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ABSTRACT

This tutorial aims at familiarizing academia with the tools and
development practices used for Model-Driven Engineering in a
large industrial context. The development environment used
within the Motorola Networks and Enterprise business unit is
presented in detail as to familiarize the audience with the
translation-oriented style of UML 2.0 modeling. This style of
modeling emphasizes precise modeling of behavior, model
simulation and early verification, followed by fully automated
code generation and execution within a test harness. Aspect-
Oriented Software Development technologies are discussed in this
context and an Aspect-Oriented Modeling and model weaving
engine developed at Motorola, the Motorola WEAVR, is
presented. The WEAVR Aspect-Oriented Modeling constructs are
introduced, including a novel joinpoint model for transition-
oriented state machines. The tutorial emphasized the importance
of model simulation and verification, and presents a simulation
environment for aspect-oriented models. The simulation
environment includes a visualization engine that highlights the
joinpoints within a model and allows developers to assess the
effects of an aspect on a model, set breakpoints on aspect
instantiations and step through the execution of the model before
full aspect weaving is performed.

Attendees will have the opportunity to login on a server running
the Telelogic TAU development environment, browse through
large (sanitized) models used in production, perform model
simulation, automated code generation and testing. The
environment includes ready to deploy aspects which will enable
the attendance to grasp the complete implementation of WEAVR
UML 2.0 aspects, simulate aspect-oriented models, weave aspect
models and execute the woven models.

EXPECTED AUDIENCE

This tutorial targets both an academic and industrial audience.
One of the main goals of the tutorial is to bring awareness of the
capabilities of state-of-the-art modeling and code generation tools
among academia, discuss and demonstrate Aspect-Oriented
Software Development technologies in this context.

LEVEL OF THE TUTORIAL
Advanced

PREREQUISITES

Familiarity with the UML notations and Aspect-Oriented
Programming concepts is required. Knowledge about the
translation-oriented style of UML 2.0 modeling, including
composite-structure diagrams, transition-oriented state machines
and the use of an action language is not a prerequisite, and will be
covered by the tutorial.

TUTORIAL DESCRIPTION

The tutorial is organized according to three main sessions. The
first session introduces industrial strength modeling tools
including the Telelogic TAU [1] modeling and simulation
environment, the TTCN-3 [2] standard for model testing and
verification as well as optimizing code generation technologies.
The second session discusses crosscutting concerns within
behavioral models, presents the Motorola WEAVR language
constructs used to capture and deploy aspects and introduces the
aspect-oriented simulation, verification and test environment. The
last session will enable attendees to browse through large models,
simulate and execute them. The attendance will have the
opportunity to deploy aspects in the environment, simulate aspect
models and finally, fully weave aspects at the modeling level and
test the resulting executables.

Importance of the Topic

The current state of the research on Aspect-Oriented Software
Development in the context of Model-Driven Engineering
manifests the lack of awareness within the community of the
state-of-the-art technologies used in industry. The main reason
behind this divide is that the tools used in production are often
very expensive and do not include source code, which does not
encourage their use for research purposes.

Typically, the tools used for research purposes are open source
modeling frameworks such as the Eclipse Modeling Framework
(EMF). While this environment does include powerful meta
modeling capabilities, it lacks embedded precise semantics and
decent code generation capabilities.

As a result, most of the research body in this area focuses on
informal system specification and early design. When automated
code generation technologies are used at all, they are mostly
restricted to the generation of static artifacts such as deployment
descriptors and code skeletons. The research body on Aspect-
Oriented Modeling illustrates this well. Most approaches, such as
Theme/UML [3] advocate a mapping between aspect
representations at the modeling level an aspects written in an
Aspect-Oriented Programming language.

These approaches are not viable in a translation-oriented Model-
Driven Engineering environment because optimizing code
generation destroys the static structure of the model and the
syntactic correspondence between models and generated code. In
this context, aspects need to be fully coordinated with the base
system at the level of the models (model weaving), before code
generation. Model simulation and execution are exactly the
differentiating  features of transition-oriented  modeling
techniques.

The research in this direction is pretty limited. Yet, we believe
there is huge opportunity for research in this area, regarding both
the advancement of AOSD and MDE technologies. Indeed, the
different abstractions provided by a modeling environment allow
aspects to be woven according to different perspectives. For
example, while transformational behavior is better decomposed
according to an Object-Oriented decomposition, reactive behavior
is better decomposed according to the Harel Statechart paradigm



[5]. In the presence of crosscutting concerns these dimensions of
decomposition have complementary joinpoint models. Aspect-
Oriented Modeling enables aspects to be woven according to the
decomposition dimension that fits the problem definition best.

From Motorola’s perspective, there is insistent need for
technologies to better modularize crosscutting concerns in
production models. This proposal is part of an initiative to bring
awareness among academia of translation-oriented Model-Driven
Engineering technologies. To achieve this goal we are actively
involved in the following activities:

1. Motorola provides free of charge licenses of the WEAVR tool
to academia, for research purposes.

2. Motorola is pressing Telelogic to provide free of charge
licenses of TAU to academic research projects associated
with the European Network of Excellence on AOSD and the
Aspect-Oriented, Model-Driven, Product-Line Engineering
project (AMPLE). Telelogic is the leader for Model-Driven
engineering solutions in the distributed, embedded, real-time
and critical system market.

We hope to be able to leverage the research pursued in this
direction by aligning this research effort with the needs and
development environment of the industry.

Academic Goals
At the end of this tutorial, the audience will have had exposure to
the following items:

1.  Model-Driven Engineering has the potential to improve
software development productivity and quality.

2. Precise behavioral models can be interpreted in a non-
ambiguous way, using a profile, such as the SDL profile
(model translation)

3. Such models can be compiled and executed in a simulation
environment and on the target platform

4. Model simulation and execution are essential to apply an
agile development process in the context of Model-Driven
Engineering

5. Aspects can be fully coordinated with the base system at the
modeling level before code generation

6. Weaving at the modeling level is advantageous over code-
level weaving, because aspects can be woven according to
different perspectives, different joinpoint models

REMARK

This material does not overlap with the series of tutorials
presented by Markus Voelter on Model-Driven Software
Development and Aspect-Oriented Software Development.
Markus’ material focuses on a particular generative programming
technique that involves C++ template instantiation.

OUTLINE
1. Model-Driven Engineering (45 min)

This Session presents the Model-Driven Engineering tools and
practices used in production at Motorola. This environment is
representative of the distributed, embedded, real-time and critical
system industry.

1.1. The UML 2.0 (10 min)

The UML is a collection of languages that leaves multiple
semantic variations points open to interpretation. This section
reviews the different uses of the UML and shows how precise
semantics can be associates to the language to make models
executable.

1.1.1. Models as sketches

By far, the most common use of the UML is as an informal
description language for the documentation and communication
of system designs. Tool support is limited to a graphical editor
such as Visio.

1.1.2. Models as blueprints

Models are also used as an architecture description language, and
for the design of the static structure of a system. These models
can be used to generate deployment descriptors and code
skeletons, which are then further elaborated by developers which
refine the generated code skeletons. The development model fits
the traditional waterfall development process well. The industry is
moving away from this development model (adoption of agile
methods). Tool support includes a code generation engine and
roundtrip  engineering  environment that performs the
synchronization of models and code.

1.1.3. Executable models

Executable models can be compiled into executable artifacts. The
complete, precise behavior of the system is defined at the level of
the model by embedding code fragments into the models. Tool
supports includes a code generator, compiler and debugger. These
tools need to interpret the UML in a specific way to resolve the
semantic variation points of the language and map to the
semantics of the programming language used (mostly Java).
Executable modeling can be performed with tools such as IBM
Rational.

1.1.4. Translatable models

Translatable models do not commit to a specific language at the
model level but make use of an action language that is translated
into the target programming language. In this tutorial, we use the
Specification and Description Language (SDL) [4] action
language. We also use the SDL interpretation of the UML 2.0 as
the semantic base for model translation. This is achieved by
loading the SDL profile for UML 2.0. Tool support includes code
generators, compilers, debuggers, a simulation and verification
environment. This is the modeling environment adopted by
Telelogic TAU.



1.2. Model-Driven Engineering (15 min)
This section discusses the different interpretations of the OMG
Model-Driven Architecture and emphasizes the importance of
model simulation and testing.

1.2.1. Model-Driven Architecture ™
The terminology of the MDA is reviewed, including Platform-
Independent Models (PIM) and Platform-Specific Models (PSM).

1.2.2. Model Elaboration

This interpretation of the MDA involves manual and semi-
automatic model transformation, as well as elaboration of the
generated code.

1.2.3. Model Translation

The focus is on fully automated model transformation and code
generation. Neither the transformed models nor the generated
code are manually inspected or refined. The PSM is typically
hidden from the developers

1.2.4. Model Simulation and Verification

The section emphasizes the importance of model simulation for
early verification of the system. This section also discusses
modeling in the context of agile development methodologies.

1.2.5. Execution in a Test Harness

Simulation cannot do full test coverage of a system. This section
discusses systematic testing of models in a test harness using the
Test and Test Conformance Notation (TTCN-3) standard.

1.3. Translation-Oriented Modeling (20 min)

This Section goes over the UML 2.0 diagrams used for transition-
oriented modeling.

1.3.1. Reactive and Transformational Systems

The differences between reactive systems and transformational
systems are discussed. This discussion is important with respect to
the use of state machine diagrams.

1.3.2. System Specification and Architecture

The diagrams used for system specification and system
architecture are reviewed. The focus is on the composite-structure
architecture diagram and state-oriented state machines. Figure 1
and Figure 2 show examples of those diagrams for a simple
resource access server that implements the two-phase commit
fault-tolerance protocol.

1.3.2.1.  Class Diagrams
1.3.2.2.  Composite-Structure Architecture Diagrams
1.3.2.3.  State-Oriented State Machine Diagrams

1.3.3. System Design and Implementation

System specifications such as state-oriented state machine
diagrams can be further refined into executable state machines,
implemented as transition-oriented state machines. The semantics
of transition-oriented state machines are detailed and the use of
an action language 1is discussed. Figure 3 illustrates an
implementation of the specification of Figure 2.

1.3.3.1.
1.3.3.2.

Transition-Oriented State Machine Diagrams
Action Language

setupSession, endSession,

resource. request, Architecture active class Server {2/2}
global_commit, global_abort
EnvToD
EnvPort DPort o
d : Dispatcher
access_error —sdPort

request, commit, abort, kill

request, commit, abort, kill

?>[] m srhPort
OutPBHTOENY  “TRHPort

resource_ack, rh : RequestHandler[0..*]/ 0
resource_commit,

resource_abort

Figure 1. The Composite-Structure Architecture diagram for
a simple server

Kill()

request(rid)/reSource_abort(cid, rid);
request(rid)/resource_commit(cid,rid); ><
Y kill()

abort(rid)/resource_ack(cid, rid); commit(rid)/resource,_ack(cid, rid);

Figure 2. Specification of the observable behavior of a request
handler as a state-oriented state machine

Statechart Diagram statemachine RequestHandler :: initialize( CID_t  {1/2}

auth_t auth;
RID_t rid;

commit(rid)

auth = services|rid].invoke();
channelsrid].send(auth);

request(rid)

status = lock_channel(rid);
@ ==FAIL]

[
status = lock_resource(rid);

release_channel(rid); release_channel(rid);
release_resource(rid); release_resource(rid);

v v

resource_commit(cid,rid)

resource_abort(cid, rid) resource_ack(cid, rid)
@

Figure 3. Implementation of a request handler as a transition-
oriented state machine




1.3.4. System Simulation and Verification

The simulation and verification environment is presented through
a demo. The use of sequence diagrams is discussed in this
context. Figure 4 shows a trace generated by the model verifier
for the system defined in Figures 1, 2 and 3.

Sequence diagram trac
generated for
Server

<<actor>>
=il o]

sd Trace (5) interaction DebugTrace2 {1/1}

setupSession(CID _t (.id = $874.))
«

Coe)
-

resource_request(CID_t (i = 3874.), RID_t (.id = 12.))
request(RID_t (.id = 12.))

-

resource_commit(CID t (lid = 3874.), RID t (.id = 12.))

Ready
global_commit(CID_t (.id =[3874.), RID_t (.id = 12.))
commit(RID_t (.id = 12.))

U

-

resource_ack(CID_t ({id = 3874.), RID_t (.id = 12.))

Cmi)

U

endSession(CID_t (.id = 3g74.))
kill()

-

U

Figure 4. Sequence Diagram trace generated by the model
simulator for a successful resource access, for the models of
Figure 1 and 3.

2. Aspect-Oriented Modeling and Simulation

(75 min)
This Session focuses on the languages constructs used by the
Motorola WEAVR engine to capture aspects, perform simulation
of Aspect-Oriented models and full model weaving.

2.1. Crosscutting Concerns in Models

(10 min)
The characteristics of crosscutting concerns in detailed behavior
models is discussed and illustrated through real world examples.

2.1.1. State Machine Decomposition Units

The decomposition and reuse mechanisms of the Harel statechart
[ ] are presented, including virtual state machines and behavioral
inheritance.

2.1.2. Crosscutting Concerns in Transition-

Oriented State Machines
The structure of crosscutting concerns appearing in state machine
diagrams is discussed with respect to the modularity units (state
and sub-state machines, behavioral inheritance) used in transition-
state machine diagrams. Crosscutting is illustrated through real
world examples from production models.

2.2.  Aspect-Oriented Modeling with the
Motorola WEAVR (30 min)

The language constructs used for Aspect-Oriented Modeling are
presented through examples. In particular, a new joinpoint model
for transition-oriented state machine is motivated and presented.

2.2.1. Aspects

We go over the Aspect-Oriented Modeling profile and the
stereotypes used to define, deploy and compose aspects. Inter-
type declarations are also discussed, including the introduction of
signals and ports in active classes. Figure 5 illustrates the
definition and deployment of a simple tracing aspect within the
server defined in Figure 1.

2.2.1.1.  Aspect Definition
2.2.1.2.  Binding Diagram
2.2.1.3.  Inter-type Declarations
2.2.14.  Aspect Deployment Diagram
2.2.1.5.  Aspect Composition
<<Aspect>>
TracingAspect <<CrosSCUts>> ::Server::Server
ClassDiaaram1 class TracinaAspect!  {1/2}
<<operation, Pointcut>>
execution
. Clx :Any
<<operalion, Pointcut>> <<b|ngs/>>
callexprAction 7 <<operation, Pointcut>>
x: Any =S < <binds>> | initTransition
binds>: " | Ingag-t1 -
tracing x : Any
<<operation, Pointcut>> _ -] a:Any <xhinds>>
outputAction | ~<binds>: ~ [ <<operation Pointeut>>
4 stateTransition
X : Any N
<binds>x X ANy
N
N <<operation,Pointcut>>
termTransition
X : Any

Figure 5. Deployment of an aspect that traces call expression
actions, output actions and transitions in the scope of the
server active class

2.2.2. Pointcuts

The joinpoint model of the WEAVR is based on actions and
transitions. Action joinpoints refer to the action language used.
They include call expression actions, create expression actions
and output actions. Transition joinpoints refer to the selection of
execution paths in the system that match a transition pointcut.
This joinpoint model is discussed and the structure of pointcuts
and pointcut designators is presented. The composition
mechanisms of pointcuts are also presented. Figures 6. 7 and 8
show the pointcut designators of the pointcuts defined in Figure 5.



2.2.2.1
2.2.2.2.
2.2.2.3.

Action Pointcut Designators
Transition Pointcut Designators
Composition of Pointcuts

StatechartDiagram 1 <<Pointcut>> void callexprAction( Any x) {1/1}

<<operation,Expression>>
T
a:Any
return Any
StatechartDiagram1 <<Pointcut>> void outputAction( Any x) {1/1}

Figure 6. Action pointcut designators for a call and an output

action, with one argument

StatechartDiagram1 <<Expression>> Any ‘(.

ZL

)*'(Any x) {1/1}

StatechartDiagram 1 <<Expression>> void '(.)*'( Any x) {1/1}

2.2.3. Connectors
Connectors correspond to advices in Aspect]. The implementation
of aspect connectors is discussed, including context passing and

the use of the

thisJoinPoint reflective API. Figure 9 shows the

implementation of the tracing connector defined in Figure 5.

2.2.3.1.  Context Passing
2.2.3.2.  Use of the thisJoinPoint API
StatechartDiagram1 <<Connector>> void tracing( Any a) {1/1}

?

name = thisJoinPoint::getName () ;
jpType = thisJoinPoint::getJoinPointType () ;
thisClassName = thisJoinPoint::getThisClassName ();

v

printString (jpTypet+" "+name+"
thisJoinPoint: :print (a);

"+thisClassName) ;

proceed (a) ;

printString (jpType+" "+name+"

in "+thisClassName) ;

o

Figure 9. The

tracing connector

2.3. Simulation of Aspect-Oriented Models

For simulation

(20 min)

purposes, the aspects defined in a model need to

maintain a modular structure because woven models do not have a
user-friendly representation. It is therefore required to provide the
ability to simulate an Aspect-Oriented model in a way that is has

semantics that

are equivalent to the resulting woven model,

without performing full aspect weaving.

Figure 7. Expressions for the execution and initTransition

pointcuts

StatechartDiagram1 <<Pointcut>> void stateTransition( Any x) {1/1}

StatechartDiagram1 <<Pointcut>> void termTransition( Any x) {1/1}

Figure 8. A transition pointcut designator as a triggered

transition

Statechart Diagram

statemachine RequestHandler :: initialize( CID_t  {1/2}

auth_t auth;
RID_t rid;

FAL]

-OK] release_channel (rid)z release_channel (rid)z
release_resource (rid) release_resource (rid),

resource_commit(cid,rid)

resource_abort(cid, rid)

resource_ack(cid, rid)

Ready

Init Init

Figure 10.
visualization engine after the tracing aspect has been applied

The request handler as annotated by the




2.3.1. The WEAVR Visualization Engine

The joinpoints and the transition selections that match pointcut
designators are annotated and highlighted in the models. This
enables developers to assess the correctness of the pointcuts.
Figure 10 shows the model of Figure 3 as annotated by the
visualization engine. The symbols containing action joinpoints are
highlighted in pink, while the transition selected by transition
pointcuts are delimited by green marks.

2.3.2. Joinpoints Annotations and Connector

Instances
When the user clicks one of the colored symbols, a state machine
implementation diagram pops up and displays the instantiation of
connectors applied to those locations.

Figure 11 shows an instance of the connector defined in Figure 9,
in the context of the triggered transition from state Ready to state
Init, triggered by the commit signal. This transition matches the
pointcut of Figure 8.

printString (" "+ jpType
printString (" ")
printString (" ")

isClassName_21) ;

intString ("

printString (" e
flushprint () ;

¥

proceed_Ready_commit_cWImTIW8ViiL7cNWZEH8X9XE (rid) ;

)

printString("<-- "+ jpType_21+" "+ targetClassName_21+"::"+ name_21+" in "+ thisClassName_21);

printString (" Mg

flushprint () ;
Figure 11. An instance of the connector of Figure 9, as
instantiated in the context of the transition from Ready to Init,
triggered by the commit signal

—

auth = services]rid].invoke();
channels[rid].send(auth);

release_channel(rid);.
release_resource(rid);

resource_ack(cid, rid)

—
13.a. 13.b.
® ? ®

release_channel(rid),

release_resource(rid);

resource_ack(cid, rid)

Figure 12. Representations of the matched transitions from
state Ready to state Init, triggered by the abort and commit
signals, respectively

2.3.3. Visualization of Transition Selections

The selection of transitions that match transition pointcuts has
non-trivial semantics. It is therefore important to be able to
visualize the transition selections. The visualization engine
therefore generates state machine implementations that represent
those selections. Figure 12 illustrates two execution paths within
the state machine of Figure 3 that correspond to different
joinpoints.

2.3.4. Simulation of Aspect-Oriented Models
Before model simulation, the WEAVR performs a series of
transformations that allows the Aspect-Oriented model to be
simulated using the views of the visualization engine, in a way
that is semantically equivalent to final woven model. When the
model simulator hits a joinpoint, it “jumps” to the corresponding
connector instance, performing context passing, and returns
control to the joinpoint after the execution of the connector
instance. The engine also decomposes the generated sequence
traces according to the action occurrence that correspond to
aspects. Figure 13 shows a decomposed trace generated in the
presence of the tracing aspect.

interaction DebugTrace1 {1/1}

sd Trace Soquence diagram trach) 4)
generated for
Veth
iy e2li] ol1]

procedure start hello_tracing_pct

Pong(0)

Figure 13. Aspect-Oriented decomposition of the sequence
diagram generated by the model verifier



2.3.5. Setting breakpoints on Connector Instances
The simulation environment allows breakpoints to be set on
aspect connectors and connector instances.

2.4. Model Weaving, Execution and Testing

(15 min)
We discuss the full weaving of aspects at the modeling level,
execution on the platform and testing of Aspect-Oriented models.

2.4.1. Model Weaving

The final weaving is performed right before code generation.
Developers are never supposed to manually inspect a woven
model. Various optimizations can therefore be performed while
the presentation elements of the model can be disregarded

2.4.2. Execution of Aspect-Oriented Models
The execution of the code generated from an aspect-oriented
model is demonstrated using a real work example

2.4.3. Testing of Aspect-Oriented Models

We discuss how aspect-orientation affects the test definitions in
TTCN-3.

3. Examples and Hands-on Session (50 min)
This session will demonstrate the constructs and techniques
presented in Session 2 through different examples.

3.1. Connecting to the Development

Environment (5 min)
The attendees will have the opportunity to login on a server
running the development environment. The tools and example
models will be setup in advance to minimize the connection and
setup procedure.

3.2. Overview of the Telelogic TAU

Environment (5 min)
The user interface of Telelogic TAU will be briefly reviewed to
familiarize the attendance with the development environment.

3.3. Model Simulation (20 min)
The attendance will be encouraged to browse through small,
medium size and real (sanitized) models used in production,
compile those models and run them in the simulator.

3.3.1. Ping Pong Model

This is a small model that illustrates key language feature.

3.3.2. Simple Router Model

The simple router model is a realistic implementation of a simple
router. This model will be used in Section 3.4.2 in the context of
timeout and quality of service concerns.

3.3.3. Resource Access Server Model

This model features a realistic implementation of an application
server. It intends to show that these types of applications, which
are typically written in Java, feature a lot of reactive behavior and
can advantageously be implemented using modeling techniques.

3.3.4. Subscriber Manager Model

This model is sanitized version of a large model used in
production. It intends to show that the techniques presented in the
tutorial are scaleable.

3.4. Aspect-Oriented Model Simulation and
Aspect Weaving (20 min)

The attendance will be encouraged to browse through the aspect
definitions, deploy them and run Aspect-Oriented models in the
simulator. The aspects will also be woven at the modeling level
and the generated artifacts executed.

3.4.1. Tracing Aspect

This is a simple out of the box tracing aspect deployed in
production at Motorola. If illustrates the different types of
pointcuts supported by the WEAVR.

3.4.2. Timeout Aspect
This aspect encapsulates quality of service concerns. It can be
deployed in any of the models used in section 3.3.

3.4.3. Fault Tolerance Aspect

This aspect enforces the specification of the two-phase commit
protocol. It is intended to be deployed in the resource access
server.

3.4.4. Security Aspects
These aspects perform authentication and encryption. They are
intended to be deployed in the resource access server.

4. Discussion and Conclusions (10 min)
The focus of the discussion will be the new opportunities for
Aspect-Oriented Software Development within a Model-Driven
Engineering environment.

PREVIOUS PRESENTATIONS

Earlier versions of this tutorial have been presented to software
engineers of the Motorola Networks and Enterprise Business Unit
(about 60 developers). These sessions will be pursued and
extended in 2007.

The tutorial has also been presented to a user group of graduate
students at the Illinois Institute of Technology (about 10 students)
An early draft of the tutorial is available at:
http://www.iit.edu/~concur/weavr/documentation.html

The latest version used contains proprietary information and
needs to be sanitized before it can be published.

External presentations on the WEAVR tool are available at:
http://www.iit.edu/~concur/weavr/presentations.html

REQUIRED EQUIPMENT

No particular equipment is needed for the presentation except for
a LCD projector.

Attendees that whish to login on a server running the development
environment need:

- a SSH client such as Putty

http://www.chiark.greenend.org.uk/~sgtatham/putty/download.html
- a VNC client, such as Real VNC

http://www.realvnc.com/cgi-bin/download.cgi
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