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1. ME

SAT(Boolean Satisfiability) A+ dhrbe] o] &2
(Boolean Formula)®] TRUE #& 7FAAl 3t& Truth
assignment 7} EA|SI=AE AASHE LAlolth wReF
ol w2 o] Fo] HE A9TE ETAtE 1 1@
S “gatisfiable”3} v}l &}al, oA SAT olglx d}7]%
st} 12 dk 97 EAISHA] 2RO H  “unsatisfiable” s}
TRl 3bal, oA UNSAT olzhal ghof & &=zl vt
o] SAT A= NP-complete [1] A 2 1 Aksko] A

(

Ak 10 WAz o] EAle] B BEd AT 2)317 A
Prjo] o] EAZ a&HoR E7 93 €L s
o] A|otEo] ghr} w3 AA SAT & AF oz A

NS Ol'ﬁ

= SAT solver 7} o] 7HdE[ o] ARE-E 3L Qlt}. zchafi[4],
Berkmin[5], GRASP[6] &©°] ZL o]t} o] solver &
CNF & §¥ o= wholx], SAT/UNSAT o5& 935
31, solver o wEbA] satisfying assignment &

b o gk Ak 27 ARG Foizl
steAlE gotis st=qol A5 (715 A

—

w29 A7 [8] Tolk AREETE o]ef e w2
o= Ft=Eol U} AXES]

(correctness)= &FQlsto] W} QFAHE A|AElS -
o Exo] #rh

SAT & #7] ¢ dugsss
(conjunctive normal form)E 2 Aoz W=t}
593 PAS AYA 2 o9t 14 -
7 48 et arERS A 8skal SAT

& gAks]l
o E&Holth CNF & o] g3k 1 &&=l SAT 4
A7t FFssAR, wel QEk SAT & 53 sl

Aol Wol 285 =t 3|2E CNF = WH3sgls
32 9] structural information & UojH AL} IS
CNF = WH3lslH 329 structural information §19]
SAT 9] 7|HwkE o] &3te] HALE 3hAl Hr}. uhebA
23 9 3 search space 7FA] @AAFsoF 817] wjiol, t

a&AQ SAT AAE fleiM B2 A5[91[1017F #
= oL otk
53], o] =i 7€ A =l ¥ dolbrk CNF o
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9] Sructural information & ©o|&3t= 7€ ATE
w} +2 CNF 7} Oﬁﬁ 3 boolean function ° A
3k & ol A5E AFE s gt
& T2, 32 ARE 7 AHAdA 1 32
S o] &3l CNF 9 SAT HALE A #rt. A%
2o ARE ZHA JA @2 FElolA, I ZofA
Hekel CNF vk 7H4] 3 HE5E sliof ot e 2A
st} olgdgl A f-ol= 7o AFES A8A
Atk mebA, o @831 SAT AAE 37 fsliA e
CNF oA 329 structural information & FZ&3}=
W o] 3 g &t} o] =RS 3| 2o W3tE CNF vk
o7 AA 329 structural information & %3}
WH S A A ST}

2. Boolean Satisfiability

Satisfiability problem(SAT)E oW 3t F& A 0] 9l
S u, 7 BEAS “ true” 7F A s @Y =g
o] EAshH L ZTHAL “ satisfiable” o]gta of7]
’8}31, Slo ™ “ unsatisfiable” o]gtar of 7]ttt g
St Wy 23 2d
= satisfying assignment &3 3o}, 19
H, SHE F4o] gl Ak xHAL SAT d& A
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ey Ech aEA du gANe SUE guw
HhEol A SAT 9% Z@ahid] UlRE ONF 2 ol
A&t

X=A1l& A2 & A3 & A4 -
Al =(al + a2 + a3 + )
A2 =02+ b2+ b3 +:)

9o} & CNF 7F 95 wf Al, A2,...,An < clause

g} sl clause WY al, a2, bl,b2...2 literal ©) 2}
al o 3th, od7) A literal 2 positive/negative
proposition 5FE 7871t}

CNF = o]x 9 clause 59 set &% o] Fojx|+=d],

I FoA Fe literal ERF o] Fo| X clause =
unit clause E‘r"’ '5“:} AE 59, (~a)&(~b + ¢)
2= CNF 7} 1S 9 (~a)7} unit clause ©]t}. CNF
oA o] unit clause & 83 S =0, unit

clause 7} 94& il decision((FAgro] 1 == 0 & 99
2 sgdslE Z)S dFA &al unit clause ©f true 2

std3lt}, 7} clause & and-operator & A H o] 9
oAl &9 clause T false 7} Huid AA b
false 7} 7] wjZo|t}.

decision & 3FAY, unit propagation = 3= U
literal ol gto] &€9= =0, gto] €44 literal o o
34+ boolean constraints propagation(¢]s} BCP)
= g3t 9ok literal o true 7F &% CNF
oA 1 literal ©] 43 clause AAZ At} o]F
= Zt clause Well Al literal & or-operator & A4
To] gl7] wEol 3t literal o= true 7} ¥HH, A
A clause 7} true 7} @}, 2™ H clause < and-
operator Z <AZAEo] gloewm=z  HA CNF ¢
true/false o5+ TE clause 59 #toll &3]
o)t} W& literal © false 7} &3E™H 1
clause ol A =1 literal ¥+ #| 2t}

3. Z|20|M CNF gt dhH

shite] 327k FolHe wW 3= Pri
(PO)S F 2} 31 ONF & ®iglels Wy e ooy 2
o}

eln A

e .S'uh[(]):]

‘:Pt' s I:}”i.-j I:f"t' & Ty '
e Su IJI‘I):]
N

N TED) W= T

1% 1 CNF #H3

o] 7] A Sub(F) F 9] subformula 9] set & 7}

71, ¢ o & binary operator & 7}& %It} o] W3k
WS Tseitin[11]e]  9J&fA  A<te wWHo=m,

unary operator Y binary operator & “Z%H sub-
formula & ©h& WS4 = substitution s HH ot
unary 3 binary operator & MEE WHeR X3
3 218 CNF 2 H7 9 clause W o 3 719 literal
< 7}7\]_ clause =% A4 ETE binary %+ unary
operator = AZ¥ subformula & A2 HFZ
substitute ¥+ Th3 fﬂEHE triple ©] 2}al ST},

A=poq (o binary operator)

A= T1p
2 subformula & trlple HE R vE H, triple %T% Xl
4 and-operator = AZASTE 7} triple & 2 J &2 3
7he] clause = Eﬂ.f&o] 7}5 3}

o] WS o] g3le] WIS ItH MEE WTE
ARErE, Aol formula 9F o] W3 2o s
732 %H formula & equivalent 34 &t} sFX| Tk o]
formula 7} satisfiable 3}, CNF X satisfiable 3}T}. 9]
AAL 7127 F 1322 equlsatlsﬁable 0}‘3}'7 sk}
A 3 TAAS ONF 2 Hgst=d a3k Ak
polynomial §+ A|7te] I Q3fc). sh=| R 5?4 WHE o
g3hH Folo]l A9 % linear time ©] ZE Tl ¢ A

]
A

Eai =0

7] Woll, s]=5 CNF = W3 o
3 Fea.

F-29] SAT 03_%“:—% CNF & 7|wto= 3fa 9]
7] & = wl 3]Zo] gt boolean
function & CNF tﬁ_%o A frt olw CNF 2 W$
g uwe = v‘f—xﬂ%ﬁo] J=d, 329 structural
information ©] AF AAFETE Holt}h o W3 W
He ol&sto] AAE CNF 2 wizbrbA| ottt SAT &

&%ﬂog 7] 9 gL A3t olFoAd B
instance =°] WE A7t E1 Y. A,

structural information & ©|-83}#| &S A= £
23} search space 7HA = FALeoF sl A $-7F wAy S
o} oolggt B A4S Folv] fske], ¥ A
A7 AP a Qo ol diFie ATES 3=
oA A CNF o AA 329 FRE 7HA1L U
o] sk E T AN SAT & o] &3to] =90 A
TS o o, = ARE THAA B2 dHAA FJ=
oA AdE CNF ©] SAT #HAME &foF sk 4%
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Ao wEA ka, 7)FE SAT HETS o] £3)d
AT ZAHE SO ek sHX R, ONF oA e} 8%
g I HAT & Qo on Ax F3T S

o] =&oA= CNF 9 clause o 7/FE o] &35}
structural information & FE3h= WS Argch
Structural information 5| A1, Primary input (PI)2} PI |
7}7b8 variable o & St 329 #AHE U
F-9] SAT #AIS] P19 Fhel o]&2]o]7] ujtolth.

Primary Input £Z& g

R A CNF & AT wf oA A5d Tseitin
translation & ©| &3t} o] translation W28 sji}
o] gate & MZEF W2 X3t} o] gate o
393} boolean function & 3v}e] WHE4E X33}
o] o]Z equivalent operator & YE AL triple
olgfal &z}, skt triple oA 48] 7R¢] clause 7}
A ET, olu] Z} clause W& &3 literal & i<
7F n7F & W o] clause & n-size 9 clause &1L &}
ZFo 48 o] 1 709l gate & conf & WISHH [+ 1-size
9] clause st} I 719 2-size 9] clause 59| AA
F o}, o] pattern 2 and, or, nand, nor gate o T3}
AgFct o] w gate ¢ output & AAHEH EE
clause oA YElUYAL, gate 9 input 5 [+ 1-size

9] clause o ¥, 183 2-size ¢ clause ©| 3HH
Uehdt}, 324 CNF XA $eo wWo] wol

AHgE E® CNF & ol2lg JeE Ha glvkal 714
Fid=

PI = gate ] output ©] oY== & gate o] W=
Al 70 clause ¢} 2-size 9] clause © 3HA LERG

ok o] =R A = o el Zetatel PI o) guess @),

CNF AAE Ao = size 3 o9 clause o YEF
= 39 size 2 9 clause o YEY+= 357 &
S variable & ZolA PI #tx 7} & xor,
xnor, buffer, inverter &= ©| pattern ©l| a3 % x| &
=t} 3 Pl 7F U3 gate 9 oz Sojrl= 4
o] ¥ Zopa F£x 9la, AA  intermediate
variable ©] °]& gate ¢ YHOoZ So7FHA PI 2
ol A % Qo) SHA|INE o] =wolAE ol¥ A5
= B4 &va 7pHst, AdAd AR ol ek A
9= Ao E3st}, 2eF PI 7} xnor, xor gate 9
Aoz Eo7A] v AFols BE A PV 2
o}7 PI candidate 2] set ol ¥3grHt},
oA & 59, [ 119 A$ st 32 & verilog =
dgk zlojth. [ 119 3]=F DIMACS CNF file
3

I~

ko)

wetald, [ 219 2ok (% 119 g ZoA Pl
¥, CNF dj9] A W= {1,2,3,4) oty &
off A AAlE  WHE  o]&ste]  Folxl PI ¢
candidate 52 {1,2,3,4}o]t}. [ 1]9] 3|29 A5
ol+= PI7} 2% XNOR, XOR gate 9] input 225 =

O

=

o] 7}7] wjF-o] AA|e] PI 9} o] =Folq A E U
S o] g3le] Zold PlEo] A A UA| g,

// IWLS benchmark module
module WHif/9symmI_1 (W1 , W2 , W3 , W4 , W5,
W7, W8 );

input W1, W2, W3, W7;

output W4 ;

wire W5, W8;
assign W5 = (W1 | W2) & W7;
assign W8 = ~Wb5 & W2;
assign W4 = (W3 & W8) | W7;

end:

[3£ 1] Verilog

p enf 15 35

9 120 11 -13 4 0
9 -1 0 21113 0

9 2 0 -1 40
79 -4 0 12 11 22 0
790 212 <11 0
7 4 0 (12 200

8 7 -2 0 14 -3 -12 0
8 -7 0 -14 3 0
820 -14 12 0
10 -3 -8 0 6 14 4 0
-10 3 0 6 -14 0
-10 8 0 6 -4 0

S 10040 15 -5 6 0
> <1000 155 6 0
5 -4 0

312 o 15 -5 6 0
13 2 0 -15°0

[E 2] DIMACS

3 2|2| Structural Information F£& Y
oA A E WHE o]&sto] MElE PI & HE
© 2 t}E structural information 7}FX FZ°] 7}538}
b 3| Z2oA AAdE CNF 7F o8& w, Plol sd
&F= variable 55 ¢4 ¢H3 3 zo] Ho] The
sl skANE Pl & REE F$oE I2E A3
syl fleiA vl B AeEel EA8] o

1
e -
T

of ST mAe Brbso sVgeh SR, el W
We olgshe 4T Pl o Aol ke Pl EE
Fopd & 9] wiel, of WHE olgdel vhe

n ¢l variable & n-depth
variable ©]2}i &}#}. n-level variable & -3+ W
He 99 Pl v o] g3kl N-level
variable & T3}7] #1389 4 PI 9| candidate &
=1}, 2z} Pl t3ted, PI 7} 43+ 2-size clause &
Zb=t}, Tseitin translation & ©]&3Fo] AAlw® CNF
AN M= size 7} 2 Q1 clause 9l A] 3t literal & gate 9
output ©]aL, YA literal < gate ¢ input ©]t}. u}
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@}A] Zold 2-size clause 94 PI candidate 7} of

Y variable ©] PI oA 1 depth ¥ E9]%} variable

o] Ft}. t}E n-depth variable = w}zH7EX| o)t} &

2 Pl = €Wy mlz7X| & xnor, xor, buffer L

23l inverter ol WA SHAIE 7HA L ATt o] 1=

"foﬂ/‘ib o] 4 7o th3+ gate o A= FAI5
11, structural information & FZ3-t},

o] =woAe IR ARV} flE
E—‘?—Ei 3] 2 9] structural information &
S AAEFITE SAT & o] &3k sl=9 9
A 329 structural information ©]-& A
gHA skt oy A4ES g
A= 7H st o] FolA gk o] iv‘}
o] AFteh= g F2o HAHTt gl
o 2 3|2 9] structural information <
S A A3t} o] structural information '3
el 7] wjZoll G- o] Fhekslal, structural information
S 3z AJgro]l wig- Atk 3|29 HHglo] ONF &
7HA AL stEde]l A5S & davt IS o, o] W
2 719 SAT <udES vlE FHeglo] structural
information & ©]&3}= E}E 7 7IHE A837]

Aol AXYZ 2 & ek,

ol 2,

-

e 2
@)
Z
=3}

4>« oz

W&WWM@WE
e

il ol ol\

—ml 0>'

14
g
= o
=
o
N
N

o

6. &= 2

[1T S.A. Cook, The Complexity of Theorem-Proving
Procedures, The Third ACM Symposium on Theory of
Computing, pp. 151-158, 1971.

[2] M.Davis, H.Putnam, A Computing Procedures for
Quantification Theory, J. of ACM, 7:201-215, 1960

[3] Mary Sheeran, and Gunnar Stalmarck. A Tutorial on
Stélmarcks's Proof Procedures for Propositoinal Logic. In
International Conference on Formal Methods in Computer-
Aided Design, Springer LNCS, pages 82-100, 1998.

[4] M.W.Moskewicz, C.F. Madigan, Y.Zhao, L.Zhang, and
S.Malik, Chaff:Engineering an Efficient SAT Solver,38th
Design Automation Conference(DAC), pp.530-535, 2001.

[5] E.Goldgerg and Y.Nivikov, BerkMin : A Fast and Robust
SAT solver, Design Automation and Test in Europe(DATE),
pp-142-149,2000.

[6]J.P. Marques-Silva, K.A. Sakallah, GRASP:A Search
Algorithm for prepositional Satisfiability, IEEE Transaction
on computers, vol.48,pp.506-521,1999.

[7] E. Goldberg, M. Prasad and R. Brayton. Using SAT for
Combinational ~ Equivalence = Checking, International
Workshop on Logic Synthesis, pages 185-191, 2000.

[8] K.L. McMillan, Interpolation and SAT-based Model
Checking, Computer Aided Verification, 2003.

[9] J.Marques-Silva and L.G. e Silva, Algorithms for
Satisfiability in Combinational Circuits Based on Backtrack
Search and Recursive Learning. In Workshop notes of The
International Workshop on Logic Synthesis, pages 227-241,
June, 1999.

[10] S. Safarpour, A. Veneris, R. Drechsler, and J. Lee,
Managing Don’t Cares in Boolean Satisfiability, Design,

Automation, and Test in Europe(DATE), 2004.

[11] GS. Tseitin. On the complexity of derivation in
propositional calculus. Studies in Constructive Mathematics
and Mathematical Logic part 2, pp. 115-125, 1968. Reprinted
in J. Sieckmann and G. Wrightson (editors), Automation of
reasoning vol. 2, pp. 466-483. Springer-Verlag Berlin, 1983.

1000



