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Abstract. A huge amount of information from customers, users and other stakeholders is present in the
early phases of interactive software development. To preserve and capitalize this knowledge, a
descriptive and flow-oriented Interaction Modeling Language (IML) is presented that is based on XML
and Use-Cases. The ability to use this specification for user interface prototype generation renders the
approach directly applicable for user-oriented rapid software development projects in practice. An
abstract user interface representation and a language for the description of code generation rules
complete the toolset and allow the embedding into a more generalized Soft Artifact Engineering

approach.
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1. Introduction

The early phases in a development project for interactive
software are characterized by the presence of a huge amount
of information from customers, users and application domain
experts. Although this knowledge is critical for the design of
an application and especially a user interface that meets
customer and user needs, it is often not preserved or even lost
in the subsequent steps of the project. This critical
preservation of knowledge available in the early phases can
only be accomplished using integrated models that stay
consistent and up-to-date over the whole user interface
development process and contain all necessary information for
the development of the specific user interface.

Approaches have already been suggested using different types
of models such as task models, domain models and
presentation models like in Teallach (Barclay et al. 1999) or
OOA-Models like in JANUS (Balzert 1994). These types of
models are intended for utilization in wuser interface
development environments or even user interface generators.
Being highly developed, most of these models lack simplicity
— in the meaning of easy creation — and often have only rare
connection to other models in the software development
process.

For broad acceptance in software development practice,
models have to integrate seamlessly into one or more of the
common models created, like UML Use-Case-Diagrams and
descriptions, Class-Diagrams, etc. (OMG 2003) (Henderson-
Sellers et al. 1999). As such description techniques are broadly
used, enhancements to these models show easier acceptance
by developers.

While functional and technical aspects were the main aspects
in the past, nowadays interaction and non-functional

requirements have gained high importance in conjunction with
topics like software quality and usability. This requires a
stronger involvement of non-developers and the adoption of
models for more “soft” aspects like user interfaces.
Additionally, applied software development processes have
shifted from straight forward models like waterfall to iterative,
incremental and sometimes agile approaches to allow back
coupling (Pressman 1997).

Prototyping has become popular and leads to better integration
of customers and users, transforming  formerly
incomprehensible  requirements  into  visible  and
understandable artifacts that can serve as a basis for further
discussion in order to integrate all stakeholders and achieve a
win-win-situation. Building these models, software developers
often encounter the dilemma of either spending too much
effort in prototype development or not considering user and
customer requirements as much as they deserve.

2. Modeling and prototyping in one close loop

A solution to this problem is the integration of requirements
specification with interaction models and prototype generation
in one close loop. This direct dependency and back-coupling
ensures consistency between these three aspects: Requirement
models are forced to include information about interaction and
can be directly transferred into pure interaction models or even
a user interface prototype. On the other hand, the discussion of
the generated Ul prototype directly reveals shortcomings and
necessary changes in the specification.

To achieve this, an integrative model is needed that contains
all necessary information but also follows description and
perspective of user and customer. There are already many
examples for user interface generators that bring appropriate



models with them, e.g. (Janssen et al. 1993) and (Ziegler
1996), and interaction oriented description methods, e.g.
UMLi (Pinheiro da Silva 2000). The problem with these rather
complex and often data-centered or object-oriented models in
Ul generation — e.g. OOA (Hofmann 1998) — is that users and
customers usually require and accept only models that are easy
to understand and represent their workflows and view of the
system. Developers on the other hand may accept such models
but will not invest the effort for the creation of models that are
not able to save enough effort in later phases or are not at least
effort-neutral in practice.

In the following we describe a solution that employs the
enrichment of a common model with additional information
and the construction of a model-based multi-step, multi-target
generator for user interface prototypes.

3. Selection and extension of the model

Over the last years, UML Use-Cases have become a very
popular method for descriptions in the analysis and
specification tasks of software development projects. Easy
graphic modeling and free description of workflows for each
Use-Case allow for modeling and understanding by non-
developers, which has been the basis for their success in
practice. The advantages of ease and flexibility for the early
stages become a problem when these specifications are to be
used in design and development — especially in user interface
prototype generation.

Therefore, we propose a model that includes mechanisms for
structuring and detailing the initial Use-Cases with regard to
user interaction. This will help to preserve all information
provided in the basic Use-Case and allow for discussion of the
model. But it will also give the developer the ability to use this
extended Use-Case model in the complete development cycle,
providing a consistent requirements and interaction model and
the ability of out-of-the-box user interface generation.

4. Interaction Modeling Language (IML)

We call this XML-based extension of the Use-Case paradigm
Interaction Modeling Language (IML). Figure 1 shows a
condensed example view of an IML-Model containing three
parts: Project definition, data definition and only one IML
Use-Case.

4.1. IML Project Definition

In this XML structure view, the hierarchical construction of
IML becomes visible. It provides a project definition that
embodies necessary information for handling and generation,
including stakeholders and natural languages used. The natural
language support allows for easy localization giving the
generator engine the ability to check model completeness for
each destination language. This becomes possible because all
translations are stored with their interaction context allowing
easy access of the semantics.

4.2. IML Data Definition

The data definition is initially empty and is completed when
data sources and sinks are needed while performing the
incremental modeling. It can also be completed during the

Use-Case model refinement and transition to design. The
defined data pools serve as a connecting basis for the
interaction specification. For the generation of a complete
prototype, it is even possible to define database access at this
point.
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Figure 1: Sample IML model (XM L-based)

4.3. IML Use-Case Definition

The third part is the real Use-Case part. According to
structures as proposed e.g. in (Ambler 2000), a Use-Case
contains facultative and obligatory parts that are to be
completed during the specification. The elements defined here
are a result from necessities in practice and model
requirements.

USE_CASE A

Reg-l INTERACTION_CASE1 I

Alt.ll INTERACTION_CASE2 I

I INTERACTION_CASE3 I

AIt.2| INTERACTION_CASE?2 I

Figure2: Use-Case structured with regular and alter native
flows.

With many facultative parts and wildcard items, IML allows
for an incremental development. As the focus for this work



lies in the interaction description, requirements and
consistency elements are not discussed in detail. IML Use-
Cases are structured hierarchically, while Standard Use-Cases
describe sequences line by line. These workflows described
textually in a basic Use-Case are included and structured in
the interaction part of the above IML Use-Case definition.
Simple sentences have to be transformed to an XML structure
preserving and expanding the information already contained in
the standard Use-Case description. Each Use-Case owns the
elements or parts shown in figure 1 and 2. To identify the
usual workflow of a Use-Case, the interaction part is divided
into a regular flow and a set of alternative flows.

While the structure of both is similar, the regular flow
represents the entry point for the user interface generator to
start with. Actions in the alternative flows are referenced from
the regular flow.

IML Use-Case: Purchase Articles

Regular flow

InteractionCase: Customer Address InteractionCase: Calculate Price

GROUP: Name GROUP: Shipping

ENTER

GROUP: Address

First Name

ENTER Street

Alternative Flow 1

GROUP: City_and_code | InteractionCase: Wrong Address |

Iaﬂ“ﬁl Code |

[JXAMR[M Calculate Price |

Figure 3: Sample structure of an IML Use-Case definition.

InteractionCase:
Correction of Address

Alternative Flow 2

Pickup / no shipping

5. InteractionCases

So far the IML concept mainly complies with the regular Use-
Cases already used in practice, indeed structuring them more
consequently and allowing or forcing the presence of
additional information.

Textual descriptions in UML Use-Cases usually include a
variety of different steps that are necessary to accomplish a
Use-Case. But often these steps do not share a common topic
from the perspective of an interaction designer, because they
always traverse a complete process or provide problem
solutions from the application point of view. The key
approach for structuring and refining basic Use-Cases is
therefore to subdivide them into more atomic components
using the concept of InteractionCases, which we have
developed extending the Use-Case paradigm.

We define an InteractionCase as an interaction sequence that
is strongly independent from other sequences and consists of
one or more system or user actions that are part of the same
Use-Case. These actions form a procedure that should not be

split up further in order to concentrate all information
necessary for an interaction but does also not contain steps
that belong to a different context. This concept transfers the
principle of strong internal cohesion and loose coupling with
other components to interaction specification.

For example, in an order process, the entry of the address for
dispatch could be an InteractionCase, because it has only loose
coupling to the price calculation step but high cohesion in its
content. For this reason, an InteractionCase contains all steps
that belong together as one interaction flow.

As shown in figure 3, the steps necessary to enter a complete
address form one InteractionCase, whereas “Calculate Price”
is a different task — and probably also a different screen in the
final user interface. Therefore, the workflow for price
calculation is being separated from the address entry
interaction flow by encapsulating it into a second
InteractionCase.

Other InteractionCases error handling and more unlikely
selections are located in the alternative interaction flow
sections attached to the common Use-Case “Purchase
Avrticles”. The different atomic interactions like entry of first
and last name can be additionally semantic-grouped within
their InteractionCase.

It becomes easier to define what should be the size of an
InteractionCase, if it is considered that the translation of an
InteractionCase into a graphical user interface will often be a
dialog or tab.

An InteractionCase covers an entity that has the same topic
and contains interrelated information and interaction elements.
The amount of interaction steps is similar to a dialog window
in a graphical user interface or a dialog sequence in a speech
user interface.

6. Structuring InteractionCases

InteractionCases are networked with each other by different
flow relations, which make it possible to switch to other
InteractionCases or even other Use-Cases depending on
various conditions. Like modules in software engineering
contain  classes, which again contain  elements,
InteractionCases contain different interaction steps like enter,
select, edit and write (see figure 4). These elements can be
used directly or recursively grouped by semantic group
elements that structure the interaction flow. Three of the basic
elements are described in the following.

USE_CASE B INTERACTION_CASE
| INTERACTION_CASE I SELECT ENTER

Reg. \
| INTERACTION_CASE‘L ENTER EDIT
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Figure4: Structure of Use-Cases and I nteractionCases

6.1. Enter Actions
Enter actions define interactions that require the input of new
information by the user. Though standard value suggestions



may exist, the system holds no representation of the
information space the information will come from.

6.2. Edit Actions

Edit actions allow for display and manipulation of information
already existing in the system. The user is not required to enter
information but may change the existing information if
appropriate.

6.3. Select Actions

Select actions let the user chose a subset of elements in a pool.
While the elements are known, the user needs to select which
of them are appropriate in this context.

There also exist hybrid forms like selections with item pools
expandable through enter-like actions.

6.4. Sub-Sructuring with IML Groups

Often a further substructuring mechanism is needed to create
blocks inside an InteractionCase, which emphasize the higher
coherence of e.g. first name and last name compared to first
name and street in an address. The group element allows a
hierarchical structuring of elements as well as groups and
provides description mechanisms that help the user interface
designer or generator decide how to transform the grouping
meta-information into artifacts and rules for user interaction
and Ul structures.

Grouping meta-information can be used to prevent separation
of elements, to shift elements to a sub-dialog or to arrange
elements following the law of proximity. Also calculation of
metrics like elements per group or InteractionCase is
facilitated and helps making suggestions for dialog structure
improvement already before dialogs are finally created.

7. Towardsan Abstract Graphical User Interface Model

Although an IML model sticks close to the user perspective
and workflows, it contains enough information to transform
the specification into a generic Ul model that can serve as a
basis not only for dialog design but for user interface
prototype code generation. In connection with IML, we have
developed a simply structured representation for a generic user
interface description — the Dialog Layer Language (DiLL).
This intermediate language is necessary to allow manual
changes in the generated user interface definition without
manipulation of code fragments and resource definitions.

DiLL abstracts changes by Ul developers from the code layer
and provides back links to the IML model for operations that
require IML model information. A DiLL model is created
automatically from a valid IML model by the transformer.

The Dialog Layer Language is intended only for graphical and
textual user interfaces as it deals with screens, groups and
different types of elements. For other interaction technologies
like speech, a different intermediate representation will be
required.

8. User Interface Prototype Generation Process

The user interface generation process follows a pipeline
approach to allow linear transformation and accomplish the

different tasks from model completion to code generation. The
process steps are defined as follows.

8.1. Completion

Usually, an IML model is not fully completed at generation
time due to incremental development or it needs completion
steps — like Help IDs - that can be accomplished
automatically. Therefore, the completion step checks the IML
source model for consistency and completes missing entries as
far as possible. If severe problems occur, the transformation
process is interrupted.

8.2. Transformation

The transformation step interprets the IML model and forms a
DiLL model on the basis of the information given in the IML
model. The DiLL model contains all interaction elements that
are necessary to complete the tasks defined in the IML model:
A generic user interface has been created on the top of the
IML specification.

8.3. Optimization

Although the DiLL model contains the necessary interaction
elements and the overall structure, several optimizations are
possible. Balancing dialog elements, separating defined group
types from the dialog and the calculation of dialog metrics
form only some of the functions that can be applied. Applied
design rules can range from simple ones like the “magical
number 7 plus or minus 2” (Miller 1957) per group or window
to complex calculations and conditions depending on field
types and their translation to composite elements.

8.4. Generation

The optimized DiLL model is the ideal basis for the code
generation. For each target a unique Element Transformation
Description (ETD) file exists that described the DiLL to code
transformation. This generation target is characterized by the
destination platform and the destination programming
environment used by the software developers dealing with the
results of generation.

The ETD format used for the code insertion is an XML based
notation for the code to be generated per specific element type.
The generator uses project templates that contain the basic
project files together with code insertion marks for the desired
platform. Recursive and iterative constructs, counters and
conditions form the basic elements in ETD for the insertion
process.
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Figure5: Transformation Process



The user interface generation follows the process shown in the
figure 5. It is very similar to the visualization pipeline in
computer visualization.

9. Generation of other final artifacts

So far, we have only discussed the ability to generate user
interface prototypes based on an IML models. But a fully
developed IML model provides enough information to allow
for generation of artifacts beyond GUI models.

Developer
Input

Auto-
completed

Inter- Trans
mediate formation
GUI model Description

ETD

@e &z‘f @

Test Dat CH+ C++
IR cases | |struct.|| body | |header]| IRES

User Interface Prototype

Figure 6: The generation process also providesfinal
artifacts different from generation results.

If the textual description sections in the IML models are
completed, it is possible to generate help files and user
documentation from the IML model. Once the IML model has
been completed, black box test cases for the application testers
can be generated from the information given in the interaction
flows and attached data definitions.

The advantage of these and other generatable artifacts is that
changes in the IML model have direct impact on them.
Generating artifacts from an IML model, it is not necessary to
find and track changes on every artifact but only on the IML
model. Using the IML approach for generation of the artifacts
as shown in figure 6 will allow for application of IML as an
integrated base model for user centered development
processes. Documentation, including user manuals and
development status reports can then be generated from
appropriate information given in the IML model.

10. Application of the approach

To verify the practicability, a transformer prototype for user
interface generation has been developed that realizes a subset
of the concepts defined in (Schlegel 2002). This prototype
reproduces the complete pipeline described above and
generates a Visual Studio C++ project that contains all files
necessary for direct compilation and further work with this
project.

Using IML for description and generation of a basic Ul
prototype for configurator software of an automotive tool suite
at ETAS GmbH, the concept has proven its strengths
especially in complex configuration workflows that require a
flexible description of interaction scopes and dependencies
between interaction elements (Schlegel 2003).

First tests of IML at ETAS have proven that the semantic
structuring of Use-Cases is improved and that software
developers show an increased awareness of Usability issues
especially at the early stages of software development
projects. Especially, the ability to integrate natural language
translation directly into the model improves software quality
when a localized variant of the software has to be build. As of
the generator’s prototype state, it has not been possible to
gather reliable results on its application in practice.

As IML focuses on ramified interaction sequences with clearly
described atomic interactions, it is quite poor for construction
tools like CAD but strong for configurators and other complex
data entry and manipulation applications. Further research and
development will have to be carried out regarding the
formation of a consistent meta-model for all models and an
appropriate visualization and editing approach as well as
restructuring of transformation and description rules.

11. Outlook / Embedding into SAE

To enhance the modeling capabilities and to further integrate
the interaction specification into more technical or
organizational development processes, the approach presented
here will be integrated into the Soft Artifact Engineering
(SAE) approach.

SAE is a holistic and integrative approach currently developed
at Fraunhofer 1AO to allow the integration of different
stakeholders like managers, usability experts, and software
developers into development processes for virtual products —
i.e. “soft artifacts”. The goal is to integrate all models into one
component-based and object-oriented meta-model that allows
for interconnecting completely different models like
interaction specification and business process models. A high
degree of freedom for modeling and interconnecting models
will be the advantages of these efforts on integration and will
lead to an integrated interactive systems development
approach supported by user interface prototype generation.
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