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* SAT solver: fRZZBEINPSE L [O)En
e Linear solvers: KZ& M HFE2H
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e String solver: XMRFRFRAR

0

* SMT: ZEHINLEFZLARKBETH




h5E

- é’a?{%‘?ﬁé’ﬁﬁ F—EAB MR
° :L—EI
* NHCKBEIEADHARE, FEHABER/NEDZR
* 3 A\ 20004 I3k
* SATRIKRR R 7 R VAHNHD
BRI ARSREABERE
. }%{STAEW_‘ZL ZMBEMANANFKBE AW EBEER,

N=|
oD
b4

Sharad Malik
S5 T & Chaff sk fiFt 25
Lintao Zhang 3/

Joao Marques-Silva

) 2% Lintao Zhang
| SBEEIACDCUR A

COCLIE AL IR R BT




53] SAT|o]gn

s XRAEARINPE £ Az — (1971)

« X Fliteral: TExTEEXEUR
¢ illil—ux

« FAjclause: XFERIMTEY (disjunction)
* YMxV y

s /RMEE: MBEZIH/RE LRSS

 SAT[O)ER : FA) 5 £ AU 2 PR OK fi o] ft
AE—ETA, SR—AHRRE, EEFETAN

~




2. 7 :X/ Et

Conjunctive Normal Form
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s §ITA—1TA
* {1, -4}
* {-2, 3}
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e {-2,-3, 4}
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Sat(assign) {
if (assigh 2 TR )
(BN FaF#HEEL— I XFHE)
return true;
else return false;
else

FE—PARBMENZEX;
return sat(assign U {x=0}) | | sat(assign U {x=1})

}
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* assign={1, 4} ZIB AR, RBANE
* {1, -4}

* -2, 3}

* 12, 4}

* {-2, -3, 4}

* {-1, -4} [/ BB AR

* AR EXREBEREMEIELSR
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Sat(assign) {

N 7/

if (assighg )H Z8) return false;
if (assigh-= 5T &LHY) return true;

RFE—PAREENTEX;
return sat(assign U {x=0}) | | sat(assign U {x=1})

}
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« assign={2} T B AR, FEAE
* {1, -4}

* {-2, 3}

* {2, 4}

e {-2,-3, 4}

o {-1, -4}
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 assign={2} I R, RFEANE
* {1, -4}

 {-2,3}//3E=

* {2, 4}

« {-2,-3, 4}

e {-1, -4)
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« assign={2} T B AR, FEAE
* {1, -4}

* {-2, 3}

* {2, 4}

 {-2,-3,4} /[ #E=

o {-1, -4}
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« assign={2} T B AR, FEAE
{1, -4} //HES

* {-2, 3}

* {2, 4}

e {-2,-3, 4}

o {-1, -4}
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« assign={2} T B AR, FEAE
* {1, -4}

* {-2, 3}

* {2, 4}

e {-2,-3, 4}
 {-1,-4}//7F &

c THFHEERHMEREFTLER
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* Unate Propagation
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SRl EI’J SATZ‘ZJ#ZI:é DPLL

dpll(assign) {

Il

VEES

assign’=} {E HE S (assign);
if (assign’ g A ) return false;
if (assign’ 25T ELHY) return true;

RFE—PARBENTEX;
return dpll(assign’ U {x=0}) || dpll(assign’ U {x=1});

}

* L ERARADPLL,

Loveland1£19624

~RIR

Davis, Putnam, Logermann
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e Pure literal elimination
* I RERFHEXE MBI RN IR, ATE
BEZzTENFaMk
« {467
« {46}
* Equivalence classes

s MAEREBELRFMNFAEE, RERBKREH—
o {1,.2-3]

* {2,1,-3}

A

\//
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* FIREETR L E B A BEXT K RIS A 1R R S5
* {1, -2}
* {1, 2}
° {_1/ _2}
* {-1, 2}
*{3,4,5,6,7, 8}
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CDCL Conflict-Driven Clause Learning
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—N"DPLLEY 5 F-

Step 1
X1 + x4 P x1=0
X1+ x3" + x8' /
X1 + X8 + x12 »

x2 + x11
X7'+x3 +x9
X7’ + X8 +x9’
X7 +x8 + x10’
X7 +x10 +x12’

© x1=0
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Step 2

X1+ x4 X1=0, x4=1
X1+ x3 +x8 ,’
X1 + X8 + x12 s

X2 + X11
X7+ x3 +x9
X7+ x8 + x9°
X7 + X8 + xX10°
X7 +x10 +x12’

@ x4=1

(ﬂhﬂ
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Step 3
x1+ x4 x1=0, x4=1
X1+ x3" +x8& ’
X1+ x8+x12 »
x2 + x11 x3=1
X7+ x3" +x9 .
X7+ x8 +x9 4
X7 + x8 + x10’

X7 +x10 + x12’

© x4=1

(41=0 O x3=1

26



—N"DPLLEY 5 F-

27

Step 4

X1 + x4 @ x1=0, x4=1
x1 +x3" + x8 ,"
¥x1+x8+x12 .

x2 + x11 @ x3=1, x8=0

X7 + X3’ + X9 A
X7 + X8 + X9’ 4
X7 + x8 + x10°

X7 +x10 +x12°

O x4=1

0
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X1+ x4 Step 5 , x1=0, x4=1

X1+ X3 + x8 y
+ X8 + »

E...ﬁ-, x12 @ x3=1, x8=0, x12=1

X7'+x3' +x9 5\

X7’ + X8 + X9’ 4

X7 + x8 + x10’

X7 +x10 + x12

@ x4=1

= o

x8=0
x12=1
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x1 + x4 Step 6 .« x1=0, x4=1

X1+ x3 +x8 ’
X1+ x8 + x12 »
%2 + ¥11 @ x3=1, x8=0, x12=1
X7’ +x3"+x9 \

X7’ + x8 +x9 4

X7 +x8 +x10° @ x2=0

X7 + x10 + x12’ e

© x4=1
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1 + x4 Step 7 x1=0, x4=1

X1+ x3' +x8
X1+ x8+x12
x2 + x11
X7+ x3' +x9
X7' + x8 +x9’
X7 + x8 + x10°
X7+ x10 + x12’

X3=1, x8=0, x12=1

x2=0, x11=1
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1 + x4 Step 9 @ x1=0, x4=1
X1 +x3" + x8’ e

X1 + x8 + x12 »
x2 + x11

X7+ x3 +x9

X7+ x8 +x9’

X7 + X8 + x10’ @ x2=0, x11=1
X7 + x10 + x12’ e

x3=1, x8=0, x12=1

X7=1

O x4=1

ogo x7=1 ‘
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X1 + x4 Step 10 x1=0, x4=1
X1+ X3 +x8&
X1+ x8 +x12
X2 + x11

X7 +x3' +x9
X7+ x8 +x9’
X7 +x8 +x10’
X7 +XxX10 + x12

x3=1, x8=0, x12=1

x2=0, x11=1

X7=1,x9=0, 1

O x4=1
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CDCL: FAa]=% 3]

X1 + x4 Step 11 ; X120, x4
x1+x3 + x8’ u
X1+ x8 +x12 »
X2 + x11 X1, X020, XT2T
X7’ +x3" + x9 N
X7’ + X8 + x9’ F
X7 +x8 + x10° Xx2=0, x11=1
X7 +x10 +x12’ /!

*f

X7=1, x9=1

FARAE], LR F ST
B N
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x1 + x4 Step 13 x1=0, x4=1
X1+ x3" + x8’
X1+ x8 +x12
X2 + x11
X7+ x3' +x9
X7+ X8 + x9’
X7 +x8 +x10°
X7 +x10 + x12’

x3=1, x8=0, x12=1

x2=0, x11=1

x7=1, x9=1

O x4=1

X3=1,X7=1,%x8=0 — conflict

Oma=0 Add conflict clause: x3'+x7°+x8
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x1 +x4 x1=0, x4=1
X1+ x3" + x8 Step 14 z

X1+ x8 +x12
x2 + x11

X7+ x3 +x9
X7+ x8 + x9’
X7 + x8 + x10°
x7 +x10 + x12°
X3 + x8 + X7’

x3=1, x8=0, x12=1

BEFE 2Ny Ay AR

@ xé=t 5 1 5K YR

N

Ox2=0

Backtrack to the decision level of x3=1:
x12=1 x7=0
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x1 +x4 x1=0, x4=1
X1+ x3" + x8 Step 14 z

X1+ x8 +x12
x2 + x11

X7+ x3 +x9
X7+ x8 + x9’
X7 + x8 + x10°
x7 +x10 + x12°
X3 + x8 + X7’

x3=1, x8=0, x12=1

o XFRIRTE T x2 EHAESR,
Fft A A Bk EIx2?

o [AJyn] DLE i AR I
'fE’ Z:_‘%:‘QH_E,XZO

o R IEMR HFIEAR
SIS ORI

@ x4=1

1=0

Backtrack to the decision level of x3=1:
O x2=0 x12=1 X7=0
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x1 + x4 Step 15 ’ x1=0, x4=1

X1+ %3+ x8
Xx1+x8 +x12 /
x2 + x11 _ _ _ _
e e @ x3=1, x8=0, x12=1,[x7=0|
X7+ x8 + x9’ \\

X7 +x8 +x10° 4

x7 +x10 + x12’

X3+ x8 + x7’
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« FIR{EHE L R AR EUNSAT

* UNSAT|G 5 25151
* {1, 2}
« {-1, 2}
* {1,-2}
* {-1,-2}
* Assignment={1}, #ELFE, F&Fa{-1}
o Assignment={}, HEHJFE, UNSAT

E+ZZL
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CDCL Conflict-Driven Clause Learning

cdcl() {
assign=="TH{E;
while (true) {
M {E #E S (assign);
if (HESEREHPR)
|f (assign§ =) return false;
ANIFTAR;
Tﬁiﬁ%’ﬂﬁtﬁ;
} else {
if (HESERESTER]) return true;

1 E— Il 1 0;
e ek
n
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Pies.2: FREELEFETI7AVSIDS

* VVSIDS=Variable State Independent Decaying Sum
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