SAT Encoding of Fault-span Generation for
Automated Synthesis problem
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SAT-related
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» Tremendous progress in SAT solver technology over
the past decade

» SAT solver has been successfully used in model
checking

o SAT solver:

Boolean formula in CNF representation
CNE: (AvB)A(-BvCV-D)AN(DV-E)

Keys: non-chronological backtracking, efficient conflict driven
learning of conflict clauses, and improved decision heuristics.

Main solvers: CHAFF, GRASP, MINISAT...







A plain SAT-encoding method(1)
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//recomputing the fault-span
REPEAT

Sg:: 51;

S1:= FWReachStates(I,, i v f);
51 = 5:-fte;

mt := mt A Sy;

U1 = 1~ group(yy A mt);
UNTIL(S,=55)




Note: it Is customary to convert any DNF to CNF
form by introducing intermediate variables.

Encode the set of states as a set of DNF

(@ 1l,b 2,c 0),(@a 1l,b 2,Cc 1) irb2acov(aiab2rey
Encode transitions as CNF

T(s, 1,8’) : s->s’ (guard state->target state)
Fault-span generation

Key step: H_] (2) AT (2,4, 2") A =8y cach(z)



Optimization- efficient state set representation
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Optimization- efficient state set representation
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d (a A —bA—f)is 101001.




Optimization- efficient state set representation

» Hash table

o The cubes in the same table entry have the same length of
bitstring

o Encode bit corresponding to a literal is 1 if it is positive, and O
otherwise.

« E.g.thecubed 4(@"=t~~/) js stored as 100 .

» Note: the property of Boolean function can be
utilized to produce more compact representation of
state.

o E.g. 1lis an exponentially compact representation thant DNF

(a A D)V (a A=D)V (~a Ab)V (~a A-b)




Optimization- group transition
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Groupy(so.s) = \/
(s1.21 )ETp

( N\ (v(s0) = v(s5) Av(s1) = v(s1)) A

vE Ry

( A\ (v(s0) = v(s1) Av(sp) = v(s1))A

veRy




Optimization-Interpolant-based method
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An interpolant [9] for a pair of clause sets (A, B) is a formula
P with the following properties:

e A implies P,

e P A B is unsatisfiable, and

e P refers only to the common variables of A and B.




Optimization-Interpolant-based method




Optimization-Interpolant-based method
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How to effectively utilize features of automated
synthesis algorithm to encode the problem in SAT-
accepted format is very important.

How to utilize SAT solver is very important and
needs further exploration. (e.g. interpolant-based
method)

An interesting work direction Is to utilize checking
satisfiability for QBF to do fault-span generation






