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Motivation

Testing Environment
(Interface, Other

subsystems)
System under test

Figure: Software Interaction

Resource intensive process in test execution: network delays, mechanical
movements, memory requirements, storage requirements, human actions
etc [3] [4].
Short test sequence reduces interaction with testing environment.
Reduces cost of testing.
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Short Test Sequence

ENTRY

x > 20

x == 40

EXIT
true false

true false

Test Sequence: [[19],[21],[41]]
Test Sequence: [40]
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Figure: SymTest Overview [2]
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Challenge
int y = 0

int x = input()

x>50

y = x + 2 y = x * 2

((y>100)&&(y<180))

((y>60)&&(y<70))x = x + 2

x = x + 15 y>65

x = x + 1 x = x + 5

((x < 50)&&(x>44))

x = x + 65 x = x + 20

true
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Figure: CFG of program under test
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Weighted Backtracking Strategy(WBS)

Supports backtracking by more than one decision node.
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Weighted Backtracking Strategy(WBS)

Program Trace
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Computation
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Figure: WBS Architecture
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Trace Generation

Instrument the program under test such that every time a edge is traversed during
its execution, its corresponding edge id is printed into a file.
The instrumented program is executed N number of times to generate the set of
traces Π = {π1, π2, ..., πN}.
Traces are used to generate the computation tree.
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Computation Tree Generation
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1 e1, e2, e4, e9, e10, e11
2 e1, e3, e5, e7, e9, e10, e11
3 e1, e3, e6, e8, e9, e10, e11
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Compressed representation of all the traces.
Each trace is represented by a path in the computation tree.
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Weight Calculation: Probability

WP(e, eti ) =
P(e,eti )

P (1)

Previous runs
1 e1, e2, e4, e9, e10, e11
2 e1, e3, e5, e7, e9, e10, e11
3 e1, e3, e6, e8, e9, e10, e11

Probability to reach target edge e9 from edge e3,

WP(e3, e9) =
P(e3,e9)

3 (2)
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Weight Calculation: Length

wL(n, et2) =
∑

n′∈N2

n′.np
L(n, n′) + 1 (3)

n′.np: Number of individual tree paths.
L(n, n′): Length of the path from n and n′

Number of iterations.
Previous runs

1 e1, e2, e4, e9, e10, e11 - 1
2 e1, e2, e4, e9, e10, e3, e6, e8, e9, e10, e11 - 2

WL(e1, et2) =
∑

n∈N1

wL(n, et2) (4)
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Weight Calculation: Composite Weight

Individual Weight
WI(e′, eti ) = WP(e′, eti ) + WL(e′, eti ) (5)

Composite Weight
W (e′) =

∑
eti ∈T ′

WI(e′, eti ) (6)
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Weight Calculation: Ordering

Backtracking point selection based on composite weight may lead to longer path
if the target edges are not properly ordered.
Ordered weight is calculated.
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Figure: Weighted Graph
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Computing Backtracking Point

1: function BTP(G, stack, W , T )
2: s ←< flip(e)∀(e, tf ) ∈ stack >
3: D′ ← the subset of s such that it consists of upto N elements of s whose

composed weights are the maximum.
4: for all d ∈ D′ do
5: T ′ ← pendingTargets(d , T , stack)
6: EO[d ]← edgeOrdering(d , T ′)
7: return argmin

d∈D′
EO[d ]
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Results
Implemented WBS in SymTest [1].
Benchmark programs- RERS challenge, SVCOMP test suite.
Compared SymTest-WBS with Symtest and KLEE.

Figure: Result
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Conclusion

We proposed a backtracking heuristic named Weighted Backtracking Strategy to
generate short test sequence for embedded software.
WBS is implemented in SymTest.
SymTest-WBS requires less number of paths to attain target edge coverage
compared to SymTest and KLEE.
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Thank You!!
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