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Introduction

e Introduction

o Objectives .

o Evaluating code tools M e as u rl n g

o Adaptation of the

e code m Consists of obtaining a numerical value for an
entity .

o Conclusions attribute of a software product or process

a Future work

m Part of a process
m Measurement process defined by Sommerville

3/25 ~~ Choose ._
. measurements to /Analyze anomalous '
. bemade . components
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Introduction

e Introduction
o Objectives

m ldentification anomalous measurements
o Adaptation of the

,Sjgaf;f;'i;‘;"f'mde m Measurement is related with an entity

o Concusions m Measure uses a set of software metrics

a Future work

m Software metric definitions contain an
Interpretation of measured value
m Provides a interval of preferred values

m How do we identify anomalous measurements
of entities?

m Checking whether a particular measurement is
within the range of preferred values
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Introduction

e Introduction

o Objectives

@ Evaluating code tools
o Adaptation of the

m Our measurement context
P m Software product: Source code

entity

o Conclusions m Entities: packages, classes, methods

@ Future work
m Software metrics: Code metrics
m On packages: Robert Martin, Brito and Abreu.
/e m On classes: Chidamber and Kemerer, Lorenz and Kid
m On methods: McCabe

m Interpretation of measured value
m How do we interpret measures values?
m \What intervals of values we have to use?
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Introduction

e Introduction

o Objectives

@ Evaluating code tools
o Adaptation of the

m Problems of interpretation
e code m The intervals used to identify anomalous

o Concusons measurements, obtained through empirical
e experiments, are restricted to the measuring
context/software application, thus Ilimiting
their use In other contexts/software

applications

m Even recommended intervals, taken from past
measurements in the same context, cannot
be used for code entities from different
categories (Exception, Test...)
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Objectives

a Introduction

s Objectives
o Evaluating code tools

_ ® Modify measurement process (continue)
P = Add to the knowledge on dependency that

a Use intervals for code
entity

o Conclusions the category of the code entity may have In
"o identifying anomalous measurement intervals

7/25 —
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be made D N
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‘ | code entities entities
|
[ Identify anomalous
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Objectives

a Introduction

s Objectives
o Evaluating code tools
o Adaptation of the

® Modify measurement process

Lt m Categories vs. UML stereotypes
entity . .
 Conclusions m exception, boundary (system, user and device

a Future work

interface), entity, control, test and utility

m Define recommended intervals according to the
entity category.

= Adapt our process in a measurement
code tool
m Evaluate code tools
m Select a tool to adapt
m Define a prototype

8/25

T100LS
Ctﬂm feren..c:e Series

July 2nd, Malaga, Spain

Workshop on Quantitative Approaches in Object-Oriented Software Engineering (QAOOSE 2010)



The identification off anomalous code measures with conditioned interval metrics

Evaluating code tools

a Introduction
o Objectives

e Evaluating code
tools

o Adaptation of the
Refactorlt tool

@ Use intervals for code
entity

@ Conclusions

o Future work
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C1. Programming language on which the work is done.
C2. Input: binary or source files (binary/source/both).

C3. Number of metrics calculated (C31 Chidamber and
Kemerer, C32 Lorenz and Kid, C33 Robert Martin)

C4. Format for exporting results (html/txt/xmli/xls).

C5. Graphic indicators or grouping and filtering
techniques to analyze results (Yes/No).

C6. Configuration of metrics profiles.
C7. Automatic classification of code entities.

C8. Evaluation of multiple use intervals in the same
evaluation.
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Evaluating code tools

a Introduction
o Objectives

e Evaluating code
tools

o Adaptation of the
Refactorlt tool

@ Use intervals for code
entity

@ Conclusions

o Future work
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C32

C33

C4

Dependency java binary | 33 1 |0 | html txt, | No | Yes | No| No

Finder xml

Refactorlt java sources | 25 2 |5 | html, txt|Ye | Yes | No| No
xml

JDepend java binary | 9 0 |5 |html, txt, |No |No | No|No
xml

Eclipse Metrics - | java sources | 25 6 5 xml No | Yes | No | No

v1.3.6

NDepend NET both | 66 2 |5 | html, txt, | Yes| Yes | No| No
xml, xIs

SourceMonitor | java,  C#, | sources | 14 0 |0 | txt, xml Yes | Yes | No | No

C++, VB
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Evaluating tools

a Introduction
o Objectives

s Evaluating code m Criteria to select a tool

tools

o Adaptation of the m Open source
oS:;aicr;[:)errl\t;Ics)soflor code m Measure Java source code
Eozf:?zsvfmsk [ High. number of metrics that implement each set
considered
m These criteria leave Refactorlt and Eclipse Metrics
11/25 as two possible candidates

m The final selection criterion is based on the

m functionality offered Refactorlt on the metric profile
management

m user interface

m provide a catalog of refactorings which assist in the
maintenance process
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Adaptation of the Refactorlt tool

o Introduction File Edit Source Refactor RefactorlT Mavigate Search Project Run Window Help
@ Objectives MrEd& i $~0-Q- B#F G~ @A PRAvEN  gi~Flrobcvra-
) Eva|uating code tools I Package 23 e Hierarch | = O || [1) LANSimulationjava | [J] Networkjava £3 ! =
. = i—{, | § = @/ * This file is part of lanSimulation. - !
e Adaptation of the S Refacinciion, /| package [FETE =
Refactorlt tool #jva (1. Select component to be assessed
@ Use intervals for code Bdec \— L il ke d
| & doc.lanStmulation o
entlty f& doc.lanSimulation.internal I CansRHet Profie
@ Conclusions 3 docsesources The LAN of | Name: [ChidambreProfies v [ savess.. |[ open.. |
B lanSimulation "/ = :
o Future work [J] LANSImulation.java public el|| Metrics Description
1) Networkjava " [ | Number of Ab... =5 ||| . =
£ lanSimulation.internals Holds _-J:hlmbcf of Children in Tree (NOC) ighted Mothods pec Class (WMC): =
fB lanSimulation.tests Used [ INumber of Concrete Types (NOTc) ) . o
compileLAN " [ Number of Exported Types (NOTe) This calculates the sum of cyclomatic
] generatelavaDoc priva [CINumber of Fields (NOF) 2. Define recommended thresholds
x J [TINumber of Types (NOT) : Upnons
| javasmp — 3 1
runLAN Holds|t JResDonseforGassRFC) =
S over et | 1] /]
i) vseOutput, y [INumber of Attr Z / WNC
12/25 =\ JRE System Library [jre6) e & [7]Quality Metrics L Upper preferredimt: | 50|/ ded
= JUnit3 e [FlCydic WMC Selected metric ‘ L recommende
@ cpp i threshold
. aps ( \
L Sl ‘ [k ][ concel [ tep ] |
= LANSimulationDocu.pdf — — .
. IVI eas u re m e nt [Z) README _es.tt [2. Problems | @ Javadoc | (&, Declaration | 0 Metrics 5% =0
[5] README.tt 7 ' T —
) SRe2LICRefacLabo_es.doc X Faroet WiC RS Loom o Noc
r O C e S S O n = SRe2LICRefacLabo_es.pdf L= M_“‘;; P a
p ?_’] SRe2LICRefacLabo.doc > ) iation 9 2 0,0 1 0
% SRe2LICRefacLabo.pdf 1 @ Network 54 = 1 0
Refactorlt " [ ——— 7
[ toDolist_es B +1- (@ Node v 0,0 1 0
i © Packet Anomakus 0 0,0 1 0
© |6 3 lansmuation.tests measurement
[ ;
S 1 L 3. Identify anomalous measurement
Code entities
2 |
&
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Adaptation of the Refactorlt tool

a Introduction
o Objectives

anngcoieoos | M TNE NEW requirements to adapt a new

e Adaptation of the

Refactorlt tool Process
ey m Open classification of code entities
e Future work m Which categories of code entities do we want to
consider?
m Can we define new categories?
13/25 m Classification of entities in the categories
considered

m How do we classify code entities?
m Can any functionality of the tool assist to inspector?
m Classification by entity groupings (by inspector)
m Automatic classification (by algorithms)
= The adaptation of Refactorlt is named RefactorltUBU
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Adaptation of the Refactorlt tool

a Introduction
o Objectives

anmgeoewss | M REefactorltUBU open classification of code

e Adaptation of the

Refactorlt tool entltleS

@ Use intervals for code .. . . . .

eniy m Defining a configuration file from which the
o Future work different categories under consideration are

extracted (/refactorit_ubu/estereotipos.csv)
m By defect standard UML stereotypes

e m Unknown, Exception, Interface, Control, Entity, Test
and Utility
m This classification will be used in two later
activities
m When the use/preferred interval of each metric is
defined
m when the measurement of the component is carried

out

T100LS
Ctﬂm feren..c:e Series

July 2nd, Malaga, Spain

Workshop on Quantitative Approaches in Object-Oriented Software Engineering (QAOOSE 2010)



The identification of anomalous code measures with conditioned interval metrics

Adaptation of the Refactorlt tool

a Introduction
o Objectives

awingcotevos W Refactor|tUBU open classification of code

e Adaptation of the

Refactorlt tool entltles

@ Use intervals for code

R m when the use interval of each metric is defined
@ Future work r|é| Metrics ﬁw
fo} PressF1for help
Profile
Mame: :Cl'ﬁaarﬁbraPrnhles v[ Save As... H Qpen... |
15/25 Metrics Description
| |Abstractness ... -

| »

. [F]Afferent Couping (Ca) (sow) Weighted Methods per Class (WMC):
- || Depth in Tree (DIT) =l

- [7|Efferent Coupling (Ce) This calculates the sum of cyclomatic complexity
- [ Instability {I = Ce / (Ca + Ce}) (slow) __ | |of methods for a class. =
i - []Number of Abstract Types (NOTa) —

- [#]Number of Children in Tree (NOC)

- [7]Mumber of Concrete Types (NOTc) = | [FOptions
| - [C]Number of Exported Types (NOTe) [ Interface | cControl | Entity | Test | utiity
- []Mumber of Fields (NOF) — Unkrown | Exception
- [ Mumber of Types (NOT) -
- [#]Response for Class (RFC) Lower preferred limit: 1
- [C]Number of Attributes (NOA) - Hoperpefored e | 0|
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Adaptation of the Refactorlt tool

a Introduction
o Objectives

awingcotevos W Refactor|tUBU open classification of code

e Adaptation of the

Refactorlt tool entltles

@ Use intervals for code

o m when the measurement of the component is carried
@ Future work Out

16/25
Target STR WMC RFC DIT NOC LCOM
Wletrics ‘Unknown o "
= F3 lanSimulation Unknown
- - © LANSimulation Unknown o 9 25 1 0 0,0
- @@ Netwark Unknown 54 25 1 0 0.6
= 3 lanSimulation. internals Unknown 5
- O Node Unknown o 2 0 1 0 0,0
- - Packet Unknown 4 2 0 1 0 0,0
=-E# lansimulation. tests Test i
(9 LANTests Test ) 0 0,0
- (& LANTests$PreconditionviolationTestCase| Test ) 2 4 i 0,0
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Adaptation of the Refactorlt tool

a Introduction
o Objectives

saamgeoeoss | W RefactorltUbu - Classification by entity

e Ad ion of th . .
Refhctorlt tool groupings by inspector

e Use intervals for code . .

oy = The physical grouping structures are

o Future work m packages, which contain packages and classes

m classes, which contain methods.
m The application of a category on a grouping

17/25 structure is propagated to the rest of the
components
m Example

m An application with a logical grouping marked by a
three-layered architecture could be classified by
Indicating the category of the three packages that
contain the superior levels
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Adaptation of the Refactorlt tool

a Introduction
o Objectives

samgeoeoss | W RefactorltUbu - Automatic classification by

o Ad ion of th -
Re?gggr?t tgo;[ : algorltth
@ Use intervals for code . . .
oy m Based on entities named conventions
o Future work m For instance, the code entities whose name

contains the literal strings “interface”, “gui”, “form”,
etc. usually belong to the category “graphic
Interface “
m The Inspector can define a configuration file
where categories are associated a strings

m Configuration file format

m <package convention, category package, class
convention, category class>

m <"ui”,”Interface”,”listener”,”Control”’>
m <"test”,”Test”,”Exception”,”Exception”>
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Use Intervals for code entity

a Introduction
o Objectives

o Evaluating code tools N RefaCtOr I tU BU HGEdS neW data

o Adaptation of the

Refactorlt tool m Default categories considered: UML standard stereotypes
e Use intervals for .
code entity B e1 exception
@ Conclusions .
o Future work m e2 /nterface
m e3 entity
m es control
m es5 [est
19/25 .-
m ees utility
m UnKnown

m For each metric in RefactorlT
m Define category use/preferred intervals
m Example: McCabe complexity metric VG

m VGe:1 [1,2], VGe2 [1,2] , VGes [1,2] , VGes [1,3] , VGes
[1,1], VGes [1,3]
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Use intervals for code entity

a Introduction
o Objectives

o Evaluating code tools = How we get category use/preferred intervals?

o Adaptation of the

Refactorlt tool H Empirical study
e Use intervals for .
code entity m Select 10 projects from SourcefForge (size=296.752 LOC)

@ Conclusions
@ Future work

m Select and group metrics to evaluate from Refactorlt
m package, class, method

m Size, documentation, coupling, inheritance, structural
complexity, abstraction, cohesion and design principles

20/25 m Measure the projects selected
m Classify entity code in categories (e1, ez, es...)
m Create intervals per category
m Analyze data/measurements
m Calculate lower threshold as quartiles Q1 (percentile 25)
m Calculate higher threshold as quartiles Q3 (percentile 75)
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Use intervals for code entity

a Introduction
o Objectives

e s M SOME examples of intervals

o Adaptation of the

Refactorlt too m Weighted Methods per Class (WMC)
e Use intervals for :
code entity m Chidamber and Kemerer
@ Conclusions .
o Future work m Class metric
m Complexity metric
m Refactorlt preferred/use intervals [1 , 50] ***
21/25 m Our empirical intervals (see figure)
Target TR WMe e1 exception [1.75 , 4.00]
E= - junknown_, ez interface  [4.00 , 16.00]
EIE} lansimulation :Unknnwn v )
G LAMSimulation Unknown o 9 @3 en[/ty [500 ’ 2500]
- Network Unknown o 54
EI---E:EIanSimuIation.internaIs :Unlmcuwn , e4a control [300 , 1625]
G Mode Unknown o 2
:E' Paclket Unknawn 2 e5 lest [2.00, 8.25]
ansimulation. tesks Tesk o L.
N g LANTests ) | Test - I <5 Uf///l'y [400 ; 2200]
[+-L2 LANTests$PreconditionViolationTestCase| Test —) _2 UnKnown [1 , 50] ek spec|a| Category
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Conclusions
o Int-rodl-Jction ‘
e e tool m Measurement process is modified

* Refctorit tool = Incorporating the inspector's/evaluator’s knowledge of
° Use intervals for code the code entity classification

« Conclusions m Exception, Interface, Control, Entity, Test and Utility,
@ Future work Unknown

= A use interval has been proposed for each metric
and category of the classification

m The result of adapting the new code entity
measurement process to the Recfactor/t tool is
presented

m Our conclusion is that it is necessary to pursue
research into the field opened up by this case
study
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Future work

@ Introduction

@ Sealuatingcode ool Replicate the case study with other sets of
°22?§J?Ji‘.’t”t8£f“e projects

Eigiyln:;vasls e m Refine and compare the proposed use intervals

o Future work = Validate the proposed measurement process

m The use intervals of anomalous measurements are
more accurate in the new scenario

28/25. m Validate, our measurement process proposal,
with others sets of software metrics

= The labelling of code entities, as they sometimes
do not belong to only one stereotype/category
m Wwe propose elaborating a new fuzzy classification
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Future work

2
ccasmeoewos W The improvements achieved in this work

o Adaptation of the

a Introduction

a s mervls for code depend on the new task of classification of
entities according to the

e Future work

stereotypes/categories code considered.

In this sense, It Is necessary to carry out
24725 experiments that help to validate the

consistency of classification by experts.
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