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SMT-solving example

m We use enumeration and propagation in DPLL-style for the search,
and CDCL-style conflict resolution for backtracking.

m We use watched literals to speed up propagation.

m We use VSIDS as variable ordering heuristics and assign the value
false to decision variables.

m In VSIDS, to order variables with the same activity value, we use the
lexicographic order; in our example this will be x; < x» < x3 < x4.
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a:(aveVx)ie:(eVox)Aa:(aVoeVx)Aa:(xsVox)

Watch lists: Activities Trail:
(increment=1):

X1. C1,C3

X1 - X1 0
X2 . (C1,C X 0

X2 . C3 X3 0
X3 . C4 x4 O

X3 .
X4 .

Xl G2, C

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 3/1



a:(xVxeVxa)he:(xeVox)Aa:(xVoxeVa)Aa: (xsVox)

Watch lists: Activities Trail:
(increment=1):
X1: €1,C3 DL1: —xy : NULL
—X1 x; 0
X2 . (C1,C X2 0
X2 C3 X3 0
X3 . Ca X4 0
-X3 !
X4 .

X4 C,C4
Decide —x7
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a:(xiVxVxa)Ao:(xxVx)Aa: (x1V-xVxa)Aag:(x3V-x)

Watch lists: Activities Trail:
(increment=1):
X1 C1,C3 DL1: —x; : NULL
—Xq x; 0
X2 C1,CQ xo 0
X2 . C3 X3 0
X3 . Ca x4 0
X3 .
X4 .

—Xq . C,C4
Propagate —xj in

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20 3/1



a:(aveVx)he:(eVoxa)Aa:(xaVoxeVx)Aa:(xsVox)

Watch lists: Activities Trail:
(increment=1):
X1:. C1,C3 DL1: -—x7 : NULL
—X1 ! x1 0
X2 . (C1,C X 0
X2 . C3 X3 0
X3 . Ca X4 0
-X3 !
X4 .

X4 02,C4
Propagate —x; in  c1: (x1V X2 V Xa)
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a:(avxeVxa)he:(xeVox)Aa:(xVoxeVa)Aa: (x3Vox)

Watch lists: Activities Trail:
(increment=1):

X1 of,C3 DL1: —x; : NULL
X x 0

X2 . (C1,C X 0
X2 . C3 X3 0

X3. Ca xa 0
X3 .

X4 . C1

X4 C2,C4
Propagate —=x1 in  c1: (x1VxeVxs) = (x1VXx2Vxa)
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a:(avxeVxa)he:(xeVox)Aa:(xVoxeVa)Aa: (x3Vox)

Watch lists: Activities Trail:
(increment=1):

X1 of, C3 DL1: —x; : NULL
X1 x; 0
X2 . (C1,C X 0
X2 . C3 X3 0
X3 . Ca Xa 0
-3
X4 . C1
Xg . C,Ca
Propagate —x; in a3 (x1VxoVoxg)
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a:(aveVx)Ae:(eVox)Aa:(aVoeVx)Aa: (VY ox)

Watch lists: Activities Trail:
(increment=1):

X1 of, of DL1: —x; : NULL
X x 0

X2 . (C1,C X 0
X2 . C3 X3 0

X3:. C4 xa 0
X3 !

X4 C,C3

X4 C2,C4
Propagate —x in (Vv xoVx) = (xV-oxeVx)
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a:(aveVx)Ae:(eVoxa)Aa:(aVoeVx)Aa: (Y ox)

Watch lists: Activities Trail:
(increment=1):
X1 : DL1: —x; : NULL
- x1 0 DL2: —x : NULL
X2 . (C1,C X2 0
X2 C3 X3 0
X3 . Ca X4 0
—X3
X4 C,C3
Xg . C,Ca
Decide —x»
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a:(aveVxa)ha:(eVox)Aa:(aVoxVa)Aa:(xsVox)

Watch lists: Activities Trail:
(increment=1):
X1 : DL1: —x; : NULL
—Xq x1 0 DL2: —x : NULL
X2 C1,Q xo 0
X2 . C3 X3 0
X3 . Ca x4 0
X3 .
X4 C,C3

—Xq . C,Ca
Propagate —x» in
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a:(aveVx)Ae:(eVox)Aa:(aVoeVx)Aa: (VY ox)

Watch lists: Activities Trail:
(increment=1):
X1 : DL1: —x; : NULL
—Xq x1 0 DL2: -x : NULL
X2 . (C1,C X 0
X2 . C3 X3 0
X3 . Ca X4 0
-X3 !
X4 C,C3

Xg . C,Ca
Propagate —xo in c1: (x1V X2 V Xa)
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a:(aveVx)Ae:(eVox)Aa:(aVoeVx)Aa: (VY ox)

Watch lists: Activities Trail:
(increment=1):

X1 : DL1: —x; : NULL
—Xq x1 0 DL2: -x : NULL

X2 . (C1,C X 0 X4 . C1
X2 . C3 X3 0

X3 . Ca X4 0
-X3 !

X4 C,C3

Xg . C,Ca
Propagate —xo in  c1: (x1 VX2V xs) — Assign xa
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a:(aveVx)Ae:(eVox)Aa:(aVoeVx)Aa: (VY ox)

Watch lists: Activities Trail:
(increment=1):
X1 : DL1: —x; : NULL
—Xq x1 0 DL2: -x : NULL
X2 . (C1,C X 0 X4 . C1
X2 . C3 X3 0
X3 . Ca X4 0
—X3
X4 C,C3
Xg . C,Ca
Propagate —xy in o (x2V xa)
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a:(aveVx)Ae:(eVox)Aa:(aVoeVx)Aa: (VY ox)

Watch lists: Activities Trail:
(increment=1):
X1 : DL1: —x; : NULL
—Xq x1 0 DL2: -x : NULL
X2 . (C1,C X 0 X4 . C1
X2 . C3 X3 0
X3 . Ca X4 0
-X3
X4 C,C3
Xg . C,Ca
Propagate —x» in o (x2V —=xg) — fconflict!
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a:(aVveVxa)he:(xeVox)Aa:(aVoxVa)Aa: (xsVox)

Watch lists: Activities Trail:
(increment=1):

X1 . DL1: —x; : NULL
—Xq x1 0 DL2: —x : NULL

X2 . (C1,C X 0 X4 . C1
X2 . C3 X3 0

X3 . C4 x4 O
X3 .

X4 C,C3

X4 . C2,C4
Conflict resolution:
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a:(aveVx)he:(eVoxa)Aa:(aVooVx)Aa:(xsVox)

Watch lists: Activities Trail:
(increment=1):

X1 DL1: —x; : NULL
—X1 x1 0 DL2: —xp : NULL

X2 . C,C X 0 X4 . C1
X2 C3 X3 0

X3: Ca xs 0
—X3

X4 C1,C3

Xl C2,C
(X2 \/—|X4) (X1 VX2 \/X4)

Conflict resolution: Gava)
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a:aVvxeVxa)Ao: (xV-ox)Aa: (x1V-oxaVxa)Ac: (x3Voxa)A
G o (x1V xp)

Watch lists: Activities Trail:
(increment=2):

X|: Cs DL1: —x; : NULL
X x1 1 DL2: —xp : NULL

X2 €1,0,Ch Xo 1 Xy Q1
X2 . C3 X3 0

X3 . C4 xs 1
X3 .

X4 C,C3

X4 . C2,C4
Add conflict clause

Satisfiability Checking — Prof. Dr. Erika Abraham (RWTH Aachen University) WS 19/20



a:aVvxeVxa)Ao: (xV-ox)Aa: (x1V-oxaVxa)Ac: (x3Voxa)A
o5 1 (x1V x2)

Watch lists: Activities Trail:
(increment=2):
X|: Cs DL1: —x; : NULL
-Xq x 1
X2 C,C0,C X2 1
X2 . C3 X3 0
X3 . C4 xs 1
X3 .
X4 C,C3

X4 . C2,C4
Backtrack to DL1
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a:(aVxVx)Ao: (xxV-oxs) A (x1V-oxoVxa)Ac:(x3Voxa)A
e (x1V x2)

Watch lists: Activities Trail:
(increment=2):
X1 . Cs DL1: -x; : NULL
—X1 - X1 1 X2 . Csh
X2 . C,C,Ch X 1
X2 C3 X3 0
X3:. Ca xs 1
-3
X4 . C1,C3

TXg I C,C
Assign x, at DL1 by ¢
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a:(xiVxVxa) A :(xxV-xa)Ac:(x1VoxVxa)Ac: (x3Voxa)A
cs 1 (x1V x2)

Watch lists: Activities Trail:
(increment=2):
X|: Cy DL1: —x; : NULL
X1 - X1 1 X2 . Cy
X2 €,C62,C x 1
X2 I C3 X3 0
X3 . Ca xs 1
X3 .
X4 C,C3

—Xq . C,C4
Propagate x» in
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a:(aVxVx)Ao:(xxV-oxs) A (x1V-xaVxa)Ac:(x3Voxa)A
e (x1V x2)

Watch lists: Activities Trail:
(increment=2):
X1: Cs DL1: —x; : NULL
X1 X1 1 X2 . Ch
X2 . (C1,C2,Ch X 1
X2 I C3 X3 0
X3 . Ca X4 1
-X3 !
X4 C,C3

X4 C2,C4
Propagate x> in ¢z 1 (x1 V 7x2 V Xa)
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a:(aVxVx)Ao:(xxV-oxs) A (x1V-xaVxa)Ac:(x3Voxa)A
e (x1V x2)

Watch lists: Activities Trail:
(increment=2):

X1: Cs DL1: —x; : NULL
X1 X1 1 X2 . Ch

X2 . (C1,C2,Ch X 1 X4 . C3
X2 I C3 X3 0

X3 . Ca X4 1
-X3 !

X4 C,C3

Xg . C,Ca
Propagate x> in ¢z 1 (x1 Vxo V x4) — Assign xa
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a:(xiVxVxa) A :(xxV-xa)Ac:(x1VoxVxa)Ac: (x3Voxa)A
cs 1 (x1V x2)

Watch lists: Activities Trail:
(increment=2):

X|: Cy DL1: —x; : NULL
X1 - X1 1 X2 . Cy

X2 C1,C,Ch x 1 X4 1 C3
X2 . C3 X3 0

X3 . Ca xs 1
X3 .

X4 C,C3

Xg i C,C4
Propagate x4 in
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a:(aVxVx)Ao:(xxV-oxs) A (x1V-xaVxa)Ac:(x3Voxa)A
e (x1V x2)

Watch lists: Activities Trail:
(increment=2):

X1: Cs DL1: —x; : NULL
X1 X1 1 X2 . Ch

X2 . (C1,C2,Cs X 1 X4 . C3
X2 . C3 X3 0

X3 . Ca X4 1
—X3

X4 C,C3

Xl 02,0
Propagate x4 in = ¢ 1 (x2 V —x3)
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a:(aVxVx)Ao:(xxV-oxs) A (x1V-xaVxa)Ac:(x3Voxa)A
e (x1V x2)

Watch lists: Activities Trail:
(increment=2):

X1: Cs DL1: —x; : NULL
X1 X1 1 X2 . Ch

X2 . (C1,C2,Cs X 1 X4 . C3
X2 . C3 X3 0

X3 . Ca X4 1
—X3

X4 C,C3

Xl 02,0
Propagate x4 in ¢ : (x V-x) — O.K
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a:(aVxVx)Ao:(xxV-oxs) A (x1V-xaVxa)Ac:(x3Voxa)A
e (x1V x2)

Watch lists: Activities Trail:
(increment=2):
X1: Cs DL1: —x; : NULL
X1 X1 1 X2 . Ch
X2 . (C1,C2,Cs X 1 X4 . C3
X2 . C3 X3 0
X3 . Ca X4 1
—X3
X4 C,C3
Xg . C,Ca
Propagate x4 in c o (x3V xg)
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a:(aVxVx)Ao:(xxV-oxs) A (x1V-xaVxa)Ac:(x3Voxa)A
e (x1V x2)

Watch lists: Activities Trail:
(increment=2):

X1: Cs DL1: —x; : NULL

X1 X1 1 X2 . Ch
X2 . (C1,C2,Cs X 1 X4 . C3

X2 . C3 X3 0 X3 .C4
X3 . Ca X4 1

—X3
X4 C,C3

Xg . C,Ca

Propagate x4 in c(x3V xg) — Assign x3
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a:(aVxVx)Ao: (xV-oxs) A (x1V-oxaVxa)Ac: (x3Voxa)A
G (x1V xo)

Watch lists: Activities Trail:
X1 cs (increment=2): DLL: —xi : NULL
—X1 - X1 1 X2 . Cy
X2 . (C1,C2,Ch X 1 X4 . C3
X2 . C3 X3 0 X3 . Ca
X3: Ca xs 1
—X3
X4 . C1,C3
X4 . Co,
— SAT
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