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The structure of the presentationThe structure of the presentation

The role of software metricsThe role of software metrics
Metrics: an overviewMetrics: an overview
ObjectObject--oriented software metricsoriented software metrics
MultiparadigmMultiparadigm programmingprogramming
The AVThe AV--graphgraph
ResultsResults
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Role of software metricsRole of software metrics

Cost of the softwareCost of the software
SpecificationSpecification
DesignDesign
ImplemeImplementationntation
TesTesting & Bugting & Bug--fixingfixing
MaintenanceMaintenance

More than More than 70% 70% of cost is for testing and maintenanceof cost is for testing and maintenance
(Zuse 1998)(Zuse 1998)
Software qualitySoftware quality
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SoftSoftwareware metricsmetrics

Software metricsSoftware metrics::
Measuring the development process (process metrics)Measuring the development process (process metrics)
Measuring the productMeasuring the product ((product metricsproduct metrics))

Product metricsProduct metrics::
External metricsExternal metrics::

Reliability metricsReliability metrics
Functional metricsFunctional metrics
Efficiency metricsEfficiency metrics

Internal product metricsInternal product metrics::
SizeSize
ComplexityComplexity
StStyleyle
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Product metricsProduct metrics

Size metricsSize metrics::
LOC, LOC, eLOCeLOC
Ignore the semanticIgnore the semantic

Structural metricsStructural metrics::
McCabe 1976McCabe 1976

MotivationMotivation: : predict testing effortspredict testing efforts
For structured programsFor structured programs: V(G) = p + 1: V(G) = p + 1

HowattHowatt andand Baker 1989Baker 1989
MotivationMotivation: : involve nesting levelinvolve nesting level
SN(G) = |N|+ND(G)SN(G) = |N|+ND(G)
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ObjectObject--orientedoriented metricsmetrics inin theorytheory

ChidamberChidamber--KemererKemerer (1994)(1994) OO metrics suite:OO metrics suite:
WMC (WMC (WeightedWeighted MethodsMethods per per ClassClass))
DIT (DIT (DepthDepth ofof InheritanceInheritance TreeTree, DIT), DIT)
NOC (NOC (NumberNumber ofof ChildChild ClassesClasses))
CBO (CBO (CouplingCoupling BetweenBetween ObjectObject ClassesClasses)) fanfan--in in 
and fan outand fan out
RFC (RFC (ResponseResponse forfor ClassClass))
LCOM (LCOM (LackLack ofof CohesionCohesion inin MethodsMethods))

ChidamberChidamber -- KemererKemerer
HendersonHenderson -- SellersSellers
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ObjectObject--OrientedOriented metricsmetrics inin practicepractice

EclipseEclipse ((www.eclipse.orgwww.eclipse.org))

McCabeMcCabe cyclomaticcyclomatic complexitycomplexity
EfferentEfferent couplingcoupling ((≠≠ fan out!)fan out!)
LackLack ofof CohesionCohesion
LOC (LOC (LinesLines ofof CodeCode))
NumberNumber ofof FieldsFields inin ClassesClasses
NestingNesting DepthDepth
NumberNumber ofof Method Method ParametersParameters
NumberNumber ofof StatementsStatements
WeightedWeighted MethodsMethods per per ClassClass
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Software Software paradigmparadigm

Evolution of Software paradigmEvolution of Software paradigm
Structured programmingStructured programming
ObjectObject--oriented programmingoriented programming

Classes, inheritance, virtual functionClasses, inheritance, virtual function
Generative programming Generative programming 

AspectAspect--Oriented (Kitzales 1994)Oriented (Kitzales 1994)
Intentional (Simonyi 1995)Intentional (Simonyi 1995)
Template metaprogramming (Veldhuizen 1994)Template metaprogramming (Veldhuizen 1994)

Multiparadigm programming (Coplien 1998)Multiparadigm programming (Coplien 1998)
Simultaneous usage of paradigmsSimultaneous usage of paradigms



Paradigm IndependentParadigm Independent
Software Complexity MetricsSoftware Complexity Metrics 2005.04.15

Dr. Porkoláb Zoltán 5

99SQI  2005.04.11. SQI  2005.04.11. 

ParadigmParadigm--independentindependent Software Software MetricsMetrics

ApplicableApplicable forfor programsprograms writtenwritten inin differentdifferent
paradigmsparadigms oror in in mixedmixed--paradigmparadigm environmentenvironment

BasedBased onon generalgeneral programmingprogramming languagelanguage featuresfeatures
whichwhich areare paradigmparadigm-- andand languagelanguage--independentindependent..
The The paradigmparadigm--dependentdependent attributesattributes areare derivedderived fromfrom
thesethese featuresfeatures..
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ComponentsComponents

ControlControl StructureStructure ofof ProgramProgram
Most Most ofof thethe programsprograms shareshare thethe samesame controlcontrol
statementsstatements

ComplexityComplexity ofof DataData TypesTypes
ReflectsReflects thethe complexitycomplexity ofof datadata typestypes usedused ((likelike
classesclasses))

ComplexityComplexity ofof DataData AccessAccess
ConnectionConnection betweenbetween controlcontrol structurestructure andand datadata

DirectionDirection ofof datadata flowflow
NestingNesting depthdepth
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AVAV--graphgraph
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class date
{
public:

void set_next_month() {
if ( month == 12 ) { month = 1; year = year + 1; }
else { month = month + 1; } 

}
void set_next_day() {

if ( month == 1 || month == 3 || ... || month == 12 )
if ( day == 31 )  set_next_month();
else day = day + 1;

else
if ( day == 30 )  set_next_month();
else day = day + 1;

}
private:

int year, month, day;
};

ComplexityComplexity ofof ClassClass
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Our Our MeasuringMeasuring tooltool

Supported lSupported languageanguagess
Java 1.3Java 1.3
Java 1.4Java 1.4 (assert)(assert)
Java 5 (Java 5 (genericsgenerics))

ImplementationImplementation
sstandalonetandalone application and application and EclipseEclipse PlugPlug--inin

OuputOuput
CSVCSV
XMLXML
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Test Test DataData
Java Standard Java Standard LibraryLibrary 1.4.21.4.2

367367.000.000 eLOCeLOC
jBOSSjBOSS 3.2.33.2.3

300300.000.000 eLOCeLOC
Omg.org.CORBAOmg.org.CORBA

55.000.000 eLOCeLOC
The The measuremeasure tooltool ((withwith mostlymostly generatedgenerated parserparser))

77.000.000 eLOCeLOC
EclipseEclipse 3.0M63.0M6

900900.000.000 eLOCeLOC
17.000 17.000 cclasslass –– more than 1.5 million linesmore than 1.5 million lines
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ResultsResults
No statistical correlation between the OO and multi No statistical correlation between the OO and multi 
paradigm metrics:paradigm metrics:

OO metrics only measure the big pictureOO metrics only measure the big picture
MPM consider more properties: higher densityMPM consider more properties: higher density
The structural complexity of methods are extremely The structural complexity of methods are extremely 
increase the overall complexity.increase the overall complexity.


