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Hands-on Session (pre-requisites)

= SAT solvers Z3 installed in the machines.

= Install Z3 in linux using : sudo apt install z3
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CNF Representation of Combinational Logic Gates

Tseytin Transformation is a mechanism for converting any arbitrary combinational logic circuit into its equivalent Boolean
formula in conjunctive normal form (CNF). For example, consider the following Boolean formula:

Characteristic function

Type Operation CNF Sub-expression

AND (C=A-B (E\/BVC)A(A\JC)A(B\/C')

NAND (C'=A-B |(AVBVC)A(AVC)A(BVC)

vle

OR |C=A+B|(AVBVC)A(AVC)A(BVC()

NOR |C'=A+B| (AVBVC)A(AVC)A(BYC)

NOT (=4 (AvVC)A(AVC)

Y

XOR |C=A©B| (AVBVC)A(AVBVC)A(AVBVC)A(AVBVC)
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AND Gate to CNF:

C&AAB

=C=>AAB)AAAB=C)
= (1C V (AAB)) A ((AAB) VC)

=(CVAA(CVB)A(rAV-BYV
C)




SAT using Tseytin Transformation

Represent the combinational logic to SAT with Tseytin Transformation

A B C

\—\T
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O=AeBe(C

T~ AeB

(T=>AeB) A (AeB)=T)

("TV (AeB)) A (7(AeB) V T)

ATV (AV B)A(RAV 7B))) A ((FAVB)A(AV-B))VT)
((TVAVBACRTV-AYV B)A(TV-AVB)A(T

VAV-B)
O~=TeC

(O=TeC) A ((TeC)= 0)
(FOV (TeC)) A (7(TecC)V 0)
OV ((TV CA(TV 1C) A ((FTVC)A(TVC)VO)

(FOVTVCAEFPOVTVC)A (0 VATVC)A(O
VTVC)




DIMACS Format

= A file format which the SAT-solver takes as its input.

= A file can start with some comment lines. These are just text lines that start with a lower case "c". Example:

c This 1s a comment line

= After the initial comments, the next line of the file must tell how many variables (V a positive integer) and how
many clauses (N a positive integer) in this CNF format:

p cnft V N

= The next N lines of the file each specify one single clause. DIMACS format assumes your variables are x, x,,
) S x . You specify a positive literal (like x, or x.) in this clause with a positive integer (in this case, 2 or 7).

= Specify a negative, complemented literal with a negative integer( so 7x, is -5 and 7x,, is -23).
= End each clause line with a 0.

= (x, +7x,) (x, + X, + 7x,) in DIMACS format looks like the following snippet.

Comment line begins by ‘c’
This 1s second comment line
cnf 3 2

-3 0

2 3 -1 0
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DIMACS Representation

Represent the following combinational logic gate using dimacs. You may use the Tseytin transformation to represent intermediate
signals of the design.

A B C pecnf58 Use the Z3 SAT solver to find satisfying
1240 assignments (or the lack of one) for the following
T 1240 cases:
1240
12-40 * A=1, B=1, Output =0
4-3-50 * A=0, B=0, C=1
0 4350 * Qutput = 1
4-350 * C=0, Output =1
43-50 *A=B=C, Output=0
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Equivalence Checking using SAT

A B C

>

>

{>c |

D)

{>o_

-

Represent the given circuit in DIMACS format. Use the SAT
solver to check if Circuit-1 and Circuit-2 are logically

equivalent.
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p cnf 13 27
-10-10
1010
-11-20
1120
-12-30
1230
4100
420
-10-240
5110
510
11150
6450
-460
-560
6-70
670
870
830
-3-780
9120
960
69-120
13890
13-80
13-90
130




