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w 1 Motivation

= Software metrics

= No standard terminology or formalism

= |Imprecise and ambiguous definitions

= Different interpretations

Number of Methods?

Persan

name : String
Persand : woid

Personlin name : String : woid
getamel) ; 3tring
setMamelin name : Stringd © woid

I

Student

studentID : int
sssssss . List

Studentlin name: String,in studentlD : intr :woid
addCaurselin course @ Course [ waid
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getstudentlDd ; int

setstudentIDiin studentlD © waidd @ woid
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= Difficult to conduct repeatable experiments

= Cannot compare results obtained by different
researchers

= Hinders empirical validation

= Metrics need to be empirically validated in
order to be widely accepted
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&M 2 Approach to defining metrics

= The Object Constraint Language (OCL) 2.0 and
language meta-models as a mechanism for
defining metrics

meta-model?

OCL?
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&W 2.1 Meta-models

= What is a meta-model?
= a model
= used to define a language

= specifies what constructs are allowed in
the language and the relationships
between the constructs
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2.2 The OCL

= Standard language that allows you to write

=
P -

N
N
N
N
RN
Persaon \\
name : String \\
Persont : void Mo
Persaniin name : 5tring) © woid \\
specify studentld getNam el : String AN
sethamelin name : Stringd © woid S
must always be S
greater than 1000 _ A _
So define our metrics as
N .
o Stugent queries over the
e | language meta-model
SpeCify What thiS S iteligtelrlégntan sint newﬂttr:.ir?t
method should retu rﬁ =~ < LetstudentiDiin studentlD :int : void +attendedBy +attends courselD : int
getCnusesl] - Set
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&WZIB Implementing the approach

= Add a package to the language meta-model

hAetrics | meta-madel |
Metrics :Ij
,f“_\ +sc|:|pe_—
Metricset
metricset ——--- -
_ ¥ametriclo :int
- / - . R
_- - / metric2iin ck‘CIass] cwvid
PR - I, \
————— -~ \
N /
OCL query 3 , \
S - - / \

\
metric meta-model element
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! 3 Previous Work



w 3.1 Overview

= Applied approach to UML-based metrics
= UML 2.0 meta-model

= Chidamber and Kemerer metrics suite

= Developed a prototype tool, DMML
= Eclipse plug-in
= Octopus
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3.2 DMML Overview

A Iy
Metamodel
Instance
A | |
Octopus |
Metamodel—” A
I — ——
| DMML .generates\{\ Metrics | veltric
4 I - Evaluator | > Values
Metric ~=—————ip} I I L
Definitions
I Eclipse
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Language Metamodel
XMI -—-= UML file (Octopus)

Class

name:String
visibiliey:visibilieyEind

1 clazs

wredibribute

Property
na String
visibility:VisibilityEind

Use Octopus

—

Transforms OCL

Java Classes representing the
Metamodel

Class Classl{
private String name;
private ViaibilityKind viaibility;
private List ownedAtbribute;

]

Class Property|
private String namej
private Classl classl;

HashMap storing instances
of the Metamodel

Metamodel Instance in XM

<UML:Class xmiid = '5.0651759.34. 7"

lsActive = ‘falsa’
ramespace = "5 0651759.34.1" >
=UML:ClassFier.feature>

pwherScope = 'indance'

type = 'G.22' >
=UML: StructuralFeature.multipicity=
=UML: Multiplcity =
= LIFML:MUtiplicity. range=

lower = °1' upper = ‘1" /=
</UML: Multiplicity.range=
=/UML:Multiplicity=
= /UML:StructuralFesture multiplicity=
<UL ALt ribute. initiahalues
language = " body = " /=
= {UML:ATTribute. initlanalue=
= /ML Attibutes

e Rosas: util:Address

[Class] == =

name = "Address’ visibility = "public’ isSpecificalion = Talse'
isRpot = True” isleal = ‘trus’ isAbslract = 'Talse'

%] sesessrsssssesrs s Rosas utih: Address.streel.  [Attribute) = --
«LIML: &tfribute xrmiid = "5,065 1759 34 8°
name = 'strest’ visibility = 'public’ isSpecification = false'

changesbility = 'changeable' targetScape = 'instance’

=UML:MultipliotyRange xmiid = 1d.0661659.4'

the Metamodel

XML File describing the instance of

<inptance id="5
<attribute name="rams*
<attribute name-

= X5LT

zfinatanca®

vala
“attribute name="ownedhttrib

</ instance>

<inEtance id="35,085 58 .34
<A ibuat

A te n

<a huta nama="claga™

Elass="Farnsl .

——
Proparty
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ﬁW&B Proof of Concept

* Calculated metrics for an open source

= Reverse engineered
= DMML and CK metrics| [

DMML Application
ro e Ct Ve,o Clt File Help Octopus DMML Search
p J y J @ Y0 |pyea | DA DN |4 | %o
T Results & =5
“MwmMmc ‘Metric Element Value 'j
DIT ckmetricset. WMC ResourceLoader 0
NoC ckmetricset. WMC JarHolder 6
LIMinCBO ckmetricset WMC ResourceLoaderFactory 1
ckmetricset. WMC Resource 17
[JMaxCBO ckmetricset WMC ContentResource 19
LIMinRFC ckmetricset WMC ResourceFactory 1
ckmetricset WMC ResourceManager 6
ckmetricset. WMC VMProxyArg 11
LIMinLCOM ckmetricset WMC Directive 7
[IMaxLCOM ckmetricset WMC VelocimacroProxy 21
ckmetricset. WMC Foreach 12
ckmetricset. WMC Include 13
ckmetricset WMC Literal 11
ckmetricset. WMC Macro 14
ckmetricset. WMC Parse 10
ckmetricset. WMC ParseDirectiveException 3
ckmetricset WMC SimpleNode 29
ckmetricset. WMC AbstractExecutor 2
ckmetricset. WMC ASTAddNode 33
ckmetricset. WMC ASTAndNode 34
ckmetricset. WMC ASTAssignment 32 [+]
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{ 4 Current Work
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&M.l Overview

= Applying approach to Java-based
metrics

= Define metrics as OCL queries over the
Java meta-model
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&W 4.2 Java Meta-model

= No standard meta-model

= Several meta-models to choose from
= java.lang.reflect package
= NetBeans
= Kollmann
= Dagstuhl Middle Meta-model
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*Wjava.lang.reﬂect

= Incomplete
= Cannot represent source code
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3 Member

Class getDeclarngClass
int gethdodifiers ()
String getMarme )

——

int PLUELIC, DECLARED

= AccessibleObject

7 Accessible Object ()

void setfccessible (Accessible Object]] amay, boolean flag) )

boolean isAccessible ()
wioid setfcocessible (boolean flag) Y

"B Field

Object get [ set (Object obj) §
boolean get § setBoolean (Object obj) Y
byte get fsetByte (Object obj) §
char get § setChar (Object abj)
double get [/ setDouble (Object abj) §
float get f setFloat (Object obj) &
int get fsetint (Object obj) §
long get £ setlong (Object obj)
short get £ setShort (Object obj) &

Class petType ()

boolean equals (Object abj)
int hashCode
String toString O

| Method
Class[] getEzceptionTypes )

Class[] getParameterTypes ()
Class getRetumType 0

boolean equals (Object obj)
int hashCode ()
String toString ()

| E Constructor

Class[] getExceptionTypes ()
Class[] getParameterTypes ()

boolean equals (Object obj)
int hashCode ()
String toString O

Object newlinstance (Object[] inttangs) §

Object invoke (Object obj, Object[] args) &
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w NetBeans meta-model

= |IDE for developing Java applications

= Meta-model developed to represent Java
source code for easier manipulation of
the code

= Large amount of information
= Little documentation
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¥

Element
NamedElement
- InitialValue +duplicate() : Elerment
+name : 5tring +getChildrend : ListOfElements
x ‘r‘ + getEndOffset( © Integer
- + getPartEncdOffset{ part : ElermentFartiind ) : Integer
AnnotableElement ArgumentList +getParnstartOffset( part : ElementPartiind ) : Integer
: : : * : i * +getResourced . Eesource
+annotations ; Annotation [0..* ordered] +arguments ; Expression [2.." ordered)] B e e R e
fls +isValicl( : Boolean
| ] +replaceChild( aldChild : Element, newChild : Elerment )
ClassMember
Variable
- + javadoc ;. JavaDoc [0..1]
+dimCount © Integer + javadocText ; String
+isFinal : Boolean +modifiers : Integer
+typpekllame © TypeReference
+getDeclaringClass) : ClassDefinition

- | T

Parameter StructuralElerment | - L
FieldGroup
+isVardrg - Boolean| [+initialValue © InitialValue [0 1] Feature . — =
+initialValueText : String : : +Tields © Field [2." ordered]
+/fisDeprecatec : Boolean +typellame ; TypeReference
i 5
| | | | |
LocalVariable Field BehavioralFeature Attribute Class
+bhody : StatementBlocl [0.. 1] +defaultyalue : Initialvalue +@/islnner ; Boolean
LS + bocyText © 5tring +clefaultValueTeaxt | String + /islnterface : Boolean
% +typpekllame © TypeReference + /simpleklame : S5tring
[ | T
EnumConstant CallableFeature —— ' ' -
Initializer Enum AnnotationType
+body : ClassDefinition | |+exceptionMames : Multipartld [0..* ordered] =
+parameters : Parameter [0..* ordered] +constants © EnumConstant [0 orderec)
[
| |
Method Constructor

+cimCount : Integer
+typpellame © TylpeReference

+fincDependenciesi usages : Boolean, overriclinaMethods : Boolean, fromBaseClass : Boolean ) : CollectionOfElements
+signatureEquals{ method : Method ) : Boolean
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&M Kollman’s meta-model

= Ph.D thesis

= Reverse engineering Java source code
to UML

* |nconsistencies in the meta-model
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Fa ature
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W oadifier
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String

ExpressianBlock
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ifalizalon
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FieldMadilier
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¢ isStatic -baoalaan

« name : Siring
rrasultType |1
1
1
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i +method vinitBlock | 1
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&W Dagstuhl meta-model

= Represent program level entities and
their relationships

= Used to model most common object-
oriented and procedural languages
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0..1

ModelObject {abstract}

ddefines

name

0..1

{ declares

SourceObject
= | fabstract)

7a

ModelElement {abstract}

visibility

-

ModelRelationship {abstract}

§sSubpackageOf ¢

|l I
0 L_ Package I StructuralElement {abstract}

w*

§accesses

invokes

* *

. n
imports :

IEnumeratedType

dhasValue

0..1
0..1

Variable

BehaviouralElement {abstract)

I Executabl

eValue I

Method

disParameterOf

I Collectio nType I?‘sEnumerahontheraIOf

7a)

*

isConstructor
isDestructor
isAbstract
isDynamicallyBound
isOverideable

*

| size EnumerationLiteral I

I Routine
IFormaIParameter I

I position

disMethodOf

IStructuredTypep QsFioldof - Il Field I
*i Class bﬂ"1
IisSubcIassable I

inheritsFrom
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5.3 Defining metrics

= Add a package to the Java meta-model
= Define the Chidamber and Kemerer Metrics Suite

hietrics | Java meta-madel |
Metrics :j
[ Class
Z‘}. +scu|:ue_—
Metricset
metricset - -—--- ing
L- Plmetricla : int
_- - qmetricziin c*.CIass] swnid
- - / )
- = \’\ - :-
(QSZL query 3 7 \
—— = // \
metric meta-model element
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5.4 Extend DMML

= Extend it for Java Metrics

A4
Metamodel
Instance
V7 |
I Octopus |
Metamodel_" A
I — e |
I DMML .generates\\u{\ MetriCS I \I\;Iaelttlj’iecs
A | ~Evaluator I ’
Metric —H’ I I — e o —
Definitions
| Eclipse
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w 6 Summary

No standard terminology or formalism

Presented an approach to unambiguously
define software metrics

Ap
Ap

nlied it to UML-based metrics
nlying it to Java-based metrics

Require Java meta-model

Reviewing available meta-models
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Thank You!
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