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1 Introduction

This document describes the contributions from CONTREX taribéeling needs expressed

by the partners and initially described in the DoW. It represents the outcome of the work done
in task T2.1 of Whdel fat éietecogeneowss,t disttibutédMeontral
systemso.

The DoW includes the followingnodelingaspects as requirements that need to be addressed
and hence may impact ¢ime metamodel:

1 The ability to establish concrete views (concerns) for eacHurational property (NfP) to
be modeled. Besides functional behavior, this comprises: time, poweeraperature.

1 The specification of diagrams/languages to handle the different perspectives in the design
process. Perspectives explicitly mentioned are: Feature, Functional, Logical, Technical, and
Geometrical.

1 The capacity to represent all these viemsl perspectives at progressively richer levels of
detail, coming from highly abstract specification levels to the physical implementation one.
Specific abstraction levels are: Requirements, system, virtual resources, nodes, and system
on-chip.

1 Specific apects to be supported arethe domains ofcontrol systems mixed-criticality,
and networking.

The multiple aspects here mentioned can be seEigime 1.1 (takenfrom the description of
work).

Perspectives
Feature Functional Logical Technical Geometrical

e =

Requirements ) = ﬁ % ,/I
e \% } =
i - b [ v et R i « >

'
k.
=

System

Virtual Resource

Node

SoC

Abstraction
levels v

Figurel.1l: Prospective organization ofodels made witthe CONTREX metanodel
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This picture shows a prospective organization/categorization of models that ceaadbey

using elements proposedtine CONTREX metamodelin specific diagramslhe idea of thse
models is to suppod meetin-themiddle approach to link mixedritical system design with
annotated extréunctional requirements (tegown) with extrafunctional properties from
execution platform services (bottemp). PerspectivesDivide the description of a system
within a level of abstraction into different aspects: user's perspective (e.g. functional and
requirement aspects), logical perspective, technical perspective, geometric perspective;
Abstraction LevetsAllow the description of the same system with differemels of detail and
possibly different description techniqué&gwpoints Divide the view of a component within

a perspective based on functional / extnactional properties of this component (E.g. behavior,
reattime, power, temperature, etc.)

It is important to note that the actual satisfaction of these requirements implies in practice
requirements for a modeling methodology, and development practices. These will in their turn
require support from the underlying modeling language and hence from tlespmrding
metamodel (if expressed on MOF or ecore for examplépwever, the aforementioned
requirements will notecessarilyrequire by themselvesnew modeling elementglirectly
insertedn themodelinglanguag€i.e. in the metanodel)

1.1 Strategy for the construction of the CONTREX Meta-model

In the information science context, antology can be understood as a set of concepts within a
domain, where such concepts refer to elements and their interrelationships, and to their types,
attributes and an assated semantics which makes sense in that domain. Stating an ontology
means stating a common vocabulary (terms and their syntax) and semantics.

The definition of a common agreed ontology is especially important in a project like
CONTREX, where multiple pamers with different interests, providing different tools, which

in turn handle different information, and likely making different presumptions and
interpretations of the same or similar concepts. A synergistic integration of techniques, tools,
and flows equires an early joint effort in the definition of a common ontology.

The termmeta-model can be taken as a synonymous of ontology in a radriledn context. In
modetdriven approaches, such as MOF or Ecore, an ontology can be captured (e.g. as an Ecore
model), and then the standards and/or tool infrastructure around thatnoeéh (e.g. for model
transformation languages and engines, for code generation languages and enguses petc)
exploited.

In the context of this document, metedel will be useés synonymous of ontology, and will

be the term used extensively because indeed, this work takes MARTE;knawet standard

in the modeldriven context, as a reference and starting point for the generation of an ontology
for CONTREX, which will be calle€ONTREX meta-model.

Adopting the MARTE domain viewsmeta-models asa starting point and reference work,
was a first strategic decision. TMARTE metamodelreflects an actual and unambiguous
ontology, covering the modeling and design of real time embedded systertisysasoithg

to tackle the build of a large ontology from scratehd soreuse an important amount of
previous metanodeling effort
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A secom relevant point is that thaefinition of the CONTRE metamodel hagome after a
survey on the consortium scope in order to ensure that the metadelcover the needs of the
current and comingodeling and design practicekthe consortium

Moreover, he design of the metaodelhas considered amalysis on the state of art on both
safety-standardsand research work especiallyto encompaseelevant aspects of CONTREX,
namely control, networking and mixedliticality, in order topromote aviden appli@bility of
the metamodel

It is important to note that the CONTREX meatedeldoes not commit the adoption of a
modekdriven or even a UML front-end (this is applicable to both QO'REX partners and
potential third party users). To the contrary it provides a set of useful and agreed (in the ambit
of the projectket of termgor the modeling of mixedritical distributed embedded systems.

At the same time, the CONTREX metadelcontributes an extensiorio the MARTE meta-
model, which can be implement@itheras an extension of tMARTE profile, or asaspecific
CONTREX profile, and which can be used by UMased methodologiesd tools

In order toclarify the previous claims, it isonvenient taconsider the&eonceptual organization
of the MARTESstandardsketched irFigurel.2.

—————————————————————————————————————————————————————————————————————————————————————

MARTE standard

| N
. MARTE .
: UML Profile NFP NFP é GQAM :
i Representati : subbraofile subbraofile subprofile |
| (normative) !
| h A  —
| | 1 N\
| Domain MARTE : :
: meta-model NFP Time é GQAM
: View (nonnormative) | domai domai domain :
| J |

Figurel.2: Structure of the MARTE standard.

The MARTE standard is expressed as a profile that extends the UML-mustal. The

document is organized in sections, each presenting grsfike. The explanation of the

concepts that are included in each-pubfile is made in two parts Frst all concepts are
presented in the form of a metaodel with comprehensive text describing its semantics in the
context of the modeling and analysis of reale and embedded systeriibese parts are called

t he @ do ma iasecondaredwmarmativiprar t |, call pdesbkhat atUMano e
concepts are mapped either to concrete elements of the UMEnmoelil, or to the necessary
extensions to UML, which are made in the form of stereotypes collected in the corresponding
subprofile. Ther ef or e, noti ce | &lda tbFgurh B2 nefield AORDDIE P r o f
elements already comprised in UML, capable to support the concepts of the domain view, and

the new stereotypes. In turiese steeotypes are organized and presented in diagrams that
follow the structure of packages used to describe the correspondingiodds in the domain

view.

Once this is taken into accouttte approach adopted has been to build the CONTREX meta
model by:
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1 Sekcting and d@king fran the MARTE metamodel (domain view)all the concepts
required by CONTREXhat arealready in MARTE.

1 Provide asan extension of the MARTE metaodel (domain view)all the concepts
required by CONTREXhat arenot present in MARTEThis extension has been done
as specializations (by inheritance)as additions to the domain views of the MARTE
model libraries.

Theresult is theCONTREX metamode| a metamodel oriented to the modeling and design of
mixed criticality distributed systems, and which means at the same time a focused application
of the standardndpotentiallya novel contribution to the MARTE standatsklf.

Then, notice that the QO'REX metamodel may be implemented as either:

1 A domain specificlanguagee.g. based on a specific syntax or wrapped by a host
language such as XM{shown as (1) ifrigurel1.3).

1 As UML profile, which could be in turn doratheras a MARTE profile extension, or
as the addition of the MARTE profile plus a CONTREX specific profile @groach
exemplifiedas (2)in Figurel.3), with potentiallya new graphical notation and specific
ad-hoc support

Therefore, as it was claimed before, the CONTREX matdel does not enforce a specific
implementation.

______________________________________________________________

MARTE standard

| ' (CONTREX profile (2) )
i UML NI_L'?:;I-II_E Sub | Sub g4 Sub : MC network
' Representation (normative) profile profile profile i subprofile subprofile
i N A N i AN ‘*j
' Domain MARTE — ; L)
L View metamodel | domain gl | domain j¢ | domain|li | MC |g | network
i (non-normative) 1| domai domain
____________________________ 7L ~ CONTREX meta-model y

Selected MARTE \

domainconcenpts [

CONTREX DSL (1) ]

Figure 1.3: The CONTREX metanodel has been generated by selection on the MARTE
domainview, and by extending suchdamain view for supporting relevant concepts, related
to mixedcriticality (MC) and network modelling.
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2 Analysis of the Requirements for the CONTREX meta-
model

This section, reports the main features that need to extend the reference the MARTE meta
model, n order to fulfil the expectations of the CONTREX metadel, for satisfying the needs

of the consortiumand to make it suitable for controfiented, mixeetriticality embedded
distributed systems. Before doing so, namely the main sources for the @inadysely, the
consortiumcontext survey, and the analysis of the Stdité@rt (SoA) on research and available
standards, is reported.

2.1 Results of the survey

The initial step for the composition of the matadel was to explore in detdiie state of the

art in the modeling of embedded systems, networking and mixed critical systenibeptesds

of the consortium. To do thidhesides the traditional literature and industrial standards
exploration,a survey was issudd the consortiunand thernthe responsereceived from the
interested partners wesmnalyzed as initial requirements for the rmetadel. This has also
served as a way to know a bit better some of the technical challenges that each partner is willing
to face in the context of CONTREX.

Annex B holds aset of tables that summaritiee full results of the survey realized at the
beginning of this effortAlso there the questionnaire of the survey itself is presented for
documentation purposeklere we summarizeomeconcrete requirements expressedhe
responsethathaveinfluenced this metanodel.

Please note that the survey has been used to obtairetted to several other labors in WP2,
not only for the metanodeling activity in Task 2.1. In particular a sigcént rumber of
requirements are actualgddressed byhe different modeling methodologies that will be
preparedn Task 2.2 Here we corider those that are relevant for the metadel only.

The following paragraphs condensed most of the needed requirements:

It should be possible to express in the matadel block diagrams and state diagrams (resp.
reakttime state charts)

A methodology thienables the user to define a design space (mainly regarding the HW/SW
mapping) for a system whose components may have different criticalities

We expect CONTREX to introduce techniques for abstraction at all levels (from hardware
representation to desigmodeling) that will increase our flexibility in several directions:
architectural design alternatives, hardware alternatives, quality of service tradeoffs,
introduction of new features for optimizing other extra functional characteristics than just
timing i such as power and thermal characteristics.

We assume that the CONTREX matadel will be coherent with the design methodologies of
the CONTREX partners that we are planning to experiment with during the project. This
includes the platform modeling tedgunes proposed by partner EDALabs and the application
modeling techniques proposed by partner KTH. We hope that these will all be aligned so that
we do not have to switch between potentially confusing abstractions over the course of the
project.
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To transbrm the constraint into a feature is one the results we expect.
We want to use the metaodel for later development strategies in the early stages of the
development process

The proposed Joint Analytical and Simulation based DSE methodology in coapeuidtid) C

and PoliMi should lead to a methodology that ensures the fulfillment of highly critical time

constraints, while optimize the resources and/or performance for a finite set of resources for the

remaining norcritical (or less critical) constrainteferred to noscritical time constraints and

other extrafunctional constraints.

For that, we believe that enabling an XNdhsed interface between tools is a practical and

feasible approach. Moreover, such XML formats can be derived from rhaded

spedfications through modeio-text tools. XML-to-XML transformation could be found also

useful.

The CONTREX metanodel shall provide a common vocabulary and semantics to ensure the

coherence of the integration of the tools provided by KTH and other CONT&Hs{trovided,

and to guarantee that it fulfills the expectations in terms of supported models and analysis.

In particular:

1 The metamodel shall suit the ForSyDe methodology, which is based on models of

computations, where systems are modeled as concipreoéss networks, where
processes (actors) only communicate via signals.

1 The metamodel shall be able to express models of computation. Most important for the
project are the synchronous MoC, SPIEC and other analyzable détaw MoCs.

1 Further, the metanodel shall also capture independent periodic tasks and task graphs.

1 The metamodel shall be able to express the platform at a high abstraction level so that
it can be used for the analytical DSE.

1 The metamodel shall enable to express design constraints in several dimensions
(throughput , paoteasdty., ¢é) of mixed

1 The metamodel shall be able to express performance figures for an instantiation of an
actor on a platform component (for instaegecution time or memory size on a specific
CPU).

1 The metamodel shall be able to express the results of the DSE, i.e. allocation of
components, mapping of actors to components, and the scheduling of actors and
communications on platform elements, anddbeesponding performance metrics for
the solution (i.e. throughput, memory si z

We require a component model and attach extnational properties and constraints as
contracts. Reason about compatibility of functional and dxwimational contracts horizontally
(composition of components on the same abstraction level) and vertically (refinement,
decomposition and mapping of components towards implementation level).

The goal is to obtain traceability (causkect analysis) from # specification to the
implementation level.
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For runtime services we expect to identify the modeling elements necessary to express the
contracts and the necessary characterization of the platforms suitable for mixed critical
applications.

At designtime,we want to be able to do design space exploration by analyzing the performance
of the complete mixed critical system and find the optimal pareto points

We plan to use the metaodel to generate execution artifacts as well as simulation models
from designintent models. We require from this metedel the capacities needed to deploy
them on distributed platforms as well as making the design space exploration including the
criticality as an additional constraint to consider during the optimization process.

2.2 State-of-the-Art

Here we includsummaries of the main aspects studied along this task due to its relevance for
the definition of the modeling elements to include in the CONTREX-meidel. The research
directions beyond our initial commitments come fribm responses to the survéye included

ones are articularly of interestin the topics ofmodeling models of computatiomixed
criticality and moded for the validation/simulation ohetworking needs

2.2.1 Models-of-Computation

Support of models of computatias an important feature for an abstract modeling and design
methodology. By relying on Modelsf-Computation (MoC in short) theory, a modeling
methodology can guarantee properties such as functional determinism, continuity, deadlock
protection, etc, whit are difficult to obtain when concurrent models are tackled in an
undisciplined way6].

Moreover, Modelsof-Computation theory concerns also to the supporheibrogeneous
models[6], that is models where different parts obey different MoCs. These types of models
are inherent to the modeling of cykanysical systems (G3) [7]. Heterogeneous models will

be required also in CONTREX, where not only the plant and the controlling system will likely
required different MoCs. Moreover,amplex, distributed control system might require the
modeling of RF parts, digital parts, and network parts relying on differensMoC

At the same time, modelriven development has introduced concepts which have proven to be
useful in the complex and cperative software development. This has motivated work such as
the one developed by théniversity of CantabrigUC), in the pasf8]-[13], targeting a model

driven methodology which not only coupled maedelen developmenitMDD) andelectronic
systemlevel (ESL) design, but also integrated MoCs theory. More specificall{g][9],
elements fromspecific MARTE sukprofiles, specially, theGeneric Resource Modellingr

GRM, are selected to describe a MARTE modeling methodology supporting the description of
the structureof concurrency (concurrent elements and communications among them) and
semantics attributes that allow the association of the model to a specificliMa@bled the
mappingof the MARTE model to a HetS@odel.Later on, in[10][11] deeper arguments for

the interoperability of MARTE and associated SystemC models where edovid main
contribution was to open the application of MoC theory to more generic SystemC code, and not
just HetSC models. It relieon an insight on the generic rules that sustain HetSC, and which at
the same time can lead to more generic SystemC codteh while it alters some of the HetSC
rules, it is still formally supported as long as higher order rules are fulfilled. Such higher order
ruleswere found in the relation of the SystemC modeaist&orSyDecounterpartin that work,

the capability of theForSyDe metamodel to express dynamic datafldwysexpressing the
concurrent processes as finite state machines where input and output data partition is described
throughapartition function In [12][13], previous results are exploited for the description of an
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automatic generation engine, capatweproduce the SystemC executable code out of the
MARTE model. One interesting contribution of this work is that the generator relies not only
on the preservation of the hierarchical component structure, but also in the preservation of the
communication smantics and of the process behavioofrghe UML/MARTE model in its
mapping to SystemC. Specifically, a specific MARTE communication media is mapped to a
specific SystemC channel with equivalent semantics. Moreover, process behavidefsade

by meansof UML sequence diagrams describing tlsequence of computation and
communication interactions. The mapping iBstemC process@seservesuch sequencing

This way, both, the MARTE model and the resulting SystemC code can be related in the same
way to he ForSy[®formal counterpart.

Other recent work from the University of Cantabria has dealt with a compbasaed and
holistic modeling approach (holistic in the sense of covering both the application modeling and
the description of the platform and platih mapping) to cover design activities such as design
space exploratiofll4] and systemevel synthesigl5] for MPSoC platforms. The modeling

part in this work strictly relies on MARTE semantics, while the relation to specific MoCs has
not been developed.

While [8]-[13] work has been a pioneer step in the connection of MDD with MoC, further
extersion may be useful and required in the contekCONTREX. There are several reasons

for it. The support of relevant important Models of Computations, such as the untimed SDF
MoC, the synchronous MoC (Synchronous reactive in HetSC terms), or the contiimeus
modelscan be improvedn addition, hework in [8]-[13] adopts arapproachwhich requires

the user to capture channel semantics via a set of attributes. Then, a pattern matching analysis
for the semantics attributes is required to extract the MoC out of the MARTE model.
Approaches wher mechanism to associate an implicit semantics, e.g. of the communication
media, could help to simplify the modeling and facilitate the flow development.

Moreover, theMARTE-HetSCmappingproposed uses limited set of MARTE attributeg\n
assessment of wethersuchmapping can causeambigiities, taking into consideratiotne
varietes of MoCs to be used convenient, to enhance the possibilities of exchangeability of
the CONTREX modelSpecially, if an scenario where close variants of the same MoC is
as®ssed as usefud.g. SDF, ScenarAware SDF cyclo-static SDF, then it might convenient

a more detailed and precise posing of #@mantics distinction, and of ttatributesand
elements capturing them

An fdAexplicd ti salp ey sdadiMoCisexplietly stated, either in a given
context (as it is done wittlirectorsin Ptolemy I), or via explicit attributes associated to the
modeling elements (e.g. in ForSyDsignalcan beuntimed synchronousr timed, or through
specific elementsssociated to each MoC (e.g. as it is donel@SCor in Metropolis II). In
turn, these optionsan be translated into parallel schemes in MARTE.

Other parts of MARTE, such as CCSL are suitable for precisely capturing the time semantics
of a model. This wuld fulfill the requirements of accurate semantics. However, there is the
question if such a description, especially if it is required to be captured in each model, is suitable
for an abstract and agile captureally, alditional attempts to link Modeadriven technologies

with Modelsof-Computation, should be accounted also, e.g. Mode]Hgix
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2.2.2 Mixed-criticality

2.2.2.1 Standards
A brief summary on the main aspects related tosthietystandardshat have been considered
in this effort

AnnexC presents detailed report on the relevant aspectsrtdk@n the industrial computing
standards for safety.

2.2.2.2 Research
A brief summary on the main aspects about how mixed criticality has been tackled in research

The literature on mixed criticality systenmints out particularly two aspects that are
significartly relevant for the assessment of timing propertidgese aspects apartitioning
(also called segregation of resourcem)d the efficient calculation/measurement/analysis of
worstcase execution timgwi/cet)in case of hardly predictable platforms.

Partitioning'segregations concernedvith keeping components of different criticalities apart
so thatthe execution of a lower critida} function/task/componerdo notimpactnegatively
on thefunctionalor temporalbehaviorof higher criticalityfunctionstaskécomponents

The dficient use ofresource according to the criticality level implies the assignment of values
progressively more conservativei.e( larger) for the wcet of independent
functions/tasks/componenis direct relation to therticality level. The highest the criticality

the more conservative value is used from those attainable with the tools/techniques available.

Section 4 describes the implications of these tendencies in the modeling-timeeand
embedded systems enalglimixedcriticality.

2.2.3 Networked embedded systems

Regarding the modeling of distributed embedded systems, different standard approaches for
system description have been proposed to introduce all the information required in the first
steps of the design pra&= e.g., UML and SysML. The use of standard frameworks enable tool
interoperability and the generation of widely understandable documentation. In particular,
functional modeling has been described by using models of computation [27, 46], tools like
Matlab/'Simulink and Ptolemy as well as languages like Compositional Interchange Format.

Moreover, De Miguel et a[17] introduce UML extensions for the representation of temporal
requirements and resource usage fortiea systems. Their tools generate a $ation model

for OPNET simulatof18]. Hennig et al. [19] describe a UMbtased simulation framework for

early performance assessment of software/hardware systems described as UML Deployment
and Sequence diagrams. Their simulator is based on the disceastesewulation package
OMNet++.

2.3 Analysis of needs

Considering the requirements expressed for the CONTREX-mede!|,it was dservel that
most of themarecovered by MARTE and UMLthough someequirementsieectd additional
modeling elements.
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It is important to note thahe requirements about the modeling for control systems are not
proposing specific conceptual elements into the meidel. The control oriented nature of the
modeled systems as well as its capacities to address cyber plysiEahsis expected to
appear in the models general as specific nedanctional requirements. These requirements
are stated as constraints for the computing system and may be evdptuadlyzed as such
andlabeled for tracing purposeBhat is the méa-model is noexpected tdold elementand
concepts which support modeling and analysis specific fcomtrol theory e.g. models
supporting the statement of differential equations (in the time domain) or pole/zero
representations (in a frequential oormplex domain), typicallyused for instance, tcstudy
response times ianalog input/outputs signthces, oto analyze thestability of the feedback
loops

2.3.1 Elements needed as extensions to MARTE.

The analysis of neadevealed that the following thrgeotentialextensiongo the MARTE
standardlater on presented threecorrespondingection$ are required

1 Extensionsd manage mixedriticality
1 Extensionsd support communication through general purpose networking

1 Extensionsd supportthe handling of modeling configurations

2.3.2 Links to other formalisms

1 As stated in the requirements, some concrete formalisms are to be hold/connected to the
CONTREX metamodel. The way to interact with themasmethodological concern that
will be essayed ah provided in other task T2.2. Equivalently we identify the need to
generate of modeling examples as model libraries that may serve to validate the support for
MoC in UML and MARTE.
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3 The MARTE meta-model

The sections of the MARTE standard that are of isteie understanding the semantics and
the abstract syntax of the elements that are relevant for this effort are essentially the subsections
denominated as domain views of the following clauses in the MARTE specification:

- Core Elements (Section 7)
- Nonfunctional Properties ModelingSection $
- Time Modeling (Section 9)
- Generic Resource Modelif@ection 10)
- Allocation Modeling (Section 11)
- High-Level Application ModelingSection 13)
- Generic Quantitative Analysis Modelin§éction 1%
Additionally, element®f interest to understand the proposed extensions are in:
- Normative MARTE Model LibrariesAnnex D), and

- Domain Class Descriptions (Annex F)

The main diagramsin the domain view of those MARTE sytiofiles represent the abstract
syntax forthe elementsnii MARTE that will beused in the CONTREX metaodel.

Instead of copying all the diagrams and textual descriptions, the interested reader is referred to
the actual specification, which can be downloaded from the OMG repository at
http://www.omg.org/spec/MARTE/1.1/PDF

Annex A include as a general reference a very brief summary of distinctive aspects of some of
the main sections of MARTE. The descriptions of specific modeling elements used in this
docurnent may be retrieved from the Annex F of the UML profile for MARTE specification,
which have the description of the semantics of all elements in the domain views.
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4 Extensions for Mixed-criticality

Though made in principle in the context of scheduling, the review of mixed criticality systems
(MCS) given by Burns and Davis ibC-1] is largely valid for our analysis. According to them,
criticality is a designation of the level of assurance againkiréaneeded for a system
component. A mixed criticality system is one that has two or more distinct levels (consider for
example safety critical, mission critical and raitical). Reviewing the standards in the field,

(IEC 61508, DG178B, DO254 and 1SO26262 standards), they propose to use up to five
levels. As noted in another very interesting effort by Graydon and B&e€?], it should be
noted that not al/l papers on MUTh8se apprecsatiogsn t o
are also noticeablby looking at the assessment we have conducted of computing stdadards
safety in AnnexC.

The extensiondo MARTE propose hereare organized in three par#snnotation of values
that may vary according to the level of criticality, scheduhmged-critical applicationsand
nonfunctional properties constraints foontractbased design

4.1 Annotations

One aspect to considering mixedticality in the metamodé is the support of the association

of criticalities to norAfunctional annotations in such a way that different values may be assigned
according to the different levels of criticalitfe.g. by overestimation or relaxation) though all
referring to the sammagnitude For instance, different WCETSs can be considered for a real
time schedulabilityanalysis depending on the criticality. Under this perspective, mixed
criticality analysis considers involvements on annotated data, a specific input of the analysis.

Moreover, there is another possibility, which makes considerations on the requirements of the
system, another important input of the analysis. Specifically, in [ {J,Hhe association of
criticalities to constraints on the performance metrics charaictgrine performance of the
system is proposed. Systems in general can have constraints of many types, and not all of them
are equally critical in general. Moreover, while a constraint on throughput in a system can be
critical, e.g. for a digital TV, otheronstraints, e.g. response time might be the critical one in
other application domains, e.g. the response time of a wheel reaction to a movement of the
steering wheel. And at the same time, a system can present constrains on both types of
constraints. E.gthe throughput is the most important constraint for the digital TV, which has

to refresh the image of a certain resolution every 1/100s, but optimizing the latency, e.g., to
avoid the user to have to wait too much to see the 1st frame after zappirigeist so
optimisation, and likely to be constrained for a minimum QoS. Although one can agree that it
is a less important constraint than the frame refresh rate.

Because of that, [KTH] proposed that a meta model for MCS and MCSoS systems should
supportthe annotations or associations of criticality levels to performance metric constraints.
Moreover, in [KTH1] the idea that constraints, and so the application of their respective
criticalities, could refer to other type of properties, e.g. deadlock piaieetc. was launched.

In [KTH-1], the criticality level is also associated to SIL or a generalized SIL, after considering
that the criticality can refer indirectly to functanintegrity, by means of considering
performance and formal properties witlvolvements on such function integrity.

In [KTH-2], a joint analytical and simulatidmased (JAS) design space exploration (DSE)
method which relies in this distinction between constraints on performance metrics with higher
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and lower criticalities. For siplicity, [KTH-2] considers two criticality levels, and focuses on
time-constraints for the highriticality level.

Then, theneed to have annotations with the specific levels of criticality is clear, and these may
affect many modeling element$ MARTE, bu annotationsieed to be made in the context of

the specific aspects in which they play a role. Concreitelgur casehey will be inserted in
regard of the specific NfP6és that wil!/ be
power.

Temperatte and power as well as timing properties are aspects that are treated in general as
extrafunctionatproperties, and hence they are represewiitd annotations in concrete IRF

data types. For this reason, the more efficient way to link them in the ntodéls level of
criticality at which they are relevant is by enhagcihe basic representation of Rikwith the
necessary information. This is done in a way similar to its characterization in different modes
of configuration.

Two are the basic elememsposed by MARTEo manage on-functional properties in UML:
NFP_Typesand NFP_Costraints Theseare used immany attributes and types defined in
MARTE. The introduction of the levels of criticality in themay be made ispecifictypes,
but in principleadding them in the rodibrary elementmay solve the problem from the
expressiveness point of vieavd may alschelp further exploitation of the approach for other
NFPs.

The concrete elements to extend in the context of the MARTE profile tleer
NFP_CaonmonType andNFP_Constraint. NFP_CommonType is not an element of the-meta
models in the domain views of MARTIBut it is the root ofall predefined notfunctional
propertytypes ilMARTE. NFP_Constraint instead indeedan element of the MARTE domain

view and may be extended to encompass criticality in the same way it handles configuration
modes.

From the methodological point of viewge mayfurtherneed to discuss whether it is advisable
to actually include an additional element or simply use the nadtloute to implement
criticality. From the metanodel point of view it is much cleaner to use an additional attribute,
but from the implementation pdiof view, and considering compatibility with the standard, it
may be more convenient to uselaat stée charts with the configuration of the criticality levels
for the concrete standard to use and then define in there each level as a Mode.
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MNFP_Annotation
CoreElements:: W enumeration »
Foundations:: ConstraintKind
ModelElement required
offersd
[ff‘\ conlract
Annotated owns 1 Annotated annotationConzemn | ModelingConcern
———
Element " ownar Model 1. description: string [0..1]
[ B ) 0.1 4 context
constrainadElemeant
" crivnad Ruke
NFP_Constraint made | CoreElements::
== CommonBehavior::
kind: Coastraintiing [0..1] . Mode
0.1
spacification 1
R MARTE::VSL::
I'Ifl:l"h'lﬂll.lé'r'- Vﬂll.lﬂspﬂclﬂl:a'l:lnn
- NFPs::
== NFP_Declaration::
nfpDeclaratioh NEP relevantiip
Definition of NFP_Constraint in MARTE
« profile »
NFP=
« metaclass » & metaclass » « metaclass »
UML::Classas::Kernal:: UML::Classes::Karnal: UML::Classes::Kernel::
EnumerationLiteral Property Constraint
A A A
« stereotype » « stereotype » « stereotype »
Unit Nfp NfpConstraint
convFactor: Real [0..1] kind: Canstiaintiing [0..1]
conviDffsat: Real [0..1]
baselnit Unit [0.1)
" |mode
« metaclass » « stereotype » « stereotype »
UML::Classas:: Kermel:: VSL::DataTypes:: TupleType MARTE::CoreElements:;
Enumeration wpleAtrib: Froperty [ Mode
F 1 Q
w steraotype » « stereotype » « enumeration »
Dimension NipType ConstraintKind
symbal: String [0..1] valueAbinb: Property [0..1] {subsets pledtrib) required
baseDimension: Dimension [*] {ordered) unitalirib: Propary [0.,1] {subsets luple At} offered
haseExponant; Intagsr [*] jorderad) sxpratirib; Proparty [0..1] {subsets tuphas i} contract

- UML profile diagram for NFPs modeling (Implementationof the NfpType and
NfpConstraintstereotypes in MARTE
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« modelLibrary »
MARTE_Library::BasicNFP_Types
« enumeration »
Tenumeration = | [ a enurmaraion » :ﬁ?ﬁ: StatisticalQualifierKind
FourceKind DirectionKind [ exprasitrins expi } max
85l Inct NFP_CommonType ::':m
:::5 decr expr. VSL_Expression \.'al.'ianc.e
req SOUITE So‘_\.lr_r.aKlnd o range
statd: SiatisticalQualifierkind percent
dir: Dirgctionkind distrib
miode: String [7] determ
ét\‘ oihar
I T T T I 1
« dataType » « dataType » « dataType » « dataType » w dataType » « dataType »
« nfpType » a nfpType » « nfpType » « nfpType » « nfpType » « nfpType »
[ waluestrib= vale } [ walueArnb= value } { walueitirib= value ) [ valuehizrib= value } { walueditrib= value | { valuentrib= value )
NFP_Boolean NFP_Matural NFP_String NFP_Real NFP_Integer NFP_DateTime
walue: Boolaan valua: Unlimitediatural valus: String wvalue: Real value: Integar value: DateTima
« dataType » « dataType » « dataType » « dataType » « dataType »
« nfpType » « nfpType » « nipType » & nfpType » « nfpType »
[ vmitALb= urit | { mitérib= unit | [ uriALTib= Linit } [ uniAttrib= unit } { unitéisirin=s uni: )
NFP_Duration NFP_DataTxRate NFP_Frequency NFP_Power NFP_DataSize
:'l';k.rg'::#;“m unit: DataTxRatalnitKind umit: FraguencyUnitkind unil; Powes Lnitkimd unit: DataSize Unikind
pracl_;‘lon: Real pracision: Real precision: Real pracision: Real precision: Real
wionsl! Feal
best: Real « dataType » « dataType »
dataTy dataTy ‘ “:pTﬁin i) ¢ nﬂgﬂﬁ;unu « dataType » « dataTypa »
« dataType » « dal pe» unithdrib= it ) L = « nfpType » a nfpType »
« nfpType » « nfpType » NFP_Length NFP_Area P — { unitAtrib= unit }
{ uniAltribe unit } { unilAtirib unit § unit; LengthUniking unlt; AreaUnitKing NFP_Percentage NFP_Price
NFP_Weight NFP_Energy pracision: Real precision: Real - N
unit; String= % wnit: String= $US
wnit: WaightLnitkind unit: EnergylinitKind
predsion: Real precision: Real
« dataType »
« choiceType »
ArrivalPattern
pericdic: ParodicPattam
sparodic: AperodicPattern
sparadic: SporadicPaltern
burst: BurstPatiam
irragular; IrragularPatbern
closed: ClosedPaitern
open: OpenPatem
« dataType » a dataType » « dataType » « dataType »
« tupleType » W tupleType » « tupleTypa » « tupleType »
PeriodicPattern AperiodicPattern ClosedPattern OpenPattern
:_aeriod: NFF_ DU"?“U“ distribution: NFP_Commaon Type pogulation: NFP_Integer mtarArivalTims: NFP_Duration
pteer: NEP_Curation extDelay: NFF_Duration arrivalRate: NFP_Fraquency
phase: NFP_Duratian z} arrivalProcess: String
occUrenses: NEP_Integer
« dataType » « dataType » « dataType »
« tupleType » « tupleType » « tupleType »
SporadicPattern BurstPattern IrregularPattern
mininterarmival: NFP_Duralion mininterantval: NFP_Ouration phase WFP_Duration
s al: _Dui ival- MFP . LY _Dhi
maxinterarrival: MNFP_Duraftion m;‘EI:LanﬁrnrtI;ﬁ.ral; NF P'Dlgz::?t?on mtararrivals [*]: NFP_Duration
Fiter: NFP_Duration maxEventintarval: MFP_Duration
burstSize: NFP_Integer

Hierarchy of NFP types defined in the library of MARTE.

As seen, lie assumption made by most authors refers to the fact that for different levels of
criticality concrete values used for annotating WCET (or other NétRdlbe different (e.g. by
overestimation or relaxation) though all referring to the same magnitude. The strategy proposed
hereby extending the MARTE NFP_CommonType allows handling those values by means of
common annotations on UML attributéBhe new #ribute in it will indicate the level of
criticality assigned to the concrete value of the annotation. Observe that this qualification is
orthogonal to the others already in MARTE like the source, the statistical qualifier, or the
configuration mode. Theorrect interpretation of all possible combinations is left to the
concrete modeling methodologies defined for the usage of the CONTREXod&.
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« dataType »
«nfpType »
{ exprAttrib= expr }
NFP_CommonType

expr: VSL_Expression
source: SourceKind

statQ: StatisticalQualifierkind NFP_Constraint

dir: DirectionKind

mode: string [*] kind:ConstraintKind [0..1]
criticality: Integer [*] criticality: Integer [*]

Extension oNFP_CommonTypandNFP_Constrainelemens of MARTE with criticality.

NFP_CommonType

This is the parent NfpType that contains common parameters (modeled as UML Properties)
and common operations of the various NfpTypes defined in MARTE.

Attributes

- A expr: VSL.UExpression [0

Attribute representing an expression. MARTE uses the VSL language to define expressions.
- A source: SourceKind [O0..1]

Peculiarity of NFPs associated with the origin of specifications. Predefined kind of sources for
values are estimated, calculatezfjuired and measured.

- A statQ: StatisticaQualifierKind [O0..1]

Statistical gualifier i ndicates the type of
maximum, minimum, mean, percentile, distribution).

- A dir: DirectionKind [0..1]

Direction attributg(i.e., increasing or decreasing) defines the type of the quality order relation

in the allowed value domain of NFPs. Indeed, this allows multiple instances of NFP values to

be compar ed wi t hqudlititeh ared aitn oor diehri gtbmeesentd e nt i f
the higher quality or importance.

- A mode: String [*]

Operational mode(s) in which the NFP annotation is valid. The string should contain the name
of an existing UML element stereotyped as «MARTE::CoreElements::Mode».

- A criticaliifylLevel: | nt ege

Value(s) that defines the level(s) of criticality at which the NFP annotation is valid.

NFP_Constraint

NFP Constraints are conditions or restrictions to modelled elements providing the ability to
define if these are of Arequired, 0o Aoffered,
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Associations

A constrainedEl ement: AnnotatedEI| ebptist [ *] S
NFP Constraint.

A context: AnnotatedModel [ 0. . 1] Namespace t
A specification: ValueSpecification [1] Cond

for the constraint to be satisfied.
A maavibae [*] The set of modes in which the NFP constraint annotations are valid.
Attributes

A kind: ConstraintKind [O0..1] Tagged definit
offered, or contract nature.

Acriticality: Integer[*]Value(s) that defines the level(s) of criticality at which the NFP
constraints valid

Semantics

NFP Constraints are conditions or restrictions to modeled elements. Specifically, NFP

constraints support textual expressions to specify assertions reppediormance,
scheduling, and other embedded systemso feat
means of variables, mathematical, logical, and time expressions.

Both, NFP_CommonType and NFP_Constraint have been extended with a new attribute of
the type Integer to hold the level of criticality that is necessary.

Here we may also consider a new specific data type to hold specially defined levels of
criticality. Integer has been used since all standards reviewed use a simple discrete approach.
In caseit results necessary a more elaborated choice type may be defined with different
enumerated values for each standard.

4.2 Scheduling

About the scheduling capabilities, the key mechanism is the partitioning/segregation of
resources. This is managed frohe tscheduling point of view as a hierarchical scheduling
platform. The primary level implements the partitioning by assiginaagions of the processing
capacity to the primary schedulable resources (known as servers or virtual resources). These
are in tun rescheduled by secondary schedulers according to the rules of the guest operating
systemamong the final schedulable resources (threads or processes) of the guéktsOS.
partitioning encompasses not only time but also memory and eventually othecesslike

energy and the capacity of rising temperature.

As a modeling exampliet us show the MARTE metaodelfor scheduling, which supports
natively hierarchical schedulingrurther work in task T2.2hay provide exampof an IMA
platform The modeling of the case studigdl help to verify the initial vision according to
whichwe do not need in principle additional elements
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Scheduling
GRM::ResourceManagem | _1." * GRM::ResourceManage | broker brokedResource | GRM::ResourceCore::
ent::AccessControlPolicy | ~ ment::ResourceBroker * 1+ Resource
A accCtrlPolicy A
5 A P
. : 0.1/ mainScheduler ‘
SchedullnglPollcy 1 processingUnits ProcessingResource
) o < Scheduler * {subset brokedResource} 9
policy: SchedPolicyKind
otherSchedPolicy: String policy schedule:ScheduleSpecification 1..* | speedFactor: NFP_Real = {value = 1.0}
subset accCtrlPolic \
fsu ey} Z% host | 1 4,
« enumeration » ‘
SchedPolicyKind SecondaryScheduler 1 GRM::ResourceTypes:: GRM::ResourceTypes::
EarliestDeadlineFirst host ~ | ComputingResource CommunicationMedia
FIFO dependentScheduler | 0..1
FixedPriority
LeastLaxityFirst * * - ..
RoundRogn virtualProcessingUnits. T+* &7 | schedulableResource GRM::ResourceTypes::
TimeTableDriven DeviceResource
Undef
Other SchedulableResource 4 " {isActive=True}
1 4} schedParams
e ceoLce VDESS . SchedulingParameters
ConcurrencyResource

The domain model for scheduling in MARTE

4.3 Contract based design

For the specification of deployment contracttipeary ora methodological approaahnaybe
created wusing NFP_ chamnspdcificato iheémddelingacordigurations t at e
representing areas/points in the perspectives/views/ abstréeteEla matrix.

Following the SPES proposal a list of exdespof NFP_constraints may be described with the
way in which concrete annotations of contracts will be refined along abstraction levels.

Also a model library with predefined expressions representing the contracts may be offered

No additional elements hawbeen so far identified for inclusion into the retadel but this
section describextensivéy the way these caraints ardormally specified

4.3.1 Background

Based on the principles @fssumeguarantee reasoningAGR) [CBD-19 - DBD-23], the
emergence otontract based design (CBD) started @BD-24 717 CBD-27]. To improve the
reliability within the modular, r@ise based paradigm of objextented software programming,
the correct interaction of software components was assured by preguigedprecondiions
and ensuredpost conditions before respectively right after each communication across the
components' interfaces. If one of these forasslertions expressed by means of software state
predicates failed, the interaction, and thus the observed amsition of the components, was
not valid. Subsequently, ICBD-281 CBD-31] these concepts have been applied to digital
automata and hardware modules, claimasgumption®n their interfacing environment and
reversely providing behaviorguaranteesif those assumptions were satisfied. Derived from
that, formal expressions were defined foompatibility of interfaces,composition of
components and thmplementationrefinementrelation of digital hardware modules, enabling
formal verification by improve compositional methods. Aiselinessis a significant property
for a valid composition of reactive system componentsCia[}-32 i CBD-35] the formal
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notion ofreceptiveneswas introduced, to denote, that there exists a proper behavior for each
sequenceof environmental input$ i.e. without constraining the components environment.
Subsequently, based on the modeling concepts of timed and hybrid autGBBta,[CBD-
36,CBD-37], the extension to continuous and hybrid systems was present&D88, CBD-

39], expanding receptiveness, as well as the compositimwtions of parallel and serial
composition variable and location renamingand variable and location hiding which are
necessary to build formal refinements/abstractions and compositions éatmafi atomic
hybrid components. More recently, iI€BD-40 - CBD-42] the principles of contractnd
componenbased design were jointly applied with the ideal$tract semanticBCBD-43 -
CBD-46] i1 which enableseparation of concerrfer different modéng aspectandmodels of
computation(MoC) 7 by usingheterogeneous rich componei($RC) [CBD-47 - CBD-53]
andmulti-viewpoint statenachinegCBD-53,CBD-54] to formally analyze functional stability

and safety aspects of hybrid systems. Up to thabyvarview of CBD can be found it€BD-
55,CBD-56], but despite the aforementioned scientific achievem@@b{57 - CBD-59] and

the ongoing researctCBD-60, CBD-61], according to CBD-4, CBD-60, CBD-62] further
research is necessary on: 1) the mathematicahal foundations of contracts, to enable a
comprehensive design flow for system specification, exploration, refinement/abstraction and
verification of extrafunctional properties and hybrid systems, using heterogeneous rich
components; 2) the developmeof system engineering frameworks with methodologies and
tools for the aforementioned design flow across different abstraction levels; and 3) the
integration of these into desigmand lifecycle management frameworks for appropriate
organization of crosboundary desigifiows and configuration management.

According to the general definition of power as the time derivative of the energy

- Qwo
¥} —
Qo

and according to a simplified discrete interpretation as a time discrete rate of energy
consumption,

. 3w S 30
0 — 3W
3Y
power is used as a timand statedlependent parameter for device characterization and a
common basis for the calculation of further esse specific properties, as e.g. energy
consumption, device heating or influences on aging arebrkty.

However, to the author's best knowledge, there currently exists no exhaustive investigation of
a formal componentor contractbased design in the domain of power. Paying attention to
battery driven mobile systems and the past years' technotagipgsi i.e. shrinking of the
microelectronic basic devices and structures, as especially the transistieng#ts in digital
CMOS processeis power became one of the most important parameters for the development
of energyefficient, reliable higkperformance integrated circuits (IC) and systems on chip
(SoC) [CBD-63- CBD-67]. According to that, early power analysis, powadated design space
exploration and power optimization became a more and more important aspeCBm»6§ -
CBD-71]. As it apples for power dissipation as well, that the influence of design decisions
increases with the abstraction lev&BD-67], highlevel approaches are needed for the
efficient modeling of power aspects. According tGBD-68], these can generally be
categorizednto bottomup power characterization and abstraction methods, achieving accurate
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power information from previous lo¥evel implementations, and methods for-tigovn power
estimation, predicting power estimations already without knowledge about the tepbabl
circuit or system structure. At thatnalytical methodgry to relate higHevel power models to
fundamental lowlevel quantities, whereasmpirical methodslerive those from observing the
system's power behavior during executi@BpP-65]. Over thepast 20 years, these power
models and estimation approaches have significantly been impOB&d§6, CBD-69- CBD-

78], especially in terms of accuracy and speed. Moreover, since several kinds of power
properties can be mapped to more abstract staticrgooerties i.e. a static part of the power
intent, contained within the structural view of the degignethods for the structural analysis
and verification of compositional designs and their interconnect become necessaC§Deoo |
79- CBD-84]. Tothat end, the power intent description standards C&Rifion power format
[CBD-80] and UPFnified power formgt{CBD-81] were defined to provide unified standards
for the description of the systems' static power intent. A first approach, how to usetemd
UPF specifications for a sefformal verification of also the dynamic part of the power intent
is given in CBD-84 - CBD-86]. Nevertheless, most methods are largely simuldtased and
only little research@BD-82, CBD-83, CBD-87 - CBD-89] is focugd on formal methods,
having the main emphasis rather on functional verification optiveer managemefCBD-

90, CBD-91] than on attainingpower closureacross different abstraction levels. As a
conseqguence, the advanced methods ofleigél power modetig barely support interfaces to
the compositional design methods of CBD and consequently can barely profit from the
improvements of contradtased design and verification methods.

4.3.2 Problem Statement

The ability of successfully realizing the complex functility of today's digital
microelectronics is largely due to the compatibility between advanced methods, models and
appropriate libraries for formal or seffiermal functional design, especially with respect to
refinement and abstraction based on structtwaiposition and decomposition. In contrast

due to the previously explained missing of compatible formal methods, models and libraries in
the powerdomaini powerawaredesign flows are lack of such a continuous consistency. One
of the main reasons forahis the missing of a formal methodology, which combines formal
specification, characterization, refinement/abstraction and verification of power properties with
the concepts of compositional desigrenabling a sound and compatible, formal model and
library development; and with a clear separation of condemmsabling for a flexible and
exchangeable croskbomain mapping between functional specifications and éuxibetional
models of corresponding implementation alternatives.

4.3.3 Related Work

While [CBD-16, CBD-42, CBD-92 - CBD-94] concentrate on investigating contraessed
specification and verification of safety, stability and +&ale requirements, there is only little
work on continuous design flows for other exfwactional properties within or crogsitting
several domains, as power or temperature. This is especially trmdtovg/mixeesignal

(AMS) or multi-physical systems, for which already the functional view is spread across
multiple, heterogeneous development domains, namely the analogeadidital domain plus
mechanics or chemistry, for example. Indeed, recent ref@@BB-§ - CBD-95] show an initial
approach, optimizing the power consumption of a UWB receiver's RF frontend, using analog
contracts withiranalog platformbased desigfAPBD) [CBD-96- CBD-99], but at that several
issues remain still unsolved. The maybe most challenging questions among these might be: 1)
how to apply CBD formalisms to mixsgynal and multiphysical systemsfCBD-4]; and 2)

how to apply formalisms for handling continudiuse and statelependent crosdomain
aspects?[CBD-60]. Thus £BD-100 - CBD-103] most recently extend the compositional
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formalisms of CBD for a usage within multiple, intertwined and maybe -fxtretional
domains. But while this work provides the basic semantics and theories, théuextranal
specifications and characteristics of heterogeneous systems are specified, refined/abstracted
and characterized mostly different, according to the heterogenedyfefent domains and
systems. As an example, whereas a static, thrang stimulindependent, extrfunctional
performancevector [CBD-4, CBD-95] may be a good characterization for the UWB receiver
or its components, other devices may need a more \@r&diaracterization e.g. due to
programmability or timeinput or statedependencies. For that, a good example would be
today's lowpower systems wittdynamic powemanagementwhose power consumption
depends significantly on a timed trace of powerestatonsequently being hard to describe
without knowledge about the specific us#se scenario. As a consequence of this dependency
between functional and extfanctional system characteristics, the aforementioneeplower
system demands for credemaincontracts, crossutting the power, timing and functional
domains. For mukiphysical systems, this becomes even more complicated, considering e.qg.
the intertwined functional and/or extfanctional dependencies daiicro-electromechanical
systemgMEMS) for energyharvestinglCBD-104, CBD-105]. As a result, desigitows are

still lack of consistent formalisms for the specification, exploration, refinement/abstraction and
verification of continuous or crostomain extrefunctional properties as they arecessary for
developing the complicated mixeifynal or multiphysical systems of today.

4.3.4 Basic concept

4.3.4.1 A simple component model

A Heterogeneous Rich Component (HRC) denotes a structural design eleroewards
component which is semantically enriched \itcontracts, withcontractsbeing a formal
specification over t he cacssumptomsemt Obei obompbae
environment andguaranteeson its externally observable behavior. Hence, the external
interaction of an HRC is solely restied to its explicitly declared interface. On top of that, its
heterogeneity results from combining the behavioral descriptions of different, functional and
extrafunctional aspects within the same HRC.

—out

—in }1 Xz - —Onl
. ‘IEH -
1 EE X 1—’; m+1
x
2 . et (x',x}) - : : =
. " n
. X, Xy Emﬁx:-a n
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%’f cLc,....ct €3,C3r 3 %

Figure4.1: Contract Based Design (CBD): identifiers and basic concept.

To explain the most relevant concepts of HRCs and CBD, we introduce different identifiers
according to
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Figure4.1, onwards denoting contracts by the letiemand HRCs by the lettar , additionally
indexed by ® = to refer to the’@h HRC of a decomposition aj into ¢ subHRCs
O MR ,also denoted as parts of thgstem. Additionally, we define the interface of an
HRCO as the set of its directed in and output variables w D @ he , called ports.

To choose only the functionatiming- and powerspecific subsets af , 6 uandé@we provide
the subscriptfct, timeandpwr, corresponding to the internal, retiuctural but aspedpecific
segregation of the HRC behavior according to these aspects.

Finally, we define an HRIO6EQAG M Qe rbythensateof t i on

its internal connectors, consisting of: tesembly connectofs Qo P w w  which
internally link ports between different parts of the system; andletsgation connectors
0Qo P w w w w which |ink up the port of

the HRCO6s external port s&Qd e d0D Qisdefinedbpn of t
position, naming the driving source of the net in front of the readr 6 s s.i n k

4.3.4.2 Contracts

The contracts) of a component are formally defined as triplas D 6 HO. While the

strong assumptiorsd el i mit the componento6s maxi mum per
input variables@ of 0, the wak assumption® over @ perform a further division to
subspaces, for which assures the associated guarani®eser its output variables , if

and only if the individual use case satisfies the corresponding assumptions. Blesce,
semantically interpreted as [[dj] 6 ~ 6 + "Qwith &, 6 and"Obeing time bounded LTL or

CTL properties, representing sets of timed tra¥e® ,"Y @ andY @  over the I/O
variables» hd N w of .

Declaring he type of a variableto be’ & N wfMmMB and declaring the notion of time
as the discrete but infinitely increasing variabl¢ = , a timed tracd 0 is a discrete
sequence of eventsQafd QGO B N YD ®O = © ' & , mapping the
variable & to its valuesb afd N ' @ for each point of time. A complete property

specificationd of a componend is then defined a8 D Z Z &6 , considering all
contracts6 18 19 of all aspects?) i ¥ Qb QD B 8

To extract a purified, potpecific expression of the effect of the assumptions, guarantees or
even complete contracts, the restriction funciordenotes the restriction of these constraints
to solely the subseéb of their original variables. Furthermore,and” denote the scalled port
mapping or port substitution functions, with:identifies the port variabled ho N w  of

a partd with the corresponding assembly and delegatiomeociors: Q& A [ Qd
o~ 0 'Qand” identifies the external port® o N w of the system) with the
corresponding delegation connectdor @ B FE Qdw N 0 Qo

That way, the contracts explicitielate the formal and possibly more abstract behavioral
specificati ons o f-upaharactenzationnvatim théd apprdpraate tvalidity
constraints, the underlying model implementations and abstractions would otherwise assume to
be satisfied withot verification. Hence, CBD enables to formally check for:
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T

T

compatibility ™0 8 7 0 8 ” between the connected
components of a system;

refinementd + 6 ofasystemd 6 s s p e diwfrit.dtsacomponat-based
bottomup composition bg parts O 8 ), specified by their contracts and

logically composed to the Virtual Integrationh ~ Zz 6" ” ®
TL' ﬂ{ . }Ju_ —x*lﬂ. P;f _flm
CM:=jQuGﬁf C.ﬂ:f:=_;:?[cf.ﬁ1}
E - : E E r;t} E

@r

Figure4.2: Basic idea of the desigiteps within a poweaware design flow with power

contracts.

Applying the concepts of HRCs and CBD to build a consistent, design flow, our primary goal
is to formally ensure the correctuse of bottorrup leatnode power models to improve power
closure.Our basic idea for that design and verification flow is outlineéiguire4.2, covering:

1)

2)
3)

4)
5)

6)
7

the structural decomposition of the initial HRC with possibly a refpeatitioning of

its initial contracts;

the i mplementation of the HRCG6s parts;

the formal bottorup char acterizati on of -fubchoeal part s
behavior in terms of contracts;

the satisfaction c¢hecki ngttobhraepchaeaeterizatione par
and their specification;

the compatibility checking between all co
the virtual integration to a composed Hepel specification;

the refinement checking between the composed top level contract andftthesimidial
specification.
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4.3.5 Textual contract specification

We are using the LTbased specification langua@d HELLO (Object Temporal with Hybrid
Expressions Lineafime Logic) [CBD-129, CBD-130] for the formal specification of
contracts. This is a vemgxpressive hybrid specification language. The Extended Bad&us

Form (EBNF) of OTHELLO below describes the temporal, arithmetic and logic expressiveness
and is given asdBD-129]:

constraint = atom |
"not" constraint |
constraint "and" constraint |
constraint "or" constraint |
constraint "implies" constraint |
"always" constraint |
"never" constraint |
"in the future" constraint |
“then" constraint |
constraint "until* constraint |
constraint "releases" constraint ;
atom = "TRUE"|
"FALSE" |
term relational_op term |
"time_until" "(" term )" relational_op term |

term ;
term = variable |
constant |
term "+" term |
term" -"term |
term "*" term |
term /" term |
"der" "(" variable ")" |
"next" "(" variable ")" ;
relational_op = ("="|"I="]"<"]">"|"<="|">=") ;
where:

M constant is a comtant number;

1 variable is a string.

The structural view is described using OSS, the OTHELLO System Specification. OSS defines
unique identifiefi the HRC reference of the tdpvel HRCi its external portsuand its data
types’ w. For the description ofhe hierarchical decomposition of the overall system,
subcomponentsd B ) and their interconnectiod QD 0 Q0o h) Qo can be
specified. This way, Contracts can be specified during system and component description
through linking omponents with contracts using unique identifiers. In the following, the EBNF

of OSS CBD-129] is given:

0SS = system_comp component* ;
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system_comp = "COMPONENT" comptype? "system" interface
refinement? ;

component = "COMPONENT" comptype interface refinement? ;

interface = "INTERFACE" var* contract* ;

refinement = "ASYNC"? "REFINEMENT" subcomponent* connection*
refinedby* ;

var = port | parameter | 0 peration ;

port = ("IN"]"OUT")? "PORT" name ":" type ";";

parameter = "PARAMETER" name ":" type ";" ;

operation = ("PROVIDED" | "REQUIRED") "OPERATION" "PORT"?
name

"(" op_parameter* "t (type | "void™) "yt
op_parameter = ("IN"|"OUT")? name ":" type ;
type = "boolean" | "integer" | "real" | "continuous" |

"event”" | "{" (number | name)+ "}" |

number ".." number;
contrac t = "CONTRACT" name

"assume" ":" constraint ";"

"guarantee" ":" constraint ";" ;

subcomponent = "SUB" name ":" comptype ";" ;

connection = "CONNECTION" name ":=" constraint ";"
formula = "CONSTRAINT" constraint ";"

refinedby = "CONTRACT" name "REFINEDBY" contr_id+ ";";
contr_id = name "." name ;

where:
1 nameis a string;
1 there cannot be two components with the saamae
1 for everycomponent, there cannot be two subcomponents with the same
T comptypei s a string that mananBes one of the
1 in the list of components forming the OSS, there existsmaponent whosenameis

system;
1 the relationship that links @mponent to its subcomponents is not circular and form
a tree rooted in the system component;
{1 the constraint in the definition of a contract in an interface must be an Othello
constraint as defined above where every variable must match a variable of the interface;
1 theconstraint inthe definition of a connection in tihefinement of acomponent
must be an Othello constraint as defined above where every variable must either match
a port of the interface or be in the formsub.var where sub matches a
s u b c o mp mame of tth@ sefinement and var matches a variable of the
interface  of such subcomponent.
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5 Extensions for Networking

Here we include modeling elements that are useful to realize the validattistrdduted
applications deployed on communication resources subject to certain error rate. This allows for
the modeling of embedded systems connected through partially reliable networks and a high
level characterization of the network

MARTE is suitable for the lowevel accounting of resource usage in tiraed this is also
applicable to the networks when they are schedule with concrete arbitration stratggidsen
general purpose networks are usedvbennot detailed accounting of networking needs is
availabk, a high level characterization of communication needs and available capacities can be
used. This scales up well not only to general purposes traditional internet protocols but also to
wireless and mobile communication.

This chapter is organized in threections. The first consider extensions to MARTE that help

to model the network topology, and the overheads on processors due to the handling of packets
to be sent and received. The second proposes extensions to the modeling of the necessary
workloads, bdt, in communication and computing oriented. The lasppses a complete set

of modeling elements to capture specific analysis contexts for the validation of required
communication needs deployed on the available platforms.

5.1 Topology and platform overheads due to communication

Since MARTE profile is devoted to model real time embedded systems, it lacks precise
semantics related to networked embedded systems which are mainly for the communication
aspects between embedded elements.

Fortunately, and contrarip an often expressed opinioMARTE had addressed the main
elements of such systems and it is not necessary to adidimésamental modeling concepts to
MARTE profile. Insteadthe work being done in the spication consisted of defining new
stereotypesor the communication aspects of embedded systems such as network interfaces.

Therefore, we have introduced new stereotypes to extend the semantics of MARTE profile,
stereotypes are:

1. AbstractChannel,

2. NetworkInterface
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Resource

resMult: Integer
isProtected : Boolean
isActive : Boolean

1

ProcessingResource

L speedFactor: NFP_Real
CommunicationResource

n 1

CommunicationEndPoint CommunicationMedia
ComputingResource
packetSize : Integer elementSize : Integer
0.* | endPoint media | 1.* host 1.x

AbstractChannel

errorRate : NFP_Percentage

1.* | nwinterface :
wireless: Boolean

NetworkInterface

nwinterface
overhead : WorkloadBehabior 0.*

1 A ProcessingResource generalizes the concepts of CommunicationMedia,
ComputingResource, and active DeviceResource. It introduces an element that abstracts
the fundamental capability of performing any behavior assigned to the active classifiers
of the modeled syst. Fractions of this capacity are brought to the
SchedulableResources that require it.

1 A CommunicationResourcerepresents any resource used for communication and may
be considered as a collector of communication services. It generalizes the two kinds of
communication resources defined, communicationEndpoint and communicationMedia.

1 A ComputingResourcerepresents either virtual or physical processing devices capable
of storing and executing program code. Hence, its fundamental service is to compute,
what infact is to change the values of data without changing their location. It is active
and protected.

1 A CommunicationEndPoint acts as a terminal for connecting to a communication
media, and it is characterized by the size of the packet handled by the entipisint.
size may or may not correspond to the media element size. Concrete services provided
by a CommunicationEndPoint include the sending and receiving of data, as well as a
notification service able to trigger an activity in the application.

1 A CommunicationMedia represents the means to transport information from one
location to another (e.g., message of data). It has as an attribute the size of the elements
transmitted; as expected, this definition is related to the resource base clock. For
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exanple, if the communication media represents a bus, and the clock is the bus speed,
el ement sizeo would be the width of the
represents a |l ayering of protocol s, nel e
uppermosprotocol.

1 A Networkinterface acts as an interface to connect a physical device with a
communication media. It has an attriblt®rkloadBehaviowhich represents a given
load of processing flows triggered by external (e.g., environmental events) orlinterna
(e.g., atimer of the communication protocol) stimuli. The processing flows are modeled
as a set of related steps that contend for use of processing resources and other shared
resources. It may contain the communication protocol agent.

1 A Node representsphysical processing devices capable of storing and executing
program code. It can be seen as a container of tasks. At the end of the application design
flow, nodes will become HW entities with CPU and network interface and tasks will be
implemented eitheas HW components or as SW processes. It can be fixed or mobile
node.

1 An AbstractChannel is a generalization of network channels since it contains the
physical channel, and all the protocol entities up to levd. Nt has an attribute
errorRatewhich defnes the bit error rate of it. It has an attribwieelessto define if it
IS wire or wireless channel.

5.2 Extensions for modeling general purpose networking
workloads

As it was mentioned in section 5.1 that MARTE has provided the main elements for modeling
embedded systems but it lacks some semantics related to networked embedded systems.

Therefore, MARTE elements may be extended to compensate such lack. For exaralithe, Q

of Service of the communication media between embedded device in terms of, delay,
throughput, error rate, is considered as an important feature to measure the performance of such
applications.

Therefore, we have introduced new stereotypes to @xtes semantics of MARTE profile,
stereotypes are:

1- CommunicationRequirements

2- CommunicatingTask
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RtUint

isDynamic : Boolean

isMain : Boolean

memorySize : NFP_DataSize
msgSize: NFP_DataSize srPoolPolicy : PoolMgtPolicy
srPoolWaitingTime : NFP_Duration

CommunicationStep

CommunicationRequirements

maxErrorRate: NFP_Percentage CommunicatingTask
maxThroughput: NFP_Frequency
maxDelay: NFP_Duration requiresMobility: Boolean

isPeriodic: Boolean

T A CommunicationStep is an operation of sending a message over a
CommunicationResource that connects flost of its predecessor Step, to the host of
its successor Step.

1 A CommunicationRequirementsare the requirements of a data flow to be assigned to
an abstract channel and that to establish the communication between two tasks. It has
three attribuitesmaxErrorRateis the maximum number of errors tolerated by the
destinationmaxThroughpuis the maximum amount of transmitted information in the
time unit;maxDelayis the maximum permitted time to deliver data to destination.

1 A RtUnit is realtime unit andit owns at least one schedulable resource but can also
have several ones. If its dynamic attribute is set to true, the resources are created
dynamically when required. In the other case, thetmged unit has a pool of scheduling
resources. When no schéahie resources are available in the possible, thetireal
unit may either wait indefinitely for a resource to be released, or wait only a given
amount of time (specified by its poolWaitingTime attribute), or dynamically increase
its pool of thread to apt to the demand, or generate an exception. Airaalunit may
own behaviors. It also owns a message queue used to store incoming messages. The size
of this message queue may be infinite or limited. In the latter case, the queue size is
specified by itsnaxSize attribute. In addition, a reahe unit owns a specific behavior,
called operational mode. This behavior takes usually the form of ebsisdd behavior
where states represent a configuration of the-trewd unit and transition denotes
reconfigurations of the unit.

1 A CommunicatingTask represents a basic functionality of the whole application; it
takes some data as input and provides some output. It should be allocated in a Node to
perform its operation. It has an attribute nanreduiresMobility to define its
requirement to be allocated in a mobile or fixed node. It can be periodic or aperiodic
task and it is specified fromPeriodicattribute.
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5.3 Allocation and models for network analysis

In this section we extentllARTE communciationChannelementby a new stereotype for
DataFlowto express the communication requirements of the data flow from the communication
channel.

CommunicationChannel

msgSize: NFP_DataSize
utilization: NFP_Real

DataFlow

communciationRequirements:

CommunicationRequirements [*]
taskSource: Task [*]
taskDestination: Task [*]

1 A CommunicationChannel is logical communications layer connecting
SchedulableResources.

1 A DataFlow represents the communication requirements between two tasks; output
from a source tasktgskSourck is delivered as input to a destination task
(taskDestinatioh It has an attribuiteommunciationRequirementdich describes the
communication regjres to perform the communcaition between two tasks. It should be
allocated in an abstractChannel to perform its operations.

Page4l



CONTREX/UC/R/2.1.1 Public
CONTREX System metaodel

6 Extensions for the management of modeling
configurations

The extensionghat may become useftd manage the different modelad diagrams that are
necessary along the variants of the development process used by the different partners in the
project are not really a fundamental increment in the modelling power of themuetal, but

may be a methodological enhancement thatyéalps to trace models along the development
process.By modeling configurations we understand the concrete diagrams and models
necessary for each combination of viewpoints, abstraction levels and NFPs of interest as they
are presented in the introductiohthis document.

6.1 Stages in the development process: Refinement and
abstraction

Herewe consider the management of requirements for tracing them along the development
processThis is heavily dependent on the development procedures of the practibomeative
environment.

6.2 Perspectives viewpoints and views

We consider here the new proposals for the managements of viewpoints in recent versions of
UML plus the discussions dhe SySML revision task forcat the OMG.

6.3 Management of V&V for specific NFPs of interest

Here it is important tassesghe use of current NFP types in MARTE for modeling those
properties in the CONTREX use casAdditional practical experience is necessary to identify
tools and methodologies to manipulate NFP annotations.
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7 Link to other formalisms

Being this a requirement identified in the survayd considering the convenience of having at
hand the semantics of other formalisms for facilitating the tinthem, here we include the
study of certain MoC. There have not beefes@lements to add to MARTE in the CONTREX
metamodel, but its formalization with UML will require the semantics clarifications here
included.

7.1 System-Level modeling Specification and Modelling
Methodologies

As mentioned in Sectiof.2.1, a number of works, and specifically, UC and KTH, have
background and toolingo support systertevel specificationrelying on MoC theory
Moreover, backgrouwd tackling the support of MeBased modeling in UML/MARTE was
referred.

However, it was also mentioned that an assessment of MoC support for the purposes of
CONTREX was also convenient, to ensure the applicability of the MoC based available tools
and flows.

Because of that, an assessment to confirm the suitability of the currently defined metamodel
under MoCs perspective has been done. So far, no need for the extension has been found.
However,the task of defininga synthetic and useful metamodelbetterdefined oncehe
modeling and design methodologies it servesanepletelydefined,it makes sense the update

of this assessmentafter the development of the modeling (T.2.2) and analysis methodologies
(T2.3).

In order to perform the assessment in acstmed way, the objectives (and the priority order)
with regardto the modeling methodology are the following:

1 Completeness:the elements of the metamodel shall be sufficient for capturing the
information and semantics of the targeted Ma@hout ambiguiy.

1 Semantics coherencethe CONTREX metamodel should suppdoML+MARTE
modek supportinghe SDF and SR MoC semantics, without semantic incompatibilities.

1 Suitability for later design phases the CONTREX metamodekhall support the
extension of the UML/MARTE model with additional annotations and information
regarding functionalityForinstancethe KTH analysis antbolsrequire the annotation
of worstcase execution times and memory usages for each actor mpthé&DF graph
which describes the application.

1 Feasibility: tool development and integration, and the application of the partner
methodologies shall be feasible in the CONTREX effort and time bounds.

1 Efficient Modelling: The task of thenodelershould & as light as possible
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Moreover, a proceduréor the assessment has been defined. A first decision made in the
assessment was to first focus on tBgnchronousDataflow (SDF) untimed model of
computation. This is a weknow MoC and with much associatedetature and precise
executive semantics and modeling conditidescribede.g.[18]. Moreover, some CONTREX
partners provide tools based on this MoC, and othied party tools, e.g. SDF3, are also
available and of high utility for ensuring the correctness and analyzability of the model. After
assessingDF, the (ForSyDe) synchronous MoC is considered. For it, it will be exploited that
the (ForSyDe) synchronousd@ can be related to a homogeneous SDF where the signals are
extended with the nwalue, plus additional constraints on signal events related to time
semantics.

Moreover, for the analysis, the tutorial examples of the ForSyDe methodology have been
selectd as a reference. They are simple, but yet rich in modeling elements and aspects requiring
consideration. They enable the introduction of basic and important aspects on semantics,
initialization and feedback loops. These aspects are analyzed first. hatanoposability is

tackled, since these aspects are not straightforward when preservation of semantics, properties
and analyzability are considered. Such aspects are discussed through the implementation of the
example both in ForSyD8ystemC and in HetS@ethodologies. Then, the same aspects are
tackled for devised UML/MARTE approaches, where the background is considered too.

Figure7.1 shows the graph representation of the example proposed for the assessment of the
support of the SDF Mo18] in UML/MARTE.

.......... i

downres

src;fun u S;fun avg_fun ds_fun sn k_fun

Figure7.1: Example used for assessing SDF MoC in UML/MARTE.

Such an apparently simple example serves for introducing practically all the aspects of the
information carried by and implicit inan SDF mode (kinds of computation nodes,
communication edges, semantics, aspects not involved by the semantics, feedbaék, et
detailed discussion is given [ih7], where the support of MoCs in MARTE for the CONTREX
methodologies is assessed and reported.

Moreover,Figure7.1 serves to show that an important part of the information in a SDF model
can be captured as an SDF graph, or SDFG in shuetanly SDFG enables the application of
several gstemlevel analysesSpecifically,[17] shows how by capturing such graph under the
SDF3 format, we can confirm the consistency of the graph, that it is deadlock free, etc.
Additionally, Figure 7.1 shows the link of specific functionality to the graph nodes. Adding
such information enables an SDF executable model. To build a éBgutable model,
ForSyDeSystemC or a SDF HetS@ethodologies cabe used, whichas well as executable,

can also serve faarlyfunctional validation.

As was mentioned, the first aspect tackled is a precise discussion on how the structure of
concurrency is captured amdhich is the specifiexecutive semantics themodel Figure7.2
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and Figure 7.3 show a sketclihe same abstract model Bigure 7.1 under theForSyDe
SystemC and HetSC methodologies respectjalys showing the modeling elements each of
these methodologies empldy the former casd, is relevant the use @rocess constructsy
which in ForSyDeSystemC (SystemC implementation of ForSylAs) encapsulateavithin
SydemC moduls. Therefore, an SDF node is modeled as a Systam@ule enclosing a
SystemQorocess. HetS@istead, directlyelates the SDF node tocSystemC processvithout
preventing the user to wrap up it with a SystemC module

SDF::delay

dout din

SDF::source SDF::comb

SDF::comb SDF::sink

res
SDF::signa
1

y

src_fun us_fuﬂ ds fun snk_fun

Figure7.2: Sketch of the xaample (single level of hierarchy) in ForSyi3gstemC

o117 W

uc_arc

SDF_NODE SDF_NODE SDF_NODE SDF_NODE EDF_NOC

downres

fuc_arc™, Fuc_arc™,

Figure7.3: Sketch of the HetSC model with a single level of hierarchy.

A more distinguishing characteristic of the Het®€&thodology is that much of the semantics

of the model rely on channels semantics. This explains that in the HetS@\&Iefrates are

defined as an attribute of the chaneriployedaHetSC provided channeblleduc_arc

There are otheless remarkablelistinctions. For instance, ForSyf3ystemC uses delay
elemenin order to capture the initial tokgnwhile in HetSC the initial tokens can be directly
injected into thaic_arcchannel.

Other distinctions not so apparent in the model refer to the teatamhich both ForSyDe
SystemC and HetSC guarantee some of the constraints or conditions associated to the model
e.g. about process structure, limitation onrtbhmber ofprocessswriting and or reading, etc.
However, there are many similarities, apart from abiding SDF rules and executive semantics,
such as that each SDF node is mapped to a SystemC process, thus a concurrent activity, or that
modular hierarchy is supported athat it isorthogonal to the exetiue semantics, i.e. without
involvements on the executive semantics.
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A detailed overview of SDF aspects and semantics, and how they are captured in ForSyDe
SystemC and HetSC are provided1].

Once the modelling elements, modelling constraints and semaleficsng SDF MoCare
stated, the next step is to explore UML/MARTE models which can be linked directly or
indirectly (through transformations) to SDF exetilé and analyzable counterparts, always
aiming the objective declared at the beginning of this section.

A first fact that has been realised is that given the richness of modelling elements and extension
mechanisms provisioned by UML, there is a largeevprof possible approaches that can be
proposedTheForSyDeSystemC and HetS@ethodologieand the aforementioned objectives
havebeenconsidered to limit the alternatives to be assessed in the definition of the modelling
methodologyHowever, the assssient of severalternatives ranging from the generality to
versions close to the aforementioned methodologies is convewstntMore generic
UML/MARTE modelling approaches push model exchange and reuse, wioite specific
ver si ons fAf | aerto specdidniethodologilesables potentially more effamt
modelling approaches and synthetic modahsl surely intermediate representations which can
facilitate the bridging between a generic UML/MARTE model (the main target) and the existing
MoC-based modelling and analysis methodologies

Startingbyif | avour edo approaches facilitates al so
how to abstradhemtowards a common UML/MARTE moddtigure7.4 shows a composite
diagram of a ForSyDe flavoured UML/MARTE model capturingFigure7.1 example.

«Component»

£ ]top

structure

+ avginit: SDF::delay [1]
I

«FlowPort»

+ avgl: SDF::comb2 [1]

structure
«FlowPort»
{3] + FlowPort1: <Undefined> [1]

+ us: SDF::comb [1]
structure

| + dsl: SDF::comb [1] ] | + snk: SDF::sink [1]

«FlowPort» «FlowPort» structure i structure

3]s o e e [T:l:—é_]ﬂnm ° [Tj I:|i|+inpl11

«FlowPort» «FlowPort»  «FlowPort»

+ src: SDF::src [1]

«FlowPort» «FlowPort»
in [11 »
out

Figure7.4: ForSyDe flavoured ML/MARTE model for the assessed example.

By means of a composite diagradML enablesto capturemost of the structural information

of the SDFG. Specifically, SDFG nodes and edges are captuprdestiestyped as UML
components andonnectors

A composite diagram matches well specific aspects of ForSyB8eemcC. In effecthe SDF

nodes are captures as UML component instances, that is as UML properties, which matches
well the wayForSyDeSystenC processes amaptured in SystemC, that is@gstemC module
instancesvith ports (toabide the pattern imposég aprocess constructor)JML Connectors

enable a very synthetic captwkthe SDF edge, also enabling a one to one correspondence to
the ForSyDe SystemCSDF::signal

UML port multiplicity (e.g. 1..* for the out port of the avgl instancéigure7.4) enables to
capture the output multiport connectisupported by ForSyD8ystemC. Similarly, a
multiplicity 1 can be declared for input ports (shown for some portsigare 7.4), which
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ensures that the SDF compoditiaule which limits the number of readers of an arc is directly
captured in UML. SDF has another rule which states that there should be a single writer to an
actor. This is applied strictly in HetSC, and also in ForSieeSC, since a SDF signal
connects oly to one port of the output mufpiort. In the UML/MARTE model shown idrigure

7.4 this means that the number of arcs connected shall not exceed the multiplicéypoft.

MARTE specific aspects are also visible in ffigure 7.4 composite diagram. Specifically,
ports with the MARTE <<FlowPort>> stereotype are used to capture the direction of the data
(recall that a SDFG is a directed graph).

To complete the capture of a SDFG, the modelling of consumption and production rates is
required. For this, an approach inspired on the solution adopf@fisgshown. Specifically, it
consists in associating the MARTE stereotgg€ommunicationEndPoint>o both the input

and output flow ports. This stereotype adds the attridutese s Mwndfitp@ ¢ k e in Suchz e 0
a way that the value of ther e s t aftdblutéidinterpreted as the amount of packets sent,
whenreferring to the output flow port, artd the amount of packets received, when referring

to the input port, for each node firhg T & ¢ Kie erdlles ® dnodel the data volume
moved and associatedd¢ach packettokenin SDF terms) and transferred through a connector
(arcin SDF terms). This daia useful for later performance analysis activities.

+ avginit: SDF:delay [11 |

ol structure i1 [1]
«FlowPort»

«FlowPort»

+ avgl: SDF::comb2 [1]
structure

+ us: SDF:comb [1] «FIgrPOPFt?tl Undefined> [1]
+ FlowPort1: <Undefined>
structure + dsl: SDF::comb [1

+ src: SDFusre [1] ;
structure o «FlowPort, Stef| » ot «FlowPort, Communiceftlanea » ; SHLCUUE S
1 » i3 +in2 [1 » +in [1
«FlowPort, municati dPoids out i3 +in201] + out2 [1.%] in [11
| «FlowPort, StorageResel

CompositeDiagram_avg1 |[E system 52

= Properties &2 | 4 Model Validation

=y

_ Applied sterectypes: dL 4| |9k | (9| resMult 3

Profile » = FlowPort (from MARTE:MARTE_DesignModel::GCM)
_ ¥ = CommunicationEndPoint (from MARTE::MARTE_Foundations::GRM)

_ & packetSize: NFP_Integer [0..1] = null
e -

P = isProtected: Boolean [0..1] = False

1 The solutiorin [8] uses a <<storageResourcedrthe receiving side. Thigould cover the proposed case, but
it also adds an additional semantics in the sense that it assumes that the consumer node hagea berdtr.
SDF does notfif an implementation should use a transmission buffer, a receiver buffer, or bbirefore,

the solution proposed seents corresponds more the to the abstraction level of the SDF semantics, and to
provide a solution with thsame symmetry that theoretical work attributes to the SDF MoC
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Figure7.5: Capture of rates in the ForSyDe flavedtUML/MARTE model of the assessed
example.

In order to enable 8DFfunctional model, yet information regarding the data type transferred,

and links to functionality are required. UML and MARTE provide mechanisms for capturing

data primitive types and omplex typesfor instance, through the UML Datatype for primitive

types, and through classes, for complex typksturn, UML ports can be typday referring

the aforementioned types, classes and complex.typesefore, the model can capture not only

the amount of data associated to the token (t
al so the |l ogic structur e orhissshemelrequiresicleecking or i
the coherence of the packet sizes and data types associatade¢oted input and output ports.

«DataType» «DataType» —
[@] Char (@] Integer = ComplexType
«Components
= | SDF::comb2

structure

«FlowPort, CommunicationEndPoint»
[,] +inl: Char [1] «FlowPort» [.] + outp: ComplexType [1..¥]

«FlowPort, CommunicationEndPoint»
[’] + in2: Integer [1]

Figure7.6: Port Data typing in the ForSyDe flavourgd/IL/MARTE model. Data types are
previously captured in the model.

In order to capture the functionality, elemeiats the UML Opaquebehavior enable the
association (through UML usage relationships) of functionality. The opaque behavior enables
the description of &unctionality name and also ofput and output parameters.
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«Component»
=]top
structure

+ avg_init_fun: avg_init_fun [1|
structure

h5es + avginit: SDF::delay [1]

structure

i1[1]

«FlowPort»

+ avgl: SDF::comb2 [1]
tructure

«FlowPort, CommitnicationEndPojnts

+ us: SDF::comb [1]
{3] +in1: Char [1]

structure

[+ ds1: SDF:comb [1] | [ + snk: SDF::sink [1]]
structure structure

+ src: SDF::src [1] [lowPort, StofageResource»

FlowPort» «FlowPort»
structure . % . . out %
out » —é +inp [1]
3] inf1l i (3] +in211) s [‘]= [+ in 1) E;'] [f] p
P, : — = «FlowPort, StorageReseimeRort»  «FlowPort»
«FlowPort, CommunicationEndPoint» ¢ «FlowPort, CommunicatignEndPoint>» I
4 '
! X Usage2 )
Usageduse» | ' i
\ Usage#ise» | «use» !
'
'
|
v : \
«OpaqueBehavior; ' vV
@ us fun + avg_fun: avg_fun [1 + ds_fun: ds _fun [1
= structure structure

structure

Figure7.7: Association of functionality to the nodes in the ForSyDe flavoulgidl/MARTE
model.

The example shown until henegardless other variants being assessed in the definition of the
modelling methodologyserves to illustrate th#tere isno immediate need for elements out of
the UML or the MARTE metamodel for enabling the capture of the information which can be
associated to a SDF systdavel model.

However,to ensure that the enabled model has a specific executive semantics whiclspreve
any kind of ambiguity when the model is exchanged among par@ssnsportant as enabling
means for capturing thegructure and the explicit information associatedriwmdel. A common
mechanism employed and enabled by UMt associating more speicifsemantics to model
elementss the definition of a methodology specific profiigure7.8 shows a reduced SDF
profile which would be sufficient for the purposgthe shown example.

«Profile»
SDF

«Stereotype» «Stereotype» «Stereotype» «Stereotype» «Stereotype» «Stereotype»
SDF signal delay comb source sink
A \ \ /
«metaclass» «metaclass»
Component Connector «metaclass»
Classifier

Figure7.8: Sketch of ForSyDe SDF profile for the ForSyDe flavoudsddL/MARTE model.
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Figure7.9: Applying an SDF stereotype tovahole component to involve SDF semantics on
the whole inner content.

With this profile,thesemantic®f a specific MoGcan be associated to an ambjecifically to

the internal ambit of a UML componeritigure7.9 showshow it can be donim the examplge

by applying theif SDF 0 s t definedanthgRigere7.8 profile,t o t he @At opo con
Through this synthetic mechanism it is stated that all the inner elements of the component have
associated a SDF specific semanfik&]. This mechanism saves modelling effort and enables

to keep anddistinguishdifferent MoCs in a heterogeneous modbl means of different
components wit hMoCrstereotypes r espondi ng f

In case the user desires to merge modelling elemagitnging to different models of
computation within a single component modekhich is often called amorphous
heterogeneity)then theremainingprofile elements shown iRigure7.8 are useful.

Figure7.10illustrates how the modelling patterns can be captured as a library of components,
where each component captures process amtists semanticdn Figure 7.10 solution the
specificsemantics of each componensiated bystereotypingWith stereotypes of therofile
sketched irFigure7.8).

These components can be instantiated within a component together with components belonging
to other MoC, thus enabling the aforementioned amorphous heterogeneity.

Figure7.10: Component library where each component is stereotyped for associating a specific
semantics.
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