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Executive Summary

The Unified Modeling Language (UML) has been widatiopted in software engineering prac-
tice in industry over the last decade. A large eaafjdifferent tools have been developed both
from industrial providers as well as open souradstoHowever, due to the complexity of the

UML specification it is very difficult for a singléool to support the full range of UML stand-

ards faithfully. In practice tools differ signifintly in terms of the parts of the UML specifica-

tion they support.

The decision of a development organization forecHje tool environment is a very significant
one, which typically leads to a significant amouwfitcosts (e.g., in terms of training), out of
which the licensing costs, though significant, @ften only a minor part. Thus, the tool needs to
be chosen with very much care. As one aid towamdsianal tool selection decision, this report
provides the most comprehensive comparison of Uddlstcurrently available.

This study provides the most comprehensive assessyhthe current tool support. It combines
a detailed information collection effort for eactuividual tool, a broad range of tools analyzed
and also analyzed UML compliance as defined byQM(. Other tool evaluations often just

list the provided types of UML diagrams without alissing the quality of the realization or

focus on specific aspects, e.g. the evaluationagmbr itself or cross-tool compatibility without

thoroughly considering the UML specification itself

The focus of this study is on the availability betdefined UML capabilities. This has been
evaluated in a very comprehensive and detailedfafagll UML tools that we found currently
to be available and which are still supported. failled breakdown that relates for each identi-
fied tool its capabilities to the diagram featudegined by the UML enables a fast analysis re-
garding the applicability of a tool for a specifievelopment context. This study focuses mainly
on the modeling support. Further aspects like lisghinodel export and interchange and code
generation are also addressed, but take a secaceliplthis analysis.

In order to support the selection of tools, the Ullteady introduced the so-calledML com-
pliance This provides different compliance levels that ba used to categorize the UML capa-
bilities of a tool according with respect to tharstard. As part of our analysis, we also charac-
terize the tools in terms of their UML standard gliance as defined by the OMG.

As part of this study, we identified approximat@0 tools claiming UML modeling function-
ality, out of which 72 were analyzed thoroughlyrénas a reevaluation of updated or new tools
one year after publishing the first edition in 2Q@Q2]. The remaining tools were not considered
for evaluation due to technical reasons, e.g. @r&wor or the tool do not exist anymore, the tool
cannot be installed or no maintenance was donth&particular tool since the first version of
UML 2 was published. In summary, only the resul6@ftools could be reported, as the licens-
ing terms of four tools prohibited publication aweé could not achieve (so far) an agreement
with the tool providers. As a basis for the evahmatthe UML specification was decomposed
into 540 features, each of which was individualaleated for each of the tools. In this report
we only report aggregated values. The full detaiwoo comprehensive to provide in written
form. Thus, the full details per tool can be foatdhe corresponding web site.

Keywords: tool capabilities, feature, UML, UML 2.0, UML cqatiance, UML modeling tools,
tool evaluation, compliance level
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Disclaimer

The authors have made every effort to ensure theracy of the survey data and additional
information (e.g. price, availability). However, goiarantee of accuracy, completeness or fit-
ness for a particular purpose can be given. Wealaocept any responsibility or liability in
regard of the reliance on, or use of, such datdrgndmnation.
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1 Introduction

The OMG specifications on the Unified Modeling Laage (UML) are widely used in software
engineering, e.g. for the design and the documentatf software systems [9, 15]. A large
number of tools currently support these standarfien claiming the full support (or support of
major parts) of the OMG standards.

In the past, UML was often criticized as being tame to be implemented as a whole, too
complex to be realized in detail or as being spatifveakly [10, 23, 19]. Consequently, if the
tool being used does not sufficiently adopt thec#jpation, e.g. when required model elements
are not supported or when incompatible formats gmewigration or further processing, prob-
lems while selecting, modeling, upgrading or migmatmay occur. Thus, to gain a realistic
impression on the state of the implementation ofLUN current tools, information on the con-

crete realization of individual modeling elementsd ahe (cross-) compatibility in terms of

model persistence is needed

Combining several tools to a tool chain, i.e. tpleit the modeling information in the sense of
Model-Driven Software Engineering, increasinglyeiwes attention both from the industry and
from research. In particular the OMG specificatiomsUML and the initiative on the Model-
Driven Architecture (MDA) vision had a significaimhpact both on CASE-tool providers and
industrial practice [22]. The MDA approach religs the transfer of models among tools often
produced by different vendors and thus requiremash as possible compliance of the various
tool implementations with the underlying (UML) sffaations.

In this report we analyze the capabilities of cotnerofessional modeling tools with respect to
their realization of the UML specification. The u#is have a strong impact on the applicability
of model-driven software engineering in practiae particular along the lines of the Model-
Driven Architecture initiative. The study underlginthis report is designed to provide detailed
information to decision makers in industry and agsh. Tool comparisons published so far
often provide only generic high-level informatiang. the price of a tool, the supported diagram
types or the version of XMI implemented by a taalithout detailed information, e.g. on the
realized model elements, a decision maker is dfteced to re-evaluate a selected number of
tools to determine the appropriate one. Thus, weddd to derive our evaluation criteria in a
systematic process by analyzing the UML speciftcafor required modeling constructs. Rely-
ing on the data provided by our study, the decismaking process can be shortened and simpli-

Static Modelling Dynamic Modelling

Use case diagrams Reguirements Activity diagrams

Sequence diagrams

Class diagrams Analysis _ Tlmlng d?agrams
Interaction overview diagrams

Communication diagrams

Composition diagrams Design State machines

Component diagrams Implementation Deployment diagrams

Structure Behaviour

Figure 1: Overview of UML and its diagrams
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fied significantly. Similar decisions but naturafisom a different perspective are made in re-
search and academia, in particular when the tapioni cutting-edge issues of model-driven
engineering and detailed UML support is needed.réfgoence-driven tool selection process
e.g. by weighting individual diagram elements axgilams for importance is out of the scope
for this report.

We focus in this report on the assessment of UMilstavith respect to the implementation of
modeling concepts as defined in the UML specifaatiAn overview of the diagram types as
the basic building blocks of the UML is depictedrigure 1. We refer to the implementation of
the UML in terms of modeling concepts defined by WML as thecapabilities of a toolUsing
the data on individual modeling concepts descrilirggcapabilities of a tool, we can determine
the conformance in terms of UML compliance levedsdaefined by the OMG. We refer to this
type of aggregation of our data from the viewpainthe OMG adJML complianceor asUML
compliance levels

In contrast to existing UML tool evaluations, wesdebe in this report a feature-based evalua-
tion approach capturing the capabilities definedieyOMG specifications. Based on a system-
atic internet search including well-known tool distve scheduled approx. 200 tools for evalua-
tion. Due to technical problems, e.g. because ta@snot available anymore, the initial sched-
ule was reduced to 72 UML tools. This detailed ezabn was executed on a sample set of 72
UML tools, covering — in particular — all major pessional tools that are widespread in prac-
tice. The outcomes of our approach are detaileddioaracterizations including individual ca-
pabilities in terms of fulfillment degrees and staents on the UML compliance. The aggregat-
ed data forms the basis for a comparative anabyfsibe results, e.g. fulfilment of diagram
types over all tools, fulfillment of diagram specimodel elements, assigned UML compliance
levels, status of the implementation of XMI, etg: &ggregating the data, we provide an en-
compassing overview on the current state of thizegeon of the UML standards. Another im-
portant aspect for research and academia is thestent application of an evaluation approach
based on a specification to a large set of tools.

The remainder of this report is structured as fedioln the next section, we review related work
on tool comparisons and research approaches fbetaduations. In Section 3 we present our
evaluation methodology for tool capabilities basada detailed analysis of the UML specifica-
tion. Then, in Section 4 we introduce complianaarfithe viewpoint of the OMG, describe the
compliance evaluation schema as defined in the Whyécification and combine the UML
compliance with our evaluation methodology. SecBda devoted to the discussion of the indi-
vidual findings on each evaluated tool, i.e. wesprag our results on feature fulfillment and
UML compliance and a screen shot for each tooEdution 6 we discuss the overall results of
our study, i.e. the aggregated findings on UML diadjram level. Finally, in Section 7 we draw
conclusions and list future work. The appendixsliall criteria we used for collecting data on
individual tools.

The detailed findings of all feature groups fortathls not being restricted for publication by the
respective vendor can be founddtp://www.sse.uni-hildesheim.de/UMLtools11/




Introduction

Reader’s guide:

Dependent on your personal interests, the parthigfreport may be of different interests for
you. This reader’s guide is a suggestion for seglgdhe relevant parts and, thus, gaining the
maximum value from this report.

0 Tool vendor: Tool selection (Section 3.1), evaluation critd@action 3.2), criteria ag-
gregation (Section 3.4), UML compliance definiti@@ection 4.1), calculation of UML
compliance levels from the evaluation criteria (®ec4.3), summary of tool findings
(introduction to Section 5), description on intetong individual tool summaries (Sec-
tion 5.1), individual findings for your tool and mpeting tools (further subsections in
Section 5), results and analysis (Section 6), AdpeA containing the complete list of
evaluation criteria.

o Tool user. Evaluation criteria (Section 3.2), UML compliangdefinition (Section 4.1),
high-level comparison of used tools (introductiorSection 5), description on interpret-
ing individual tool findings (Section 5.1), indiwdl findings for tools being relevant to
you using the data for a preference-based compeeiscluding parts of the UML being
irrelevant to you (further subsections in Sectiprrésults and analysis (Section 6).

o Decision maker:Evaluation criteria (Section 3.2), UML compliamefinition (Section
4.1), summary of tool findings to narrow your séamtroduction to Section 5), de-
scription on interpreting individual tool findindSection 5.1), individual findings for
tools being relevant to you using the data forefggence-based comparison excluding
parts of the UML being irrelevant to you (furtherbsections in Section 5), results and
analysis (Section 6)

0 Researcher: Related work (Section 2), Evaluation methodolo®gedtion 3), UML
compliance definition (Section 4.1), UML complianiexel definition and calculation
(Section 4) , summary of tool findings (introductito Section 5), description on inter-
preting individual tool summaries (Section 5.1sulés and analysis (Section 6), Ap-
pendix A for the complete list of evaluation criger

For all readers we suggest to read the overall samin Section 7.
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2

Related Work

The normative set of syntactic and semantic rudsetconsidered when discussing and re-
alizing UML tools is the UML specification, i.e.dlturrent version of the UML 2 specifica-
tion, i.e. the UML Infrastructure [32], the UML seystructure [33], the XMI specification
[31] and the diagram interchange specification [29]

In literature, several evaluations and studies btiWWools are published. In this section we
provide guidance to other relevant comparisonsif Wools. This section is structured ac-
cording to the different perspectives taken byahthors of the studies in literature:

o0 Evaluations of UML tools for professional use, idata summaries for decision
makers in professional environments.

o Evaluation approaches from the research perspedtivi tools were evaluated
from different viewpoints, e.g. from the model daliion perspective or from the
viewpoint of usability or communication efficiency.

o Evaluations of specific aspects, e.g. model exchdmgnats, in particular XMI.

Decision makers in professional environmentsan find information on several websites,
e.g. the OMG vendor directory listing [34], the \igi&dia page on UML tools [5] or several
others like [1, 2, 4]. More detailed lists contgitices of individual tools [3] or provide ma-
trix views on up to 100 different tools and theightlevel functionality [16, 35], e.g. sup-
ported types of UML diagrams, data formats, tatgaguages for code generation or re-
quired operating system platforms. Twelve toolstiéan Studio, Eclipse UML, Enterprise
Architect, Magic Draw, Innovator, Neuland Boardnmiakeoseidon, Rational Systems De-
veloper, Rhapsody, Vision Stencils for UML, Visudradigm, Together for Eclipse) are
compared in [6]. An extended abstract on the resuie given in [39]. In [25], four tools
(Rational Rose, Visual UML, Poseidon, XUML) wereakiated according to similar crite-
ria and some shortcomings on each tool are idedtifi

So far, all listings or studies mentioned abovecdes UML tools on a rather generic level,
i.e. by only enumerating if high level functiongliike diagram types are realized. As a re-
sult, an in-depth discussion of the compliance whdhUML specification is also in the case
of commercial studies not provided. Often the infation provided is not sufficient for a
decision maker, because the realization of indmfidaoodel elements is not described, and
thus, a fine grained decision cannot be made ateth @wn evaluations of selected tools
must be conducted. Furthermore, there is a sigmfidifference in the quality of the infor-
mation provided, i.e. whether data is collectednfreendor statements or by directly analyz-
ing a tool implementation as done in our studypdnticular, we provide a detailed feature-
based analysis of UML modeling elements which ispnovided elsewhere.

Research workin this area focuses often specifically on thel@ton approach itself or
on very specific topics being evaluated. The masearch topics to be discussed in the next
paragraphs are: evaluation frameworks for UML topwistrics-based evaluation, readability
and understandability of diagrams as well as comaoation and coordination aspects.

A generalevaluation framework is proposed in [18]. The authors consider alsameoc

issues, metrics support or the documentation, @ngarticular the usability and the look
and feel of the tools. The evaluation frameworktaonms 29 specific criteria for all types of
UML 1.3 diagrams. The authors describe in [17] dipplication of the evaluation frame-
work to concrete tools in the project EvaLUM. Sg feven tools are evaluated (ArgoUML,
Describe Enterprise, Elixir CASE, Rational Rosedgntise, Simply Objects Modeler, Tau
UML Suite, Together Control Center). The authorgdena restriction for seven tools, be-




Related Work

cause the complexity of the individual tools cauardnormous effort in applying the eval-
uation framework. The authors provide results andabncrete compliance of the tools with
the UML specification.

A hierarchical approach to the evaluation of UML tools is given in [8]. Bypplying the Logic
Scoring of Preference (LSP) method, a list of @éebkicharacteristics is constructed, concrete
software products are evaluated upon these chasdicie and finally the products are rated by
criterion functions. The characteristics are debeeth following a hierarchical decomposition
process for requirements derivation. Aside fromniptete UML support”, also forward and
reverse engineering for different target languagesgeration of HTML documentation, model
export via XMI, versioning and navigation are meng&d as high-level criteria. Some more
detailed criteria are considered in [14], e.g. s#imassociations among modeling elements and
an object, OCL support, design patterns, custoizapportunities, tool extensions and UML
extensibility mechanisms. Similar to the evaluatipublished for decision makers listed above,
the evaluation in [8] is on diagram level only, cancrete results on the rating of the tools are
presented, and only few criteria are derived froMLUitself. Thus, no concrete compliance
conclusions with respect to the UML specificatioaredirectly drawn. Furthermore, the work
in [8, 14] relied on an earlier version of UML 1.x.

In the visualization and diagramming communities,particular theunderstanding of dia-
grams is a major research topic. In [38], a set of llésselected according to the laws of per-
ception is used to classify concrete diagrams ak &g to evaluate three concrete tools
(Wampler, Rose, Together). As a result, Rose amgether considered most of the rules in the
automatic layout of simple class diagrams. A mareoepassing evaluation on automatic lay-
out of class diagrams is presented in [11, 13] el UML tools are analyzed. The authors
report that only few tools are able to model trst thagram and most tools have serious prob-
lems in automatic layout. Even if the main topicomr work is not perception or (automatic)
layout, we collect qualitative statements on theatic layout facilities of the evaluated tools
and discuss the results in Section 6.

From the viewpoint o&ffective communication and coordinationacross geographically dis-
parate sites, in [20] several criteria including UMupport on diagram level, round trip engi-
neering, model consistency checking, forward andnse engineering etc. The results were
analyzed by calculating a weighted sum of the tequitr tool. While performing a 25 person
days evaluation, Together 5.0, Rose 2001, Embarcddescribe 2001 were applied to an in-
house application consisting of 200 Java classesoring to the evaluation schema, Together
reached 95%, Rose 58% and Describe 46% of thedsmesi features.

In contrast to the publications for decision maldisxussed above, most of the evaluations in
research approaches consider rather small samigdeTas is not only a drawback of these
studies from a practical perspective, but also feonesearch perspective, as it also leads to an
insufficient validation of the evaluation framewsrthemselves.

Although work on specific compliance aspects carfiooed in literature, e.g. omodel inter-
changeusing XMI [31]. In [21], the authors describe tlesults of cross-tool compatibility tests
with Eclipse-based tools (Together Architect, EsipJML, Rational Software Architect, Magic
Draw, Altova UModel). Only two of the tool combinats are able to pass the backward com-
patibility test on the same tool and only two vepecific tool combinations (Together/Eclipse
UML/Rational and MagicDraw/UModel) are able to irdgange their models. In [36], the au-
thors focus on the differences among open sourdecammercial tools. 6 combinations out of
9 tools (ArgoUML, Fujaba, Umbrella, Artisan Real&n$tudio, Poseidon, Rhapsody, Rose
Enterprise, Tau G2, Visio) are able to interchangalels, but the authors did not detect com-
patibility among open source tools and commeraalst In [37] the authors discuss in particu-
lar the question of being locked-in to a tool byngsXMI and missing compatible model ex-
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change alternatives to other. They test the XMI patibility for three open source and com-
mercial tools (ArgoUML, Fujaba, Umbrella) and attdsat no exchange is possible at all. Thus,
after all these results, the authors judge XMl aisheing really adopted by the tool venders as
intended and promoted by the OMG. A drawback ofwbek on analyzing XMI compliance of
only modeling tools is that further tools being dige practice like model transformation or
code generation frameworks providing tool-specifidl filters are not considered at all. Thus,
a detailed analysis of the modeling facilities pdeg relevant information beyond a pure analy-
sis of XMI compliance.

In our work, XMl is considered when describing thdividual tool characteristics. We refrain
from also performing cross-tool XMI compliance sesas the analysis described already that
cross-tool compliance is mostly not possible. Tarabterize the XMI compliance, we rely on
the results of syntactical validity tests of thegwced XMl files. Thereby, the files produced by
the tools are validated against the XMI DTDs and X@¢hemas provided by the OMG or, in
case that no detailed formal description of thergnar is provided, on sample inspection of the
files according to rules based on the test suitdighed by the OMG model interchange work-
ing group (MING) [24]. Even if there are some effoin validating XMl files, currently no
functional working tool is available. Particularihe online XMl validator tool maintained by
the National Institute of Standards [26] does notknproperly with arbitrary XMl files and
seems to focus on the MING test suite.

The proper adoption of a commonly accepted modehaxge format would also provide the
technical foundation for automated compliance tdat§/7], the authors describe the Java-UML
Lightweight Enumerator, test suite generator for modelsFor a given test-model the viola-

tion of OCL wellformedness rules in the implemeiatatof a certain tool is checked. The test
generation approach targets the validity of thetrabk syntax, its completeness in terms of
model elements and the conformance to the semafutieiformedness rules) as realized by
concrete UML tools based on importing the generatediels. Currently, it is unclear how

many test models are required to cover a concrbte ersion and the usability as well as the
concrete syntax, i.e. the diagramming languagetisaken into account at all.

If compared to existing work, the study we providethis report has the following benefits:
Most tool comparisons offer rather generic inforiowat e.g. the provided types of UML dia-
grams, or rely on a small tool sample set. Reggrtlie level of detail, we characterize the
abilities of individual tools by collecting inforrtian on modeling features defined by the UML
specification. By aggregating that data, we obtiétailed tool characterizations on the high-
level facilities, e.g. on the fraction of featuiegplemented for a certain diagram. This leads to a
more realistic description of the tools. Regardimg sample set, we initially scheduled approx.
200 UML modeling tools for evaluation instead ofesting an arbitrary subset as done in sev-
eral studies we screened. Due to the fact that roathese tools are not available anymore, we
carried out an exhaustive feature-oriented evalpain the subset of 72 available tools.

The next chapter will discuss how we improved atber available studies.
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3  Methodology

We use an empirical approach to evaluate the citpbiof the tools, because for only few
tools the implemented meta-model can directly lspaécted, e.g. as source code. Thus, we de-
rive a hierarchical feature structure from the UBHecification to describe all required model-
ing features. To assess the realization of the Wyhtax, i.e. the UML diagramming language,
we collect data on realization of the modeling tiees$ by installing and using the concrete tool.
In this chapter we focus on the systematic assedsoieapabilities, i.e. the implementation of
features required by the UML specification. Theragation of the data gained with the hierar-
chical structure with respect to UML complianceliscussed in the next chapter.

This chapter is structured as follows: In Sectioh ®e outline how tools were collected for
evaluation. In Section 3.2 the evaluation criteéniderms of a hierarchical feature structure as
derived from the UML specification. In Section 3a introduce our evaluation procedure.
Then, in the following section, we give the datgragation strategy, i.e. how to aggregate the
collected date to gain an overview e.g. of all ¢dokr an individual diagram. Finally, in Section
3.5 we describe the overall course of the evalnatio

3.1  Collecting Tools for the Evaluation

We aimed at conducting an exhaustive evaluatioludneg all tools covering industrial as well
as research interests. To gain a list of candidais we carried out the steps listed below:

1. We collected sales information (name, vendor, UBLall tools published in different
tool listings or comparisons [1, 2, 16, 3, 34, 855, 6, 39]. Even if it was obvious that
several tools were not available anymore or nonetiogd tools e.g. diagramming tools
were mentioned, we added them to the list.

2. We completed the list by an exhaustive internetcéeso that tools not added to list in
step 1 were also considered.

3. We consolidated the list by removing duplicates.

Following these three steps, initially approx. 200ls were scheduled for evaluation. As one
obvious step in evaluating is to obtain the toat, expected that tools being not available any-
more can be identified easily. To document whyd i® not evaluated, we also noted the rea-
son why a tool is not available for evaluation.

3.2 Evaluation Criteria

The main goal of this study is the evaluation @l twapabilities, i.e. the realization of the UML
(2.1) modeling capabilities. As this is stronglyated with UML compliance as defined in the
UML specification and discussed in Section 4, wik wgie our data on capabilities to draw con-
clusions on the UML compliance for each individteal.

A feature hierarchy containing the model elements r@lations of each UML diagram is at the
heart of our evaluation approach. This featureahnay was derived from the UML superstruc-
ture to gain the required modeling features. Figuiltustrates the top-down process of deriving
features from UML language units and the bottondafa aggregation process.

1. Starting with the UML language units, i.e. mosthe tdifferent diagram types, we dis-
sected the relevant chapters of the UML specificator modeling elements, relations
and their properties and map this information tdividual features. Also the related
standard stereotypes summarized in the annex dfithle superstructure were consid-
ered as features.
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UML modeling
facilities, e.g. modeling elements
diagrams feature groups and properties
(top-level feature (criteria, features)

categories)

Class Diagram —— Default Class Stereotypes < ::%uc)ﬂg?)ry»

ééquence Diagram . As a Use Case

Use Case Diagram — Use Case Representation < fe a2 Chesiiar
Timing Diagram

as defined by the UML specification

‘ derivation of the criteria from the UML specification >

< feature-based evaluation and data aggregation ‘

Figure 2: Derivation and aggregation of features.

2. The feature list was then validated against thengk& diagrams and the particular dia-
gram elements summary given in the UML specifigatio

3. The initial feature list was reviewed and the feasuwere structured to feature groups,
e.g. all features directly related to a use casegevuped together. To simplify the eval-
uation and the final data analysis, we clustereds#0 features obtained in the last step
into 130 feature groups, e.g. all features directhated to the use case modeling ele-
ment are grouped together. In fact, feature gr@upsnot defined by UML, they were
only introduced in our approach to simplify the mahevaluation of the tools and to
simplify the presentation of the results.

For the reevaluation we revised the feature hibgaly further 28 feature groups and

64 features in order to reflect our experience fthenlast study as well as the most cur-
rent UML specification (at that point of time veysi2.1.1). These new feature groups
and features will not be considered in the ovanlysis, because they were recorded
only for the updated or new tools and, thus, camm@tompared with the results de-

scribed in [12].

4. Finally, the feature groups are constructed in $seofcategories representing the chap-
ters of the UML superstructure, i.e. the main UMhduage units. Figure 3 depicts an
excerpt of the feature hierarchy, in which all tepel categories, the feature groups for
use cases and some individual features are shdwenfehtures in the category “model
persistence” describe the XMI and DI versions aral result of the structural valida-
tion. The entire feature hierarchy used is giveAppendix A.

5. We added further categories not defined by the Wdekcification to the feature struc-
ture in order to collect additional data:

 Technical Data contains information like vendor earendor URL or version
of the tool.

« The category “Traceability” consists of information links among specific di-
agrams.
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* “Code Generation” collects which target languagesatually offered by the
tool implementation, which diagrams are considénetthie code generation and
how the models influenced the resulting code.

The corresponding hierarchy is shown in Figure 3aorabstract level. The entire hierarchy is
described in Appendix A.

While building the feature hierarchy, we identifiddee different basic types of features:

1. A free string featurds intended for documentation purpose, e.g. theenaf a tool or
evaluation comments.

2. A Boolean featureepresents a modeling element or a property obdefing element,
which is required to be realized by a modeling tdolmost cases an evaluator can
clearly determine whether a feature is realizedws#able in a concrete implementation.
In some cases a feature may be not fully functiomal it needs a selection of individu-
al elements which may not be selected in that situnaSuch features can be marked as
a present but unclear implementation.

3. A feature groupconsists of multiple Boolean features. An exanfptesuch a feature
group is the use case representation in FigureiBhwionsists of two features. Similar
to an individual feature, each of the featureshimfeature group but also the entire fea-
ture group can be marked as an unclear implementati

Following this approach, we obtained 476 individigatures assigned to 130 feature groups for
the basic feature hierarchy in [12] and 540 featunel58 feature groups for the extended fea-

UML 2
—Model persistence
—Class diagrams (UML chap. 7)
—Component diagrams (UML chap. 8)
— Composition diagrams (UML chap. 9)
—Deployment diagrams (UML chap. 10)
— Activity diagrams (UML chap. 12)
— Sequence diagrams (UML chap. 14.22)
—Communication diagrams (UML chap. 14.27)
— Interaction overview diagrams (UML chap. 14.31)
— State machines (UML chap. 15)
—Use Cases (UML chap. 16)
—Use case representation
Display as use case oval } Individual features
Display as classifier notation | in a feature group
— Actor representation
—Extension of Use Cases
—Inclusion of Use Cases \ Feature groups
—Associations kOf one category
—Generalizations
—Use Case System
—Use of Packages
—Notes |
—Frame /
— Information Flows (UML chap. 17.2)
—Model Management (UML chap. 17.3)
— Templates (UML chap. 17.5)
—Profiles (UML chap. 18)
—Traceability

—Code Generation
—Technical Information

Figure 3: Excerpt from the feature hierarchy created by aafythe UML specification.
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ture hierarchy in this reevaluation. For examptefFigure 3 we grouped all features directly
related to the use case modeling elements intogomgp. The feature groups do not influence
the results of the evaluation and are used ongjnplify data acquisition and representation.

3.3 Evaluation Procedure

To ensure the objectivity and repeatable evaluaifche tools, we prescribed the course of the
evaluation in terms of an evaluation procedure. ptecedure described in this Section is an
extension of the evaluation in [12] in order tde&ef our experiences from the last study and to
provide more guideline to the evaluators. Insteitivo example reference diagrams, we pre-
scribed reference diagrams for all diagram typémele in the UML. The additional results are

collected for the new and changed tools duringetreduation but not considered in the analysis
in order to maintain compatibility to our evaluation [12]. The steps for the evaluation of a
particular tool are listed below in sequence:

1. The evaluator obtains the concrete tool implemanidrom the vendor, i.e. the most
current version including as many features as ples¢e.g. a so called enterprise ver-
sion including UML support, model-driven engineerisupport, code generation, etc.).
The evaluator skips the further steps for a toatase that no version was released by
the tool vendor. As a part of this activity, theakator performs a registration or a re-
guest for an evaluation license. The evaluatorstegs the reason if the tool is not avail-
able at all.

2. The evaluator records the technical data of the tog. the version number, the exact
name of the tool (e.g. if it is a standard or atemgrise version), or the vendor URL.
Additionally, the evaluator stores the product digsion page as found on the internet
and registers the price of the tool if available.

3. The evaluator installs the tool into a virtual maehaccording to the individual installa-
tion instructions. As part of the installation henfigures the evaluation license, if
needed. If any problem occurred while installing #hroblem so that the evaluation
cannot be executed, the evaluator registers thagmo Thereby, the evaluator stores a
textual version of the EULA presented by the tqmbm installation.

4. The evaluator scans the license for problems offigtiithg the results of the evaluation
and records the result of the analysis in the égaluation sheet.

5. The evaluator executes the evaluation. Therefore,
a. The evaluator executes the tool and creates a Ubldem

The evaluator tests the required features for didram type according to the
feature hierarchy. In particular, the evaluator giedhe following reference di-
agrams:

* Class diagram and related Object diagram.

Use case diagram

Component diagram

Deployment diagram

Activity diagram

Sequence diagram

Communication diagram

Interaction overview diagram

10
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Figure 4: Reference Class Diagram as given in the evaluat&tructions.

Additionally, the evaluator is requested to addteaty comments to classes, relationships

and the package.
» State machine diagram
» Timing diagram

The reference examples are intended to collect acaibe views on the tools to
be presented in the evaluation report and aimmabatng most of the features
of the diagram type in a meaningful manner. Théuatar is encouraged to add
additional comments to classes, components antoreaips. The evaluator
produces a screenshot for each modeled refereageadis.

In this section we display only the reference diagg also used during the
evaluation in [12], i.e. the reference class diagm Figure 4 and the use case
diagram in Figure 6. The reference diagrams forother diagram type defined
in the UML are considered as an addition to theluaten process in [12],
particularly to consider references among diagramd model consistency
issues, e.g weather a class created for the claggath may be used in
diagrams modeled later during the evaluation. Tdditimnal diagrams shown
in Appendix B are also intended as an addition&eajine to the evaluator. In
fact, each additional reference diagram impliesitemtal effort during the
evaluation. We faced this additional effort, beeawe evaluated only changed
or new versions in this reevaluation.

While performing the evaluation, the evaluator ecté information on the fea-
ture fulfillment in a spreadsheet prepared accagrttinthe feature hierarchy. An
excerpt from the spreadsheet is shown in Figure 6.

6. The evaluator collects data on the additional categ “Traceability” and “Code gen-
eration”.

11
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uc eval

WebSystem

\\\ Condition

<<inc|1|‘de\>>
T
Administrate ShowOptions

Figure 5: Reference Use Case Diagram as given in the evatugistructions.
Additionally, the evaluator is requested to addteaty comments to one actor,
one use case and the system.

User

Administrator

7. The evaluator saves the model in XMl or DI fornfasupported by the tool and vali-

dates the files by a structural XML validation agdithe OMG specifications by per-
forming a structural validity test using Altova XNBpy. The evaluator records the re-
sults. In case that an automatic validation cabeoperformed because of the of recent
grammar specifications for the recent versionsXddl, the evaluator tests the
wellformedness of the XML file using Altova XML Sphnd performs a sample testing
of the written model. Therefore the evaluator seesdor the classes, association clas-
ses, actors and use cases as well as their rahipsnspecified in the reference dia-
grams and compares the serialization of the tothl thie similar structures in the refer-
ence XMl files provided by the OMG MING working grp [24]. In some cases, e.g.
for association classes, the UML allows alternafiwen of serializing a model. Then
the evaluator consults the UML specification antideaes the alternative based on the
specification.

Additionally, if provided by the tool the evaluatexecutes the automatic layout mech-
anisms on all diagrams and records the (persamabeission.

The evaluator records personal impressions on $ladility (problems selecting ele-
ments, small mouse cursor, unintuitive sequence®imands to model certain parts,
etc.) and the overall impression of the tool (general problems, installation problems,
helpful support, etc.).

12
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10. Finally, the evaluator validates the collected infation by applying a checking tool on
the evaluation spreadsheet and stores the sprestddbeg with the files obtained from
the tool in the evaluation repository.

3.4  Data Aggregation

To gain an overview, e.g. on the degree of reatimdor the entire UML or for individual dia-
grams, the features must be summarized. Aggregatibfeature groups, e.g. to determine the
fulfillment of a category, are calculated as therage value of the individual features. We ap-
ply the following rating schema according to thpdy of the feature groups:

0 Free string features are not considered in theatgdeagation.

o For Boolean features 1 was assigned if it was ptefeif it was absent. In the case of
unclarity the entire feature was ranked with 0.5.

0 Feature groups are not considered at all.

The result of this data aggregation is called feafulfillment degree, i.e. the percentage of
features being fulfilled. Depending on the subddeatures considered for calculating the ful-
fillment degree, the feature fulfillment of indiwidl UML diagrams (i.e. often chapters of
UML) or of the entire UML specification can be e@psed.

3.5 Planning and Conducting the Evaluation

To conduct our study, we planned and prepareduhle&tion, executed the survey, checked the
results for overall consistency and performed aaiyais on the collected results. This section
describes these steps.

We aimed at conducting an exhaustive evaluatioluditg all tools covering industrial as well
as research interests. Thus, pvepared our study by listing the relevant tools as described in
Section 3.1. In parallel, we extracted the feahiezarchy from the UML specification as de-
scribed in Section 3.2. Additionally we decidedttdlect technical information on the tool itself
(price, URL, operating system, licensing, Eclipstegration), on data handling (Ul concepts,
file formats, multi-user access, repository suppw@grsioning mechanisms), the advertised
metamodel, the extensibility of the tool, the teduiéty among diagrams as well as issues on
code generation, e.g. whether behavioral codeadymed and in which way association kinds
are considered while code generation. Additionally,defined the evaluation procedure.
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Figure 6: Excerpt from the spreadsheet used to collect thiife data of all tools.
The spreadsheet is organized according to therblecal feature structure.
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Additionally, we realized supporting tools, i.er the evaluation results a spreadsheet was pre-
pared containing the evaluation criteria and a ispabeet to collect the reasons for omitting
tools from the evaluation.

In the second step, we executed d¢lraluation according to the evaluation instructions as de-
scribed in Section 3.3. The result is a spreadsteetaining all collected data (as shown in
Figure 71) and a repository containing of XMI filesMI validation reports, tool homepage
shapshots and screenshots.

Finally, weanalyzed, summarized and reportedhe results. The results are discussed in Sec-
tion 6. For example, we determined the featurdllimént per diagram type and the concrete
UML compliance as discussed in the next Section.d&iéved several statistics, e.g. on the
capabilities in terms of feature fulfillment fol &ols. This is described in Section 6.

For each tool we checked the (evaluation) licensarder to find out whether the data obtained
by the evaluation of the tool may be publishediha case that the evaluator found license
statements indicating legal problems in the cagaubfishing the results, we contacted the ven-
dor for an explicit permission. If a vendor did mpa&rmit the publication, this is explicitly stated
in the section devoted to the results of the tool.
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4  UML Compliance

In this chapter we give a short introduction to twenpliance with the UML specification as
defined by the OMG. As stated before, UML compleigan aggregated view on tool capabili-
ties in terms of modeling elements defined by thé&l Las discussed in the last chapter.

This chapter is structured as follows: In the fgsttion we describe the compliance mechanism
as defined in the UML, i.e. the characterizatiorcompliance with the UML in terms of com-
pliance levels, abstract and concrete syntax campd. In Section 4.2 we discuss the influence
of the Object Constraint Language (OCL) on our wdnkthe last section of this chapter we
introduce our approach to determine complianceldevem tool capabilities, i.e. the integration
with the feature data collected while conducting ¢valuation.

4.1  Introduction to UML Compliance

UML defines two orthogonal dimensions of conformanitie so calledompliance levelsand

the syntax compliancein both, the UML infrastructure and the UML supassture. Compli-
ance levels are described in terms of realized fmgdeonstructs and diagrams. The syntax
compliance relates to the implementation of theameidel, the support exchange mechanisms
and the realization of the UML notation for the rabidg constructs. We discuss the compliance
levels and the syntax compliance as defined byDiM& in this section.

The UML infrastructure [32] defines two compliariegels:

0 Level Odefines entry-level modeling capability based be UML infrastructure, i.e.
pure class-based modeling. It is intended as aclwst-common denominator serving as
a basis for interoperability among UML tools.

0 Level LMextends Level 0 by constructs for the specificabbmeta models. The class-
based modeling language is extended by additiowhhaore detailed information. Fur-
thermore, profiles and model management faciléiesrequired. We consider this level
in our evaluation to distinguish among tools prawygbasic class modeling capabilities
and tools also implementing profile and model managnt features.

The UML superstructure [33] extends the levelshia infrastructure by adding more specific
compliance levels.

0 Level Oequates to the Level 0 defined by the UML infrasture.

0 Level 1lrequires Level O and use case, sequence, timamgpanent, composite struc-
ture and activity diagrams as well as full UML dapackage and object diagrams.

0 Level 2adds deployment mechanisms, state machines aflépto Level 1.

0 Level 3represents the complete UML, i.e. it extends Ledly information flows,
templates and model packaging.

The second, orthogonal dimension is the compligmtlee UML syntax. It is expressed as

0 Abstract syntax compliancée. compliance with the UML meta model, the stuaval
relationships and the (well-formedness) constraifitso the ability for model persis-
tence in XMI format [31] is required.

o0 Concrete syntax compliancequires that th&JML notation for the elements and the di-
agram types is realized as defined in the UML djoation.

0 Abstract and concrete syntax compliamoenbines both syntax compliance levels men-
tioned above.
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OMG compliance . , Notation in
level Sailielln this report
Level O UML 2 superstructure [33] L2-0

Level M UML 2 infrastructure [32] L2-M
Level 1 UML 2 superstructure [33] L2-1
Level 2 UML 2 superstructure [33] L2-2
Level 3 UML 2 superstructure [33] L2-3

- UML 1.3 specification [27] L1.3

- UML 1.4 specification [28] L1.4

Table 1: Relation between UML compliance levels and notatiothis report.

0 Abstract and concrete syntax compliance with thiétalmf model and diagram persis-
tenceincludes all syntax compliance levels above ampiires the implementation of
the diagram interchange specification [29].

In the remainder of this report we refer to the pbamce levels as L2-0, L2-M, L2-1, L2-2 and
L2-3 as shown in Table 1 to also provide a cleaning for tools being compliant to earlier
versions of UML [27, 28], i.e. L1.3 and L1.4. Talinate the syntax compliance, we add appro-
priate abbreviations to the compliance levels. Depe on the realization of XMI, the abbrevi-
ations (A) for abstract syntax compliance, (C)doncrete syntax compliance, (AC) for abstract
and concrete syntax compliance and (ACP) for atisénad concrete syntax compliance includ-
ing model and diagram persistence we write e.gOA2-

The compliance levels defined by UML can be integptainto our feature-based evaluation

schema in a straight forward manner: As descrilien/e each compliance level requires the
implementation of some UML language units, e.ggdians. Our evaluation schema is derived
from these language units down to features. Thes,cbmpliance levels can be used as the
topmost level for aggregating feature fulfilmerggiees as depicted in Figure 7. In fact, the
entire UML 2 specification is represented by L2-3.

When determining the concrete compliance levelafdool, in some cases a tool may fulfill

multiple levels simultaneously. In fact, L2-M subses L2-0 and L2-3 the levels L2-2, L2-1,

L2-0 in the given sequence. For the analysis offimglings, we need to assign the maximum
compliance level to a concrete tool. Therefore asgume the following ordinal scale L2-0, L2-
M, L1.3, L1.4, L2-1, L2-2, L2-3 so that tools beingmpliant to earlier versions of UML and

only to L2-0 or L2-M are assigned to an appropridkélL 1.x level.

4.2  Object Constraint Language

The Object Constraint Language (OCL) [30] is a nhapleery and constraint specification lan-
guage aligned with the UML specification. We ex@ddan OCL assessment from this study,
because OCL

* OC is an optional part of the OMG specificationgelk if constraints on the meta mod-
el of the UML specification are expressed in OCICLOis not a mandatory part of
UML. Moreover, as stated in the UML specificatiaonstraints in user specified UML
models may be given in OCL but also in terms of@ymmming language such as Ja-
va or in a natural language.
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UML modeling
facilities, e.g.
compliance level diagrams
(top-level feature
categories)

—UML 2
L2-0 Class Diagram
L2-M .
Sequence Diagram
L2-1 :
L2-2 Use Case Diagram

> 2.3 T!ming Diagram
—L1.4 (derived
from UML 1.4)
| L1.3 (derived
from UML 1.3)

] derivation of the criteria from the UML specification>

< feature-based evaluation and data aggregation ‘

Figure 7: Integration of compliance levels with tool capahak.

» Evaluating OCL would also require a detailed featamalysis. The OCL specification
defines a complex language by describing the graneh@CL language, the relations
to user-specified models and an associated objweiry. Assessing the OCL imple-
mentation of a concrete tool would significantlyeat the effort for conducting our
tool study.

Thus, we decided to collect only basic informat@nthe OCL support of the modeling
tools as additional information.

4.3  Compliance Level Calculation

The collected results on tool capabilities in teohfeature fulfillment are used to determine the
UML compliance level per tool. For a given comptiarievel only a subset of the features in
the feature hierarchy is relevant. Thus, we caivedor each compliance level in Section 5.1 a
compliance profile, i.e. a projection of the rele/geatures in the feature hierarchy to automate
the compliance level calculation. By using the cbamze profiles as a feature selection mecha-
nism, the results of an individual tool can be gkted with respect to the compliance profile.
In fact, UML requires the (complete) realizationogirtain diagram types per compliance level.
From this strict viewpoint of UML compliance as spied in the UML no tool in our evalua-
tion would receive a compliance level at all. Thusthis study we attest for each candidate
level with 50%-75% fulfillment a partial compliancr more than 75% fulfilment an (ac-
ceptable) full compliance.

The compliance level calculation is done followangvo step algorithm:

o Determine candidate compliance levels: As the c@npe levels are defined in terms
of the top-level categories in the feature hiergrébr each of the UML-defined catego-
ries (i.e. of except model persistence, techniatd @r additional data) at minimum one
feature must be implemented. By comparing the oateg required by the compliance
levels and the implemented features, the candidaéts are determined.

o Validate the candidates upon the average featdfignient: By using the compliance
profiles as a feature selection mechanism, i.&yriore all features not activated in the
compliance profile, the feature fulfilment of amdividual tool can be calculated with
respect to the compliance profile. Thus, we camiaba feature fulfillment degree per
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compliance profile and per tool. As described abowe attest for each candidate level
with 50%-75% fulfillment a partial compliance, forore than 75% fulfillment an (ac-
ceptable) full compliance.
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5 Findings per Tool

In this section the individual findings per tookagiven. First, we display an overview summary
table on all evaluated tools in Table 2. The ladtimn of Table 2 reflects weather the findings

on the individual tool were

e Taken over from [12] as no new version was releasettie vendor. (-)
e Updated due to the reevaluation. (update)
« Renamed by the vendor, e.g. due to company fusiodsupdated during the reevalua-

tion. (rename)

* Added as a new tool to this study based on an epsgggirch for tools. (new)

Section 5.1, we discuss an example tool charaat@iz Then, we list for each tool a similar
capability and compliance characterization alonia&iscreenshot in individual sections.

Tool name Vendor Version SRl Change
level
Apollo Gentleware 3.0 - update
Arcstyler Interactive Objects 5.5.414 L2-0C -
ArgoUML University of Cali- | , partial L2-0C i
fornia, Irvine
ARIS UML Designer IDS Scheer 7.0.2.20794¢ Publication not
permitted
Artisan Studio ARTISAN 7.0.20 partial L2- |-\ ate
MAC
Artiso VisualCASE VisualCase 2.13.0 partial L2-0C -
Astade Astade Team 0.8.3 - -
Blueprint Software Mod- : partial L2-
eler @-portunity B.V. 1.4.0 MAC -
partial L2-
BOUML BOUML 4.22.2 0AC update
Cacoo Nulab Inc. June 2010 - new
Cadifra UML Editor | Adian & Frank 1.3.1 . .
Buehlmann
Computer Svstems 8.0.7.3 Profes-
Concept Draw 0 despsa y sional Evalua-| partial L1.4 update
tion
Delphia Object Modeler (I:I(erphla Object Mod-| 5 , ¢ - -
Dia Alexander Larsson 0.96.1 - -
. . partial L2- i
Eclipse UML eclipse.org 0.7.0 MAC
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ate

Tool name Vendor Version SRl Change
level
. . 7.0.817 (cor- partial L2-
Enterprise Architect Sparx Systems porate) 3AC
Essential Modeler Jaczone 2.00.0010 R1 - -
eUML2 Studio Soyatec 3.4.0.2009112)  partial L2- update
1 0AC
Uni Paderborn, Kas-
Fujaba sel, Siegen, Dar- >.04 - -
J  SISGEn, 20070622
mstadt
Gaphor http://sourceforge.net  0.12.5 - -
Gliffy Gliffy, Inc. 13/01/2009 - update
Green UML University of Buffalo| 3.5 - update
Ideogramic UML Ideogramic 2.3.3 - -
2008 10.0.03
Innovator MID Object partial L2-0C | update
eXcellence
Javelin Step ahead software  7.1.1.3 - upd
Jude ChangeVision gi'é/bl commu- partial L2-0C update
. . 16.0 Enter-
MagicDraw NoMagic orise SP1 L1.4 update
2009 SP 1
MEGA development MEGA international patch 3.0 721 L2-0C update
2496
MetaEdit+ MetaCase 45 - -
MetaMil MetaMil 5 build 860 partial L2= | -\ jate
1AC
: . ) publication not
MyEclipselDE genuitec 8.0-2009112( permitted update
5.5.1 with
Netbeans www.netbeans.org | UML Module | partial L2-0C | update
1.1.14
Ob'J('ecteerlng/UMLFree Objecteering Soft- 6.1.00 partial L2-0C new
Edition ware
objectiF Microtool 7.0.133 - -
Omondo UML Plugin for Omondo 3.3.0.v200706| partial L2- i
Eclipse 29 2007 free MAC
OODesigner Tae Gyun Kim 0401 2004-01- - -

12
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Tool name Vendor Version SRl Change
level
Open Modelsphere Grandite 3.0 Build 904 partiali2-| rename
OpenAmeos ScopeSet 22)1 (Build partial L1-4 update
Papyrus UML Papyrus UML 1.6.2 L2-MAC -
Poseidon Gentleware 6.0.1 partial L2-QC -
PowerDesigner Sybase 12.5.0.2169 partial L1.4 .
QuickUML Excel Software 3.04 - update
Rational Software Archi- IBM/Rational 754 publlcat.lon not update
tect permitted
Rational System Archi- IBM Rational 11.3.1 publlcat.lon not rename
tect permitted
Rational Tau IBM /Rational 4.3.0.0.1366( publlcat.lon not rename
permitted
Real Time Developer Pragmadev 4.0.3 2009-07- i undate
Studio g 20 P
. 7.1.1.0 Build | publication not
Rhapsody Telelogic 893629 permitted -
Rose IBM/Rational 7.0 publlcat.lon not -
permitted
Smartdraw Smartdraw 2010.07 - update
StarUML StarUML Develop- | 5 5 1570 partial L2-0C i
ment Group
SystemArchitect Telelogic 10.7.16 SP1 publlcat.lon not -
permitted
Tangible Architect Tangible engineering 4.0 - -
Tel'efloglc Tau/Modeler Telelogic 31.1.0.0.3145 publlcat.lon not )
Edition permitted
Institut fir Soft-
Teuta warewissenschaft | - - update
Universitat Wien
2006 R2
Together Borland 8.1.1Build-ID: L1.4 -
4359.1
3.2.0.v200911
Topcased Topcased.org 301720 L2-0C update
Umbrello UML Modeler Umbrello Project 2.3.2 partial L2-0C update
Team
UMLAUT IRISA/CNRS beta 1-8 partial L2-0C -
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Tool name Vendor Version SRl Change
level

UMLDiagrammer Pacestar 6.20.2040 - update

UMLed Georg Kubitz 1.8.4 bl - -

UMLet UMLet group 10.3 - update

UMLPad Luigi Bignami 3.2 partial L2-0C  update

UMLStudio Pragsoft Cooperation 8.2.1 partial L2-QC -
Professional partial L2-

Umodel Altova 2009 OAC update

. C. S. Horstmann und
violet A. de Pellegrin 0.21.1(2007) - -
Visible Analyst Visible Systems 7.6.5 publlcat.lon not -
permitted
Professional
- . 2007 .

Visio Microsoft 12.0.4518.101 partial L2-0C | update
4

VISIO with UML2 sten- | Microsoft/Pavel for Visio 2007 | partial L2-0C update

cils Hruby

Visual Paradigm for . . 7.1 (Build

UML Visual Paradigm 20091009) L2-2AC update

Visual Studio Ultimate Microsoft 10.0.30319.1 L2-0C new

Visual UML Visual Object Mod- | g 55 1, iq 634 L1.4 i

elers Inc.
Yed yWorks 3.4.0.2 - new

Table 2: Summary of all tools evaluated in this study.
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5.1 Example Tool Characterization

In this section we discuss the findings for an vidlial tool as an example. For each tool the
technical data, a vendor statement, a price ranf@mation on the user interface concepts, a
screenshot and two tables are given.

« Prices are intended for orientation and not asti@wmat to capture the pricing model of
a vendor. In fact, often it was rather difficultget price information for a concrete tool.
In the case that a tool is free or open source,iststated as price information.

* The vendor statement listed is an excerpt fromtabehomepage describing the tool in
a concise way. As the vendor statement is a qitésedisplayed italic font face.

* Along with the technical data we list the useriif&tee concepts of the tool, e.g. whether
dialogs, toolbars or views present the functiopdbtthe user.

e For each individual tool we give a short commentnoticeable problems or special
features recognized by the evaluator.

e Information on our evaluation results are sumneatin two tables, one containing the
tool capabilities in terms of feature fulfillmenegrees for UML modeling facilities and
another table showing the feature data aggregatitim respect to UML compliance
levels.

We discuss the two summary tables for an examplédridhe remainder of this section.

Modeling criteria Feature fulfillment
degree
Class diagram 16.89%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 0.00%
Sequence diagram 0.00po6
Communication diagram 0.00%
Interaction overview diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00%
Use case diagram 0.00P%
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 5.82%
Traceability 0.00%
Code generation 7.00%

Table 3: Example feature fulfilment table for a tool.
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Tool characteristics

Promoted UML version 2.1
XMI version 2.0
XMl valid -

, Feature fulfillment de-
Compliance Level

gree
Valid range L2-0AC
L1.3 10.29%
L1.4 10.19%
L2-0 32.91%
L2-M 21.47%
L2-1 7.38%
L2-2 5.97%
L2-3 5.65%

Assigned level

Table 4: Example tool characteristics and compliance leusairaary.

Table 3 summarizes the tool capabilities, i.e.dbgrees to which features, assigned to individ-
ual (diagram) categories were identified while eatihg the tool. Obviously, the example tool
provides only class diagrams implementing 16.89%effeatures specified in UML 2 for class
diagrams. Also auxiliary UML features like modelmagement, templates and profiles are con-
sidered by individual feature groups (and nonehebé categories was fulfilled by the example
tool). Thus, considering the features for all UMlagtams, the overall UML summary is
5.82%. As additional information, the tool does paivide any traceability features and allows
only simple code generation on few target langué&gés). Detailed information on the missing
features can be obtained by consulting the tooluatian spreadsheet, which are available
online through our product selection tool.

In the upper part of Table 4, some tool charadtesi®eing relevant for UML compliance are
summarized, i.e. the version of the supported Uldéctication (here UML 2.1), the XMI ver-
sion" as inferred from the exported XMl files (2.0) antlether the test for syntactical validity
was successful (no). In the lower part of Tabl¢hé, information to determine the UML com-
pliance level is given. First, the valid complianeeels are listed. For the example tool, Level 0
with abstract syntax and concrete syntax compliameéd be reached, but no higher level is
possible, because several required diagram typesatr supported (as shown in Table 3).
Please note that according to OMG documents XMkféccording to version 1.x are not ap-
propriate for UML 2 compliance. Below the XMl vailig in Table 4, the degrees of feature
fulfillment with respect to the given UML compliam@rofiles are listed. As stated in Section
4.3, we assign an (acceptable) compliance levéheifdegree of feature fulfillment of the level
is more than 75% and a partial compliance levekatdd by braces if the degree is more than
50% but lower than 75%. Thus, according to the alVénreshold of 50% or 75%, respectively,

! In fact, in the table we omitted an entry for thagram interchange standard, because only Genewa
Poseidon supports this specification.
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neither a UML 2 compliance level nor the compliancean earlier UML version can be as-
signed.

In the following sections the individual findingsmtool considered in the evaluation are given.
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5.2  Apollo by Gentleware
Name: Apollo

Version: 3.0

Vendor: Gentleware

URL: http://www.gentleware.com

Price (if available): 57.12 € per year

Vendor statement: The fully synchronized roundtrip engineeriggploys the latest releases of
UML 2.1andJava 5to provide an instant visualization of any existitaya code through UML
class diagrams, and likewise propagate changekadtML model throughout the code.

User interface: views, direct editing of diagram elements in thegcam, toolbar, menu and
literal programming

Comments: The program needs a lot of additional memory aatts very slow on user input.
Changes to a class diagram are not reflected irgémerated code but changes to the code
changes the class diagram. Class modelling isgiroalated to Java code.

File Edt Disgram Apallo Run Nevigste Search Project Window Help

- I B-O-QU-  BH G WS

1% Pac... 51 %2 Her * £ || default.class_da.. G) *defaul.class_di... 27 | [J] Executabls.java i] Tiava | 3] Processstepjava | 1] SseProcessjava |1 = 51 || BE outne 53 =

B & ~ Palette » e

B enecutionEnviranment

o
=

RAuler Tnches -

eid Spacing [ 0,125

[larid in Front

.
. - color 7] [Elsnep

Figure 8: UML Class Diagram in "Apollo”.
Due to technical problems as stated above theamterdiagram was not completed.
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Individual evaluation results:

[=)

A

o

Feature
Modeling criteria fulfillment
degree
Class diagram 17.889
Component diagram 0.00
Composition diagram 0.00¢
Deployment diagram 0.00¢
Activity diagram 0.00%
Sequence diagram 0.00
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.00¢
State machine diagram 0.00
Use case diagram 0.00
Information flows 0.00%4
Model management 0.00
Templates 0.00¢
Profiles 0.00%
UML summary 5.73%
Traceability 0.00%
Code generation 7.004

Tool characteristics
Promoted UML 2.1
version
XMl version 2.0
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0AC
L1.3 10.92%
L1.4 10.86%
L2-0 32.91%
L2-M 21.99%
L2-1 7.50%
L2-2 6.07%
L2-3 5.74%
Assigned level
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5.3  Arcstyler by Interactive Objects
Name: Arcstyler

Version: 5.5.414

Vendor: Interactive Objects

URL: http://www.arcstyler.com/

Price (if available): unknown

Vendor statement:

« Increased productivity - significantly reduce depenent time due to visual modelling and

comprehensive code generation

¢ Higher quality - enforcement of clear architectsirep-to-date system documentation and

constant validation and testing

¢ Enhanced maintainability - easy incorporation bhnges reduces time and cost

User interface: dialogs and toolbar

Comments: This program is based on MagicDraw 9.5. The casteemation leads to incompre-

hensible problems and the diagram information isugted while reloading.

Q ArcStyler - test [C:\Documents and Settings\WserinewlarcStyleritestitest.asprj].

File Edt Wiew Layout Diagrams Options Tools  Teamwork Wincow Modsfing  Help x
= b e LAl 3 L Mossting V & Project Infa
| | .
ML Teol . i
i " T T T 3 | e e
IooEoalrha@a]s - ||R&RQ &N RHEFEW BHE | EWsY SRR NEEI
ES
[~] [~ B[~ 7 7 & ||| nosymbolat 314,165 | | e Maciele: | CoDo. rtestinodertes|
& |5 Usecases| & ClassDiagram T
I[% | & - EE
E--Ex Data = - S
F—— Relations L
B es e
A = ;
Appendable
—E9 Cotmponert View: :,F it O
—E3 Data types T et
5 DA Prafiles =] Al N0 s
- tent =0 &
A7 text " -
e -~
E;’F‘ 2 &
o
= :(r‘ TextElement | 1o data
L/’ -value - string =™
i 7
o
o SpecialTextElement | -SText _ ACT
&
e B
- |1l il
\erification Taol ERENEE
Maclel glzment Madlel element type Short error description Severity Modlel eletment I
Failed rule
Long errar
deseription
ﬁ Wetification process took 1500 ms
#Logs | |6 Merks Edtor || & Verication ||| & licerise will cipire in 4 day(s) 1121 AW

Figure 9: UML Class Diagram in "Arcstyler”
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Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 56.95%
Component diagram 0.00%
Composition diagram 40.00%
Deployment diagram 62.12%
Activity diagram 24.64%
Sequence diagram 35.56%
Communication dia-
gram 61.54%
Interaction overview
diagram 50.009
Timing diagram 0.009
State machine diagram 55.95%
Use case diagram 84.21%
Information flows 0.00%
Model management 66.67%
Templates 58.33%
Profiles 40.00%
UML summary 45.54%
Traceability 40.00%
Code generation 20.00%

Tool characteristics

Promoted UML

version 1.4
XMl version 1.0
XMl valid partial

Compliance Feature
Level fulfilment degree

Valid range L2-0C
L1.3 73.32%
L1.4 72.44%
L2-0 77.22%
L2-M 65.97%
L2-1 43.19%
L2-2 45.73%
L2-3 45.64%
Assigned level L2-0GQ
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5.4  ArgoUML by University of California, Irvine
Name: ArgoUML

Version: 0.24

Vendor: University of California, Irvine

URL: http://www.argouml.org/

Price (if available): Open Source (BSD license)

Vendor statement: ArgoUML uses GEF, the UCI Graph Editing Framewaskedit UML dia-
grams. The following diagram types are supportelds€ diagram, statechart diagram, activity
diagram, use case diagram, collaboration diagrampldyment diagram (includes object and
component diagram in one), sequence diagram.

User interface: views, direct editing of diagram elements in tiegdam, menu and toolbar

Comments: The implementation is the code basis of the tadeRlon. The delete operations
are much faster than in Poseidon and several ingst&tion differences between Poseidon and
this program can be detected, thus, the detalifeaof both programs are different. There were
several problems in the internationalization of @&man user interface.

wad test.zargo - Geschdfisprozessdiagramm 2 - ArgoUML *

Datei Bearbeiten Ansicht Neues Diagramm Anordnen Generieren HKriterien Werkzeuge Hilfe
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Figure 10: UML Use Case Diagram in "ArgoUML”
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Findings per Tool

Individual evaluation results:

Feature Tool characteristics
Modeling criteria ful(jlllment Promoted UML
cgree version 1.4

i [0
Class diagram 61.59% XMI version 12
Component diagram 0.00%

XMl valid partial
Composition diagram 0.00%
Deol tdi 39 39¢ Compliance Feature
eployment diagram i Level fulfillment degree

Activity diagram 19.57% Valid range L2-0C
Sequence diagram 15.56% L1.3 62.61%
Communication dia- L14 62.42%
gram 30.77%

] _ L2-0 72.15%
Interaction overview
diagram 0.00% L2-M 62.30%
Timing diagram 0.009 L2-1 35.97%
State machine diagram 45.24% L2-2 36.52%
Use case diagram 60.53% L2-3 35.00%
Information flows 0.00% Assigned level partial L2-0(
Model management 33.33%
Templates 0.00%
Profiles 10.00%
UML summary 34.93%
Traceability 0.00%
Code generation 19.00%
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5.5 ARIS UML Designer by IDS Scheer

Name: ARIS UML Designer

Version: 7.0.2.207949

Vendor: IDS Scheer

URL: http://www.ids-scheer.de/de/Software/ARIS_SoftwaRIS _UML_Designer

Price (if available): unknown

Vendor statement: ARIS UML Designer is the first tool to speak thegiaages of business
processes and software development. Because ibdagpe entire software development pro-
cess, there is no need for extra steps outsideptbisess. With ARIS UML Designer, all process
modelers and UML modelers work with an integratefiveare product. Users access process
model data and UML content via a Web browser, thyerenabling processing and change
management within a multi-user environment.

The vendor of this tool prohibited the publication of findings on this tool, because they
scheduled a completely revised implementation for 2010.
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5.6  Artisan Studio by ARTiISAN

Name: Artisan Studio
Version: 7.0.20
Vendor: ARTISAN

URL: http://www.artisansw.com/

Price (if available): 2495%

Vendor statement: Atego’s flagship modeling tool suite, Artisan Stydorovides complete

support for OMG UPDM, SysML and UML in a singldemrated toolset.

Artisan Studio® Architect Enterprise Edition progglall the features you need to model archi-
tectural frameworks running directly on the mulsen repository giving unparalleled levels of

performance, whatever the model size, from onetateds of users.

User interface: views, direct editing of diagram elements in thegcam, menu and toolbar

Comments: For creating a model, the program needs an ekpiigort of a UML profile. The
user guidance is difficult. The program offers @iddial runtime settings on model elements e.g.

timings.
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Figure 11: UML Use Case Diagram in "Artisan Studio”
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Findings per Tool

Individual evaluation results:

: o Feature fulfill- Tool characteristics
Modeling criteria ment dearee
9 Promoted UML
Class diagram 67.889 version 2.0
Component diagram 0.00(¢ XMl version 2.1
Composition diagram 70.00¢ XMI valid )
Deployment diagram 0.00¢ Compliance Feature
Activity diagram 29.71% Level fulfillment degree
Sequence diagram 15.56¢ | Valid range L2-0AC, L2-MAC
Communication dia- L1.3 66.81%
gram 65389 | 1.4 66.81%
In_teractlon overview L2-0 83.54%
diagram 0.00%
e _ L2-M 74.35%
Timing diagram 0.00%
, _ L2-1 43.75%
State machine diagram 55.95'
_ L2-2 42.58%
Use case diagram 63.16f
, L2-3 43.30%
Information flows 28.57%
Assigned level partial L2-MA(C
Model management 100.00¢
Templates 50.00%
Profiles 85.00%
UML summary 43.21%
Traceability 40.00%
Code generation 25.00%
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5.7  Artiso VisualCASE by VisualCASE
Name: Artiso VisualCASE

Version: 2.13.0

Vendor: VisualCASE

URL: http://www.visualcase.com

Price (if available): 2495 $

Vendor statement: Support for all eight UML diagrams: Use Case, Cl&8squence, Collabo-
ration, State, Activity, Component and Deployment

User interface: dialogs, direct editing of diagram elements indiegram and toolbar

Comments: -

|7] Visual Case 2 - C:\Documents and SettingsWserinew\WisualCaselTestProject.vc2

File Edit View Tools Window Help
nap@ 5508 ¥ ¥b@ ¢ [ElecpeprleBle S]]t e (B oo |~] D (%% Fi% ElEE EE EEEE [E

- — — P
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@ Use Casel
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wh Use Cased extends
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*]e]
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Figure 12: UML Class Diagram in "Artiso VisualCASE”
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Findings per Tool

Individual evaluation results:

)

%

0o

Feature
Modeling criteria fulfillment
degree
Class diagram 35.43¢
Component diagram 0.00¢
Composition diagram 0.00¢
Deployment diagram 15.15¢4
Activity diagram 15.22%
Sequence diagram 23.33
Communication dia-
gram 73.08%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 25.00
Use case diagram 44.74
Information flows 0.00%
Model management 0.00¢
Templates 0.009
Profiles 0.00%
UML summary 22.93%
Traceability 0.00%
Code generation 0.00¢

Tool characteristics
Promoted UML
version -
XMI version -
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 43.49%
L1.4 42.80%
L2-0 55.70%
L2-M 43.98%
L2-1 25.69%
L2-2 24.27%
L2-3 22.98%
Assigned level partial L2-0C
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5.8 Astade by Astade Team at Tigri
Name: Astade

Version: 0.8.3

Vendor: Astade Team

URL: http://astade.tigris.org/

Price (if available): Open Sourc (GPL)

Vendor statement: The goal of this project is to develop a UML totlere you can develop
model level and automatically generate source dod€++. The program shall be a comple
front-end (GUI) for software development (in C++) whicincbe customized for any compi
(also the GNU compiler will be the first on

User interface:dialogs and mer

Comments: The program realizes an unusual usabconcept by mainly providing conte
menus. The sequence diagram eccan be controlled only by textuebmmandsand the code
generation requires several nivivial configuration option:

Package: default

SpecialTextElement

gstatecharts
statechart

mySpecialData

SpecialData Te xtElement

myData \

Package: text

Data Appendable

me[)ata

Figure 13: UML Class Diagram in "Astade”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 21.19%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 0.00%
Sequence diagram 15.56%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 15.48%
Use case diagram 36.84%
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 11.15%
Traceability 0.00%
Code generation 14.00%

Tool characteristics

Promoted UML
version

XMI version -
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 21.22%
L1.4 21.09%
L2-0 31.65%
L2-M 26.18%
L2-1 13.06%
L2-2 12.02%
L2-3 11.38%

Assigned level
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5.9
Name: Blueprint Software Modeler
Version: 1.4.0

Vendor: @-portunity B.V.

URL: http://www.atportunity.com/

Price (if available): unknown

Vendor statement:

e« UML2.1: Modeling supporting the most important UMiagrams implemented according

the latest OMG UML2.1 specification

* OCL2.0: Editor supporting defining constraints inding syntax checking, syntax coloring

and completion proposals

* Meta Modeling and Profiles allowing easy creationMeta models and generating their

corresponding Profiles (with Stereotypes) and Litas

User interface: views, menu and toolbar

Comments: The evaluator noticed several usability problefge program realizes good con-
sistency functionality for objects and links. Whilerking with the program it produces several
internal errors and often needs a restart of tis¢ dmmputer. Blueprint software modeler allows

the creation of user-specific metamodels.

Blueprint Software Modeler - useCaseDiagram - Blueprint Software Modeler

Blueprint Software Modeler by @-portunity B.V.

File Edit Wiew MNawvigate Search Froject Runm Window Help
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Figure 14: UML Use Case Diagram in "Blueprint Software Modéler
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 72.19%
Component diagram 58.82%
Composition diagram 70.00%
Deployment diagram 0.00%
Activity diagram 60.87%
Sequence diagram 40.00%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 52.38%
Use case diagram 76.32%
Information flows 0.00%
Model management 100.00%
Templates 0.00%
Profiles 50.00%
UML summary 49.68%
Traceability 70.00%
Code generation 11.00%

Tool characteristics

Promoted UML

version 2.1
XMI version 2.0
XMl valid Partial
Compliance Feature
Level fulfillment degree

Valid range L2-0AC, L2-MAC
L1.3 68.28%
L1.4 68.48%
L2-0 84.81%
L2-M 81.68%
L2-1 55.83%
L2-2 51.24%
L2-3 49.79%
Assigned level L2-MAC
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5.10 BOUML by BOUML Team
Name: BOUML

Version: 4.22.2

Vendor: BOUML Team

URL: http://bouml.free.fr/

Price (if available): Open Source (GPL)

Vendor statement: BOUML is a free UML 2 tool box allowing you to sijg@and generate
code in C++, Java, Idl, Php and Python.

User interface: dialogs, views, direct editing of diagram elementshe diagram, menu and
toolbar

Comments: The authors had some good ideas to improve tHaliigaTlhe behaviour of delet-
ing elements is sometimes confusing: While runrtimg program, the deletion of model ele-
ments is not made persistent and not made untd¢dh&ining project is closed by the user. The
program cares much about implicit consistency amongdel elements. The evaluator did not
succeed in running the code generator.

aval

executionEnvironment ExecutionContext |

<<interfaces>
Executabile

execute() .

SseProcess
name

ProcessStep

[Tyee |
=

Figure 15: UML Class Diagram in "/BOUML”
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Findings per Tool

Individual evaluation results:

: o Feature fulfill- Tool characteristics
Modeling criteria ment dear
ent degree Promoted UML
Class diagram 59.93% version 2.0
Component diagram 76.47% XMl version 1.2/2.1
Composition diagram 0.00% XMI valid .
Deployment diagram 25.76% Compliance e
Activity diagram 47.83% Level fulfilment degree
Sequence diagram 64.44% Valid range L2-0AC
Communication dia- L1.3 66.81%
gram 61.54% L1.4 67.01%
In_teractlon overview L2-0 64.56%
diagram 0.00%
. . L2-M 62.30%
Timing diagram 0.009
_ _ L2-1 52.22%
State machine diagram 76.19%
_ L2-2 51.35%
Use case diagram 76.32%
_ L2-3 49.26%
Information flows 0.00%
Assigned level partial L2-0A(
Model management 50.00%
Templates 0.00%
Profiles 0.00%
UML summary 49.26%
Traceability 0.00%
Code generation 21.00%
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5.11 Cacoo by Nulab Inc.
Name: Cacoo

Version: June 2010

Vendor: Nulab Inc.

URL: http://www.cacoo.com

Price (if available): 0%

Vendor statement: Cacoo is a user friendly online drawing tool thdfows you to create a
variety of diagrams such as site maps, wire frarddsl. and network charts.

User interface: dialogs, direct editing of diagram elements in diegram, menu, toolbar and
drag & drop menu

Comments: Cacoo is an online drawing tool.
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Figure 16: UML Class Diagram in "Cacoo”




Findings per Tool

Individual evaluation results:

Modeling criteria Feature fulfillment
degree
Class diagram 11.59%
Component diagram 52.94%
Composition diagram 50.00%0
Deployment diagram 21.21%
Activity diagram 26.09%
Sequence diagram 26.67%%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.00¢9
State machine diagram 45.24%
Use case diagram 42%
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 20.28%
Traceability 0.00%
Code generation 0.00%

Tool characteristics

Promoted UML
version

XMl version -
XMl valid -
Compliance Feature
Level fulfillment degree

Valid range L2-0C
L1.3 27.94%
L1.4 28.18%
L2-0 25.32%
L2-M 13.09%
L2-1 19.31%
L2-2 21.46%
L2-3 20.32%

Assigned level
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5.12 Cadifra UML Editor by Adrian & Frank Buehlmann
Name: Cadifra UML Editor

Version: 1.3.1

Vendor: Adrian & Frank Buehlmann

URL: http://www.cadifra.com/

Price (if available): 30$

Vendor statement: Intelligent handling of connectors (but not toot&ligent”...). If you move
for example a class, all attached associations bélladjusted as needed. But you still keep con-
trol of everything. You can always position anynsegt of a connector exactly where you want
it. Cadifra UML Editor supports drawing of tree-fikconnectors of any complexilyigh preci-
sion graphics: lines and arrows end exactly on IsoX0 need to resort to a generic drawing
tool without first-hand built-in UML knowledge. Pect looking UML diagrams are a must to
"sell" your ideas. It just doesn't look professibiigyou show printouts with arrow heads pierc-
ing boxes to a skeptic customer, colleague or manag

User interface: dialogs and menu

Comments: Class members are only available as text. Theilitgatan be improved because
only context menus are available.

Ei ClassDiagram.cdd * - Cadifra Evaluation (30 Days) - Class Diagram

File: ._,E;lit Yiew Zoom Diagram Stvles  Window Help
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cinterfacen»
Apendable I E—
q\ <name?>
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|
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I
|
———7 text
AssocClass TextElement
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| ¥

Figure 17: UML Class Diagram in "Cadifra UML Editor”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 15.23%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 0.00%
Sequence diagram 12.22%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 16.67%
Use case diagram 50.00P0
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 9.55%
Traceability 0.00%
Code generation 0.00%

Tool characteristics

Promoted UML
version

XMl version -
XMl valid -
Compliance Feature
Level fulfilment degree
Valid range L2-0C
L1.3 18.70%
L1.4 18.58%
L2-0 27.85%
L2-M 16.75%
L2-1 10.83%
L2-2 10.34%
L2-3 9.79%

Assigned level
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5.13 Concept Draw by Computer Systems Odessa
Name: Concept Draw

Version: 8.0.7.3 Professional Evaluation

Vendor: Computer Systems Odessa

URL: http://www.conceptdraw.com/en/

Price (if available): 159,90 - 199 €

Vendor statement: ConceptDraw PRO is a powerful business and techrd@gramming
software. Design professional-looking graphics,giéans, flowcharts, floor plans and much
more in minutes with ConceptDraw PRO. Maintain hass processes performance by clear
visual documentation. Effectively present and comeoate information in a clear and vivid
way with ConceptDraw PRO.

User interface: dialogs, direct editing of diagram elements in drgram, drag & drop menu,
toolbar and menu

Comments: Nesting of elements is not considered at all. ddbeumentation does not provide a
section on UML. Many diagrams and diagram spe@h@nents cannot be found in the menus
or must be combined from several diagram menus e8oras the user guidance is not intuitive.
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Figure 18: UML Class Diagram in "Concept Draw”
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Findings per Tool

Individual evaluation results:

)

%

0o

Feature
Modeling criteria fulfillment
degree
Class diagram 28.159
Component diagram 47.06
Composition diagram 75.00¢
Deployment diagram 40.914
Activity diagram 36.96%
Sequence diagram 28.89
Communication dia-
gram 46.15%
Interaction overview
diagram 21.889
Timing diagram 39.479
State machine diagram 63.10Q
Use case diagram 68.42
Information flows 0.00%
Model management 0.00¢
Templates 16.679
Profiles 10.00%
UML summary 35.99%
Traceability 10.00%
Code generation 0.00¢

Tool characteristics

Promoted UML
version

XMI version -
XMl valid -
Compliance Feature
Level fulfillment degree

Valid range L1.3,L1.4,L2-0C
L1.3 50.63%
L1.4 50.52%
L2-0 34.18%
L2-M 31.94%
L2-1 35.42%
L2-2 37.87%
L2-3 36.28%
Assigned level partial L 1.4
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5.14 Delphia Object Modeler by Atos Origin
Name: Delphia Object Modeler

Version: 3.2.6

Vendor: ATOS Origin

URL: http://www.si.fr.atosorigin.com/dom/english/indetath

Price (if available): unknown

Vendor statement:DOM (Delphia Object Modeler) is an object modelargd code generation
case tool which makes implementation of model-tettmevelopment easier. Team develop-
ment is made easy by the division in componentk§uge naming and versionning) and the use
of team repositories.

User interface: dialogs and toolbar

Comments: The user guidance of the tool is complicated. Harrhore, the program does not
check for inconsistencies in models. Sometimest#aduator had to restart the program in order
to open the diagram editor.
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Figure 19: UML Class Diagram in "Delphia Object Modeler”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 18.97%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 0.00%
Sequence diagram 0.00P%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 22.62%
Use case diagram 0.00P%
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 8.49%
Traceability 20.00%
Code generation 18.00%

Tool characteristics

Promoted UML

version -
XMI version 1.0
XMl valid partial

Compliance Feature
Level fulfillment degree

Valid range L2-0C
L1.3 15.34%
L1.4 15.24%
L2-0 35.44%
L2-M 28.80%
L2-1 8.47%
L2-2 8.99%
L2-3 8.51%
Assigned level
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5.15 Dia by Alexander Larssor

Name: Dia

Version: 0.96.1

Vendor: Alexander Larsson

URL: http://live.gnome.org/Dia

Price (if available): Open Source (GP

Vendor statement: Dia is roughly inspired by the commercial Windowsgram 'Visio',
though more geared towards informal diagrams fosuzd use. It can be used to draw m.
different kinds of diagrams. It currently hispecial objects to help draw entity relations
diagrams, UML diagrams, flowcharts, network diagsarand many other diagrams. It is a
possible to add support for new shapes by writingpke XML files, using a subset of SVC

draw the shape.

User interface: dialogs,direct editing of diagram elements in the diac, menu, toolbar an

drag & drop menu
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Figure 20: UML Use Case Diagram in "Dia”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 35.76%
Component diagram 41.18%
Composition diagram 0.00%
Deployment diagram 24.24%
Activity diagram 18.84%
Sequence diagram 22.22%
Communication dia-
gram 0.00%
Interaction overview
diagram 62.509
Timing diagram 0.00¢
State machine diagram 45.24%
Use case diagram 52.63%
Information flows 0.00%
Model management 0.00%
Templates 16.67%
Profiles 0.00%
UML summary 28.24%
Traceability 0.00%
Code generation 14.00%

Tool characteristics

Promoted UML
version

XMl version -
XMl valid -
Compliance Feature
Level fulfillment degree

Valid range L2-0C
1.3 45.38%
14 45.51%
L2-0 45.57%
L2-M 41.36%
L2-1 29.17%
L2-2 29.66%
L2-3 28.51%

Assigned level
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5.16 Eclipse UML by Eclipse.org
Name: Eclipse UML

Version: 0.7.0

Vendor: eclipse.org

URL: http://www.eclipse.org

Price (if available): Open source (EPL)

Vendor statement:UML2 is an EMF-based implementation of the Unifiéddeling Language
(UML™) 2.x OMG metamodel for the Eclipse platform. Thiectives of the UML2 component
are to provide

« auseable implementation of the UML metamodel ppast the development of model-
ing tools

« acommon XMI schema to facilitate interchange afesgtic models

- test cases as a means of validating the speciicati

- validation rules as a means of defining and enfaydevels of compliance
User interface: views and menu and toolbars

Comments: Some meta model properties are not available enetfiitor. Sometimes the pro-
gram shows strange behaviour and the program tshlas(hang-up, crash), in particular when
editing state machines.

] test.umiclass £3 = 0O [ B outire £ ST
24 55 Palette b 8P
£ Package NS =
e - =
El dlass
[ Package T
[ Enumer ation =
test =
] DataType
foc] PrimitiveType
[ appendatis = i
attributes {7} Constraint
operations £ Association
add(1): String Class
classes [ mterface
5 Attribute
& Operation
=3 Enum Literal
£l TextElement @ Port
arc o
atbributes dst E pata £ Template
- o it
ke atiributes el
DDTrat\wns T &7, Element Import:
classes
daecss » 7 Association
» . Dependency
A Generalization
4 Provided
I SpecialTextElement sic okt Interface
attribuees K spedialData 45 Renquired
Interface
operations attributes
dasses F {7} Constrained
- Element
classes
" My
Dependency
Target
& AC
Dependency
attributes = o
Cpsrations = [ Association
K1} 2 End |
2. problems | @ Javadoc | [, Declaration | ] cansale | search | &7 synchranize | (5 History | 1 Properties 52 5 A 5T
£ <Package:» Package
I =
e Propert: | vale | =
ERLE
Rulers & Grid Client Dependency
Appearance Hame = Package
Template Parameter
isibiity = public

Figure 21: UML State Chart Diagram in "Eclipse UML”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 50.66%
Component diagram 41.18%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 44.93%
Sequence diagram 0.00P%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 42.86%
Use case diagram 0.00P%
Information flows 0.00%
Model management 0.00%
Templates 50.00%
Profiles 50.00%
UML summary 30.57%
Traceability 10.00%
Code generation 2.00%

Tool characteristics

Promoted UML

version 2.1
XMI version 2.1
XMl valid partial
Compliance Feature
Level fulfillment degree
Valid range L2-0AC, L2-MAC
L1.3 39.29%
L1.4 39.25%
L2-0 54.43%
L2-M 59.16%
L2-1 31.94%
L2-2 31.01%
L2-3 30.64%

Assigned level

partial L2-MAC
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5.17 Enterprise Architect by Sparx Systems
Name: Enterprise Architect

Version: 7.0.817 (corporate)

Vendor: Sparx Systems

URL: http://www.Sparxsystems.com.au/ea.htm

Price (if available): 199 $

Vendor statement: Enterprise Architect combines the power of thesiatédML 2.1 specifica-

tion with a high performance, intuitive interfade, bring advanced modeling to the desktop,
and to the complete development and implementsegm. With a great feature set and unsur-
passed value for money, EA can outfit your whotenteincluding analysts, testers, project

managers, quality control staff, deployment teard arore, for a fraction of the cost of some
competing products.

User interface: dialogs, views, direct editing of diagram elementgshe diagram, menu and
toolbars

Comments: The user interface tries to hide the variety afividual features per modeling ele-
ment and leads to time consuming user operatiaryPhe menu options are inconsistent. The
tool allows at maximum one stereotype per modehefe (UML allows multiple).

TestProject - EA - 30 Day Trial
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Figure 22: UML Class Diagram in "Enterprise Architect”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 68.87%
Component diagram 58.82%
Composition diagram 80.00%
Deployment diagram 60.61%
Activity diagram 78.99%
Sequence diagram 86.67%
Communication dia-
gram 84.62%
Interaction overview
diagram 56.259
Timing diagram 71.05%
State machine diagram 67.68%
Use case diagram 84.21%
Information flows 92.86%
Model management 66.67%
Templates 37.50%
Profiles 75.00%
UML summary 71.44%
Traceability 90.00%
Code generation 31.00%

Tool characteristics

Promoted UML
version

latest UML 2.1
specification

XMl version 1.3/2.1
XMl valid partial
Compliance Feature
Level fulfillment degree
Valid range L1.3, L1.4, L2-0AC|
L2-MAC, L2-1AC, L2-
2AC, L2-3AC
L1.3 81.30%
L1.4 81.00%
L2-0 81.01%
L2-M 80.10%
L2-1 73.75%
L2-2 72.25%
L2-3 71.60%

Assigned level

L1.4/ partial L2-3AC
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5.18 Essential Modeler by Jaczone

Name: Essential Modeler
Version: 2.00.0010 R1

Vendor: Jaczone

URL: http://www.ivarjacobson.com/products.cfm

Price (if available): unknown

Vendor statement: Essential Modeler offers the following:

Support for the essential elements of UML2 foreess=e modeling and class modeling
Full featured diagram editor

Navigable links between diagrams

Links to external documents

Smart diagram layout

Copy/Paste of diagrams to other applications suelvigcrosoft Word

User interface: views and toolbars

Comments: The program realizes a small subset of the UML etind elements. The usability
can be significantly improved, because many editipgrations must be done using the model

tree and not the modeling elements in the diagram.

Jaczone Essential Modeler
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Figure 23: UML Use Case Diagram in "Essential Modeler”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 29.47%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 0.00%
Sequence diagram 0.00po
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00%
Use case diagram 52.63%
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 11.68%
Traceability 0.00%
Code generation 0.00%

Tool characteristics

Promoted UML

essential elements of

version UML2
XMl version 2.0
XMl valid partial
Compliance Feature
Level fulfilment degree
Valid range L2-0AC
1.3 21.01%
14 20.88%
L2-0 49.37%
L2-M 40.84%
L2-1 15.14%
L2-2 12.25%
L2-3 11.60%

Assigned level
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5.19 eUML2 Studio by Soyatec
Name: eUML2 Studio

Version: 3.4.0.20091121

Vendor: Soyatec

URL: http://www.Soyatec.com

Price (if available): 0€ - 1600€

Vendor statement: eUML2 is built on top othe UML2 framework of Eclipses the UML
metamodel, which is in fact the best open sourgéeimentation of the latest UML2.1 specifica-
tion. Particuliarly, this version supports the OM®/I storage format, which allows the model
exchange with other UML metamodels.

User interface: dialogs, views, menus, toolbar and direct edifigliagram elements in the
diagram

Comments: Appears to be very similar to Omondo.
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Findings per Tool

Individual evaluation results:

)

%

0

Feature
Modeling criteria fulfillment

degree
Class diagram 48.68¢
Component diagram 0.00¢
Composition diagram 0.00¢
Deployment diagram 0.00¢
Activity diagram 0.00%
Sequence diagram 35.56
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00
Use case diagram 0.00
Information flows 0.00%
Model management 0.00¢
Templates 0.009
Profiles 0.00%
UML summary 19.11%
Traceability 10.00%
Code generation 12.00(

Tool characteristics

Promoted UML

version 2.1
XMl version 2.0
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0AC
L1.3 32.56%
L1.4 32.78%
L2-0 60.76%
L2-M 50.79%
L2-1 25.14%
L2-2 20.34%
L2-3 19.26%

Assigned level

partial L2-0A(
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5.20 Fujaba by Universities of Paderborn, Kassel, Siegeand Darm-
stadt

Name: Fujaba

Version: 5.0.4 20070622

Vendor: Uni Paderborn, Kassel, Siegen, Darmstadt

URL: http://wwwcs.uni-paderborn.de/cs/fujaba/

Price (if available): Open Source (LGPL)

Vendor statement: Fujaba Tool Suite combines UML class diagrams amdLUehaviour
diagrams (Story Diagrams) to a powerful, easy te, y&t formal system design and specifica-
tion language. Furthermore the Fujaba Tool Suitpmurts the generation of Java sourcecode
out of the whole design which results in an exddat@rototype. Moreover the way back is
provided, too (to some extend so far, not for pobige use), so that Java sourcecode can be
parsed and represented within UML.

User interface: dialogs, menus and toolbars

Comments: The program is difficult to use, because many oagsary clicks are needed to edit
a single element.

ﬂ Fujaba Tool Suite
File Edit Class Diagram Tools Options  Window - Help
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Figure 25: UML Class Diagram in "Fujaba”
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Findings per Tool

Individual evaluation results:

%

0o

Feature
Modeling criteria fulfillment
degree
Class diagram 31.79¢
Component diagram 0.00¢
Composition diagram 0.00¢
Deployment diagram 0.00¢
Activity diagram 6.52%
Sequence diagram 0.00
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 27.38
Use case diagram 21.05
Information flows 0.00%
Model management 0.00¢
Templates 0.009
Profiles 0.00%
UML summary 14.44%
Traceability 10.00%
Code generation 21.00¢

Tool characteristics

Promoted UML
version

XMl version -
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 27.10%
L1.4 27.14%
L2-0 49.37%
L2-M 38.22%
L2-1 15.69%
L2-2 15.28%
L2-3 14.47%

Assigned level
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5.21 Gaphor by Gaphor Team at Sourceforge
Name: Gaphor

Version: 0.12.5

Vendor: Gaphor Team

URL: http://gaphor.devjavu.com/

Price (if available): Open Source (GPL)

Vendor statement: Gaphor is an easy to use modelling environments Teans that you are
able to create nice UML diagrams for documentatml to assist you with design decisions.
Gaphor will help you create your applications. Gaphas an UML 2.0 compliant data model.

User interface: direct editing of diagram elements in the diagramenu, toolbar and drag &
drop

Comments: In particular, the usability could be improved amthecessary mouse commands
could be avoided.

* Gaphor - /root/gaphor-0.12.5/Standardklassendiagramm.gaphor =

File Diagram Edit Tools Window Help
= oEHE e G
~ 1 New model main | Use Case -‘
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- "_e)_<_tend-
G
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[ test e

Administrator

¥ Classes

IEIEEIZIZIE

[4]

» Components

» Actions

b Interactions

v Use Cases

Figure 26: UML Use Case Diagram in "Gaphor”




Findings per Tool

Individual evaluation results:

)

%

0o

Feature
Modeling criteria fulfillment
degree
Class diagram 34.449
Component diagram 29.41
Composition diagram 40.00¢
Deployment diagram 0.00¢
Activity diagram 19.57%
Sequence diagram 20.00
Communication dia-
gram 53.85%
Interaction overview
diagram 62.509
Timing diagram 0.009
State machine diagram 0.00
Use case diagram 52.63
Information flows 0.00%
Model management 16.67
Templates 0.009
Profiles 50.00%
UML summary 24.52%
Traceability 0.00%
Code generation 4.00¢

Tool characteristics

Promoted UML

version 2.0
XMI version 1.2
XMl valid partial
Compliance Feature
Level fulfillment degree

Valid range L2-0C
L1.3 37.61%
L1.4 37.37%
L2-0 39.24%
L2-M 40.84%
L2-1 30.42%
L2-2 25.73%
L2-3 24.57%

Assigned level
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5.22  Gliffy by Gliffy, Inc.
Name: Gliffy

Version: 13/01/2009

Vendor: Gliffy, Inc.

URL: http://www.gliffy.com/online.shtml

Price (if available): online tool, not available as download, 5$%/month

Vendor statement: With Gliffy online diagram software, you can easihgate professional-
quality flowcharts, diagrams, floor plans, techrdidaawings, and more.

Our online diagram editor makes it easier than ewecreate great looking drawings.

User interface: views, direct editing of diagram elements in thegdam, menu, toolbar and
drag & drop

Comments: The program is only available in as online versibroffers very few UML ele-
ments, which are not grouped according to subjecidiagrams in the toolbar. The evaluator
noted as a usability issue that a specific buteeds to be pushed to (re)activate the cursor.

o’ P I
)
e
/+\ .

Administrator

==includes=*

y
S

Admirsstrate o+

Figure 27: UML Use Case Diagram in "Gliffy”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 22.52%
Component diagram 23.53%
Composition diagram 0.00%
Deployment diagram 30.30%
Activity diagram 0.00%
Sequence diagram 28.89%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00%
Use case diagram 55.26P%
Information flows 28.579
Model management 16.67%
Templates 0.00%
Profiles 0.00%
UML summary 15.82%
Traceability 0.00%
Code generation 0.00%

Tool characteristics

Promoted UML
version

XMl version -
XMl valid -
Compliance Feature
Level fulfilment degree
Valid range L2-0C
L1.3 27.10%
L1.4 26.93%
L2-0 43.04%
L2-M 30.37%
L2-1 17.08%
L2-2 16.07%
L2-3 15.85%

Assigned level
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5.23 Green UML by University of Buffalo
Name: Green UML

Version: 3.5

Vendor: University of Buffalo

URL: http://green.sourceforge.net

Price (if available): Open Source (EPL)

Vendor statement: Green is a LIVE round-tripping editor, meaning thiasupports both soft-
ware engineering and reverse engineering. You c@ngieen to create a UML class diagram
from code, or to generate code by drawing a claagrdm.

User interface: dialogs, menu, toolbar and direct editing of deéagrelements in the diagram

Comments: Detail changes like visibilities can be performady by changing the generated
code and executing a manual refresh. Attributeslass diagrams appear in the wrong com-
partment.
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[0 protiems 12 . [, Dedaration ¥
Qertors, 33 warnings, 0 others
[ Resour Path Locet,.. | Tyoe

® 1) Warrings (33 Rems)

Figure 28: UML Class Diagram in "Green UML”".
Due to class modeling problems, the reference diagras not completed.
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 26.82%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 0.00%
Sequence diagram 0.00po6
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00%
Use case diagram 0.00P%
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 8.60%
Traceability 0.00%
Code generation 8.00%

Tool characteristics

Promoted UML
version

XMl version -
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 15.76%
L1.4 15.66%
L2-0 45.57%
L2-M 35.08%
L2-1 11.53%
L2-2 9.33%
L2-3 8.83%

Assigned level
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5.24 Ideogramic UML by ldeogramic
Name: Ideogramic UML

Version: 2.3.3

Vendor: Ideogramic

URL: http://www.ideogramic.com/products/tour.html
Price (if available): 5195%

Vendor statement: ldeogramic UML™ is a powerful but lightweight tor creating UML
diagrams. Unlike general drawing programs, ldeogatdML™ has been designed specifical-
ly for UML diagramming, and thus offers an inteiiaatthat is much more intelligent and much
faster. And unlike heavyweight CASE tools with teldahard-to-learn interfaces ldeogramic
UML™ offers just the features that you need resgltn a tool that stimulates creativity instead
of hindering it.

User interface:toolbars, direct editing of diagram elements m dragram and gesture control

Comments: Difficult to use because of a small cursor.

Main - Class Diagram in ‘Untitled' - “test.xmi® - Pointer mode - Ideogramic UML v2.3.3
File Edit Diagrams Options Tools Help
Model View |
B Moclel: Urtitled! -

Ik sh % eme|s

ClassDiagram: Main
Packace: Untitlecd

=i
B-f5)  Relationships
------ = Class: Appendable
------ = Class: Datablement
= ; Appendable
------ = Class: SpecialTextualElsm
------ = Class TetualElement
------ = Class Untitled +add(i:int):boalean
@ Comment: myComment = :F T
I[.. | _II‘
TextualElement ‘[

DataElement

+addii:int):boolean

SpecialTextualElement

A4 K

Figure 29: UML Class Diagram in "ldeogramic”
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Findings per Tool

Individual evaluation results:

)

%

0o

Feature
Modeling criteria fulfillment
degree
Class diagram 9.279
Component diagram 0.00¢
Composition diagram 0.00¢
Deployment diagram 0.00¢
Activity diagram 0.00%
Sequence diagram 15.56
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 15.48
Use case diagram 44.74
Information flows 0.00%
Model management 0.00¢
Templates 0.009
Profiles 0.00%
UML summary 7.75%
Traceability 0.00%
Code generation 0.00¢

Tool characteristics

Promoted UML

version -
XMI version 1.0
XMl valid partial

Compliance Feature
Level fulfilment degree

Valid range L2-0C
L1.3 14.71%
L1.4 14.61%
L2-0 18.99%
L2-M 13.09%
L2-1 8.61%
L2-2 8.43%
L2-3 7.98%
Assigned level
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5.25 Innovator by MID

Name: Innovator

Version: 2008 10.0.03 Object eXcellence
Vendor: MID

URL: http://www.mid.de/products/innovator.php3

Price (if available): unknown

Vendor statement: As well as business process modeling, object-@ieand structured soft-
ware analysis, Innovator also supports object-aendesign and data modeling. Innovator is
especially suited for model-driven software develept as it enables domain-specific language
extensions using UML 2 profiles.

User interface: dialogs, toolbar, direct editing of diagram elemsan the diagram and menu

Comments: Innovator is realized according to the client-eerinodel and uses a role based
permission model. The user must open many windowgtess the intended parts of the model.
The usability in particular when creating relatibis can be improved. Several mechanisms try
to ensure the consistency of the models. The corafefhe program requires stepwise refine-
ment of the models to implementation diagrams, Wwiutfer only a reduced set of UML ele-
ments. The program provides explicit support fundifor development according to V-Model
XT. The code generation is based on Open Architedare \www.openarchitectureware.grg

usecaseDiagram xg

Login \\
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Figure 30: UML Use Case Diagram in “Innovator”
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Findings per Tool

Individual evaluation results:

Modeling criteria SIS
ment degree

Class diagram 54.97%
Component diagram 26.47%
Composition diagram 70.00%
Deployment diagram 42.42%
Activity diagram 67.39%
Sequence diagram 67.78%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 69.05%
Use case diagram 71.05%
Information flows 0.00%
Model management 66.67%
Templates 0.00%
Profiles 20.00%
UML summary 49.68%
Traceability 30.00%
Code generation 19.00%

Tool characteristics

Promoted UML

version 1.4/2.1
XMI version -
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 64.71%
L1.4 64.51%
L2-0 70.89%
L2-M 66.49%
L2-1 51.39%
L2-2 51.69%
L2-3 49.79%
Assigned level partial L2-0(
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5.26 Javelin by Step Ahead software
Name: Javelin

Version: 7.1.1.3

Vendor: Step Ahead software

URL: http://www.stepahead.com.au/products/javelin/jaxbtm

Price (if available): unknown

Vendor statement: Javelin™ has been the world's most intuitive, e@siearn, lightweight,
visual modeler/coder tools for Java™ since 1996abee it makes developing object oriented
code so natural, easy and efficient. It takes adrall the underlying java source files and pre-
sents you with an uncluttered, intuitive visualresgntation of your model and code where you
can concentrate on designing and coding classestla@delationships between them visually
instead of battling through a sea of text files axaVigating package directories. Javelin uses
UML notation for its class diagrams but that doed mean that Javelin is a UML tool or that
you have to know UML to use the tool - which makesost unlike typical heavyweight UML
tools.

User interface: dialogs and toolbars

Comments: The tool implements its own variant of the UML atbdn. The usability could be
improved. In particular the handling of relatiot®sld be improved: One must grab the starting
element with the mouse in the upper part of thas®interface", drag it to the ending element
and select the type of relationship being createaddialog window.

ﬂ Javelin - Test
File Edt Class Wiew Debug Synchronize Options Help

1P X (0[] [& ] [2) (2] | s Name: nane |22

D ] Un"ﬂmEdRDlﬁ

Figure 31: UML Class Diagram in "Javelin”
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Findings per Tool

Individual evaluation results:

%
o

Feature
Modeling criteria fulfillment
degree
Class diagram 18.879
Component diagram 0.00¢
Composition diagram 0.00¢
Deployment diagram 0.00¢
Activity diagram 0.00%
Sequence diagram 0.00
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00
Use case diagram 0.00
Information flows 0.00%
Model management 0.00¢
Templates 0.009
Profiles 0.00%
UML summary 6.05%
Traceability 0.00%
Code generation 9.00¢

Tool characteristics

Promoted UML
version

UML-like notation

XMl version -
XMl valid -
Compliance Feature
Level fulfilment degree
Valid range L2-0C
L1.3 11.13%
L1.4 11.06%
L2-0 25.32%
L2-M 24.08%
L2-1 8.19%
L2-2 6.63%
L2-3 6.28%

Assigned level

75



A comprehensive survey of UML tool capabilities andtompliance

5.27 Jude by ChangeVision

Name: Jude

Version: 5.1b1 community

Vendor: ChangeVision

URL: http://jude.change-vision.com/jude-web/index.html
Price (if available): 206$

Vendor statement: JUDE/Professional is the System Design Tool lets g@aw UML, ER,

Flowchart, CRUD, Data Flow Diagram and Mind Map.has enriched features, such as input-
output and diagram creation guidance. It is suigabbr business use, large-sized models, and

document creation.
User interface: views, menu and toolbar

Comments: -

m JUDE - [€:3Program Files\JUDE-CommunitylWelcome. jude] =)

Fle Edt Disgram Algnment View Tool Window Help

DEHE BB BE v 8808 e F rF- B /I ATTY

Structure | Inheritancs | Map Diagram I Search| :!TE‘ Class Diagram0 |
iH {%l WE“E;T: = B4 Class Diagram0 / Class Diagram
1 ; : B I 5 [ T
.. 01_Welkcome to 1UDE Community MEaE=FaliF]e - elkle] =L o] T0]N @] % @ 4 =]
02_ Guide to Shortcut Keys e == @
Class Diagrard =
- o Interfacen
r=—=F.ld Ohjectd : TexElement
5 EDataE\Ement e
=1 ~l —
—— - <=sterentypes=
Base | Initial wisibility | m ‘emhfp
Namespace —
Hame |Class Diagramo | 32 ==interface=>
efinitidn ) \ text:Appendable
AL . R W
. by + ad(i: Inf) : String
% o
V[
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Interraced - teut: String =
- 2
Close: | L& ¥

Figure 32: UML Class Diagram in "Jude”
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Findings per Tool

Individual evaluation results:

)

%

0o

Feature
Modeling criteria fulfillment
degree
Class diagram 45.039
Component diagram 44.12
Composition diagram 0.00¢9
Deployment diagram 30.30¢
Activity diagram 26.09%
Sequence diagram 40.00
Communication dia-
gram 69.23%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 48.81
Use case diagram 68.42
Information flows 0.00%
Model management 0.00¢
Templates 0.009
Profiles 0.00%
UML summary 34.82%
Traceability 20.00%
Code generation 10.00¢

Tool characteristics

Promoted UML

version 1.x
XMl version -
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 60.92%
L1.4 60.96%
L2-0 59.49%
L2-M 50.79%
L2-1 37.08%
L2-2 36.85%
L2-3 34.89%
Assigned level partial L2-0(
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5.28 MagicDraw by NoMagic
Name: MagicDraw

Version: 16.0 Enterprise SP1

Vendor: NoMagic

URL: http://www.magicdraw.com
Price (if available): 125€ - 1355€

Vendor statement: MagicDraw is an award-winning business processhdecture, software
and system modeling tool with teamwork support.ighesl for Business Analysts, Software
Analysts, Programmers, QA Engineers, and Documient&Vriters, this dynamic and versatile
development tool facilitates analysis and desigrObject Oriented (OO) systems and data-
bases. It provides the industry's best code engmgenechanism (with full round-trip support
for Java, C++, C#, CL (MSIL) and CORBA IDL programmg languages), as well as database
schema modeling, DDL generation and reverse engimgéacilities.

User interface: dialogs, views, direct editing of diagram elementthe diagram and toolbar

Comments: Provides several views on the user interface tastdhe available functionality.
The user may add class properties or operatiomdidiing on a special symbol at the border of
the visible class area. This leads to the creasioan appropriate model element having a de-
fault name which must be edited afterwards. Theraynetimes unnecessary elements are
created and remain in the model. The evaluatocedtihat the usability could be improved by
directly opening a specification dialog or a similaechanism. Some inconsistencies to the
documentation have been detected.

execution Environment

By

! T — TS
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Figure 33: UML Class Diagram in "MagicDraw”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 88.41%
Component diagram 55.88%
Composition diagram 100.00%
Deployment diagram 96.97%
Activity diagram 82.61%
Sequence diagram 71.11%
Communication dia-
gram 84.62%
Interaction overview
diagram 56.259
Timing diagram 0.009
State machine diagram 80.95%
Use case diagram 92.11P%
Information flows 0.00%
Model management 100.00%
Templates 100.00%
Profiles 80.00%
UML summary 78.98%
Traceability 90.00%
Code generation 23.00%

Tool characteristics

Promoted
UML ver-
sion
XMl ver- 2.0/
sion
XMl valid Ve
Compliance Feature

Level fulfillment degree
Valid range L1.3, L1.4, L2-0AC, L2M/
L1.3 926!
L1.4 933:
L2-0 974
L2-M 94.2.
L2-1 779
L2-2 796!
L2-3 792
Assigned L:
level
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5.29 MEGA development by MEGA international

Name: MEGA development
Version: 2009 SP 1 patch 3.0 721-2496

Vendor: MEGA international
URL: http://www.mega.com/us/products/megasuite/develaysingn

Price (if available): unknown

Vendor statement: The MEGA Suite provides repository-based modebotstto support pro-
jects ranging from process analysis to risk andte@mmapping to application analysis and
design.

User interface: dialogs,toolbar, direct editing of diagram elensentthe diagram, and menu

Comments: The tool allows at maximum one stereotype per rthelianent (the UML allows
multiple). Property values for applied stereotypes not supported (except for explicit meta
model changes). In some cases the evaluation watereid, because some relevant elements
like packages or notes must be made availabledydbr in a configuration setting so that they
appear in the tool palettes for all diagram typ€ke program allows the simulation of
flowcharts and business process diagrams. Thegmrogies to ensure consistency by providing
model checks, but some of the offered checks apdddurry to the evaluator. The edge routing
in the diagram editor does not properly avoid aeslof edges.
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Figure 34: UML ClassDiagran in "MEGA developmer”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 61.26%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 20.29%
Sequence diagram 0.00P6
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 41.67%
Use case diagram 65.79%
Information flows 0.00%
Model management 16.67%
Templates 0.00%
Profiles 0.00%
UML summary 29.30%
Traceability 40.00%
Code generation 0.00%

Tool characteristics

Promoted UML

version 2.0
XMl version -
XMl valid -

Compliance Feature
Level fulfillment degree

Valid range L2-0C
L1.3 49.58%
L1.4 49.48%
L2-0 77.22%
L2-M 63.35%
L2-1 33.06%
L2-2 30.69%
L2-3 29.26%
Assigned level L2-0d
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5.30 MetaEdit+ by MetaCase
Name: MetaEdit+

Version: 4.5

Vendor: MetaCase

URL: http://www.metacase.com/

Price (if available): 4500%

Vendor statement: MetaEdit+ offers full modeling tool support for ydanguage. Your whole
team can immediately start to edit designs as gcaptdiagrams, as matrices or as tables,
switching between views according to your needs. &am browse designs with filters, apply
components, link your models to other designs,cidk your models with various pre-defined
or user-defined reports.

User interface: dialogs, menus, toolbars and drag & drop

Comments: The tool allows the creation of user-defined nmtaels and is often used to mod-
el domain specific languages and, thus, does raityréocus on the realization of UML.

Ecms Diagram [UML]: Klassendiagramm, 11. Januar 2008, 10:23
Graph Edt Yew Types Format Help
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Class[UML] T Fe= [ al
-Appendable
{-Assoziationsklasse <<"":\E”'SDE>I>I i
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3 Note text
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<treafizass
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alus:Strng
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Documentat,
SpecialTextElement Speciallata
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Figure 35: UML Class Diagram in "MetaEdit+"
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Findings per Tool

Individual evaluation results:

)

%

0o

Feature
Modeling criteria fulfillment
degree
Class diagram 53.64¢9
Component diagram 82.35
Composition diagram 70.00¢
Deployment diagram 33.33¢
Activity diagram 17.39%
Sequence diagram 33.33
Communication dia-
gram 69.23%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 42.86
Use case diagram 73.68
Information flows 0.00%
Model management 33.33
Templates 50.009
Profiles 0.00%
UML summary 40.23%
Traceability 0.00%
Code generation 22.00¢

Tool characteristics

Promoted UML
version

XMI version

1.0

XMl valid partial
Compliance Feature
Level fulfillment degree

Valid range L2-0C
L1.3 59.87%
L1.4 59.08%
L2-0 44.30%
L2-M 46.60%
L2-1 42.36%
L2-2 40.79%
L2-3 40.32%

Assigned level

83




A comprehensive survey of UML tool capabilities andtompliance

5.31 Metamill by MetaMill

Name: MetaMill

Version: 5 build 860

Vendor: MetaMill

URL: http://www.metamill.com/product.html
Price (if available): 140$

Vendor statementMetamill is a UML(tm) modeling software targeted $oftware engineer-
ing teams and individuals designing software intensystems using UML as a modeling lan-
guage.

Free evaluation version is available, i.e. you ¢anit before purchasing it. With Metamill you
can capture business requirements using use cageasns, design software architecture using
package diagrams and design components using diagsams, object diagrams, composite
structure diagrams and component diagrams. For dyisamodeling you can use sequence
diagrams, statemachine, communication, activity aming diagrams. UML 2.1 is supported
since Metamill version 5.0.

User interface: dialogs, views, menu,tools and direct editing @igdam elements in the dia-
gram

Comments: The tool allows at most one stereotype per modeheht (UML allows multiple
stereotypes). Some stereotypes are not properignasisto their metamodel elements as given
in the annex of the UML. The primitive types asdfied in the UML are not defined.

cd eval (class diagram) J

NewPackage
ExecutionContext

Execytab

thext |

i
SseProcess ProcessStep
+steps +prew
Context Type

Figure 36: UML Class Diagram in "Metamill”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 56.95%
Component diagram 67.65%
Composition diagram 90.00%
Deployment diagram 77.27%
Activity diagram 40.58%
Sequence diagram 72.22%
Communication dia-
gram 46.15%
Interaction overview
diagram 50.009
Timing diagram 47.37%
State machine diagram 52.38%
Use case diagram 73.68%
Information flows 0.00%
Model management 66.67%
Templates 0.00%
Profiles 0.00%
UML summary 54.35%
Traceability 0.00%
Code generation 22.00%

Tool characteristics

Promoted UML

version 2.1
XMl version 1.1,1.2,1.3,2.0and 2
XMl valid -
Compliance Feature
Level fulfillment degree

Valid range L2-0AC, L2-1AC
L1.3 70.59%
L1.4 71.19%
L2-0 75.95%
L2-M 63.87%
L2-1 56.67%
L2-2 56.52%
L2-3 54.36%

Assigned level

partial L2-1A(
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5.32 MyEclipselDE by genuitec
Name: MyEclipselDE

Version: 8.0 - 20091120

Vendor: genuitec

URL: http://www.myeclipseide.com/
Price (if available): 31.75% - 158.95%

Vendor statement: MyEclipse is the most comprehensive Java EE / JZHEEfor the open
source Eclipse platform, period. MyEclipse incorges today's most innovative open-standard
technologies to provide a development environm@aniZEE WEB, XML, UML and databases
and a wide array of application server connectarstreamline development, deployment, test-
ing and portability.

The vendor of thistool did not respond to a publication request in terms of an explicit opt-in.
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5.33 Netbeans by SUN

Name: Netbeans

Version: 5.5.1 with UML Module 1.1.14
Vendor: SUN

URL: http://www.netbeans.org

Price (if available): Open Source (CDDL, GPL)

Vendor statement: A free, open-source Integrated Development Envissrninfior software
developers. You get all the tools you need to erpadfessional desktop, enterprise, web, and
mobile applications with the Java language, C/C-afd Ruby.

User interface: dialogs, views, direct editing of diagram elementthe diagram and toolbar

Comments: The program is unstable in its behavior (hangaspsh). The evaluator detected
several usability problems, e.g. it is complicatedspecify multiplicities. The inline diagram
editor is very handy and provides good tooltip h&lpe arrangement of the diagram elements is
not stored properly, so after closing the progréira,evaluator was able to reread the model but
the layout of the diagrams was not restored.
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Figure 37: UML Class Diagram (incomplete) in "Netbeans”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 49.34%
Component diagram 32.35%
Composition diagram 45.00%
Deployment diagram 34.85%
Activity diagram 24.64%
Sequence diagram 40.00%
Communication dia-
gram 19.23%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 50.00%
Use case diagram 52.63%
Information flows 0.00%
Model management 0.00%
Templates 29.17%
Profiles 0.00%
UML summary 35.67%
Traceability 10.00%
Code generation 2.00%

Tool characteristics

Promoted UML
version

XMl version .
XMl valid -
Compliance Feature
Level fulfilment degree
Valid range L2-0C
L1.3 53.78%
L1.4 53.86%
L2-0 74.68%
L2-M 55.50%
L2-1 36.67%
L2-2 36.97%
L2-3 35.74%
Assigned level partial L2-0(

7
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5.34 Objecteering/UML Free Edition by Objecteering Software
Name: Objecteering/UMLFree Edition

Version: 6.1.00

Vendor: Objecteering Software

URL: http://www.objecteering.com/

Price (if available): 0%

Vendor statement: Objecteering UML Free Edition is the freelpwnloadablefree-of-charge
edition of the new Objecteering range (UML2 modgliXMI import, documentation genera-
tion).

User interface: dialogs, views, direct editing of diagram elementthe diagram, toolbar
Comments: There are several differences to the commercialym

* The size of the model is limited to 50 elements.
e Groupwork services and the model versioning (diffge) as well as configuration
management features are not supported.

¢ Code generation for CORBA IDL, SQL DDL and Fortraire not available in the free
version.
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Figure 38: UML Use Case Diagram in “Objecteering/UML Free kit
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 62.25%
Component diagram 64.71%
Composition diagram 65.00%
Deployment diagram 45.45%
Activity diagram 43.48%
Sequence diagram 55.56%
Communication dia-
gram 53.85%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 48.81%
Use case diagram 76.32%
Information flows 71.439
Model management 83.33%
Templates 50.00%
Profiles 0.00%
UML summary 50.85%
Traceability 40.00%
Code generation 2.00%

Tool characteristics

Promoted UML

version 2.0
XMI version _
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 73.32%
L1.4 73.07%
L2-0 68.35%
L2-M 64.92%
L2-1 52.22%
L2-2 50.22%
L2-3 50.96%
Assigned level partial L2-0(
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5.35 objectiF by Microtool
Name: objectiF

Version: 7.0.133

Vendor: Microtool

URL: http://www.microtool.de
Price (if available): 2500 $

Vendor statement:In objectiF you will find everything you need féfi@ent development. This
includes development of enterprise, SOA and webcagipns as well as client-server applica-
tions and embedded software.

User interface: dialogs and toolbar

Comments: The UML notation is not well supported. Also theabsity of the user interface
and the diagram editor can be improved by consideaiccepted user interface conventions.
The program opens a lot of different windows. Thal@ator noted that MDA transformations
from platform independent models to platform specifodels are explicitly supported.

PR e
- ( smwmfdrmaﬁQ. setdtes
- g -2 T e )
% % e s<kommunizigs=""" e
<‘>< Login >
resruveltertss e ———
- % Administeator
==kommuniziert==
e — e 7"““x_
: Administrate >
=
]
1
Q
- »
m )

Figure 39: UML Use Case Diagram in “objectIF*
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 35.43%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 18.84%
Sequence diagram 20.00%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 52.38%
Use case diagram 31.58%
Information flows 0.00%
Model management 0.00%
Templates 16.67%
Profiles 10.00%
UML summary 22.61%
Traceability 30.00%
Code generation 21.00%

Tool characteristics

Promoted UML

=]

version pragmatic realizatio
XMl version .
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 40.55%
L1.4 40.29%
L2-0 48.10%
L2-M 43.46%
L2-1 22.64%
L2-2 23.48%
L2-3 22.66%

Assigned level
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5.36 Omondo UML Plugin for Eclipse by Omondo
Name: Omondo UML Plugin for Eclipse

Version: 3.3.0.v20070629 2007 free

Vendor: Omondo

URL: http://www.omondo.conhttp://www.omondo.de

Price (if available): unknown

Vendor statement: EclipseUML Studio Edition is an advanced UML salntfor Java and Jee
modelers and developers.

User interface: dialogs, menu and toolbar

Comments: The tool and its modeling options are dedicated)&va code generation, but the
evaluator recorded code synchronization and geoargroblems, e.g. for compositions. The
program is unstable (hang-up, crash). It does nppart multiple stereotypes (as required by
the UML). The elements in the toolbar are not priypeategorized so that model elements are
mixed among different diagram types. The tool idtrces a new diagram type, the robustness
diagram.
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Figure 40: UML Class Diagram in "Omondo UML Plugin for Ecligse

94



Findings per Tool

Individual evaluation results:

0%

%

0o

Feature
Modeling criteria fulfillment
degree
Class diagram 55.63¢
Component diagram 61.76
Composition diagram 5.00¢
Deployment diagram 31.824
Activity diagram 31.88%
Sequence diagram 42.22
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 44.05
Use case diagram 78.95
Information flows 0.00%
Model management 0.00¢
Templates 8.33¢
Profiles 30.00%
UML summary 39.17%
Traceability 20.00%
Code generation 12.00(

Tool characteristics

Promoted UML

version 2.1
XMl version 21
XMl valid -
Compliance Feature
Level fulfilment degree
Valid range L2-0AC, L2-MAC
L1.3 61.34%
L1.4 61.80%
L2-0 68.35%
L2-M 54.45%
L2-1 41.94%
L2-2 41.12%
L2-3 39.15%

Assigned level

partial L2-MA(Q
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5.37 0OODesigner by Tae Gyun Kim
Name: OODesigner

Version: 0401 2004-01-12

Vendor: Tae Gyun Kim

URL: http://munjong.pufs.ac.kr/ktg/ood.htm

Price (if available): free, no license

Vendor statement: This tool is for supporting UML. Functionality: Gla Diagram, Use Case
Diagram..., C++/Java Code Generation, OLE contaideserver

User interface: dialogs, direct editing of diagram elements indiegram and toolbar

Comments: The usability can be improved significantly. To@amyg options are not available
from the context menu. Editors or dialogs for chagghe properties of model elements are
missing. Often it is not possible to edit a modeheent directly after inserting it. The program
IS not able to read its own data files after stpiinem, i.e. the evaluator was not able to store
and reread the evaluation model.
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Figure 41: UML Class Diagram in "OODesigner”
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 31.79%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 18.18%
Activity diagram 11.59%
Sequence diagram 22.22%
Communication dia-
gram 19.23%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 19.05%
Use case diagram 42.11%
Information flows 0.00%
Model management 0.00%
Templates 4.17%
Profiles 0.00%
UML summary 19.32%
Traceability 0.00%
Code generation 12.00%

Tool characteristics

Promoted UML
version

XMl version .
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 35.71%
L1.4 35.07%
L2-0 44.30%
L2-M 36.65%
L2-1 21.25%
L2-2 20.34%
L2-3 19.36%

Assigned level
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5.38 Open ModelSphere by Grandite
Name: Open ModelSphere

Version: 3.0 Build 904

Vendor: Grandite

URL: http://www.modelsphere.com/modelsphere.html
Price (if available): 0%

Vendor statement: Open ModelSphere - Grandite's Free Business DathRnocess Model-
ing, Software Re-engineering and UML Tools Openaegé Area of Opportunities for Your
Enterprise:

e Support of multiple strategic and operational IT ojercts,
e.g. business process re-engineering, mergers &iaitipn, outsourcing, reorganization,
evaluation of software packages, computer-aidetivené engineering (CASE), documen-
tation of databases and applications, database atign

«  Benefits in all phases of software development epto)
e.g. analysis, business process modeling, condeqitia modeling, logical data modeling,
design, physical data / database modeling, databbasele generation, database / code re-
verse engineering

User interface: dialogs, views, direct editing of diagram elenseintthe diagram and toolbar

Comments: ModelSphere realizes only a subset of UML 1. Tvedueator was not able to store
the complete model created due to restrictionb@ftvaluation license.
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Figure 42: UML Use Case Diagram in “Open ModelSphere*
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Findings per Tool

Individual evaluation results:

)

%

0o

Feature
Modeling criteria fulfillment
degree
Class diagram 46.369
Component diagram 29.41
Composition diagram 0.00¢
Deployment diagram 22.738
Activity diagram 20.29%
Sequence diagram 15.56
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 23.81
Use case diagram 44.74
Information flows 0.00%
Model management 50.00
Templates 0.009
Profiles 0.00%
UML summary 26.65%
Traceability 30.00%
Code generation 10.00(

Tool characteristics

Promoted UML
version

XMl version .
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 47.90%
L1.4 47.39%
L2-0 64.56%
L2-M 51.31%
L2-1 29.03%
L2-2 27.42%
L2-3 26.60%
Assigned level partial L2-0(

7
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5.39 OpenAmeos by ScopeSET
Name: OpenAmeos

Version: 10.1 (Build 26)

Vendor: ScopeSET

URL: http://www.openameos.org/download
Price (if available): 0%

Vendor statement:OpenAmeoss the multi-platform/multi-user UML® Modeling Emenment
with unique support for UML 2.0 Profiles, MDA® bdsglodel Transformation and support for
color to visualize semantics.

OpenAmeos supports all UML1.x diagram types armgreésently in the process of moving to-
wards UML2. MDA based code generation templatesaaaglable for Java, C++, C, Ada95,
C#. Additional templates and profiles support matis such as RavenScar or the Java High-
Integrity-Platform (HIP).

User interface: dialogs, views, direct editing of diagram elemeiotssome diagram elements,
menu, toolbar and drag and drop menu

Comments: The usability can be improved, e.g. to simplifg #rccess to the properties tab of a
model element. Due to problems deleting elementkenexample database, the evaluator was
not able to assess the code synchronization aeffesitory management.
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 48.68%
Component diagram 32.35%
Composition diagram 80.00%
Deployment diagram 27.27%
Activity diagram 22.46%
Sequence diagram 36.67%
Communication dia-
gram 38.46%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 63.10%
Use case diagram 60.53%%
Information flows 0.00%
Model management 0.00%
Templates 29.17%
Profiles 60.00%
UML summary 38.32%
Traceability 0.00%
Code generation 23.00%

Tool characteristics

Promoted UML
version

UML 2.0 profile suppor

—

XMl version .
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L1.3, L1.4, L2-0C
L1.3 59.66%
L1.4 59.71%
L2-0 49.37%
L2-M 50.79%
L2-1 37.64%
L2-2 39.78%
L2-3 38.40%
Assigned level partial L1.4
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5.40 Papyrus UML by Papyrus UML Team
Name: Papyrus UML

Version: 1.6.2

Vendor: Papyrus UML Team

URL: http://www.papyrus-uml.org

Price (if available): Open Source (EPL)

Vendor statement: Papyrus is a dedicated tool for modelling within U This open source
tool is based on the Eclipse environment.

User interface: view, menu and toolbar

Comments: The tool was not able to handle more than one dmagrer model so that for each
diagram type to be tested an own model had to &éated. The deletion operation sometimes
removes too many elements. Use cases are streddied to classes. Adjustment of the dimen-
sions of the elements did not work properly. Toeemparameter of an operation the user needs
knowledge on the UML syntax of operations. The ugglof several functionalities can be
improved, because the user cannot intuitively hamt without consulting the online videos.
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Figure 44: UML Class Diagram in “Papyrus UML"
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 65.56%
Component diagram 58.82%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 0.00%
Sequence diagram 0.00po
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00%
Use case diagram 0.00P%
Information flows 0.00%
Model management 83.33%
Templates 83.33%
Profiles 70.00%
UML summary 27.92%
Traceability 20.00%
Code generation 13.00%

Tool characteristics

Promoted UML

version 2
XMl version 21
XMl valid partial
Compliance Feature
Level fulfillment degree
Valid range L2-0AC, L2-MAC
L1.3 37.61%
L1.4 37.79%
L2-0 87.34%
L2-M 85.34%
L2-1 30.28%
L2-2 26.07%
L2-3 27.87%
Assigned level L2-MAC
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5.41 Poseidon by Gentleware
Name: Poseidon

Version: 6.0.1

Vendor: Gentleware

URL: http://www.gentleware.com

Price (if available): 249$-1549%

Vendor statement: Don't lose the advantage of clarity and simpli¢tyan overly complicated
tool - the Poseidon for UML software line lets yget down to work without entanglements in
your development environment. Powerful features siscround trip engineering and documen-
tation generation have been intelligently impleredntithout the overhead common to so many
other UML tools on the market today.

User interface: views, direct editing of diagram elements in tiegdam, menu and toolbar

Comments: Sometimes the tool adds superfluous elements wsierting a model element.
The program does not provide a function to reusvipusly inserted elements (in different
diagrams). Toolbars do not always properly maghéodurrent diagram in the editor. The usa-
bility of the stereotypes selection could be immgayv
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Figure 45: UML Class Diagram in "Poseidon”
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Findings per Tool

Individual evaluation results:

Feature Tool characteristics
Modeling criteria fulfillment Promoted UML All 9 UML diagrams
degree :
version
i (0
Class diagram 65.23% XMI version 1o
Component diagram 73.53%
~ _ XMl valid Partial
Composition diagram 60.00%
Denl Cdi 71,910 Compliance Feature
eployment diagram il Level fulfillment degree
Activity diagram 50.00% Valid range 12-0C
1 o
Sequence diagram 80.00% 113 75 42%
Communication dia-
L1.4 75.78%
gram 34.6294 2
. . L2-0 70.89%
Interaction overview
diagram 0.00% L2-M 61.78%
Timing diagram 0.009 L2-1 57.78%
State machine diagram 67.86% L2-2 58.43%
Use case diagram 81.58% L2-3 55.32%
Information flows 0.00% Assigned level partial L2-0(
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 55.20%
Traceability 30.00%
Code generation 28.00%
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5.42 PowerDesigner by Sybase

Name: PowerDesigner

Version: 12.5.0.2169

Vendor: Sybase

URL: http://www.sybase.com/products/powerdesigner/
Price (if available): 5990%

Vendor statement: Sybase PowerDesigner 12.5, a model-driven approéaehigning business
and IT, is an enterprise modeling and design sofuthat helps you implement effective enter-
prise architecture and brings powerful analysis ahekign techniques to your development
lifecycle. PowerDesigner uniquely combines sevstahdard data modeling techniques (UML,
Business Process Modeling and market-leading datdefing) together with leading develop-
ment platforms such as .NET, WorkSpace, PowerBuildea™, Eclipse, etc., to bring busi-
ness analysis and formal database design solutionghe traditional software development
lifecycle. And it works with over 60 RDBMS.

User interface: dialogs, menu and toolbar

Comments: The UML implementation appears to be an additiorlUML 2 elements to an
UML 1 modeling tool. Often options and functionglis (unnecessarily) hidden. The tool pro-
vides a very detailed transformation editor andhgmact analysis.
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Figure 46: UML Class Diagram in “PowerDesigner”
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Findings per Tool

Individual evaluation results:

Feature Tool characteristics
Modeling criteria ful(;llelnlgzt Promoted UML
g version 2.0
Cl di 49.349 .
ass diagram ° XMI version 10 1.1
Component diagram 52.94%
— ] XMl valid Partial
Composition diagram 40.00%
. Compliance Feature
q
Deployment diagram 30.30%6 Level fulfillment degree
. 0
Activity diagram 28.99% Valid range L1.3, L1.4, L2-0C
1 o
Sequence diagram 73.33% 113 58.40%
Communication dia-
0,
gram 61.54% L1.4 58.66%
. . L2-0 65.82%
Interaction overview
diagram 50.009 L2-M 57.07%
Timing diagram 0.009 L2-1 46.25%
State machine diagram 35.71% L2-2 43.26%
Use case diagram 50.00P0 L2-3 41.60%
Information flows 0.00% Assigned level partial L1.4
Model management 0.00% partial L2-0C
Templates 25.00%
Profiles 10.00%
UML summary 41.51%
Traceability 70.00%
Code generation 27.00%
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5.43 QuickUML by Excel Software
Name: QuickUML
Version: 3.0.4

Vendor: Excel Software
URL: http://www.excelsoftware.com/quickumlwin.html

Price (if available): 495%

Vendor statement: Design object-oriented software with a highly ieggd, core set of UML
models. Your entire project is presented throughudti-panel window showing use cases, class
models, object models, dictionary and coflave your project as a platform neutral XML for-
matted text file. Edit and share projects from &lvipdows or Mac OS X agputer.

User interface: dialogs, menu and toolbar

Comments: The tool supports at most one stereotype per elerfige usability could be im-
proved significantly. Partly, arbitrary edges, whigo not realize any semantics of UML rela-
tions, can be inserted into diagrams The toolireguhe user to follow a prescribed engineer-
ing process from use cases to class diagrams. dse Biagrams are not supported, but use
cases are available in an element list.

¥ QuicklIML : :base:Referenz-Klassendiagramm =~

File Edit Report Option  Help

: : . TP T b

[ = = = B o
Use Case | Class Model?] Object Model | Distionar v | Code |

Ly | @ vase:.. 122z = 1
T e
| ExecutionContesxt
EI =<imterface>>
Executable
O e T s Lo it trsmmere
R Fal
QuickUML: :-tbase:Referenz-Hlassendiagramm ™

el =

Figure 47: UML Class-Diagram in "QuickUML"

108



Findings per Tool

Individual evaluation results:

)

%

0

Feature
Modeling criteria fulfillment
degree
Class diagram 34.119
Component diagram 0.00¢
Composition diagram 0.00¢9
Deployment diagram 0.00¢
Activity diagram 0.00%
Sequence diagram 11.11
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00
Use case diagram 2.63
Information flows 0.00%
Model management 16.67
Templates 0.009
Profiles 0.00%
UML summary 12.31%
Traceability 10.00%
Code generation 14.00¢

Tool characteristics

Promoted UML
version

core set of UML

XMl version .
XMl valid -
Compliance Feature
Level fulfilment degree
Valid range L2-0C
L1.3 24.37%
L1.4 24.22%
L2-0 35.44%
L2-M 36.65%
L2-1 15.83%
L2-2 12.81%
L2-3 12.34%

Assigned level
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5.45 Rational Software Architect for WebSphere by IBM/Raional
Name: Rational Software Architect for WebSphere

Version: 7.5.4

Vendor: IBM/Rational

URL: http://www.ibm.com/software/awdtools/swarchitecthsphere/

Price (if available): 6310%

Vendor statement:

e Powerful modeling and graphical editing across aiety of domains (UML™ 2, BPMN 2,
Java/JEE, WSDL, XSD, SCA, SoaML, DoDAF 2 and mbreludes the complete IBM®
Rational® Application Developer product for an igtated design and development expe-
rience.

« Manage projects and risks more effectively: levertite powers of abstraction, visualiza-
tion, and traceability to analyze impacts of propd€hanges

e  Quickly create custom factory solutions based upoar own domain examples, using
exemplar-driven authoring tools. Use domain sped#hguages to represent your unique
problem and solution domains. Automate developmihtPatterns Based Engineering.

The vendor of thistool prohibited the publication of findings on thistool.
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5.46 Rational System Architect by IBM/Rational
Name: Rational System Architect

Version: 11.3.1

Vendor: IBM/Rational

URL: http://www.ibm.com/software/products/de/de/ratiaysh/111.ibm.com/ecatalog/Detail.w
ss?locale=de DE&synkey=T102496E45339Y47

Price (if available): 3700%

Vendor statement: Telelogic System Architect® enables you to builBusiness and Enter-
prise Architecture— a fully integrated collectiohroodels and documents across five keys do-
mains: Strategy, Business, Information, SystemsTaatinology. Telelogic System Architect’s
comprehensive solution provides a shared worksparcell team members to understand how
to improve the company's architecture and overadlibess.

The vendor of thistool prohibited the publication of findings on thistool.
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5.47 Rational Tau by IBM/Rational

Name: Rational Tau

Version: 4.3.0.0.13660

Vendor: IBM/Rational

URL: http://www.ibm.com/developerworks/rational/produtzs/
Price (if available): 2310%

Vendor statement:IBM Rational Tau's iterative requirements-basedrapgh, comprehensive
error-checking and automated simulation increasevetbper productivity from initial re-
quirements to final implementation. IBM RationalTaupports the latest industry standards for
visual systems and software development, includingied Modeling Language (UML 2.1),
Systems Modeling Language (SysML 1.0), Model Driemitecture (MDA), Department of
Defense Architecture Framework (DoDAF 1.5), andvigerOriented Architecture (SOA)

The vendor of this tool prohibited the publicatimffindings on this tool.
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5.48 Real Time Developer Studio by Pragmadev
Name: Real Time Developer Studio
Version: 4.0.3 2009-07-20

Vendor: Pragmadev
URL: http://www.pragmadev.com/product/product.html

Price (if available): unknown

Vendor statement:Real Time Developer Studio is a modeling tool &al time and embedded
software. It is suited for any communicating systemany application running on top of a Real

Time Operating System. It covers requirements, ifspegon, prototyping, design, debug on
target, and testing.

User interface: dialogs, toolbar, toolbar and direct editing aigliam elements in the diagram

Comments: This tool is dedicated to real time developmenthwsDL-RD and SDL Z.100.
Only few UML modeling elements and diagrams arepsuigd.
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 28.81%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 21.21%
Activity diagram 0.00%
Sequence diagram 0.00P%
Communication dia
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00%
Use case diagram 23.68%
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 11.68%
Traceability 0.00%
Code generation 11.00%

Tool characteristics

Promoted UML
version

XMI version _
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 22.90%
L1.4 22.76%
L2-0 45.57%
L2-M 35.08%
L2-1 13.33%
L2-2 12.36%
L2-3 11.70%

Assigned level
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5.49 Rhapsody by Telelogic
Name: Rhapsody

Version: 7.1.1.0 Build 893629
Vendor: Telelogic

URL: http://modeling.telelogic.com/products/rhapsody

Price (if available): unknown

Vendor statement: Rhapsody’s core modeling languages are UML 2.leslawersion of
SysML, and DoDAF. Going beyond these standard nmagieinguages, Rhapsody allows users
to extend the modeling environment into Domain Epdanguage (DSL) capabilities, a pow-
erful technology differentiator for the Rhapsodynily of modeling tools. This means systems
engineers and software developers can create tveir unique diagrams and diagram elements
which may be relevant to the design domain, busidetthe UML. Another differentiator from
other tools on the market is that Rhapsody makésida of Profiles, and Rhapsody DSL pro-
files truly extends the freedom to create a custabie environment, working within the current
UML 2.1 /latest version of SysML/ and DoDAF framewim meet the exact design require-
ments for a project.

The vendor of thistool prohibited the publication of findings on thistool.
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5.50 Rose by IBM/Rational

Name: Rose

Version: 7.0

Vendor: IBM/Rational

URL: http://www-01.ibm.com/software/awdtools/developesé&/enterprise/index.htmi
Price (if available): 4,640.00%

Vendor statement: The IBM Rational® Rose® product family lets youigiesoftware solu-
tions using the Unified Modeling Language (UML)clitects, analysts, software and database
designers, and real-time/embedded systems devslogerall use the Rational Rose family of
products to produce visual models of software dethiires, databases, application require-
ments and reusable assets, as well as to formolateagement-level communications.

The vendor of thistool prohibited the publication of findings on thistool.
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5.51 Smartdraw by Smartdraw
Name: Smartdraw

Version: 2010.07

Vendor: Smartdraw

URL: http://www.smartdraw.com/

Price (if available): 169,5$-197%

Vendor statementJust as the word processor makes it possible fgoa@ to create beautifully
formatted written documentation, the visual prooessakes it possible for anyone to create
presentation-quality visuals just as easily.

Before the visual processor, visuals had to be tegtananually with complex graphics soft-
ware. Even for experts, producing a visual likéoavthart was time consuming and the results
were often not presentation-quality. SmartDraw audites the creation of visuals to such a
degree that anyone can do it, and get great resulisinutes.

User interface: direct editing of diagram elements in the diagrdialogs, menu and toolbars
(palette)

Comments: Symbols related to one diagram are spread oveipleupalettes. The basis instal-
lation is not ready for drawing UML diagrams. Thiis)eeds to download individual parts from
the vendor server. Nesting of model elements ig snpported via the detour of grouping ele-
ments. Scaling of some elements is too large upseriion into a diagram so that manual scal-
ing is needed frequently.
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Figure 49: UML Class Diagram in "Smartdraw”
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Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 31.79%
Component diagram 55.88%
Composition diagram 65.00%
Deployment diagram 46.97%
Activity diagram 38.41%
Sequence diagram 25.56%%
Communication dia-
gram 42.31%
Interaction overview
diagram 59.389
Timing diagram 0.00¢
State machine diagram 72.62%
Use case diagram 68.42%
Information flows 7.14%
Model management 0.00%
Templates 8.33%
Profiles 0.00%
UML summary 37.69%
Traceability 0.00%
Code generation 0.00%

Tool characteristics

Promoted UML

version 2.0
XMI version _
XMl valid -

Compliance Feature
Level fulfilment degree

Valid range L2-0C
L1.3 50.42%
L1.4 50.52%
L2-0 37.97%
L2-M 35.08%
L2-1 36.11%
L2-2 39.55%
L2-3 37.77%
Assigned level
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5.52 StarUML by Star UML Development Group
Name: StarUML

Version: 5.0.2.1570

Vendor: StarUML Development Group

URL: http://staruml.sourceforge.net/en/index.php

Price (if available): Open Source (GPL)

Vendor statement: UML is continuously expanding standard managed MG Object Man-
agement Group). Recently, UML 2.0 is released aadJML support UML 2.0 and will sup-
port lastest UML standard.

User interface: dialogs, views, direct editing of diagram elemeantthe diagram, toolbar, drag
& drop

Comments: -
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Figure 50: UML Use Case Diagram in “StarUML"
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Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 61.59%
Component diagram 41.18%
Composition diagram 85.00%0
Deployment diagram 39.39%
Activity diagram 27.54%
Sequence diagram 73.33%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.00¢
State machine diagram 50.00%
Use case diagram 78.95%
Information flows 0.00%
Model management 83.33%
Templates 41.67%
Profiles 0.00%
UML summary 46.71%
Traceability 0.00%
Code generation 18.00%

Tool characteristics

Promoted UML

version 1.3
XMl version 11
XMl valid partial
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 69.33%
L1.4 69.73%
L2-0 67.09%
L2-M 60.21%
L2-1 48.89%
L2-2 47.19%
L2-3 46.81%

Assigned level

partial L2-0C
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5.53 System Architect by Telelogic
Name: System Architect

Version: 10.7.16 SP 1

Vendor: Telelogic

URL: http://www.telelogic.com/products/systemarchitextéx.cfm

Price (if available): unknown

Vendor statement: Telelogic System Architect® enables you to builBusiness and Enter-
prise Architecture— a fully integrated collectiohroodels and documents across five keys do-
mains: Strategy, Business, Information, SystemsTaatinology. Telelogic System Architect’s
comprehensive solution provides a shared worksparcell team members to understand how
to improve the company's architecture and overadlibess.

The vendor of thistool prohibited the publication of findings on thistool.
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5.54 Tangible Architect by Tangible enginering
Name: Tangible Architect

Version: 4.0

Vendor: Tangible engineering

URL: http://www.tangiblearchitect.net/visual-studio/

Price (if available): unknown

Vendor statement: UML support with forward, reverse and round-tripgameering plus class
wizard modelling. Code Generation for complete R¢est Object Models including Data Ac-
cess Layer.

User interface: dialogs, direct editing of diagram elements in dieigram, menu, toolbar and
drag & drop

Comments: -
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Figure 51: UML Class Diagram in "Tangible Architet
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Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 17.22%
Component diagram 29.41%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 20.29%
Sequence diagram 0.00P%6
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.00¢
State machine diagram 28.57%
Use case diagram 63.16P%6
Information flows 0.00%
Model management 33.33%
Templates 0.00%
Profiles 0.00%
UML summary 15.07%
Traceability 0.00%
Code generation 8.00%

Tool characteristics

Promoted UML

version 2.0
XMl version .
XMl valid -

Compliance Feature
Level fulfillment degree

Valid range L2-0C
L1.3 26.47%
L1.4 26.30%
L2-0 25.32%
L2-M 17.80%
L2-1 16.39%
L2-2 15.96%
L2-3 15.53%
Assigned level
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5.55 Telelogic Tau/Modeler Edition by Telelogic
Name: Telelogic Tau/Modeler Edition

Version: 3.1.1.0.0.3145

Vendor: Telelogic

URL: http://modelingcommunity.telelogic.com/modeler-ddead.aspx?p=tau87

Price (if available): unknown

Vendor statement: Introducing Telelogic Modeler™, a free UML 2.1-bdssoftware design
tool. Designed to remove acquisition cost barrieysa key author and supporter of UML, this
free modeling product allows users to leverageltbeefits of improved communication by us-
ing a standard graphical language to specify, vimgaand document systems and software
designs. Offered at no charge, Modeler allows usernscrease their productivity and shorten
design cycles.

The vendor of thistool prohibited the publication of findings on thistool.
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5.56 Teuta by University of Vienna

Name: Teuta

Version: -

Vendor: Institut fir Softwarewissenschaft Universitat Wien

URL: http://www.par.univie.ac.at/project/prophet/nodashih

Price (if available): free, no license

Vendor statement: Teuta is a graphical editor for the UML-based maaiglof Distributed and
parallel applications, and Grid workflow applicatie. At present Teuta supports following
UML diagrams, Activity, Collaboration, Deploymeg@iass.

User interface: dialogs, menu and toolbar

Comments: The tool appears to be an UML based editor supypat subset of UML 1.x. The
tool is unstable, because several exceptions rarkéd conducting the evaluation and, thus, the
evaluator needed to restart the tool. There isarggecific component diagram, but component
elements are available in the deployment diagram.
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Individual evaluation results:

Feature Tool characteristics
Modeling criteria fulfillment Promoted UML
degree :
version -
i [v)
Class diagram 9.60% XMI version )
Component diagram 5.88%
— _ XMl valid -
Composition diagram 20.00%
Depl gi 10.614 Compliance Feature
eployment diagram il Level fulfillment degree
Activity diagram 18.84% Valid range L2-0C
1 D
Sequence diagram 0.00%0 113 13.66%
Communication dia- 114 13.57%
gram 0.00%
. . L2-0 18.99%
Interaction overview
diagram 0.00% L2-M 13.09%
Timing diagram 0.009 L2-1 8.75%
State machine diagram 0.00% L2-2 7.87%
Use case diagram 0.00p% L2-3 7.87%
Information flows 0.00% Assigned level
Model management 33.33%
Templates 0.00%
Profiles 0.00%
UML summary 7.64%
Traceability 0.00%
Code generation 0.00%
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5.57 Together by Borland
Name: Together

Version: 2006 R2 8.1.1Build-ID: 4359.1
Vendor: Borland

URL: http://www.borland.com/together/index.html

Price (if available): 3495%

Vendor statement: Create UML 2 and business process models (BPMN™jetwerate and
import business process execution languages with Séevices definitions (BPEL4WS8)post
productivity through Model Driven Architecture® (M®) features, including OMG’s Query
View Transformation (QVT) used in model-to-modah$formations and support for OCL 2.0
with syntax highlighting, validation, code sensehulgging and expression evaluation

User interface: views, direct editing of diagram elements in tiegdam, menu and toolbar

Comments: The program realizes some functionality to supportsistency among model ele-
ments.
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Figure 53: UML Class Diagram in "Together"
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Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 77.48%
Component diagram 94.12%
Composition diagram 90.00%
Deployment diagram 74.24%
Activity diagram 42.03%
Sequence diagram 73.33%
Communication dia-
gram 69.23%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 63.10%
Use case diagram 78.95%%
Information flows 0.00%
Model management 0.00%
Templates 58.33%
Profiles 65.00%
UML summary 62.21%
Traceability 40.00%
Code generation 21.00%

Tool characteristics

Promoted UML

version 2.0
XMl version 20
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L1.3,L1.4
L2-0AC, L2-MAC
L1.3 81.09%
L1.4 81.42%
L2-0 83.54%
L2-M 84.29%
L2-1 63.33%
L2-2 64.16%
L2-3 62.23%
Assigned level L1.4/L2-MACQ
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5.58 Topcased by Topcased.org
Name: Topcased

Version: 3.2.0.v200911301720

Vendor: Topcased.org

URL: http://www.topcased.org

Price (if available): Open Source (EPL)

Vendor statement: Topcased promotes model-driven engineering anddbmethods as key
technologies.

User interface: dialogs, views, direct editing of diagram elementthe diagram, menu, toolbar
and drag & drop

Comments: The usability of the program can be improved, eftgn the mouse selection func-
tion had to be reactivated.
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Figure 54: UML Use Case Diagram in "Topcased"
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Individual evaluation results:

Feature Tool characteristics
Modeling criteria ful(;lllment Promoted UML
egree version 2.0
i [0
Class diagram 67.22% XMI version ]
Component diagram 67.65%
— _ XMl valid -
Composition diagram 90.00%
Deol tdi 54.55¢ Compliance Feature
eployment diagram i Level fulfillment degree
Activity diagram 68.84% Valid range L2-0C
1 o
Sequence diagram 60.00% 113 69 75%
Communication dia- L1.4 69 94%
gram 0.00%
. . L2-0 79.75%
Interaction overview
diagram 0.00% L2-M 73.82%
Timing diagram 0.009 L2-1 58.33%
State machine diagram 55.95% L2-2 57.42%
Use case diagram 76.320%0 L2-3 55.21%
Information flows 0.00% Assigned level L2-0Q
Model management 50.00%
Templates 8.33%
Profiles 40.00%
UML summary 55.31%
Traceability 10.00%
Code generation 0.00%
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5.59 Umbrello UML Modeler by Umbrello Project Team at

Sourceforge

Name: Umbrello UML Modeler

Version: 2.3.2

Vendor: Umbrello Project Tea

URL: http://luml.sourceforge.nt

Price (if available): Open Source (GP

Vendor statement: Umbrello UML Modeller is a Unified Modelling Langge diagram po-
gramme for KDE. UML allowsou to create diagrams of software and other systems

standard format.

User interface: dialogs, views, menu, toolbar and drag & ¢

Comments: The program is nstable (hang-up, crash)The evaluated version crashed sev
times. The usability could bhienproved, e.g. the drag & drop menu does not kbepstlecte:
element so for each new model element the user masstect the type of model element tc

inserted.
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Figure 55: UML Class Diagram in "Umbrello UML Modele
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Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 48.34%
Component diagram 23.53%
Composition diagram 0.00%
Deployment diagram 30.30%
Activity diagram 30.43%
Sequence diagram 40.00%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.00¢
State machine diagram 40.48%
Use case diagram 50.00P%6
Information flows 0.00%
Model management 8.33%
Templates 41.67%
Profiles 0.00%
UML summary 33.65%
Traceability 0.00%
Code generation 20.00%

Tool characteristics

Promoted UML
version

XMl version 1.2
XMl valid partial
Compliance Feature
Level fulfilment degree
Valid range L2-0C
L1.3 53.15%
L1.4 52.82%
L2-0 67.09%
L2-M 52.88%
L2-1 35.00%
L2-2 34.38%
L2-3 33.72%
Assigned level partial L2-0(

7
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5.60 UMLAUT by IRISA/CNRS
Name: UMLAUT

Version: beta 1-8

Vendor: IRISA/CNRS

URL: http://www.irisa.fr/pampa/UMLAUT

Price (if available): free, no license

Vendor statement: The central component of UMLAUT is the implemeatain Eiffel of the
UML meta-model. It allows UML models to be représdrin an AST style object structure. A
model can be built either directly through a GragdliUser Interface, or imported from other
tools, e.g. Rational Rose or Objecteering, or eemrse-engineered from Eiffel or Java source
code.

User interface: dialogs, menu, toolbar and drag & drop

Comments: The program is unstable (hang-up, crash). Theilitgatan significantly be im-
proved, e.g. the mechanism to create relationshgesls a specific sequence of selecting the
elements to be connected.
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Figure 56: UML Class Diagram in "UMLAUT"
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Findings per Tool

Individual evaluation results:

Feature Tool characteristics
Modeling criteria fulfillment Promoted UML
degree :
version -
i [0
Class diagram 37.42% XMl version ]
Component diagram 5.88%
~ _ XMl valid -
Composition diagram 0.00%
Deol tdi 6.064 Compliance Feature
eployment diagram bk Level fulfillment degree
Activity diagram 0.00% Valid range L2-0C
1 D
Sequence diagram 4.44% 113 26.68%
Communication dia- L1.4 26.51%
gram 0.00%
. . L2-0 51.90%
Interaction overview
diagram 0.00% L2-M 46.60%
Timing diagram 0.009 L2-1 18.75%
State machine diagram 0.00% L2-2 15.62%
Use case diagram 42.11% L2-3 14.79%
Information flows 0.00% Assigned level partial L2-0(
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 14.76%
Traceability 0.00%
Code generation 5.00%
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5.61 UMLDiagrammer by Pacestar
Name: UMLDiagrammer

Version: 6.20.2040

Vendor: Pacestar

URL: http://www.pacestar.com/uml/index.html
Price (if available): 69%-239%

Vendor statement: Pacestar UML Diagrammer helps you generate UMLdia@rams quickly
and easily. Create activity diagrams, class andeobgiagrams, communication diagrams, use
case diagrams, sequence diagrams, state chart&agacdiagrams, and component diagrams,
deployment diagrams, composite structure diagramsraction overview diagrams, and even
traditional flowcharts.

User interface: dialogs, toolbar, drag & drop, direct editing ehgiram elements in the diagram
and menu

Comments: The tool implements an intelligent scaling meckanfor the diagrams. Nesting of
elements is only supported via grouping and ungraup
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Figure 57: UML Class Diagram in "UMLDiagrammer"
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 23.84%
Component diagram 55.88%
Composition diagram 75.00%
Deployment diagram 39.39%
Activity diagram 36.96%
Sequence diagram 34.44%
Communication dia-
gram 34.62%
Interaction overview
diagram 62.509
Timing diagram 0.009
State machine diagram 54.76%
Use case diagram 71.05P%
Information flows 0.00%
Model management 0.00%
Templates 29.17%
Profiles 0.00%
UML summary 34.29%
Traceability 0.00%
Code generation 0.00%

Tool characteristics

Promoted UML

version 2.0
XMl version _
XMl valid -

Compliance Feature
Level fulfilment degree

Valid range L2-0C
L1.3 45.59%
L1.4 45.51%
L2-0 25.32%
L2-M 25.13%
L2-1 34.17%
L2-2 35.73%
L2-3 34.57%
Assigned level
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5.63 UMLed by Georg Kubitz
Name: UMLed
Version: 1.8.4 bl

Vendor: Georg Kubitz
URL: http://www.kubitz-online.de/UMLed/index.html

Price (if available): unknown

Vendor statement (available in German only):

UMLed unterstitzt die schulische Arbeit wesentticinch eine gut gelungene Verbindung
zwischen UML und Delphi- bzw. Java-Quellcodedatgienport, Bearbeitung und Export).
Es befreit damit Schiler und Lehrer von vielen tigeth Routinearbeiten, vorausgesetzt, sie
arbeiten objektorientiert. Damit macht UMLed obgakentiertes Arbeiten in der Schule
noch einfacher!

Klassendiagramme, Beziehungsdiagramme und Botsdiegtamme kénnen einfach inter-
aktiv am Bildschirm entworfen werden.

UMLed unterstutzt Reverse Engeneering: Klassendragre konnen aus fertigen Delphi-
Units bzw. Java-Quelltexten importiert werden.

User interface: dialog, view and menu

Comments: Supports a subset of UML 1 model elements.

£ Methaden

Klassenname odst Att Sndern

G UbiLed 184 - Java Version

Datei Bearbeiten Klasse Unterdiagramm Beziehungen Botschaft Optionen Extras Fenster  Info

| Dl & [58RE 28T

| Bnonancs L

:‘! Unierdiagramm 1 - bia

Jiz) Klassenins‘p‘gﬁm B=E
TexiElement - TextElement|
Appendable Anpandabl
ppe Hene o {snen] Lefione TonHlonen)
it —
Anderngsn + ! add (i int]
408! % '
=l Klasse: Appendahle i

= Aftribute

#elemente: List TextElement : TextElement|

+ Ladd(i: int)

Asttribut hinzufi
T p——
Methade hinzufiigen ... |

verzeichnis: C:\Documents ar
Methode Uberschieiben

Beschreibung. .

Figure 58: UML Class Diagram in "UMLed"
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 18.87%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 0.00%
Sequence diagram 0.00po
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00%
Use case diagram 0.00P%
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 6.05%
Traceability 0.00%
Code generation 10.00%

Tool characteristics

Promoted UML
version

XMI version _
XMl valid -
Compliance Feature
Level fulfilment degree
Valid range L2-0C
L1.3 12.39%
L1.4 12.32%
L2-0 34.18%
L2-M 25.65%
L2-1 8.19%
L2-2 6.63%
L2-3 6.28%

Assigned level
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5.64 UMLet by UMLet group (University of Vienna)
Name: UMLet

Version: 10.3

Vendor: UMLet group (University of Vienna)

URL: http://www.umlet.com

Price (if available): Open Source (GPL)

Vendor statement: UMLet is an open-source UML tool with a simple us#erface: draw
UML diagrams fastexport diagrams to eps, pdf, jpg, svg, and clipboadhre diagrams using
Eclipse, anctreate new, custom UML elements.

UMLet runs stand-alone or as Eclipse plug-in on &léws, OS X and Linux.
User interface:toolbar, drag & drop and “literal” programming

Comments: The program is difficult to use (for novices).

=2 UMLet - Free UML Tool for Fast UML Diagrams

EEEEE : Zoor: [100% M| | Mol dogram ]

«interfaces [ emenmcaaar |
[ #+acdint)String | | ‘

s - ngxt
o '
ProcessStep
prév
T

Context '—‘ Type

Figure 59: UML Class Diagram in "UMLet"
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Findings per Tool

Individual evaluation results:

: o Feature fulfill- Tool characteristics
Modeling criteria ment dearee
9 Promoted UML
Class diagram 38.41% version -
Component diagram 58.82% XMl version .
Composition diagram 95.00% XMI valid )
I q
Deployment diagram 37.88% Compliance Feature
Activity diagram 34.78% Level fulfillment degree
Sequence diagram 40.00% Valid range L2-0C
Communication dia L1.3 53.15%
gram 46.15% L1.4 53.03%
Iqteractlon overview L2-0 43.04%
diagram 0.00%
_ . L2-M 37.70%
Timing diagram 0.00%
. . L2-1 38.89%
State machine diagram 51.19%
. L2-2 39.10%
Use case diagram 76.32%
. L2-3 37.02%
Information flows 0.00%
Assigned level
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 36.94%
Traceability 0.00%
Code generation 0.00%
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5.65 UMLPad by Luigi Bignami
Name: UMLPad

Version: 3.2

Vendor: Luigi Bignami

URL: http://web.tiscali.it/ggbhome/umlipad/umipad.htm

Price (if available): Open Source (GPL)

Vendor statement: UML Pad is a CASE tool for UML diagrams designsupports Use Case,

Class, Sequence, State and Activity diagramsldtval printing and exporting of the diagram
image. For Class diagrams it's also possible tocexthe documentation in html format. The
project has been realized with support of the wx#flisl class library. Current version is 3.2.
Now with Use Case diagrams.

User interface: dialogs,toolbar and menu

Comments: The usability can be improved, in particular thenter of (sub-) dialogs to add an
operation and its parameters can be reduced.

‘f:. LML Pad - Class Diagram: Untitled
File Project Miew Options Help

| % pi . . .
E':S“UZ"’E;E leDh @8- e & BRLCULOSLE
| =[O 0ass
¢ [ Untitled —
f-DSequencE " z
[ state executionEnvironment

[ Activity

<<interface=> :
Executable ExecutionContext

+ executal)
steps next 0.1
- hame: string prev
Context

Figure 60: UML Class Diagram in "UMLPad"
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Findings per Tool

Individual evaluation results:

7

Feature Tool characteristics
Modeling criteria fulfillment Promoted UML
degree . -
version
i [0
Class diagram 39.07% XMI version i
Component diagram 0.00%
XMl valid -
Composition diagram 0.00% el
Deployment diagram 0.00% Compliance , FEElLIE
Level fulfilment degree
Activity diagram 16.67% _
Valid range L2-0C
Sequence diagram 17.78%
L1.3 40.97%
Communication dia- o
gram 0.00% L1.4 40.71%
Interaction overview L2-0 56.96%
diagram 0.00% L2-M 47.64%
Timing diagram 0.009 L2-1 25.00%
State machine diagram 26.19% | L2-2 22.70%
Use case diagram 55.26% | L2-3 21.49%
Information flows 0.00% | Assigned level partial L2-0¢
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 21.23%
Traceability 0.00%
Code generation 0.00%
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5.66 UMLStudio by Pragsoft Cooperation
Name: UMLStudio

Version: 8.2.1

Vendor: Pragsoft Cooperation

URL: http://www.pragsoft.com/

Price (if available): unknown

Vendor statement: UMLStudio provides you with pre-packaged, industigndard notations
such as UML, Booch, and Data Flow. Use these asiged or customize them to suit your own
needs. UMLStudio 8.0 provides extensive supporth®UML 2.1 standard. UMLStudio does
not force you into using predetermined notatiors afsoftware professional you know only too
well that the needs of every organization/projee different. Good communications often re-
quires designing new notations. Create your owa matter of minutes, or customize the ones
that come with UMLStudio.

User interface: dialogs and toolbar

Comments: The freeware version used for evaluation is resti to 5 “master elements”,
where all stereotypes are automatically set totricted”. The toolbar contains modeling ele-
ments mixed across all supported diagrams. Allticela seem to be implemented by associa-
tions. The program is unstable (hang-up, crashd.mbdel elements are named in an usual way
and not according to the UML terminology.

= \UMLStudio 8.0 - [Tesi.pro {uses UML2.1.nol, editable, version: nonej]

@ File Edit Wiew Model Arrange Looks Tools Tasks Window Help
BEEEA#EHA by oo 20| 52@ Q] |(w 0 o (@@
MBEroEE /D000 R | EHED %S5 =
AP A A A AT A | EEES L8 ]
1 Project pEesE ~
=11 Models
B8 Untitled

=27 UMz, 1.not
=-[Z Diagrams

%8 Default Diagram %r \ LDAP Login
B Qassbisgram L A T o 3
$= Use-Case Diagram ¥ ‘ """""" &
T Sequence Diagram e =

2P Collaboration Diagram
$3 state Disgram
% Activity Diagram

i3y
&] Implementation Diagram DiSW'Wﬂ e
(23 Li commands 4 S LIEE]
3 L:i Limks Administrate - e r
1 (3 Places ) e

#-{] Generated

£ Reversed
+-7 Seripts

@]EWDIEW administrator
Name | kind | Namespace | #Refs
7 Mote 1
Administrate  Use .., 1
Display co... Use... 1
LDAP Logi... Use... 1
Lagin Use .., 1
User Actor 1
Adrninistrator Ackar 1

i %

Mote (Semantics = Unspecified) Create a note: a descrintive piece of text that can be-attached to & symbol,

Figure 61: UML Use Case Diagram in "UMLStudio"
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 39.40%
Component diagram 47.06%
Composition diagram 0.00%
Deployment diagram 30.30%0
Activity diagram 23.91%
Sequence diagram 12.22%
Communication dia-
gram 34.62%
Interaction overview
diagram 0.00%
Timing diagram 0.00¢
State machine diagram 28.57%
Use case diagram 47.37%
Information flows 0.00%
Model management 0.00%
Templates 4.17%
Profiles 0.00%
UML summary 26.65%
Traceability 70.00%
Code generation 23.00%

Tool characteristics

Promoted UML

7

version 2.1
XMI version .
XMl valid -
Compliance Feature
Level fulfillment degree
Valid range L2-0C
L1.3 43.70%
L1.4 43.63%
L2-0 65.82%
L2-M 51.31%
L2-1 28.61%
L2-2 28.09%
L2-3 26.70%
Assigned level partial L2-0(
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5.67 Umodel by Altova
Name: Umodel

Version: Professional 2009
Vendor: Altova

URL: http://www.altova.com/
Price (if available): 123,75 €

Vendor statement: Visually design application models in UML and gexterJava, C#, or Vis-
ual Basic .NET code and project documentation. réverse engineer existing programs into
UML 2 diagrams, then fine tune your designs andpdeta the round trip by regenerating code.
UModel is the UML tool that makes visual softwassign practical for any project. It is the
simple, cost-effective way to draw on UML.

User interface: dialogs views, direct editing of diagram elements in thegdam and toolbar

Comments: Stereotypes must first be applied to the rootefault package. The consistency
check mechanism does not find inconsistencies tinigcdiagrams. The tool needs about 10
minutes to generate the documentation for the sirephluation model on an Intel Dual Core
1.86 GHz with 2GB main memory. Classes must begassdi to components for source code
generation, because components store the targtdodn the file system. The evaluator was
not able to attach stereotypes properly to therdragelements.

8 Aitova UModel - C:\Documents and Settingsluser\iy Documents\AltovaiUModel200 9WUModelExamples\Evaluierung, ump - [Kiassendiagramma]
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Figure 62: UML Class Diagram in "UModel"
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 63.91%
Component diagram 44.12%
Composition diagram 95.00%
Deployment diagram 54.55%
Activity diagram 62.32%
Sequence diagram 71.110%
Communication dia-
gram 69.23%
Interaction overview
diagram 75.009
Timing diagram 84.21%
State machine diagram 69.05%
Use case diagram 71.05%
Information flows 0.00%
Model management 50.00%
Templates 54.17%
Profiles 25.00%
UML summary 63.38%
Traceability 95.00%
Code generation 20.00%

Tool characteristics

Promoted UML

version 2.2
XMl version 21
XMl valid valid
Compliance Feature
Level fulfillment degree
Valid range L1.3, L1.4, L2-0AC|
L2-MAC, L2-1AC,
L2-2AC
L1.3 75.21%
L1.4 74.53%
L2-0 78.48%
L2-M 65.45%
L2-1 66.67%
L2-2 65.06%
L2-3 63.62%

Assigned level

partial L2-2A(
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5.68 violet by C. S. Horstmann and A. de Pellegrin
Name: violet

Version: 0.21.1(2007)

Vendor: C. S. Horstmann and A. de Pellegrin

URL: http://horstmann.com/violet/

Price (if available): Open Source (GPL)
Vendor statement:Violet is a UML editor with these benefits:
e ltis very easy to learn and use
» It draws nice-looking class, sequence, state, ¢lged use-case diagrams

» It is completely free (includes source, distributgttier the GNU General Public Li-
cense)

e ltis cross-platform

Violet is intended for students, teachers, and agttwho need to produce simple UML dia-
grams quickly. It is not intended as an induststiength tool.

User interface: dialogs and toolbar

Comments: Class members are only available as text, notdigidtual operations or properties.
The program is unstable (hang-up, craghfonnector to a note can only be used as a net con
nected element, i.e. it cannot be connected tdigakhips (as shown in Figure 63), model ele-
ments such as a class or contained model elematiisas a class in a package.

“# Wiolet UML Editor

Use case diagram®

Standard buttons

@-_-_'----‘-
il ol i it |

extends

Ciagram toals

II =
| Select

. Actar

UseCasel UseCase 4

— Usecase
= . 7 Mote
. «ncludes [
5 T Linked diagram
™\ Interaction

“ gEatends | precises the beh...

7 gincludes :includes call to

"}Q Generalization 1is a more 5.

v Note connectar

Actar

i)
o o Belect

Figure 63: UML Use Case Diagram in "violet"
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 13.58%
Component diagram 0.00%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 15.22%
Sequence diagram 18.89%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 13.10%
Use case diagram 47.37%
Information flows 0.00%
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 11.46%
Traceability 10.00%
Code generation 0.00%

Tool characteristics

Promoted UML
version

XMI version _
XMl valid -
Compliance Feature
Level fulfilment degree
Valid range L2-0C
L1.3 22.06%
L1.4 21.92%
L2-0 26.58%
L2-M 18.32%
L2-1 13.75%
L2-2 12.36%
L2-3 11.70%

Assigned level
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5.69 Visible Analyst by Visible Systems
Name: Visible Analyst

Version: 7.6.5

Vendor: Visible Systems

URL: http://www.visible.com

Price (if available): unknown

Vendor statement: Visible Analyst is the only integrated applicatidevelopment tool that
supports all of the most widely used analysis agglgh techniques:

« UML: class, use case, sequence, collaboration,atibn diagrams

« Data Models: supports conceptual, logical and pbsgkidatabase design; use any of the
popular diagramming notations

* Process Models: decomposition charts, structuratshand data flow diagrams

The vendor of thistool did not respond to a publication request in terms of an explicit opt-in.
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5.70 Visio by Microsoft

Name: Visio

Version: Professional 2007 12.0.4518.1014
Vendor: Microsoft

URL: http://www.microsoft.com/office/visio

Price (if available): 149.95% - 679.95%

Vendor statement: Microsoft Visio 2010 advanced diagramming toolphgdu simplify com-
plexity with dynamic, data-driven visuals and neaysvto share on the Web in real time.
Whether you're creating an organizational chartetwork diagram, or a business process, the

new tools and more intuitive interface in Visio Q0hake it easier to bring your diagrams to
life.

User interface: dialogs, direct editing of diagram elements in diregram, drag & drop, menu
and toolbar

Comments: While being a drawing tool, it supports many seticaglements of the UML. Un-
fortunately, the semantics of relations are nopprty supported.

€5 Ele  Edt  Wew Inssrt  Formst  Tools  Dats  UML  Shape  andow  Help

: arial - 1zpt - B r U

e

Executable _

]
prewv: 1

SseProcess

UML Use Case (Metrich

- U oL
= 429 Static Model
= ‘1 Top Package

-End3  -End4 ks

4 % bi| arabi Steactore—t - Sranc Stenires

Page 1/

Figure 64: UML Class Diagram in "Visio"
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Findings per Tool

Individual evaluation results:

Modeling criteria F;Zt:tr?j éulfill- Tool characteristics

gree Promoted UML )
Class diagram 62.25% | version
Component diagram 23.53% | XMl version -
Composition diagram 40.00% XM valid )
Deployment diagram 50.00% Compliance Feature
Activity diagram 23.91% Level fulfilment degree
Sequence diagram 33.33% | Valid range L2-0C
Communication dia- L1.3 71.64%
gram 53.85% L1.4 70.77%
E;&;;crﬂon overview 0,000 120 23.42%
Timing diagram 0.00% | -2M 60.73%
State machine diagram 44.050% | 221 42.92%
Use case diagram 73.68% | =272 42.58%
Information flows 0.009% |23 42.45%
Model management 66.67% Assigned level partial L2-0(
Templates 50.00%
Profiles 0.00%
UML summary 42.36%
Traceability 40.00%
Code generation 8.00%
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5.71 Visio with UML2 stencils by Pavel Hruby
Name: Visio Stencil and Template for UML 2.0

Version: for Visio 2007

Vendor: Pavel Hruby

URL: http://www.softwarestencils.com/uml/index.html

Price (if available): - (needs Visio, see Section 5.71)

Vendor statement: The UML stencil foMicrosoft Visio supports complete UML 2.2, i.e. UML
use case diagram, class diagram, package diagrdojecb diagram, composite structure dia-
gram, interaction diagram, sequence diagram, comuoafion diagram, interaction overview

diagram, activity diagram, state machine diagrarmamponent diagram, deployment diagram,
profile diagram, timing diagram, and all symbolstbé UML 2.2, specified in OMG UML Su-
perstructure Specificatioriprmal/2009-02-02as well as all previous UML versions, UML 2.1,
UML 2.0, UML 1.5, UML 1.4, UML 1.3 and UML 1.1.

User interface: dialogs, direct editing of diagram elements in degram, drag & drop, menu
and toolbar

Comments: Does not add additional semantics or considerst#reantics provided by Visio.
The elements introduced by the UML2 stencils combimith the default UML symbols of

Visio. The extension provides only two palettes (@if) new symbols and does not properly
group the new elements.
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Figure 65: UML Class Diagram in “Visio with UML2 stencils”
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Findings per Tool

Individual evaluation results:

Feature Tool characteristics
Modeling criteria fulfillment
(B . d'egree Promoted 1.1,1.3,1.4,
UML version 1.5,2.0,2.1,2.2
Class diagram 52.32% .
XMI version -
Component diagram 58.82%
" . XMl valid -
Composition diagram 50.00%
. Compliance Feature
Depl td 40.91¢ .
eployment diagram ° Level fulfillment degree
o 0
Activity diagram 45.65% Valid range 1 2-0C
1 )
Sequence diagram 33.33% 113 64.92%
Communication dia-
0,
gram 69.23% L1.4 64.93%
. . L2-0 64.56%
Interaction overview
diagram 68.759 L2-M 57.07%
Timing diagram 71.05% L2-1 52.36%
State machine diagram 66.67% L2-2 51.69%
Use case diagram 76.32% L2-3 50.53%
Information flows 14.299 Assigned level partial L2-0C
Model management 8.33%
Templates 50.00%
Profiles 0.00%
UML summary 50.42%
Traceability 40.00%
Code generation 2.00%
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5.72 Visual Paradigm for UML by Visual Paradigm
Name: Visual Paradigm for UML

Version: 7.1 (Build 20091009)

Vendor: Visual Paradigm

URL: http://www.visual-paradigm.com/, http://www.visuadradigm.eu
Price (if available): 70,5% - 1,678.5%

Vendor statement: Visual Paradigm for UMLs a UML modeler supports alML 2.x dia-
grams SysML requirement diagramnd Entity Relationship Diagram (EROpr software de-
velopment team to perform system analysis and mlesig

User interface: dialogs, views, direct editing of diagram elementshe diagram, toolbar and
gesture detection

Comments: The program supports creating diagrams by impléimg@ good positioning help.
Sometimes, relationships in class diagrams appeheiag connected but are not properly con-
nected among the related model elements. Somegdiale not scaled properly in size so not all
options are visible, in particular when editingasations. The dialogs do not allow the user to
edit association ends. The tool offers a good implatation of sequence diagrams (e.g. com-
bined fragments) and provides many refinement optior state machine elements. The reali-
zation of timing diagrams appears to be work irgpess.

® C:\Dacuments and Settingsiuserivpworkspace\Evaluierung.vpp * - Visual Paradigm for UML Enterprise Edition (Evaluation Copy)
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Figure 66: UML Use Case Diagram in "Visual Paradigm for UML"
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Findings per Tool

Individual evaluation results:

0%

%

0o

0

Feature
Modeling criteria fulfillment
degree
Class diagram 79.479
Component diagram 97.06
Composition diagram 95.00¢
Deployment diagram 66.67¢
Activity diagram 60.14%
Sequence diagram 84.44
Communication dia-
gram 96.15%
Interaction overview
diagram 71.889
Timing diagram 55.269
State machine diagram 77.38
Use case diagram 73.68
Information flows 0.00%
Model management 100.00
Templates 79.179
Profiles 50.00%
UML summary 74.10%
Traceability 80.00%
Code generation 40.00¢

Tool characterist

Promoted
UML ver-
sion

XMI ver-
sion

XMl valid

Compliance
Level

Fea
fulfillmen

Valid range

L2-0,

L1.3

L1.4

L2-0

L2-M

L2-1

L2-2

L2-3

Assigned
level
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5.73 Visual Studio Ultimate by Microsoft

Name: Visual Studio Ultimate

Version: 10.0.30319.1

Vendor: Microsoft

URL: http://www.microsoft.com/visualstudio/en-us/prodi2010-editions/ultimate
Price (if available): 11899%

Vendor statement: Microsoft Visual Studio 2010 Ultimate is the contpesive suite of appli-
cation lifecycle management tools for teams to enswality results, from design to deploy-
ment. Whether you're creating new solutions or eochry existing applications, Visual Studio
2010 Ultimate lets you bring your vision to lifedating an increasing number of platforms and
technologies—including cloud and parallel computing

User interface: views, direct editing of diagram elements in thegdam, menu and toolbar

Comments: The tool is very well integrated into the Visuau@o Suite. A free feature pack
must be installed to import XMI-files and to gerteraode.
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Figure 67: UML Class Diagram in "Visual Studio Ultimate"
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Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 62.25%
Component diagram 88.24%
Composition diagram 0.00%
Deployment diagram 0.00%
Activity diagram 39.13%
Sequence diagram 51.11%
Communication dia-
gram 0.00%
Interaction overview
diagram 0.00%
Timing diagram 0.009
State machine diagram 0.00%
Use case diagram 73.68%
Information flows 0.00%
Model management 83.33%
Templates 50.00%
Profiles 0.00%
UML summary 39.07%
Traceability 0.00%
Code generation 12.00%

Tool characteristics

Promoted UML

version -
XMI version .
XMl valid -

Compliance Feature
Level fulfillment degree

Valid range L2-0C
L1.3 52.10%
L1.4 52.61%
L2-0 79.75%
L2-M 64.40%
L2-1 48.06%
L2-2 38.88%
L2-3 39.15%
Assigned level L2-0(
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5.74 Visual UML by Visual Object Modelers Inc.
Name: Visual UML

Version: 5.26 build 634

Vendor: Visual Object Modelers Inc.

URL: http://www.visualuml.com/

Price (if available): 495%$-995%

Vendor statement: Visual UML (VUML) is an affordable, easy-to-use petverful and full-
featured highly UML-compliant object-modeling tdbht provides complete and comprehen-
sive support for all ten of the diagram types dediin the OMG 1.3 & 1.4 UML (Unified Mod-
eling Language) specifications: Class, Object, Ragk Use Case, Collaboration, Component,
Deployment, Activity, State and Sequence diagr&tos, Robustness diagrams. Plus, the fol-
lowing diagram types for UML 2.0: Activity, Statedhine, Communication, Interaction Over-
view.

User interface: dialogs, menu and toolbar

Comments: The evaluator noticed problems with nested objentparticular when changing
the model elements tree. At most one stereotypéeaapplied to a model element (instead of
multiple as specified by the UML).
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FlCa Ed't Wiew  Format '[oo]s swindow Help

QBh\HlD !l‘@@”

Leg
; , R ﬁﬁ,*@ﬁs_!
Di%E_OEEEOQQ(@l@@@@OD ]

B H

i _:Eilf““\ |HE; ol ; E
i TestEIasleagram (From TestMoc ‘ RobostressDiagram _1 (From TestMaods Lh
% | [TemtElement realizes Appendabl A " I " & o ! g | ¥ ! ' [ ™ d ' i 2 g @ VO W "
T TesiClassDiagram - | Model Mame: TestMnde\ text I ‘ =
=] H°b“3t”533_0'agram—1 | |Package Mame: Testhodel N / 22Y o :
o |[E] TestClassDisgram [Frame] Diagram Name: TestClassDiagram T J |;1 g !
B SoeciallestElement L | Diagram Type: Class esthodel: fext ‘
1| 7 [5peciall extElemert inherts from O Appendable
&8 Dbata T + |
i T estEl e —>dataD at:
ﬂ./ LR R DRE T text:Appendable | I
=l [Data->Data] £ i note )
2 |5 Speciabata - (Fror text) : i
- / [Speciall extElement--»S peciall z
25 s i +add(i. inft). Single I
Al i 5 5 + i |1, my requirement !
e Deescription (Read on\y) l}l x|t |
o 1 1
= ¢
= +TestModel::TextElement g+ +TestModel::Data 2 ‘
@ (Class Code (Read only) n X3 walue: String = = e E 1
fosn | L e,
L HaSpAm 7 ;
l:. [ ! +TestModel::AC2
: | |
*I' Mavigate Diagram Box 4 i i i} i} i |
: : m
= | |- ! | +TestModel:SpecialData
= | & +TestModel::SpecialTextElement Bl = !
= L a3
:: N | ——" |
= I !
| . : |
e o | ) |
= i 5 : +Testhlo del:AC| !
| [ |
- 3 [ ] |
I
by i T | B
£l ¥

T

todel | CriDocuments and SettingsiserinewivisualurnliTestMadsl Urnl | Mare. Class Diagram | TestClassDiagram
L0 20 20

Figure 68: UML Class Diagram in "Visual UML"




Findings per Tool

Individual evaluation results:

Feature
Modeling criteria fulfillment

degree
Class diagram 66.89%
Component diagram 38.24%
Composition diagram 40.00%
Deployment diagram 37.88%
Activity diagram 53.62%
Sequence diagram 76.67%
Communication dia-
gram 80.77%
Interaction overview
diagram 71.889
Timing diagram 0.009
State machine diagram 69.05%
Use case diagram 89.47%
Information flows 0.00%
Model management 0.00%
Templates 45.83%
Profiles 30.00%
UML summary 57.86%
Traceability 30.00%
Code generation 28.00%

Tool characteristics

Promoted UML

version 1.x/2.0
XMl version 1.0/1.1
XMl valid partial
Compliance Feature
Level fulfillment degree

Valid range L1.3,L1.4,L2-0C
L1.3 76.89%
L1.4 76.83%
L2-0 74.68%
L2-M 63.87%
L2-1 61.81%
L2-2 60.00%
L2-3 57.98%

Assigned level

L1.4 / partial L2-0C
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5.75 yED by yWorks

Name: yEd

Version: 3.4.0.2

Vendor: yWorks

URL: http://www.yworks.com/en/products_yed_about.html
Price (if available): 0%

Vendor statement:yEd is a powerful diagram editor that can be useduickly and effectively
generate high-quality drawings of diagrams. Cregteir diagrams manually or import your
external data for analysis and auto-magically arganeven large data sets by just pressing a
button.

User interface: dialogs, menu and toolbar

Comments: -

9 neu0 - yEd £

Dstei Bearbeiten Ansicht Layoub ‘Werkzeuge Gruppierung  Fenster  Hife
AU PREE NN Qa8 e~ @

<<interface>>

Executable ExecutionContext
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Figure 69: UML Class Diagram in "yEd"

168



Findings per Tool

Individual evaluation results:

Feature Tool characteristics
Modeling criteria ful(jlllment Promoted UML
cgree version -

i [0
Class diagram 20.20% XMI version ]
Component diagram 0.00% _

XMl valid -
Composition diagram 0.00%
| ) q Compliance Feature

Deployment diagram 0.00% Level fulfillment degree
Activity diagram 0.00% Valid range L2-0C
Sequence diagram 0.00%0 113 16.39%
Communication dia- L14 16.28%
gram 0.00%

] _ L2-0 21.52%
Interaction overview
diagram 0.00% L2-M 20.42%
Timing diagram 0.009 L2-1 11.94%
State machine diagram 0.00% L2-2 9.66%
Use case diagram 60.53% L2-3 9.15%
Information flows 0.00% Assigned level
Model management 0.00%
Templates 0.00%
Profiles 0.00%
UML summary 8.92%
Traceability 10.00%
Code generation 0.00%
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6 Results

In this section we summarize the results of thiglgt In contrast to the individual results per
tool given in the previous chapter, we discuss tiseeaggregated results for all tools from dif-
ferent perspectives. In Section 6.1 we discusgdhalts by considering UML as a whole not
distinguishing individual diagram types. In Secti®2 we focus on the feature fulfillment for
individual diagrams. Finally, in Section 6.3 weadliss the findings derived from the additional
non-UML categories, i.e. the information collectadtraceability and code generation.

As described in Section 3.5, we consulted todhijs to find the initial set of tools to be evalu-
ated. In Figure 70 we display a summary on theoreasvhy tools are not considered in our
evaluation. Several tools mentioned in tool ligks ot available, because the product does not
exist anymore or the vendor homepage is replaced link farm pointing to arbitrary (often
unrelated) information. For several tools problesusurred while evaluating the tool, i.e. the
evaluator recorded exceptions or that no basic Uiictionality is available. More individual
problems were not characterized further, e.g.téxinical problems could not be solved by the
support or only code reverse engineering functipnad UML diagrams is offered. The remain-
ing 71 tools being evaluated consist of 11 purevo@ tools, e.g. Microsoft Visio and 60 UML
modeling tools, 10 of 58 tools are implementedrasxension of Eclipse.

M server notreachable

B HTTP 404 / file not found

M productdoes not exist anymore

B link farm, no relevant content

B the IP provider sells the domain

M last update

Bl developmentdiscontinued

B tool does not support UML
according to sales information

[ no evaluation version available

B subsumed by other tool

H UML related but other
application domain

@ installation problems (UML
tools)

evaluation problems (UML
tools)

other reason (uncategorized)

Figure 70: Summary on the reasons of not considering a totileé evaluation.
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6.1 Realization of the UML at Large

In this section, we discuss the aggregated reeultevel of the entire UML, i.e. we describe
how the UML specification as a whole is realizedthy evaluated tools. First, we have a look
on the overall UML feature realization, then wevpde a summary of the assigned compliance
levels. Finally, we discuss additional aspects lkedel exchange, OCL, model consistency
mechanisms and automatic layout, i.e. also a suynoraiadditional data collected while con-
duction the evaluation but not explicitly stated éach individual tool.

6.1.1 Tool Capabilities

Figure 71 displays a high-level overview of theltoapabilities, i.e. of all collected UML fea-
tures regardless of UML compliance levels. The talthl categories traceability and code gen-
eration are not considered, but the ability of pi@dg valid XMl is included. Thus, considering
all recorded UML 2 features, the chart in Figuresiibws that 29% of the tools provide a rather
limited realization of UML, most of the tools proM a partial realization of UML and 7% of
the tools appear to be the best implementatiomggéaf 60-79%). No tool reaches a feature
fulfillment degree of 80-100%.

As summarized in Table 2, only SparxSystem Entsephirchitect implements all UML catego-
ries, but in fact several detail features are mgssirhe other tools rated at a high fulfillment
degree also miss several categories, e.g. Magiw Boanot provide an user visible realization
of timing diagrams or information flows, UModel dlisual Paradigm do not provide infor-
mation flows. On several categories like compogitthagrams or model management many
tools realize 100% fulfillment degree or at leas¥®

7% 0%

W0-19%
W 20-39%
26%
[40-59%

m60-79%

[ 80-100%

38%

Figure 71: Overview of the realization of tool capabilities.
Data is presented including XMl validation regassdl®f compatibility levels. The pie slices depict
feature fulfilment degrees.
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Figure 72: Summary of the realized features grouped accortdingML compliance.
The legend points to the degree of feature re@izatue to which the UML compliance levels were
assigned. The chart displays which degree is ezhlizy how many tools.

6.1.2 UML Compliance

As outlined in Section 4.3, we determined the femafulfillment degree for each tool and relat-
ed the results to the compliance levels using campé profiles. Figure 72 depicts how many
features required by a certain compliance proéifgesenting a compliance level are realized by
how many tools. In fact, this summary shows only #8ggregated feature realizations but not
whether the diagram types required by a complidexa are met. This is considered in the next
paragraph below. 5.6% of all tools reach nearly dompliance to L1.3 and L1.4m 12.5% to
L2-0 and 8.33% to L2-M. No tool was able to enter full compliance range for the advanced
levels L2-1, L2-2 or L2-3, but for 8.3% we can attan acceptable compliance to level L2-1,
L2-2 and L2-3.

Figure 73 depicts the summary on the assigned Ubfhptiance levels as described in Section
3.4. No tool reaches acceptable compliance with level L2-2 or L2-3, some tools

Enolevel

W 2-0 partial
W L2-0full

W L2-M partial
EL2-Mfull

W L2-1full

[ 1L2-2 partial
mL2-2full

[ L2-3 partial

Figure 73: Summary of the assigned compliance levels.
The pie slices visualize the tools being assigonetie same compliance level.
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(SparxSystems Enterprise Architect, Altova UModeidfessional, Visual Paradigm for UML,
Metamill) reach partial compliance with L2-2, L2688 even full compliance with L2-1 or L2-2.
NoMagic MagicDraw, the tool for which we detecté@ thighest degree of feature fulfillment
(79%), we can assign only the UML compliance lea2{0/L2-MAC due to some missing dia-
gram types. In summary, to 37.5% of the tools wsgagd partial or complete level L2-0, but
to 93% of these tools we can only assign level C24iCe. to level 0 with concrete syntax com-
pliance, because no appropriate XMl version isizedl In fact, 47% of the tools are not as-
signed to any compliance level due to an incomplafgementation of the basic level require-
ments defined by UML.

6.1.3 Additional Aspects

Regarding model exchange, 7% (five tools) are @blgass the XMl validity test, for 25% we
detected problems in the XMI serialization and témaining 68% do not implement XMI at
all. Compared with the results in [21, 36, 37], soaif the tools in our version now provide
more current implementations of XMI. However, inrayvaluation the analyzed versions of
Fujaba, Rational Rose and Microsoft Visio had nolXiblementation at all.

Considering the additional data collected whileleating the tools, only 23% of the tools im-

plement a model consistency mechanism, e.g. chgdkinOCL validity constraints etc. Inde-

pendent from that statement, we are able to d€t€tt support for 23% of the tools (regardless
of compliance to the OCL specification and theireal OCL version as stated in Section 4.2).
25.6% of the tools offer a (textual) mechanism domparing models and identifying model

differences, 10.8% rely on an external tool or tesgnver for versioning of models.

Even if the main focus of this study is not on awadic layout of diagrams, we also collected
additional information on the results produced byoenatic layout mechanisms. In contrast to
edge routing facilities implemented in most of thagram editors, here the term automatic lay-
out refers to the ability of calculating the layoug. the spatial arrangement of the diagram ele-
ments for a diagram. 41.6% of the tools provideomuaitic layout facilities. For 70% of these
tools the results appear to be crowded, i.e. ne@alpp placement of the elements was identi-
fied by the evaluator. In these cases, usuallyhaeitontainment nor avoidance of overlaps
among node-like elements like classes or use ¢asamsidered. For 16.6% we can attest an
acceptable automatic layout for the reference aliemgram, i.e. problems as described above
did not occur but the layout could be improved Higantly. We can attest for only 2 tools i.e.
13.3% a good automated layout (e.g. MagicDraw arsidlParadigm). As inferred from the
layout results, it seems that mostly hierarchiegiolt algorithms or force directed methods
(spring embedder) are implemented. Visual Paradigtihe only tool which provides layout
facilities for all diagram types. In summary, thesult is less disappointing than our specific
evaluations for UML class diagram layout in [11],A8here we analyzed 42 UML tools.
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6.2 Realization of the UML on Diagram Level

In this section we discuss the feature fulfillmentthe level of individual UML diagrams. First,
we give an overview on all modeling facilities,.ia@l UML language units. Then we discuss
details on individual diagrams, namely class diagraactivity diagrams, sequence diagrams
and state machine diagrams, the diagram types vanecidentified in [9] as the most frequently
used ones.

An overview of the degree of feature realizatioougred according to the top-level categories of
the feature hierarchy, i.e. the main diagram tygres auxiliary UML facilities, is shown in Fig-
ure 74. The entire chart displays the percentageai$ realizing the degrees of feature fulfill-
ment according to the top-level categories. Thissscdiagrams and use case diagrams are
widely implemented with acceptable results. Thiulealso fits to the results of a current sur-
vey on the usage of UML diagrams [9], where claagrams and use case diagrams were iden-
tified as the most used UML diagrams. Several ef idmaining diagrams of UML 1.x, i.e.
component deployment, activity, sequence and cornwation (formerly collaboration) dia-
grams are on average or moderate realization l&vgdarticular, activity and component dia-
grams were significantly changed in UML 2 but, hoes it is notable that also diagrams
known from UML 1.x, e.g. communication diagrams aremoderate or lower level of realiza-
tion. In fact, only few tools implement the new UMLfacilities, i.e. interaction overview or
timing diagrams, information flows or profiles. THwnly few tools support modeling and ap-
plication of UML profiles as intended for lightwdig extensions of the UML. Surprisingly,
templates, which are known as concept also in déhigee versions of UML, are not supported at
all by 60% of the tools.

In Figure 75, the realization of selected UML featufor class diagrams is depicted. The results
are categorized according to the feature groupee@wxrded in the feature hierarchy given in
Section 3.2. The entire chart depicts the percentdgools realizing the shown fulfillment lev-
els. Obviously, association types, i.e. the disigréttion according to association, aggregation or
composition, interface realizations and the diffiengsibilities (public, private, protected, pack-
age) are implemented properly by most tools (mbaa t30/40% of the tools). Several missing
features are detected for instance specificatiamspbject diagrams, association classes (includ-
ing further relations to association classes), éligtssociations like ternary associations as well
as for the presence of diagram frames as introdincetL 2.0.

100% -
90% -

80% - H80-100%

70% B60-79%
60% - [H40-59%
50% W 20-39%

Wm0-19%

40%

30%
20%

Figure 74: Realization of selected UML features.
The data is displayed according to the top-levidgaries as derived for the feature hierarchygiceording
to the main sections of the UML superstructure sjgation.

174



Results

100% -
90% -
80% -
70% -
60%
50%
40% -
30%
20%
10% -

0% -

Figure 76 shows the realization of selected feaguoeps for activity diagrams. The entire dia-
gram depicts the percentage of tools realizingageidegrees of feature fulfillment of selected
feature groups in the feature hierarchy. At filstnge, the state of realization as shown in Fig-
ure 76 appears to be low. In fact, many tools oeglize UML 1.x features for state machines.
This can be found in Figure 76, e.g. by discustiegesults for the feature groups “action” and
“action types”. To give a brief insight, the featugroup “action” contains pins and parameter
sets, the feature group “action types“ the 18 actigpes like “broadcast signal”. The entire
feature hierarchy can be found in Appendix A. Thaeyeral features introduced in UML 2 are
not properly realized by many tools. In summargsléthan 10% of the tools are able to provide

$
o

Figure 75: Realization of UML features for class diagrams.
The data is categorized according to selectedriegnoups.

acceptable support for UML 2 activity diagrams.
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Figure 76: Realization of UML activity diagrams.
The data is grouped according to selected featanapg.
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Figure 77: Realization of UML sequence diagrams.
The data is grouped according to selected diaglamemts, relations and features.

Similar to the discussion on activity diagrams Figure 76, the realization of selected feature
groups for sequence diagrams is shown in Figur@ fi&.entire diagram depicts the percentage
of tools realizing certain degrees of feature Raffent of selected feature groups in the feature
hierarchy. Also for sequence diagrams, most tomsom UML 1.x level. This can easily be
seen in Figure 77 by considering the realizatiofrarhes. In fact, UML 2 added several kinds
of frames for sequence diagrams, e.g. to specdifgd@nd alternatives for messages. More than
65% of the tools do not realize the various typefames and only 25% of the tools realize
more than 60% of the features specified for frarResitures capturing the duration of messag-
es, i.e. constraints on the execution time of ngesare not realized by many tools, even if
similar constructs were present in UML 1.x. Alse types of massages, like create, destroy or
lost and found are not implemented by many toole Bbasic features for sequence diagrams,
i.e. the lifeline, nested messages etc. are implégddoy most tools.

At a first glance, regarding Figure 8 support of modeling elements for state machapes
pears to be more comprehensive. The diagram sumesatihe percentage of tools realizing
certain degrees of feature fulfillment of selectedture groups. The realization of features re-
lated to simple states, state transitions and psstades (start, final, fork, join, etc.) is onaod
level considering all tools. The degree of fulfiint for protocol state machines shows that
more than 95% of the vendors do not adopt thisiajeed version of state machines introduced
in the UML 2 specification.
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Figure 78: Realization of UML state machine diagrams.

The data is grouped according to selected featunapg.

Figure 79 depicts the realization of features ftMlUuse case diagrams according to some se-
lected feature groups, i.e. the diagram summattxegpercentage of tools realizing certain de-
grees of feature fulfillment of the selected featgroups. As discussed also for Figure 74, the
average realization of use case diagrams appebesdgood. The feature groups “use case” and
“actor” contain the display option on showing tHengent as graphical figure (oval or stick

man) or in classifier notation. Thus, only few ®g@lrovide this choice and many realize the
graphical figure only. The typical relations amamgp cases including the appropriate stereo-

types are implemented by most tools (more than 30%)
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Figure 79: Realization of UML use case diagrams.
The data is categorized according to selected regoups.
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6.3  Additional Information

We collected also additional information to gainianpression on capabilities like traceability
among diagrams and basic aspects of code genefationodel-based and model-driven soft-
ware engineering.

In this study, for traceability we are interestedrélations among diagram elements and dia-
grams as well as diagrams to diagrams. A commaa foadinks between diagram elements and
diagrams is that UML a state machine can be useeégoribe the behavior of a certain classifi-

er, e.g. a class, and thus, the user should betatdssign the state machine to the classifier.
Similar links may occur from sequence diagramseferenced sequence diagrams (via refer-
ence or call frames), etc. 50% of all tools do ingblement any links between modeling ele-

ments, 12.5% implement one type of links, usualbnf a classifier to an assigned state ma-
chine, the remaining 37.5% multiple types of linkénks among diagrams are specified in

UML 1.x as hyperlinks. 30.6% of the tools (stiltyplement arbitrary links among diagrams.

3% 2% 2%

7%

M nolevel

M L2-0 partial

9% 37%

@ L2-0full

W L2-M partial
>% mL2-Mfull
@ L2-1full

@ 12-2 partial

[1L2-3 partial

35%

HEnolevel

W L2-0 partial

Figure 80: Summary of the assigned compliance levels.
The pie slices visualize the tools being assigndtié¢ same compliance level. The upper chart displa
the compliance levels assigned to commercial tdlés|ower chart the assignment to open source or
free tools.
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For code generation we were interested in multisipects. We discuss some selected aspects
and findings below:

o0 Which diagrams are considered by the tool for apeleeration? 59.7% of the tools con-
sider class diagrams to generate code, 9.7% @bald produce behavioral code from
state machines or from other diagram types suctoagonent diagrams (5.6%), se-
quence diagrams (4.1%) or activity diagrams (4.1%a)rprisingly, only two tools,
Telelogic Rhapsody and Artisan Studio (Uno) alldwe user to simulate and visually
debug the code generated for state charts.

0 Which target languages are generated? 58.3% obdie provide code generation func-
tionality for Java, 41.6% for C++, 27.8% for C# ah?l5% for VB. Other target lan-
guages include Ada, Python and Eiffel.

o Do associations have influence on the generated, @d. the navigation direction (bi-
directional navigation) or the type of associatiors as aggregation or composition?
According to our findings in 37 .5% the type of #x&sociation or the navigation direc-
tion have an influence on the generated code bg.gpecial data types or appropriate
accessor methods.

o Can custom transformations be specified by the2us&16% allow the customization of
the code generation by templates and only one(Tamgether) allows the specification
of QVT (Query View Transform) as specified by th®G.

As a summary, most of the produced code is orgdrazecode templates to be filled in by the
user. Only few tools consider further diagramsrtedpce also behavioral code.

6.4  Comparison to the last study

On the one side, the results presented in thisystad be seen as a standalone snapshot of the
market for UML tools in the second part of 2010. tBa other side, this study can be under-
stood in the context of its history, i.e. as a edeation of the tools in [12]. In this section, we
compare the results discussed in this report wighotiginal data presented in [12].

For 30 (46%) of the 64 tools evaluated in [12] tbgpective vendor provided a relevant update.
The average difference of the feature fulfilmemgee for these tools within in 1 year is
3.27%. We detected an increase of the fulfilmesgrde for 25 of these tools particularly for
four tools with the highest increase, namely Olgedhg (18%), UMLet (15%), Innovator
(10.7%) and Metamill (8.1%). However, we recorded same fulfilment level for four tools
and for further four tools a loss in functionality,g. due to disabling UML 1.x support and
thereby skipping existing diagrams or due to a na@tailed view on the XMI compliance.

For 14 out of these 33 tools we detected a chamgjeeir individual compliance level. 9 tools
increased their compliance level, e.g. Metamiloiffr partial L2-0C to L2-1AC) or Metaedit
(from no level to partial L2-0C). Neither Objectiegy nor Innovator mentioned above based on
their large increase in feature fulfilment managedmprove their compliance level. As dis-
cussed as a conclusion in [12], this contradicasgessment occurs due to the coarse grained
definition of the UML compliance level and the lardifferences between L2-1, L2-2 and L2-3.

From a tool perspective, only some tools managed@aease of their compliance level or their
feature fulfillment degree. From a overall perspegtthe assignment of compliance levels (as
shown in Figure 73) was changed significantly, inethis evaluation we did not assign L1.3 or
L1.4 anymore and full Level L2-1 was assigned. Tdfiange can also be found in Figure 80.
Here, the assignment of feature fulfillment degrieesommercial tools is more diverse in this
evaluation while free and open tools are now eidtssigned to L2-0 partial or to no level (L2.M
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is missing). On more detailed level, e.g. on diagtavel as discussed in the last sections, the
analysis from [12] is still valid with a slightlyend in increased feature fulfillment.

180



Summary

7/  Summary

UML models are widely used in software engineerlihg. UML modeling tool is chosen which
does not properly adopt the specification, serignablems may occur so that the user may be
seriously restricted in applying UML. This affett® typical application areas of UML models,
i.e. design and documentation of software systémfact, this is also a drawback for model-
driven software engineering approaches relying odets according to the UML specification.
As a remedy, detailed capability and compliancduatins can provide an in-depth descrip-
tion of the tools, may support tool selection arigration and give an overview on the current
state of implementation.

In this report, we presented a feature-based etatuapproach to determine the capabilities of
UML tools in terms of feature fulfillment and torilee UML compliance levels from the col-
lected feature data. The approach relies on anngpessing feature hierarchy extracted from
the UML specification to capture data on tool calit#s. To determine the UML compliance
in terms of compliance levels as defined by the OM&used the feature data in combination
with special compliance profiles for given UML vienss. We evaluated 72 out of an initial set
of more than 200 tools, covering all major UML t®alsed in industrial practice today. The
remaining tools were not available for evaluatidid, not exist anymore, or were not maintained
for a longer time, etc.

Regarding the tool capabilities, 7% of the toolaleated in this study are on a feature fulfill-
ment degree of 60-79%, no tool realizes more tl&% &nd the majority of tools is below 60%
feature fulfillment. New features or language uiritsoduced with UML 2 are often disregard-
ed, e.g. timing diagrams or extended modeling ehdsni@r activity or sequence diagrams.

Regarding UML compliance as derived from the tompabilities data, three tools reach ac-
ceptable compliance levels (level 2 or level 3) arate than 47% of all evaluated tools do not
implement the UML specification sufficiently, nedhwith respect to modeling capabilities nor
with respect to UML compliance.

The reevaluation of changed tools since our laslugion indicates minor improvements of the
UML implementation of the analyzed tools. Four soatanaged to increase their feature ful-
filment degree by more than 6%, three of them byrenthan 10%. Furthermore, nine tools
were able to increase their compliance level andiéot assign levels for UML 1.x anymore.

The detailed findings of all feature groups fortathls not being restricted for publication by the
respective vendor can be founddtp://www.sse.uni-hildesheim.de/UMLtools11/

Evaluating a large set of complex tools is an @gtwhich imposes much effort. This was true
for the initial study [12] in which we aimed at anosprehensive and detailed characterization of
the tool market and it is particularly true forghieevaluation for which we increased the level
of collected details during evaluation, e.g. byiaddal reference diagrams. In fact, continuing
this work in terms of regular reevaluations is possible for us due to resource restrictions.
Furthermore, our aim of providing a comprehensiveraew is delimited by the publication
policies of some tool vendors. The number of téotsvhich are not allowed to publish detailed
data increased and, particularly for this reevabmatimpacts the coverage of the UML tool
market. For the future, we plan to consider toolsd (re)evaluation only on explicit request of
the respective tool vendor (a license which permitblication is prerequisite) or a specific
analysis for tool users on request.
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A  Feature Hierarchy

This appendix describes the hierarchy of featuseapplied while collecting data for the tool

evaluation. First we show the features used tovddalhie UML compliance level. The features
are enumerated in tables so that the table heasetes the modeling facility, each feature
group is given as a table row and the individuatdees are listed along with the feature group.
Please note, that additional information like takular notation defined in the UML appendix

for some diagrams are also collected but not censitlin compliance level calculation and

therefore printed in italic font face. At the enfdtiois appendix we list the additional features
used to collect information on traceability and eggneration.

General Information

Name

Vendor

Version

Price if available

URL

Eclipse plugin, integration, standalone plugin, etfool

license open, community, eval, academic, commeffoéad

Operating System windows, mac, linux, online

Data Handling

XMI

DI

XML validation xmi, di

Eclipse version (plugins/RCP only)

relies on eclipse EMF, GEF, UML2, OCL, JET

Ul concept: dialogs, views, direct edit in diagramenu, toolbar, drag&drop menu, literal progamming,
gestures

undo

(other) file formats

multi-user

repository

specific versioning mechanism (not [repositorygdilby SVN/CVS)

Metamodel
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promoted UML version

consistency check, configurable

ocl support

Extensibility

plugins

API

UML Class Diagrams (see UML chapter 7)

Class name, stereotypes, properties, constraigtspf owner

Visibility +, -, ~, #, a fur {abstract}

default stereotypes <<auxiliary>>, <<focus>>, <<imfgmentation class>>, <<metaclass>>,
<<type>>, <<utility>>, <<realization>>, <<specifica tion>>

multiple stereotypes at one element supported

default properties/constraints {leaf}

classes of same [fgn] in one diagram prohibitedecton of existing classes allowed

attributes, +, -, ~, #, stereotypes, propertiesystoaints, array type, static, default value, UMIngax

default types {UML 17.5} boolean, integer, strinig/imitedNatural

default properties/constraints {readOnly}, {uniod$ubsets}, {redefines}, {ordered}, {unique},
{nonunique}, {isderived}

operations, +, -, ~, #, stereotypes, properties)stmints, body, static, abstract, return type

default properties/constraints {redefines}, {quergrdered}, {unique}

parameter:, direction, type, name, array type, stdype, constraint, property, default value, unmtay
return->op

free compartments

Interface stereotype, lolly, required

instance Specification, {Object} link, attributelvas

instance specification: anonymous instance

Package, +, -, #, ~, stereotype, properties, a@nsts, nesting of elements, [anchor for containthen

default stereotypes <<framework>>, <<modelLibrary>>
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Association unidirectional, bidirectional / undited, forbidden, role, multiplicities, associatioame,
qualifiers, properties, constraints, lined constre{dependency}, generalization, reading directiste-
reotype, owning point, reflective

association type: association, composition, aggtega

Association visibility: +, -, ~, #

default properties/constraints {subsets},{redeflpesmion},
{ordered}, {bag}, {sequence}/{seq}, {isabstractislgaf}, {isderived}

association class, name semantics related to assonj at reflective association, further relatiomgen-
eralization, association, reflective associatiorpdndency

higher association: rhomb ternary, arbitrary

higher associations: association class

Dependency unidirectional, usage, merge, importeas

merge semantics supported

default stereotypes <<call>>, <<derive>>, <<instanate>>,
<<responsibility>>, <<send>>, <<trace>>, <<substitute>>, <<abstraction>>, <<use>>, <<re-
fine>>

generalization, discriminator, powertype [notatiQigeneralization set

generalization [set] constraints: complete, disjpimcomplete, overlapping, package generalizat®on
prohibited

default stereotypes realization

Note free, attachable, member attachable

Note: multi member attachable

frame

frame headings [<kind] <name> [<p>arameter]

data type declaration <<datatype>>, <<enumeration>>

Component Diagrams (see UML chapter 8)

component stereotype, symbol, nesting of parts

interface provided, required, port, complex podsambley connector

dependency assembley connector, multiplicity, behawvehavior notation, port type, port name, inter
face name

Note free, attachable, member attachable
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Frame cmp

frame headings [<kind] <name> [<p>arameter]

default stereotypes <<entity>>, <<implement>>, <<picess>>, <<service>>, <<subsystem>

multiple stereotypes at one element supported

Composition Diagrams (see UML chapter 9)

Part

port

collaboration

collaboration use

connection connector, role binding

Note free, attachable, member
attachable

Frame

frame headings [<kind] <name> [<p>arameter]

Deployment diagrams (see UML chapter 10)

artifact, instance, stereotype, symbol, properties

default stereotypes for artifacts:<<document>>, <xecutable>>, <<file>>, <<library>>,
<<script>>, <<source>>

multiple stereotypes at one element supported

dependencies, deploy, manifest

node type, instance, nesting, textual deploymestgion environment

deployment descriptor stereotype,
instance notation, attachable, attributes, valuesstance

communication link: direction, multiplicities

generalization

semantics instance/class level

Note free, attachable, member attachable

Frame

frame headings [<kind] <name> [<p>arameter]

Activity diagrams (see UML chapter 12)

action, pin, named pin, effect at pin, state at gineaming fill, arrow in pin, parameter set

pin multiplicity, comment at pin, <<selection>>, esption at pin, in/out semantics considered for di-
rected edges, {write}, {create}, {read}, {stream}
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action types: addstructuralfeaturevalue, add vakteature, broadcast signal, call behavior, caleva-
tion, clear association, clear structural featudear variable, create link, create link objecteate ob-
ject, destroy link, destroy object, send objeatdssignal, unmarshall, value specification, acoeyxnt

object node, datastore, central buffer, state, pstdte at port

activity, parameter, constraints at parameter, paeder sets, edges to individuals

events accept, send, timer

pseudo final, flow final, initial, decision, merderk, join

activity edge, weight, object flow, selection, glyasonnector notation

partitions 1dimensional, 2dimensional, sub groupgdrtition name in activities

interruptible region, exception handler, exceptjmn

expansion region, shorthand, structured region

local pre conditions, postconditions

Note free, attachable, member attachable

Frame act

frame headings [<kind] <name> [<p>arameter]

tabular notation {annex E}

Sequence diagrams (see UML chapter 14 especially UMhapter 14.22)

lifeline, execution specification, self messagested lifelines/recursive

state invariant

Frame sd, ref, ref syntax/parameter, alt, coregiconsider, assert, par, loop, critical, neg, styriseq,
ignore, opt

frame headings [<kind] <name> [<p>arameter], bredkame, ref semantics considered, part decomy
sition

local attributes, constraints

continuation

duration constraints,time observation, diagonal sagges

message asynchronous, sychronous, return, losidfayeneral ordering, gate, create, destroy + x

message syntax ident, assignment, arguments, realue, any type, undefined argument

Note free, attachable

default stereotypes <<create>>,<<destroy>>

multiple stereotypes at one element supported
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tabular notation {UML Annex E}

Communication diagrams (see UML chapter 14 especlglUML chapter 14.27)

frame sd

frame headings [<kind] <name> [<p>arameter]

lifeline, {the Object/Instance specification} witate

message, flat sequence numbers, nested sequenberspoommunication direction, name, recurrenc
iteration clause, guard

Note free, attachable

Interaction overview diagrams specialized activitydiagrams (see UML chapter 14 especially UML
chapter 14.28)

frame sd

frame headings [<kind] <name> [<p>arameter]

interaction kind

interaction use as ref

pseudo: decision, merge, fork,
join, initial, final, continuation

duration constraints,
time observation

properly nesting of branches and
joins

frame heading may name invisible
lifelines

Note free, attachable

Timing diagrams (see UML chapter 14 espter UML chafer 14.31)

frame sd

frame headings [<kind] <name> [<p>arameter]

message asynchronous, call, reply, label

state axis/timeline:, time ruler/ tick marks, sttstate changes, lifelines with object name

value lifeline, value changes

time constraint, duration constraint, state/conafiti

general ordering

destruction event

Note free, attachable

State Machines (see UML chapter 15)
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simple state, refinement state list, regions, tampartments, activities in compartment, compaséee,

decomposition icon, invariant notation, constraint

internal transitions

state machine, submachine state ":"

transition, constraint, guard, event, action, refige

final, initial, history, deep
history, junction, choice, terminate, fork, join

entry point, exit point

alternative entry, alternative exit

frame stm, extended

frame headings [<kind] <name> [<p>arameter]

signal send, receipt, action, deferred trigger

protocol state machines {semantic difference}

protocol transition pre, event, post

Note free, attachable, member attachable

tabular notation (UML Annex E)

Use cases (see UML chapter 16)

use case, classifier

actor class, icon

extension, extension point, constraint in note

include

system, stereotype subsystem

association, multiplicity

generalization usecase, actor

in packages or frames

Note free, attachable, member attachable

Frame uc

frame headings [<kind] <name> [<p>arameter]

Information flows (see UML chapter 17.2)

information item, stereotype flow, black triangle

flow dependency

representation dependency
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connectors named

associations with information direction named imf@tion item

Model management (see UML chapter 17.3)

Model name, stereotype, properties, constraints

dependencies among models, multiple stereotypgoeep

default stereotypes <<metamodel>>,<<systemModel>>

Templates (see UML chapter 17.5)

on classifiers, packages, operations, attributediaborations

typed/bound by classifier, valueSpecification

template names, types, values, bound types shoegnatrained classifier

bind instantiation template assignment in <>

Profiles (see UML chapter 18)

extension notation, constraints

<<stereotype>>, attributes, constraints,<<metaclass <<profile>>

dependencies reference, apply

icons

own stereotypes in diagrams leads to explicit e@fi

Traceability and links

linked diagrams class-state, class sequence, state; activity-behavior, class-package, classvayti
operation-attribute, sequence-sequence ref, clésssc

traceability by hyperlinks

Code Generation / Model Driven Support

code generation class diagrams,component diagranreposition diagrams, deployment diagram, ac
ity diagram,sequence diagram, interaction overvigming, state machine

Languages java, ¢, C++, ada, C#, delphi, pHP, PythdB.net, visual Basic, Perl, objectiveC, CORBA
iDL, eiffel, emf Ecore

association properites have influence on generdggd types

template code class diagram,component, deployroentposition diagrams

behavior activity, statechart, segence, timinggiiattion overview, class

document generation use cases, for classes,tess,cather

debug/simulate state chart

custom transformation template, explicit sourceectbdnsformation, visitor, qVT, other

190

iv-



Summary

code synchronization: automatic, manual

MetaModel changeable, profile application, stergaty only
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B  Reference Diagrams

In this section we show the remaining referencegrdias not given in Section 3.3. The two

reference diagrams from the previous UML tool eatibn [12] were also used as reference
diagrams in this evaluation. Furthermore, additisaerence diagrams were created in order to
cover the remaining UML diagram types. The evaluatas requested to model all reference
diagrams and store the results as screen shdts &valuation repository.

eval I
executionEvnironment

Executable

ExecutionContext

+ executeMe(): boolean
+ finishMe() A

A VAN

: Rl RS 0.1

1. \""“*—-.\__‘_ next
SseProcess ProcessStep

steps

name: String prev

repeatCounter: int

Context Type

Figure 81: Additional Reference Class Diagram
Deriving the association class “Context” to an #&ddal ordinary classust not be allowed

eval I

: : D
SseProcess data sl: ProcessSte

prev

name =, TestProcess"

cl:Context next

:ProcessStep

Figure 82: Reference Instance Diagram
based on the class diagram in Figure 81.
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BusinessLogic @

l BusinessProcess l

<<component>> /
DataRepositor J
/
<<delegate>> <<

component>>

—> h . <<delegate>>

ExecutionEngine %\QE

. <<component>> —O
é ] €->0 Presentation C

¢

<<component>>
ExecutionSemantics

Figure 83: Reference Component Diagram

eval I

ApplicationServer LoadBalancer

<<artifact>>
BusinessEngine.jar

<<deploy>>

<<deployment spec>>
! [ BusinessEngine.jar

transaction:Boolean

] 1
BusinessLogic.jar 0

<<execution environment>>
evilWorker:ApplicationServer
BusinessLogic.jar 0 <<artifact>>

{transaction=true} > BusinessEngine.jar

Figure 84: Reference Deployment Diagram
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Execution Engine Data Repository Presentation

H\

B e e e e LR L LR R PR - [success] [else]
’ N Show Message

N

; Error

occurred

/ Display Results
Terminate Execution
\V

Figure 85: Reference Activity Diagram

sd eval ]
’ p:SseProcess
{ :ProcessStep
alt [p.repeatCounterx>0]
executeMe()
[else]
finishMe()
t=now r = preparePrinting(-)
{t.t+43} ——
ref
PrintResult

Figure 86: Reference Sequence Diagram
A tool may require to create the operation “prepairging” and a second sequence diagram
“PrintData” to refer to.
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eval

1. execute() :ProcessStep
:SseProcess 3
7 2. execute()
:ProcessStep

Figure 87: Reference Communication Diagram

SseProcess

H

Running

-

?

RunUnderControl

*—>

*—>

| Start Timer
l entry / record current time

terminate
passefl

o

fail

passed terminated

'é

v
%©

/

Figure 88: Reference State Machine Diagram
(to beattachedto the class SseProcess)
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sd ProcessExecutionJ
{t-d<20ms}

|

1)) .

2 running

(&)

e init

ol

?

n stopped

o

2

D)

[%)]

2 Idle ><Executing >< Done

S

& d t
[ | |

Figure 89: Reference Timing Diagram
The substates in SseProcess should be known frgpuned=88 while the substates in ProcessStep
should be added as new states.

sd interactOv I
?

sd interactlnit

7
1. execute :ProcessStep

:SseProcess

v
[inif ok] {Of}
ref exec T
{1..20}
y

e

®

Figure 90: Reference Interaction Overview Diagram
This diagram refers to Figure 87.
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