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w 1 Motivation

= Software metrics
= No standard terminology or formalism
= |mprecise and ambiguous definitions

Persand : woid

Persaniin name : Stringd @ woid

= Different interpretations getones S

setNam elin name : String) : woid

? 0 T

‘— 5 Student

studentID : int

4 Studentiin name: String,in studentlD @ int : waid
addCaourselin course : Coursel woid
addCaurselin courses : List) :woid
getstudentiDd ; int

setstudentIDiin studentlD © waidd © woid

Number of Methods?
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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 Metamodels and the OCL

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

metamodel?

OCL?
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&% 2.1 Metamodels

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

= gpecifies what constructs are allowed in the
language and the relationships between the
constructs eg. UML, Java metamodels
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&W 2.2 The Object Constraint Language

= Part of the Unified Modeling Language (UML)
= UML
= Standard Modelling language
= Used to develop models of software systems

= Sometimes cannot capture all the details of a
system that you require with UML diagrams

= Qffers a textual language (OCL)

J McQuillan, NUI Maynooth

Slide 7



——
- -~

-

constraints and queries' over object oriented

\h__—

models in a clear and unambiguous manner

\
\
Persan \\

hame ; String \\

Persondiveid v define our metrics as

Persaniin name ; 3tring © woid \\ )
specify studentld must gethamed :String queries over the

i i iy swoid
always be greater than sethl am elin name : String © woi language metamode|
1000 . ‘T
~
~
~
N
S Stud ert
- studentIl - jnt Course
specify what this method ~ fFtudente - hewAttr - int
— aetstudentlDd ;int courselD - int
ShOU|d return - setatudentlD Gn studentlD ©int : void +attendedBy +attends
netCnusesh - Set

J McQuillan, NUI Maynooth

Slide 8



— o o mm
- - -
- -~
- -~

u Th|S example States that \/’ i context Student::getStudentID():Integer

~

: T~ < bady:self.studenttD 0 _ __-- -7
the operation getCourse T -
/
’
. . hatme ; String
will always result in the set e
, Persaniin name. CString) © woid //
of Courses associated e oo
/
' ’
with the Student T
Sl.tdd/ent
studentIl - ift Course
St“g“—'”;':' ’IDD _ HEWATTE | int
tStudentlDo ; int .
S:ﬁtll:d:rr:tl[) fin f:t:u-:lentl[) Dimty woid 4artendedBy +attends courselD - int
_g_ﬂ_l,’_n_vliw ]
- ~context Student::getCourses():Set(CBJrsTe)‘ S~
/ N
‘<_  body:self.attends _ /)

-
-— -
o [
e

J McQuillan, NUI Maynooth Slide 9



&WSJ Approach to defining metrics

= Express metrics as OCL queries
= Qver a language metamodel
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w Approach by Baroni et al.

= Baroni et al. propose expressing design metrics
as OCL queries over the UML 1.3 metamodel

= This approach involves modifying the metamodel
by creating the metrics as additional operations in
the metamodel and expressing them as OCL
conditions
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&W Extensions to the approach

= Decoupling the metric definitions from the metamodel
= Express them as body expressions

= Made approach generalizable by parameterising by the
metamodel and metric definitions

= |mplementing the approach based definitions on UML2.0
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3.2 Implementing the approach

= (Create a metrics package to the meta level
= Defining a new metrics set is a three step process:

= Aclass is created in the metrics package corresponding to the metric set;
any auxiliary operations are defined in this class.

= For each metric, an operation in the class is declared, parameterised by the
appropriate elements from the metamodel.

= The metrics are defined by expressing them as OCL queries using the OCL

body expression e i | e |
/
\
== m . ,/ \ Metrics ﬁ:
« OCL query / \ H]
S - - / \ +scope =
S .7
. H Metricset
meta-model element metric metric set ”
R B | ccccc c lllllllllll
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*M 4 Applying the approach

= Chose UML-based metrics
= Class diagrams

= Define software metrics using the Object Constraint
Language (OCL) 2.0 and the Unified Modeling Language
(UML) 2.0 meta-model
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4.1 The UML metamodel

Element

= The UML metamodel is a
model that is used to define the T e

H dEl t
amedtemen Relationship public

UML name : string protected

= Specifies the constructs that = T
may be used in a UML model
and the relationships between z o

wredEnd
Datal ype Interface Class
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0.1 0.+ perty
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J McQuillan, NUI Maynooth Slide 15



*W 4.2 Metamodel hierarchy

Class Property Operatian Assaciation
i A
<<instanceOf>> : ,/Zinstance0f>> ///7 A M2 UML 2 Meta'mOdel
L g ! <<instanceOf>>
L -~ <<instanceOf>> !
Lo 5tudent //’ "'
studentIl - jnt ~ al "' Lourse
Studentd : woid R ! newsEtr - int
aetStudentlDo : int -+~ ! .
coursell :int
setatudentiDin studentlD : intd ; woid
aetCauest - Sat +attendedby +attends
; M1: User model
i<<instanceOf>>

astudent
narme="Jacqueling"

MO: Runtime instances
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&m 4.3 C&K metrics suite

= Chidamber & Kemerer Metric Suite

Weighted Methods per Class (WMC)
Number of Children (NOC)

Depth of Inheritance Tree (DIT)
Response for a Class (RFC)

Coupling Between Objects (CBO)
Lack of Cohesion of Methods (LCOM)
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&M CKMetrics model

hietrics

WikCiin ¢ Class) sint
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&M WMC Metric

= Consider a Class C, with methods M.,...,M . Let c,,...,c. be
the static complexity of the methods

=1

= |f all static complexities are considered to be unity, WMC =
n, the number of methods
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ﬁm OCL Definition

Metrics

UML2 meta-model
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1
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~ ~body; c.ownedOperation->size() -7
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&M NOC Metric

= NOC = number of immediate sub-classes subordinated to a
class in the class hierarchy

Persan

name : string
Persand ; waid

Persaniin name : S1ringd © woid
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ﬂw OCL Definition

ffetrics

LIML2 meta—m odel |

MEtrics :_|
H cClassifier
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CHMetricset

WACTn Cc Class) int
WoCiin ¢ Class) - woid
DIT fin ¢ : Class) @ waid
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--Returns all immediate ancestors of a classifier Context
Classifier::parents:Set(Classifier)
body: generalization.general

-

--Returns a set containing all immediate descendants of the Classifier ¢

~ context CKMetricSet ::children(c:Classifier):Set(Classifier)

body: self.scope->excluding(c)->select(i:Classifier | i.parents()->includes(c))

--Returns a count of all the immediate descendants of the Class ¢
context CKMetricSet::NOC(c:Class):Integer

body: self.children(c)->size()
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&M 5 dMML

= Plug-in for Eclipse

= An extensible, open source IDE (integrated development
environment)

= Dependent on Octopus
= Checks syntax of OCL expressions

= Transforms UML models , including OCL expressions, into
Java code
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&W 6 Discussion

= Have we completely removed the problem of
ambiguity or has this just moved from the
definitions to the underlying meta-models as
ultimately the definitions rely on the meta-model
Example of number of methods

= How do we know that the definitions are correct?
And ultimately that the metric results we obtain
are correct for the software system
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w 7 Summary

= No standard terminology or formalism
= Presented an approach to define software metrics

= Applied approach to UML-based metrics using the UML
2.0 metamodel

= Defined C&K metrics

= Developed a prototype tool that implements the
approach

= |dentified some questions/limitations
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Thank You!
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