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ABSTRACT

Large scale enterprise software systems are inherently
complex and hard to maintain. To deal with this
complexity, current mainstream sofiware engineering
practices aim at raising the level of abstraction to visual
models described in OMG’s UML modeling language.
Current UML tools, however, produce static design
diagrams for documentation which quickly become out-of-
sync with the software. To address this issue, model-
driven development approaches focus on software
automation with generators that translate models into
code. Unfortunately, automated code generation tends to
emphasize “replacement” rather than “evolution”, and as
a result, don’t integrate well with existing legacy code.
This research investigates an alternative approach to
model driven development wusing dynamic models
developed interactively with existing code. We believe
that such an approach provides better support for
maintaining and evolving software by keeping models
more in sync with code and focusing on code integration
with models rather than model driven code generation.
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1. Introduction

This paper reports on current research which investigates
an approach to model driven development using
interactive models. This investigation is supported by the
development of a research prototype which integrates the
specification of use cases, their elaboration in analysis and
design with interactive UML models, and their execution
by simulation or partial simulation. By “partial
simulation”, we mean that the exploration of design
alternatives can be achieved with a mix of simulated and
existing “non-simulated” legacy code. In this report, we
focus on the results of our initial investigation into the
execution of Use Cases and UML sequence diagrams
using the Java Virtual Machine as the runtime for both the
legacy code and the simulation environment.

In the mainstream practice of object-oriented design and
development, use cases are the primary artifact for
capturing requirements. This is especially prevalent in the
Unified Process (UP). As exemplified in [25] and
depicted in Figure 1, requirements start with the use case
model which describes the system functions in terms of
user goals and black box system behavior. The main
focus of use cases is to document the observable value the
system provides to the user (actor) without specifying the
internal components and how these components work
together to achieve this goal. Within the design discipline
of UP, the use cases are further elaborated and refined into
the domain and design model, which respectively capture
the business concepts and specify the structure and
behavior of object relationships. In essence, use cases
influence the business model and the static and dynamic
design model. As depicted in Figure 1, a commonly used
method for describing the dynamic design model is with a
UML sequence diagram. Notice also, that even though
this process starts with a UML model (i.e. the use case
diagram), requirements captured in the use case
specifications are still done in a human language.
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Figure 1. Use Cases Drive Domain and Design Models



There are a least three problems with this process due in
part to UML itself and to the currently available UML
modeling tools.

= Use cases are second class citizens. Although use
cases drive the design process, they have no formal
definition in UML. As a result, there exist many
flavors of use cases and a semantic gap between the
specifications of use cases and the “design-centric”
UML models.

= The dynamic models are static. The UML has a
number of behavioral diagrams which describes the
dynamic model of the system. With the currently
available UML tools, these models are typically
exported into image files and included in design
documents. As a result, the models become out-of-
date and often abandoned once the system has been
deployed into production.

= Cross-cutting requirements are not modeled. Use
cases only represent the “functional” aspects of a
system. Other concerns, especially non-functional
requirements and “cross-cutting concerns” [7] are not
well represented in the UML. Typically, a
supplementary list of system requirements is included
with use cases, but this situation is not optimal. A
body of work is mounting which addresses this issue.
New research in Aspect-Oriented Programming
(AOP) and its mapping at a high level in UML
models [8] promises to directly represent aspects as
distinct artifacts in the requirements and design
phases. To date, however, neither a standard notation
nor a standard semantic framework exists in the UML
for AOP concepts.

This research tackles these three issues in the following
manner:

"  Make the semantics of use cases and their
relationship with UML models explicit. Use Case
specifications have a direct relationship with the
system and an indirect relationship with the domain
and design model. This can be captured using a meta-
model and a declarative programming language which
supports the creation of meta-data. Furthermore, the
meta-data, which represents the “model” of the use
case, can support auto-generation of hyperlinked
HTML documents using XSLT based templates. This
effectively captures the semantics of use cases and
concurrently ensures that the documentation of use
cases is always up-to-date.

=  Make UML models dynamic with simulation. A
simulator for UML sequence diagrams provides
immediate feedback to both stakeholders and
modelers during the early phases of requirements
analysis.  This enables better understanding of
requirements, exploration of design alternatives, and

better support for model driven agile development
[33]. The modeling environment developed as part of
this research accomplishes this by allowing a modeler
to single step through the timeline of a sequence
diagram (both forwards and backwards).  The
modeler can also provide data via input dialogs and
select branch points for different interaction frames.
Focus on the simulator is currently limited to UML
sequence diagrams, but this approach can be easily
applied to other UML diagrams, such as the state and
activity diagrams.

=  Create an environment that can be used to explore
the compositions of early aspects. Many different
approaches to the identification and modeling of early
aspects have been proposed [8]. One of the challenge
problems with composing aspects is in conflict
detection and resolution in a matter that does not
produce undesirable consequences. This is identified
as the “Safe Composition” problem in [11]. A model
simulator can assist in the identification of
undesirable system behavior by applying aspectual
compositions during a simulation session and display
their results. In this research, aspectual compositions
based on use cases [3] was implemented as part of the
declarative use case specification language. The
simulator can detect conditions where use case
extension advice -- modeled as sequence diagram
fragments (i.e. interaction frames) — should be
inserted into the main scenario flow. The modeler
can also specify which aspects to enable or disable at
the start of a session.

The remainder of this paper is organized as follows:
section 2 provides a short survey of use case specification
support in currently available UML tools, section 3
presents the use case specification language and the join
point model implemented by the research prototype,
section 4 walks through a small example with the
simulator and discusses current integrating efforts with the
Groovy and Java programming languages, section 5
discusses related work, section 7 summaries with a
conclusion, and section 8 discuses future work.

2. Use Cases in Current UML Tools

Six UML tools were surveyed for their support of use case
specifications. All of the tools provided some support via
one or more text fields that are later used for document
generation.  For example, in Figure 2, MagicDraw
provides numerous fields for specific elements of a use
case specification (i.e. pre condition, multiple flows),
while the others (Together, Omondo plugin for Eclipse,
and Rational Software Modeler) all provide only one or
two text fields to document the entire use case
specification. The only link to UML models these tools
support is an association with the use case in the Use Case
Diagram.
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Figure 2. Basic Support for Documenting Use Cases

Two of the six tools, Poseidon and Oracle Developer 10g
as shown in Figure 3, provide a rich HTML editing
environment. Surprisingly, Oracle Developer 10g, which
is more a programming tool than a UML modeling tool,
provides the best support with automatic inclusion of
hyperlinks to actors and related use case extensions.
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Figure 3. WYSIWYG HTML Editor Support

This short survey of UML tools shows their
documentation centric nature which attempts to encourage
writing use case specifications closer to the UML models
for document generation with the UML diagrams. While
this helps keep documentation in sync with the models,
the tools currently provide little assistance in managing the
associations with UML models and therefore provide little
support for requirements traceability.

3. Programming Use Cases

Programming UML models with a textual language has
not been a popular approach in the industry currently
dominated by graphical modeling tools. While visual
diagrams appeal to the cognitive and pattern matching
abilities of the human mind, they also have their
drawbacks [1]. With large scale models, for example,
where it is common to see thousands of modeling
elements on a canvas, the drawing medium on a computer
screen quickly becomes unusable and the model
incomprehensible. As a matter of fact, UML was not
designed only for graphical tools [26]. It is possible to
implement a textual programming language that could be
parsed into metadata stored in a repository. The UML
standard, defines such a meta-model — the Meta Object
Facility (MOF) [27]. In this section, we present a simple
SQL-like language which is implemented with a JavaCC
parser and a metadata repository in a relational database
modeled loosely on a subset of MOF, but with additions to
support use cases.

3.1 A Use Case Specification Language

We will demonstrate the language with a small example
taken from the UML Distilled book [28] (Figure 4).

Buy a Product
Goal Level: Sea Level

Main Success Scenario:

Customer browses catalog and selects items to buy

1.
2. Customer goes to check out
3. Customer fills in shipping information (address, next-day or 3-day delivery)
4. System presents full pricing information, including shipping.
5. Customer fills in credit card information
6. System authorizes purchase
7. System confirms sale immediately
8. System sends confirming e-mail to customer
Extensions:
3a. Customer is a regular customer

1. System displays current shipping, pricing, and billing information.

2. Customer may accept or override these defaults, returns to MSS at step 6.
6a. System fails to authorize credit purchase

1. Customer may reenter credit card information or may cancel

Figure 4. Buy Product Use Case (from [28])

The example code below is the equivalent specification
for the Buy Product Use Case described in Figure 4:

create use case buy product

step 1 "Customer browses catalog to.."
step 2 "System displays catalog"
step 3 "Customer selects items to buy"
step 4 "System acknowledges selection"
step 5 "Customer goes to check out"
step 6 "System displays check out screen .."
step 7 "Customer fills in shipping .."
step 8 "System calculates total .."
step 9 "Customer fills in credit .."
step 10 "System authorizes purchase .."
with

actor "Customer"

goal "Buy Product(s)"

extension check out at step 5
extension authorize purchase at step 9



