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Covering Graphs  

Â Graphs are the most commonly used structure for testing

Â Graphs can come from many sources
Â Target source code

Â Control flow graphs

Â Design structure

Â FSMs and statecharts

Â Use cases

Â ¢Ŝǎǘǎ ǳǎǳŀƭƭȅ ŀǊŜ ƛƴǘŜƴŘŜŘ ǘƻ άcoverέ ǘƘŜ ƎǊŀǇƘ ƛƴ ǎƻƳŜ ǿŀȅ
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Definition of a Graph

Â A set N of nodes, N is not empty

Â A set N0 of initial nodes, N0 is not empty

Â A set Nf of final nodes, Nf is not empty

Â A set E of edges, each edge from one node to another
Â ( ni , nj ), ni is predecessor, nj is successor

4



Three Example Graphs
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Paths in Graphs
Â Path : A sequence of nodes ς [n1, n2Σ ΧΣ nM]

Â Each pair of nodes is an edge

Â Length : The number of edges
Â A single node is a path of length 0

Â Subpath : A subsequence of nodes in p is a subpath of p

Â Reach (n) : Subgraph that can be reached from n
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0 1 2

43 5 6

Paths

[ 0, 3, 7 ]

[ 1, 4, 8, 5, 1 ]

[ 2, 6, 9 ]

Reach (0) = DΩ ǿƘƻǎŜ 
set of nodes is  
{ 0, 3, 4, 7, 8, 5, 1, 9 }

Reach ({0, 2}) = G



Test Paths and SESEs
Â Test Path : A path that starts at an initial node and ends at a final 

node

Â Test paths represent execution of test cases
Â Some test paths can be executed by many tests

Â Some test paths cannot be executed by any tests

Â SESE graphs : All  test paths start at a single node and end at 
another node
Â Single-entry, single-exit

Â N0 and Nf have exactly one node
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Double-diamond graph

Four test paths
[ 0, 1, 3, 4, 6 ]
[ 0, 1, 3, 5, 6 ]
[ 0, 2, 3, 4, 6 ]
[ 0, 2, 3, 5, 6 ]



Visiting and Touring

Â Visit : A test path p visits node n if n is in p

               A test path p visits edge e if e is in p

Â Tour : A test path p tours subpath q if q is a subpath of p
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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 (0, 1, 3),   (1, 3, 4),   (3, 4, 6),   (0, 1, 3, 4),   (1, 3, 4, 6)



Tests and Test Paths

Â path (t) : The test path executed by test t

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

Â Each test executes one and only one test path

Â A location in a graph (node or edge) can be reached from another 
location if there is a sequence of edges from the first location to 
the second
Â Syntacticreach : A subpath exists in the graph

Â Semanticreach : A test exists that can execute that subpath
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Tests and Test Paths
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test 1

test 2

test 3

many-to-one

test 1

test 2

test 3

many-to-many
Test Path 1

Test Path 2

Test Path 3

Non-deterministic software ς a test can execute different test paths

Test 
Path

Deterministic software ς a test always executes the same test path



Testing and Covering Graphs (2.2)

Â We use graphs in testing as follows :
Â Developing a model of the software as a graph

Â Requiring tests to visit or tour specific sets of nodes, edges or subpaths
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ωTest Requirements (TR) : Describe properties of test paths

ωTest Criterion : Rules that define test requirements

ωSatisfaction : Given a set TR of test requirements for a criterion C, a set of 
tests T satisfies C on a graph if and only if for every test requirement in TR, 
there is a test path in path(T) that meets the test requirement tr

ωStructural Coverage Criteria : Defined on a graph just in terms of nodes 
and edges

ωData Flow Coverage Criteria : Requires a graph to be annotated with 
references to variables



Node and Edge Coverage

Â Edge coverage is slightly stronger than node coverage 
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ωNC and EC are only different when there is an edge and another 
ǎǳōǇŀǘƘ ōŜǘǿŜŜƴ ŀ ǇŀƛǊ ƻŦ ƴƻŘŜǎ όŀǎ ƛƴ ŀƴ άƛŦ-ŜƭǎŜέ ǎǘŀǘŜƳŜƴǘύ

Node Coverage : TR = { 0, 1, 2 }
                             Test Path = [ 0, 1, 2 ]

Edge Coverage : TR = { (0,1), (0, 2), (1, 2) }
                             Test Paths = [ 0, 1, 2 ]
                                                   [ 0, 2 ]
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Covering Multiple Edges

Â Edge-pair coverage requires pairs of edges, or subpaths of length 2
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ωThe logical extension is to require all paths Χ

ωUnfortunately, this is impossible if the graph has a loop, so a weak 
compromise is to make the tester decide which paths:



Structural Coverage Example
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Node Coverage
TRNC = { 0, 1, 2, 3, 4, 5, 6 }
Test Paths: [ 0, 1, 2, 3, 6 ] [ 0, 1, 2, 4, 5, 4, 6 ]
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Edge Coverage
TREC ={(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 ]

Edge-Pair Coverage
TREPC = { [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, 6 ] [ 
0, 1, 2, 4, 5, 4, 5, 4, 6 ] [ 0, 1, 2, 4, 5, 4, 5, 4, 5Σ пΣ с ϐ Χ
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Loops in Graphs

Â If a graph contains a loop, it has an infinite number of paths
Â Thus, CPC is not feasible to satisfy

Â !ǘǘŜƳǇǘǎ ǘƻ άŘŜŀƭ ǿƛǘƘέ loops:
Â 1980s : Execute each loop, exactly once ([4, 5, 4] in previous example)

Â 1990s : Execute loops 0 times, once, more than once  

Â 2000s : Prime paths
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Simple Paths and Prime Paths

Â Simple Path : A path from node ni to nj is simple, if no node appears 
more than once, except possibly the first and last nodes are the 
same
Â No internal loops

Â Includes all other subpaths

Â A loop is a simple path

Â Prime Path : A simple path that does not appear as a proper 
subpath of any other simple path
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Simple Paths : [ 0, 1, 3, 0 ], [ 0, 2, 3, 0], [ 1, 3, 0, 1 ],
[ 2, 3, 0, 2 ], [ 3, 0, 1, 3 ], [ 3, 0, 2, 3 ], [ 1, 3, 0, 2 ],
[ 2, 3, 0, 1 ], [ 0, 1, 3 ], [ 0, 2, 3 ], [ 1, 3, 0 ], [ 2, 3, 0 ],
[ 3, 0, 1 ], [3, 0, 2 ], [ 0, 1], [ 0, 2 ], [ 1, 3 ], [ 2, 3 ], [ 3, 0 ], 
[0], [1], [2], [3]

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

1 2

0

3



Prime Path Coverage
Â A simple, elegant and finite criterion that requires loops to be 

executed as well as skipped
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ω²ƛƭƭ ǘƻǳǊ ŀƭƭ ǇŀǘƘǎ ƻŦ ƭŜƴƎǘƘ лΣ мΣ Χ

ωThat is, it subsumes node, edge, and edge-pair coverage



Prime Path Example

Â The previous example has 38 simple paths

Â Only nine prime paths
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Prime Paths
[ 0, 1, 2, 3, 6 ]
[ 0, 1, 2, 4, 5 ]
[ 0, 1, 2, 4, 6 ]
[ 0, 2, 3, 6 ]
[ 0, 2, 4, 5]
[ 0, 2, 4, 6 ]
[ 5, 4, 6 ]
[ 4, 5, 4 ]
[ 5, 4, 5 ]

Execute loop 
once

Execute loop 
more than once

5

0

2

1

3 4

6

Execute loop 
0 times



ΨΗΩ ƳŜŀƴǎ ǇŀǘƘ 
terminatesLen 2

[0, 1, 2]
[0, 2, 3]
[0, 2, 4]
[1, 2, 3]
[1, 2, 4]
[2, 3, 6] !
[2, 4, 6] !
[2, 4, 5] !
[4, 5, 4] *
[5, 4, 6] !
[5, 4, 5] *

Simple & Prime Path Example
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Len 0
[0]
[1]
[2]
[3]
[4]
[5]
[6] !

Len 1
[0, 1]
[0, 2]
[1, 2]
[2, 3]
[2, 4]
[3, 6] !
[4, 6] !
[4, 5]
[5, 4]

ΨϝΩ ƳŜŀƴǎ ǇŀǘƘ 
cycles

Len 3
[0, 1, 2, 3]
[0, 1, 2, 4]
[0, 2, 3, 6] !
[0, 2, 4, 6] !
[0, 2, 4, 5] !
[1, 2, 3, 6] !
[1, 2, 4, 5] !
[1, 2, 4, 6] !

Len 4
[0, 1, 2, 3, 6] !
[0, 1, 2, 4, 6] !
[0, 1, 2, 4, 5] !

Prime Paths

Simple 
paths

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



Round Trips

Â Round-Trip Path : A prime path that starts and ends at the same 
node
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ω These criteria omit nodes and edges that are not in round trips

ω That is, they do not subsume edge-pair, edge, or node coverage



Infeasible Test Requirements

Â An infeasible test requirement cannot be satisfied
Â Unreachable statement (dead code)

Â A subpath that can only be executed if a contradiction occurs (X > 0 and X < 0)
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Practical recommendation ς Best Effort Touring
ς Satisfy as many test requirements as possible without sidetrips

ς Allow sidetrips to try to satisfy unsatisfied test requirements

ωMost test criteria have some infeasible test requirements

ω It is usually undecidable whether all test requirements are feasible

ωWhen sidetrips are not allowed, many structural criteria have more 
infeasible test requirements

ωHowever, always allowing sidetrips weakens the test criteria



Touring, Sidetrips and Detours

Â Prime paths do not have internal loops Χ ǘŜǎǘ ǇŀǘƘǎ might
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ωTour : A test path p tours subpath q if q is a subpath of p

ωTour With Sidetrips : A test path p tours subpath q with sidetrips 
iff  every edge in q is also in p in the same order
ωThe tour can include a sidetrip, as long as it comes back to the same node

ωTour With Detours : A test path p tours subpath q with detours iff  
every node in q is also in p in the same order


