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Software architecture viewpoints that each address a different concern. Unified Modeling Language (UML) is so popular among practitioners for

UML modeling software architectures from different viewpoints.

}S)urvtei', Objective: In this paper, we aimed at understanding the practitioners’ UML usage for the modeling of software
ractitioners

architectures from different viewpoints.

Method: To this end, 109 practitioners with diverse profiles have been surveyed to understand practitioners’
UML usage for six different viewpoints: functional, information, concurrency, development, deployment, and
operational. Each viewpoint has been considered in terms of a set of software models that can be created in that
viewpoint.

Results: The survey includes 35 questions for different viewpoint models, and the results lead to interesting
findings. While the top popular viewpoints for the UML-based software architecture modeling are the functional
(96%) and information (99%) viewpoints, the least popular one is the operational viewpoint that is consid-
ered by 26% of the practitioners. The top popular UML modeling tool is Enterprise Architect regardless of the
viewpoints considered. Concerning the software models that can be created in each viewpoint, UML’s class dia-
gram is practitioners’ top choice for the functional structure (71%), data structure (85%), concurrency structure
(75%), software code structure (34%), and system installation (39%), and system support (16%) models; UML’s
sequence diagram is the top choice for the data lifecycle models (47%); UML’s deployment diagram for the phys-
ical structure (71%), mapping between the functional and physical components (53%), and system migration
(21%) models; UML’s activity diagram for the data flow (65%), software build and release processes (20-22%),
and system administration (36%) models; UML’s component diagram for the mapping between the functional
and concurrent components (35%), software module structure (47%), and system configuration (21%) models;
and UML’s package diagram for the software module structure (47%) models.

1. Introduction each concern different aspects of software development. These perspec-

tives are actually called as software architecture viewpoints, which have

Software systems that are developed are getting larger and more
complex each day due to the ever-increasing customer demand and the
improving technology. This also leads to complex software system de-
signs that cannot easily be managed by the project stakeholders and
cause the software systems to be delivered late (or over-budget) or de-
veloped wrongly. To manage the software design complexity, the no-
tion of software architecture has been proposed in the early nineties,
which promotes the decompositions of large and complex software sys-
tems into manageable components and connectors and their high-level
reasoning [1-3]. Software architectures can be specified in a more mod-
ular and thus understandable way in terms of different perspectives that
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been initially proposed in the mid-nineties by Kruchten [4]. Kruchten
separates the software architecture design into four viewpoints, which
are the logical, process, development, and physical viewpoints. In the
logical viewpoint, the software system to be built is decomposed into
components and their relationships. In the process viewpoint, the con-
current interactions of the system components are focused upon. In the
development viewpoint, the implementation-related issues are focused
upon. Lastly, in the physical viewpoint, the physical hardware units and
their physical connections are focused upon, in which the logical compo-
nents are to be allocated. Another important work has been performed
by Soni et al. [5], who proposed the conceptual, module, execution,
and code viewpoints. The conceptual viewpoint is essentially the same
as Kruchten’s logical viewpoint, and the module viewpoint adapts the
conceptual viewpoint with the high-level implementation design deci-
sions that are independent of any programming languages (e.g., the
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ideal structure of the software implementation). The execution view-
point is for modeling the run-time elements (e.g., operating system and
process) and their communications. The code viewpoint represents the
organisation of the source code into modules in any programming lan-
guages. Later on, Clements et al. [6], offered the component & connec-
tor, module, and allocation viewpoints that are each modeled in terms
of a set of architectural styles. The component & connector viewpoint
focuses on decomposing software systems into components that inter-
act via connectors, while the module viewpoint focuses on the software
implementation and the allocation viewpoint focuses on the physical
system units. Garland et al. [7] also offered a large set of viewpoints
that are categorised into five groups: domain analysis, component de-
sign, sub-system design, data design, process & deployment design. The
domain analysis focuses on the top-level architecture description of sys-
tems. The component design focuses on the components composing the
systems, their interactions, and behaviors. The sub-system design fo-
cuses on systems’s build-time and organisational structures. The data
design focuses on data architecture and the process & deployment de-
sign focuses on the concurrency issues and the physical system struc-
tures. The IEEE community standardized the concept of software archi-
tecture viewpoints [8] (i.e., IEEE Standard 1471). They treat the view
and viewpoint concepts separately.' That is, each view is essentially a
set of software models that describe the software system from a partic-
ular viewpoint. The view models are expected to satisfy the rules and
constraints of the viewpoint that define the view.

Software architectures can be modeled in terms of different view-
points using the software modeling languages, which can be architecture
description languages [9], domain-specific languages (e.g., Liszt [10],
HIPA [11], and NDL [12]), and UML [13]. Among them, Unified Mod-
eling Language is considered as the top-used language by practition-
ers for modeling software architectures [14-17]. UML offers various
diagrams for the visual specifications of software systems, which can
be categorised into static and dynamic diagrams. The static diagrams
are concerned with the system structures while the dynamic diagrams
are concerned with the system’s changing behaviors. UML’s static dia-
grams are the composite structure diagram, deployment diagram, pack-
age diagram, profile diagram, class diagram, object diagram, and com-
ponent diagram. UML’s dynamic diagrams are the activity diagram, use
case diagram, state machine diagram and some interaction diagrams
that are the sequence, communication, and timing diagrams. UML is
supported by a huge number of modeling tools, e.g., Enterprise Archi-
tect, Visual Paradigm, MagicDraw, Modelio, IBM Rational Rhapsody,
etc. Using these tools, practitioners can model their software systems
in UML and perform many different operations such as model man-
agement, analysis, simulation, user collaboration, project management,
model transformation, documentation, etc. UML has also been extended
many times for adapting UML to different domains (e.g., embedded sys-
tems, multi-agent systems, distributed systems, and web applications)
[18].

1.1. Motivation and goal

Given UML’s huge support by the community (including the tool
vendors and language developers) and its popularity among practition-
ers, one would expect to learn to what extent practitioners use UML
and its various types of diagrams for the modeling of software ar-
chitectures from different viewpoints. Unfortunately, as discussed in
Section 2, the existing empirical studies on UML do not aid in under-
standing practitioners perspectives on using UML for different architec-
ture viewpoints. While it is possible with the existing literature to get

1 The view and viewpoint terms are each referred explicitly in the rest of the
paper.
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informed about many practical issues on UML such as practitioners’ mo-
tivation/demotivation on UML and its diagram types, UML’s evaluation
for some quality properties, and UML’s usage rate for particular aspects
of software development, one may not easily understand to what extent
practitioners use UML for various architecture viewpoints that each ad-
dress a different set of concerns of software development. Indeed, it is
not clear as of now which viewpoints are modeled with UML in practice,
the specific concerns addressed with UML in each viewpoint, practition-
ers’ choice of the UML diagrams for each concern, and practitioners’
choices of the UML modeling tools.

To form the basis of our research precisely, we initially define the
meta-model in Fig. 1 with the inspiration of the IEEE standard 1471,
which shows the abstract concepts on describing software architectures
from multiple viewpoints and the relationships between those concepts.
The software architecture descriptions are specified with the software
architecture description languages (e.g., UML), which offer a modeling
notation set and are supported with some modeling editors for the prac-
titioners to specify the architecture descriptions via the notation set.
An architecture description is essentially specified in terms of a set of
views that each derive from a viewpoint which deals with a relevant
(i.e., cohesive) set of concerns. The viewpoints herein are proposed by
the viewpoint frameworks that modularise the architectural descriptions
in terms of different viewpoints by considering the needs of particular
types of software systems or domains. A view of any viewpoint is rep-
resented with a set of model types that each describe how to solve a
particular concern of the relevant viewpoint. The model types herein
are instantiated as the view models, which are specified via the mod-
eling notation sets that are offered by the architecture description lan-
guages. As discussed in the next paragraph, we use our meta-model def-
inition to determine the concrete techniques, approaches, and tools in
our own context that match with and satisfy the abstract concepts of the
meta-model definition and show how we consider in this research the
architectural descriptions from multiple-viewpoints. By doing so, we es-
sentially aimed to establish the goal of our research in this paper in a
precise way that can clearly be understood in terms of its components.

Given the meta-model of our research in Fig. 1, we consider UML
for the software architecture description language. Also, to determine
the set of viewpoints, we consider Rozanski et al.’s approach [19] for
the architecture viewpoint framework, which focuses on the needs of
practitioners working with any types of information systems and at the
same time supports the concepts of viewpoint, view, and model type
that match well with our meta-model definition. So, our goal in this
research is to survey the practitioners to understand to what extent
practitioners use UML for describing software architectures from dif-
ferent viewpoints that Rozanski et al. offers in their framework. We
used Rozanski et al.’s six different architecture viewpoints in this study,
which are the functional, information, concurrency, development, de-
ployment, and operational viewpoints. The functional viewpoint is con-
cerned with the functional elements that compose the software systems
and their interactions. The information viewpoint is concerned with how
the system data are defined, stored, accessed, and transmitted. The con-
currency viewpoint is concerned with mapping the functional elements
into the concurrent elements and their concurrent interactions. The de-
velopment viewpoint is concerned with modeling the plans and deci-
sions made about the software development process such as structuring
the software code and planning the software build & release processes.
The deployment viewpoint is concerned with the physical structure of
systems that represent the hardware elements in which the functional
elements will be run and their physical relationships. The operational
viewpoint is concerned with the operational issues that occur while the
system is run on its production environment and deal with monitoring,
administering, restoring, and supporting the system. Note here that the
operational viewpoint focuses on managing and controling the running
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Fig. 1. The meta-model definition of describing software architectures from multiple viewpoints.

system rather than the system’s requirements and design activities that
other viewpoints focus on. However, the operational issues are highly
crucial and need to be resolved early on so as to minimise any required
effort that may get much bigger if the operational issues were dealt with
while the system is run in its environment. In Table 1, we show the re-
lationships between Rozanski et al.’s viewpoints, the model types that
we consider from Rozanski et al.’s model list for each viewpoint, the
UML diagrams to be used as the modeling notations for instantiating
the model types, and the UML CASE tools to be used as the model ed-
itors for the UML language. Note here that Rozanski et al.’s viewpoint
model types that we consider are each described in Section 5, where
we discuss the survey analysis results for each viewpoint and its model
types. The set of UML diagrams and UML tools herein have been deter-
mined via the feedback received from the survey’s pilot study, which
have been conducted among a set of practitioners before releasing the
survey in the way discussed in Section 4.1.

With our survey, we essentially intend to shed light on many im-
portant but neglected issues including which viewpoints are important
for practitioners in their UML modeling, how that is affected by prac-
titioners’” work industries, what types of models practitioners tend to
specify with UML for representing their views in each viewpoint, the
UML diagrams that practitioners frequently use in their model speci-
fications in each viewpoint, and practitioners’ preferences for the UML
CASE tools. The survey results will be essentially useful for attracting the
interest of the software engineering community towards the multiple-
viewpoints modeling for managing large and complex software systems
and its practical use via the de-facto UML language. Those who wish
to engineer their own domain-specific languages will be able to use the
survey results to determine the popular viewpoints in their domain of
interest and the popular UML notations used for specifying different
types of models that conform to those viewpoints. So, the language en-
gineers can easily address in their languages the expectations of practi-

tioners in terms of the multiple-viewpoints modeling and the modeling
notations to be used. Moreover, the results will certainly help the tool
vendors to improve their UML tools or build new tools in a way that ad-
dresses the issues about the multiple-viewpoints modeling determined
via the survey. The survey results may further trigger new researches
such as the analysis of the existing UML tools or the DSL meta-modeling
tools for the multiple-viewpoints support. So, practitioners in different
industries may use those analysis results to determine many important
requirements, including (i) the tools’ support for any of the viewpoint
approaches discussed above (e.g., Kruchten’s model), (ii) the tools that
offer their own viewpoints, or (i) the tools that allow practitioners to
define user-specific viewpoints.

1.2. Paper structure

In the rest of this paper, firstly, we discuss the related works with our
study. Then, the research questions that our survey aims to answer are
given, which is followed by the discussions of the research methodology
of our survey that includes the survey design, execution, and sampling.
After that, the survey results are discussed for each software architec-
ture viewpoint considered. Lastly, the summary of findings, the lessons
learned, and any threats to the validity of the results are discussed.

2. Related work

In this section, the studies that are relevant to our survey study are
discussed. We firstly focus on the software architecture viewpoint frame-
works that are similar to Rozanski et al.’s framework which are survey
is based on. Following that, we focus on the analytical studies on the
UML language.
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Table 1
Describing the relationships between Rozanski et al.’s viewpoints and model types, UML’s diagrams, and the UML tools.
Viewpoint Model types UML diagrams UML tools
Functional Functional structure Class, Component, Composite Structure, Deployment, ArgoUML, BoUML, Enterprise
Object, Package, Profile Architect, MagicDraw, MS
Information Data flow Activity, Class, Component, Composite Structure, Object, Visual Studio, Obeo UML
Package, Profile Deslgner, Modelio, Papyrus,
Data structure Class, Component, Composite Structure, Deployment, Rational Rhapsody, StarUML,
Object, Package, Profile Umbr.ello UML, Visual
Data life-cycle Activity, Profile, Sequence/Communication, State, Timing Paradigm
Concurrency Concurrency structure Class, Component, Composite Structure, Deployment,
Object, Package, Profile
Mapping between functional and Component, Composite Structure, Deployment, Package,
concurrent components Profile
Development Software modules structure Class, Component, Composite Structure, Deployment,
Object, Package, Profile
Software code structure Class, Component, Composite Structure, Deployment,
Object, Package, Profile
Software build process Activity, Class, Component, Composite Structure,
Deployment, Object, Package, Profile,
Sequence/Communication, State
Software release process Activity, Class, Component, Composite Structure,
Deployment, Object, Package, Profile,
Sequence/Communication, State
Deployment Physical structure Class, Component, Composite Structure, Deployment,
Object, Package, Profile
Mapping between functional and Composite Structure, Deployment, Package, Profile
physical components
Operational System Installation Activity, Class, Composite Structure, Component,

System administration

System configuration

System support

Systen migration

Deployment, Object, Package, Profile

Activity, Class, Component, Composite Structure,
Deployment, Object, Package, Profile,
Sequence/Communication, State, Timing, Use-case
Activity, Class, Component, Composite Structure,
Deployment, Object, Package, Profile,
Sequence/Communication, State, Timing, Use case
Activity, Class, Component, Composite Structure,
Deployment, Object, Package, Profile,
Sequence/Communication, State, Timing, Use case
Activity, Class, Component, Composite Structure,
Deployment, Object, Package, Profile,
Sequence/Communication, State, Timing, Use case

2.1. Similar viewpoint frameworks

While we used Rozanski et al.’s viewpoint framework for our survey
study as discussed in Section 1.1, many similar frameworks have been
existing that offer different considerations of the software architecture
viewpoints.> Some of those viewpoint frameworks even focus on par-
ticular domains (e.g., embedded systems, weapon systems, air-force IT
systems, distributed systems, real-time systems, etc.). Our main motiva-
tion for Rozanski et al.’s viewpoint framework is essentially to do with
their relatively wide scope that can safely be understood and used by
any practitioners who work on any types of information systems (i.e.,
any computer systems that perform some business operations). Indeed,
Rozanski et al. got highly inspired from the generic IEEE 1471 standard
on architectural description and considered IEEE’s separations on the
viewpoint and view concepts and their understanding of the view mod-
els. Also, Rozanski et al.’s main focus is on the needs of practitioners,
who are actually the contributors of our survey. Indeed, in their book,
Rozanski et al. guides the architects on putting all the viewpoint descrip-
tions into practice. Table 2 shows the mapping between Rozanski et al.’s
viewpoints framework with some pioneering viewpoint frameworks that
we discussed in Section 1. Apparently, while those approaches also sup-
port the functional, concurrency, and development viewpoints, not all
of them actually support the other viewpoints proposed by Rozanski

2 The list of viewpoint frameworks can be accessed via the following link:
http://www.iso-architecture.org/42010/afs/frameworks-table.html.

et al. Indeed, the operational concerns of software systems are not in
the scope of any of the viewpoint frameworks. The information view-
point is also ignored by Kruchten’s and Soni et al’s frameworks. Soni
et al. further ignores the deployment viewpoint. Clements et al.’s com-
ponent & connector (C&C) viewpoint essentially encompasses Rozanski
et al.’s multiple viewpoints and thus hinders the modularity which may
cause difficulties for the model understandability and analysis in C&C.
Lastly, Garland et al.’s approach offers a large set of viewpoints that es-
sentially correspond to Rozanski et al.’s viewpoint model types which
are modularised into the viewpoints. However, using such a large set of
viewpoints may cause the practitioners to end up with an unnecessar-
ily complex software architecture design that is difficult to understand
and trace, and further requires ensuring the consistencies between many
different viewpoints and thus hinder the manageability.

2.2. UML and some analytical studies on UML

Since UML is used by many practitioners in industries, UML has been
extended by many approaches via UML’s profiling mechanism for adapt-
ing UML to new domains or platforms. These include Agent UML [20] for
multi-agent systems, Secure UML [21] and UMLSec [22] for specify-
ing the security aspects of distributed systems, Context UML [23] for
context-aware systems, UML-RT [24] for real-time embedded systems,
Flex UML [25] for process-aware information systems, etc. The OMG
organisation that standardised UML also proposed some UML profiles
such as SoaML [26] for service-oriented architectures, SPEM [27] for
software process models, and SysML [28] for systems engineering. How-
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Table 2
The mapping between Rozanski et al.’s viewpoint framework and other frameworks.
Viewpoint frameworks ~ Functional Information Concurrency Development Deployment Operational
Kruchten [4] Logical Process Development Physical
Soni et al. [5] Conceptual Execution Architecture Code, Module
Architecture
Clements et al. [6] Component & Component & Component & Connector ~ Module Alloc-ation
Connector Connector
Garland et al. [7] Component Logical Data, Process, Proc. State Layered Deploy-ment
and Data Model, Subsys., and Physical
Component Transaction Subsys. Data
Interaction Interface
Dependency

ever, none of these works consider the practical use of UML for the
multiple-viewpoints modeling and instead focus essentially on adapting
UML for a particular domain and their needs. Indeed, most of these lan-
guages are all centered around the logical and behavior viewpoints and
do not provide support for any other viewpoints. The literature includes
some analytical studies that compare UML with some other languages
(e.g., architecture description languages) [29,30] and also the UML-
based languages with each other [31-33]. However, again, the support
for multiple viewpoints is ignored in those comparisons and instead the
languages’ support for particular domains (e.g., embedded systems de-
sign) or particular aspects (e.g., mobility and software process modeling)
are focused. Recently, Ozkaya [9] has analyzed more than 120 differ-
ent architectural languages for a number of requirements including the
different viewpoints considered in this study. While Ozkaya’s analysis
results aid in understanding which architectural languages (including
some UML-based languages) support which viewpoints, it does not re-
veal the practitioners’ preferences among different viewpoints and give
any clue about which types of UML diagrams are more preferable for
describing different types of models in each viewpoint.

In the rest of this section, the surveys that have been conducted on
practitioners with the focus on their UML usages are discussed.

2.2.1. Surveys on UML

The literature includes many survey studies that have been con-
ducted on UML. However, these surveys essentially focus on either (i)
the usage frequencies of UML diagrams, (ii) practitioners’ evaluation
of UML for some properties (e.g., code generation and user-friendliness,
and notational complexity), (iii) practitioners’ motivation/demotivation
for UML, and (iv) practitioners’ experience with UML for some software
development aspects (e.g., maintenance). Unlike our survey discussed in
this paper, none of the existing surveys focus on the software architec-
ture viewpoints in a comprehensive and systematic way and practition-
ers’ UML usage for different viewpoints. Indeed, to the best of our knowl-
edge, our survey is the first empirical study on the software architecture
viewpoints that consider various viewpoints for the software design and
development activities (e.g., Rozanski et al. [19]’s viewpoints), the dif-
ferent types software models that can be specified for each viewpoint,
and practitioners’ experiences on the UML diagrams for each viewpoint
model.

Petre [34] interviewed 50 software developers who work in 50 dif-
ferent companies to understand the different usage patterns for UML.
Petre’s result show that most of the practitioners do not even use UML,
while the rest consider using UML informally without following any for-
mal procedures. This includes the informal purposes, such as personal
use, early modeling, and prototyping. A few developers also perform the
automated code generation from their UML specifications.

Nugroho et al. [35] surveyed among 80 software developers who
work in companies from different industries in Netherlands. Nugroho
et al. prepared 20 different questions for the purpose of understanding
practitioners’ opinions about (i) the completeness of the UML models,
(ii) the preciseness (i.e., the level of details) of the UML models, (iii)

transforming models into implementation, (iv) UML’s productivity for
different stages of software development.

Wrycza et al. [36] surveyed among 180 different students who use
UML in their university studies. Wrycza et al. asked the students 17 dif-
ferent questions for understanding (i) their opinions about UML’s com-
plexity, the diagrams with complex notations, and the usefulness and
user-friendliness of UML diagrams, (ii) whether they find the existing
UML diagrams adequate for their software design, (iii) their interest to-
wards the source-code generation from the UML diagrams, and (iv) their
diagram choices for the dynamic view specifications.

Lange et al. [37] surveyed among 80 different architects who work
in different domains. In their survey, Lange et al. seek to understand
the architects’ interest towards different viewpoints that IBM’s Rational
Rose modeling tool support in their environment. These are the use-case,
logical, component, deployment, and scenario viewpoints. According to
the results, while use-case and logical viewpoints are the top used ones
with UML, the deployment viewpoint is the least used one.

Osman et al. [38] surveyed among 32 software developers who are
forced to answer 13 different questions. Osman et al. intended in their
survey to learn what types of information that practitioners wish to spec-
ify with UML’s class diagram and what information they do not need in
the class diagram. By doing so, UML’s class diagram can be simplified
by abstracting out the unnecessary details.

Fernandez-Saez et al. [39] surveyed among 178 practitioners that
work in 12 different countries. Fernandez-Saez et al.’s survey includes
28 different questions with the purpose of understanding to what extent
practitioners use UML for documenting the software maintenance.

Dobing et al. [40] surveyed among 299 practitioners from the IT in-
dustry. Dobing et al. focused on 6 different UML diagrams, which are
class diagram, use case diagram, sequence diagram, activity diagram,
state-chart diagram, and collaboration (aka communication) diagram.
In their survey, Dobing et al. aimed at understanding practitioners’ us-
age ratio for those 6 UML diagrams and the correlations between the
use of different diagrams. Dobing et al. also considered any correlations
between the project size and the UML diagrams and the UML diagram(s)
that are more attractive to the clients who are involved in the system
developments.

Grossman et al. [41] surveyed among 150 practitioners from differ-
ent profiles (i.e., countries, job titles, experiences, etc.) and prompt them
to answer 32 different questions that address 8 key properties for evalu-
ating practitioners’ experience on UML (i.e., how useful UML is to them).
These properties are (i) right data, (ii) accuracy, (iii) compatibility, (iv)
flexibility, (v) understandability, (vi) level of details, (vii) training, and
(viii) ambiguity.

Reggio et al. [42] surveyed among 275 different practitioners from
industry and academia who have been asked to answer 32 different
questions. Reggio et al. aimed at understanding the usage frequencies
of the UML diagrams and how this is affected by the user profiles.

Agner et al. [43] surveyed among 209 developers working in the
embedded software domain. Agner et al. asked 20 different questions
for the purpose of understanding the embedded developers’ experience
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with UML. Agner et al. essentially aimed at answering the research ques-
tions such as why UML is not (or just partially) used by the developers,
whether UML satisfies their needs or not, whether they find UML com-
plex or not, and which UML diagrams are used more than the others for
the embedded software design.

3. Research questions

In this survey, we seek to answer the following research questions
that aid in achieving the paper goal stated in Section 1.1.

RQ1: Which software architecture viewpoint(s) do practitioners consider
in modeling their software architectures? In this question, Rozanski et al.’s
viewpoint framework has been considered the following viewpoints
have been focused upon in our survey: functional, information, concur-
rency, deployment, development, and operational. The goal is to deter-
mine for each of those viewpoints the frequency of practitioners who
model their software architectures in that viewpoint.

RQ2: Which type(s) of software architecture models do practitioners spec-
ify in each viewpoint that they are interested in? In this question, we focus
on the different types of software models that Rozanski et al. proposed
for each of their architecture viewpoints. So, the goal is to determine
for each viewpoint model considered the frequency of practitioners who
specify that model as part of their software architecture design.

RQ3: Which UML diagram(s) do practitioners prefer to use for specify-
ing the software architecture models in each viewpoint? This question also
focuses on Rozanski et al.’s viewpoint model types considered. So, the
goal is to determine for each software architecture viewpoint model type
which UML diagram(s) are used by practitioners for creating software
models in that type as part of their software architecture design.

RQ4: Which UML modeling tool(s) do practitioners prefer to use for mod-
eling their software architectures in each viewpoint? In this question, a set
of popular well-known UML modeling tools are focused, including Mag-
icDraw, Visual Paradigm, IBM Rational Rhapsody, Enterprise Architect,
Modelio, Obeo UML Designer, and StarUML. The goal here is to de-
termine for each viewpoint considered the UML modeling tool(s) that
practitioners prefer to use for performing their modeling activities in
that viewpoint.

4. Survey design, execution, and sampling
4.1. Survey design

To design our survey, we have used our knowledge and experiences
from our previous surveys that we conducted in the near past [14,17].
Moreover, our survey has been inspired from Rozanski et al.’s seminal
book on software architecture viewpoints [19]. Indeed, we prepared a
set of survey questions for each architecture viewpoint suggested by
Rozanski et al., and each question targets a particular model type that
Rozanski et al. proposed to be specified in that viewpoint.

Before publishing our survey, we conducted a pilot study among
set of practitioners who have been using UML for several years for the
multiple-viewpoints modeling of software systems in diverse industries.
We initially contacted 10 different practitioners whom we know from
the past projects and who have got 10+ years of experience on UML.
We let those 10 practitioners know about the survey motivation, goal,
and research questions. 5 practitioners have accepted to participate in
the pilot study, and we provided them with the survey questionnaire
form. Note here that we interacted with the practitioners either by e-
mail or face-to-face meetings depending on their preferences. Each prac-
titioner has been given 7 days to return us their feedback about the fol-
lowing issues: (i) the survey structure (i.e., sections, sub-sections, and
their order), (ii) missing/ambiguous questions and answer lists, (iii) the
dependencies between the questions, (iv) the question types (e.g., tabu-
lar, multiple-choice, yes/no, and free-text), (v) the expected amount of
time to fill in the survey, (vi) any supplementary materials needed, and
(vii) how to reach the potential participants. In case of the conflicting
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feedback of different practitioners, we conducted further meetings with
those practitioners to reach on a consensus. As a result, we managed
to get rid of many issues that the practitioners pointed out and fixed
the survey questions. Moreover, as many of the practitioners requested,
we decided to add a supplementary material to the survey questions to
make them more precise. Since we based the survey on the architec-
ture viewpoints proposed by Rozanski et al., we used the book web-site
which gives the most precise introductory information about the view-
points.® Rozanski et al. provides in their book web-site a separate link
for each viewpoint and describes the viewpoint in terms of its (i) defi-
nition, (ii) concerns, (iii) model types, (iv) pitfalls, (v) stakeholders, and
(vi) applicability. So, we provided the link for each viewpoint on the rel-
evant survey section, and thus, any practitioners who wish to be further
informed about the viewpoints before answering the relevant questions
may then click on the link and get all the necessary information.

The survey has been fixed with 35 different questions that target
the research questions stated in Section 3. Table 3 shows the survey
questions, their features, and the research questions that the survey
questions are associated with. So, the survey questions can basically
be grouped as (i) the profile questions (1-6), (ii) the functional view-
point questions (7-9), (iii) the information viewpoint questions (10-
14), (iv) the concurrency viewpoint questions (15-18), (v) the develop-
ment viewpoint questions (19-24), (vi) the deployment viewpoint ques-
tions (25-28), and (vii) the operational viewpoint questions (29-35). As
indicated in Table 1, each viewpoint question group includes a sepa-
rate question for understanding the UML diagrams used for each model
type considered in the corresponding viewpoint and a question for un-
derstanding the UML tool used for that viewpoint. Most of the survey
questions are multiple-answer questions that flexibly allow the partic-
ipants to choose any of the given answer(s). Note here that some of
the multiple-answer questions offer participants with the option of typ-
ing their own answers (i.e., free text). This is essentially the case with
some profile questions and the questions that aim to learn the UML tools
which practitioners use for each viewpoint modeling. With the free text
options, the participants may type (i) the name(s) of any tools that they
use but are not given in the answer list of the question or (ii) any kind
of projects/industries/jobs that are not given in the answer list of the
profile questions. To analyse the free-text answers, we followed the cod-
ing strategy manually [44]. That is, we coded each free-text answer to
determine its category that can either be among the existing categories
given in the answer list of the question or considered as a new category.
If the free-text answer is appropriate for multiple answers in the exist-
ing answer list, we counted it for each of those answers. If the free-text
answer is not existing, we added it to the answer-list as a new answer of
the associated survey question. Some of the participants typed inappro-
priate answers, such as “university” for the work industry, which we had
to omit for the questions. To minimise any biases for coding, we both
performed coding individually at different times. Then, we conducted a
meeting to discuss and compare our individual suggestions of interpre-
tations for each coding and agreed on the most accurate interpretation
of the free-text answers. The other questions are Yes/No questions with-
out any choice for free-text. However, to enhance precision, the Yes/No
questions have been presented with the rating answers, which are always
(100%), much of the time ( > 70%), often ( > 50%), sometimes ( < 50%),
and never (0%).

4.2. Survey execution

Our survey has been conducted online via Google forms* and the sur-
vey was available online between March 2018 and June 2018. Given our
focus on the practitioners’” UML usage for different architecture view-
points, we target in the survey the practitioners who are involved in the

3 Rozanski et al.’s book web-site that shares the precise information on their
viewpoints: https://www.viewpoints-and-perspectives.info/home/viewpoints/.
4 https://docs.google.com/forms.
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Table 3
Survey questions.
Res. que. Survey questions Multiple Free Yes/no Numeric
answer text ques. answer

Profile Questions 1- Which country do you work in? Y N N N
2- What is (are) your current job position(s)? Y Y N N
3- Which industry(ies) do you work in? Y Y N N
4- What are the type(s) of software projects that you are involved in? Y Y N N
5- How many years of experience do you have in software development? N N N Y
6- Do you use UML for modeling software systems from different viewpoints? N N Y N

RQ1 7- Do you model the functional view(s) of software systems in UML? N N Y N

RQ2, RQ3 8- Which UML diagram(s) do you use for modeling the functional structure of software Y N N N
systems?

RQ4 9- Which UML modeling tool(s) do you use for modeling the functional views of software Y Y N N
systems in UML?

RQ1 10- Do you model the information view(s) of software systems in UML? N N Y N

RQ2, RQ3 11- Which UML diagram(s) do you use for modeling the data flow of software systems? Y N N N
12- Which UML diagram(s) do you use for modeling the data structure of software systems? Y N N N
13- Which UML diagram(s) do you use for modeling the data lifecycle of systems (i.e., how Y N N N
data changes over time)?

RQ4 14- Which UML modeling tool(s) do you use for modeling the information views of software Y Y N N
systems in UML?

RQ1 15- Do you model the concurrency view(s) of software systems in UML? N Y

RQ2, RQ3 16- Which UML diagram(s) do you use for modeling the concurrency structure of software
systems (i.e., threads and processes)?
17- Which UML diagram(s) do you use for mapping the functional components into the Y N N N
concurrency components?

RQ4 18- Which UML modeling tool(s) do you use for modeling the concurrency views of software Y Y N N
systems in UML?

RQ1 19- Do you model the development view(s) of software systems in UML? N N Y N

RQ2, RQ3 20- Which UML diagram(s) do you use for modeling the structure of software modules? Y N N N
21- Which UML diagram(s) do you use for modeling the source-code structures? Y N N N
22- Which UML diagram(s) do you use for modeling the software build process? Y N N N
23- Which UML diagram(s) do you use for modeling the software release process? Y N N N

RQ4 24- Which UML modeling tool(s) do you use for modeling the development views of software Y Y N N
systems in UML?

RQ1 25- Do you model the deployment view(s) of software systems in UML? N N Y N

RQ2, RQ3 26- Which UML diagram(s) do you use for modeling the physical structure of software N N
systems?
27- Which UML diagram(s) do you use for mapping the functional components into physical Y N N N
components?

RQ4 28- Which UML modeling tool(s) do you use for modeling the deployment views of software Y Y N N
systems in UML?

RQ1 29- Do you model the operational view(s) of software systems in UML? N N Y N

RQ2, RQ3 30- Which UML diagram(s) do you use for modeling the system installation elements and Y N N N
their dependencies?
31- Which UML diagram(s) do you use for modeling the system administration issues ? Y N N N
32- Which UML diagram(s) do you use for modeling the system configuration issues ? Y N N N
33- Which UML diagram(s) do you use for modeling the system support issues ? Y N N N
34- Which UML diagram(s) do you use for modeling the system migration issues ? Y N N N

RQ4 35- Which UML modeling tool(s) do you use for modeling the operational views of software Y Y N N

systems in UML?

software modeling & development in different industries. So, to avoid
any biases, we intentionally chose not to send the survey to any prac-
titioners who work in academia with no industry background or those
with no software modeling & development experience. However, our
observations show that a few academics have filled in the survey, and
unfortunately, we had to omit their records during the analysis of the
survey results so as to minimise any biases. Also, we did not consider
the records from the participants who do not use UML for modeling soft-
ware architectures from different viewpoints. Indeed, the sixth question
of the survey indicated in Table 3 prompts the participants to submit the
survey directly without answering the viewpoint modeling questions if

they have never used UML for the architectural modeling. So, all these
helped us eliminate any potential misleading data for the analysis of the
survey results.

To reach as many practitioners from industry as possible,
we followed a systematic approach. Initially, we started off
with our personal contacts whom we know from the research
projects/consultations/conferences/workshops/etc. that we have
been involved in the past. We sent an e-mail to 50 different personal
contacts. Also, we determined a set of practitioners who have con-
tributed to the well-cited scientific papers about software modeling,
software architectures, or UML. We sent an e-mail to 125 such prac-
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18%

titioners. Note that for each e-mail sent, we performed snow-balling
and kindly requested the practitioners to forward the e-mail to any
other practitioners whom they know and consider as the potential
participants. Following that, we used the social platforms to spread the
survey as much as possible, which was essentially so useful in reaching
many practitioners around the world. We initially shared the survey in
several related linkedin groups that have 5000 + members and receive
many posts/comments actively each day. These include such groups as
Software Architects and Enterprise Architects, Software Architecture,
The Enterprise Architecture Network, Software As a Service, Software
Design Patterns and Architecture, Software Engineering Professionals,
Model Driven Architecture, and Software Developer. Moreover, we
shared the survey in some google groups that are actively participated
by the software engineers. These include UML forum, Istanbul-Coders,
Quality Analyst, and MongoDB-User. We also sent the survey e-mail
to the active mailing lists in which many software developers who are
interested in modeling have been registered with. These include the
mailing-list of the IEEE standard for Systems and software engineering
— Architecture description (ISO/IEC/IEEE 42010:2011) and the several
mailing lists of the Eclipse foundations that are concerned with software
modeling (e.g., papyrus-ic, papyrus-sysml, papyrus-jp, mdt-papyrus,
emf-dev, and cappella-dev). To further attract interest, we created
topics on some active software development forums to kindly invite the
forum participants for their contributions to the survey. The forums we
used include dev-shed, source-forge, code ranch, and eclipse forums.

As a result, our survey has received 109 different responses from 34
different countries around the world. Fig. 2 shows the rough distribu-
tion of the practitioners who contributed to the survey on the meth-
ods that can be employed for reaching the survey. So apparently, we
got most of the contributions from the linkedin groups (36%), which
is followed by the mailing list (Eclipse and IEEE) (32%) and personal
contract contributions (14%). The practitioners who contributed to the
scientific papers about software modeling just constitute the 9% of the
overall participants. The least contributions have been received from the
google groups and forums. Note that these data are essentially based on
(i) the number of positive responses that we received from the partici-
pants who used any of those methods for reaching the survey (e.g., reply
messages, number of likes, number of comments, etc.), (ii) our observa-
tions on the response rate during which the particular method has been
employed, and (iii) our observations on the response rate during which
a reminder e-mail/message has been released for a particular method.
Therefore, Fig. 2 gives an approximate distribution of the participants,
which is expected to be close to the actual distributions.

4.3. Survey sampling

Given the two sampling techniques for selecting participants — prob-
ability sampling and non-probability sampling [45], we have used the
non-probability sampling method. While probability sampling leads to
more precise results, we were not able to use the probability sampling as

W Forums
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Fig. 2. The distribution of the participants depend-
ing on the survey sharing methods.

H LinkedIn Groups

M Eclipse Mailing Lists
IEEE Mailing List
Google/Yahoo Groups

M Personal Contact List

M Industrial Authors of Papers

it requires to access every practitioner of industry who are involved in
software development and select them randomly. Indeed, it was not pos-
sible for us to reach every practitioner due to the time and budget con-
straints. Therefore, using the non-probability sampling, we have chosen
the participants non-randomly via the methods discussed in Section 4.2.

As we used our personal contacts and the practitioners who con-
tributed to the relevant papers, we essentially applied the convenience
sampling of the non-probability sampling technique, in which the practi-
tioners who are easy-to-access have been chosen to be invited. To spread
the survey, we also used the online social platforms (i.e., linkedin,
google groups, mailing lists, and forums), which essentially let us some-
what mimic the probability sampling. Indeed, many professionals today
are the members of linkedin and follow the groups relevant to their ex-
pertise. Likewise, several mailing lists on software modeling & develop-
ment have been actively used by thousands of practitioners today, which
enable receiving up-to-date news about the existing or new technolo-
gies, any innovations, or share some ideas, papers, and surveys. Forums
also play a key role as the discussion platforms on which many prac-
titioners can discuss several relevant issues on software modeling and
development. Therefore, each practitioner who uses the social platforms
mentioned above can essentially be considered to have an equal chance
of accessing the survey. Given thousands of practitioners who actively
use social platforms, we were able to reach as many practitioners as pos-
sible who are interested in software modeling & development randomly
without knowing whom they are and where they work for. However,
it should be noted here that it was not possible for us to group the re-
sponses of those practitioners and select a sub-set of responses from each
group randomly (i.e., a cluster probability sampling [46]). This is due
to the fact that in our survey, we did not collect any personal informa-
tion (e.g., the company name or any other identity data) for grouping as
that damages the anonymity of the survey participants and may make
the potential participants stop filling the survey form.

Concerning the unit of analysis for the survey sample, our unit is the
practitioner who use UML for the software modeling in any industries
as discussed in Section 4.2. Each practitioner has participated to the
survey individually and anonymously without giving any personal data
that may expose their identity.

5. Survey findings and results
5.1. Profiles

5.1.1. The work countries of the participants (Q1)

The survey attracted participants from 34 different countries. These
are USA, Colombia, Latvia, Austria, Estonia, Singapore, South Africa,
Uruguay, Switzerland, Ukraine, Vietnam, Ghana, Ireland, Australia, Bel-
gium, Brazil, Canada, Finland, France, Costa Rica, Germany, India,
Chile, Denmark, Mexico, Italy, Poland, Portugal, Spain, Russia, Sweden,
The Netherlands, Turkey, and United Kingdom. Among all those, USA
is the top-popular country, followed by India, France, UK, and Turkey.
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5.1.2. The current job positions of the participants (Q2)

As Fig. 3 shows, the software architect is the top-selected job position
by participants (39%), followed by the Software Developer/Programmer
(27%). While the rest of the job positions are not so popular ( < 15%),
some positions such as IT/network architect, R&D/product manager,
and tester are rarely held by the participants.

5.1.3. The work industries of the participants (Q3)

As Fig. 4 shows, IT and Telecommunications is the top-popular work
industry, selected by 30% of the participants. Automotive & Transporta-
tion and Finance & Accounting are also quite popular industries, selected
by 16-18% of the participants. Note that some of the industries such as
energy, supply chain, logistics, and electrical utilities are rarely selected
by the participants.

5.1.4. The types of software projects that the participants are involved in
Qv

As Fig. 5 shows, the top-selected software project type is the devel-
opment of business applications software (54%), followed by the web
applications (43%). Some of the other important software project types
such as mobile applications, systems software, scientific/engineering ap-
plications software, and safety-critical and mission-critical software are
just selected by 24-29% of the participants.

5.1.5. The participants’ experience on software development (Q5)
As Fig. 6 shows, most of the participants (81%) have 10+ years of
experience on software development. While another 16% have at least
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Fig. 3. The current job positions of the participants.

35% 40%

Fig. 4. The work industries for the participants.

30% 35%

2 years of experience, just 3% have no experience at all and thus have
been directed to submit the form to avoid any biases.

5.2. UML for different software architecture viewpoints (Q6)

As Fig. 7 shows, most of the participants (88%) use UML in their
software architectures modeling from different viewpoints at different
levels of frequency. The rest of the participants who never use UML for
different viewpoints have been directed to submit the form to avoid any
biases.

5.3. Functional viewpoint

Rozanski et al.’s functional viewpoint considers the functional struc-
ture models for software systems. A functional structure model is con-
cerned with decomposing software systems into functional components
that have some interfaces for interacting with other components. The
interfaces of the functional components are linked via the connector el-
ements, which may be as simple as basic links or impose some complex
interaction protocols.

5.3.1. Do you model the functional view(s) of software systems in UML?
Q)

As Fig. 8 shows, most of the participants (96%) model the functional
views of their software systems in UML at varying levels of frequency.
4% of the participants who never do so have been directed to the next
section (i.e., the information viewpoint).
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As Table 4 shows, IT & telecommunications is the top-selected in-
dustry by the participants who model the functional views in UML, and
the top-selected project types are the business applications software and
web applications. Concerning their correlations, while the participants
from the automotive & transportation and defense/military & aviation
industries focus more on the safety-critical and mission-critical software
and scientific/engineering applications software, the participants from
the finance & accounting, government, healthcare & biomedical, IT &
telecommunications, and software outsourcing industries focus on the
business applications software and web applications.

5.3.2. Which UML diagram(s) do you use for modeling the functional
structure of software systems? (Q8)

As Fig. 9 shows, among the participants who use UML for the func-
tional view modeling, a few of them (8%) never use UML for the func-
tional structure modeling, and another 5% are not interested in the func-
tional structure modeling at all. Concerning the rest, the top-used UML
diagram is the class diagram (71%), which is followed by the component
and package diagrams (40-58%).

W 10+ years
M 6-10 years

W 2-5 years

Sometimes (<50%)
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Fig. 5. The types of software projects that the par-
ticipants are involved in.

60%

Fig. 6. The years of experiences for the participants.

Less than 2 years

Fig.7. The frequency of the participants who use UML for modeling
their software architectures from multiple viewpoints.

B Much of the time(>=75%)

5.3.3. Which UML modeling tool(s) do you use for modeling the functional
views of software systems in UML? (Q9)

As Fig. 10 shows, while many different tools are used by the partic-
ipants, the top-used one is the Enterprise Architect UML modeling tool
(53%) and that is followed by the StarUML (16%). Just a few partic-
ipants (2%) still draw their functional view models by hand. Another
interesting outcome is that some participants (14%) specify their UML
models for the functional views using the office tools (e.g., MS Office
PowerPoint/Word and LibreOffice) that provide no particular support
for UML (e.g., UML syntax checking, code generation, UML model ver-
sioning, etc.).

Fig. 11 shows the correlation between the work industries of the par-
ticipants who use some tools for modeling the functional view of their
software systems in UML and their tool choices. So apparently, Enter-
prise Architect is the top-used UML modeling tool in most of the indus-
tries - except consumer electronics and healthcare & biomedical. Among
the rest of the UML tools, StarUML, MagicDraw, and IBM Rational Rhap-
sody are used in many of the industries indicated, while their usage ratio
is not as high as that of Enterprise Architect. Also, some industries (i.e.,
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Table 4
The distribution of the participants who model the functional view depending on the work industries and the software projects involved.
Business Mobile Safety-critical Scientific/ Systems Web Total
application application and engineering software applications
software mission-critical applications
software software
Automotive and transportation 3 (13%) 0 (0%) 7 (29%) 6 (25%) 7 (29%) 1 (4%) 24 (100%)
Consumer electonics 0 (0%) 0 (0%) 1 (50%) 0 (0%) 1 (50%) 0 (0%) 2 (100%)
Defense/military & aviation 2 (11%) 0 (0%) 7 (39%) 4 (22%) 3 (17%) 2 (11%) 18 (100%)
Finance and accounting 11 (39%) 6 (21%) 0 (0%) 1 (4%) 1 (4%) 9 (32%) 28 (100%)
Government 10 (36%) 2 (7%) 3 (11%) 2 (7%) 4 (14%) 7 (25%) 28 (100%)
Healthcare and biomedical 3 (39%) 1(12%) 1(12%) 1 (12%) 0 (0%) 2 (25%) 8 (100%)
IT and telecomunications 17 (31%) 9 (17%) 2 (4%) 5 (9%) 7 (13%) 14 (26%) 24 (100%)
Sofware outsourcing 8 (30%) 6 (22%) 0 (0%) 3(11%) 3(11%) 7 (26%) 27 (100%)
TOTAL 54 24 21 22 26 42
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Fig. 8. The frequency of the participants who model the functional
view(s) of software systems in UML.

® Much of the time(>=75%)

80%

Fig. 9. The UML diagrams used by the participants for modeling the functional structure.

IT & telecommunications, healthcare & biomedical, government, and fi-
nance & accounting) use the office tools more than many UML modeling
tools despite the office tools lacking in support for the UML modeling.

5.4. Information viewpoint

We consider Rozanski et al.’s three different models for the infor-
mation viewpoint, which are the static data structure model, informa-
tion flow model, and information lifecycle model. A static data structure
model for a system describes the structure of the system data in terms of
the data elements and their relationships with each other. An informa-
tion flow model describes the data flow between the system components
and is concerned with the type, volume, and direction of the data trans-
ferred between the components, and how the data transfer occurs (e.g.,
exchanging flat files or XML messages). An information lifecycle model
is concerned with how the data representing the system state transition
from one to another due to some events occuring, such as time elapsed
and the method-call received/made.

5.4.1. Do you model the information view(s) of software systems in UML?
(Q10)

As Fig. 12 shows, almost all the participants model the information
views of their software systems in UML (99%) at different levels of fre-
quency. Those who do not so have been directed to the next survey
section (i.e., the concurrency viewpoint).

As Table 5 shows, IT & telecommunications is the top-selected indus-
try by the participants who model the information views in UML, and
the business applications software is the top-selected project type. Con-
cerning the correlations, the participants from the automotive & trans-
portation and defense/military & aviation industries focus more on the
safety-critical & mission-critical software, scientific/engineering appli-
cations software and systems software. The participants from rest of the
industries considered focus on the business applications software and
web applications.

5.4.2. Which UML diagram(s) do you use for modeling the data flow of
software systems? (Q11)

As shown in Fig. 13, some participants (17%) do not use UML for
modeling the data flow and another 2% are not interested in that
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Fig. 10. The UML modeling tools used
by the participants for modeling the func-
tional view.

60%

Fig. 11. The correlation between the
work industries of the participants and
the tool(s) that they use for the functional
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Table 5
The distribution of the participants who model the information view depending on the work industries and the software projects involved.
Business Mobile Safety-critical Scientific/ Systems Web Total
application application and engineering software applications
software mission-critical applications
software software
Automotive and ransportation 3 (13%) 0 (0%) 7 (29%) 6 (25%) 7 (29%) 1 (4%) 24 (100%)
Consumer lectonics 0 0 1 (50%) 0 1 (50%) 0 2 (100%)
Defense/ilitary & viation 2 (10%) 0 (0%) 7 (38%) 4(21%) 2 (10%) 2 (10%) 19 (100%)
Finance and ccounting 11 (35%) 6 (19%) 0 1 (6%) 3 (10%) 9 (30%) 31 (100%)
Government 10 (36%) 2 (7%) 3 (11%) 2 (7%) 4 (14%) 7 (25%) 28 (100%)
Healthcare and iomedical 3 (40%) 1(12%) 1(12%) 1(12%) 0 2 (24%) 8 (100%)
IT and elecomunications 17 (31%) 9 (17%) 2 (4%) 5 (9%) 7 (13%) 14 (26%) 24 (100%)
Sofware utsourcing 8 (28%) 6 (21%) 0 3 (10%) 5 (17%) 7 (24%) 29 (100%)
TOTAL 54 24 22 23 30 42
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at all. Concerning the rest, the top-used UML diagram is the activ-
ity diagram (65%), which is followed by the state and class diagrams
(30-31%).

5.4.3. Which UML diagram(s) do you use for modeling the data structure
of software systems? (Q12)

As shown in Fig. 14, among the participants who use UML for the
information view modeling, a few participants (11%) do not use UML for
modeling the data structure, and another 3% are not interested in that at
all. Concerning the rest, the top-used UML diagram is the class diagram
(85%), which is followed by the object and component diagrams (19-
20%).

5.4.4. Which UML diagram(s) do you use for modeling the data life-cycle
of systems (i.e., how data changes over time)? (Q13)

As Fig. 15 shows, among the participants who use UML for the infor-
mation view modeling, almost one-third of them (28%) do not use UML
for modeling the data life-cycle and another 15% show no interest on
the data life-cycle modeling. Concerning the rest, the top-used UML di-

40%

Fig. 13. The UML diagrams used by the participants
for modeling the data flow.

Fig. 14. The UML diagrams used by the
participants for modeling the data struc-
ture.

agrams are the sequence/communication and state diagrams (45-47%),
which is followed by the activity diagram (25%).

5.4.5. Which UML modeling tool(s) do you use for modeling the
information views of software systems in UML? (Q14)

As Fig. 16 shows, 8% of the participants simply draw their informa-
tion models on white papers without using any tools. Among the par-
ticipants using some UML modeling tools, the participants’ top choice
is Enterprise Architect (45%). Note that the rest of the UML tools are
rarely used. As also the case with the functional view modeling, some
participants (18%) use the office tools to create the UML models for the
information views.

Fig. 17 shows the correlation between the work industries of the
participants and their tool choices for the information view modeling
in UML. In all the industries (except healthcare and software outsourc-
ing), Enterprise Architect is the top-used UML modeling tool. The other
UML modeling tools that are used in many of the industries considered
are Visual Studio, MagicDraw, and Visual Paradigm. The office tools
are also used in all the industries, except consumer electronics and de-
fense/military & aviation. Indeed, in the software outsourcing industry,
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the office tools and StarUML are used even more than Enterprise Archi-
tect.

5.5. Concurrency viewpoint

We consider Rozanski et al.’s two different models for the concur-
rency viewpoint, which are the system-level concurrency model and the
state model. A system-level concurrency model describes the concur-
rency structure of software systems in terms of the runtime execution
elements, such as processes and threads, and their concurrent interac-
tions. The system-level concurrency model also addresses the mapping
of the functional components into the concurrent components to show
which functional components run concurrently within the same process
or different processes. A state model is concerned with the state transi-
tions for the concurrency system elements (e.g., threads and processes)
and describes how the concurrency elements transition their states de-
pending on any events occuring.
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Fig. 15. The UML diagrams used by the participants
for modeling the data life-cycle.

50%

Fig. 16. The UML modeling tools used by the par-
ticipants for modeling the information view.

05

Fig. 17. The correlation between the work indus-
tries of the participants and the tool(s) that they use
for the information view modeling in UML.
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5.5.1. Do you model the concurrency view(s) of software systems in UML?
(Q15)

As Fig. 18 shows, two-thirds of the participants (66%) model the
concurrency views of their software systems in UML. Those who never
model the concurrency views in UML have been directed to the next
section (i.e., development viewpoint).

As Table 6 shows, IT & telecommunications and software outsourc-
ing are the top-selected industries by the participants who model the
concurrency views in UML, and business applications software and web
applications are the top-selected project types. Concerning the cor-
relations, the participants from the automative & transportation and
defense/military & aviation industries focus on the safety-critical &
mission-critical software, scientific/engineering applications software,
and systems software projects. The participants from the rest of the in-
dustries focus more on the business applications software and web ap-
plications.
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Table 6
The distribution of the participants who model the concurrency view depending on the work industries and the software projects involved.
Business Mobile Safety-critical Scientific/ Systems Web Total
application application and engineering software applications
software mission-critical applications
software software
Automotive and transportation 1 (7%) 0 (0%) 3 (20%) 5 (33%) 6 (40%) 0 (0%) 15 (100%)
Consumer lectonics 0 (0%) 0 (0%) 1 (50%) 0 (0%) 1 (50%) 0 (0%) 2 (100%)
Defense/ilitary & viation 1(7%) 0 (0%) 6 (40%) 3 (20%) 3 (20%) 2 (13%) 15 (100%)
Finance and ccounting 6 (30%) 5 (25%) 0 (0%) 2 (10%) 1 (5%) 6 (30%) 20 (100%)
Government 3 (44%) 0 (0%) 1 (14%) 1 (14%) 0 (0%) 2 (28%) 7 (100%)
Healthcare and iomedical 1 (25%) 0 (0%) 1(25%) 0 (0%) 0 (0%) 2 (50%) 4 (100%)
IT and elecomunications 10 (32%) 5 (16%) 2 (6%) 3 (10%) 4 (13%) 7 (23%) 31 (100%)
Sofware utsourcing 7 (26%) 5 (18%) 0 (0%) 3 (11%) 5 (19%) 7 (26%) 27 (100%)
TOTAL 29 15 14 17 20 26
Fig. 18. The frequency of the participants who
model the concurrency view(s) of software systems
in UML.
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5.5.2. Which UML diagram(s) do you use for modeling the concurrency
structure of software systems (i.e., threads and processes)? (Q16)

As Fig. 19 shows, among the participants who use UML for the con-
currency view modeling, 30% of them never use UML for modeling the
concurrency structure and another 4% are not interested in the concur-
rency structure modeling. Concerning the rest, the top-used UML dia-
gram is the class diagram (75%), followed by the component diagram
(25%).

5.5.3. Which UML diagram(s) do you use for mapping the functional
components into the concurrency components? (Q17)

As shown in Fig. 20, 35% of the participants do not use UML for map-
ping the functional components into the concurrency components and
another 13% are not interested in the mapping at all. Concerning the
rest, the top-used UML diagram is the component diagram (35%), fol-
lowed by the composite structure and deployment diagrams (19-20%).

5.5.4. Which UML modeling tool(s) do you use for modeling the
concurrency views of software systems in UML? (Q18)

As Fig. 21 shows, 25% of the participants draw the UML models for
the concurrency views by hand on white papers. Concerning the par-
ticipants using the UML tools, Enterprise Architect is the most popular

B Much of the time(>=75%)
Often (>=50%)
Sometimes (<50%)

H Never (0%)

Fig. 19. The UML diagrams used by the participants
for modeling the concurrency structure.

UML modeling tools (33%). As is the case with the functional and infor-
mation viewpoints, the office tools are again used much more than any
UML modeling tools (except Enterprise Architect).

Fig. 22 shows the correlation between the work industries of the
participants and their tool choices for the concurrency view modeling
in UML. Enterprise Architect is again used in all the industries, except
healthcare & biomedical. While MagicDraw and Visual Studio are also
used by many industries, their usage ratios are not as high as that of En-
terprise Architect. Concerning the office tools, again, almost all the in-
dustries use them for the UML-based modeling of the concurrency views.
The only exception here is the defense/military & aviation industry, who
use Enterprise Architect and MagicDraw mainly.

5.6. Development viewpoint

We consider Rozanski et al.’s three models for the development view-
point, which are the module structure model, the source-code structure
model, and the software build & release models. A module structure
model for a software system is concerned with structuring the software
source files into the software modules that have dependency relation-
ships with each other and grouping those modules into layers. A source-
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code structure model is concerned with structuring the source code of a
software system into the source files. Software build & release process
models are concerned with describing the tasks and their relationships
that need to be performed in the build & release processes.

5.6.1. Do you model the development view(s) of software systems in UML?
(Q19)

As shown in Fig. 23, many of the participants (64%) use UML for
modeling the development views at different levels of frequency. Those
who do not do so have been directed to the next survey section (i.e., the
deployment viewpoint).

As Table 7 shows, IT & telecommunications, software outsourcing,
and finance & accounting are the top-selected industries by the par-
ticipants who model the development views in UML, and business ap-
plications software and web applications are the top-selected project
types. Concerning the correlations, the participants from the automo-
tive & transportation and defense/military & aviation industries focus
on the scientific/engineering applications software and system software.

14
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Fig. 20. The UML diagrams used by the participants
for modeling the mapping between the functional
and concurrency components.

Fig. 21. The UML modeling tools used by the par-
ticipants for modeling the concurrency view.

Fig. 22. The correlation between the work indus-
tries of the participants and the tool(s) that they use
for the concurrency view modeling in UML.
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Note that the participants from defense/military & aviation also focus
on the safety-critical and mission-critical software projects. The partic-
ipants who work in the other industries considered focus more on the
business applications software and web applications projects.

5.6.2. Which UML diagram(s) do you use for modeling the structure of
software modules? (Q20)

As Fig. 24 shows, among the participants who use UML for the de-
velopment view modeling, a few of them (18%) never use UML here and
another 5% are not interested in modeling the software module struc-
tures at all. Concerning the rest, the top-used UML diagrams are the
component and package diagrams (47%), followed by the deployment
diagram (36%).

5.6.3. Which UML diagram(s) do you use for modeling the source-code
structures? (Q21)

As Fig. 25 shows, among the participants who use UML for the de-
velopment view modeling, more than one-third of them (38%) never
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Table 7
The distribution of the participants who model the development view depending on the work industries and the software projects involved.
Business Mobile Safety-critical Scientific/ Systems Web Total
application application and engineering software applications
software mission-critical applications
software software
Automotive and transportation 1 (10%) 0 (0%) 2 (18%) 4 (36%) 4 (36%) 0 (0%) 11 (100%)
Consumer electonics 0 (0%) 0 (0%) 1 (50%) 0 (0%) 1 (50%) 0 (0%) 2 (100%)
Defense/ilitary & viation 1(10%) 0 (0%) 3 (30%) 3 (30%) 3 (30%) 0 (0%) 10 (100%)
Finance and ccounting 9 (33%) 6 (22%) 0 (0%) 1 (4%) 2 (8%) 9 (33%) 27 (100%)
Government 5 (33%) 7 (7%) 2 (14%) 2 (14%) 2 (14%) 3(21%) 15 (100%)
Healthcare and iomedical 1 (20%) 1 (20%) 1 (20%) 0 (0%) 0 (0%) 2 (40%) 5 (100%)
IT and elecomunications 14 (34%) 6 (14%) 1(2%) 3(7%) 4 (19%) 10 (24%) 42 (100%)
Sofware utsourcing 6 (27%) 4 (18%) 0 (0%) 3 (14%) 4 (18%) 5 (23%) 22 (100%)
TOTAL 29 15 14 14 15 27

PROFILE DIAGRAM

PACKAGE DIAGRAM

OBJECT DIAGRAM

DEPLOYMENT DIAGRAM

COMPOSITE STRUCTURE DIAGRAM

COMPONENT DIAGRAM

CLASS DIAGRAM

I(WE) AM/ARE NOT INTERESTED IN MODELING THE MODULE STRUCTURE
I(WE) DO NOT USE UML FOR THE SOFTWARE MODULE MODELING

PROFILE DIAGRAM

PACKAGE DIAGRAM

OBJECT DIAGRAM

DEPLOYMENT DIAGRAM

COMPOSITE STRUCTURE DIAGRAM

COMPONENT DIAGRAM

CLASS DIAGRAM

I(WE) AM/ARE NOT INTERESTED IN MODELING THE SOURCE-CODE STRUCTURES
I(WE) DO NOT USE UML FOR MODELING THE SOURCE-CODE STRUCTURE

use UML here and another 11% did not show any interest towards mod-
eling the source-code structure. Concerning the rest, the top used UML
diagrams are the class and package diagrams (30-34%), followed by the
component diagram (25%).

5.6.4. Which UML diagram(s) do you use for modeling the software build
process? (Q22)

As Fig. 26 shows, among the participants who use UML for the devel-
opment view modeling, more than half of them (55%) never use UML
for modeling the software build process, and another 11% are not inter-

Fig. 23. The frequency of the participants who
model the development view(s) of software systems
in UML.
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® Much of the time(>=75%)
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Sometimes (<50%)
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Fig. 24. The UML diagrams used by the participants
for modeling the software module structure.

Fig. 25. The UML diagrams used by the participants
for modeling the source-code structure.

ested in that at all. Concerning the rest, the top-used UML diagram is
the activity diagram (20%), followed by the sequence/communication
and deployment diagrams (13-15%).

5.6.5. Which UML diagram(s) do you use for modeling the software
release process? (Q23)

As Fig. 27 shows, among the participants who use UML for the devel-
opment view modeling, half of them never use UML for the modeling of
the software release process and another 15% showed no interest at all.
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Concerning the rest, the top-used UML diagram is the activity diagram
(22%), followed by the deployment and state diagrams (9-13%).

5.6.6. Which UML modeling tool(s) do you use for modeling the
development views of software systems in UML? (Q24)

As Fig. 28 shows, 17% of the participants do not use any UML tools
and instead draw their development view models by hand. Among those
using UML tools, Enterprise Architect has been shown the greatest level
of interest (33%). Again, some participants (23%) use the office tools so
as to specify the UML models for the development views.

The correlation between the work industries and the participants’
tool choices is given in Fig. 29. So, the participants of each industry
use a varying set of tools for their UML-based development view mod-
eling. However, Enterprise Architect seems to be the top-used tool for
many industries including IT & telecommunications, finance & account-
ing, defense/military & aviation. Note that the healthcare & biomedical
industry mainly uses Visio, and the automative & transportation indus-
try uses Rational Rhapsody. Also, the office tools are used in all the
industries, while no any UML modeling tools are actually so.
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Fig. 26. The UML diagrams used by the participants
for modeling the software build process.

Fig. 27. The UML diagrams used by the participants
for modeling the software release process.

Fig. 28. The UML modeling tools used by the par-
ticipants for modeling the development view.

5.7. Deployment viewpoint

We consider Rozanski et al.’s two models for the deployment view-
point, which are the physical system structure model and deployment
model. A physical system structure model is concerned with determin-
ing the physical components (e.g., processors, memory, offline storage
unit, client and server hardware units), in which the software systems
are deployed, and their physical connections (e.g., ethernet and wire-
less connections). A deployment model is concerned with the mapping
between the functional and physical components.

5.7.1. Do you model the deployment view(s) of software systems in UML?
Q25

As shown in Fig. 30, most of the participants (75%) model the de-
ployment view of their software systems in UML at different levels of
frequency. Those who never do so have been directed to the next sec-
tion of the survey (i.e., operational viewpoint).

As Table 8 shows, IT & telecommunications is the top-selected in-
dustry by the participants who model the deployment views in UML,
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Table 8
The distribution of the participants who model the deployment view depending on the work industries and the software projects involved.
Business Mobile Safety-critical Scientific/ Systems Web Total
application application and engineering software applications
software mission-critical applications
software software
Automotive and transportation 3 (17%) 0 (0%) 6 (33%) 4 (22%) 4 (22%) 1 (6%) 18 (100%)
Consumer lectonics 0 (0%) 0 (0%) 1 (50%) 0 (0%) 1 (50%) 0 (0%) 2 (100%)
Defense/ilitary & viation 1(7%) 0 (0%) 6 (44%) 3 (21%) 3 (21%) 1(7%) 14 (100%)
Finance and ccounting 9 (32%) 6 (22%) 0 (0%) 2 (7%) 2 (7%) 9 (32%) 28 (100%)
Government 5 (37%) 1(7%) 1(7%) 1(7%) 2 (14%) 4 (28%) 14 (100%)
Healthcare and iomedical 2 (40%) 0 (0%) 1 (20%) 0 (0%) 0 (0%) 2 (40%) 5 (100%)
IT and elecomunications 14 (32%) 7 (16%) 2 (4%) 3(7%) 7 (16%) 11 (25%) 44 (100%)
Sofware utsourcing 6 (23%) 6 (23%) 0 (0%) 2 (8%) 5 (19%) 7 (27%) 26 (100%)
TOTAL 40 21 18 13 23 35
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Fig. 29. The correlation between the work indus-
tries of the participants and the tool(s) that they use
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Fig. 30. The frequency of the participants who
model the deployment view(s) of software systems
in UML.
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and, business applications software and web applications are the top-
selected project types. Concerning the correlations, the participants
from the automotive & transportation and defense/military & aviation
industries focus on the safety-critical & mission-critical software, scien-
tific/engineering applications software, and systems software projects.
The participants from the rest of the industries focus essentially on the
business applications software and web applications. Note that the par-
ticipants from finance & accounting and software outsourcing are inter-
ested in the mobile applications development too.

5.7.2. Which UML diagram(s) do you use for modeling the physical
structure of software systems? (Q26)

As shown in Fig. 31, among the participants who use UML for the
deployment view modeling, a few of them (18%) do not use UML for
modeling the physical structure. Concerning the rest, the top-used UML
diagram is the deployment diagram (71%), followed by the component
diagram (29%).

5.7.3. Which UML diagram(s) do you use for mapping the functional
components into physical components? (Q27)

As Fig. 32 shows, among the participants who use UML for the de-
ployment view modeling, almost one-third of them (31%) do not use
UML for the mapping herein and another 8% are not interested in that
at all. Concerning the rest, the top-used UML diagram is the deploy-
ment diagram (53%), followed by the package and composite structure
diagrams (19-23%).

5.7.4. Which UML modeling tool(s) do you use for modeling the
deployment views of software systems in UML? (Q28)

As shown in Fig. 33, a few participants (9%) specify their UML mod-
els for the deployment views by hand without any tool support. Con-
cerning the participants using UML tools, the top-used modeling tool is
Enterprise Architect (45%). Also, some participants (20%) use the office
tools to specify their UML models herein.

Fig. 34 shows the correlation between the participants’ work indus-
tries and the tool they use for the UML-based modeling of the deploy-
ment views. Enterprise Architect is again the top-used UML tool for most
of the industries. The exceptions herein are the software outsourcing
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Fig. 31. The UML diagrams used by the participants for modeling the physical structure.
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Fig. 32. The UML diagrams used by the participants for modeling the mapping between the functional and physical components.
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Fig. 33. The UML modeling tools used by the par-
ticipants for modeling the deployment view.

Fig. 34. The correlation between the work industries
of the participants and the tool(s) that they use for the
deployment view modeling in UML.
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and healthcare industries where the office tools seem to be more popu-
lar. MagicDraw and Visio are also used in most of the industries, while
their usage ratios are not as high as that of Enterprise Architect.

5.8. Operational viewpoint

We consider Rozanski et al.’s six different models for the opera-
tional viewpoint, which are the installation model, migration model,
configuration management model, administration model, and support
model. An installation model describes the software elements to be in-
stalled/upgraded, any dependencies that may exist between different el-
ements, any system constraints, or undo plans in case of the installation
errors. A migration model describes any strategies for (i) migrating data
from some other existing systems, (ii) synchronizing some old systems
with the new system, or (iii) reverting back to the old system in case of
any problems. A configuration management model describes the groups
of configuration elements (e.g., database management, operating sys-
tem, and application server configurations) and their dependencies, any
strategies for assigning configuration values, and any strategies for per-
forming the configuration changes. An administration model describes
the facilities for system monitoring and control, any administrative tasks
and their dependencies, and any conditions for errors that administra-
tors need to detect and recover. Lastly, a support model describes the
stakeholder groups that need to be supported, the incidents that require
support, and the support providers and their coordinations for complex
incidents.

5.8.1. Do you model the operational view(s) of software systems in UML?
(Q29)

As shown in Fig. 35, the participants showed the least interest for
the UML-based modeling of the operational views. Indeed, more than
half of the participants (61%) never use UML herein, and they all have
been directed to submit the survey without answering the operational
viewpoint questions.

As Table 9 shows, finance & accounting and IT & telecommunica-
tions are the top-selected industries by the participants who model the
operational views in UML, and business applications software and web
applications are the top-selected project types. Concerning the correla-
tions, the participants from the automative and transportation industry
focus on the business applications software and scientific/engineering
applications software. The participants from the defense/military & avi-
ation industry focus on the safety-critical & mission-critical software,
scientific/engineering applications software, and systems software. The
participants from the finance & accounting industry focuses on business
applications software and mobile applications. The participants from
the rest of the industries focus essentially on the business applications
software and web applications. Note that the participants from software
outsourcing are interested in the mobile applications development too.
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Fig. 35. The frequency of the participants who
model the operational view(s) of software systems
in UML.

m Always (100%)

B Much of the time(>=75%)
Often (>=50%)
Sometimes (<50%)

B Never (0%)

5.8.2. Which UML diagram(s) do you use for modeling the system
installation elements and their dependencies? (Q30)

As Fig. 36 shows, among the participants who use UML for the op-
erational view modeling, more than one-third of them (36%) never use
UML herein. Concerning the rest, the top-used UML diagram is the com-
ponent diagram (39%), followed by the deployment diagram (33%).

5.8.3. Which UML diagram(s) do you use for modeling the system
administration issues (e.g., required routine tasks, fault handling,
monitoring facilities, etc.)? (Q31)

As Fig. 37 shows, among the participants who use UML for the op-
erational view modeling, almost half of them (45%) never use UML for
modeling the system administration issues, and another 3% are not in-
terested in at all. Concerning the rest, the top-used UML diagram is the
activity diagram (36%), followed by use case diagram (30%).

5.8.4. Which UML diagram(s) do you use for modeling the system
configuration issues (e.g., identifying the configuration groups and their
dependencies and any strategies for configuration changes)? (Q32)

As Fig. 38 shows, among the participants who use UML for the op-
erational view modeling, mre than half of them (52%) do not use UML
for modeling the system configuration issues (52%) and another 6% are
not even interested in modeling the system configuration issues. Con-
cerning the rest, the top-used UML diagram is the component diagram
(21%), followed by the use case, activity, deployment, and class dia-
grams (12%).

5.8.5. Which UML diagram(s) do you use for modeling the system support
issues (e.g., the groups that need support, the types of support incidents, and
the support providers and their responsibilities)? (Q33)

As Fig. 39 shows, among the participants who use UML for the op-
erational view modeling, half of them never use UML for modeling the
system support issues and another 6% are not interested in that at all.
Concerning the rest, the top-used UML diagrams are the class and use
case diagrams (16%), followed by the sequence/communication and ac-
tivity diagrams (13%).

5.8.6. Which UML diagram(s) do you use for modeling the system
migration issues (e.g., strategies for migrating information and users, data
migration, and information synchronization)? (Q34)

As Fig. 40 shows, among the participants who use UML for the op-
erational view modeling, almost half of them (45%) never use UML
herein and another 12% are not interested in modeling the system mi-
gration issues at all. Concerning the rest, the top-used UML diagram
is the deployment diagram (21%), followed by the activity and se-
quence/communication diagrams (18%).
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Table 9
The distribution of the participants who model the operational view depending on the work industries and the software projects involved.
Business Mobile Safety-critical Scientific/ Systems Web Total
application application and engineering software applications
software mission-critical applications
software software
Automotive and transportation 2 (25%) 0 (0%) 1 (12%) 3 (39%) 1 (12%) 1 (12%) 8 (100%)
Consumer lectonics 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Defense/ilitary & viation 0 (0%) 0 (0%) 4 (36%) 3 (27%) 3 (27%) 1 (10%) 11 (100%)
Finance and ccounting 6 (28%) 5 (24%) 0 (0%) 2 (10%) 2 (10%) 6 (28%) 21 (100%)
Government 3 (32%) 1 (12%) 1 (12%) 0 1(12%) 3 (32%) 9 (100%)
Healthcare and iomedical 2 (50%) 0 (0%) 1 (25%) 0 (0%) 0 (0%) 1 (25%) 4 (100%)
IT and elecomunications 8 (38%) 4 (19%) 0 (0%) 2 (10%) 2 (10%) 5 (23%) 21 (100%)
Sofware utsourcing 3 (25%) 3 (25%) 0 (0%) 1 (8%) 1 (8%) 4 (34%) 12 (100%)
TOTAL 24 13 7 10 10 21
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5.8.7. Which UML modeling tool(s) do you use for modeling the
operational views of software systems in UML? (Q35)

Fig. 41 shows that 23% of the participants never use UML tools and
instead draw their models by hand. 16% of the participants use the of-
fice tools for modeling the operational views. The top used UML tool
is Enterprise Architect (45%). While MagicDraw is used by 13% of the
participants, the rest of the UML modeling tools are rarely used by the
participants.

Fig. 36. The UML diagrams used by the partici-
pants for modeling the system installation elements.

Fig. 37. The UML diagrams used by the participants
for modeling the system administration issues.

Fig. 38. The UML diagrams used by the participants
for modeling the system configuration issues.

Fig. 42 shows the correlation between the work industries and the
participants’ tool choices for the UML-based operational view model-
ing. In almost all the industries, more than half of the practitioners use
Enterprise Architect. MagicDraw and Obeo UML Designer are the other
quite popular UML modeling tools, which are used in many of the in-
dustries. Note that the office tools are not that popular this time, which
are even totally omitted in some industries such as software outsourc-
ing, healthcare, and defense/military. Also, surprisingly, the top-used
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Fig. 39. The UML diagrams used by the participants
for modeling the system support issues.

Fig. 40. The UML diagrams used by the participants
for modeling the system migration issues.

Fig. 41. The UML modeling tools used by the par-
ticipants for modeling the operational view.

Fig. 42. The correlation between the work indus-
tries of the participants and the tool(s) that they use
for the operational view modeling in UML.
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UML modeling tool for software outsourcing has been observed to be
Astah.

6. Discussions
6.1. Summary of findings

While Section 5 discuses the survey results thoroughly, we sum-
marise below some of the key results obtained for each section of the
survey. Note that we summarise the top-used UML notations for each
viewpoint in terms of the different model types that the viewpoints sup-
port rather than indicating the UML diagram usages for the viewpoints
in general.

Profile questions. The survey attracted participants from 34 differ-
ent countries all over the world. USA is the top popular country among
the participants. The top-selected job positions are Software Architect
(39%) and Software Developer/Programmer position (27%). The top-
popular industry is the IT & Telecommunications industry (30%). The
top-popular software project types are the Business Applications Soft-
ware (54%) and Web Applications (43%). Most of the participants (81%)
have 10+ years of experience on software development.

Functional viewpoint. 96% of the participants model the functional
views of their software systems in UML. The top-used UML diagram for
the functional structure modeling is the class diagram (71%).

Information viewpoint. 99% of the participants model the informa-
tion views of their software systems in UML. The top-used UML dia-
grams are (i) the activity diagram for the data-flow modeling (65%),
(i) the class diagram for the data structure modeling (85%), and (iii)
the sequence/communication and state diagrams for the data life-cycle
modeling (45-47%).

Concurrency viewpoint. 66% of the participants model the concur-
rency views of their software systems in UML. The top-used UML di-
agrams are (i) the class diagram for the concurrency structure model-
ing (75%) and (ii) the component diagram for modeling the mapping
between the functional components and the concurrent components
(35%).

Development viewpoint. 64% of the participants model the develop-
ment views of their software systems in UML. The top-used UML di-
agrams are (i) the component and package diagrams for the software
module structure modeling (47%), (ii) the class and package diagrams
for the source-code structure modeling (30-34%), (iii) the activity dia-
gram for the software build process modeling (20%), and (vi) the activity
diagram for the software release process modeling (22%).

Deployment viewpoint. 75% of the participants model the deployment
views of their software systems in UML. UML’s deployment diagram
is by-far the top-used diagram for modeling the physical structure of
software systems (71%), and this is followed by UML’s component di-
agram (29%). The top used UML diagram for modeling the mapping
between the functional and physical component is the deployment dia-
gram (53%).

Operational viewpoint. Only 29% of the participants model the op-
erational views of their software systems in UML. The top-used UML
diagrams are (i) the class and deployment diagrams for the installation
element modeling (33-39%), (ii) the activity and use-case diagrams for
the system administration modeling (30-36%), (iii) the component di-
agram for the system configuration modeling (21%), (vi) the use-case
and class diagrams for the system support modeling (16%), and (v) the
deployment diagram for the system migration modeling (21%).

6.2. Lessons learned

In our survey, we essentially used our knowledge and experience
from our past surveys [14,17]. So, this really helped us in many as-
pects of the survey design and execution, including the preparation of
the survey questions (e.g., multiple-choice questions, question depen-
dencies), determining the potential participants (e.g., using social me-
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dia effectively, mailing lists, and reaching the practitioners involved in
academic papers), and analysing the survey responses (e.g., coding for
free-text answers).

We learned many lessons about how the practitioners who model
software architectures using UML approach towards a number of ar-
chitecture viewpoints proposed by Rozanski et al. [19]. The functional
and information viewpoints are particularly the top-popular viewpoints.
That is, practitioners are highly interested in modeling with UML (i)
the functional components that compose the systems and their interac-
tions and (ii) how those components store, access, and transmit the data.
The deployment viewpoint is also quite popular. Indeed, given UML’s
explicit support for the deployment viewpoint via its deployment dia-
gram and some other diagrams that can also be used (e.g., composite
structure diagram and package diagram), this is understandable. Mod-
eling UML-based software architectures from the concurrency and de-
velopment viewpoints is shown relatively less interest by practitioners.
One important reason here could be UML’s lack of support for mod-
eling the concurrency and development issues. Indeed, UML does not
actually provide any diagram types for modeling software threads and
processes and their concurrent interactions. Moreover, from our experi-
ence, most practitioners are not used to planning the development issues
(e.g., source-code organisation and software build & release processes)
during the modeling and design stage, and that is generally omitted un-
til the implementation stage. Rozanski et al.’s operational viewpoint is
ignored by most practitioners. This can again be attributed to practi-
tioners” main focus on using UML for the software requirements and
design modeling and their ignorance of the operational decisions about
the running system in its environment. However, it is highly crucial to
plan and analyse the operational concerns, such as administration, sys-
tem support, configuration, and installation, and take the necessary ac-
tions early on before developing and running the software system in its
environment. Indeed, after the system development, dealing with such
issues may require much more time and effort.

Another lesson learnt is about the UML modeling tools. While many
UML tools are available for practitioners’ use, the survey results reveal
that Enterprise Architect (EA)° is by far the top-used UML modeling
tool for any viewpoints considered. While EA is essentially a commercial
tool that is not available as open-source, it provides several important
facilities for practitioners including simulation, model analysis for OCL
constraints, roundtrip engineering, collaboration support, and project
management. The other popular UML modeling tools, such as Visual
Paradigm, MagicDraw, IBM Rational Rhapsody, StarUML, and Modelio,
are rarely used by practitioners. Interestingly, the office tools (e.g., Mi-
crosoft Office) seem also to be quite popular among practitioners, who
use the office tools for drawing their UML-based software architectures.
It should however be noted that the office tools cannot process the UML
models for, e.g., syntax checking and code generation, as is the case with
the UML modeling tools. Therefore, the UML models created with the
office tools may simply be used for documentation and communication
purposes only.

In the survey, we also observed that practitioners prefer a range of
UML diagrams for each model type that Rozanski et al. defined for each
of their architecture viewpoints. However, some UML diagrams are pre-
ferred relatively more by practitioners. These are the component, class,
deployment, and activity diagrams. UML’s class diagram is practitioners’
top-choice for the following types of software models that are associated
with different viewpoints: (i) the functional structure, (ii) the data struc-
ture, (iii) the concurrency structure, (iv) the software code structure, and
(v) the system installation & support. UML’s deployment diagram is the
top choice for the following types of models: (i) the physical structure,
(i) the mapping between the functional and physical components, and
(iii) the system migration. UML’s activity diagram is the top-choice for
the following types of software models: (i) the data flow, (ii) the soft-

5 Enterprise Architect web-site: https://www.sparxsystems.com.au/.
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ware build and release processes, and (iii) the system administration.
Lastly, UML’s component diagram is the top-choice for the following
types of software models: (i) the mapping between the functional and
concurrent components, (ii) the software module structure, and (iii) the
system configuration. Note however that it is not possible to understand
for any model type what the top-preferred UML diagram(s) is actually
used for. Indeed, while UML class diagram is practitioners’ top-choice
for the functional structure modeling, we cannot know whether practi-
tioners use the class diagram for decomposing systems into functional
components or modeling the decomposed components’ internal struc-
tures. Therefore, another lesson to be learnt here could be that we could
have asked the practitioners to further indicate what exactly they spec-
ify with the chosen UML diagram for the model type in question so as
to enhance precision.

6.3. Threats to validity

6.3.1. Internal validity

The internal validity is concerned with the cause-effect relationships
that may be influenced by some unknown variables and lead to biased
results. So, to minimise any internal threats, we did not consider any
responses that come from the participants with no experience in soft-
ware development and UML modeling. Indeed, such participants may
potentially introduce some unknown variables that affect the analysis
of the results. As discussed in Section 4.2, the responses received from
the academics with no industry background and from the practitioners
who never use UML have been omitted in the survey.

Another source of internal threats is to do with the non-random se-
lection of the participants, which may potentially introduce unknown
variables. While we used our personal contacts and the pre-determined
list of practitioners from the scientific papers on relevant topics, we got
most of the participations from the online social platforms (i.e., linkedin
groups, mailing lists, google groups, and forums) that essentially mimic
the random selection of the participants. Indeed, the potential partic-
ipants using those social platforms each have got an equal chance of
filling in the survey. As discussed in Section 4.3, the survey received the
greatest amount of responses from the relevant linkedin groups and the
several mailing lists of Eclipse and IEEE. So, this reveals that most of the
survey participants have actually been chosen randomly from among the
practitioners who have been using the online social platforms.

Moreover, the survey participants represent the diverse profiles of
the community, which essentially reduces the risk of getting affected by
any unknown variables that may occur when the participants all repre-
sent a particular profile only. Indeed, the participants hold several dif-
ferent job positions that involve software development (e.g., architect,
developer, managerial positions, systems engineer, etc.) and work on
different types of software projects (e.g., web applications, systems soft-
ware, business applications, mobile applications, etc.) in different indus-
tries (e.g., IT & telecommunications, finance & accounting, automative
& transportation, etc.).

6.3.2. External validity

The external validity is concerned with to which extent the survey
results can be generalized to the entire population of practitioners who
are involved in software development. To minimize any threats against
the external validity, we intended to target the participants from diverse
profiles. So, our survey has been participated by 109 different practition-
ers from 34 different countries and those participants vary in their work
industries, job positions, software projects, and experiences.

6.3.3. Construct validity

The construct validity is essentially concerned with the extent to
which the survey results aid in answering the research questions tar-
geted. To minimise any threats, the participants data have been analysed
statistically. That is, for each survey question, the participant votes have

Information and Software Technology 121 (2020) 106275

been counted and stored in the MS Office Excel tool, which enabled to
analyse the data statistically and visualise the analysis results via charts.

The mono-operation bias has been minimised as the survey data have
been received from the participants of 34 different countries who are in-
volved in various project types and work in several different industries.

To reduce any biases due to the inexact definitions of constructs,
we ignore practitioners’ usage of the UML diagrams for the viewpoints
modeling in general and rather put our main focus on learning the UML
diagrams used for different types of models in each viewpoint that can
be specified in the system views (e.g., the data flow, data structure, and
data life-cycle model types for the information viewpoint). It should
however be noted that we did not aim in our survey to understand for
each model type what specific concerns practitioners tend to model with
the UML diagrams that they choose. Indeed, it is not clear as to whether
the practitioners who specify the functional structure model with the
UML class diagram use the class diagram particularly for the system’s
functional decomposition into components or the components’ internal
structures.

Moreover, the online survey form informs any potential participants
about the goal of the survey and get their consent before starting the
survey. So, this avoids any participants from filling the survey without
clearly understanding what the survey is about. To further minimise any
misunderstanding and ambiguities, we supplemented each survey sec-
tion that consists of the questions of a particular viewpoint with the of-
ficial web-site link of Rozanski et al.’s book. As discussed in Section 4.1,
these links provide precise information about the viewpoints and can
avoid any wrong interpretations of the survey questions by the partici-
pants.

Lastly, for each viewpoint section in the survey, the participants
have been firstly asked how frequently they use that software archi-
tecture viewpoint in their UML modeling. If the participant states that
they never use, we direct him/her to the next section and prevent from
answering the questions about that viewpoint.

7. Conclusion

The survey discussed in this paper attracted 109 participants from 34
different countries, who represent the different profiles in terms of the
work industries, job positions, the types of software projects involved,
and years of experiences. According to the survey results, most of the
practitioners (88%) use UML in modeling their software systems from
different architecture viewpoints. Among the considered architecture
viewpoints (i.e., functional, information, concurrency, development, de-
ployment, and operational), the top popular viewpoints in which the
participants model their systems using UML are the functional and in-
formation viewpoints (96-99%). The operational viewpoint is the least
popular one, ignored by 61% of the participants in their software mod-
eling with UML. Each software architecture viewpoint has been con-
sidered in terms of different types of models that can be specified in
that viewpoint. The survey results reveal the UML diagrams that prac-
titioners prefer for each viewpoint model. The functional viewpoint has
been addressed with the functional structure model; the information
viewpoint has been addressed with the data flow, data structure, and
data life-cycle models; the concurrency viewpoint has been addressed
with the concurrency structure model and the mapping model between
the functional and concurrency components; the development viewpoint
has been addressed with the software module structure, software source-
code, and build & release models; the deployment viewpoint has been
addressed with the physical structure model and the mapping model be-
tween the functional and physical components; lastly, the operational
viewpoint has been addressed with the system installation, administra-
tion, configuration, support, and migration models. Moreover, Enter-
prise Architect has been observed to be the top used UML modeling tool
regardless of the viewpoints considered. Indeed, the rest of the UML
modeling tools have been observed to be rarely used. Note also that
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some practitioners seem to use the office tools for specifying their soft-
ware systems from different architecture viewpoints.

The results of this survey study are planned to be validated via the
XIVT project,® which is labeled by the European Union’s EUREKA Clus-
ter programme ITEA (Information Technology for European Advance-
ment). To validate the survey results, a set of case-studies will be de-
signed and executed in different industries that the project partners
work in, such as Turkcell for telecommunications, Arcelik for consumer
electronics, and Bombardier for aviation. The design of the case-studies
and the data collection and analysis will be performed systematically in
accordance with the well-established guidelines, e.g., [47]. Each case-
study will focus on a real problem that is considered to be crucial for
the project partner working in a particular industry of interest and can
be solved with a software development. A pre-determined set of practi-
tioners working for the project partner will be expected to create soft-
ware models to design their solutions from different set of viewpoints.
We plan to collect data by observing the techniques and tools that the
practitioners prefer to use while modeling and asking the practitioners
a pre-determined set of questions during and after their modeling ac-
tivities. After validating the survey results, we will use the results for
our works on designing and developing domain-specific modeling lan-
guages for different industries. So, we will determine for any particular
domains (e.g., automotive, defense, transportation, and telecommunica-
tion) (i) the set of modeling viewpoints to be supported, (ii) the popular
types of viewpoint models in which practitioners tend to create models
in that domain, and (iii) the types of visual notation sets for the view-
point models that are more likely to be accepted by practitioners in
those industries. Moreover, we also plan to determine and analyse all
the existing software architecture viewpoint frameworks that offer a set
of viewpoints for the architecture descriptions. By doing so, we aim to
compare the existing frameworks based on some pre-determined set of
requirements including the scope, the supported viewpoints, the view-
point descriptions (e.g., the concerns addressed, the different types of
models supported), and the support for the viewpoint consistencies.
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