 43 B 53 125 1) M RE.

513 6. WHEW oneflip-max3sat(U,C)15 F|
A JRAE R IRAE o (UD IRN FAERE w1 CLj 1]+
(CLj.2]1 =ICLj.oll+[CLj.3]1.

EH. AR w SR ICL L+ ICL 2] 1<
|CL7-01[+1CLj, 311, o1 52 0998 36 25 14 T A
While A2 45 1. UFE 5.

SIER 7. USRG4I AR B A R S

a@) W |SLas 1]+ SLa. 2] =D 1CLjs1]] +
j=1

Sictj.2ll.

. wC={xle,1],x[e,2],x[1,3]},
21 1E Lty oo stty sty sv st} 5 j € 11,2,3). 2 C €
Sla. 1], ARkk— k& a(x[t. 1D =T,a(x[t,2]) =
alx[t.3])=F. 2 HALY x[¢, 1 WRAH I 1), C, 2%
AR e A R A R A S, CATE N 1= 5
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AR h Z-WEH&IDJJG{u,,-’ﬁ,-},ﬂl'l C.eClj.1],
BXF T 245, C&€CLx, 1], B C R BAE—A HAL—

4\6[1,1]4:,Wm5[a,1]\22 |C[j.1]]. [al®eay

n

it Sla.2]|=>]1CLj.2]]. WA | SLa,1]] +

J=1

|SCa.2]1=>]ICLi 10| +> CLj2]l.  dFk.
i=1 =1

SIZE 8. B kA A A B A R L B (E

a(W) W 31SLa,3]|+3[NSLall=>]ICLj.3]+

ZICD‘»OJI.
C . RATEWIERE C € NS[al B 3 A
AAL 3 AN TEBEL 1 s jos jsof C,€CLG 0], C €
Clj,,0].C,eCljs,0].
wC={xt:1],x[t:2],2[t,3]} €ENS[a],
alzt,1]D=a(z[t,2D=a(x[t,3])=F. B fF
2,18 [, 2188 2 [, 3IMRAE IS o Co 23 AT &2
A5 R 13 B @ (Cax (1) =a(Coyx[t,2]) =
a(Coaxlt:3D=T. #% x[1.1]€ (w;, +u, }ox[1,2]€
{wj, su) p o [,3]€ {uy su, 1 M C € CLjy 0],
C.€CLj2»0],C, €CLJ; 01, M FALE 2 & (j1sJo »
jibo Al a(Coou) =a(Cou,) =N, il C &

CLav07. BFBLY) €507 =3 NSTal. FBL AT
2 1Chis3]1=31SLa,371. prLl, 27 1CLis 0]l +

2, 1CLi»3]1=3INS[all+3|S[a,3]].  iiE.

ETE 3. WA g o S B A R R A
a0 [S[as1]]+1S[a.2]| =6min{| NS[a]l,
|S[a.3]]}.

. g7 5 B 6 AT H 8 15

ST +15Ta,2)| =37 1CTj11 3 151 2]]

=>T1C[j.0]1+>)ICLj 3]
—3|NS[a]|+3|S[a.3]]

=6min{|NS[a]|,|S[a.3]]} (6)
E BAHIE. HEEE.

2 # 3.4 [ SLa. 3] = NS[La]l .U one-
Slip-max3satCHIFENAIR «(U) LfH 1-1 25 2-7
SRR IR H 2 ANE D AN R B H R 6 A H

|SLa,3]|<<INS[a]l.tm|SLa,3][ =0, 05215
) ff HEBARIE 1-36 2 A1 2-3 R g H A D F A
R H R 3 A A Sk v 3G BT A A R S e T
B A5 1 IO 8 25 B o AT A8 950 32 ) 30 ) M i Ll 3k 3
8/17.

%4 allflip-max3sat(U,C).

1. ¥ H oneflip-max3sat(U,C) 15 B 45 /R 25 & W 4

aU);

2. 1f (|S[a,3]|=|NS[a]ll) then b(U) <a(U);

3. Else b(U)<a(U);

4. End if

5. Return 6(U)

AL B ) A AT S OO ) FRATAS
HAR G B 505 A I ) 52 e

5139, WHEY allflip-max3sat (+) 5 F]H
i JRAE WAy o(UD U [Sh,3] = NS[o]].

AR, WA EE allflip-max3sat (*) W) 2~
4 g B4 FdES 1 BIAR[S[o.3]| = INSLo]].

EIB 4. WHEE allflip-max3sat («) 13 3| 1

R A R 60D I ST6) 1 =L,

W, I ABE Y oneflip-max3sat ()53
B R AR B R o (UD. gl 2 4 FidfEis 115,
|SLo, 1]+ |SLo. 2] =|S[a 1]+ [S[a,2]],H
139, INS[o]| =min{|S[6,3]], INS[o]|}. Fr LA
o B 3 A1 2 [ S[o]l = [S[o. 1]+ [S[b.2]] +
IS[6,3] [ =6min{|S[b.3]|, | NS[b]]} +

1S06:311 =7 INSLH]]. LA S[6]1 = | Cl. TEH.

EP A LB all fli p-max 3sar () [T R
ReLL ok 8/7.

B, WU={usussussuysussugy C={C,,C,,
Cy+Cy+CssCs,Cr s Cys ,Cy s Cry s Cry s Cry s Cry s Coy s Cos
Cis b BT AR TR RN T

6
sbe Co={ussussus}s
by C

G = 5 = s U5

Sla,1] 0= e ezt s Cr s
Cs={ururuzty Co={ussuzsuz}s Cro={ws,uz,ui}.

S[a,2] (in {ursugsushy Cro="{uzsu 175}9(51‘&:{“3755471)»
Ciuy={ussurstz)sCrs={ussuzstuz),Cro="{ugus ts}.

Balu)=a(w)=a(uw)=a(u,) =a(us) =

aCu)=F . 58 3% 18 505 9 i 0 . NS [a] =
Licl
O 0 S5 A A O 7 S0 A2 50 25 5

{C1 ,Cz},S[a]Z{Cg,'",Cm},S[ajz
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Bl

e 2010 4E

L
&

iy PR R LU 4G Dy 8/7.

#r Max-(3)-Sat LHITFEEST A Z T 3 MNFEh
A5, WA B3 one f1i p-max 3sat () v, 3 F] ] —
A7 A8 e A Tl 2 Y 0T DT R ik B R S e A i
CEINORP NS4 N R N U S P g = I N
T R AN R T E B SRR 3 . R 7E Bk
all flip-mazx3sarCe) W LA AT 2 5 A 1 2 1Y 5
BH P S e A A R AR A IO A A R
7t IR A A 2% 1 B 1) 20 B A A5 4 i 2 T 4 H
AN F AN R IECE s BRSO 0 R L E .
D] I > i 2 0 5 4 2 T 2 RS 2D AN T 2
BHM 7R BB A KT 8/7.

5 Max-(k)-Sat [a) @ (2k+2)/(2k-+1) -
IENE &

AT &R/ RS T kb AR F R
Max-Sat ¥ [o] {5 B oy Max-(k)-Sat [a] 8. A} #fi
HU L one-flip (o) fif % Max-Sat [a] 8 ) iz Bl £
RELL 2. f# 25 Max-(2)-Sat [a) 55 () 3 0L 1 BE N
3/2. B all-flip Co) iR Max-(2)-Sat [w] 51 ) iz
PIRELL Ay 4/3. AN % k=>4 WM B HZEDLT
fif % Max-(3)-Sat [a] B i) Jay #8048 & J7 16 L 45 A% 2%
Max- (k) -Sat [a] B (1) — {7 Bk 28 J5 B 4 14 Bk 25 1 J)

B P BT DL R Bk 0 2 F A B

W k=>4, AR Max-(k)-Sat [a] 5152 4] v, 45 4> 35
BIEA kAR B AT S h R e Y
HZT kA TFRI O

WC={xle.1].xle,2] 2 [tk ]} G EA
JRAZ B WRAE a (UD . SE F IR 59156 T~ (RO A1 7K 722 £ T
- B MEES, 0= <k, Hivp O- 3 2 A6 A2 5
Rl R A s L1~ —11-W R BB 2. 55X
Sla.j IR FAI/RZRIBE a (U2 j-1ilk 2 AL
4. SLa i NSLalky#k a (Ui B FABE o (U 2
A

45 € Max- (k) -Sat [a] 85241 ) A /% 28 o T (E
a(U) s — AT JR AR B WA B, AR 30 C, 1 7 s 2
PEAS A A Q0 P

(DA C,e NSLal W CATS Ry A i JE 80748 2 1-
W2 AN ATREAE g j(=2) - 2L

() #5 C,eSlasjl 1==j=k—1. 0 C A3 j- i
R R G- REG— D=2, AT REAE N
GAHo-WREG—» - R 2<a<<k—j.2<y<j.

D # CeSlask] W C A k- & 82 h
Ch—1) -l 2 AT REAS g (e — ) - A 2= =k,
— AR AR R AE IR X Tl 2 j<k—2
FRY 5~ T A2 Y TUAS T BE R A A il e B — il L 5 AN
AR B Rl TS AT BEAR Ry g - 2L AT
RABBE CLJ -0 aCu) BUR - f AT A8 N 1-
R IESCLi, 1] T aCu) B, 1 1-78
FRAZ AT R s CLje— 11 aCu) B
S b Ce— 1) -1 JEAE N k- R IAE 55 C Ly, k13
N a o) US| k- A2 Sy (e — 1) - i JE 1Y) T4
& B
Clj,0]={C,|C,eNS[a]l,a(C,,u))=F} (D
Clj,1]={C |C. eS[a,1],a(C,,u))=T} (8
Clj.k—1]={C/|C,eS[la,k—1], a(C,,u;)=F}
(9
Clj.r]l={C,|C,eS[a,k], a(C,,u))=T} (10)
Horp 12y <<, N TH 28 ) — A7 2K 28 0 TR A B e
AR 1-T & Ge— D -3 R R TEE A SR )5 Pr
A A IR B RAELAT 45 1R IR i B
8% 5. flip-maxksat(U,C).
1. aCu) < Rand{T,F} ,1<k<n;
2. While (fF1E w;, i |C[j, 1] |+ 1C[j, k—1]| <<
|CLj, 0]+ ICLj, £]]) do
3. alu) <alu)s
4. End While
5. 11 (| S[ask]1=|INS[a]|) then b(U) <—a(U);
6. Else b(U) <aU);
7. End if
8. Return H(U).

TESE D While g0 550 AL LA T 1-6 2 5%
A AT JE N e — 1) -l R H6 Ak ol k-3 L 301, 55 R il
JREEAR 1R - T R A (R — 1) - 1 R TR
BOH xR R 20 E (e —2) -3 I YT A 1T fig
PR — A i 7% 722 5 TR A1 JBC IS 27 Al AN i 2 B e -6 A2
L ZIRER. B While JE3 H , AT — UIE A 3 1)
7 B R B R A DU C Ly O] v g 0Ty AN 2 72 Ry
LW 2 s CLy s R I T e - 278 (e — 1) - 2 5
CLi 11Tk 122N AR CLj k—1]
I e — 1) -1 222K k-2 L1 ~k— 1]
SERTECH 2= 1L B C o A m AT BTV
2 While 1§ — & RIS L5 . 13 AT — K IEA) 3
(18 75 et WA (1 LS 4 A 136 R R (e — 1) - il 2 11 T %K
H AR — 2 B, 3 2 B ok 1-0 &2 19 T ] R A8 o
29 2 5 (R— 1) -1 R I IUAT BBAZ Sy (ke —2) - i S X
TR HHE CLj, o]0 nf & 2
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OCkm) 1<j<n.x€{0,1,k—1,k}. B34 While
PEA B w2 [ CLy 1|+ [CLjk—1][ <
| CLy 0]+ [CLj kI BB 5 Ml OComn) . T
PEA— L LI~k—1]- W R W IECH 208 1, B
DL B 24t OCkm*n) . F 2 ¥ 58 003
eI RE E.

BIEE 10. &E Y flip-maxksat (U,C)H 1~4
() While 7§ P45 HA 15 2 45 /RAZ 5t IRAE o (UD L I XF
TAEE w; . [CLj [+ [CLjk—1]1=[CLj.0] ]+
|CLjk1D).

. EHATE . WEICL. T+ 1CL),
k—111<<|C[;,0]|+[CLj k]|, % While J§FF
AP 1, While fF 35 A 22 4501 HEEE.

SIE 11, A /R IR « (UD BT A 1ii 7K
AR BB R 5 F a (U, M S[a, 11U U
Sla.k—1]=S[a,1]U-US[la.k—1],NS[a]U
Sla.k]=NS[a]US[a.k].

. T AT R AR i A U 7 - A2 1 TS
k=) - IR 1<<j<<k—1, A S[a,1]U--U
Slask —1]=S[a,1]JU--US[a,k—1]. [a#
NS[aJUS[a.k]=S[a,]US[a.k]. UEEE.

it 2. WHEY flip-maxksat ()18 3|1 JRAR
IR oW U [S[o. k]| = NS[H]].

EW. HBEES 5 ~T7 Mgl # 11 e g,
INS[b]|=min{|NS[a]l.|S[a.k]|},[S[b.k]|=
max{| NS [a]l, | Slask][}. FFLAIS[b. k][ =

INS[b]]. JIEEE,
SIFE 12, Bk A R A5 B A R AR i R (E

k—1 n n
b D T 1S[o ]I =27 1CLi 1T+ >3 1CL
j=1 ji=1 j=1

k—1].

WAL JEIEMIR A 1~4 1) While fEIR45HR

B AR R (DY) | S[anj] 1=

SYcChi 1l +>) 1CL&—1]].
i=1 i=1

WC={x[ts1], =, 2t k]}sx[t,j]E
{ug sty sty soe sty ) s 1<j<<k. % C,€S[a,1], R~
B, % alx [t 1D =T,al(x[t,2]) =+ =
aCx[t kD =F. JHACY L2, 1 JIAE S C A%
AN R HE A R AR B IR IO, oAl o 1-0 2
BN 2-0 R Wl 1]e{w.u ) M C e
Clj . 1] BT+ a#j, C.¢ClLx, 1], 8 C, B HE—
NHAL—A CLi 1 340 CL TS A SLas 1]

ST E LA S Las 1] =25 [CLjs 1T1. R30S
1SLask—11 =) [CLj k=171 B> [SLayjll=
PISFREIEDICFNESNIE

g1 11, >3 S0hs 01 =27 Slas il Freis]
PR ik B
SIFE 13, LAY k4% IR A5 B A6 R R i T

b M kIS[bR]|+RINS[H]| =D [CLj.0]|+

> 1CLi-A]l.
j=1

M. JEIEMISRE A 1~4 1 While fEIRE5HR
A3 B A R AR TR « (U R k| SLas k]| +

RINSLal =27 1CLi k11 + 25 1CLis0]l.
'&C,: {AT I:[’ 1]9 e X I:t9 k:l} € NS I:a]9

alz[t,1 D= =alax[t,k])=F.CH A i /KR
R MRAAE IO, C &l AN R A 13 2, /Y
a(C,yx[t, 1D =1=a(C,,x[t bk D=T.&x[t,y]E

{uJLyJ ’aijJ } ’DUJ Cr € CI:]I:y:I vO] ylgyﬁk ﬁﬁﬁﬂ:ﬁﬁ
%:\IQ {][y] : lﬁyﬁk} 9ﬁa(cz ’u.z'):a(ct 9a.r) =

N, FFLAC, € CLx,0]. ;@fuz |C[j.0]| =kINS[a]].
FSHATE D S | CLj k]| =] SLask] | FFEL. 25 1CLJ s

0]\#2 |CLj.k]|=k|INS[all+k|S[a.k]l.

513 1143, INS[a]l+[S[a.k]| = |NS[s]]

EE 5. WAL R RS B A R A B
k
. 2k+1

WAL g B 12 518 10 0G| B 13 A

k—1 n n
DUIS[bII=D1CH T+ D) ICLjk—1]
j=1 j=1 j=1

22 1CL7.0014+ D) CL %]

—kINS[6]|+k|S[bsk]

>2kmin{ |NS[b]|.|S[b.k]]} (11)
m#EIS 2, INSLO]I<<|S[b,k]],BrLL

k—1

DVISLh =2k min{ INS[6]|,[S[b,k]])

=2k|NS[b]] (12
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Bl

2010 4F

E

i

HﬁZ\SEbﬂI:E|5[b,j]\+|s[b,k]|2

‘ 2k+1
kD INSLOI1 BT |S[o: )1 =51 Cl.
IEEE.
HEM 5 A5, Bk flip-maxksat C+) () 2L
s o 2R 2
HhttﬁiZkal'

6 MUBTER/MBREEFEE

EOWAE 2 A R AT B 0O 24 A R 72 B R
YRS 1) JR R4 R Uy s, BB A% 21U T 22 W] BB 1Y Al R A
A PRI 7T RE SR A S 4 1 fige . BRAE 6 B ik 4%
PN A1 7R A2 i MR AEL IS fiff %7 Max- (k) - Sat [8] @
Jay BRA R 7V B 3 7k B Sk T Az B A Y S TR
KAV T HAGE T BB k=3, AT &4 k
A IR A B

257 Max- (k) -Sat [A]RESE ) .U \C Flfii /R A8 &
WRAK @ (U C 35530 1= A2 o = o o155 2 FIAS 15
LI k+1 K S Lasj Il j -0l B IUE &,
1=j=k.NS [a] R A2 mIEE. 5 IRk
Clisj a J3RRAIRAZ B w, e IRAE U Y 2 6 2
PSRN LB k-l R R IEE B s CLis g 0 J RN A IR
AR A o WRARL IR » FH AN 2 728 O o T A2 1) T4
B3CLisj kIR RS T 0, A 0 WRAE MRS 5ty k-
WAy - R IR G o 1=a<k—1.

S S Lanl~k—11= U S [a.jJ;

Clivjs1~k—1]= U Clisjox ) FAF ijui ],
STa.i1NSTarjl= B | Slal~k—1]]| =

k—1 k—1
DVISTavjll+ICLivj 1~k—1]|=>ICli.j.2]l.
j=1 =1

XF k=3 H k=4 PRGN, SLas 1 ~k—1]H
Clivj . 1~r—1]Wui ok g — I X FRow, B
B R WA BT AN [\ FRATT 5G4 B WA Bk AR AR 2K
Max- (&) -Sat [a] @I ) 58— iR TE X 53 k=3
F k=4 WA 0 53 B 559 B PR g

8% 6. rtwoflip-mazxksat(U,C).

1. aCw,) <-Rand{T,F},1<<k<n;

2. While (fF#E w; o | C[i,j, 1~k—1]| <

|CLi,j,0]|+ [CLisjsk]]) do
3. alu) <aCu)salu) <aCu;);

4. End While

5.1 (|STa,k]|=|NS[a]]) then 6(U) <a(U);

6. Else b(U)<aU);

7. End if

8. Return 6(U).

SVE I While 78 PR H0AT — K, 75 25T XTG4S 1
IRAR S ;s 3 RIS Slas 1], . S[a k],
NS[alfl C[i4j,0],+s C[isjsk]s A FE OChm) I}
(] PN 58 B R PRAT — O R (R B s #2E , S La s 1~
=11 IECH =80 1. C b B m AT,
Jr LA While 1§ 28— 7€ 68 % 45 0. 55 76 While
PRI A AR BN P R v W [ CLisg 1~
k—1]1<<|CLi.j 0]+ |CLi.j k]| HmFR] 5T ey
OCkmn®) ., HAFH— K [1~k—1 - £ WIEH £
AHETIN 1 USR] A 2 P OCkm® n®).

T TR B A S 5 R T AR R SR SLa
NS La ]3R5 While 1§ 36 25 70, 9 AE o
U)Wl JE 1 WAL G R B o (UD W 2 1Y 45 55
SLh, JF1 NS[Lo13m Bk 45 s, gAE o (U il
SRR G IR oUW RIS, J1 A8 RATTH
1A 25 2598 1) R 2R .

SIEE 14, A/RAE R « (WAL |[CLij,
1~k—=1]1=|Cli.j,0]|+|CLi.j.k]l i %], 1<i,
j<n.

. EAETE wow R | CLisg I~k—1]]<
|CLivj 0]+ 1CLivj k]|, E P While 76 28 45 1
A1, While 915 3R A 22 2% ke,

(1) fif# % Max-(3)-Sat [0] 35 1) P B8 43 A

513 15, A /RAZ R IRAE oUW 2

n—2)|1S[b,1]|+n—2)|S[b,2]]

=>7 > dcClivj. 1] +ICLivj.21D.

i=1j=i+l
. A SLa 1P WIALE CLiyy, 1~2]h
W1+ —3)=n—2 W B4 Sla, 2] 1T 7E
Clisj,1~2] B 1+ (m—3)=n—2 K. it A
n—1 n

py

Hi5I B 11 AL |S[La, 1]+ [S[a. 2] =[S[b.1]] +

|SLo.2]1. pir AG 4518 0 H. HERE.
51 16. A /KA WAE 0(UD il 2
3(n—2)INSL6]|+3(n—2)|S[h,3]]

n—1 n
=> >V Clivj.0]l+IC[i.j+31D.

i=1j=itl

IEW. A NSLalHImifE Cli,j,0]H H B
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343(n—3)=3n—2)W; F4 Sla.3 ]9 KT 1E
Clisj 3|HHM 34+3(n—3)=3(n—2)I. A LA
3(n—2)|NS[a]l]|+3(n—2)|S[a,3]]
n—1 n

i=1j=i+l
mal B 11 ol 0, [NS[all +[S[a.3]]=
INS[H]|+1S[h.3]1, FrLAg| BREs s M E. JERE.
EIB 6. HLLEHAT R KA IR AEL(U) ,

7~
| S[61| = ICl.

L. @gIE 15,51 14 F5| 16 15
(n—2)|S[b,1]|+n—2)|S[b,2]]

n—1 n
=3 S (CLivj ]+ [CLivj. 21D

i=1j=it1

n—1 n
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Background

Maximum satisfiablity problem, Max-Sat briefly, is the
central problem in theoretical computer science. Since Max-
Sat is NP-Hard and Max-SNP-Hard, the research activities
on this problem mainly focus on the design of approximation
algorithms. Max-k-Sat and Max-(k)-Sat are the most impor-
tant sub problems of Max-Sat. The Johnson’s algorithm can
achieve the performance ratio 2¢/(2* —1) to solve Max-(k)-
Sat. Thus it can achieve the performance ratio 8/7 to solve
Max-(3)-Sat. Karloff and Zwick design a random algorithm
to solve Max-3-Sat. The expected performance ratio of their
algorithm is also 8/7. Moreover, Hastad shows that either of
Max-3-Sat and Max-(3)-Sat cannot be approximated within
ratio 8/7, if P NP. On the other hand, many local search
algorithms are designed to solve the Max-Sat and its sub-
problems. Those local search algorithms are testified to be
useful in the practice of exact solution computation for Max-
Sat. It seems difficult to analyze the performance of the local
search algorithms. We cannot see any related results to ana-
lyze the performance of the local search algorithms to solve
Max-Sat.

This paper approaches the local search method to solve
the Max-Sat and analyzes the performance of the method.
The central issue of the paper is to discuss the local search al-
gorithm to solve Max-(3)-Sat. The authors show that the
one-bit-flip local search algorithm can achieve the perform-
ance ratio 4/3 for solving Max-(3)-Sat; and the algorithm of
one-bit-flip local search following the conditionally all-bits-
flip can achieve the performance ratio 5/4 for solving Max-

(3)-Sat. The authors then design a new local search algo-
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rithm to solve Max-(3)-Sat using the one-bit-flip local search
following the all-bits-flip, and show the new algorithm have
the performance ratio 8/7. The 8/7-approximation algorithm
can be extended to solve the Max-(%£)-Sat problem with per-
formance ratio (2k+2)/(2k+1) for k=>4.

Our algorithm has the same performance ratio 8/7 for
solving Max-(3)-Sat as Johnson’s algorithm. Johnson’s al-
gorithm can only output the same solution for each time of
running. Our algorithm can improve the performance of the
solution by repeatedly running. In fact, the algorithm can
produce the exact solution with probability 1, if it runs for
infinite times. Karloff and Zwick’s algorithm for Max-3-Sat
can also achieve expected performance ratio 8/7. The time
complexity of de-randomization of the algorithm is too high.
Thus their algorithm seems not very useful in practice. The
results of the paper demonstrate the inevitability for local
search to have high performances in solving the maximum sa-
tisifiablity problems.
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