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Program(Features(– 3(Dimensions

Program)Variables

Program)Loops

Control)Flow
• Recursion?
• Function2pointers?
• Complexity2of2the2AST2(#2of2nodes,2#2of2branches)?
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Variable(Roles

27)variable)roles

Choice

manual2inspection2of2the2cBench benchmark2 (5.22KLOC)

Meaningfulness

1. widely2used2programming2patterns
2. align2with2tool2developer2 reports2from2SVJCOMP
3. successfully2used2to2predict2SVJCOMP2category

Formal)expression)&)computation

data2flow2analysis2(controlJflow2insensitive,2 interJprocedural)
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FMCAD’13

efficient!
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1234 =#set2of2all2variables
12346 =#set2of2variables2assigned2role2R

76 =
|12346|
|1234|
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Loops(in(SW(Verification

Reasoning2about2 loops2is2useful
• (un)reachability2of2assertions
• loop2unrolling2factors
• soundness2 limits2for2BMC
• …

But: Reasoning2about2loops2is2hard.

Hypothesis:2reasoning2about2loops2~ termination2analysis

There2are2loops2for2which2termination2proofs2are2easy.

How2can2we2efficiently2describe2these2 loops?

23Loop2Patterns
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24

i=0;
while (i < N) {

if (?) i+=1;
else   i+=2;

}

P (i) : i � N

constant)updates

linear)(in)equalities

Consistency)constraints

› P only2depends2on2i
› Updates2to2i entail2eventual2truth2of2P
› ControlJflow2reaches2P when2true

consistency)constraints



N

false

true
P (i) : i � N

i

Termination(Heuristics

25

i=0;
while (i < N) {

if (?) i+=1;
else   i+=2;

}

P (i) : i � N

constant)updates

linear)(in)equalities

Consistency)constraints

› P only2depends2on2i
› Updates2to2i entail2eventual2truth2of2P
› ControlJflow2reaches2P when2true

consistency)constraints
weake

r

weake
r

weake
r [Pani,)2014]:)good)heuri

stics

for)termination



Loop(Patterns

5)loop)patterns

Choice

patternJbased2termination2proof
derive2termination2heuristics2by2weakening2 constraints

Meaningfulness

1. widely2used2programming2patterns
2. indicates2hardness2in2comparison2to2termination2proving2tool

Formal)expression)&)computation

data2flow2analysis2(controlJflow2insensitive)
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Loop(Patterns(A(Metrics

9::;4 =#set2of2all2loops
9< =#set2of2loops2in2class2C

7< =
|9<|

|9::;4|
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extractor

features =
variable2roles
+2loop2classes

+2property2(kind)
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Experiments

Based)on)data2from2SVJCOMP’142and2’15.

Randomly)split)dataset)60:402(training :2test).

Repeat210)experiments:
Train2on2training.
Evaluate2on2test.

Report2arithmetic)mean.
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Experiments

overall2score medals

SV<COMP’14

Portfolio 1494
CBMC 1292

SV<COMP’15

Portfolio 2511
CPAchecker 2228
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heavily2depends2on2
scoring2policy2[CAV’15]



Experiments.(Interpretation.
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oracle:2always2
selects2 best2tool2
for2a2given2task

55%2✓
45%2?

77%2✓
13%2?
10%2�



Conclusion

Introduce22)families)of)program)metrics
• variable2roles
• loop2patterns

Build2a2portfolio)for)SW)verification
• learns2the2bestJperforming2 tool2from2a2training2set
• metrics2describe2the2benchmarks
• shows2predictive2power2of2our2features

Future
• guide2internal2heuristics
• systematic2description2of2benchmarks2in2research2papers
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Conclusion

Demyanova,2Pani,2Veith,2Zuleger
Empirical)Software)Metrics)for
Benchmarking)of)Verification)Tools
To2appear2in2CAV’15.

»)http://forsyte.at/software/verifolio/
tool,2detailed2results2(soon)
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