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Abstract:

This document introduces a metamodel for HIDENETS related software development and the
corresponding UML profile. The metamodel (i) presents the relation of HIDENETS services, data
types etc. in an unambiguous semi-formal notation; (ii) indicates the relation of HIDENETS
artifacts to previously published standards and (iii) provides a solid conceptual foundation for
modelling applications running on the HIDENETS architecture.

Considerable features of the approach are the integration of previously published standards (UML
2.0, Reusable Asset Specifications, SysML, UML Profile for Schedulability, Performance and
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Time, profiles for mobile systems, AUTOSAR, the Fault Tolerant UML Profile and Service
Availability Forum specifications) and the application of most recent achievements from the
software modelling and model transformation communities.

Keyword list: metamodel, UML profile.
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Executive summary

The current proposal summarizes the metamodel and UML profile related to the HIDENETS
architecture and services. The metamodel defined here is based on the information obtained from
deliverables documenting efforts carried out previously in the framework of the project (mainly
work packages WP2 and WP3). The goals of the HIDENETS metamodel are (i) to present the
relation of HIDENETS services, related data types etc. in an unambiguous semi-formal notation;
(i1) to indicate the relation of HIDENETS artifacts to previously published standards and primarily
(iii) to provide the solid conceptual foundations for modelling applications running on the
HIDENETS architecture.

A primary objective in designing the metamodel was the clarification of the relation between the
HIDENETS specific model-driven design and implementation approach and the standards in the
field. The main policy was to assure compliance to the major standards as far as possible in order to
support the future reuse of development technologies in the mainstream of embedded applications.
In this context, SysML was taken into account as one of the evolving standards. An important
domain-specific standard package related to the target pilot field of application (automotive) is
AUTOSAR [AUTOSAR] where the fitting of the HIDENETS and AUTOSAR concepts has already
been done but future compliance checks are needed as this package undergoes a recent rapid
evaluation.

On the other hand, as HIDENETS aims at the assurance of dependable services over an unreliable
and rapidly changing communication environment, the reuse of existing standards was of a topmost
priority. This way, compliance to the standards already elaborated by the Service Availability
Forum, the standardization body composed of market leading IT and telecommunication
enterprises, was followed whenever possible down to the single service level.

The main promise of this approach is a high-level of portability of the applications between the
mobile and fixed network based infrastructure domains.

In this context, our intention is to communicate with the standardization bodies on the practical
usefulness and feasibility of a widespread use of this proposal.

Further work on the latest meta-model and UML profiles will include the following main activities:
e Further harmonization with the standards with a special emphasis on AUTOSAR.
e Interaction with and progressing of standards in the modelling and high-availability area.

e Continuous maintenance of this initial proposal in concordance with the evolution of the
HIDENETS reference model (WP1), node architecture (WP2), and the communication
infrastructure (WP3).

e The recent meta-model can be extended by WP4 in order to support verification and
validation activities and serves as a basis for the test-related activities in WP5.

e Finally, the meta-model and UML profile will be used in WP5 to create the pilot domain-
specific technology supporting the technology demonstrators in WP6.
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Abbreviations

AIS
AMF
API
AUTOSAR
CKPT
CLM
COTS
CWM
EMF
EVT
FT
GMF
GMT
GRM
HA
IMM
LCK
LOG
MDA
MOF
MSG
NAM
NTF
OCL
OMG
PIM
PSM
QoS
RAS
SA
SAF

Application Interface Specification
Availability Management Framework
Application Programming Interface
AUTomotive Open System Architecture
Checkpoint Service

Cluster Management
Commercially Off-The-Shelf
Common Warehouse Metamodel
Eclipse Modeling Framework
Event Service

Fault Tolerance

Graphical Modeling Framework
Generative Modeling Technologies
General Resource Modeling
Highly Available

Information Model Management Service
Locking Service

Log Service

Model Driven Architecture

Meta Object Facility

Message Service

Naming Service

Notification Service

Object Constraint Language

Object Management Group
Platform Independent Model
Platform Specific Model

Quiality of Service

Reusable Asset Specification
Service Availability

Service Availability Forum
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SPT
SUT
TMR
UML
XMI

UML Profile for Schedulability, Performance and Time
System Under Test

Triple Modular Redundancy

Unified Modeling Language

XML Metadata Interchange
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1 Introduction

This section presents an overview on the HIDENETS design context, enumerates the requirements
against the metamodel to be developed (e.g., should support modelling application structure both at
the application and the node level, should provide a solid conceptual basis for automatic code
generation, etc.), outlines the modelling methodologies and paradigms integrated into our approach
(modelling languages, metamodelling, model driven architecture, open modelling environments and
design patterns) and highlights the key parts of our contribution (i.e., the metamodel itself, the UML
profile based on the metamodel and the design pattern library).

1.1 Design context

Modern design methodologies fit under the model-driven architecture initiative in which
applications are primarily designed and specified by their (semi-) formal model. After each major
step in the design workflow these models are verified and validated against the initial requirements
those generating a series of gradually refined models. The final implementation model can serve as
the basis of automated code generation (the generated code may range from code frameworks
defining the calling sequences together with their parameterization to a complete automation
generating a final run-time code).

Benchmark-based experiences indicate [Doban01] that, depending on the support on the terms of
formal verification and validation, this approach promises an increase in productivity of one order
of magnitude completed by an improved quality by one and half orders of magnitude in the terms of
residual faults in the target code.

The additional benefits of a model-based approach originate in the uniform specification at all the
level of the design workflow and a high-level of reusability of the embedded intellectual property:

e A meta-model has the advantage over the traditional verbal formulation that it delivers a
compact and unambiguous specification of the modelling notations and their interrelation.
The compliance of a particular special meta-model like that of the HIDENETS approach to
the standards to which it has to comply (for instance, different fundamental UML dialects,
SA Forum standards etc.) can be even formally proven by a novel, ontology-based approach
developed in the framework of the DECOS® IP at BUTE [Pataricza06].

e In the context of embedded systems the modelling paradigm has to be compliant with
different standards in order to support the reuse of existing development support
technologies like model editors, V&V tools etc. An important element of a tool-chain is the
availability of open source solutions for the most common development tasks in a reusable
and customizable form. For instance, Eclipse [Eclipse] the target platform selected to serve
as the fundamental framework for the HIDENETS software development technology,
already provides such fundamental services as customizable editors or a version control. The
use of such a widespread technology has the additional benefit that the designer can rely on
a well-known user interface which is basically independent in its philosophy from the actual
application domain.

! DECOS - Dependable Embedded Components and Systems, IST 511764, EU 6th FWP
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e General purpose languages, like the basic UML, are tedious in the case if some repetitive
elements (like HIDENETS middleware calls) appear frequently as the user is forced to
repeat the elementary model component creation operations despite the fact that they are
template-like. Domain-specific editors support the reduction of this routine workload by
introducing stereotyped elements and higher level constructs into the graphical editor.
Modern support services, like GMF, the Graphical Modelling Framework in Eclipse, are
able to generate so-called domain-specific editors from the meta-model representing the
notations complemented by the specification of the appearance of the visual elements.

e Automated transformations can be used to generate out of an application model different
formal analysis codes (e.g. Petri Nets, queuing networks, etc.) in addition to the run-time
code. Moreover, automated analysis may cover the generation of such models which differ
from the original one for the purpose of a “what-if” analysis. A typical example for such an
analysis is dependability evaluation of the overall architecture in which automated
transformations are able to generate faulty mutations of the application model based upon
the technology related knowledge on fault mechanisms. These derived mutations can be
made subject of a formal analysis proving the fulfilment of the dependability related
requirements.

1.2 HIDENETS architecture and profile requirements

In this deliverable we introduce a framework for the HIDENETS platform. The main objective of
the framework is to facilitate the development of HIDENETS based applications. The framework
follows the principles of the Model-driven Development on the basis of UML technology. The two
basic elements of the framework, that are described in this report, are the metamodel of the
HIDENETS platform and the UML profile that extends the semantics of Basic UML.

Levels of requirements. There are certain requirements that the framework has to satisfy to
provide all the functionalities that are needed for application development. These requirements can
be conceptualized on two levels of the HIDENETS platform: the application level and the node
level.

Application level. Application level requirements describe the functionalities that are needed for
the development of application structures. These are the following:

e Model application structure and behaviour aspects.

Model-driven development is based on models which are abstractions of the application
from different perspectives. These perspectives can be e.g. the application structure,
behaviour of components and middleware service access. Furthermore these models should
support the programmatic checking of various application properties like provided quality of
service.

e Provide automatic code generation facilities.

Many faults are introduced during programming by humans, thus the automatic generation
of application code is an essential part of the introduced framework.

Node level. Another group of requirements corresponds to the node level of the HIDENETS
platform. Here we have the following requisites:
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e Ability to describe the service components and deployment configurations.

It is substantial to be capable of describing the service configuration of a node in the system.
The service configuration contains the components that provide the services and their
interfaces.

e Model service-service dependencies.

Service-service dependencies show which service requires which other services during
operation; such information is essential for correct deployment of services and applications
on HIDENETS nodes, and for analysis of non-functional properties.

1.3 Methodology

In this section we discuss the methodologies that are used during the creation of the HIDENETS
metamodel. First we introduce the concepts of modelling languages and UML in detail. Then we
deal with the methodologies of the Metamodelling and Model Driven Architecture. Next we give a
short introduction on open systems. Last we discuss the usage of patterns.

1.3.1 Languages

As nowadays’ systems are getting more-and-more complex new ways had to be found to keep the
control over the creation and maintenance of them. As a result, different modelling languages have
been created that provide abstract, domain specific views and thus simplify the overview of these
tasks. One of these languages is the Unified Modelling Language.

The Unified Modelling Language (UML) [UML] is a standard of the Object Management Group
(OMG). UML is a visual language for specifying, constructing and documenting the artifacts of
systems. It is a general-purpose modelling language that can be used with all major object and
component methods, and that can be applied to all application domains and implementation
platforms. During the last few years UML has emerged as the software industry’s dominant
modelling language. It is widely accepted among system designers, analysts and programmers. The
UML specification is defined using a metamodelling approach that adapts formal specification
techniques. While this approach lacks some of the rigor of a formal specification method, it offers
the advantages of being more intuitive and pragmatic for most implementers and practitioners.

UML was designed as a general modelling language. However, instead of defining all the modelling
concepts of the domains where UML could be used, the specification contains only some core
elements and a standardized extension mechanism is given. These extensions include the
Constraint, Stereotype, and TaggedValue constructs. A constraint is an expression that restricts the
structure or the behaviour of an element, usually written in the Object Constraint Language (OCL)
[OCL]. A stereotype defines how an existing class may be extended, and enables the use of
platform or domain specific terminology or notation in place of or in addition to the ones used for
the extended class. A stereotype can be attached to a modelling element to further classify it and
add additional properties to it. E.g. in software modelling a class can be labelled with the Web Form
stereotype (marked with writing <<Web Form>> before the name of the class), and a tool can use
this information to visualize the element with a specific graphics. A tagged value is a property
defined for a stereotype. E.g. in the previous example the Web Form stereotype can have the title
and the font size parameters.
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1.3.2 Metamodelling

Metamodelling is the precise definition of a modelling language. A metamodel consists of the
concepts and rules that can be used in a model for a specific problem. More precisely, for the
definition of a modelling language the followings shall be given i) the abstract syntax defining the
concepts of the given domain and their relations, ii) the concrete syntax defining the textual or
graphical notations of the concepts, iii) well-formedness rules defining further constraints for the
concepts, and iv) the formal semantics defining the dynamic behaviour of the models.

One of the first metamodelling frameworks is OMG’s standard Meta-Object Facility (MOF)
[MOF]. The MOF specification defines an abstract language and a framework for specifying,
constructing, and managing technology neutral metamodels. A metamodel is in effect an abstract
language for some kind of metadata. Examples include the metamodels for UML, CWM, SysML
and the MOF itself.

The specification of MOF includes the following aspects:

e aformal definition of the MOF meta-metamodel; that is, the abstract language for specifying
MOF metamodels,

e an XMl format for MOF metamodel interchange.

The XML Metadata Interchange (XMI) specification defines technology mappings from MOF
metamodels to XML DTDs (Document Type Definition) and XML documents. These mappings
can be used to define an interchange format for metadata conforming to a given MOF metamodel
(see more in the section about XML).

UML and MOF are normally viewed in the context of a conceptual layered metadata architecture.
Although the metamodels for MOF and UML are designed to be architecturally aligned, sharing a
common subset of core object modelling constructs, this does not bind the modeller to stick to UML
as the modelling language. Just on the contrary, the whole metamodelling mechanism is useful to
provide a common modelling framework where model instantiation can occur using different
modelling languages.

The classical framework for metamodelling is based on an architecture with four metalayers. These
layers are conventionally described as follows:

1. the information layer with the data that should be described;
2. the model layer with an abstract representation of the data in the information layer;

3. the metamodel layer with the descriptions that define the structure and semantics of
metadata;

4. the meta-metamodel layer with the description of the structure and semantics of meta-
metadata.

Figure 1 depicts this classical four layer framework illustrated with a HIDENETS, platooning use
case related example: the metamodel layer contains a metaclass (PhysicalNode) taken from the
metamodel discussed below; the model layer presents a fragment of a software model building on
the HIDENETS metamodel (introducing classes FirstVehicle and FollowingVehicle as possible
members of a platoon) while the information layer presents an actual platoon (in the form of an
object diagram) where the platoon consists of a first vehicle and two following vehicles.
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Figure 1: Illustration of the MOF 4-layer framework

As the first adopted technologies specified using a metamodelling approach, the UML, MOF, and
XMI provide the foundation for OMG's Model Driven Architecture (MDA). Future metamodel
standards should reuse MOF and UML’s core semantics and emulate their systematic approach to

architecture alignment.

1.3.3 Model Driven Architecture (MDA)

The Model Driven Architecture (MDA) [MDA] is a specification of the Object Management Group.

MDA starts with the well-known and long established idea of separating the specification of the

operation of a system from the details of the way that system uses the capabilities of its platform.

MDA provides a powerful and elegant conceptual framework for the consistent integration of semi-

formal visual modelling, model analysis based on formal verification and validation techniques and

code generation (Figure 2).

MDA provides an approach for and enables tools to be provided for:

e specifying a system independently of the platform that supports it,

e specifying platforms,

e choosing a particular platform for the system, and

e transforming the system specification into one for a particular platform.

The three primary goals of MDA are:

e portability,
e interoperability,

e reusability.
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Figure 2: Model Driven Architecture approach

The main concepts of MDA are (excerpts from the specification):

System: A system may include anything that exists or is planned to exist: a program, a single
computer system, some combination of parts of different systems, a federation of systems,
each under separate control, people, an enterprise, and a federation of enterprises.

Model: A model of a system is a description or specification of that system and its
environment for some certain purpose. A model is often presented as a combination of
drawings and text. The text may be in a modelling language or in a natural language.

Application: An application is a functionality being developed. A system is described in
terms of one or more applications supported by one or more platforms.

Platform: A platform is a set of systems and technologies that provide a coherent set of
functionality through interfaces and specified usage patterns, which any application
supported by that platform can use without concern for the details of how the functionality
provided by the platform is implemented.

Platform independent model (PIM): A platform independent model is a view of a system
from the platform independent viewpoint. A PIM exhibits a specified degree of platform
independence so as to be suitable for use with a number of different platforms of similar

type.

Platform specific model (PSM): A platform specific model is a view of a system from the
platform specific viewpoint. A PSM combines the specifications in the PIM with the details
that specify how that system uses a particular type of platform.

Platform model: A platform model provides a set of technical concepts, representing the
different kinds of parts that make up a platform and the services provided by that platform.
It also provides, for use in a platform specific model, concepts representing the different
kinds of elements to be used in specifying the use of the platform by an application. A
platform model also specifies requirements on the connection and use of the parts of the
platform, and the connections of an application to the platform.

Model transformation: Model transformation is the process of converting one model to
another model of the same system.

Implementation: An implementation is a specification, which provides all the information
needed to construct a system and to put it into operation.
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MDA is said to be model-driven because it provides a means for using models to direct the course
of understanding, design, construction, deployment, operation, maintenance and modification. It
suggests using different models at the different levels of abstraction and at different phases of
development during system development. The process of development will consist of the
composition and refinement of models. Transformations serve as means of progressive refinement
of models from abstract, platform independent, requirement centric towards concrete, platform
specific, implementation centric.

Our HIDENETS modelling approach fits to the MDA initiative as discussed below:

e The platform independent model of an application is a UML model where the restrictions
enforced or services provided by the platform are still not taken into consideration i.e., this
is a model where the underlying platform has not yet been chosen thus no commitments
were made for the actual implementation of various services.

e The platform specific mapping of the platform independent model takes into consideration
the specialties of the target platform for the most suitable implementation of some services,
e.g., with respect to the HIDENETS platform the modeller may decide to use the reliable
communication middleware provided by HIDENETS for the implementation of some
application specific messaging function. Platform specific UML models are stereotyped
according to the corresponding profile.

e The implementation of a platform specific model obviously uses the implementation of
various platforms specific services, e.g., in case of the example above the messaging
function will call HIDENETS service implementations as COTS components.

e Having clearly separated the three key steps of the development the power of MDA can be
exploited by creating automatic tools that are capable of transforming platform specific
models to their implementation (e.g., generating source code or at least code frames,
configuration files, deployment descriptors etc.).

1.3.3.1 Model transformation

MDA highly relies on effective tool support, which is still lacking today. Most importantly tools
and engineering practices are needed not only for model engineering (‘modelware’), but for
transformation engineering (‘transware’). Below we give a short overview on the VIATRAZ2 graph
transformation system that aims at providing the necessary technological foundations for automatic
model transformations to be used in MDA-based development.

The main objective of VIATRAZ2 (VIsual Automated model TRAnsformations [VIATRAZ]) is to
provide general-purpose support for the entire life-cycle of engineering model transformations
including the specification, design, execution, validation and maintenance of transformations within
and between various modelling languages and domains.

VIATRA 2.0 is a generic model integration and transformation framework integrated into the
Eclipse platform, by the means of plugins, offering a large variety of development and design tools
for the user.

The basic architecture of VIATRAZ2 uses a central model space that can contain an arbitrary number
of models and meta-models simultaneously. A generic graphical user interface is attached to this
repository to support the browsing and manipulation of models. The framework has an extendable
set of model import and export modules that serve the integration of various modelling tools. The
transformation engine also works on the model store and uses a powerful command language




Page 19 of 120
IST-FP6-STREP-26979 / HIDENETS Public

(called VIATRA Textual Command Language VTCL) [BaloghO6] that is composed of graph
transformation rules and abstract state machines (ASM) [B6rger03].

VIATRA 2, a general model transformation system, has been developed in order to support the
dynamic, multilevel metamodelling features of the visually precise and multilevel metamodelling
framework VPM [Varr603], and generic/meta transformations. The main intended usage of the
framework is dependability evaluation and optimization of business process workflow models and
UML models.

A source user model (which is a structured textual representation such as an XMl description of a
UML model exported from a CASE tool) is imported into the VPM model space. Transformation
specifications can be constructed by combining graph transformation [Ehrig99] and abstract state
machine [Varr603] rules. These rules can be created within the framework or in a UML tool using a
special profile.

The rules are then executed on the source VPM model by the generic (higher-order) VIATRA rule
interpreter in order to yield the target (VPM) model. Finally, the target model can be serialized into
an appropriate textual representation specific to back-end tools.

As mentioned above, model transformations may be used for automatically transforming
HIDENETS platform-specific software models to source code, configuration files, deployment
descriptors etc. The application of such automatic tools promises a significant increase in the
productivity, reducing development costs and enhancement of software quality.

1.3.4 Open systems

Interoperability is a recurring problem in the history of computer systems development. Open
systems have been developed with publicly known interfaces to overcome this issue. Well known
examples are e.g. POSIX, CORBA or Web services.

A wide range of tools has been developed to support the standards based software engineering
process. In the recent years the integration of tools is getting more and more attention. Eclipse is
one of the most widely used frameworks that support such integration. Since Eclipse is a primary
candidate for providing the basis for application modelling and model transformations (possibly
used for implementing the MDA initiative in the context of HIDENETS as outlined above), below
we give an overview of the Eclipse related technologies.

1.3.4.1 Tool integration in the Eclipse framework

The Eclipse Project [Eclipse] is an open source software development project dedicated to
providing a robust, fully-featured, commercial quality, industry platform for the development of
highly integrated tools. It was developed by IBM from 1999, and a few months after the first
version was shipped, IBM donated the source code to the Eclipse Foundation. The Eclipse project
consists of many subprojects, the most important being the Eclipse Platform, that defines the set of
frameworks and common services that collectively make up the ”integration-ware” required to
support a comprehensive tool integration platform. These services and frameworks represent the
common facilities required by most tool builders, including a standard workbench user interface and
project model for managing resources, portable native widget and user interface libraries, automatic
resource delta management for incremental compilers and builders, language-independent debug
infrastructure, and infrastructure for distributed multi-user versioned resource management.
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Eclipse Plugin architecture. The Eclipse Platform has an easily extendable modular architecture,
where all functionality is achieved by plugins, running over a low-level core called Platform
Runtime. This runtime core is only responsible for loading and connecting the available plugins,
every other functionality, such as the editors, views, project management, is handled by plugins.
The plugins bundled with Eclipse Platform include general user interface components, a common
help system for all Eclipse components, project management and team work support.

Eclipse Modelling Framework. Eclipse Modelling Framework (EMF) [Eclipse-EMF] is a Java
framework and code generation facility for building tools and other applications based on a
structured model. EMF provides a meta-model (Ecore) [Ecore-API] for describing structured
models. Using these structured models EMF provides tools and runtime support to produce a set of
Java classes representing the model, a set of adapter classes that enable viewing and a basic editor.

Graphical Modelling Framework. The Eclipse developers have realised that there is a need for
rapid language engineering. Thus, an intermediate framework was drafted, whereby a diagram
definition would be linked to a domain model as input to the generation of a visual editor. This is
the Graphical Modelling Framework (GMF) [Eclipse-GMF] project, which aims to provide the
fundamental infrastructure and components for developing visual design and modelling surfaces in
Eclipse. The typical workflow to create a domain-specific editor and a code generator is the
following: (1) create an "EMF model” (which is actually the domain metamodel); (2a) create
diagram metamodels; (2b) create a mapping model between the EMF model and the diagram
model; (3) refine the domain metamodel on a graphical interface, add OCL constraints; (4) design
the visual representations for diagram elements using a graphical interface; (5) generate the domain-
specific visual editor; (6) use the generated Eclipse plug-in for modelling; (6) manually implement a
code generator; (7) generate application code.

1.3.5 Patterns

A pattern is a recurring solution to a standard problem. When related patterns are woven together
they form a “language” that provides a process for the orderly resolution of software development
problems. Pattern languages are not formal languages, but rather a collection of interrelated
patterns, though they do provide a vocabulary for talking about a particular problem. Both patterns
and pattern languages help developers communicate architectural knowledge, help people learn a
new design paradigm or architectural style, and help new developers ignore traps and pitfalls that
have traditionally been learned only by costly experience [Schmidt96].

Patterns are usually given in a structured format. For example [Schmidt00] uses the following
sections. Example section introduces the Context, Problem, and Solution sections, which summarize
a pattern's essence. The Solution section foreshadows the Structure and Dynamics section, which
then present more detailed information about how a pattern works, preparing for the Implementation
section. The Example Resolved, Variants, Known Uses, Consequences and See Also sections
complete each pattern description. Many other formats have been used in other publications, thus
OMG created the Reusable Asset Specification to unify the definition of patterns.

Design patterns. Design patterns describe solutions to typical object oriented problems. Design
patterns are usually organized in the following categories: creational, structural, and behavioural
[GoF95]. A typical design pattern is the abstract factory, which provides an interface for creating
families of related or dependent objects without specifying their concrete classes.
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Architectural patterns. Architectural patterns describe higher-level solutions when designing
complex systems. For example, in case of a concurrent and networked middleware proven patterns

exist for event handling, synchronization or service access.

A well-known architectural pattern is the Reactor (also known as Dispatcher) [Schmidt00] pattern,
which is used when a system receives multiple concurrent request simultaneously, but processes
them serially. The reactor handles the demultiplexing and dispatching of the service requests. The

structure of the pattern is illustrated on Figure 3.

Initiation Dispatcher select (handlers); N
handle events() O-——f————- _y| foreach h in handlers loop
e ) . h.handle_event(type)

register_handler(h) end loop
remove handler(h) handlers
| 1 ~ | Event Handler
Hses Handle |« owns handle event(type)
N get handle()
notifies
l
Synchron?us Event O
Demultiplexer | Event
select() Handler

Figure 3: The Reactor pattern [Schmidt00]

Analysis patterns. An analysis pattern is a group of related, generic objects with stereotypical
attributes, behaviours, and expected interactions defined in a domain-neutral manner [Fowler97].
The patterns define more abstract concepts and could be used in the conceptual design phase.

Domain-Independent Analysis Pattern
Name: Place-Transaction §
Meta-Classes

Category: Transaction Patterns /
" Association \
_ A 4 -
4 Place \\. | 7" Transaction \,
III N
Attributes p number I number
name / date
address n v time
aboutMe 1| status
aboutMe
Methods howMany
howMuch —~7——1=——__ & calcForMe
caleOverTransactions | » rateMe /
rank Transactions _‘,_J--""'( —_—

calcForMe - )
AN S

Interactions

Typical Object Interactions:
howMany = calcForMe
howMuch = calcForMe

Examples:

Place: airport, assembly line, bank, clinic, depot, garage,
geographic entity, hangar, hospital, manufacturing site, plant, region,
sales outlet, service center, shelf, station, store, warehouse, zone.

Transaction: agreement, assignment, authorization, contract, delivery,
deposit, incident, inquiry, order, payment, problem, report, purchase,
refund, registration, rental, reservation, sale, shift, shipment,
subscription, time charge, title, withdrawal.

Combinations:
Participant-Transaction; Specific ltem-Transaction; Transaction-
Transaction Line ltem; Transaction-Subsequent Transaction.

Figure 4: An example for an analysis pattern [Purao03]

caleOverTransactions = calcForMe
rank Transactions = rateMe
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In Figure 4 an analysis pattern called Place-Transition is described with its structure and the
domains it can be applied.

Workflow patterns. Workflow patterns refer specifically to recurrent problems and proven
solutions related to the development of workflow applications in particular, and more broadly,
process-oriented applications. In [Aalst03] patterns are categorized as control-flow, resource, data,
and exception handling patterns. The patterns range from simple constructs, e.g. multi-choice, also
to complex routing primitives, like Cancelling Partial Join for Multiple Instances.

1.4 The HIDENETS modelling approach

In this chapter we present the modelling approach that was used for the elaboration of the
HIDENETS modelling framework. The work consists of the following parts:

e Metamodel. The metamodel is a semi-formal description of the HIDENETS platform. The
metamodel defines the following:

o0 Concepts used in the application and the resilient middleware. Whenever it was
possible a representation defined in a standard was used for each concept.

o0 Interfaces defining the interaction points between the applications and the
HIDENETS middleware. The interfaces are based on the SA Forum interfaces, only
extended if a new functionality was introduced by a HIDENETS service.

0 Service dependencies describing the interaction between the HIDENETS services.

e Profile. The UML profile is the representation of the metamodel from an application
developer viewpoint. With the elements defined in the profile the developer can use the
functionality of the platform in a straightforward, declarative way in its application.

e Design pattern library. The more complex scenarios, e.g. when the functionality of
multiple services is used, that are common in many applications could be defined in the
form of reusable design patterns. The design pattern library is a collection of such
HIDENETS related patters.

Please note that the metamodel described here is in an initial phase of the development procedure
and further iterations steps will refine it based on the progress of the other work packages.
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2 Standards and specifications

This chapter presents a short overview on previously published standards concerning (i) some
general modelling aspects (reusing components and testing), (ii) embedded software development
(various UML profiles proposed in the literature), (iii) dependability-related specifications (UML
fault tolerance profile, Service Availability Forum specifications) and (iv) automotive industry’s
domain-specific modelling initiatives (AUTOSAR).

The structure of the next section is as follows. After the overview of all the relevant standards and
specification each of them is evaluated in Section 2.4 according to the following criteria:
compliance to HIDENETS objectives, industrial relevance, extensibility, extension requirements,
tool support, and openness.

2.1 General modelling

In this section we give an overview of the standards that are used for the creation of the metamodel
or provide methodology and notational conventions that are to be used later in the project.

2.1.1 Reusable Asset Specification

To support the reuse of components and solutions for various problems, OMG has defined the
Reusable Asset Specification (RAS) that introduces a rigorous hierarchy for describing software
assets. RAS focuses on the classification, content, and usage of software assets.

An asset is a solution for a software development problem. The problem may be related to the
evolution of the system’s artifacts or be directly related to the domain problem that the system is
being developed for. If an asset has been developed with reuse in mind then we call it a reusable
asset.

RAS is described in two major categories, Core RAS and RAS Profiles. Core RAS represents the
fundamental elements of asset specification, while RAS Profiles contain extensions to those
fundamental elements. A RAS Profile can extend the Core RAS or another RAS Profile (see Figure
5). A RAS Profile must not loosen the constraints defined on the elements of its ancestor Profile but
imposing stricter rules is allowed.

Core RAS
” (=) Asset

1

(= Default Profile

5 V\
Extendls

Extends 5
the Default Profile T © Default Component Profile © Hidenets Profile the Default Profile

Defalt Profile
realizes the abstract
Core RAS

with basic component | with Hidenets specific
semantics semantics

Figure 5: Relation of the Core RAS and Profiles

Assets are defined by building models that use the elements defined in a selected profile. These
models are stored in XML files that conform to the XML schema defined by the Core RAS
metamodel and contain the extensions of the applied profile. In Figure 6 the Core RAS metamodel
is depicted.
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The root element is the asset class. The asset is composed of a profile, the classification of the
solution, the solution itself and the information related to the usage of the asset. The profile is a
reference to the RAS profile that defines the elements and semantics that the given asset uses, e.g.
the Default profile or the Default Component Profile. The asset can be classified from one or more
perspectives and this is what the classification element is used for. The solution contains all the
artifacts that are needed for solving a given problem. The usage describes the activities to be
performed for applying or using the asset. And there may be assets that are somehow related to the

Figure 6: Core RAS metamodel

described asset. Such assets are identified by the related-asset element.
More details of the model can be found in [RAS].

2.1.2 UML 2.0 Testing Profile

The UML 2.0 Testing Profile (U2TP) [U2TP] is an official OMG standard UML extension defining
testing related concepts. By defining the common testing notions and providing profile elements for
them it can help to specify test scenarios and test cases using the existing design models.

The concepts of the profile are grouped into four groups:

Test Architecture,
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e Test Behaviour,
e Test Data,
e Time.

Test Architecture. The Test Architecture group contains concepts to describe the test environment
and the role and relationships of each element within. Typical examples include well-known testing
concepts like System Under Test (SUT), test component and test context. These concepts and the
corresponding stereotypes in the U2TP profile could be used to describe the static structure of the
test system. Figure 7 illustrates a component diagram, which describes the testing roles of the
components in the given test.

«TestComponent»
= | Cooperative Data Backup

wlisen

&S1T» slsamn «TestComponents
= | Proximity map - = | CooperationOracleStup

Figure 7: Specifying test environment with UML Testing Profile

Test Behaviour: The Test Behaviour group contains elements for describing the test case
specifications. The stereotypes included in the profile help express what are the passed and failed
branches of the tests or compulsory and optional messages in a communication scenario. By
assigning verdicts (e.g. pass, fail or error) to test cases the outcome of a test can be specified. Figure
8 depicts a case, where the <<ValidationAction>> stereotype is used to specify the outcome of the
test.

4 getNeighbours : verdict

cdb:Cooperative Data Backup proximity map:Proximity map

1: getMeighbours

[neighbours == {1,2}] 1: return neighbours

<<\alidationAction>>
pass

<<ValidationAction>>
fail
Figure 8: Test case specification using U2TP

Test Data: The Test Data concepts are used to specify the test data used in the test cases. With the
help of Wildcards and data pools, a large number of test data can be given in a compact form.
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Time: The Timer concepts contain timers that can be used to define timeouts in the test cases. A
special element is available for grouping time-synchronized parts of a system, called timezone.

Once the test cases have been defined using the elements of the U2TP profile, the test could be
executed using the predefined mappings. The concepts in the standard are mapped to two well-
known test execution systems, namely JUnit [JUnit] and TTCN-3 [TTCN3]. It should be noted, that
the mapping is not complete in some cases, because U2TP defined a more general functionality than
the ones supported by these two platforms.

For a more detailed description of the U2TP profile and a case study showing the usage of the
different elements see [Dai05].

2.2 Embedded standards

In this section we describe the standards that are available in the field of embedded systems and are
subject to use in the HIDENETS project.

2.2.1 SysML

The System Modelling Language (SysML) is a general-purpose modelling language for systems
engineering applications. SysML aims at supporting the specification, analysis, design, verification
and validation of a broad range of large and complex systems that include hardware and software
components.

SysML is being defined by the “SysML Partners