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Automatic Generation of Metrics
Meta Model for Metric Definition

B Usage of Software Metric Meta-Model (SMM) for the definition of metrics and their
computational results provided by OMG

— SMM distinguishes between measures as the evaluation process of particular
quality aspects of software artifacts and measurements which can be interpreted
as the results of those processes.

— specifies several types of measures and measurements for different outcome values

W DimensionalMeasure, DirectMeasure, BinaryMeasure, CollectiveMeasure

Nbasyre  |-measure -zCope Scope -zcope  -elemert |MOF:Element

n.* 1 -class : String o.* n.x
-enumerated | boolean
-recognizer : String

-tmeazurand |1

-measure |1

-theazurement |0..*

Nbasuroment |-messurement -observation Observation

1 1 -obzerver ; String
-whenDbserved | Date
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Automatic Generation of Metrics
Metric Generation Rules

B MOF-based DSL models

— basic patterns and common aims of
particular groups of metrics

— patterns lead to the definition of numerous
generation rules which allow the automatic
derivation of domain specific measures
(metrics)

— generation rules themselves are formulated
as OCL expressions

— evaluation of a rule’s OCL expression returns
a set of OCL tuples

m A tuple provides measure specific data, e.g.
its generated name, which is required to
create the corresponding SMM Measure

MOF

confoms to

meta-model

confoms to

model

hased on

Rule

applicable to
generated

from
hased on

Measure

applicable to
created by

computed on

Measurement
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Automatic Generation of Metrics
Metric Generation Rules — Example Model

weClasss e — 1
Addressable O] Library 1
g address : EString 53 name : EString
I_F'epeople : EFeatureMapEntry + | + branches
1 1 0..1 | + parentBranch
" * |+ stock
0.1 wellasss
. El Employee | Jemployees g(}l?ss»
+ manager ey
g publicationDate : EDate
1
weClass»
1.* wgClass» «aClass»
Lendable = CirculatingItem £ Periodical
+ borrowed | 5 copies : EInt 3 title : EString
L issuesPeryear | EInt
+ [borrowers| o + author
+ Jwriters 1 + books | *
* |+ barrowers weClass» ” q
weClass» «eClass»
Qfggiiﬁ:er ] writer E AudioVisualltem £ Book
g name ; EString i title : EString i title : EString + [books
g minutesLength : EInt g pages : EInt *
0.1 | +author | Eadamaged : EBoolean g category © BookCategory
weClass» 1 «aEnLms
E Person 01 - - [=] BookCategory
I_F‘gﬁrstName . EString " 1 i E ellassy = Mystery
. BookOnT VideoC tt
£ lastName : EString =il Sl o = ScienceFiction
+ reader = Biography

* |+ cast
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Automatic Generation of Metrics
Metric Generation Rules — Rule 1

B Partitioning based on enumeration typed class property

rule is applicable to classes in the analyzed meta-model having one or more
attributes with an enum type

an enumeration defines a data type with a finite domain

it is possible to partition the set of instances of such a class based on the
enumeration’s literals

rule generates a specific Counting measure for each enumeration literal
number of the generated measures is equal to the number of the literals of the
examined enumeration type

context EClass inv: self.efttributes ->select(a | a.elType.oclIsEindCf (EEnum) )
-»collect(a | a.eType.ocliasType (EEnum) .eliterals->collect (1 | Tuple {
scopeClass = self.name, nameFragments = Seguence {
'"HolDf', a.eType.oclAsType (EEnum) .getEEnumlLiteral (l.value) .literal, 'Book="},
operationFragments = Segquence{
'self.', a.name, " = ',a.elype.names, "::°',

a.eType.oclAsType (EEnum) .getEEnumliteral (1.value) .literal}

)
)
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Automatic Generation of Metrics
Metric Generation Rules — Rule 1

B Partitioning based on enumeration typed class property

(Library Example)
— Book class of the library model has an attribute
category of the enumerated type BookCategory

— enumeration type contains three literals, namely
Mystery, ScienceFiction and Biography

— generation process on the library model using this
rule would result in the following three OCL tuples

Tuple{=scopeClass = 'Book', nameFragments = [Nolf, Mystery, Books=],
operationFragments = [self., category, = , BookCategory, ::, Mystery]}

Tuple{=zcopellas=s = 'Book', nameFragments = [HNolf, ScienceFiction, Books],
operationFragments = [2elf., category, = , BookCategory, ::, ScienceFicrion]}

Tuple{=copeClass = 'Book', nameFragments = [Nolf, Biography, Books],

operationFragments = [self., category, = , BookCategory, ::, Biographv]}

W NoOfMysteryBooks generated for the
enumeration literal Mystery

— generated Counting measure

context Book inv: self.category = BookCategory: :Mystery

-books ¢
«eClass»
-~ Book
cgtlﬂ*? : EString + [bocks
£¢ Pages : Elnt .
£ category : BoolCategory
ueeru'nu
= -*1 BookCategory
)Cassette S5 Mystary
& ScienceFiction
&= Biography
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Automatic Generation of Metrics
Metric Generation Rules — Rule 2

B Number of contained Elements
— rule detects classes in a meta-model having containment references

— specific measure is derived which aims to count the referenced elements of a
detected containing element in an instance model of the meta-model

«eClass» «eClass» !
[=] Addressable = Library 1

W Library example — i | paops remmre Ry | 2+ breres
- NOOfBorrowerSLibra ry 1 1 0.1 + parentBranch

«weClass»

— NoOfEmployeesLibrary 4| ElEmlovee |+ jampises o

— NoOfWritersLibrary '

. 1,.* Lendable _weClass» wellass»
— NoOfBranchesLibrary o s || Dot || 5 parodcl
J— N OOfStOCkLi bra ry + [borrowers |« + fwriters | * +1'3Uth°" “oua] +

* |+ borrowers

* | +stock

g publicationDate ; EDate

«aClass»

«eClass» «eClasss «eClass»
NoOfBooksLibrary e witer = AuicVisuattem = Book
[Eg name : EString g title : EString 3 title ; EString + /books
I_F‘QminutesLength » EInt [Eg pages : EInt -
0.1 | + author | Egdamaged : EBoolean [cg category : BoolCategory
«eClass» 1 «eEnump»
El Person 4 a =] BookCategory
y . ; 0.1 «eClass» «eClass»
g firsthame : EString 1 - = Mystery
g lastMame ; EString Sl = _lio il = ScienceFiction
+ reader = Biography
* '+ cast 1

\
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Automatic Generation of Metrics
Metric Generation Rules — Rule 3

B Partitioning based on Boolean class property

— rule matches to meta-model classes which have at least one attribute of type
Boolean

— rule leads to the generation of a model specific measure which counts the instances
of a matching class whose value for the examined attribute is “true”

W Library example e o :

E Library 1

3 address : EString [Eg name : EString

— rule generates three measures for the " | oo EFcatUcManEnty | | branches
attribute damaged of the model class St o s

«aClass»

/4 u d/ (0 V/:S'U@/[ t éem 01| HEmployee |+ femployess “eClass»

T meneost i tigon];:t':: EDate
— measure
NoOrfDamagedAudioVisualltem will be 1| gflendable |, | o comustmmeem | | [lParaea

+ borrowed | 55 copies : Elnt g title : EString

g e n e ra ted + Jhonowers| « + authar g issuesPeryear @ EInt

+ fwriters | * 1 + books | *

+ |+ stock

1

* |+ borrowers

— classes BookOnTape and S D Ao =

= Borrower

. Egname : EString g title : EStiing g title : EString + [books
VideoCassette are subclasses of T |t S|l
AudioVisualltem, the rule would 1
additionally create the measures s | 011 [t [ S

g lastName : EString =1 ScienceFiction

NoOfDamagedBookOnTape and e i 1 = oo
NoOfDama_ged VideoCassette
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Automatic Generation of Metrics
Metric Generation Rules — Rule 4

B Referential optionality

— rule matches to model classes that are the origin of an association with a lower
bound value equal to zero

— each match the rule causes the generation of a measure which counts the instances
of a matching model class where the reference’s upper bound value is equal to zero

M Library example
— NoOfBookOnTapeWithoutAuthor — NoOfLibraryWithoutStock
— NoOfBookOnTapeWithoutReader — NoOfLibraryWithoutEmployees

— NoOfEmployeeWithoutManager — NoOfLibraryWithoutWriters
— NoOfLibraryWithoutParentBranch _  NoOfWriterWithoutBooks

— NoOfLibraryWithoutBranches — NoOfLendableWithoutBorrowers

— NoOfLibraryWithoutBorrowers _ NoOfVideoCassetteWithoutCast
— NoOfLibraryWithoutBooks
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Automatic Generation of Metrics
Metric Generation Rules — Rule 5

m Depth of instance tree
— rule matches to nested class structures in a meta-model

— hierarchies are modeled through recursive class associations or associations
between classes joining the same inheritance hierarchy (composite)

— equivalent to the Chidamber & Kemerer metric Depth of inheritance tree (DIT)

1
«eClass»
=] addressable = Library 1

3 address : EString

«eClass»

[Eg hame : EString

1 erpeopIe » EFeatureMapEntry

* | + branches

. Li b ra ry exa m p I e 1 1 0,.1 | + parentBranch

«aClass»

— Library class has a containment 02| EEmployee | ferrioyees =

+ Mmanager

reference to the Library class itself :
— association is meant to model a 10 el || Cometen | il

+ borrowed | 55 copies : Elnt g title : EString

branch hierarchy of a library — Co mperves e

+ fwriters | * 1 + books | *

+ |+ stock

g publicationDate : EDate

* |+ borrowers

— rule would create a measure named S, e =

= Borrower )
. Eg name : EString g title : EString g title : EString + fbooks
Deptthlbf‘a"}/ﬁ‘ee E3 minutesLength : EInt Cgpages : EInt
0..1 | + author | E&damaged : EBoolean g category : BookCategory

«eClass» 1 «eEnum»

Person o1 = = = BookCategory
Eg firstName : EString " 1 el bt ellass =1 Mystery
£2 lssthame ; EString ] BookOnTape £ videoCassette o SeermeFiction

+ reader = Biography
* '+ cast 1
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Automatic Generation of Metrics
Metric Generation Rules — Rule 6

B Number of children of an instance
— rule is applicable to nested class structures in a meta-model

— specific measure will be generated which calculates the number of children of each
class instance in the hierarchy

«eClass» !
=] addressable éelf:iltisz);r 1
3 address : EString [Eg name : EString

1 5 people ; EFeatureMapEntry * | + branches

. Li b ra ry exa m p I e 1 1 0,.1 | + parentBranch

«aClass»

— rule would generate a measure for the 02| Eempovee | farpicyees o

+ Mmanager

Library class :

+ |+ stock

g publicationDate : EDate

«eClass»

- v 1% «eClass» «eClass»
— Measure NoOfChildrenLibrary counts ltendable . O casisemottem |l penodica
+ borrowed | 55 copies : Elnt £3 title : EString
the number Of branches Of each " [E3 issUesPerYear @ EInt
. . + author
) . - + (borrowers | + Jwiiters | * B ~hoora] *
particular Library class instance
| Borrower = writer H AudioVisualltem ElBook
5 name : EString g title 1 EString g title : EString + [books
Eg minutesLength : EInt Egpages : EInt
0..1 | + author | E&damaged : EBoolean g category : BookCategory
«eClass» 1 “eEnum»
Person o1 = = = BookCategory
g firsthame @ EString " 1 ellasss sy = Mystery
£2 lssthame ; EString ] BookOnTape £ videoCassette o SeermeFiction
+ reader = Biography
* '+ cast 1
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Automatic Generation of Metrics

Metric Generation Rules — Rule 7

B Referential existence dependencies between classes

— rule is meant to generate measures which will detect referential existence
dependencies between instances of model classes sharing an association

— dependencies can be found regarding the lower bound value of the association

m Library example

rule would match to the association
between the Borrower class and the
interface Lendable

borrower will only be captured in the
model if he borrows at least one

«eClass»
EZ] Addressable

3 address : EString

1
«eClass»
E Library 1
[Eg hame : EString

1 ll_.=9people » EFeatureMapEntry

* | + branches

1 1 0,.1 | + parentBranch
+ |+ stock
0.1 «aClass»
. = Employee | . jerployees
+ manager

1

«eClass»
£l 1tem

g publicationDate : EDate

«eClass»

1." | [ Lendable ldbi

«eClass»

Ienda ble Item + bonowed | ¢ copies - E1nt E circulatingitem Etlﬂ%?):;ﬁ:;m;
— rule would create the measure e U Pt (B
NoOfBorrowersMinimalBorrowed which| et [ At S .
will count those instances of the TR Gl SmaEY
Borrower class that are associated 1
exactly with only one instance of a KRR R R
class implementing the Lenadable s pr : = saercer
interface
|
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Automatic Generation of Metrics
Metric Generation Rules — Rule 8

Instance (usage) ratio in inheritance structures
— rule applies to inheritance structures in a meta-model

— For each subclass in an inheritance hierarchy it creates a measure which calculates
the ratio of the number of its instances to the total number of the (polymorphic)

instances of its super type

m Library example

rule would generate
RatioOfCirculatingltemToltermn
RatioOfPeriodicialToltern
RatioOfAudioVisualltemToCirculatingltem
RatioOfBooksToCirculatingltem
RatioOfBookOnTapeTloAudioVisualltem
RatioOfVideoCassetteToAudioVisualltem

«eClass» !
=] addressable éelf:iltisz);r 1
3 address : EString [Eg name : EString

@people » EFeatureMapEntry * | + branches

1 1 0,.1 | + parentBranch
+ |+ stock
0.1 «aClass»
. EEmployee | . femployees g??.s;:"
+ manager
i g publicationDate : EDate
«eClass»
1..* «alClass» «aClass»
£ Lendable ] circulatingItem ] Periodical
+ borrowed | 55 copies : Elnt £3 title : EString
g issuesPeryear @ EInt
; - + author
CITOWENS | *+ + Jwiiters | * . .

* |+ borrowers waClase = 7
«eClass» «eClass»
Q«I:lglrisg::rer & writer H AudioVisualltem ElBook
[Eg name : EString 3 title : EString Eg title : EString
Eg minutesLength : EInt Egpages : EInt
0.1 | + author [Eg damaged : EBoolean g category : BookCategory

+ (bocks

«eClass» 1 «eEnume
Person o1 = = = BookCategory
g firsthame : EString " 1 ellasss sy = Mystery
N BookOnTape VideoCassette
g lastName : EString = L = =1 ScienceFiction
+ reader = Biography
* '+ cast 1
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Automatic Generation of Metrics

Metric Generation Rules — Rule 9
M Aggregation of associated elements

— rule matches to classes which have at least one multiplicity-many association

— It creates measures which apply aggregate functions to the instances of such a
class to assess the class-wide maximum, minimal, average, etc. value of referenced

elements count

m Library example
— rule would generate
—  MaxEmployeesAllLibrary
—  MinEmployeesAllLibrary
— AvgEmployeesAllLibrary

«eClass» !
=] addressable éelf:iltisz):r 1
3 address : EString [Eg name : EString

||_.=9|::eopIe » EFeatureMapEntry * | + branches

1 1 0,.1 | + parentBranch
+ |+ stock
0.1 «aClass»
" = Employee | . jerployees «eClass»
+ manager £l 1tem
g publicationDate : EDate
1
«eClass»
1,.* «eClass» «eClass»
£/ Lendable O circulatingItem £ periodical
+ borrowed | 55 copies : Elnt £3 title : EString
g issuesPeryear @ EInt
. . + author
CITOWENS | *+ e
+ fwriters | * 1 + books | *
* |+ borrowers waClase o =
«eClass» «eClass»
Q«I:(():Irisg::rer & writer H AudioVisualltem ElBook
5g name : EString E5 title : EString 5 title : EString + [books
Eg minutesLength : EInt Egpages : EInt
0.1 | + author [Eg damaged : EBoolean g category : BookCategory
«eClass» 1 “eEnum»
Person = = = BookCategory
- - 0.1 waClass» «aClass»
g firsthame @ EString 1 ) = Mystery
N BookOnTape VideoCassette
g lastName : EString = L = = SclenceFiction
+ reader = Biography
* 4 cast 1
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Automatic Generation of Metrics

Metric Generation Rules — Rule 10
W Aggregation based on numeric property

— rule matches to classes which have at least one property with a numeric type. It
generates measures which apply aggregate functions to the instances of such a
class to assess the class-wide maximum, minimal, average, etc. value for the
examined property

«aClass» T 1

EZ] Addressable Dl Library .
3 address : EString

W Library example e R
- rUIe WOUId generate . 1 1 0,.1 | + parentBranch

«aClass»

—  MaxPagesAllBook > Bemeloree | arpioyess oo

+ Mmanager

—  MinPagesAllBook '
—  AvgPagesAllBook 1 plleabte || G || DAl

+ |+ stock

g publicationDate : EDate

+ borrowed | 55 copies : Elnt g title : EString
g issuesPeryear @ EInt
. . + author
CITOWENS | *+ itare | *
+ fwriters 1 + books | *
* |+ borrowers waClase = m
«eClass» «eClass»
Q«I:(():Irisg::rer & writer H AudioVisualltem ElBook
Egname ; EString g title : EStiing [ title : EString + [books
Eg minutesLength : EInt Egpages : EInt
0..1 | + author | E&damaged : EBoolean g category : BookCategory
«eClass» 1 «eEnume
Person o1 = = = BookCategory
g firsthame : EString " 1 ellasss sy =1 Mystery
N BookOnTape VideoCassette
g lastName : EString =) L = = ScienceFiction
+ reader = Biography
* 4 cast 1

\

18 EEEERNENRZ=



Competence Center MOTION Fraunhofer FOKUS

METRINO

METRINO Architecture
conforms to conforms to
MOF <—1 Metamodel <—J_ Model
based on based on computed on
| Generate Metrics | Compute Metrics |
[0)] >
Q
>
(a4
C
o Manage Manage
'E; Rules Metrics -
@ ks
cC )
v w0 -Irg
O O =R
Custom Metrics = 5
. s 8
- O
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Tool Demo

B A screen cast showing the Metrino tool is available at:

http://www.modelbus.org/modelbus/index.php/metrino

METRINU
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