Internal Report 2010-07 Month 2010

Universiteit Leiden

Opleiding Informatica

Visualizing the Level of Detail in UML Models

Robin van den Broek

BACHELOR THESIS

Leiden Institute of Advanced Computer Science (LIACS)
Leiden University

Niels Bohrweg 1

2333 CA Leiden

The Netherlands




Visualizing the Level of Detail in UML Models 2

Visualizing the Level of Detail in UML Models

Robin van demroek
Supervisors: Michel Chaudron and Ariadi Nugroho

Leiden Institute for Advanced Computer Science (LIACS)
UniversiteitLeiden
Niels Bohrweg 1
2333 CA Leiden
The Netherlands

Abstract

UML models are used diversely in practice and provide a designer
much freedom and flexibility when designing his models. This freedom
and flexibility lead to diverse styles and rigors in rlath.

Level of Detail (LoD), which represents the amount of information that
is used to specify models, is applied in many studies. Yet there is no tool
or application that is able teisualize the level ofletail software metrics
on top of UM. malels.This paper describes our path to implementing a
level of detail visualization and a small analysis using our implementation.

The contributionof this paper is thatve explain how the.oD metrics
can be visualized arshow how this visualizatiocan be helpful when
analyzing the Level of Detail of UML models.
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1. Introduction

This paper describes the contents of my bachelor project. During this prajedtave been searching

for a way tovisualize the level of detail metrics on top of UML modéle level of detail metrics are

design metrics that are used to analyze UML modetgthere is currently no tool that is able to do such

a visualization we want to extend MetricView Evolutiomjet is able to visualize other software

metrics, in such a way that it is able to visualize the level of detail metrics. By doing so we want to do an
analysis and answer some research questions regarding the level of detail metrics and try to find some
interesting facts about the level of detail that is used to specify a UML model.

2. Related Work

There haebeen some relatedtudiesin the field of visualizing design metrics on top of Uitidels.
The most closely related workisat studied the visualizatin of design metricare from Maurice
Termeer (MetricView)4] and Martijn Wijns (MetricView Evolutiorf)][ Both provided a way of
visualizingseveraldesign metrics on top UML modefsan intuitive way. Different from the
aforementionedstudies on visualizing design metrics, in this papemaat to study the visualizatioof
the level of detail design metric on top of UML masiahd in this way try to find interesting facts about
the level of detail of UML models

3. Level of detail metrics

Desigmmetrics are used to analyzéMLmodels and try to give feedback on this model. One of these
designmetrics is he & ¢vel of detaié [1Jmetric. ¢ KS f S@St 2F RSGF AT [Y2X55iENR O
focuses on UML modeling and tries to investigate the relation between the quality of software models
and the quality of the final implementation. In UML modeling the level of detail can be measured by
guantifying the amount of information that is uddo represent a modeling element. For example in
modeling sequence diagrams one could think of message names that can be just an informal label, a
label that represents a class method or a label that represents a class method ingladangeters In
modeing class diagrams there are many syntactical features that can be used to increase the level of
detail as for example attributes, operations, association names, multipliaigysand so forth JUML

models that are modeled with a low level of detail areviding jus a few features to represent

modeling elemerg such ador exampleclasses without any attributes or operations and nameless
associationsUML models that are modeled with a high level of detail are providing a lot of features to
represent modeling elementnd provide thus more detail about elements

The level of detail metrics are defined at ttypesof UML diagrams: class diagrams aadugence
diagrams. The following 4 metrics are defined for classes used in class diagrams:

- Attribute Signature RaticCD4¢¢rsigratio)- This metric measures the ratio of attributes that have
a type definition compared to the total number of etiutes.

- Operations withParameters RatioQDopswithparamratio )- This metric measures the ratio of
operations that have parameters defined compared to the total number of operations.



Visualizing the Level of Detail in UML Models 4

- Association Label Rati6R,qsocrabeiratio)- ThiS metrieneasures the ratio of associations that
have a label defined compared to the total number of associations for a class.

- Association Role Rati@ D ssocroieratio)- 1iS metric measures the ratio of associations that
have arole defined at either end of the association compared to the total number of
associations for a class.

These four metrics are ratibased and therefore they can be normalized. By doing so we reduce the
influence of class siz&he above metrics can betegorized into two highetevel LoD measures

- Attribute and Operation detailedneséR,,,) which combineshe Attribute Signature Ratio
(CDgtersigratio) @ndthe Operations wittParametersRatio (CDopswithparamratio) 10 give a value
for the level of detail used to model attributes and operations.

CDaop (x) = CDAttrSigRatio (x) + CDOpsWithParamRatio (X) (1)

- Associations detailednes§li,,.) which combineshe Association Label Ratio
(CD4ssocLabelratio) @Nd the Association Role Rat®Xsocroieratio 1O Qive a value for the level
of detail used to model associations.

CDasc (x) = CDAssocLabelRatio (.X) + CDAssocRoleRatio (X) (2)

As we can see ifl) and (2) the LoD measures of a class are determined based on the information that is
related to that particular class (measured at class level), rather than on the LoD of the diagram in which a
class appeargl) and (2) lead us to the followintgfinition for the clastoD

Class LoD(x) = CDgp(x) + CDgyc(x)  (3)
Five metrics are defined to measure LoD from sequence diagrams:

- Non Anonymous Object Ra{8Dynanonymonjratio)- Tis metric measures the ratio of object
that have a name defined compared to the total number of objects in a diagram.

- Non Dummy Object RatilG Dy onpummyobjratio)- This metric measures the ratio of objects that
correspond to a modeled da compared to the total number of objects in a diagram.

- Non Dummy Message Ra€Dy,npummymsgratio)- ThiS metric measures the ratio of messages
that correspond to a modeled class method compared to the total number of messages in a
diagam.

- Return Message With Label Raf®getyrnmsgwithrabelratio)- ThisS metric measures the ratio of
return messages that do have a label defined compared to the total number of return messages
in a diagram.

- Message With Parameter R&(SDysgwithparamratio)- ThiS metric measures the ratio of
messages that have parameters defined compared to the total number of messages in a
diagram.
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Just like the class diagram metrics, these metrics are basgd NJandl &af Qekfore be normalized
The sequence diagram metrics candagegorizednto the following twohigherlevel LoD measures:

- Sequence Diagm Object Detailedness R, ;) whichcoversthe Non Anonymous Object Ratio
(SDNonAnonymObjRatio) andthe Non I:]JmmbejeCt Ratio (CDNonDummyObjRatio) to give avalue
for the object detdiedness for a sequence diagram.

SDobj(x) = SDNonAnonymObjRatio(x) + SDNonDummyObjRatio (X) (4)

- Sequencdiagram Message Detadness §£D,,,) whichcoversNon DummyMessageRatio
(SDNonDummyMngatio)a Return Message withabelRatio (SDReturnMngitLabelRatio) and
Message witlParameterRatio (SDysgwithparamratio)tO give a value for message detailedness in
a sequence diagram

SDmsg (x) = SDNonDummyMngatio + SDReturnMngithLubelRutio + SDMngithParamRatio (5)

As we can see in (4) af®) the LoD measures for a sequence diagram are based on the information that
is related to the diagram. (4) and (5) lead us to definition for the sequence diagram LoD measure:

SequenceDiagram LoD = SD,,;(x) + SDy,s,(x)  (6)

Another nice level of detail metric is the detailedness in which a class is modeled in all the sequence
diagrams it appears in. As a class can be modeled in several sequence diagrams we can take the average
sequence diagram level of detail to give an iatimn for this measure:

ClassLoDyygsp (x) = i X Y esequence Diagrams, SequenceDiagramLoD (i) (7)
X €iQ

3. MetricView Evolution

LY wnnn | G22f KFI&d 0SSy RS@OSt 2 LISR 2qMs tmllishbBlei®2y 2 A2y
load aUML model, load software metrics and shawisualization of thesgoftware metrics on top of

the loaded UML modeMetricView Evolution is able to load UML models credig&ationalRose and

Rational XDE which absth modeling tools created by IBN¥letricView Evolution uses xsl translation to

parse models from these tools and inserts the needed elements into an embedded MySQL database.

After loading themodel the metrics are calculated by extracting data frin@ database and calculate

the metricvalues for all elements in the modeas$ing python scripts.

The metrics that have to be calculated can be configured by adding them to dilexmhich serves as
metrics definition. Each definition should contain a referenoeatpython function, a name, threshold
that can be either upper or lower limit and a value for this threshold. When MetricView is done parsing

! MetricView Evolutioh @ LI NI 2F al NIA_2y 2A2yaQ YladisSNna G(KSaras
by Maurice Termeer.

(@]]
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Figurel: Screenshot MetricView Evolution as created by Martijn Wijns in 2004. atteve window here is the Model Window
GKAOK akKz2ga I a[Fy3S5AFIANIYE O2yialAyAy3a it asS /FasSasz { SljdzS
y2 YSGNROa aStSOGSR Fa &2dz Oly 4SS Ay GUKS a! @FAtlofS YSOUNROa

and calculating the main wieis presented. The user gets to choose between three winddhsdel,
Quality and Context. These three windows serve different purposes:

- Model Window. This window presents the entire UML model in one viewsgdtase diagrams,
classdiagrams sequencediagrams andtatechart diagrams are combined into a-alled
G[FYy3IS5EAFIANI YéED ¢KAA a[Fy3aAS5A1F3INFYE R2Sa y20 2
able to show the relations between different elements (for example the relations between
classes andorresponding objectis sequence diagramsBY doing so it is very easy to see which
class is used in which diagrams and thus provides an intuitive way of broy&eegigurel].

Next to being ablef visualizingll diagrams one can also use zooming functionality to browse

GKS Y2RSt®d [ &G odzi y20G €SIad GKS a[ly3aS5Al INF
on top of the loaded UML model. By creating arr@xayer on top of the model one can very

easily see the values of all kind of software metrics ( manually deciding which one a user would

like to see).

- Quality Window The quality window presentsa-6b f £ SR N/ R# & AdiA & GNBS 02
three different categoriesas childrenmaintainability, understandability and design smells. Each
category haselateddesignmetrics as its children. As evatgsignmetric has a particular value
(averagevalueof the model) the categories can iated and at the end there will remain one
rating for the quality of a model

MetricView Evolution provides an interactive 3D browsing ability to explore the model. Next to browsing
a user is able to select different software metrics that have to be shown poftthe UML model. This is
done by adding an extra layer on top of the model and representing each class with colors indicating
good or badherformancefor a certain metric. By doing $ois very intuitive to seavhich diagrams rad
elements are modeledral what theresultsfor different software metrics for differenélementsare. The

goal of visualizing the metrics in such apimto see whether there is a wayimprove the design ahe
modelby improving classes and/or diagrams widkv performance ér certain metrics.
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Next to being able to visualize the valuesiesignmetrics MetricView Evolution is also able to visualize
the evolution of a software model. By using a timeline which serves as a sort of revision history a user
can see the differens=between both the UML models themselves as well as the differences between
the performanceof the software metrics on the UML models. This provides a simple but clear overview
when trying to see how software design models evolve during time.

4. Problem statement

TheLoDmetrics can be very interesting metsito investigate when modeling softwatecause they can
give us information about the information that is used to represent a motieldosowe need to have

an application or toothat can visualize theoDmetrics.MetricView Evolution is a tool that is capable of
visualizinglesignmetrics on top a UML model. However MetricView Evolution has limited software
metrics that it can visualize which do not include tteDmetrics.

Alsowe want tosee what we can learinom studying theLoDof UML models. For example what are the
differences betwea different models in the level afetail used to model them and why are there any
differences.To see what we can learn by studying the lefaletail of UML models we selected a set of
models which we can import into MetricView Evolution and we set up some research questions we
would like to get answered. By visualizing these models we will try to answer the following research
guestions:

1. Whatare the differences and similarities in the usidevel of detail for different models and
what does this say about the type OMLmodel?
2. Are there any similarities or differences between
a. class diagrams regarding the level of detail metrics?
b. sequencealiagrams regarding the level of detail metrics?
3. What can we say about the positioning of classes in a class diagratation to their LoD?
4. Doclasses that have a highlass Lolmply that the sequence diagrants which they occur also
have a higlsequence diagram L&D
5. If aclass occurs in sequence diagrams does that imply thafalse LoD dhat class is higher
than theclass Lof clasgsthat do not occur in sequence diagrams?

5. Proposed solution

We will try toextendthe current state of MetricView Evolutiorin sucha waythat it will be able to
visualize thd.oDmetrics. The reason why we chose to improve MetricView Evolution is because of its
intuitiveness and already existing capability of visualizing (other) software metrics on tdydlomodels.
This way we can use the existing functionality and extend it to visualizeofbmetrics. To do a proper
analysis to answer these research questions we need madai€an be analyzedVe selected eight
models which can be importddto our extended version of MetricView Evolution and analtz LoD
metrics forthese models.
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Figure2: Visualization of a model for one metrid@.he figure on the left shows the old state ofsualization It shows a
visualization of netric valuesthat is based on color offsets. The figure on thight shows the new state ofiisualizationin
which the visualization of metrivaluesis based on transparency.

6. Implementation

As mentioned before the implementation is done by extending S SEA&GAYy 3 G222t daSiNg
When extending MetricView Evolution it is important to take in account the current architecture and try

to extend the tool using thispecificarchitecturefor the sake of extensibilityTheLoDmetricsconsist of
severalsub-metrics as stated isection3. All of hese metrics have to be implemented in a similar way as

the current available metrics are implementdthplementation is done using python functions and XML
declarations which are read by MetricView Exin when calculating metrics for a certain model.

After implementingthe level of detail metrics they have to be tested by using some example models
with which we can verify that the implemented calculations are corr&isothe visualization of the
metrics have to be studied to see whether the results are clear and we can get information out of the
visualization.

In theold state of MetricView Evolution a visualization of a software metric is done by using a[c@aii Q &
say for example that our visuaéd metric has the standard color bilwhen a model elemertias a high

value forthismetricA 1 Qa O2f 2NJ gAff 0SS o0f dzdasalo@ @SABNG 6 KSy | Y
YS i NA O beddried colorbffset Bidd turn into another coltike red or geen This way of
representing anelemah Qa LISNF2NX I yOS F2NJ I YSUNRO A& 20 DA 2dz

performance of a model for one metric (SEgure2). However ifone wants to see the performance of a
model for more than one metric this view gets a little confusing. A user might not be able distinguish the
different metrics and thus gets confus€8eeFigure3).

To improve the visualization of a design metric we changed the way a metric is visualized. Instead of
working with a color offset which leads to different colors we chose to work with ¢t@onsparencyas

an indicator for high or low values. High values get a high transparency rate and low values get a low
transparency rateBy using transparency each metric has the saater representation for high and low
values and thus reduces the cosfon that was created by the old way of visualizing metrics. Also by

using transparency we provide a way in which a user can see very fast what elements have a high or low
value for a certain metriby spotting the transparency rate for elemer{&eeFigure2 and Figure3).













































