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Satisfiability-modulo-theories (SMT) compliant solving
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\ Theory solver

Solves conjunctions of nonlinear real arithmetic (NRA) constraints
» incrementally,

» supporting backtracking,
» generating minimal reasons.
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SMT-RAT theory solver

Theory solver

Solves conjunctions of nonlinear real arithmetic (NRA) constraints
» incrementally,

» supporting backtracking,
» generating minimal reasons.
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Methods available in SMT-RAT modules

Virtual substitution (VS) [W97]

» bounded degree of input polynomials, but efficient in practice
» SMT compliant [ACL10, AC11]
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Methods available in SMT-RAT modules

Virtual substitution (VS) [W97]
» bounded degree of input polynomials, but efficient in practice
» SMT compliant [ACL10, AC11]
Grobner bases (GB) [DS97]
> suitable for equations
» applicable as preprocessor
Cylindrical algebraic decomposition (CAD) [C75]

» complete for NRA
» often inefficient for equations, but efficient for inequalities
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Demonstration

» Strategy design in SMT- X RAT

» SMT-RAT theory solver embedded into OpenSMT
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http://verify.inf.unisi.ch/opensmt
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Demonstration

File Help

Modules Solvers

GroebnerModule NRATSolver -

CADModule

vsModule [C] < PROP_CANMNOT BE_SOLWED_BY SIMPLIFIERMODULE =

simplifierModule [ [ MT_wSModule |

UnivariateCADModule [J = PROF_TRUE =

3 [ MT_Simplifiertodule |

Add module || Remove module

Add solver || Remove solver
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Demonstration 1
Theory call:  {x®2+y?2+22-2=0,
(x—1)2+y>+22-2=0,
(x—1)2+(y—-12+22-2=0}

Strategy:
| v
Simplifier VS
Result: sat

Call trace: Simplifier — VS
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Demonstration 2
Theory call:  {x®2+y?2+22-2=0,
(x—1)2+y>+22-2=0,
(x—1)2+(y—-12+22-2=0,
(x=12+(y -1+ (z-10*-2=0}

Strategy:

| '

Simplifier VS

Result: unknown

Call trace: Simplifier — VS
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Demonstration 3
Theory call:  {x®2+y?2+22-2=0,
(x—1)2+y>+22-2=0,
(x—1)2+(y—-12+22-2=0,
(x=1P+(-1P+(z-1>-2=0}

Strategy:

| 2 '

Simplifier VS CAD

Result: unsat

Call trace: Simplifier — VS — CAD — VS — CAD — VS — CAD
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Demonstration 4
Theory call:  {x®2+y?2+22-2=0,
(x—1)2+y>+22-2=0,
(x—1)2+(y—-12+22-2=0,
(x=12+(y -1+ (z-10*-2=0}

Strategy:

| 2 2 '

Simplifier GB VS CAD

Result: unsat

Call trace: Simplifier — GB
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Experimental results

bouncing ball etcs rectanglar pos. zankl
(52) (5) (22) (166)
Vs solved 32 1 14 18
acc. time 42402 s 0.35s 94.07 s 442 s
Vs solved 43 2 16 22
+CAD acc. time 4226.24 s 136.15 s 305.54 s 26.30 s
VS +GB solved 43 2 16 22
+CAD acc. time 42463 s 135.05 s 299.54 s 2581 s
73 solved 0 1 22 62
acc. time 0.00 s 0.042 s 27.29 s 1138.96 s
solved 0 1 0 9
cves acc. time 0.00 s 0.11s 0.00 s 2.86's
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http://research.microsoft.com/en-us/um/redmond/projects/z3/
http://cs.nyu.edu/acsys/cvc3/
http://smtrat.sourceforge.net/
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Experimental results

bouncing ball etcs rectanglar pos. zankl
(52) (5) (22) (166)
Vs solved 32 1 14 18
acc. time 424.02 s 0.35s 94.07 s 442 s
Vs solved 43 2 16 22
+CAD acc. time 4226.24 s 136.15 s 305.54 s 26.30 s
VS +GB solved 43 2 16 22
+CAD acc. time 424,63 s 135.05 s 299.54 s 2581 s
73 solved 0 1 22 62
acc. time 0.00 s 0.042 s 27.29 s 1138.96 s
solved 0 1 0 9
cves 0.00 s 0.11s 0.00 s 2.86 s

acc. time

Visit our SMT-RAT on
http://smtrat.sourceforge.net/.
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