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Covering Logic Expressions  Covering Logic Expressions  g g pg g p

Logic expressions show up in many situationsLogic expressions show up in many situations

Covering logic expressions is required by the US Federal Covering logic expressions is required by the US Federal 
Aviation Administration for safety critical softwareAviation Administration for safety critical softwareAviation Administration for safety critical softwareAviation Administration for safety critical software

Logical expressions can come from many sourcesLogical expressions can come from many sourcesLogical expressions can come from many sourcesLogical expressions can come from many sources
Decisions in programsDecisions in programs
FSMs and FSMs and statechartsstatecharts
RequirementsRequirements

Tests are intended to choose some subset of the total number Tests are intended to choose some subset of the total number 
of truth assignments to the expressionsof truth assignments to the expressions
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Logic Predicates and ClausesLogic Predicates and ClausesLogic Predicates and ClausesLogic Predicates and Clauses

AA predicatepredicate is an expression that evaluates to ais an expression that evaluates to a booleanbooleanA A predicatepredicate is an expression that evaluates to a is an expression that evaluates to a booleanboolean
valuevalue
Predicates can containPredicates can contain

booleanboolean variablesvariables
nonnon--booleanboolean variables that contain variables that contain >, <, ==, >=, <=, !=>, <, ==, >=, <=, !=
booleanboolean functionfunction callscallsbooleanboolean functionfunction callscalls

Internal structure is created by logical operatorsInternal structure is created by logical operators
¬¬ –– the the negationnegation operatoroperator
∧∧ –– the the andand operatoroperator
∨∨ –– the the oror operatoroperator
→→ thethe implicationimplication operatoroperator→→ –– the the implicationimplication operatoroperator
⊕⊕ –– the the exclusive orexclusive or operatoroperator
↔↔ –– the the equivalenceequivalence operatoroperator

A A clauseclause is a predicate with no logical operatorsis a predicate with no logical operators



ExamplesExamplesExamplesExamples
(a (a << b) b) ∨∨ f (z) f (z) ∧∧ D D ∧∧ (m (m >=>= n*o)n*o)
Four clauses:Four clauses:

(a (a << b) b) –– relational expressionrelational expression
f (z) f (z) –– booleanboolean--valued functionvalued function
DD –– booleanboolean variablevariableD D booleanboolean variablevariable
(m (m >= >= n*o) n*o) –– relational expressionrelational expression

Most predicates have few clausesMost predicates have few clauses
Sources of predicatesSources of predicates

Decisions in programsDecisions in programs
Guards in finite state machinesGuards in finite state machines
Decisions in UML activity graphsDecisions in UML activity graphs
Requirements, both formal and informalRequirements, both formal and informal
SQL queriesSQL queriesSQL queriesSQL queries



Testing and Covering PredicatesTesting and Covering PredicatesTesting and Covering Predicates  Testing and Covering Predicates  

W di t i t ti f llW di t i t ti f llWe use predicates in testing as follows :We use predicates in testing as follows :
Developing a model of the software as one or more predicatesDeveloping a model of the software as one or more predicates
Requiring tests to satisfy some combination of clausesRequiring tests to satisfy some combination of clausesRequiring tests to satisfy some combination of clausesRequiring tests to satisfy some combination of clauses

Abbreviations:Abbreviations:Abbreviations:Abbreviations:
P P is the set of predicatesis the set of predicates
pp is a single predicate in is a single predicate in PP
C C is the set of clauses in is the set of clauses in PP
CCpp is the set of clauses in predicate is the set of clauses in predicate pp

i i l l ii i l l i CCcc is a single clause in is a single clause in CC



Predicate and Clause CoveragePredicate and Clause Coverage

The first (and simplest) two criteria require that each predicate The first (and simplest) two criteria require that each predicate 
and each clause be evaluated to both true and falseand each clause be evaluated to both true and falseand each clause be evaluated to both true and falseand each clause be evaluated to both true and false

Predicate Coverage (PC) Predicate Coverage (PC) : For each : For each pp in in PP, , TRTR contains contains 
t i tt i t l t t t dl t t t d l tl ttwo requirements: two requirements: pp evaluates to true, and evaluates to true, and pp evaluates evaluates 
to false.to false.

a k a “decision coverage” in literature
• When predicates come from conditions on edges, this is 

equivalent to edge coverage

a.k.a. “decision coverage” in literature

• PC does not evaluate all the clauses, so …

Clause Coverage (CC) Clause Coverage (CC) : For each : For each cc in in CC, , TRTR contains contains 
two requirements: two requirements: cc evaluates to true, and evaluates to true, and cc evaluates evaluates 
to falseto falseto false.to false.

a.k.a. “condition coverage” in literature



Predicate Coverage ExamplePredicate Coverage ExamplePredicate Coverage ExamplePredicate Coverage Example
((a < b) ∨ D) ∧ (m >= n*o)

di tpredicate coverage
Predicate = true

5 b 10 D t 1 1 1a = 5, b = 10, D = true, m = 1, n = 1, o = 1
= (5 < 10) ∨ true ∧ (1 >= 1*1)
= true ∨ true ∧ TRUE
= true

Predicate = false
a = 10, b = 5, D = false, m = 1, n = 1, o = 1
= (10 < 5) ∨ false ∧ (1 >= 1*1)
= false ∨ false ∧ TRUE
= false false



Clause Coverage ExampleClause Coverage ExampleClause Coverage ExampleClause Coverage Example
((a < b) ∨ D) ∧ (m >= n*o)

ClClause coverage
(a < b) = true (a < b) = false D = true D = false

a = 5, b = 10 a = 10, b = 5 D = true D = false

m >= n*o = true

m = 1, n = 1, o = 1

m >= n*o = false

m = 1, n = 2, o = 2

Two tests

1) a = 5, b = 10, D = true, m = 1, n = 1, o = 1

2) a = 10, b = 5, D = false, m = 1, n = 2, o = 2) , , , , ,



Problems with PC and CCProblems with PC and CCProblems with PC and CCProblems with PC and CC

PC does not fully exercise all the clauses, especially in the presence of short PC does not fully exercise all the clauses, especially in the presence of short 
circuit evaluationcircuit evaluation
CC does not always ensure PCCC does not always ensure PCCC does not always ensure PCCC does not always ensure PC

That is, we can satisfy CC without causing the predicate to be both true and falseThat is, we can satisfy CC without causing the predicate to be both true and false
Ex.  x > 3 Ex.  x > 3 →→ x > 1 x > 1 

Two test cases { x=4, x=0} satisfy CC but not PCTwo test cases { x=4, x=0} satisfy CC but not PC

This is definitely This is definitely notnot what we want !what we want !
Condition/decision coverageCondition/decision coverage is a hybrid metric composed byis a hybrid metric composed bygg y p yy p y
the union of CC and PC the union of CC and PC 

Modified condition/decision coverage (MC/DC) Modified condition/decision coverage (MC/DC) checks every condition can affect decisionchecks every condition can affect decision
equivalent to condition/decision coverage for C/Java (w/ short circuit)equivalent to condition/decision coverage for C/Java (w/ short circuit)q g ( )q g ( )

The simplest solution is to test The simplest solution is to test allall combinationscombinations ……



Combinatorial CoverageCombinatorial Coverage
CoCCoC requires every possible combinationrequires every possible combination
Sometimes calledSometimes called Multiple Condition CoverageMultiple Condition CoverageSometimes called Sometimes called Multiple Condition CoverageMultiple Condition Coverage

Combinatorial Coverage (Combinatorial Coverage (CoCCoC) ) : For each p in P, TR has : For each p in P, TR has 
test requirements for the clauses in Ctest requirements for the clauses in C to evaluate toto evaluate totest requirements for the clauses in Ctest requirements for the clauses in Cpp to evaluate to to evaluate to 
each possible combination of truth values.each possible combination of truth values.

a < b D m >= n*o ((a < b) ∨ D) ∧ (m >= n*o)
1 T T T T
2 T T F F2 T T F F
3 T F T T
4 T F F F
5 F T T T
6 F T F F
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7 F F T F
8 F F F F



Combinatorial CoverageCombinatorial CoverageCombinatorial CoverageCombinatorial Coverage
This is simple, neat, clean, and comprehensive …This is simple, neat, clean, and comprehensive …
B t it i !• But quite expensive!

• 2N tests, where N is the number of clauses
Impractical for predicates with more than 3 or 4 clauses– Impractical for predicates with more than 3 or 4 clauses

• The literature has lots of suggestions – some confusing
The general idea is simple:• The general idea is simple:

Test each clause independently from the other clausesp y

• Getting the details right is hard
Wh t tl d “i d d tl ” ?• What exactly does “independently” mean ?

• The book presents this idea as “making clauses active” 
…



Active ClausesActive ClausesActive ClausesActive Clauses

Clause coverage has a weaknessClause coverage has a weaknessClause coverage has a weaknessClause coverage has a weakness
The values do The values do notnot always make a difference to a whole predicatealways make a difference to a whole predicate

To really test the results of a clause the clause should be theTo really test the results of a clause the clause should be theTo really test the results of a clause, the clause should be the To really test the results of a clause, the clause should be the 
determining factordetermining factor in the value of the predicatein the value of the predicate

Determination :Determination :

A clause ci in predicate p, called the major clause, 
determines p if and only if the values of thedetermines p if and only if the values of the 
remaining minor clauses cj are such that changing 
ci changes the value of pci changes the value of p

• This is considered to make the clause ci active



Determining PredicatesDetermining PredicatesDetermining PredicatesDetermining Predicates
P = A ∨ B P = A ∧ BP = A ∨ B

if B = true, p is always true.

so if B = false A determines p

P = A ∧ B

if B = false, p is always false.

so if B = tr e A determines pso if B = false, A determines p.

if A = false, B determines p.

so if B = true, A determines p.

if A = true, B determines p.

Goal : Find tests for Goal : Find tests for eacheach clause when the clause determines clause when the clause determines 
the value of the predicatethe value of the predicatethe value of the predicatethe value of the predicate
This is formalized in This is formalized in several criteria several criteria that have subtle, but very that have subtle, but very 
important differencesimportant differencesimportant, differencesimportant, differences



Active Clause CoverageActive Clause CoverageActive Clause CoverageActive Clause Coverage
Active Clause Coverage (ACC)Active Clause Coverage (ACC) : For : For eacheach pp in in PP and and eacheach major major 
ll ii CC h i lh i l j !j ! ii th tth t d t id t iclause clause ccii in in CCpp, choose minor clauses , choose minor clauses ccjj, , j != j != ii, so that , so that ccii determines determines 

pp.  TR has two requirements for each .  TR has two requirements for each ccii : : ccii evaluates to true and evaluates to true and ccii
evaluates to false.evaluates to false.

p = a ∨ b

1) a = true, b = false
a is major 
clause

2) a = false, b = false

3) a = false, b = true

clause

b is major 
clause

4) a = false, b = false

Thi i f fThi i f f MCDCMCDC hi h i i d b th F d l A i i Ad i ihi h i i d b th F d l A i i Ad i i

Duplicate
clause

This is a form of This is a form of MCDCMCDC, which is required by the Federal Avionics Admini, which is required by the Federal Avionics Admini
stration (FAA) for safety critical softwarestration (FAA) for safety critical software
AmbiguityAmbiguity : Do the minor clauses have to have the : Do the minor clauses have to have the same values same values when the when the 
major clause is true and false?major clause is true and false?major clause is true and false?major clause is true and false?



Resolving the AmbiguityResolving the AmbiguityResolving the AmbiguityResolving the Ambiguity
p = a ∨ (b ∧ c)

Major clause : a

a = true, b = false, c = true Is this allowed ?

a = false, b = false, c = false
c = false

This question caused confusion among testers for yearsThis question caused confusion among testers for years
Considering this carefully leads to three separate criteria :Considering this carefully leads to three separate criteria :

Minor clausesMinor clauses do notdo not need to be the same (GACC)need to be the same (GACC)Minor clauses Minor clauses do notdo not need to be the same (GACC)need to be the same (GACC)
Minor clauses Minor clauses dodo need to be the same (RACC)need to be the same (RACC)
Minor clauses Minor clauses force the predicateforce the predicate to become both true and false (CACC)to become both true and false (CACC)



General Active Clause CoverageGeneral Active Clause CoverageGeneral Active Clause CoverageGeneral Active Clause Coverage

General Active Clause Coverage (GACC)General Active Clause Coverage (GACC) : For each: For each pp inin PP andandGeneral Active Clause Coverage (GACC)General Active Clause Coverage (GACC) : For each : For each pp in in PP and and 
each major clause each major clause ccii in in CpCp, choose minor clauses , choose minor clauses ccjj, , j != j != ii, so that , so that 
ccii determines determines pp.  TR has two requirements for each .  TR has two requirements for each ccii : : ccii evaluates evaluates 
to true andto true and cc evaluates to falseevaluates to falseto true and to true and ccii evaluates to false.  evaluates to false.  

The The values chosen for the minor clauses values chosen for the minor clauses ccjj do do notnot need to be the need to be the 
same when same when ccii is true as when is true as when ccii is false, that is, is false, that is, ccjj((ccii = true) = = true) = ccjj((ccii = = 

It i ibl t ti f GACC ith t ti f i di tIt i ibl t ti f GACC ith t ti f i di t

ii ii , ,, , jj(( ii )) jj(( ii
false)false) for all for all ccjj OR OR ccjj((ccii = true) != = true) != ccjj((ccii = false) for all = false) for all ccjj..

It is possible to satisfy GACC without satisfying predicate It is possible to satisfy GACC without satisfying predicate 
coveragecoverage

Ex p = aEx p = a ↔↔ bbEx.  p = a Ex.  p = a ↔↔ b, b, 
{TT, FF} satisfies GACC, but not PC{TT, FF} satisfies GACC, but not PC

We want to cause predicates to be both true and false !We want to cause predicates to be both true and false !We want to cause predicates to be both true and false !We want to cause predicates to be both true and false !



Restricted Active Clause CoverageRestricted Active Clause CoverageRestricted Active Clause CoverageRestricted Active Clause Coverage
Restricted Active Clause Coverage (RACC) Restricted Active Clause Coverage (RACC) : For each : For each pp in in PP and and 
each major clause each major clause ccii in in CpCp, choose minor clauses , choose minor clauses ccjj, , j != j != ii, so that , so that 
ccii determines determines pp.  TR has two requirements for each .  TR has two requirements for each ccii: : ccii evaluates evaluates 
to true and to true and ccii evaluates to false.  evaluates to false.  ii

The The values chosen for the minor clauses values chosen for the minor clauses ccjj must be the samemust be the same
when when ccii is true as when is true as when ccii is false, that is, it is required that is false, that is, it is required that ccjj((ccii = = 
true) = true) = ccjj((ccii = false)= false) for all for all ccjj..

This has been a common interpretation by aviation developersThis has been a common interpretation by aviation developers
RACC often leads to infeasible test requirementsRACC often leads to infeasible test requirements
There is no logical reason for such a restrictionThere is no logical reason for such a restrictionThere is no logical reason for such a restrictionThere is no logical reason for such a restriction



Correlated Active Clause CoverageCorrelated Active Clause CoverageCorrelated Active Clause CoverageCorrelated Active Clause Coverage

Correlated Active Clause Coverage (CACC)Correlated Active Clause Coverage (CACC) : For each : For each pp in in PP and and 
each major clause each major clause cici in in CpCp, choose minor clauses , choose minor clauses ccjj, , j != j != ii, so that , so that 
ccii determinesdetermines pp. TR has two requirements for each. TR has two requirements for each ccii:: ccii evaluatesevaluatesccii determines determines pp.  TR has two requirements for each .  TR has two requirements for each ccii: : ccii evaluates evaluates 
to true and to true and ccii evaluates to false.  evaluates to false.  

The The values chosen for the minor clauses values chosen for the minor clauses ccjj must must cause cause pp to beto bejj
true for one value of the major clause true for one value of the major clause ccii and false for the other, and false for the other, 
that is, it is required that that is, it is required that p(p(ccii = true) != p(= true) != p(ccii = false)= false)..

A more recent interpretationA more recent interpretation
Implicitly allows minor clauses to have different valuesImplicitly allows minor clauses to have different values
Explicitly satisfies (subsumes) predicate coverageExplicitly satisfies (subsumes) predicate coverageExplicitly satisfies (subsumes) predicate coverageExplicitly satisfies (subsumes) predicate coverage



CACC and RACCCACC and RACC
a b c a ∧ (b ∨ c)

1 T T T T

a b c a ∧ (b ∨ c)
1 T T T TT

a
T
a

2 T T F T
3 T F T T

5 F T T F
2 T T F T

T
F
T

T
T
T

5 F T T F
6 F T F F
7 F F T F

6 F T F F
3 T F T T
7 F F T F

F
T
F

F
F
F7 F F T F 7 F F T FFF

j majormajor 
clause

major 
clause

CACC can be satisfied by 
choosing any of rows 1, 2, 3 
AND any of rows 5 6 7 – a total

RACC can only be satisfied by 
one of the three pairs above
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AND any of rows 5, 6, 7 a total 
of nine pairs



Inactive Clause CoverageInactive Clause Coverageact e C ause Co e ageact e C ause Co e age
TheThe activeactive clauseclause coveragecoverage criteriacriteria ensureensure thatthat “major”“major”
clausesclauses dodo affectaffect thethe predicatespredicatesclausesclauses dodo affectaffect thethe predicatespredicates
InactiveInactive clauseclause coveragecoverage takestakes thethe oppositeopposite approachapproach –– majormajor
clausesclauses dodo notnot affectaffect thethe predicatespredicatesc ausesc auses dodo otot a ecta ect t et e p ed catesp ed cates

Inactive Clause Coverage (ICC)Inactive Clause Coverage (ICC) : For each : For each pp in in PP and each major and each major g ( )g ( ) pp jj
clause clause ccii in in CpCp, choose minor clauses , choose minor clauses ccjj, , j j != != ii, so that , so that ccii does notdoes not
determine determine pp.  .  TR TR has has fourfour requirements for each requirements for each ccii: : 

(1)(1) l i hl i h(1)(1) ccii evaluates to true with evaluates to true with pp truetrue

(2)(2) ccii evaluates to false with evaluates to false with pp truetrue

(3)(3) ccii evaluates to true with evaluates to true with pp false, and false, and 

(4)(4) ccii evaluates to false with evaluates to false with pp false.false.



General and Restricted ICCGeneral and Restricted ICCGeneral and Restricted ICCGeneral and Restricted ICC
Unlike ACC, the notion of correlation is not relevantUnlike ACC, the notion of correlation is not relevant

ccii does not determine p so cannot correlate with pdoes not determine p so cannot correlate with pccii does not determine p, so cannot correlate with pdoes not determine p, so cannot correlate with p
Predicate coverage is always guaranteedPredicate coverage is always guaranteed

General Inactive Clause Coverage (GICC) General Inactive Clause Coverage (GICC) : For each : For each pp in in PP and each major and each major 
clause clause ccii in in CpCp, choose minor clauses , choose minor clauses ccjj, , j != j != ii, so that , so that ccii does notdoes not
determine determine pp.  The values chosen for the minor clauses .  The values chosen for the minor clauses ccjj do notdo not need to need to jj
be the same when be the same when ccii is true as when is true as when ccii is false, that is, is false, that is, ccjj((ccii = true) = = true) = ccjj((ccii = = 
false)false) for all for all ccjj OR OR ccjj((ccii = true) != = true) != ccjj((ccii = false)= false) for all for all ccjj..

Restricted Inactive Clause Coverage (RICC) Restricted Inactive Clause Coverage (RICC) : For each : For each pp in in PP and each and each 
major clausemajor clause ccii inin CpCp choose minor clauseschoose minor clauses ccjj j !=j != ii so thatso that ccii does notdoes notmajor clause major clause ccii in in CpCp, choose minor clauses , choose minor clauses ccjj, , j != j != ii, so that , so that ccii does notdoes not
determine determine pp.  The values chosen for the minor clauses .  The values chosen for the minor clauses ccjj must bemust be the the 
same when same when ccii is true as when is true as when ccii is false, that is, it is required that is false, that is, it is required that ccjj((ccii = = 
true) =true) = ccjj((ccii = false)= false) for allfor all ccjj..true)  true)  ccjj((ccii  false) false) for all for all ccjj..



Logic Coverage Criteria Logic Coverage Criteria SubsumptionSubsumption
Combinatorial 

Clause Coverage
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Making Clauses Determine a PredicateMaking Clauses Determine a Predicate

Finding values for minor clauses Finding values for minor clauses ccjj is easy for simple predicatesis easy for simple predicates
But how to find values for more complicated predicates ?But how to find values for more complicated predicates ?
Definitional approach:Definitional approach:Definitional approach:Definitional approach:

ppc=truec=true is predicate is predicate pp with every occurrence of with every occurrence of cc replaced by replaced by truetrue
ppc=falsec=false is predicate is predicate pp with every occurrence of with every occurrence of cc replaced by replaced by falsefalseppc=falsec=false pp pp yy p yp y

To find values for the minor clauses, connect To find values for the minor clauses, connect ppc=truec=true and and ppc=falsec=false
with exclusive with exclusive OROR

ppcc =  p=  pc=truec=true ⊕⊕ ppc=falsec=false
After solving, After solving, ppcc describes exactly the values needed for describes exactly the values needed for cc to deterto deter
mine mine pp



ExamplesExamplesExamplesExamples
p = a ∨ b

pa = pa=true ⊕ pa=false

p = a ∧ b
pa = pa=true ⊕ pa=falsepa  pa=true ⊕ pa=false

= (true ∨ b) XOR (false ∨ b)
= true XOR b

b

pa  pa=true ⊕ pa=false
= (true ∧ b) ⊕ (false ∧ b)
= b ⊕ false

b= ¬ b = b

p = a ∨ (b ∧ c)p  a ∨ (b ∧ c)
pa = pa=true ⊕ pa=false

= (true ∨ (b ∧ c)) ⊕ (false ∨ (b ∧ c))
t (b )= true ⊕ (b ∧ c)

= ¬ (b ∧ c)
= ¬ b ∨ ¬ c

• “NOT b ∨ NOT c” means either b or c can be false

• RACC requires the same choice for both values of a,  CACC 
does not



A More Subtle ExampleA More Subtle ExampleA More Subtle ExampleA More Subtle Example
p = ( a ∧ b ) ∨ ( a ∧ ¬ b)

pa = pa=true ⊕ pa=falsepa pa=true pa=false
= ((true ∧ b) ∨ (true ∧ ¬ b)) ⊕ ((false ∧ b) ∨ (false ∧ ¬ b))
= (b ∨ ¬ b) ⊕ false
= true ⊕ false= true ⊕ false
= true

p = ( a ∧ b ) ∨ ( a ∧ ¬ b)
pb = pb=true ⊕ pb=false

= ((a ∧ true) ∨ (a ∧ ¬ true)) ⊕ ((a ∧ false) ∨ (a ∧ ¬ false)) ((a ∧ true) ∨ (a ∧ true)) ⊕ ((a ∧ false) ∨ (a ∧ false))
= (a ∨ false) ⊕ (false ∨ a)
= a ⊕ a

f l

• a always determines the value of this predicate

= false

• b never determines the value – b is irrelevant !



Infeasible Test RequirementsInfeasible Test RequirementsInfeasible Test RequirementsInfeasible Test Requirements

Consider the predicate:Consider the predicate:
(a > b (a > b ∧∧ b > c) b > c) ∨∨ c > ac > a

(a > b) = true, (b > c) = true, (c > a) = true(a > b) = true, (b > c) = true, (c > a) = true is is infeasibleinfeasible

As with graphAs with graph--based criteria, infeasible test requirements based criteria, infeasible test requirements 
have to be recognized and ignoredhave to be recognized and ignored

Recognizing infeasible test requirements is hard, and in Recognizing infeasible test requirements is hard, and in 
generalgeneral undecidableundecidablegeneral, general, undecidableundecidable



ExampleExample
p = a ∧ (¬b ∨ c) All pairs of rows satisfying GACCAll pairs of rows satisfying GACC

a: {1,3,4} x {5,7,8}, b: {(2,4)}, c:{(1,2)}a: {1,3,4} x {5,7,8}, b: {(2,4)}, c:{(1,2)}
All i f i f i CACCAll i f i f i CACC

a b c p pa pb pc
All pairs of rows satisfying CACCAll pairs of rows satisfying CACC

Same as GACCSame as GACC
All pairs of rows satisfying RACCAll pairs of rows satisfying RACC

1 T T T T T F T

2 T T F F F T T

3 T F T T T F F All pairs of rows satisfying RACCAll pairs of rows satisfying RACC
a: {(1,5),(3,7),(4,8)}a: {(1,5),(3,7),(4,8)}
Same as CACC pairs for b, cSame as CACC pairs for b, c

3 T F T T T F F

4 T F F T T T F

5 F T T F F F F

GICCGICC
a: {(2,6)} for p=F, no feasible pair for p=Ta: {(2,6)} for p=F, no feasible pair for p=T
b {5 6} {7 8} f F {(1 3) f Tb {5 6} {7 8} f F {(1 3) f T

6 F T F F F F F

7 F F T F T F F

8 F F F F T F F
b: {5,6}x{7,8} for p=F, {(1,3) for p=Tb: {5,6}x{7,8} for p=F, {(1,3) for p=T
c: {5,6}x{6,8} for p=F, {(3,4)} for p=Tc: {5,6}x{6,8} for p=F, {(3,4)} for p=T

RICCRICC
ConditionsConditions under which each under which each 
of the clauses determines pof the clauses determines p RICCRICC

a: same as GICCa: same as GICC
b: {(5,7),(6,8)} for p=F, {(1,3)} for p=Tb: {(5,7),(6,8)} for p=F, {(1,3)} for p=T

of the clauses determines pof the clauses determines p

ppaa: : (¬b ∨ c)
ppbb: a : a ∧¬c

c: {(5,6),(7,8)} for p=F, {(3,4)} for p=Tc: {(5,6),(7,8)} for p=F, {(3,4)} for p=T
ppbb

ppcc: a : a ∧ b



Logic Coverage SummaryLogic Coverage SummaryLogic Coverage SummaryLogic Coverage Summary
Predicates are often Predicates are often very simplevery simple——in practice, most have less tin practice, most have less t
han 3 clauseshan 3 clauses

In fact, most predicates only have one clause !In fact, most predicates only have one clause !
With l l PC i hWith l l PC i hWith only clause, PC is enoughWith only clause, PC is enough
With 2 or 3 clauses, With 2 or 3 clauses, CoCCoC is practicalis practical
Advantages of ACC and ICC criteria significant for large predicatesAdvantages of ACC and ICC criteria significant for large predicatesAdvantages of ACC and ICC criteria significant for large predicatesAdvantages of ACC and ICC criteria significant for large predicates

CoCCoC is impractical for predicates with many clausesis impractical for predicates with many clauses

Control software Control software often has many complicated predicates, with often has many complicated predicates, with 
lots of clauseslots of clauses

Question … why don’t complexity metrics count the number of clauses Question … why don’t complexity metrics count the number of clauses 
in predicates?in predicates?


