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CoveringGraphs

Graphs are the mostommonlyused structure for testing

Graphs can come fromany sources
Target source code
Control flow graphs
Design structure
FSMs anctatecharts
Use cases
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Definition of a Graph

A setN of nodes N is not empty

A setN, of initial nodes N, Is not empty

A setN: of final nodes N; is not empty

A setEof edges each edge from one node to another
(N, n;), n;is predecessam; is successor



Three Example Graphs
!

No=1{0} No=1{0,1,2} No=1{}
Ne={3} Ne={7,8,9} Ni={3}



Paths incGraphs
Path: A sequence of nodegs[n,, n,2 N>

Each pair of nodes is an edge

Length: The number of edges
A single node is a path of length O

Subpath: A subsequence of nodes|ris asubpathof p
Reach(n) : Subgraplthat can be reached from

y {

G e a Paths Reach(0O)HQ oK

0,3, 7] set of nodess
- {0,3,4,7,8,5,1,9}
@ e e e 1,4,8,51] Reach ({0, 2}) &
\ (2,6,9]
OO O
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Test Paths and SESES

Test'Path A path that starts at an initial node and ends at a final
node

Test paths represent execution of test cases

Some test paths can be executed by many tests
Some test paths cannot be executedanytests

SESE graphdll test paths startat asingle node and end at
another node

Singleentry, singleexit

NO andNf have exactly one node Doublediamond graph

e ° F_our test path_s
=0 OSSO 01356
OS> B
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Visiting and Touring

Visit: A test pathp visitsnodenif nis inp
A test pathp visitsedgeeif eis inp
Tour: A test pathp tours subpathq if g is asubpathof p

Path[0,1,3,4,6]

Visits nodes 0, 1, 3,4, 6

Visits edges (0, 1), (1, 3), (3,4), (4, 6)

Tours subpaths (O, 1, 3), (1, 3,4), (3,4,6), (0,1, 3,4),

(11 31 41
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Tests-and Test Paths

path (t) : The test path executed by teist

path (T) : The set of test paths executed by the set of tdsts

Each test executemne and only ondest path

A location in-a graph (node or edge) canré@achedfrom another
location if there is a sequence of edges from the first location to
the second

Syntactiaeach: Asubpathexists in the graph

Semantiaeach: A test exists that can execute thsutbpath
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Tests-and Test Paths

testl | — many-to-one

— | Test
test 2 _. | Path
test 3 | —

Deterministic softwarec a test always executes the same test path

many-to-many

test 1 > Test Path 1
test 2 Test Path 2
test 3 Test Path 3

Non-deterministic softwarec a test can execute different test paths
KAIST 10
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Testing-and Covering :Graphs (2.2)

We use graphs intesting as follows :

Developing a model of the software as a graph
Requiring tests to visit or tour specific sets of nodes, edgssilopaths

w Test Requirement$TR): Describe properties of test paths
w Test Criterion: Rules that define test requirements

w Satisfaction: Givena set TRof test requirementsfor a criterion C, a set of
tests T satisfiesC on a graph if and only if for every test requirementin TR,
there is a test path in path(T)that meetsthe test requirementtr

w Structural Coverage CriteriaDefined on a graph just in terms of nodes
and edges

w Data Flow Coverage CriteridRequires a graph to be annotated with
references to variables

KAIST 11

————



Node andEdge Coverage

Edge coverage is slightly stronger than node coverage

Edge Coverage (EC) : TR contains each reachable path of length
1inG.

» NC and EC are only different when there is an edge and anothel
adzo L) 0K 0SU6SSY || LBAANB2TayRi

Node CoverageTR={0,1, 2}

|
° TestPath=[0, 1, 2]

@ Edge CoverageTR ={(0,1), (0, 2), (1, 2) }
e Test Paths =0, 1, 2]
[0, 2]
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Covering MultiplerEdges

Edgepair coverage requiresairs of edgesor subpathsof length 2

Edge-Pair Coverage (EPC) : TR contains each reachable path of

length 2, inclusive, in G.

w The logical extension is to requir@l pathsX

Complete Path Coverage (CPC) : TR contains all paths in G.

w Unfortunately, thisisimpossibleif the graph has a loop, so a weak
compromiseis to make the tester decide which paths:

Specified Path Coverage (SPC) : TR contains a set S of test paths,

where S is supplied as a parameter.
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Structural Coverage Example
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Node Coverage
TR={0,1,2,3,4,5,6}
Test Paths:[0,1,2,3,6][0,1,2,4,5,4,6]

Edge Coverage

TR:={0,1),(0,2,(1,2), 2,3, 2.4, 3,6), 4,5,(4,6), 5,4}
Test Paths:[0,1,2,3,6][0,2,4,5,4,6]

EdgePair Coverage
TR-~={[0,1,2], [0,2,3], [0,2,4], [1,2,3], [1,2,4], [2,3,6],
[2,4,5], [2,4,6], [4,5,4], [5,4,5], [5,4,6] }
Test Paths: [0,1,2,3,6][0,1,2,4,6][0, 2,3,6]
[0,2,4,5,4,5,4,6]

Complete Path Coverage
Test Paths:[0,1,2,3,6][0,1,2,4,6][0,1,2,4,5, 4,
0,1,2,4,5,4,5,4,6][0,1,25,4,5 4% nX c
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Loops incGraphs

If a graph contains a loop, it has @finite number of paths
Thus, CPC i®t feasible to satisfy

L0 SYLI-a @opst RSEFE GA0KE
1980s: Execute each loop, exactly oncé, %, 4] in previougxample)
1990s: Execute loops O times, once, mare than once
2000s: Prime paths
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SimplePaths and Prime-Paths

Simple Path A path from node, to n; is simple, if no node appear:
more than once, except possibly the first and last nodes are the

Same
No internal loops

Includes all othesubpaths

A loop isa simple path
Prime Path A simple path that doesot appear as a proper
subpathof any other simple path

09

KAIST

Simple Paths[0,1,3,0],[0, 2,3,0],[1, 3,0,

(2,3,0,2],[3,0,1,3],[3,0,2,3],[1,3,0,
2,3,0,11,[0,1,3],[0,2,3],[1,3,0],[2,
3,0,1],[3,0,21,[0,1],[0,2],[1,3],[2, 3
0], [1], [2], [3]

]
0,

Prime Paths [0,1,3,0],[0, 2, 3,

[2,3,0,2],[3,0,1,3],[3,0, 2,
[2,3,0,1]

1],
2],
3,0

I 1

],
3,0],




Prime PathcCoverage

A simple, elegant.and finite criterion that requirespsto be
executed as well as skipped

Prime Path Coverage (PPC) : TR contains each prime path in G.

w2 Afft G2dzNJ I ff LIOGKa 2F fSy3dt
w That is, itsubsumeaode, edge, and edgpair coverage
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Prime Path -Example

The previous example has 8@nplepaths

Onlynine prime paths

X

b
EE

KAIST

Prime Paths

>~ bW
o 01 O

Execute loop
0 times

Execute loop
once

Execute loop
more than once
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Simple ‘& Prime’Path Example

—— |l n vél.|\rx L1l l'fIK
Simple || Len 0 Len 1 Len 3
paths 0] 0, 1] 0, 1, 2] 0,1,2,3] | v &1
v (1] 0, 2] 0, 2, 3] [0,1,2,4] |es
2] 1,2 0, 2, 4] 10, 2, 3,51,
3] 2, 3] 1, 2, 3] [0, 2, 4, 6] !
@ 4] 2, 4 1,2, 4 0, 2,_4319}
N 5] 3, 6] ! 2, 3, 6]! [1,2Z]3, 6]!
6] ! 4, 6] ! 2,4, 6]! [1, 2,4, 5]!
4, 5] 2, ! [1, 2,4, 6]!
e 5, 4] , 5,4
A Yo.a 51
e e Len 4 \
< 0,1, 2,4, 6]! Prime Paths
2

0.1

R

KAIST

————

Note that paths w/o ! or * cannot be prime paths
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Round Trips

RoundTrip Path: A prime path that starts and ends at the same
node

Simple Round Trip Coverage (SRTC) : TR contains at least one

round-trip path for each reachable node in G that begins and
ends a round-trip path.

Complete Round Trip Coverage (CRTC) : TR contains all round-

trip paths for each reachable node in G.

w These criterisomit nodes and edgethat are not in round trips
w That is, they dahot subsume edgepair, edge, or node coverage
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Infeasible Test:Requirements

Aninfeasibletest requirementcannot be satisfied

Unreachable statement (dead code)
A subpaththat can only be executed if a contradiction occXs>(Cand X <()

w Most test criteria have some infeasible test requirements
w It is usuallyundecidablewhether all test requirements are feasible

w When sidetrips are not allowed, many structural criteria haveore
Infeasible test requirements

w However, always allowingidetrips weakenghe test criteria

Practical recommendatiom Best Effort Touring

Satisfy as many test requirements as possible without sidetrips
¢ Allow sidetrips to try to satisfy unsatisfied test requirements
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Touring,Sidetripsand Detours

Prime paths do not havieternal loopsX U S & imight) (1 K &

w Tour: A test pathp tours subpath if ¢/ is asubpathof p

w Tour With Sidetrips: A test pathp tours subpath with sidetrips
Iff everyedgein ¢/ is also inp in the same order

w The tour can include aidetrip, as long as it comes back to the same node

w Tour With Detours: A test pathp tours subpathc with detoursiff
everynodein ¢/ is also inp in the sameorder




