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Abstract

UML 2 has become even more complicated and diverse set of graphical techniques than its
predecessors. Therefore, system developers propose creation of its reduced, limited or minimal
version called Light UML. This problem has become also the serious challenge for the UML aca-
demic teachers. The goal of this paper is the study of specifying of the UML 2.x Light version
content on the basis of the questionnaire survey of opinions of 180 university students of two uni-
versities — public and private in Gdansk. After the Introduction, the methodological prerequisites
of the survey are clarified. Than, the research results are presented and discussed according to
seven essential UML diagrams assessment criteria, included in a questionnaire. The final
UML2.x version, resulting from the accomplished survey is exposed in the last part of the paper.

Keywords: UML 2.x, UML Light Version, UML Teaching, Questionnaire Survey, Use Case
Diagrams, Class Diagrams, Sequence Diagrams, Activity Diagrams.

Introduction

Unified Modeling Language (UML), proposed by Booch, Jacobson and Rumbaugh (2004), has
attracted the attention of both academics and practitioners of information systems analysis and
design. In the last few years, increasing interest in UML stimulated spreading it across computing
curricula at universities. This tendency evoked the exchange of ideas regarding the effective
teaching of UML among the language trainers. Version 2.0 (OMG, 2005) and the working drafts
of future UML versions (OMG, 2006) are in fact a diverse and in some parts excessive toolbox,
which combined with system development process create a methodological platform for develop-
ing a working system.

Most of the UML teachers stress the question of the language complexity and variety of its mod-
eling constructs. They consider this issue as a fundamental problem from a teaching point of
view. On the basis of practical projects and teaching experiences it may be stated that only pur-
posefully selected part of the complete UML potential is used. Moreover, a few diagrams and sets
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of a UML Light version concept, has already been raised in different papers. Flint, Gardner, and
Boughton (2004) indicate a number of problems associated with UML teaching. They accent that
the use of strict subsets of UML is easier to understand than the full language notation. Burton
and Bruhn (2004) generalize their experiences related to use of the UML and underline the role of
CASE tools application in UML teaching. In their opinion such tools are important factors, stimu-
lating support of the active students’ involvement in teaching process as well as allowing enrich-
ment of system specifications by using stereotypes. The concept of minimal set of UML diagrams
was also proposed by DeLooze (2005). It seems that the quickness of UML upgrading and modi-
fications, as well as potential difficulties in getting familiar with the language by novices, are un-
derestimated. The goal of this paper is the study of specifying the UML 2.x Light version content
on the basis of the questionnaire survey of the university students’ opinions.

The courses of UML (2.0 and earlier versions) have been given at the University of Gdansk since
2001. The complete UML teaching approach was implemented soon after and then continuously
modified and improved with each released UML version. The UML teaching process is discussed
in detail in Wrycza and Marcinkowski (2005). The authors identified and analyzed several prob-
lems described in Wrycza and Marcinkowski (2006). One of the essential conclusions, being in
accordance with the opinions expressed by authors cited above, is that the students are over-
whelmed by the number of different UML diagrams (13 in UML 2.0), and the extensive number
of modeling notions strengthened the complicated interrelationships among them. Also the survey
carried out among 171 practitioners was directed at the UML version that would have a limited
scope (Dobing & Parsons, 2006). The following constraints should concern such Light version:

e Light version would only consist of diagrams that are most often used in practice and
would include only part of the current, detailed syntax;

e The minimal UML version should support the RUP basic disciplines, i.e. requirements
specification as well as analysis and design;

e Light version should be entirely compatible with the “full” version of UML 2.x.

This concept does not limit the UML potential as the system specifications elaborated in the Light
version could be subsequently extended towards the full version by the use of complete scope of
UML modeling diagrams and constructs.

Methodological Background

To solve the problem of UML Light version concept, the authors decided to carry out the ques-
tionnaire survey among two universities students. The target group encompassed 180 students
within knowledge of both structured and object-oriented methodologies of systems development.
All students taking part in the survey formed a competent target group, as they:

e participated in the 30 hrs lecture of UML 2.0;

e have studied the extensive UML manual entitled “UML2.0 in information systems mod-
eling” (Wrycza, Marcinkowski, & Wyrzykowski, 2005);

e exercised the fluency in UML diagramming by solving the specified design problems us-
ing UML 2 diagrammatic notation with the support of Sparx Systems Enterprise Archi-
tect CASE tool,;

e developed small UML projects in 3-4 students groups;
e had access to extensive e-learning content, supporting the course;

e in many cases the students had practical working experience as programmers or designers
(in particular group leaders) .
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The appropriate questionnaire containing 17 basic questions, handed to was elaborated and
handed to 180 UML course students. The questions were focused around Light version concepts,
reciprocal influence of structured and object-oriented approach as well as possible UML exten-
sions. To make the proper assessment of the UML 2.x Light version the following seven crucial
issues, raised in questionnaire, have been analyzed:

UML complexity level,

number of UML diagrams,

usefulness of the specific diagrams,

choice of diagrams overwhelmed with notions,

selection of the user-friendly UML diagrams,

use of the UML diagrams for the source code generating,

A o

assessment of the appropriateness of the dynamics diagrams for the Light version support.

The assessment of the above problems in the synthetic opinions of interviewees is discussed in
detail in the next point.

Selected Results of the Survey

Complexity Level

The initiating enquiry of the questionnaire regarded UML complexity (Figure 1). It’s a basic
question for justification the necessity for introducing UML Light version. Classifying UML 2.x
as an easy or very easy technique by most of the respondents would in fact deny the concept of
the Light version introduction. The
students’ answers, however, con-
firmed the authors’ hypothesis —
according to the students’ assess-
ment UML is most frequently clas- 3%
sified as moderately difficult
(51%), rather difficult (33%) or
very difficult (7%). It means that
more than 90% of respondents
would welcome the more introduc-
tory, i.e. the Light version of
UML.

™ 2% 1%

O moderately difficult

@ rather diffcult
mery diffcult

Figure 1: UML complexity level

Diagrams Cardinality

The students exercised all 13 types of UML diagrams. The number of UML diagrams is in a natu-
ral way related to the UML com-
plexity. Majority of interviewees
(over 57%) assessed that the UML
standard comprises too many types
of diagrams, as shown in Figure 2.
The remaining respondents ac-
cepted all types of diagrams, not
assessing however the potential
surplus of modelling notions num-
ber used in each type of diagram.

0 too many
1 adequate number

Figure 2: Adequacy of the number of UML diagrams
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Usefulness of the Specific Diagrams

Since only the part of the formal UML specification is used in practice, the problem of useless-
ness of the specific diagrams arises. The survey revealed that the future system analysts propose
the following diagrams as the most useful ones (Figure 3):

e (lass Diagrams (62% of accepting responses),
e Use Case Diagrams (56%),

e Activity Diagrams (26%),

e Sequence Diagrams (21%).

The investigations acknowledged commonly recognized leading role of Class Diagrams and Use
Case Diagrams as the basic graphical formalisms for object-oriented modeling of the structure
and dynamics information system respectively. Supplementary, Use Case Diagrams initiate in-
cremental-iterative lifecycle in RUP and the other IS object-oriented methodologies. On the other
hand, State Machine Diagrams (28%), Timing Diagrams (19%), Deployment Diagrams (13%)
and Composite Structure Diagrams (12%) are recognized as the most useless diagrams. In opin-
ion of teachers, students underestimated the relevance of State Machine and Deployment Dia-
grams. While the former is semantically rich, but often rejected by novices, the latter is used at
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Figure 3: Usefulness of the specific UML diagrams
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the lower, closer to implementation, disciplines of system development process. Therefore, the
teaching of these types of diagrams could be transferred to the object-oriented programming
courses.

Diagrams Types and Their Modeling Constructs

As concerned the fourth criterion, students were supposed to enumerate diagrams particularly
overwhelmed with UML notions (Figure 4). Most interaction diagrams were found on the list.
Sequence Diagram was considered overwhelmed or very overwhelmed with specific modeling
constructs by 32% of the interviewees, while Interaction Overview Diagram and Communication
Diagram by 28% and 27% respectively. Only Timing Diagram was ranked as average. On the
other hand, number of UML notions used while creating a diagram was not a problem in the case
of Object Diagrams, Use Case Diagrams and Class Diagrams. Only respectively - 14%, 18% and
20% of the respondents respectively mentioned these diagrams as overwhelming. The case of
Class Diagrams may be considered as an interesting one. This type of diagram, in fact is a com-
plex one, with relatively large number of modeling constructs. However they are accepted and
naturally mastered by students because they are aware of the significance of the classes in con-
temporary programming languages.
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Figure 4: UML diagrams overwhelmed with modeling constructs

User-Friendliness of UML Diagrams

User-friendliness is one of the keywords and challenges of the computing field. Assessment of
UML diagrams under this angle should facilitate the specification of UML Light version. Defi-
nitely the Use Case Diagram was recognized as the most easy to use in the family of 13 UML
diagrams (Figure 5). The survey respondents (74%) confirm this feature, so required at the high
level of system specification. This aspect of the system model should be as precise as possible,
remaining easy to interpret by all system stakeholders, in particular system owners, managers and
future users. Acknowledged user-friendliness of Use Case Diagrams is a good starting point for
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achieving system specification correctness, precision, consistency and completeness by using the
other related UML diagrams, supporting Use Case Diagrams.

Due to the pragmatic role of Class Diagrams for programming, they have also achieved a high
rank of acceptance - 66% of the respondents classified this diagram as an easy or very easy. Stu-
dents appreciated (59%) the significance of Activity Diagrams as a backbone of algorithms and
programs. Certain types of UML diagrams should be reconsidered in respect of their “user-
friendliness”. In particular, Interaction Overview Diagrams were classified as difficult or very
difficult to use by 43% of the students. Also Deployment Diagrams (39%) and Composite Struc-
ture Diagrams (38%) were found difficult to use. Therefore, the mentioned diagrams are the can-
didates for excluding them from the UML 2.x Light version.

‘ W easy or \ery easy to use & neither easy nor difficult O difficult or very difficult ‘

Activity
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Figure 5: Assessment of user-friendliness of UML diagrams

UML Diagrams for Code Generating
The development of CASE tools inspired the research and works on source code generation on
the basics of system documentation. UML diagrams at large, give the profound opportunity for
code generation on the basis of precise system specifications. The interviewees assessed the fol-
lowing types of diagrams as a good basis for code generation:

e C(Class Diagrams (66% total);

e Activity Diagrams (42%);

e Sequence Diagrams (34%);

e Communication Diagrams (34%);

e Component Diagrams (23%).
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Again the Class Diagrams have been recognized as the most helpful types of UML diagrams
while transferring system model into a code (Figure 6). The contribution and usefulness of the
other UML diagrams in respect of code generation, but not included in the above group of five
types, have been estimated as low.

‘l better than other diagrams 0O best in its field ‘
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Figure 6: UML diagrams helpful for the source code generating

Modeling the System Dynamics

Potential UML user has quite a number of UML diagrams types at his/her disposal, used for de-
scribing system dynamics. Some of them are relatively intuitive and easy to use (eg. Activity
Diagrams, Timing Diagrams) while the others are very precise, robust and consequently difficult,
but they still remain helpful and are eagerly used by system analysts and designers. In particular,
Sequence and Communication Diagrams. Diagrams are not so intuitive as the types of diagrams
used for modeling system requirements, as they are addressed to professionally experienced pro-
grammers. Precision in developing system low-level dynamics specifications as well as their
transferability to the source code should be the deciding factors of their functionality. As shown
at Figure 7, besides Interaction Overview Diagrams, all remaining UML dynamics diagrams are
helpful in preparing such specifications. Activity Diagrams were considered as the best in this
area by as much as 13% of the respondents. Given the fact that Activity Diagrams are rather user-
friendly, the closest to the structured methodologies, they remain a good basis for specifying the
system logic and source code backbone.

Summary

The survey results presented this paper are helpful in defining the scope of UML 2.x Light ver-
sion. Such version would be extremely stimulating and motivating in effective teaching of UML
2.x. This concept was warmly welcomed by students and still does not limit the UML potential.
The system specifications elaborated in the Light version could be subsequently extended towards
the complete systems by the use of full scope of UML modeling notions and diagrams.
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Figure 7: UML diagrams for supporting system dynamics specification

To sum up, the following UML diagrams were selected and indicated in the survey as the compo-
nents of the UML Light version:

e Use Case Diagrams,
e C(Class Diagrams,

e Activity Diagrams,
e Sequence Diagrams.

These four types of diagrams (Figure 8) enable modeling of all essential system aspects, i.e. sys-
tem requirements, analysis and design of system structure and dynamics. This conclusion was
revealed by the first criterion analyzed in the reported investigation and than consequently sup-
ported by six succeeding criteria.

Not all modeling constructs are used while preparing the system specifications according to the
UML 2.x Light version. Students are particularly overwhelmed by the number of modeling no-
tions mostly while developing Sequence Diagrams and Activity Diagrams. Therefore, only the
most relevant of these diagrams notions should be transferred to the UML 2.x Light version.
Wrycza, Marcinkowski, and Wyrzykowski (2005) divided the UML modeling notions into basic
and advanced ones. The proposal of the division of the specific modeling constructs adequate for
the four selected types of diagrams respectively is presented in Table 1.
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UML 2.x Diagram

Structure Diagram

«Lite»

Figure 8: UML 2.x selected for the Light version

Composite State Machine
Structure Diagram Diagram
n . . «Lite»
Object Diagram Package Diagram Activity
Diagram
Interaction
Implementation Diagram Diagram
Component Deployment «Lite» Communication
Diagram Diagram Sequence Diagram Diagram
Timing Diagram Interaction
Overview
Diagram

Table 1: The basic and advanced modeling constructs in respect

of UML 2.x Light version.
Class Diagram Use Case Diagram | Activity Sequence Diagram
Diagram
Class
Attribute Actor
. .. Class
Operation Activity
. . 7 Boundary class
Binary association Subactivity
. L Use case . . Control class
Basic Association name Activity Initial .
. Actor L Entity class
notions Role name . - Activity Final o
L Binary association Lifeline
Navigability Control Flow . .
> Execution specifica-
Multiplicity tion
Aggregation Synchronous message
Composition M &
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Ad-
vanced
notions

Responsibility
Visibility

Static attrib-
utes/operations
N-ary associations
Association classes
Reflexive associa-
tions

Multiple associations
Qualification
Generalization
Dependency
Realization

«include» depend-
ency

«extend» depend-
ency
Generalization
Types of actors
Multiplicity
Navigability
Realization

Decision
Activity edge
connector

Merge node
Action

Pin

Activity parame-
ter node

Weight

Signal

Central buffer
Data store
Activity partition
Expansion region
Interruptible ac-
tivity region
Exception han-
dler

Asynchronous mes-
sage

Return message
Lost message
Found message
Balking message
Timeout message
Guard condition
Message to self
Iteration
Branching
Interaction fragment

Interaction occurrence

Gate

Both four selected types of UML diagrams (Class, Use Case, Activity and Sequence Diagrams),
shown at Figure 8 as well as respective basic modeling categories of these types of diagrams
(Table 1) form the proposed scope of UML 2.x Light version according to the survey accom-

plished.
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