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Figure 12. Checking for validity of joinpoints

Note that these joinpoints are not really configuration features
— however, we still use the feature model to uniquely define the
names of those joinpoints.

Defining the advice. For the statemachine example, we have
to define a number of advices. First of all, we need to define the
statemachine itself in the grammar. Note in bold the actual advice
syntax. In this case, we put something after (i.e. at the end of) the
TopLevelContents.

//+ after:TopLevelContents
Statemachine:
"statemachine" name=1D "{"
(states+=State |
events+=Event)*

s
State:

"state" name=I1D "{"

(transitions+=Transition)*

s
Transition:

event=[Event|ID] "->" target=[State|ID];
Event:

"event" name=ID ":" operation=[Operation|ID];
//~+

To add a statemachine to a component, we need to advice the

ComponentContentsAfterPorts joinpoint:

//+ after:ComponentContentsAfterPorts
(statemachine=Statemachine)?

//~+

Both of these advices are located in a separate file
/demo.config/src/adsl xtxt.v. The file has the same name as the file
into which it is woven into, plus the .v extension which is used for

all variant files.

We also define a constraint that checks the uniqueness of state
names in a statemachine. These need to be contributed to the
net::ample::adsl::language::Check.chk file, which defines a join-

point TopLevelContents for this purpose. Here’s the advice,

which, as you might expect, is in the
/demo.config/src/net/ample/adsl/language/Checks.chk.v file:
//+ before:TopLevelContents
context State ERROR "State name not unique" :
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((statemachine)eContainer).states.
select(s|s.name == name).size == 1;

//~+

After running the “text file weaver”, the result is an ADSL
version that supports embedded statemachines:

3] test.adsl 53

component C1 state Cl3tate {
provides pl: Il

statemachine sml {

(x] State name nok uniquel state s1 {}
(x] state =1 {}

=]

]
4 e

Figure 13. Resulting editor, with state machines

5. The state of the prototype

The prototype has been developed as part of the AMPLE project
and is in the process of being made open source. We’re looking
for interested parties to help develop it further. If you’re interest-
ed, please contact the author.

The tooling is generally done, but the set of configuration fea-
tures is limited (ca. 25 options as of now).

There is also a simple Java API generator that generates a
mapping of the selected language features to Java; however, there
is no generator yet for any specific target platforms.

We also have integrated visualization facilities using Graphviz
(for printing) and Prefuse (for interactive visualization).

6. Evaluation, Related Work and Future Work

Since implementing the toolkit, I have used the toolkit for two
other customers. We have selected the language features neces-
sary for their architecture, generated the tooling, and used it for
real project work. It is fair to say the approach works in practice.

Isn’t a generic language good enough?

Describing architecture with formal languages is not a new idea.
Various communities recommend using Architecture Description
Languages (ADLs) or the Unified Modeling Language (UML) for
describing architecture. Some even (try to) generate code from the
architecture models. However, all of those approaches advocate
using existing generic languages for documenting the architecture
(although some of them, including the UML, can be customized).

I don’t see much benefit in shoehorning your architecture de-
scription into the (typically very limited) set of constructs pro-
vided by predefined/standardized languages. The idea is to
actually build your own language to capture your system’s con-
ceptual architecture. Adapting your architecture to the few con-
cepts provided by the ADL or UML is not very helpful.

So this raises the general question about standards. Are they
important? Where? And when? In order to use any architecture
modeling language successfully, people first and foremost have to
understand the architectural concepts they are dealing with. Even
if the UML standard is used to do this people will still have to
understand the concepts and map them to the language — in case
of using UML that would be an architecture-specific profile. Of
course, then, the question is whether such a profiled UML is still
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standard. Also, I am not proposing to ignore standards generally.
The tools are built on MOF/EMOF, which is an OMG standard,
just like the UML, just on a different meta level.

A specific note on UML and profiles: yes, you could use the
approach explained above with UML, building a profile as op-
posed to a textual language. I have done this in several projects
and while it does work, my conclusion is that it doesn’t work very
well in most environments. Here are some of the reasons:

e Instead of thinking about your architectural concepts,
working with UML requires you to think more about how
you can use UML’s existing constructs to more or less
sensibly express your intentions. That’s the wrong focus!

e Also, UML tools typically don’t integrate very well with
your existing development infrastructure (editors,
CVS/SVN, diff/merge). That’s not much of a problem if
you use UML during some kind of analysis or design
phase, but once you use your models as source code (they
accurately reflect the architecture of your system, and you
generate real code from them) this becomes a big issue.

e In today’s tools, a UML profile cannot remove things the
UML provides out of the box. Consequently, the meta
model of the model you create is a superset of the (al-
ready non-trivial) UML meta model, making it even more
complex. Since you want to process your models with ge-
nerators or transformers, this meta model complexity is
an issue to reckon with.

e  Finally, UML tools are often quite heavyweight and com-
plex, and are often perceived as “bloatware” or “drawing
tools” by “real” developers. Using a nice textual language
can be a much lower acceptance hurdle.

Related Work

Architecture Modeling. Using formal languages to describe
software architectures is of course nothing new. UML is often
used for this purpose, as are the many ADLs that are available on
the market [6,7,8]. The approach of defining a domain-specific
ADL can also be found elsewhere, an example is AUTOSAR [9]
in the automotive world.

However, the approach advocated in this paper is based on de-
fining an architecture DSL that is much more specific to the plat-
form or system being built. The process of defining the language
is integral to defining the architecture — architecture definition and
language creation cross-polinate each other.

Language Customization. Many general purpose modeling lan-
guages provide some kind of customization. Many ADLs allow
you to define new “component types” — basically a type label that
can be associated with a component. This is a very simplistic ap-
proach that does not allow the definition of new architectural ab-
stractions that come with their own structure, constraints and
syntax. The approach described in this paper supports arbitrary
configuration and customization of languages.

The best known example for language customization is of
course the UML with its profile mechanism. I have already dis-
cussed this in the Isn’t a generic language good enough? section
above. The approach advocated in this paper tailors a language by
actually removing features you don’t need in a given scenario.
Hence the editor, the meta model and all other subsequent model
processing is simplified along with the language.
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Language Modularization. Being able to define language mod-
ules and then integrate those modules into “composite languages”
is of course an active area of research. This is a non-trivial prob-
lem, because you’ll have to somehow combine the parsers. In
some cases you’ll have to regenerate a new parser based on the
combined grammars (that will be the approach available in 0AW
5, see below). In other environments (such as SDF, [10]) languag-
es can be combined without regeneration of the composite parser.

Other language engineering environments support the modula-
rization of languages without the need for a parser. Examples
include MetaEdit+ [11] (which supports mainly graphical DSLs,
where the editor creates the AST directly) and the Intentional
Domain Workbench [12], which uses projectional editing even for
languages whose concrete syntax looks textual.

Work to be done

More architectural features. Obviously, more architectural fea-
tures will be added to the ADSL toolkit over time. Based on the
more recent customer projects there is already a set of additional
features we would like to support.

Java Generator. Also, the Java API generator is not yet com-
pletely up-to-date with regards to the variability of the language
itself. More work needs to be put into the generator.

openArchitectureWare 5  The facilities for composing Xtext
artifacts are limited. For example, there is not much support for
grammar modularization in 0AW Xtext 4.3. The same is true for
composition and modularization of constraint files or other o AW
artifacts. As a consequence, we have to do all the variability on
text level, using those //# and //> comments in textual artifacts.

In the upcoming 0AW 5 framework, the facilities for modula-
rizing 0AW artifacts, especially Xtext grammars, will be far more
sophisticated.
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Abstract

Domain-Specific Modelling Languages (DSML) provide an op-
portunity to have end-users at the centre of the software devel-
opment process. Although end-users are seldom software
developers, providing a language that both the end-users and
software developers understand enables fluent communication
between the stakeholders. In this paper, work in progress in the
development of a DSML for navigation applications on position-
ing enabled S60 mobile phones is presented. The presented lan-
guage enables the end-user to instantly experience the impact of
changes in the models, by utilising a code generator that pro-
duces complete applications from the models. The architecture of
both the supporting software framework and the generated appli-
cations are also discussed.

Categories and Subject Descriptors
Techniques]: Visual Programming

D.1.7 [Programming

General Terms Languages, Experimentation, Human Factors

Keywords
1.

Obtaining specifications for a software product directly from the
end-users is worthwhile. In an optimal case, this enables the
transforming of the end-users’ will directly to a product. How-
ever, the end-users are seldom software developers themselves,
thus the lack of a common language between the software devel-
opers and the end-users may become a barrier.

Domain-Specific Modelling Languages (DSML) can enable a
fluent communication between the software developers and the
end-users by providing a language easy enough to learn and un-
derstand [1]. This is achievable by providing a language that
utilizes elements existing in the problem domain, instead of ele-
ments of a solution-space, which can be a stumbling block when
using general-purpose modelling languages. By doing so, the
end-users are already familiar with the language concepts, thus
the learning curve is not too steep.

With code generation being a central process in the Domain-
Specific Modelling (DSM), the possibility of transforming the
models directly into a working application is feasible [1]. This
enables end-users to instantly see the results of the modelling,
thus enabling active participation in the requirements gathering
and prototyping phases or even developing the software alone.

code generation, end-user driven development

Introduction
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In this paper, we approach the end-user driven development
with an experiment of developing a navigation applications prod-
uct family [2] architecture for positioning-enabled S60 [3] mobile
phones such as Nokia N95 [4]. The products of the family are not
solely restricted to be composed of features selectable from a
predefined list since a modelling language dedicated for the
modelling of innovative navigation applications is also provided.
The modelling language is supported by a code generator that
generates complete code from the models.

The language is striven to be developed in such a way that
even enables non-programmers, who would not otherwise be able
to develop applications, to do so with the provided language.
With the language, modellers are able to develop innovative
navigation applications by utilizing map data provided by the
OpenStreetMap1 (OSM) [5] and are able to navigate both out-
doors with GPS and indoors with the Database Correlation
Method (DCM) [6].

This paper is structured as follows. First, the developed mod-
elling language is illustrated by presenting a simple navigation
application. Second, the implementation of the supporting soft-
ware framework and the application architecture is presented. A
discussion and conclusions close the paper.

2. Illustration of the DSML for Navigation
Applications on S60 Mobile Phones

Fundamentally, navigation applications can be considered as
applications that utilise positioning sensors, such as GPS, in
order to show the location of the user on a map. Nevertheless, it
is also common to have at least the following features:

e  Zooming and panning of the map,

e  Navigation, i.e. routing from source to destination, by utilis-
ing various routing criteria, and

e  Browsing Point of Interests (POI), e.g. searching for the
nearest bars, restaurants etc.

The other more advanced features can be considered to be com-
posed from the above mentioned features.

Next in this section, the modelling language for navigation
applications on positioning enabled S60 mobile phones (DSML
for NavApp) is introduced by presenting an example application
modelled with the developed language. Due to space limitations,
not all of the language concepts can be presented here, but the
example application should enable one to have an idea of the

! available under Creative Commons Attribution-ShareAlike 2.0
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modelling language. Metaedit+ from Metacase [7] is utilized as a
modelling environment.

2.1 Relation to the Existing S60 Language

Metaedit+ provides a set of example languages such as DSML
for S60 [1, pp. 160-185]. This language includes a subset of ele-
ments provided by the Python for S60 (PyS60) [8]. The language
enables the modelling of S60 applications almost in the
WYSIWYG principle, thus providing a good starting point for
the development of the DSML for NavApp.

Figure 1 represents the relation between the DSML for S60,
DSML for NavApp, PyS60 and the S60 framework. As depicted,
the DSML for NavApp also includes concepts of the existing
language with additional concepts of its own.

Symbian S60

PyS60

DSML for NavApp

DSML for
S60

Figure 1. Relationships of the languages and frameworks.

2.2 A Simple Navigation Application as an Example

A simple navigation application is presented as an illustration of
using the language. Figure 2 represents what will occur when the
application starts. In this case, a pop-up dialog is shown first
with three options. The application closes by choosing “Exit with
the left sofkey, i.e. a button for accessing context-sensitive
menus appearing at the bottom left of the screen of the mobile
phone. If “About” is chosen, a note is shown and, as default be-
haviour after the note has disappeared, the application returns to
the pop-up state. If “NavApp” is chosen, a navigation application
called “NavApp” is launched. When the “NavApp” is closed, as
default behaviour, the application returns to the pop-up state.
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Navh
About
Exit

Abgut
Aavdpp

This is a demo for @
OOPSLA-DSM n
woarkshop

NawvApp

Figure 2. NavApp state machine.

Figure 3 represents the sub state machine of the NavApp,
which is accessed from the NavApp entity in Figure 2 by decom-
position. First, the menus and keyboard are defined with a
“Menus” entity that provides a sub diagram where the definitions
take place (see Figure 4). After the definitions, the application
enters a loop where it is polled if the user is at the destination
location. The destination can be defined by accessing one of the
menus defined in Figure 4. When at the destination, a note is
displayed to inform the user. The positioning ends after the note
disappears.
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Figure 3. NavApp sub state machine.

Figure 4 represents definitions of the menus and the key-
board. First, zooming is attached to the <*+> and <#> keys
followed by select menu definitions. By pressing the left softkey,
a menu structure can be displayed where there is one parent node
called “Navigate” having two child nodes, i.e. “Navigate to des-
tination”, and “Stop navigating”. By choosing the latter, the navi-
gation ends. By choosing the first mentioned, the user can type
the name of the place where to navigate. After that, the route to
the destination is computed from the current location and the
navigation is started.
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Figure 4. Menu and keyboard action definitions.

After the modelling, the code generator takes the models as
an input and generates a Python source code on top of the sup-
porting software framework. The generated application can then
be installed into the phone. No additional manual source code
writing is required.

3. Implementation of the NavApp

3.1 Architecture of the NavApp Framework

The basic architecture of the DSM can be considered to consist
of three layers which are the software framework, the code gen-
erator and the metamodel. As illustrated in Figure 5, the meta-
model provides all the rules on how to model applications. The
code generator is responsible for taking modelled applications as
an input and generates code from the models. It is common to
have a software framework on top of the target platform, in order
to make the code generation easier. [1]
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Metamodel

Code generator

Framework

Target

Figure 5. The basic architecture of DSM.

The primary driver for the NavApp framework is in the us-
ability and extensibility of the framework. The interface for the
framework is developed in such way that generating source code
for the applications is straightforward. The framework encapsu-
lates functions in a way that the generated applications mainly
consist of function calls to the framework, in addition to utilizing
the PyS60 framework. These requirements are materialised as a
facade that hides all unnecessary details. Figure 6 represents all
the relevant parts of the NavApp framework architecture.

ed: Architecture
Havapp
+_init_(xvoil
3 +startgrvoid

+startQ:voiel +stop(xvoid
+navigate (startn ode:Nade,endno de:Node compute_progressintvoid
+set_main_menu(nainmenu:int[]:void
+set_keys(keysint{]:void
ey Usernvoid
+uptlate_canvas(rvoid
+start_locataronattBoolean T void
+zooming (resizeF actorint):void
+get_current_position(3hode]
+get_cursor_position(yNode
+get_P Olsiauery_param:NodeyNode

Locator
Imagelpdater Router Gps_locator DCM_locator
Comwerter Hode

Figure 6. NavApp framework architecture.

The NavApp framework architecture is divided into four fun-
damental components:

e NavApplners functions as a facade for the rest of the
framework. It is the only NavApp-specific class that is
accessed from the generated code.

e  MapHandler is responsible for creating and handling
the map, showing a route when navigating, and the
other relevant visualization actions related to the map.
In addition, MapHandler provides a set of callback
functions to be used by the other components for dis-
playing info on the map. Currently, pre-rendered im-
ages provided by the OSM sub-project, Tiles@home
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[9], are utilized as a map instead of rendering the map
from the OSM data.

e NavAppDBHandler is responsible for handling the
navigation data, computing route and also conducting
queries directly to the OSM data for POIs etc. In addi-
tion, NavAppDBHandler provides facilities for storing
additional data to the database.

e Locator is responsible for positioning. Positioning is
performed by utilizing two of the most widely used po-
sitioning technologies, GPS and WLAN. WLAN posi-
tioning is based on an inbuilt DCM [6].

3.2 Architecture of the NavApp Applications

The code generator for the DSML for S60 [1, pp. 160-185] gen-
erates applications running on a state machine. Each entity is
generated as a state realized by a function, where the states
maintain a reference to the next state. In order to incorporate
code generated from the DSML for NavApp, the generated code
has to conform to that state machine. Therefore, the entity that
initializes NavApp is generated similarly as any other state in the
state machine generated from the DSML for S60. Thus, the in-
troduction of the NavApp entity into the existing code generator
and the language does not have any particular impact on the
other entities.

The actual implementation entity of the NavApp which the
initialization function calls is generated as a class that inherits
the NavApplInners (see Figure 6). The NavApp maintains its own
internal state. Similar to the code generated from DSML for S60
models, NavApp internal states are generated as states that are
realized as functions, where all the functions maintain a refer-
ence to the next state.

Sub state machine and keyboard and menu definitions are
generated differently. Whilst the sub state machine is generated
as states running on the state machine, keyboard and menu defi-
nitions are generated as an encapsulated state in the sub state
machine.

4. Discussion

The current version of the language is still immature and not as
polished as possible, thus it requires one to become familiar with
it. Therefore, the consideration of end-user driven development
is still a matter of debate.

Currently, the language and framework are in active devel-
opment. We are adding, among others, a possibility of utilizing
an external positioning server in order to enable multi-person
positioning and to enable the development of multi-user position-
based games and to bring a social media dimension to the navi-
gation applications.

5. Conclusions

In this paper, the work in progress in the development of the
DSML for NavApp and its supporting framework is presented.
The language is developed in a way that could enable non-
programmer end-users to actively participate in the development
of navigation applications or to develop applications completely
by themselves. By utilizing the presented language, end-users
can instantly experience the impact of changes in the model as
the provided code generator enables complete code generation
from the models.
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