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a > 3, (a = b Ùa = b + 1), f(a) = 0, f(b) = 1



Dynamic symbolic execution (DART)

Extended static checking

Test-case generation

Bounded model checking (BMC)

Equivalence checking

Χ
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A theory Tis a set of sentences.

Fis satisfiablemodulo T

iff

TÇF is satisfiable. 
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Array Theory:

"a,i,v:  read(write(a,i,v), i) = v

"a,i,v:  i = j Ùread(write(a,i,v), j) = read(a,j)

Linear Arithmetic

Bit-vectors

Inductive datatypes

Χ



a > 3, (a = b Ùa = b + 1), f(a) = 0, f(b) = 1
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f,g,h Uninterpretedfunctions

a,b,c Uninterpretedconstants

+,-,<,¢ΣлΣмΣΧ Interpreted symbols



a > 3, (a = b Ùa = b + 1), f(a) = 0, f(b) = 1
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Model/Structure: 

a­ 4

b­ 3

f­ { 4 ­ 0,  3 ­мΣ  Χ ϒ
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Model M: 

M(a)= 4

M(b) =3

M(f) ={ 4 ­ 0, 3 ­мΣ Χ ϒ



Many SMT Solvers:

Barcelogic, Beaver, Boolector,

CVC3, MathSAT, OpenSMT,

Sateen, Yices, Z3Σ Χ

They are very efficient for quantifier-free formulas.
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quantifiers

Modeling the runtime

"h,o,f:
IsHeap(h) Øƻ ґ ƴǳƭƭ Øread(h, o, alloc) = t
Ý
read(h,o, f) = null Ùread(h, read(h,o,f),alloc) = t
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quantifiers

Modeling the runtime

User provided assertions

"i,j: i ¢j Ý read(a,i) ¢read(b,j)
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quantifiers

Modeling the runtime

User provided assertions

Unsupported theories
" x: p(x,x)

" x,y,z: p(x,y), p(y,z) Ý p(x,z)

" x,y: p(x,y), p(y,x) Ý x = y
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quantifiers

Modeling the runtime

User provided assertions

Unsupported theories
Solver must be fast in satisfiable instances.
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We want to find bugs!



Superposition Calculus + SMT.

Instantiation Based Methods
LƳǇƭŜƳŜƴǘŜŘ ƻƴ ǘƻǇ ƻŦ άǊŜƎǳƭŀǊέ {a¢ ǎƻƭǾŜǊǎΦ

Heuristic quantifier instantiation (E-Matching).

Complete quantifier instantiation.
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Bernays-Schönfinkelclass.

Stratified Many-Sorted Logic.

Array Property Fragment.

Local theory extensions.
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"x1, x2: ×p(x1, x2) Ùf(x1) = f(x2) + 1,

p(a,b), a < b + 1
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×p(x1, x2) Ùf(x1) = f(x2) + 1,

p(a,b), a < b + 1



Variables appear only as arguments of 
uninterpretedsymbols. 
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f(g(x1) + a) < g(x1) Ùh(f(x1), x2) = 0

f(x1+x2) ¢f(x1) + f(x2)



Given a set of formulas F, 
build an equisatisfiableset of quantifier-free formulas F*
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Suppose
1. We have a clause C[f(x)] containing f(x).
2. Wehave f(t).
Č

Instantiate x with t:  C[f(t)]. 

ά5ƻƳŀƛƴέ ƻŦ f is the set of ground terms Af

t ÍAf if   there is a ground term f(t)
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g(x1, x2) = 0 Ùh(x2) = 0,
g(f(x1),b) + 1 ¢f(x1),
h(c) = 1,
f(a) = 0

F F*


