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Abstract

. Demonstrating how a modern SAT
solver works on a small example.

. Target Algorithm

. Conflict-Driven Clause Learning
(CDCL)

. 1-UIP learning + ftar-backtracking

. details are omitted o
(decision heuristics, efficient data
structure, etc.,)
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An Example Problem

e wl:=xl Vv -x4vxb . WO6: X8V —x9
e W2 X4V X0 e W/:-x8Vx9
e W3:XDV X0V X/

e W4 X7 V X8

e WHh:x2 Vv =x7 Vv x9

12F9H23HHEH



Decide Implication Graph
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Decide Implication Graph
X 1
X1 @]
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Decide Implication Graph
X1
x|2 1@ X2@2
Clause DB
e Wl XTI VX4V X5 o wb6: %8V -x9
e« WZ2: X4V X6 e W/:-X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Decide Implication Graph

x|1 Xx3@3

XIZ x1@]

X3

X2@2

Clause DB

e WIl:= Xl Vv=x4vxb .« wb6:—-x8vVv -x9
e WZ2: X4 Vv X6 e WT7:—X8V X9
e wW3:-xbv X6V X/

e W4 =X/ Vv X8

e WH: X2V =X/l VvV X9

12F9H23HHEH



Decide Implication Graph

x|1 Xx3@3

XIZ x1@]

X3
Xl A x4@4

X2@2

Clause DB

e WIl:= Xl Vv=x4vxb .« wb6:—-x8vVv -x9
e WZ2: X4 Vv X6 e WT7:—X8V X9
e wW3:-xbv X6V X/

e W4 =X/ Vv X8

e WH: X2V =X/l VvV X9

12F9H23HHEH



Deduce Implication Graph
x|1 Xx3@3
x|2 @1 X2@2
X3
x|4 x4@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
x|1 Xx3@3
x2 x1@1 2! X2@2
x|3 xb@4
| ~1
A x4@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
x|1 Xx3@3
x2 x1@1 2! X2@2
x|3 xb@4
| ~1
A x4@4\
we X6@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
x|1 Xx3@3
x2 x1@1 2! X2@2
x|3 xb@4 )3
| 0 ~
A x4@4 X @4
>~ s
X6@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
x|1 Xx3@3
x2 x1@1 2! X2@2
x|3 xb@4 )3
| 0 ~
A x4@4\ x7@4\
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Deduce Implication Graph
x|1 Xx3@3
X2 X'I @-I il XZ@Z &E
X|3 X5@4 . x9@4
| TN
A x4@4\ /x7@4\
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Deduce Implication Graph
x|1 Xx3@3
X2 X'I @-I il XZ@Z &E
|3 X5@4 L x9@4
| 1 T _
A x4@4\ x7@4\ /
6
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Deduce

X 1

|
X2

|
X3

|
x4

Implication Graph

x3@3
@1 ! X2@2 w5
T y5@4 - e X9@4
o = _
x4@4 X7@4\
o
Doqi @ g0l "

Clause DB CCI Il IICt

e wWI:=xl Vv -x4vxb
-X4 V X0
-Xb5 VvV =X0 Vv X/
-X/ V X8
-X2 V =X/{ VvV X9

« WZ:
. W3:
. WA
e WDH:

1

e WO: X8 v =x9
e W/ X8V x9

12F9H23HHEH



Diagnose

Xx3@3

Implication Graph

Clause DB

e wWI:=x1vVv-ax4vxb

w2:
w 3:
w4

wbH:

-X4 V X0
-Xb5 VvV =X0 Vv X/
-X/ V X8
-X2 V =X/{ VvV X9

e WO: X8 v =x9
e W/ X8V x9

12F9H23HHEH



Diagnose Implication Graph
ot x3@3 Fgser
—x8Vv-x9
x1@1 ! X2@2 w5
xb@4 3 5 x9@4 6
o = _ ™
x4@4\ x7@4\ 1
/ w6
we Xxo@4 03 wa X8@4T‘/;onﬂict
Side
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph
_ | x3@3 Reason
—uxéu\/6—'nx9 —ux%\A&S side
x1@1 ! X2@2 w5
xb@4 3 5 x9@4 -
o = _ ™
x4@4\ x7@4\ il
/ w6
we Xxo@4 03 wa X8@4T‘/;onﬂict
Side
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph
_ | x3@3 Reason
—uxéu\/6—'nx9 —ux%\A&S side
x1@1 ! X2@2 w5
xb@4 3 5 x9@4 -
o = _ ™
x4@4\ x7@4\ il
/ w6
we Xxo@4 03 wa X8@4T‘/;onﬂict
Side
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph
_ | x3@3 Reason
—uxéu\/6—'nx9 —ux%\A&S side
XTV-X9 x1@1 “/ x2@2 L2
xb@4 3 x9@4 T
T
x4@4\ X7 @4 / 1
/ w6
we Xxo@4 03 wa X8@4  conflict
Side
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph
_ | x3@3 Reason
—uxéu\/6—'nx9 —ux%\A&S side >@?
X wb
—-X7V-Xx9 w?: x1@]1 w! ~
TV xav-x7vxe T x5@4 x9@4 -
T
x4@4\ X7@4 / L
/ w6
we Xxo@4 03 wa X8@4  conflict
Side
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph
_ | x3@3 Reason
—uxéu\/6—'nx9 —ux%\A&S side >@?
X wb
—-X7V-Xx9 w?: x1@]1 w! ~
YT x2v-x7vxe T x5@4 x9@4 -
T
x4@4\ X7@4 / L
/ w6
we Xxo@4 03 wa X8@4  conflict
Side
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph
_ | x3@3 Reason
—uxéu\/6—'nx9 —ux%\A&S side >@?
ave_ws | x1@1 Y] S
—X2V-X VX9 x5@4 2 . x9@4 6
w
X2 V =X/ 4 \ \
x4@4\ X7 @4 / 1
/ w6
we Xxo@4 03 wa X8@4 C%rig‘gct
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3 xb vV -ax6vx/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Diagnose

Implication Graph

Reason
Xx3@3 TS

w 06: w4
-X8Vv-x9 —x7vx8 S@?
X
vee ws | x1@1 2 %2
=X2V-X VX9 x5@4 )3
X2 V =X/ 4 \
x4@4 X @4

It contains one literal
INn the current
decision level (i.e. 4).

P

X6@4

/wI; w4

Clause DB

e wWI:=xl Vv -x4vxb
e WZ2: X4 Vv X6
e wW3:-xbv X6V X/
e W4 =X/ Vv X8
e WH: X2V =X/l VvV X9

e WO: X8 v =x9
e W/ X8V x9

12F9H23HHEH

. x9@

\A
X8@4  conflict
Side



Diagnose

w 0B: w4
-X8Vv-x9 —x7vx8

—x7V=X9 wbh:
XEVaX —X2V-X VX9

X2 V =X/

It contains one literal
INn the current
decision level (i.e. 4).

Implication Graph

Reason
Xx3@3 TS

@1 X2@Z Jw5
;x5@4 w3 - X9@4 e
x4@4\‘“1 x7@4 y L
/ 6
we xo@4 03 w4 x8@4 wConﬂict

Side

Clause DB

e wWI:=xl Vv -x4vxb
e WZ2: X4 Vv X6
e wW3:-xbv X6V X/
e W4 =X/ Vv X8
e WH: X2V =X/l VvV X9

e WO: X8 v =x9
e W/ X8V x9
e WA8: X2V =X/

(Jl\l\ew clause is learnt !j

12F9H23HHEH



Backtrack

L earnt clause
X2 V =X/

Xx3@3

x2 was set at level 2 xl@] !

x/ was set at level 4

Assertion level of this

clause (which is the

second highest level)

IS 2.

= Backtrack to level 2!

\

Implication Graph

X2@2 5

Clause DB

e WI:
. WZ:
. W3:
. WA
e WDH:

-X1 VvV x4 v xb
-X4 V X0
-Xb5 VvV =X0 Vv X/
-X/ V X8
-X2 V =X/{ VvV X9

e WO: X8 v =x9
e W/ X8V x9
e WA8: X2V =X/

12F9H23HHEH



Sacktrack Implication Graph
x|1 Xx3@3
X2 X'I @-I il XZ@Z &E
|3 X5@4 L x9@4
| 1 T _
A x4@4\ x7@4\ /
6
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbvV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



sacktrack Implication Graph
x|1 Xx3@3
X2 X'I @-I il XZ@Z &E
X|3 X5@4 . x9@4
| TN
A x4@4\ /x7@4\
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbvV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Sacktrack Implication Graph
x|1 Xx3@3
x2 x1@1 2! X2@2
x|3 xb@4 )3
| 0 ~
A x4@4\ x7@4\
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbvV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Sacktrack Implication Graph
x|1 Xx3@3
x2 x1@1 2! X2@2
x|3 xb@4 )3
| 0 ~
A x4@4 X @4
>~ s
X6@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbvV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Sacktrack Implication Graph
x|1 Xx3@3
x2 x1@1 2! X2@2
x|3 xb@4
| ~1
A x4@4\
we X6@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbvV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Sacktrack Implication Graph
x|1 Xx3@3
x2 x1@1 2! X2@2
x|3 xb@4
| ~1
A x4@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbvV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Sacktrack Implication Graph

x|1 Xx3@3

x|2 @1 X2@2

X3

x|4 x4@4

Clause DB

e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbvV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



sacktrack Implication Graph
x|1 Xx3@3
X2 x1@1 Xe@2
|
X3
|
x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbvV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Sacktrack Implication Graph
x|1
N @1 X2@2
|
X3
|
x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbvV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8

¢« WhH:

X2 V =X/ VvV X9

12F9H23HHEH



Deduce Implication Graph
x|1
x2 x1@] X2@2
|
X3
|
x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8

e WH:

X2 V =X/ VvV X9

12F9H23HHEH



Deduce Implication Graph
X 1
| w8
X2 @] X2@2 =+ -x/@2
|
X3
|
x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8

e WH:

X2 V =X/ VvV X9

12F9H23HHEH



Decide Implication Graph
X 1
| w8
X2 @] X2@2 =+ -x/@2
|
X3
|
x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8

e WH:

X2 V =X/ VvV X9

12F9H23HHEH



Decide Implication Graph
X ] Xx3@3
| 2@2 o @2
X2 1@] RefDe =+ =X
N .
X3 X3
|
x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Decide Implication Graph
X|1 x3@3 .
w
X|2\ @] X2@2 > - x/@2
X3 X3
x|4 x|4 x4@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
X|1 x3@3 .
w
X|2\ @] X2@2 =+ -x/@2
X3 X3
x|4 x|4 x4@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Deduce

X 1

|
x|2\

X3 X3

.
x4 x4

Implication Graph

X3@3
w8

@] @ X2@2 > - x/@2

\

xb@4

~1
x4@4

Clause DB

e WI:
« WZ:
« W3:
. w4
. Wh:

X1 v-x4vxb . wb6:-x8v-x9
-X4 V X0 e WT7:—X8V X9
-Xb VX6V X/ e« w8: X2V X/
-X/ V X8

-X2 V =X/{ VvV X9

12F9H23HHEH



Deduce Implication Graph
X|1 x3@3 .
w
X2 W X2@2 > - x/@2
X1 @]
x|3\x3 T 5@4
C ~1
WA xA x4@4\
2
© X6@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Deduce

X 1

|
x|2\

X3 X3

.
x4 x4

Implication Graph

X3@3
w8

@] @ X2@2 > - x/@2

\

xb@4

4@4/‘“' \ -
X

o~ )

xXo@4

Clause DB

e WI:
« WZ:
« W3:
. w4
. Wh:

X1 v-x4vxb . wb6:-x8v-x9
-X4 V X0 e WT7:—X8V X9
-Xb VX6V X/ e« w8: X2V X/
-X/ V X8

-X2 V =X/{ VvV X9

12F9H23HHEH



Deduce

X 1

|
x|2\

X3 X3

.
x4 x4

Implication Graph

X3@3
w8

@] @ X2@2 > - x/@2

T y5@4

4@4/“”' \ -
X

o~ )

xXo@4

Clause DB CCI Il IICt

e WI:
« WZ:
« W3:
. w4
. Wh:

X1 v-x4vxb . wb6:-x8v-x9
-X4 V X0 e WT7:—X8V X9
-Xb VX6V X/ e« w8: X2V X/
-X/ V X8

-X2 V =X/{ VvV X9

12F9H23HHEH



Diagnose

Implication Graph

X3@3
w8

@] @ X2@2 > - x/@2

\

xb@4

4@4/‘“' \ -
X

o~ )

xXo@4

Clause DB

e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9

w2:
w 3:
w4

wbH:

-X4 Vv X0 e W/:xX8V x9
-Xb VX6V X/ o w8: X2V X/
—X/ V X8

-X2 V =X/ V X9

12F9H23HHEH



Diagnose Implication Graph
w3 x3@3 S
-Xbv-x6vx7/
@] w1 x2@2—>—-x7@2
x5@4 74
x4@4\‘“1
3 |
@ |7 Cen
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose

w3:

w2:
-Xbv-xovx7 —x4vx6

Implication Graph

Reason

X3@3  Side
XZ@Z —»> —ux7@2

x1@1 “/
x5@4 74

x4@4 <l

\ w3 Conflict

xXo@4 Side

Clause DB

e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9

w2:
w 3:
w4

wbH:

-X4 Vv X0 e W/:xX8V x9
-Xb VX6V X/ o w8: X2V X/
—X/ V X8

-X2 V =X/ V X9

12F9H23HHEH



Diagnose

w3:

w2:
-Xbv-xovx7 —x4vx6

Implication Graph

Reason

X3@3  Side
XZ@Z —»> —ux7@2

x1@1 “/
x5@4 74

x4@4 <l

\ w3 Conflict

xXo@4 Side

Clause DB

e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9

w2:
w 3:
w4

wbH:

-X4 Vv X0 e W/:xX8V x9
-Xb VX6V X/ o w8: X2V X/
—X/ V X8

-X2 V =X/ V X9

12F9H23HHEH



Diagnose Implication Graph
w3: w2: x3@3 Rg?g,gn
—xbv-x6Vvx7 —x4vx6 w3
W X2@2 > - x/@2
—X4V-aXOVX/ x1@] - ~
xb@4 /34
0
x4@4 1
x6@4/“" > Conflict
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Diagnose Implication Graph
w3: w2: Xx3@3 Rg?g,gn
—xbv-x6vx7 —x4vx6 w8
" @1 @ x2@32—>—ux7@2
TXAVIXOVXT 1 exAvB Ty 5@4 ‘/4
w3
~
x4@4 / 1
3 Confli
X6@4 Side
Clause DB
e WIl: Xl v-x4vxb .« wo:-=x8v -x9
e W2 X4 V X6 e wWT/:-Xx8 vV X9

e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph
w3: w2: Xx3@3 Rg?g,gn
—xbv-x6vx7 —x4vx6 w8
" @1 @ x2@32—>—ux7@2
TXAVIXOVXT 1 exAvB Ty 5@4 ‘/4
w3
~
x4@4 / 1
3 Confli
X6@4 Side
Clause DB
e WIl: Xl v-x4vxb .« wo:-=x8v -x9
e W2 X4 V X6 e wWT/:-Xx8 vV X9

e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph

Reason
w?3: w2: Xx3@3  side
—xbVvax6vx7 —x4vx6 >@? w3 Z@?
X > X
—x4v-x5vx7 Wl x1@] -
=X 1 v=x4vxh

X1 v x4 v x/

x4@4

\6@4 e
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9

e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph

Reason
w3: w2: x3@3  Side
-Xbv-xovx7 —x4vx6 >@?2 w3 2 @2
—» —
—x4v-x5vx7 Wl x1@] - § A

-X 1v—x4vxh

X1 v x4 v x/

x4@4

It contains one literal
In the current

decision level (i.e. 4). NE@4 C%?ggct
Clause DB
e WIl: Xl v-x4vxb .« wo:-=x8v -x9
e W2 X4 V X6 e wWT/:-Xx8 vV X9

e W3:XbV X6V X7 o« wW8:x2V x/
e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose Implication Graph

Reason
w3: w2: x3@3  side
—xbv-x6Vvx7 —x4vx6 >@?2 w3 Z@?
X - -
—x4v-x5vx7 Wl x1@] - A
=X 1 v=x4vxh

X1 v x4 v x/

x4@4

It contains one literal
In the current

decision level (i.e. 4), NG@A4 C%?ggct
Clause DB

e WIl: Xl v-x4vxb .« wo:-=x8v -x9

e W2 X4 V X6 e wWT/:-Xx8 vV X9

e W3 axXbvaxov X7 o wW8:x2V x/

e wW4: =X/ VvV X8 e W9 X1 Vv x4 v x/

. W5 =X2 V =X7 V X9 (New clause is learnt !j

12F9H23HHEH



Backtrack

Learnt clause:
X1 v =x4 v x/

x1 was set at level 1
x4 was set at level 4
X7/ was set at level 2

Assertion level of this
clause is 2.

= Backtrack to level 2!

Implication Graph

X3@3
w8

@] @ X2@2 > - x/@2

\

xb@4

T \ ws3

x4@4

o~ )

xXo@4

Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9 x1 Vx4 v X/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Sacktrack Implication Graph
X|1 x3@3 .
w
X|2\ X'I @-I il XZ@Z —> _IX7@2
X3 X3 /X5@4 w3
] w1 \
WA xA x4@4\ /
xXo@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9 x1 Vx4 v X/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Sacktrack Implication Graph
X 1
| 2@2 o /@2
X2 1@]1 XeBe > =X
N\ .
X3 X3
| |
x4 x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9 =x1l Vv -x4 v X/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
X 1
| 2@2 o /@2
X2 1@]1 XeBe > =X
N\ .
X3 x3
| |
x4 x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
X 1
| 2@2 o /@2
X2 X —» 4 X
X1 @]
| \ \ng Aw(
X3 X3 -x4@2
| |
x4 x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Decide Implication Graph
X 1
| 2@2 o /@2
X2 X > X
X1 @]
| \ \ng Aw(
X3 X3 -x4@2
| |
x4 x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Decide Implication Graph
X ] Xx3@3
| w8
N @] X2@2 > —x/@2
| \\ \wg; Aw%
X3 X3 X?) —IX4@2
| |
x4 x4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Decide Implication Graph
X ] Xx3@3
| w8
N @] X2@2 > —x/@2
| \\ \wg; Aw%
X3 X3 x|3 -x4@2
| |
x4 x4 x5
xb@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
X ] Xx3@3
| w8
N @] X2@2 > —x/@2
| \\ \wg; Aw%
X3 X3 x|3 -x4@2
| |
x4 x4 x5
xb@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
X ] Xx3@3
| 2@2 o /@2
X2 X —» 4 X
X1 @]
| \\ Aw{/u?:
X3 X3 X?) —IX4@2
I -X6@4
x4 x4 xb V\wB
xb@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Decide Implication Graph
X ] Xx3@3
| 2@2 o /@2
X2 x1@]1 XePe %=X
| \\ Aw{/u?:
X3 X3 X?) —IX4@2
I -X6@4
x4 x4 xb V\wB
xb@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Decide Implication Graph
X ] Xx3@3
| 2@2 o /@2
X2 x1@]1 XePe %=X
| \\ Aw{/u?:
X3 X3 x|3 -x4@2
| | -X6@4
4 x4 x5 X8@5 w3
X4 X xI \
X8 X5@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
X ] Xx3@3
| 2@2 o /@2
X2 x1@]1 XePe %=X
| \\ Aw{/u?:
X3 X3 x|3 -x4@2
| | -X6@4
4 4 X8@5 w3
X4 X x|5 \
X8 X5@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce Implication Graph
X ] Xx3@3
| w8
N @] X2@2 > —x/@2
| \\ w9 Aw%/u?:
X3 X3 x|3 -x4@2
| | w6 -Xo@4
Y x8@5 — -x9@5 w3
X4 X x|5 \
X8 X5@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Deduce Implication Graph
X ] Xx3@3
| w8
N @] X2@2 > —x/@2
| \\ \wsi Aw{/u?:
X3 X3 X?) —IX4@2
x|4 x|4 x|5 x8@5 25 —x9@5 _'X6@$L\w3
X|8 w7\a >/w7 xb@4
1
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Deduce

X 1

|
X2
| \\
X3 x3 X3

T
x4 x4 xb

Implication Graph

X8
Clause DB C

e wWIl:=xlvV
w2 x4 v
w3: xb v
w4: =X/ Vv
wbh: =x2 Vv

Xx3@3
w8
@] X2@2 > - x/@2
w3 Aw(/u?v
-x4@2
«3@5 5 _vo@5 ﬂxes@%
w7\4 >/W7 xb@4
X4 v xb .« w6:=x8 Vv ax9
X0 e W/ X8V x9
—XO VX7 o W8:x2V ax/
X8 e W9:x1 Vx4V x/
=X/ VvV X9

12F9H23HHEH



Diagnose

Implication Graph

X3@3
w8

X2@2 > - x/@2

X1@]
\ng Aw%/uf%

-Xx4@72
«8@5 5 _xo@5 ﬂx6@%

w7\a ,/w? xb@4

1

Clause DB

e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9

w2:
w 3:
w4

wbH:

-X4 V X0 e WT7:—X8V X9

-Xb VX6V X/ e« w8: X2V X/

-X/ V X8 e W9: =Xl VvV -x4vVv X/
-X2 V =X/{ VvV X9

12F9H23HHEH



Diagnose Implication Graph
w7: x3@3
—~X8Vx9 w8
@] X2@2 > - x/@2
Reason w3 Aw%/u?)
Side -X4@2
x8@5 - —x9@5 ﬁX6@f“\w3
7T KW x5@4
L Conﬂlct
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Diagnose Implication Graph
wT: wo: Xx3@3
-X8vx9 —x8v-x9 w8
@] X2@2 > - x/@2
Reason w3 Aw%/u?)
Side -X4@2
x8@5 - —x9@5 ﬁX6@f“\w3
7T KW x5@4
L Conﬂlct
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Diagnose Implication Graph
wT: wo: Xx3@3
-X8vx9 —x8v-x9 w8
@] X2@2 > - x/@2
Reason w3 Aw%/u?)
Side -X4@2
x8@5 - —x9@5 ﬁX6@f“\w3
7T KW x5@4
L Conﬂlct
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Diagnose Implication Graph
wT: wo: Xx3@3
-X8vx9 —x8v-x9 w8
- @] X2@2 > - x/@2
X
Reason w3 Aw%/u?)
Side -X4@2
x8@54% —x9@5 ﬁX6@f“\w3
w7 >/w7 xb@4
1 Conflict
side
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/
e WHh: X2V X/ Vv Xx9

12F9H23HHEH



Diagnose Implication Graph
wT: w O: Xx3@3
-x8vx9 —-x8v-x9 @7 L_U>8 7@
X —
—x8 X1@]
’ Reason 23 Aw%/u?)
It contains one literal oide “Xx4@Z
oo inlthe lc(urreé’l)t x8@5 6 —X9@h5 —|X6@f]-&3
eClSIion level (l.e. )
7 A)?
w | C%Egd Xo@4
Clause DB
e WIl: Xl v-x4vxb .« wo:-=x8v -x9
e W2 X4 V X6 e wWT/:-Xx8 vV X9
e W3 axXbvaxov X7 o wW8:x2V x/
e wW4: =X/ VvV X8 e W9 X1 Vv x4 v x/
e WHh:x2 Vv x7 Vv x9

12F9H23HHEH



Diagnose

w/: w 06:
-X8vx9 —x8v-x9

X8

It contains one literal
In the current
decision level (i.e. b).

Implication Graph

Xx3@3
w8
@] X2@2 > - x/@2
Reason w3 Aw%/u?)
Side -X4@2
xe% -x9@5 —ux6@fr\w3
w7 >/w7 xb@4

| Conflict
olde

Clause DB

e wWI:=x1vVv-ax4vxb
e W2 X4 V X6

e WO: X8 v =x9
e W/ X8V x9

» w3:-x5V-x6VX7 (New clause is learnt !)

e W4 X7 Vv X8
e WHh:x2 Vv x7 Vv x9

wvv AL \4 A N \4
. wl10: —x8

12F9H23HHEH



Backtrack

| earnt clause:

Implication Graph

e X3@3
w38
x8 was set at level 5 X1 @] X2@Z > ~X1@2
A . . \ng Aw%/uf%
ssertion level of this —x4@2
clause (which is the W6 xX6@4
secondhorestiee) | g@5 2% k9@ Lo
= Backtrack to level O w7\l A)? x5@4
(root level) 1
Clause DB
e WIl:= Xl v-XxX4vxb .« wb6:-x8 Vv =x9
e W2 X4V X6 e WT/:-XxX8 VX9
e W3 Xbv X6V X/ e« w8 X2V X/
e W4 =X/ VvV X8 e W9: X1 Vx4V X/

e WH:xx2VvV-ax7Tvx9 .« wl0:—-x8

12F9H23HHEH



Backtrack

Implication Graph

X ] Xx3@3
| w8
N @] X2@2 + -x/@2
\\ \ng Aw{/u?)
X3 X3 X?) —IX4@2
x4 x|4 x|5 x8@5 25 —x9@5 _'X6@$L\w3
X|8 w7\a >/w7 xb@4
1
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/
e WH:xx2VvV-ax7Tvx9 .« wl0:—-x8

12F9H23HHEH



Sacktrack Implication Graph
x|1
XZ\\
X3 X3 X3
| |
x4 x4 x|5
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/

e WH:xx2VvV-ax7Tvx9 .« wl0:—-x8

12F9H23HHEH



Deduce Implication Graph
x|1
XZ\\
X3 x3 x3
| |
x4 x4 x|5
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8

12F9H23HHEH



Deduce Implication Graph

x|1

XZ\\

X3 x3 x3

| |

x4 x4 x|5 —x8@0

X8
Clause DB

e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8

12F9H23HHEH



Decide Implication Graph
x|1
XZ\\
X3 x3 x3
| |
x4 x4 x|5 —x8@0
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8

12F9H23HHEH



Decide Implication Graph
x|1 X 1
XZ\\ x1@]1
X3 x3 x3
| |
x4 x4 x|5 —x8@0
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8

12F9H23HHEH



Decide Implication Graph
x|1 x|1
XZ\\ X2 x1@] X2@2
X3 x3 x3
| |
x4 x4 x|5 —x8@0
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/
e WH: X2V -ax7Tvx9 o wl0:-x8

12F9H23HHEH



Deduce Implication Graph
x|1 x|1
XZ\\ X2 x]1@] X2@2
X3 x3 x3
| |
x4 x4 x|5 —x8@0
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/
e WH: X2V -ax7Tvx9 o wl0:-x8
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Deduce Implication Graph
X 1 X 1
| | w8
Xz\\ N @] X2@2 + -x/@2
X3 x3 x3
| |
x4 x4 x|5 —x8@0
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/
e WH: X2V -ax7Tvx9 o wl0:-x8
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Deduce Implication Graph
X 1 X 1
| | 2@2 o /@2
X2 X2 x1@] X = =X
X3 X3 x3 -x4@2
| |
x4 x4 x|5 —x8@0
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8
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Decide Implication Graph
X 1 X 1
| | w8
N N @] X2@2 > —x/@2
X3 X3 x3 -x4@2
| |
x4 x4 x|5 —x8@0
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8
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Decide

Implication Graph

X1 X 1 X3@3
| | 2@2 o /@2
X2 X2 x1@]1 X = =X
X3 x3 x|3 X3 -X4@2
|
x4 x4 x|5 —x8@0
X8
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8
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Decide Implication Graph
X1 X 1 X3@3
| | 2@2 o /@2
X2 X2 x1@] X = =X
X3 x3 x|3 x|3 -x4@2
|
x4 x4 x5 xb x8@0
x|8 xb@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8

12F9H23HHEH



Deduce Implication Graph
X1 X 1 X3@3
| | w8
X2 X2 «1@1 X2@2 > - x/@2
X3 X3 x3 x|3 -x4@2
| |
x4 x4 x5 xb x8@0
x|8 xb@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8
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Deduce Implication Graph
X | X1 X3@3
| | 2@2 % —x7@2
X2 X2 @1 XeTeZm

\\ | X //
X3 x|3 x|3 x|3 —x4@2 w9 - w3

— X 4
x4 x4 x|5 x5 ~x8@0 v\wg
- xb@4

Clause DB

e wWl:=x1 v -x4vxb
e WZ2: X4 Vv X6
e wW3:-xbv X6V X/
e W4 =X/ Vv X8
. W5 X2V X7V X9

. wWB: ~x8 v —x9

e WT7:—X8V X9

e WA8: X2V XY

e W9 =Xl VvV -x4v X/
« w10: —x8
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Decide Implication Graph

X | X1 X3@3

| | 2@2 % —x7@2
N X2 @] XeTeZ ™

\\ | X //
X3 x|3 x|3 x|3 -X4@2 w3 - 03

— X 4
x4 x4 x|5 x5 ~x8@0 v\wg
s xb@4

Clause DB

e wWl:=x1 v -x4vxb
e WZ2: X4 Vv X6
e wW3:-xbv X6V X/
e W4 =X/ Vv X8
. W5 X2V X7V X9

. wWB: ~x8 v —x9

e WT7:—X8V X9

. W8: ~x2 Vv X7

e W9 =Xl VvV -x4v X/
« w10: —x8
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Decide

Implication Graph

X1 X 1 X3@3
| | 2@2 o /@2
X2 X2 x1@]1 X = =X
X3 x3 x|3 x|3 —xX4@2
| -X6@4
x4 x4 x5 x5 x8@0 w3
o ~
x8 x9 x9@> xo@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

e WH: X2V -ax7Tvx9 o wl0:-x8
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Implication Graph

X1 X 1 X3@3
| | 2@2 o /@2
X2 X2 x1@]1 X = =X
X3 x3 x|3 x|3 —xX4@2
| -X6@4
x4 x4 x5 x5 x8@0 w3
o ~
x8 x9 x9@> xo@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

wWH: =x2 Vv ax7vx9 « wlO:—-x8
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x|1 x|1
2 X2
\\ |
X3 %Ilj X3

4 %4 | x:5\/
8 %9

1/ A ‘E'

e WZ:
e W3-
. w4
. Wh:

—ux7 V X8
X2 V =X/ VvV X9

Implication Graph

X3@3
w8

1 @] x2@2 —»> —ux7@2

am@blé§ aq@q

X9@5 Xo@4

I@?t—-xS v X9

e W8 X2V X/
e W9: Xl Vv x4 v X/
e wWI10: =x8

e wIl:—xl \/—ux4\/ .}I, wb: =x8 v =x9
X

ﬂx6 V
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Implication Graph

X1 X 1 X3@3
| | 2@2 o /@2
X2 X2 x1@]1 X = =X
X3 x3 x|3 x|3 —xX4@2
| -X6@4
x4 x4 x5 x5 x8@0 w3
o ~
x8 x9 x9@> xo@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

wWH: =x2 Vv ax7vx9 « wlO:—-x8
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Implication Graph

X1 X 1 X3@3
| | 2@2 o /@2
X2 X2 x1@]1 X = =X
X3 X3 x|3 x|3 —xX4@2
| -X6@4
x4 x4 x5 x5 —x38@0 w3
o ~
x8 x9 x9@> xo@4
Cause 0B Oatisfiable
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: =X/ Vv X8 e W9:x1 Vx4V x/

wWH: =x2 Vv ax7vx9 « wlO:—-x8
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Implication Graph

X1 X 1 X3@3
| | 2@2 o /@2
X2 X2 x1@]1 X = =X
X3 x3 x|3 x|3 —xX4@2
| -X6@4
x4 x4 x5 x5 x8@0 w3
o ~
x8 x9 x9@> xo@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1 Vx4V x/

wWH: =x2 Vv ax7vx9 « wlO:—-x8
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Found a model

Implication Graph

x3@3
M _ w38
— @] X2@2 > - x/@2
-x4@2
-x4, xb, =x6 _X6@4
-Xx8@0 v\wg
-X 7/, =x8, x9 }
x9@5 xb@4
Clause DB
e WIl:= X1 Vvx4vxb . wb6:-x8vVv -x9
e W2 x4 vV X6 e W/ X8V x9
e W3:XbV X6V X7 o« wW8:x2V x/
e wW4: ~x/ Vv X8 e W9:x1l Vx4 v X/

e WH: X2V -ax7Tvx9 o wl0:-x8
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