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Adapting Model Driven Architecture
for Modeling Heterogeneous Embedded S/W Components

Woo Yeol Kim, R. Young Chul Kim
Dept. of Computer & Information Comm.. Hongik University,
Jochiwon, 339-701, Korea
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Abstract

In this paper, we propose '"MDA based approach for
Modeling Embedded Software with xUML' 1o solve
reusable problems of the heterogencous embedded
software. Through our proposed method, we produce
Target Independent Meta Model' (TIM) which is
transformed into Target Specific Model’ (T5M) and
which is generated 'Target Dependent Code’ (TDC) via
ISM. We would like to reuse a metamodel to develop
heterogeneous embedded software systems. To achieve
this mechanism, we extend xUML 10 solve
unrepresented elements (such as real things about
concurrency, and real time, etc) on dynamic modeling
of a particular system. As a result, it is possible to
develop s/w independent of hardware with reusability
of models. So we adapt the MDA mechanism Jfor
embedded s/w development, which can reduce the costs
and lifecycle of siw development. It contains one
exampie which illustrates the proposed approach.

1. Introduction

Today’s demands for short product development
cycles usually prohibit the manufacturing of a
complete prototype as part of the development for
embedded products [1]. Even if one or a few
Prototypes can be built, they cannot replace the
bundreds of different models that are routinely
developed for an average electronic product. The idea
that a unified language cannot meet all requirements of
eémbedded system modeling and specification tool has
been absolutely accepted. The requirements for a
language to model numerously diverse embedded
Systems are just too diverse to be supported neatly by
tne single modeling

This work is supported by grant No. B1220-0601-0031 fom
the UF Research Program of the Ministry of Information &
Communication in Republic of Korea (2006 ~2007).
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language. Many software researches of dealing with
the complexity of embedded system are now in
progress a bout these two needs. Our research focuses
on reusing embedded software (such as design, model,
code, and test) to develop heterogeneous embedded
systems. But it is difficult to reuse sofiware because
the embedded software mechanism is dependent on the
particular hardware system and also is just code
oriented development [1]. To solve these problems, we
attempt to adapt the MDA mechanism [2] for
embedded s/w development, which may reuse meta-
maodel.

We adapt xUML [4,5] as embedded modeling
language, instead of the previous UML 1.x [3.
Executable UML(xUML) is a graphical specification
which combines with executable semantics and timing
rules, and also runs just like a program [5).

Also we suggest detail activities of lifecycle for
embedded s/w development and propose refined
multiple V-model based on MDA against previous
multiple V-model [6]. This will be possible to develop
target independent software, may help to reuse
software, and then reduce the cost of software
development

This paper is organized as follows: In section 2, we
describe the original concept of model driven
architecture (MDA) and xUML, multiple V-model. In
section 3, we show our adapting MDA structure to
develop embedded s/'w. In section 4, it shows the
modeling  example of heterogeneous embedded
systems used in this paper.

2. Model Driven Architecture

The MDAJ[2] is the OMG proposed approach for
system development. It primarily focuses on software
development, but can be applied to system
development. The MDA is based on one meta-model
describing the systems to be built A gystem
description is made of numerous models, each model

L i g



representing a different level of abstraction. The
modeled system can be deployed on one or more
platforms via model to model transformations [7].

2.1. Principles of MDA for the development

The original MDA approach creates good designs
that cope with multiple-implementation technologies
and extended software lifetimes and also brings the
focus of software development to a higher level of
abstraction, thereby raising the level of maturity of the
IT industry{2]. The MDA is a framework for software
development defined by the Object Management
Group (OMG). MDA development process is the one
that the first model (called a Platform Independent
Model) with a high level of abstraction, which is
independent of any implementation technology, is
generated and then the PIM is transformed into one or
more Platform Specific Models (PSM). Finally, it is
the transformation of each PSM to code. The MDA
process may look much like traditional development.
Actually there is a critical difference. Traditionally, the
transformations from model to model, or from model
to code, are done mainly by hand In contrast, MDA
transformations are always executed by automatic
tools. This is the obvious benefits of MDA[2,8]. But
the original MDA process is not for embedded
software development process,

2.1.1. MDA Development Process vs. Product Line
Nowadays, many software engineers make their efforts
to apply for embedded software development fields.
The representative cases are that some software
researchers attempt to work on with product line
mechanism or with MDA mechanism.

We analyze and compared the difference between
MDA and Product Line on Table 1.

Table 1. Comparison of Product Line with MDA

Product Line

MDA

1) After one development lifec
vele, possible to reuse core asse
=

2) Product-Line based Develop
ment to release high-quality em
bedded systems at time-to-mar
ket

1) Feature Driven Method.

4) Easily Customizing.

5) Based on UML 2.0.

1) During one lifecycle, reuse a
meta-model (o some specific dep
endent Models.

2) Heterogeneous Product based
Development to release high-qua
lity product at time-lo-market.

3) Based xUML & UML 2.0

4) Possibly Tailoring.

5) Absolutely need the automatic
model/code generation tool.
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As a result of comparison Product Line[9] with MDA,
we recognize that this important issue is reusability of
artifacts, but the difference when and how to reuse. |y,
table 1, Product Line mechanism may possibly dew.-e.lnp
a new sysitem to reuse with core asseis after
development lifecycle of a system. MDA may develop
new other systems to reuse with meta-model durin
one possibly development lifecycle. &
These two processes may be applied for high quality of
embedded s/w development at time-to-market.

Product Lines may easily develop one single family set
of product, while MDA may easily dl:xfciup
heterogeneous product family. Only one critical
problem of MDA is that the autonomic transformanon
form model to mode or from model to code should he
done, not by hand. With this automatic tool, easily
make each code for multiple platforms, s

2.2. Modeling Language

The using of MDA leads to choose a modeling
language. As suggested by the OMG, UML{Unified
Modeling Language [3]) is 2 good candidate. UML isa
standard for OO modeling. This language is extensible,
50 it can be adapted easily to specific constraints of a
given domain. The extension in UML is done via
stereotypes (elements whose semantic is extended)
grouped into profiles. Once the language is chosen, it
15 necessary to define the modeling strategy [10].

In this paper, it will choose Executable UML
(xUML) to represent embedded software modeling.

2.2.1. Executable UML. Executable UML[4,5] is a
graphical specification language, which combines a
subset of the UML 1.x with executable semantics and
timing rules.

This language can be built a fully executable system
specification comsisting of class, state, and action
models that num just like a program. Leon starr[4] said
in xUML, the models are the code. Also the design
benefits by staying separate from the specification.
That is, leverage one design in multiple products.

We strongly believe that executable UML will be
suitable to specification of complex real ume
distributed, and embedded system.

2.3. Straightforward Multiple V-Model

The Multiple V-Model[6], based on the well-knows

V-model (Spillner, 2000) is a development model
(model, prototype, final product) which is developed
the different physical versions of a system.




In figure ‘1, the multiple V-model shows three
consecutive V-shaped development cycles (model,
prototype, final product). This is the development
process for embedded systems where the prototype is
first fully designed, then built, tested and made a final
product,

The development of such a system starts with
specification of the requirement at a high-level,
followed by an architectural design phase where it is
determined which both software and hardware are
required to realize this. Software and hardware are then
developed separately and finally integrated into a full
system.

The left side of the V-model handles the
decomposition of the system into its hardware and
software. The middle part of the V-model consists of
parallel development cycles for H'W and S/W. The
right side of the V-model handles the integration of
them.

Prototypels)

Model

Final Product

3
K

Figure 1. Multiple V-Model development lifecycle

In Multiple V-model for embedded systems it
anticipates to rteduce the cost and lifecycle of
development because of correcting better at model
phase than at Prototype phase or better at prototype
phase than at final product when happens requirement
changes and errors [8].

3. Adapting Modeling Approach

To solve reusable problems of the heterogeneous
embedded software, we suggest to adapt MDA based
approach with xUML for modeling embedded
software. It may be possible to develop s'w
independent of hardware with reusability of models,
which can reduce the costs and lifecycle of software
development.

3.1. Refined Multiple V-model on MDA

The original multple V-model is focused on
developing (or modeling) a system based on a
Particular target domain. This is difficult to apply for
Other target domains. So, we attempt to refine multiple
V-model on MDA, which solve problem of the original
V-model.
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Figure2. Refined Muitiple V-Model MDA

In figure 2, it describes to adopt multiple V-model
with MDA. The refined multiple V-model is also a
development model (Target Independent Model,
Target Specific Model, Target Dependent Code) which
is developed the different physical versions of the
heterogeneous systems. The first V-model is focused
on the target independent model. The middle V-model
1s focused on the target specific model(s). The Jast V-
model is focused on the target dependent code(s).

The refined one may develop heterogencous
embedded systems with reusability on different target
domains. Moreover it works parallel with both of s/w
development process and test process. Due to these
double processes, it may be possible to develop more
safe and reliable software components.

But still we need the automatic tools such as
automatic model transformation, code generation,

Figure 3. Mapping diagrams at TIM phase

In figure 3, it is just more detail described to map
diagrams at the first V-model. Use case diagram is
used during requirement to represent the functionality
of the system from the user’s point of view. During
analysis, class diagram describes the structure of the
system. Concurrent message sequence diagram and
Concurrent state diapram describe the intemal
concurrent behavior of the system during design.

It is necessary work to make the automatic
transformation from TIM(Target Independent Model)
phase to TSM(Target Specific Model) or from




|

e

o

TSM(Target Specific Model) to TDC(Target
Dependent Code). Therefore, it should make a reliable
model of TIM at the first step. We don’t mention
about next remaining phases in this paper.

3.2. MDA based Modeling Approach

We propose MDA based embedded software
modeling approach. Our modeling approach consists of
static modeling and dynamic modeling. Static model
uses class diagram to represent the static aspect of a
gystem. In dynamic meodel, concurrent message
sequence diagram and concurrent sate diagram [11]
represent  the dynamic concurrent behavior of the
gystemn in figure 4.

e S e, e P

e B B
Lo .'= L 5
A {.. [

T

i
s

m— -
— e g
—_——— ,:_...
|

Figure 4. The relationship of the models

ot

e

Figure 5 represents to map  between
CMD(concurrent message sequence diagram) and
CSD(concurrent state diagram) in xXUML which we
extended.

= st 5
ot TE e L R el

Figure 5. Mapping between diagrams

Actually CMD means interaction among objects,
which is included with concurrent mechanisms (such
as fork-join, reverse fork-join, etc) for representing real
things. And CSD works some concepts which will be
included with nested state, non-deterministic,
deterministic, and stochastic mechanism for real
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things. We may use this diagram to generate actual
executable code of the control object in the system,

Our extended xXUML consists of use case dia

class diagram, concurrent message sequence diagram
concurrent state diagram. ;

3.2.1. Class Diagram. Class Diagram describes the
static structure of a system with role and rule
mechanism. Its basic class may have the template types
of role such as recognizer, decision, communicatigy
and transaction. Also rule concept in the clasg Lr;
followed by ECA (Event/Condition/Action) in table 7.

3.2.2. Concurrent Message Diagram. We extend the
basic sequence diagram with concurrent mechanisms
{such as fork-join, reverse fork-join, etc) for handling
real things. Table 2 describes the notations of extended
xUML.

Eogeman [ 2 hmanon 5 el [ eemon
| Ea { | ¥ i . ¥

s M ot 1 s (s S
~ BB = D> 2 DB
= Hm [= e gaag
sl ED  lese TS
= I -
|u=;ni e 3 . i iR
| _

In extended xUML, the object In concurrent message
diagram also is followed by Ivan Jacobson's stercotype
such as interface, control, and service object. Interface
object (or boundary object) just transfers a message 10
control object without any state. Control object makes
a decision and mediates (or controls) between interface
and service object. Service object transacts with data
needed. Like class’s role, its object may or may not
have one or more roles of recognizer/ decision/
communication/ transaction.

In other words, the object has role(s) based on “"‘“‘3{3
ERCDT(Event/Recognition/Communication/Decision
Transaction). Each object may or not have zero or
more role(s). also the object is included with ECA
(Event/Condition/action) rule. ~ For example, 00€
object comes in an event, checks the condition, thes
acts some service. Basically our approach is adopte
synchronized message passing mechanism m
concurrent message sequence diagram.

3.2.3. Concurrent State Diagram. Still op “:
research, CSD(Concurrent State Diagram) will




basically followed by nested mechanism with
OCL(Object Constraint Language). This diagram will
contain some mechanisms for deterministic/stochastic
system. Next time, we will extend automatically to

check and convert from nondeterministic to
deterministic state diagram.
4. Case Study

4.1. Comparison of Heterogeneous systems

In this section, we make meta-model in TIM, then
gransform two specific models of heterogeneous
embedded systems. Until now, we write two program
codes based on two specific models by hand and port
each code into each heterogeneous embedded system.
We recognize that two different mobile devices move
the same way under the same fimctionality. It shows
demo examples of LEGO Mindstorm and Javelin as
follows.

4.1.1. LEGO Mindstorm. At the core of the LEGO’s
RCX is a Hitachi H8 microcontroller with 32K of
external RAM. The microcontroller is used to control
three motors, three sensors, and an infrared serial
communications port. An on-chip, 16K ROM contains
a driver that is nin when the RCX is first powered up.
The on-chip driver is extended by downloading 16K of
firmware to the RCX. Both the driver and firmware
accept and execute commands from the PC through the
IR communications port. Additionally, user programs
are downloaded to the RCX as byte code and are stored
in a 6K region of memory. RCX is programmed using
NQC(Not Quite C). It is a simple language with a C-
like syntax.

4.1.2. Javelin. The Javelin Stamp is a single board
computer that's designed to function as an easy-to-use
programmable brain for electronic products and
projects. It is programmed using software on a PC and
2 subset of Sun Microsystems Java® programming
language,

Some of the features that set the Javelin Stamp are:

. * The instruction codes for the Javelin are fetched and
Executed from a parallel SRAM instead of a seral
EEPROM.

* The Javelin has 32k of RAM/program memory with
2 flat architecture.

' The Javelin has built in Virtual Peripherals (VPs)
. that take care of serial communication, pulse width
Modulation and tracking time in the background.
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* Serial communication is buffered as a background
process. When writing programs, all you have to do is
periodically check the buffer, :

These LEGO Mindstorm and Javelin are two other
embedded systems with different CPU, operational
environment, and language. From next section, we
would like to show step by step that generate each
TSM to reuse with one meta-model of TIM.

4.2. Static Modeling

4.2.1. Target Independent Model. Figure 6 shows the
static structure of the existing system with only the
basic functions such as forward and backward moving.
We attempt to change a control not with hardware, but
with only software.

For example, we attempt to add two methods,
MoveLeft() and MoveRight() to turn the right or the
left. Also to handle the case for touching two sensors at
the same time, add new Concurrent MoveBackward()
instead of Backward().

In fimwe 6, a dotted rectangle indicates the
representation for modeling concurrent oceurrences.
We show to model considering later extension for

heterogeneous motors of LEGO and Javelin.

=]
CEystem
CMator
« Slop] ) :void :
e oy Bt - TF
e g Sl 13 T
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= Froal] . voud
= CafStaie] bW = Bem{ b:woad
2 + Biop] | wd
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ClightSensor " &TouchSansor B s gl
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= Siop] | :vold = g ) ovind

Figure 6. Target Independent Model

4.2.2. Target Specific Model. Figure 7 shows TSM of
LEGO Mindstorm derived from a TIM, which is
considered with its CPU and language.




]
=
Coystam CMotor
¥ m_pert ehar
* CHyminm] } = ¥ _poenrinl
o MovaForwargl) vold  _ . - = ChOWT MACHon - CHsoReaon, port - char)
[ Cimnmen Wi 1.3 e et
Woraengrl | v P
WL | vod fopceschenani
gl o « TumRes ) voad
man ps | Sringd b v b )
- |
= =
Chanacr CMatorAction
*ompad + Baion minr - Mo} vid
# m_rtate it - Favarn{ 3 viid
+ CEanson| por - inl = Bauthead | wi
+ Gessaied | int ; = Singd ) :voud
¥ RunSenson ) vl
CheMatar
=)
CTaushBensar
+ Forwandl § e
« Batkward| ) weid
+ CTauchEsngoa{pori;im} : « Blogd v

Figure 7. LEGO's Target Specific Model

Figure 8 also shows other TSM (Javelin) derived from
the TIM, which is considered with other CPU and
lanpuage like figure 7.

Table 3. LEGO's Code

NOC

task main()

{
SetSensor(SENSOR_I, SENSOR_TOUCH);
SetSensor(SENSOR_3, SENSOR_TOUCH);

whle (true)

move_forward(); |
int sense_result =10;

if (SENSOR_1 == 1) { sense result=1; }

if (SENSOR_3 = 1) { sense_result =2; }

if (SENSOR_1 && SENSOR_3) {sense_result =3}

switch (sense_result)

i
case 1: tum_right(); break;
case 2: turn_lefi(); break;
case 3: concurrent_move backward();
turn_right(); break;
}
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Figure 8. Javelin's Target Specific Model

4.2.3, Target Dependent Code. Until now, we can not
help generating source code from each TSM by hand.
But we are still implementing auto code generation
tool.

In this section, we shows each other source code(that is,
NQC, Java) from results of modeling TSM(s) in table
34

Actually, it is impossible to reuse on level of code
because each embedded system has different hardware
structure. Therefore, we attempt to generate code with
reusing MDA based models.

= 1 3
CHotar !_
= [+ WA e stadc it = CPUgMI 2 2
CEystem + MIC - gl $50C Inf= CPUNT3

+ FORWAHD 1-::;-::1

+ BACKINARD . =3
 E—— 9 ~ STOF maizm e 3 Table 4. Javelin's Code
e . = & tm_pest char
[ Congurert WiveBarioeard] £ # m_powest Il Java
= WovaFligear ) - veid

Hovalaly | ~vold = Chioian mAcbon . Chstouteion, por " cher)

= Ruswingl ) vaid « Gufenl ] char - . . .
et e D ity public static void main()
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{

Timer tSensing = new Timer();Timer tLoMotor = new|
Timen();
CSensor sensor_left = new CSensor(CSensor. 5C);
CSensor sensor_right = new CSensor(CSensor.SA);

boalean left = true;boolean right = true;
tSensing mark(); tLoMotor. mark();

while (true)
{ ifitLoMotor.timeout{CSystem. SPEED))
{ iff (Meft && right) )
CSystem MoveLefi();
else iff (‘right && left) )
CSystem. MoveRight();
else iff (Neft && Iright) )
CSystem. Concurrent MoveBackward(),
CSystem MoveRight(); |
else
CSystem. MoveForward();
tLoMotor.mark(); }
ifitSensing.timeout{ CSystem SENSING))
{ left = sensor_left. GetState();
right = sensor_right. GetState();
tSensing. mark(); }
}




4.3. Dynamic Modeling

We extend the original dynamic diagram to
represent real things. Our CMD(Concurrent Message
Sequence Diagram) is included mechanism of rule and

role, and also added to represent concurrent occurrence.

Figure 9 shows concurrent message diagram of the
system. A dotted box within figure 9 represents reverse
Fork/Join mechanism of CMD. This means that when
two sensors are touched at the same time, the controller
should give a control signal to two motors
simultaneously. Still we can not model this situation
with the existing sequence diagram. This is why we
necded to extend.

These two devices have the same movement, but
definitely each different source code is represented due
to heterogeneous embedded systems.
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FigurelO represents a polling algorithm for working
the sensor. Also possible to represent stochastic
mechanism with CSD. Still working on conversion
from nondeterministic to deterministic model.
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5. Conclusion

Embedded software is difficult to reuse the existed
design and code due to the hardware dependent
systems, that is, heterogeneous embedded systems.

This paper is introduced to modeling heterogeneous
embedded software system based on MDA (Model
Driven Architecture). This method is possible to
develop target independent software, which helps to
reuse software. As a result, this leads to reduce the cost
and lifecycle of s/w development.

But this approach has a big problem that it should
be necessary to implement the automatic tools for
model transformation and code generation.

Still working on our embedded modeling tool and code
generator.
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