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Foreword

(1) The AADL standard was prepared by the SAE Avionics Systems Division (ASD) Embedded Computing Systems
Committee (AS-2) Architecture Description Language (AS-2C) subcommittee.

(2) This standard addresses the requirements defined in SAE ARD5296, Requirements for the Avionics Architecture
Description Language?.

(3) The AADL standard consists of a core language standard that is defined in this document and a collection of
standardized property sets and/or sublanguages that are defined in annex documents. The core language
standard provides full support for modeling the application task and communication architecture, the hardware
platform, and the physical environment of embedded software-intensive systems, including standardized
predeclared propecti i i icati imi Il as deployment of the
application on the hardware platform. The standardized extensions allow core AADL modgls to be annotated with
information that ig not represented by the core language to meet specific embedded system analysis needs such as
security analysis| dependability analysis, and behavioral analysis, and support for-autpmated generation and
integration of sysfems.

(4) The starting point for the AADL standard development was MetaH, an architecture dgscription language and
supporting toolset, developed at Honeywell Technology Laboratories under DARPA and Army AMCOM
sponsorship.

(5) The AADL standgrd has been designed to be compatible with realtime operating system standards such as POSIX
and ARINC 653.

(6) The AADL standpard is aligned with Object Management\Group (OMG) Unified Modeling Language (UML) and
Modeling and Analysis of Real-Time Embedded systemsAMARTE) through a standardized profile for AADL.

(7) The AADL standdrd includes a specification of an AADL-specific XML interchange format.

(8) The AADL standprd provides guidelines for*users to transition between AADL models ahd program source text
written in Ada (ISP/IEC 8652/2007 (E) Ed.3)-and C (ISO/IEC 9899:1999).

1 This was the original name of the SAE AADL.
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Introduction

(1) The SAE Architecture Analysis & Design Language (referred to in this document as AADL) is a textual and
graphical language used to design and analyze the software and hardware architecture of performance-critical real-
time systems. These are systems whose operation strongly depends on meeting non-functional system
requirements such as reliability, availability, timing, responsiveness, throughput, safety, and security. AADL is used
to describe the structure of such systems as an assembly of software components mapped onto an execution
platform. It can be used to describe functional interfaces to components (such as data inputs and outputs) and
performance-critical aspects of components (such as timing). AADL can also be used to describe how components
interact, such as how data inputs and outputs are connected or how application software components are allocated
to execution platform components. The language can also be used to describe the dynamic behavior of the runtime
architecture by providing support to model operational modes and mode transitions. The language is designed to
be extensible to accommodate analyses of the runtime architectures that the core language does not completely

support. Extensiinmniam&mmmnm_a:mm“mmmmt can be associated with
components and are standardized themselves.

(2) AADL was develpped to meet the special needs of performance-critical real-timesystems, including embedded
real-time systems such as avionics, automotive electronics, or robotics systems) The |language can describe
important performance-critical aspects such as timing requirements, fault and)error behaviors, time and space
partitioning, and |safety and certification properties. Such a description allows a system designer to perform
analyses of the gomposed components and systems such as system_schedulability, sizing analysis, and safety
analysis. From these analyses, the designer can evaluate architectural'tradeoffs and chandes.

(3) Since AADL supports multiple and extensible analysis approaches, it provides the ability to analyze the cross
cutting impacts ¢f change in the architecture in one specification using a variety of ahalysis tools. AADL is
designed to be lised with analysis tools that support the automatic generation of the $ource code needed to
integrate the system components and build a system)\executive. Since the models and the architecture
specification drive the design and implementation, they,can be maintained to permit mpdel driven architecture
based changes throughout the system lifecycle.
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Information and Feedback

(1) The website at http://www.aadl.info is an information source regarding the SAE AADL standard. It makes available
papers on AADL, its benefits, and its use. Also available are papers on MetaH, the technology that demonstrated
the practicality of a model-based system engineering approach based on architecture description languages for
embedded real-time systems.

2

€))

4

(5

)

)
€))

The website prov

ides links to three SAE AADL related discussion forums:

The SAE AADL User Forum to ask questions and share experiences about modeling with SAE AADL,
The AADL Toolset User Forum to ask questions and share experiences with the Open Source AADL Tool
Environment, (OSATE) and

The SAE Standard Document Corrections & Improvements Forum that records errata, corrections, and

improvements t

the current release of the SAE AADL standard

The website pro

provides links to ¢

Questions and inquiries regarding working versions of annexes and future “ersions d

addressed to info

Informal commen
procedure will be

ltopic Title symmarizing comment

Ireference A/

Ifrom Author

lkeywords kelywords related to topic

ldiscussion

text of discusssion

where ss.ss is th¢ section, clause or subclause number, pp is the paragraph or line numbg

yy-mm-dd is the ¢
Multiple commen

When correcting
the topic of the cg
be added, and

information in the

ther resources regarding the AADL standard and its use.

[@aadl.info.

ts on this standard may be sent via e-mail to errata@aadl.info. If appropriz
initiated. Comments should use the following format:

DL-ss.ss(pp)

Name yy-mm-dd

ate the comment.was sent. The date is optional, as is the lkeywords line.

s per e-mail.thessage are acceptable. Please use a descriptive “Subject” i

mment; use square brackets [ ] to indicate text to be omitted and curly bra
provide enough context to make the nature of the suggestion self-e

ides information and a download site for the Open Source AADL\Toq

| Environment. It also

f the standard can be

te, the defect correction

r where applicable, and

n your e-mail message.

typographieal errors or making minor wording suggestions, please put the correction directly as

ces { } to indicate text to
ident or put additional

body of the comment, for example:

ltopic [c{C}haracter

ltopic it[']s meaning is not defined
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1 Scope

(1) This standard defines a language for describing both the software architecture and the execution platform
architectures of performance-critical, embedded, real-time systems; the language is known as the SAE Architecture
Analysis & Design Language (AADL). An AADL model describes a system as a hierarchy of components with their
interfaces and their interconnections. Properties are associated to these constructions. AADL components fall into
two major categories: those that represent the physical hardware and those representing the application software.
The former is typified by processors, buses, memory, and devices, the latter by application software functions, data,
threads, and processes. The model describes how these components interact and are integrated to form complete
systems. It describes both functional interfaces and aspects critical for performance of individual components and
assemblies of components. The changes to the runtime architecture are modeled as operational modes and mode
transitions.

(2) The language is gppticabtetosystems thatare:
real-time,
resource-constrpined,

safety-critical syistems,

and those that mpay include specialized device hardware.

€))

This standard defjnes the core AADL that is designed to be extensible..\\While the core lang
of modeling concepts with precise semantics including the mapping, t6. execution platforms

Liage provides a number
and the specification of

4

(5

(6

11

€D,

execution time
accommodate n
notations that c
Extensions may K

This standard dq
components are
hardware descrij
implementation d
language, from
component prope

This standard dg
middleware appl
architecture topo
platform compon
infrastructures. |

rules of conformanhce:bétwwveen AADL system architecture specifications and actual system i

analyses and unique hardware attributes take*the form of new properti
n be associated with components. Useérs or tool vendors may d
e proposed as annex documents for inclusion in the AADL standard.

ehavior, it is not possible to foresee all possible architecture an}lyses.

es not specify how the detailed design or implementation details of
to be specified. Those details<'‘can be specified by a variety of soft
tion languages.
escriptions, such as sourcextext written in a programming language ¢
hn external (black box) perspective. These relevant characteristics

rties, and as rules of conformance between the properties and the describ,

es not prescribe any particular system integration technologies, such
cation program, -interfaces or bus technologies or topologies. Ho
ogies, suchas the ARINC 653 executives, can be modeled through
ents. AADL can be used to describe a variety of hardware arch
htegration technologies can be used to implement a specified system.

Extensions to
s and analysis specific
fine these extensions.

software and hardware
vare programming and

The standard specifies relevant characteristics of the detailed design and

br hardware description
pre  specified as AADL
ed components.

Bs operating system or
vever, specific system
software and execution
itectures and software
The standard specifies
mplementations.

The standard wa

sTotdesigned—around—a particutar setof toots— it is—anticipatedthatsys

will be provided to support the use of AADL.

ems and software tools

Purpose/Extent

The purpose of AADL is to provide a standard and sufficiently precise (machine-processable) way of modeling the
architecture of an embedded, real-time system, such as an avionics system or automotive control system, to permit
analysis of its properties, and to support the predictable integration of its implementation. Defining a standard way
to describe system components, interfaces, and assemblies of components facilitates the exchange of engineering
data between the multiple organizations and technical disciplines that are invariably involved in an embedded real-
time system development effort. A precise and machine-processable way to describe conceptual and runtime
architectures provides a framework for system modeling and analysis; facilitates the automation of code generation,
system build, and other development activities; and significantly reduces design and implementation defects.
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(2

€

4

(5

®

1.2

€Y,

1.3
13.1

€D,

AADL describes application software and execution platform components of a system,

and the way in which

components are assembled to form a complete system or subsystem. The language addresses the needs of
system developers in that it can describe common functional (control and data flow) interfacing idioms as well as
performance-critical aspects relating to timing, resource allocation, fault-tolerance, safety and certification.

AADL describes functional interfaces and non-functional properties of application software
components. The language is not suited for detailed design or implementation of compone
in conjunction with existing standard languages in these areas.
execution platform components including processor, memory, communication channels,
with the external environment.
source text written in a hardware description language such as VHDLZ.

and execution platform
nts. AADL may be used

AADL describes interfaces and properties of

and devices interfacing

Detailed designs for such hardware components may be specified by associating
AADL can describe interfaces and

properties of application software components implemented in source text, such as threads, processes, and
runtime configurations. Detailed designs and implementations of algorithms for such components may be specified

by associating source text written in a software programming language such as Ada o

r C, or domain-specific

modeling languades such as MatLab™/Simulink®s.

AADL describes|how components are composed together and how they interact to
architectures. R{intime semantics of these components are specified in this standard. \
available to exchange control and data between components, including message p|
synchronized acgess to shared components, and remote procedure calls. Thread schedul
requirements ma
operational modgs and mode transitions. The language does not<require the use of]
architecture or anly specific runtime software infrastructure.

Rules of conformpnce are specified between specifications writtenin AADL, source text a

form complete system
arious mechanisms are
assing, event passing,
ng protocols and timing

be specified. Dynamic reconfiguration of the runtimé architecture may be specified through

any specific hardware

hd physical components

described by thoge specifications, and physical systems constructed from those specifications. The AADL is not

intended to descyibe all possible aspects of any possible component or system; selected
requirements arg imposed on components and systems: Many of the attributes of ar
represented in ap AADL model as properties of that component. The conformance rules
the characteristics described by these properties as)well as the syntactic and semantic re
components and|systems. Compliance between AADL specifications and items descri
determined through analysis, e.g., by tools for.seurce text processing and system integratio

AADL can be us
The language ¢
integration, verifi

n be used by multiple* tools to automate various levels of modeling, a
dation and certification.

Field of Applicgation
AADL was develd

and strict real-ti
hardware such a$

ped to'moedel embedded systems that have challenging resource (size, wé
e response requirements. Such systems should tolerate faults and
[/© dewces These systems are often certlfled to high levels of assurg

syntactic and semantic
AADL component are
of the language include
quirements imposed on
bed by specifications is
.

d for multiple activitiestin multiple development phases, beginning with preliminary system design.

halysis, implementation,

pight, power) constraints
may utilize specialized
nce. Intended fields of

application include

—engine and power train

control systems, medical dewces mdustrlal process control equment robotlcs and space applications. AADL

may be extended to support other applications as the need arises.
Structure of Document

A Reader’s Guide

As necessary, the term AADL V2 will be used to refer to the revised version of AADL defined in this document.

2 VHDL is the “Very-High-Speed-Integrated-Circuit Hardware Description Language. See IEEE VHDL Analysis and Standardization
Group for details and status.

3 MatLab and SimuLink are commercial tools available from The MathWorks.
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(2

3

The AADL standard consists of this core language document and a set of annex documents of standardized
extensions. This core language document contains a number of sections and appendices. The sections define the
core AADL. The appendices provide additional information, both normative and informative about the core
language. Annex documents introduce additional standardized properties and possibly language extensions in the
form of specialized notations.

AADL concepts are introduced in Section 3, Architecture Analysis & Design Language Summary. They are defined
with full syntactic and semantic descriptions as well as naming and legality rules in succeeding sections. The
vocabulary and symbols of AADL are defined in Section 15. Appendix B, Glossary, provides informative definitions
of terms used in this document. Other appendices include a Syntax Summary and Predeclared Property Sets. The

remainder of this section introduces notations used in this document and discusses standard conformance.

4

Section 2, Refe
Section 3, Arch
language.

This core AADL document consists of the following:

ences, provides normative and applicable references as well as terms ang
itecture Analysis & Design Language Summary, introduces and defin

e Section 4, Comnponents, Packages, and Annexes, defines the common aspects)of coni
design elementg of AADL, as well as component template parameterization. It-also intrody
allows organizalion of the design elements in the design space. This section closes wit

subclauses and

(5) The next sections
modeled systems

e Section 5, Soft

libraries as annex-specific notational extensions to the core " AADL.

introduce the language elements for modeling application and execution
or systems of systems.

vare Components, defines those modeling‘elements of AADL that repre

software compagnents, i.e., data, subprogram, subprogram, group, thread, thread group, an

e Section 6, Exe
platform compo

e Section 7, Syst
platform and ap

e Section 8, Feat
components.
subprograms, a

cution Platform Components, defines (those modeling elements of AAD

nents, i.e., processor, virtual processor, memory, bus, virtual bus, and dev

em Composition, defines systentas a compositional modeling element t

blication system software companents.

res and Shared Access, defines the features of components that are con
hese consist of ports; subprogram parameters, provided and req
d buses, as well as grouping of features into feature groups.

)

)

Section 9, Connections , define§ the constructs to express interaction between cqg
connections between component.features.

Section 10, Flows, defines the-constructs to express flows through a sequence of compon
Section 11, Phoperties, .defines the AADL concept of properties including propert
association, property type;-and property declaration. Property associations and property
specify values. | Propérty set, property type, and property nhame declarations are used to
properties.

definitions.
s the concepts of the

ponents, which are the
ces the package, which
h a description of annex

platform components in

sent application system
d process.

L that model execution
ce.

hat combines execution

hection points with other
uired access to data,

mponents in terms of

ents, and connections.

y sets, property value
expressions are used to
extend AADL with new

ational modes with mode-

Section 13, Operational System, defines the concepts of system instance and binding of application software to

execution platforms.
semantics of system-wide mode switches.

This section defines the execution semantics of the operational system including the

Section 14, Layered System Architectures, defines support for modeling layered architectures.

Section 15, Lexical Elements, defines the basic vocabulary of the language. As defined in this section, identifiers in
AADL are case insensitive. Identifiers differing only in the use of corresponding upper and lower case letters are
considered as the same. Similarly, reserved words in AADL are case insensitive.

The following Appendix sections complete the definition of the core AADL.

Appendix A Predeclared Property Sets, contains the standard AADL set of predeclared properties, property types,
and property constants.

Appendix B Glossary, contains a glossary of terms.

Appendix C Syntax Summary, contains a summary of the syntax as defined in the sections of this document.
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e Appendix D Graphical AADL Notation, defines a graphical representation of AADL.
e Appendix E AADL Meta Model and XML Specification, defines an XML-based interchange format in form of an
XMI meta model and an XML schema.
e Appendix F Unified Modeling Language (UML) Profile, defines a profile for UML that extends and tailors UML to
support modeling in terms of AADL concepts. This profile is defined in the context of the Object Management
Group (OMG) Modeling and Analysis of Real-Time Embedded systems (MARTE).
e Appendix G Profiles and Extensions, contains profiles and extensions that have been approved by the standards
body.
(8) The annex documents introduce additions and extensions to the core AADL.

)

(10

1D

1.3.2

Annex Document A Code Generation, provides guidance for automatic generation and integration of runtime
systems and application code in different implementation languages. It defines a standardized set of properties

for recording ma

ppingc from the AADL maodel to source text and for automatic code gener

ation.

Annex Docume
information into
support of data
Annex Docume
notation and

dependability ref
Annex Documg
sublanguage ng

The core languag
below is informati

Text under a N(
Each clause or

All implementatio

nt B Data Modeling, provides guidance on data modeling and how to mag
an AADL model if desirable. It defines a standardized set of properties
Mmodeling.

ht C Error Model, defines a standardized core language extension in the

relevant data modeling
and basic data types in

form of a sublanguage

properties the component to support annotating AADL, ‘miodels with safety-criticality and

ated information of a system.
nt D Behavior Model, defines a standardized core<language exten
tation to specify the behavior of AADL components as AADL model annot

e and the annex documents are normative, except that the material in
ve:

DTES or Examples heading.
ubclause whose title starts with the word “Example" or “Examples".

s shall conform to the core language. In addition, an implementation mg

one or more Anngxes that represent extensions:to the core language.

The following app

Appendix B Glo
Appendix C Syr
Appendix G Pro

Structure of ClI

endices and annexes are-informative and do not form a part of the formal
ssary

tax Summary,
files and Exténsions

huses , and Subclauses

sion in the form of a
htions.

each of the items listed

y conform separately to

specification of AADL:

(1) Each section of fhe_core standard is divided into clauses and subclauses that have a cq

2

3>

4

mmon structure. Each

section, clause, and subclause first introduces its subject and then presents the remaining text in the following
format. Not all headings are required in a particular clause or subclause. Headings will be centered and formatted
as shown below.

All paragraphs are numbered with numbering restarting with each section. Naming rules, legality rules, and
consistency rules have their own paragraph numbering also restarting with each section. They can be identified by
section number and paragraph number.

Syntax

Syntax rules, concerned with the organization of the symbols in the AADL expressions, are given in a variant of
Backus-Naur-Form (BNF) that is described in detail in Section 1.5.

Naming Rules

Naming rules define rules for names that represent defining identifiers and references to previously defined
identifiers. Each rule is labeled by (N#), where # is a natural number restarting with 1 for each section.
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Legality rules define semantic restrictions on AADL specifications.

Legality Rules

Legality rules must

be validated by AADL

processing tools when a model is loaded into the tool. Each rule is labeled by (L#), where # is a natural number
restarting with 1 for each section.

Consistency Rules

Consistency rules define consistency restrictions on system instances. A consistency rule must be validated by

AADL processing tools upon a user request or when an analysis method that relies on the rule is invoked. Each

(C#), where # is a natural number restarting with 1 for each section.

Standard Properties

(5)
(6)
rule is labeled by
@,
components. Th
(8) Semantics descri
model. The sem
specifically execu
9
Such service calls
generated from a
services by applid
(10) AADL specificatia
additional requir|
implementations
NOTES:

Notes emphasize conse

Standard properfies define the properties that are defined within this standard for

listed properties are fully described in Appendix A .
Semantics
bes the static and dynamic meanings of different AADL constructs with re
antics are concerned with the effects of the execution .of the constructs,
ted in a computational tool.

Runtime Support

AADL concepts may require runtime support through an operating system or other runtime

5 may be programmed explicitly in the application source code, or may be
N AADL specification. The Code Generation Annex provides guidance on
ation code or the runtime system.

Processing Requirements and Permissions
ns may be processed manually or by tools for analysis and generation.

bments and permissions for determining compliance.  Providers
must document a listof\those capabilities they support and those they do n

quences of.the rules described in the (sub)clause or elsewhere. This mats

Examples

various categories of

spect to the system they
not how they would be

system on a processor.
part of a runtime system
he use of these runtime

This section documents
of processing method
ot support.

brial is informative.

ve.

(11) Examples illustra

1.4

e the possible forms of the constructs described  This material is informat

Error, Exception, Anomaly and Compliance

€n)

2

AADL can be used to specify dependable systems. A system can be compliant with its specification and this
standard even when that system contains failed components that no longer satisfy their specifications. This section
defines the terms fault, error, exception, anomaly and noncompliance [IFIP WG10.4-1992]; and defines how those
terms apply to AADL specifications, physical components (implementations), models of components, and tools that
accept AADL specifications as inputs.

A fault is defined to be an anomalous undesired change in execution behavior, possibly resulting from an
anomalous undesired change in data being accessed by a thread or from violation of a compute time or deadline
constraint. A fault in a physical component is a root cause that may eventually lead to a component error or failure.
A fault is often a specific event such as a transistor burning out or a programmer making a coding mistake.
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(3) An error in a physical component occurs when an existing fault causes the internal state of the component to
deviate from its nominal or desired operation. For example, a component error may occur when an add instruction
produces an incorrect result because a transistor in the adding circuitry is faulty.

(4) Afailure in a physical component occurs when an error manifests itself at the component interface. A component

fails when it does not perform its nominal function for the other parts of the system that depend on that component

for their nominal operation.

(5) A component failure may be a fault within a system that contains that component. Thus, the sequence of fault,

error, failure may repeat itself within a hierarchically structured system. Error propagation occurs when a failed

component causes the containing system or another dependent component to become erroneous.

(6) A component may persist in a faulty state for some period of time before an error occurs. This is called fault

latency. A component may persist in an erroneous state for some period of time before a failure occurs. This is

called error latend

>

€))

)

(10

(1D

(12

An exception repfesents a kind of exceptional situation; it may occur for an erronegus or
that error or failufe is detected, either by the component itself or another compornient with
example, a fault|in a software component that eventually results in a dividesby-zero n
processor compaonent on which it depends. An exception is always associated with a sp

failed component when
which it interfaces. For
ay be detected by the
ecific component. This

document defineg a standard model for exceptions for certain kinds of components (e.g., defines standard recovery

sequences and sfandard exception events).

An anomaly occlirs when a component is in an erroneous or failed state that does n
exception. Undefected errors may occur in systems. A detected-error may be handled
than the standard exception mechanisms. For example, an efr@r may propagate to multiple
detected and mitigated. This standard defines nominal and exceptional behaviors for com
any other undefined erroneous component behaviors,;which are nevertheless conside
standard.

An AADL specifigation is compliant with the AADL core language standard if it satisfies all {
rules defined in Sections 4 - 15. An AADL speCification is compliant with an AADL Annex
the syntactic and [legality rules defined in thé respective normative Annex.

A component or pystem is compliant.with an AADL specification of that component or sy
exceptional behayiors of that component or system satisfy the applicable semantics of the
defined by the semantic rules inithis'standard. A component or system may be a physica
piece of hardware), or may be‘a*model (e.g., a simulation or analytic model). A model co
exhibit only parti

and systems musit exhibit-allspecified semantics, except as permitted by this standard.

| semanties,(e.g., a schedulability model only exhibits temporal semantics|).

ot result in a standard
sing mechanisms other
components before it is
ponents. Anomalies are
red compliant with this

he syntactic and legality
standard if it satisfies all

stem if the nominal and
AADL specification, as
implementation (e.g., a
mponent or system may
Physical components

be handled by run-time

ify such components as

anomalous rather than noncompllant.

A tool that operates on AADL specifications is compliant with the core language standard if the tool checks for
compliance of input specifications with the syntactic and legality rules defined herein, except where explicit
permission is given to omit a check; and if all physical or model components or systems generated by the tool are
compliant with the specifications used to generate those components or systems. The AADL standard allows
profiles of language subsets to be defined and requires a minimum subset of the language to be supported (see
Appendix G ). A tool must clearly specify any portion of the language not supported and warn the user if a
specification contains unsupported language constructs, when appropriate. A tool is compliant with the XMI
interchange format if it supports saving and reading of AADL model in the XMI interchange format. A tool is
compliant with a language extension annex if the tool checks for compliance of input specifications with the
syntactic and legality rules defined in the respective annex document.
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(13) Compliance of an AADL specification with the syntactic and legality rules can be automatically checked, with the
exception of a few legality rules that are not in general tractably checkable for all specifications. Compliance of a
component or system with its specification, and compliance of a tool with this standard, cannot in general be fully
automatically checked. A verification process that assures compliance to the degree required for a particular
purpose must be used to perform the latter two kinds of compliance checking.

1.5 Method of Description and Syntax Notation

(1) The language is described by means of a context-free syntax together with context-dependent requirements
expressed by narrative rules. The meaning of a construct in the language is defined by means of narrative rules.

(2) The context-free syntax of the language is described using the variant Backus-Naur Form (BNF) [BNF 1960] as
defined herein.

e Lower case wolds in courier new font, some containing embedded underlines, are_ysed to denote syntactic
categories. A syntactic category is a nonterminal in the grammar. For example:

component [feature list
e Boldface words|are used to denote reserved words, for example:
implementajtion
o Avertical line s¢parates alternative items.
software chtegory ::= thread | process
e Square bracket$ enclose optional items. Thus the tw@following rules are equivalent.
property apsociation ::= propertylname => [ constant ] expression

property afpsociation ::

propefty name => expression

| properfty name =>_constant expression

e Curly brackets with a * symbol enclose a repeated item. The item may appear zero or mgre times; the repetitions
occur from left tp right’as with an equivalent left-recursive rule. Thus the two following rulgs are equivalent.

declaratioh ist

declaration { declaration }*

declaration list declaration

| declaration declaration list

e Curly brackets with a + symbol specify a repeated item with one or more occurrences. Thus the two following
rules are equivalent.

declaration list ::= { declaration }*

declaration list ::= declaration { declaration }"

e Parentheses (round brackets) enclose several items to group terms. This capability reduces the number of extra
rules to be introduced. Thus, the first rule is equivalent with the latter two.

property association ::= identifier ( =>| +=>) property expression
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property association ::= identifier assign property expression
assign ::= => | +=>

e Square brackets, curly brackets, and parentheses may appear as delimiters in the language as well as meta-
characters in the grammar. Square, curly, and parentheses that are delimiters in the language will be written in
bold face in grammar rules, for example:

property association list =
{ property association { ; property association }* }

e The syntax rules may preface the name of a nonterminal with an italicized name to add semantic information.
These italicized Inrpfar‘pa are to be treated as comments and not a part of the grammar definition. Thus the two
following rules dre equivalent.

component = identifier component classifier ;
component = component identifier component classifiet ;
e A construct is a|piece of text (explicit or implicit) that is an instance of a-syntactic category| for example:
My GPS: thread GPS.dualmode ;
(3) The syntax descfiption has been developed with an emphasis on an abstract syntax rgpresentation to provide

1.6

€D,

(2

€

4

(5

clarity to the read

er.

Method of Desgription for Discrete and Temparal Semantics

concurrent hierarchical hybrid automata notatioh, together with additional narrative rules
This notation comsists of a hierarchical finite state machine notation, augmented with
denote time and ftime-varying values, and with edge guard and state invariant predicates
define temporal cpnstraints on when discrete state transitions may occur.

Discrete and te%poral semantics of the language are defined in sections that define A

A semantic diagram defines thetnaominal scheduling and reconfiguration behavior for a mo
scheduling and re¢configuration ‘behavior when failures are detected. A physical realizatio
violate this definjtion, for @xample due to runtime errors. A violation of the defined
anomalous behayior. Gertain kinds of anomalous behaviors are permitted by this stanc
behaviors are defjned.in(the narrative rules.

MDL concepts using a
about those diagrams.
real-valued variables to
over those variables to

deled system as well as
h of a specification may
semantics is called an
jard. Legal anomalous

Semantics for indiv 5 5 3 3 al—hy
concurrent composition of the hybrid automata of the system

semantics are defined as the

d automaton. System

components.

Ovals labeled with lower case phrases are used to denote discrete states. A component may remain in one of its

discrete states for an interval of time whose duration may be zero or greater. Every se
component has a unique initial discrete state, indicated by a heavy border. For example,

<init iml statD

executing compute

mantic automaton for a

Directed edges labeled with one or more comma-separated, lower case phrases are used to denote possible
transitions between the discrete states of a component. Transitions over an edge are logically instantaneous, i.e.,
the time interval in which a transition from a discrete state (called the source discrete state) to a discrete state
(called the destination discrete state) has duration 0. For example,
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(6) Permissions that allow a runtime implementation of a transition to occur over an interval of time are expressed as
narrative rules. However, all implemented transitions must be atomic with respect to each other, all observable
serializations must be admitted by the logical semantics, and all temporal predicates as defined in subsequent
paragraphs must be satisfied.

(7) Hybrid automaton can have hierarchical states. Oblong boxes labeled with lower case phrases denote abstract
discrete states, for which another hybrid semantics diagram with an identically labeled oblong box for which another
hybrid semantics diagram with an identically labeled oblong box specifies the discrete states and edges that make
up that abstract discrete state. For example,

l dizapatfch

=uspended /Executing

L]

ispatch complete reguame preempt

ExEcut ing 1

e

¢ complete

(8) Abstract discrete |states are reusable, i.e., a hybrid semahntics diagram can contain severgl oblong boxes with the
same label An apstract state label or an edge label, may include italicized letters that are[not a part of the formal
name but are used to distinguish multiple instances. For example, both abstract discrgte states below will be
defined by a single diagram labeled executing:

{ executdhy iritizlization

e e et

cowplete initizlization

suspended

ldispatch complete computation

“
[ executing computation E

(9) If there is an external edge that enters or exits an abstract discrete state in the defining diagram for, and there are
no edges within that definition that connect any internal discrete state with that external edge, then there implicitly
exist edges from every contained discrete state in the defining diagram to or from that external edge. In that case,
a transition into or out of an abstract discrete state represents transitions into or out any of its internal states. For
example, in the following diagram there is an implicitly defined halt edge out of both the ready and the running
discrete states.
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l dispatch

¢ complete

(10) Real-valued varigbles whose values are time-varying may appear in expressions that anngtate discrete states and
edges of hybrid semantic diagrams. Specific forms of annotation are defined in subsequen{ paragraphs. The set of
real-valued varialples associated with a semantic diagram are those that appear in any exgression in that diagram,

(1D

(12

(13

orin any of the d
variables will be
hybrid semantic d

fining diagrams for abstract discrete states that appear in that diagram.
named using an italicized front. The initial values for the real?yalued time-varying variables of a
iagram are undefined whenever they are not explicitly defined in narrative(rules.

eal-valued time-varying

In addition to stapdard rational literals and arithmetic operators, expressions may also contain functions of discrete

variables. The n
function symbols
Max (Compute T
the maximum val

Edges may be ar
transition occurs

following diagram,

discrete state.

variables during the:dlration of time a component is in that discrete state. The rate of a v

Discrete states may.bé-annotated with expressions that define the possible rates of
the symbol 3, form

notated with assignments of values tovariables associated with the sen
over an edge, the values of the variables are set to the assigned valug
the values of the variables ¢ and-t are set to 0 when the component tra

dispatch
o0, &0

ames of functions and discrete variables will begin<with upper case letters. The semantics for
and discrete variables will be defined using narrative rules. For exa
ime) may appear in a semantic diagram, together with a narrative rule
e of a range-valued component property named Compute Time.

ple, the subexpression
stating that the value is

antic diagram. When a
s. For example, in the
nsitions into the ready

change for real-valued
ariable is denoted using

ange of 0 to 1). If, rates

of change are not explicitly shown within a discrete state for a time-varying variable, then the rate of change of that

variable in that state is defined to be 1.

For example, in the following diagram the rate of change for the variable ¢

is 1 while the component is in the discrete state running, but its value remains fixed while the component is in the
ready state, equal to the value that existed when the component transitioned into the ready state.

resumne

pPreempt
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(14) A discrete state may be annotated with Boolean-valued expressions called invariants of that discrete state. In this
standard, all semantic diagrams are defined so that the values of the variables will always satisfy the invariants of a
discrete state for every possible transition into that discrete state. A transition must occur out of a discrete state
before the values of any time-varying variables cause any invariant of that discrete state to become false.
Invariants are used to define bounds on the duration of time that a component can remain in a discrete state. For
example, in the following diagram the component must transition out of the running state before the value of the
variable c exceeds 10.

Tpreempt

running
&co=1
o210
N

l complete

(15

(16)

7

An edge may be
from a source disg
for an edge betw
are performed. H
variable c is 5 or

A sequential ser
components. Th
automata for ead
defined semantic

annotated with Boolean-valued expressions called guards of that edge.
crete state to a destination discrete state only when the values of the va
ben those discrete states. A guard on an edge is evaluated.before any as
or example, in the following diagram the component may only complet

running
ac=1
=10

complete
Toxh

hantic automaton defines Semantics for a single component. A syster
b semantics of a system are defined to be the concurrent composition of
h component. Except as described below, every component is repres
automaton. All discrete states and labels, all edges and labels, and all

component. The
cross product co

set of discretesstates of the system is the cross-product of the sets of discr
ponents,-khe set of transitions that may occur for a system at any poir

hreater (but must complete before ¢ exceeds 10 because of the invariant)).

A transition may occur
iables satisfy all guards
signments on that edge
e when the value of the

n may contain multiple
the sequential semantic
sented by a copy of its
variables, are local to a
ete states for each of its
t in time is the union of

the transitions thdt may occur at that instant for any of its components.

If an edge label gppears’in boldface, then a transition may occur over that edge only when|a transition occurs over
all edges having|that same boldface label within the synchronization scope for that label. The synchronization
scope for a boldface label is indicated in parentheses. For example, if a transition occurs over an edge having a
boldface label with a synchronization scope of process, then every thread contained in that process in which that
boldface label appears anywhere in its hybrid semantic diagram must transition over some edge having that label.
That is, transitions over edges with boldface labels occur synchronously with all similarly labeled edge transitions in
all components associated with the component with the specified synchronization scope as described in the
narrative. Furthermore, every component in that synchronization scope that might participate in such a transition in
any of its discrete states must be in one of those discrete states and participate in that transition. For example,
when the synchronization scope for the edge label s is the same for all three of the following concurrent semantic
automata, a transition over the edge labeled s may only occur when all three components are in their discrete
states labeled a, and all three components simultaneously transition to their discrete states labeled c.
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(18) If a variable appears in boldface, then there is a single instance of that variable that is shared by all components in
the synchronization scope of the variable. The synchronization scope for a boldface variable will be defined in
narrative rules.
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2.1 Normative References

(1) The following normative documents contain provisions that, through reference in this text, constitute provisions of
this standard.

(2) IEEE/ANSI 610.12-1990 [IEEE/ANSI 610.12-1990], IEEE Standard Glossary of Software Engineering Terminology.

(3) ISO/IEC 9945-1:1996 [IEEE/ANSI Std 1003.1, 1996 Edition], Information Technology — Portable Operating System
Interface (POSIX) — Part 1: System Application Program Interface (API) [C Language].

(4) ISO/IEC 14519:1999 [IEEE/ANSI Std 1003.5b-1999], Information Technology — POSIX Ada Language Interfaces —
Binding for Syste Applir‘nfinn Drngram Interface (ADI) — Real-time Extensions

(5) ISO/IEC 8652:2007 Ed.3, Information Technology — Programming Languages — Ada Reference Manual.
(6) ISO/IEC 9899:1999, Information Technology — Programming Languages — C.
(7) Unified Modeling Language Specification [UML 2007, version 2.1.1], August 2007, version 2.1.1.
(8) SAE AS-5506:2004, Architecture Analysis & Design Language (AADL); November 2004.
(9) SAE AS-5506/1:2006, Architecture Analysis & Design Language (AADL) Annex Volume 1, June 2006.
2.2 Informative References
(1) The following informative references contain backgrounddnformation about the items with tHe citation.

(2) [BNF 1960] NAUR, Peter (ed.), "Revised Report on:the Algorithmic Language ALGOL 60,"l Communications of the
ACM, Vol. 3 No. %, pp. 299-314, May 1960.

(3) [IFIP WG10.4-1992] IFIP WG10.4 on Dependable Computing and Fault Tolerance, 1992, J.-C. Laprie, editor,
“Dependability: Basic Concepts and._Terminology,” Dependable Computing and Faultl Tolerance, volume 5,
Springer-Verlag, Wien, New York, 1992:

(4) [Henz 96] “Theoty of Hybrid Automata”, Thomas A. Henzinger, Electrical Engineering and Computer Science,
University of Callfornia at Berkley, Proceedings of the 11th Annual Symposium on Logic in Computer Science
(LICS), IEEE Computer Society Press, 1996, pp. 278-292

2.3 Terms and Def|nitiens

(1) Terms are introduced throughout this standard, indicated by italic type. Informational definitions of terms are given
in Appendix B , Glossary. Definitions of terms used from other standards, such as the IEEE Standard Glossary of
Software Engineering Terminology [IEEE Std. 610.12-1990], ISO/IEC 9945-1:1996 [IEEE/ANSI Std 1003.1, 1996
Edition], Information Technology — Portable Operating System Interface (POSIX), or IFIP WG10.4 Dependability:
Basic Concepts and Terminology [IFIP WG10.4-1992], are so marked. Terms not defined in this standard are to be
interpreted according to the Webster's Third New International Dictionary of the English Language. Terms explicitly
defined in this standard are not to be presumed to refer implicitly to similar terms defined elsewhere. A full
description of the syntax and semantics of the concept represented by the terms is found in the respective
document sections, clauses, and subclauses.
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3 Architecture Analysis & Design Language Summary

(1) This section provides an informative overview of AADL concepts, structure, and use. In this section the first

appearance of a term that has a specific meaning in this standard will be italicized.
(2) An AADL specification represent s a component model of a computer system runtime architecture that consists of
the application software (typically embedded, safety-critical, mission-critical, or performance-critical), and the
execution platform, i.e., the computing hardware and the physical system. A component represents a part of a
system and interacts with other components. A system is hierarchically composed of interacting components. An
AADL specification consists of package declarations and property set declarations. AADL packages contain
component specifications, i.e., AADL component types and component implementations, as well as feature group
types, and annex libraries. This standard defines data, subprogram, subprogram group, thread, thread group, and
process as application software component categories, memory, bus, virtual bus, processor, virtual processor, and

€

4

(5

6

D)

€))

)

device as exec
components. Abstract is a generic component category that can be refined into any of the
form the core of the AADL modeling vocabulary.

A component typg specifies an external interface that other components can opgrate agai
i.e., interaction ppints with other components, flow specifications from component inputs
modes as operational states, and properties to characterize a component. (mplementatior

general compositional
other categories. They

hst in terms of features,
to component outputs,
s of the component are

required to satisfy this specification.

A feature describes an interface of a component through which centrol and data may be|provided to or required
from other comppnents. Features can be ports to support directional flow of control angd data, subprograms to
represent procedure calls, and shared access to data, subprograms, subprogram groupg, and bus components.
Features can be grouped together into feature groups.

A component implementation specifies a realization efithe component in terms of subcgmponents, connections
between the fedtures of those subcomponents, flows across a sequence of subcoimnponents, modes, and
properties. AADL allows multiple component implementations to associated with a component type to represent
component variants.

A subcomponent|declares a component instance that is contained in another component by naming its component
classifier, i.e., a dJomponent type or compohent implementation. The component hierarchy] of a system instance is
determined by regursively instantiating\the subcomponents of a top-level system.

Any namable mogdel element, £.9.; components, features, modes, connections, flows, ang subprogram calls, can
have properties. |Properties @re* used to represent attributes and other characteristics, such as the period and
deadline of threpds. When properties are associated with declarations of compoment types, component
implementations, |featur€s; 'subcomponents, connections, flows, and modes, they apply to|all respective instances
within a system ipstance” The AADL also supports the specification of instance specific yalues of any unit in the

containment hier;Erchy of a system instance. AADL tools may record these values for uge in the analysis of the
system instance or for use in the construction of Nnew System instances.

Property sets are used to define properties, property constants, and property types. This standard defines a set of
predeclared properties and property types. Additional properties and property types to support new forms of

system analysis can be introduced through property sets. For example, a predeclared property is used to specify
the period of a thread. An example of a user-defined property in a property set is a security level property.

AADL packages provide a library-like structure for organizing component classifiers, and feature group types, and
annex libraries into separate namespaces, similar to Java packages that are used to organize Java class
declarations. Packages can have a nested naming hierarchy, but this hierarchy does not impose any restrictions
on whether a package is accessible by other packages. A component classifier in a package is referenced by
qualifying its name with the package name. Only those classifiers that have been placed in the public section of a
package are accessible to other packages. Furthermore, the packages being named in the reference must be
listed in the with clause of the referencing package, i.e., a with clause limits the use of other packages in a given
package.
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(10) AADL support the specification of partial models such as models of the application software only, the hardware
only, specification of a top-level architecture in terms of its subsystems without their realizations, and specification
of component templates. Component templates are incompletely specified component classifiers that may be
parameterized by component classifier, feature, and feature group type prototypes. These component templates
may be later refined through component classifier extension declarations. Component classifier extensions can
complete the component specification by supplying an actual for a prototype and by completing partial declaration
through refinement. Component extension declarations can also specify new component classifiers by adding
features, subcomponents, connections, flows, and properties. This allows conceptual and reference architectures
to be specified and to be refined into fully specified runtime architectures, and partial system specifications to
evolve into fully specified and configured systems including the deployment of application software on the
computing hardware

(11) Application software components model source text, virtual address spaces, concurrent tasks and their interactions.

Source text can be written in a programming language such as Ada, C, or Java, or domain-specific modeling

languages such &s Simulink, SDL, ESTEREL, CUSTRE, and UML, Tor which executable dode may be generated.

(12

(13

(14

(15

(16

17

The source text
form one or mor

odeled by a software component may represent a partial application prog
independent compilation units as defined by the applicable programm

Rules and perm|ssions governing the mapping between AADL specification and’ sour
applicable progrgmming or modeling language standard. Predeclared comporent prope
text container anfl the mapping of AADL concepts to source text declarations and statem
also specify mempry and execution times requirements and other known gharacteristics of t

AADL data comppnents represent static data in source text. These ‘data components can
more threads angl processes; they do so by indicating that they require access to the e
Concurrent accegs to data is managed by the appropriate concurtency control protocol as
Realizations of guch protocols can be documented through®an appropriate annex dsg

expressed in a B

Data types in th
implementation.
subprogram pars

havior Annex subclause (see Annex Document D).

e source text are modeled by the\declarations: data component typ
Thus, a data component classifier represents the data type of data
meters. The Data Modeling -Annex (see Annex Document B) providg

approach data mgdeling with AADL.

The subprogram
within threads arj
subcomponents t

thread represent

component models source text that is executed sequentially. Subprog
d subprograms. Subprograms may require access to data components
D represent local yariables. Subprogram groups represent source code lib

an execution sequence through source text (or more exactly, through

AADL thread cor{ponents model concurrent tasks or active objects, i.e., concurrent logica

from the compila
threads may be
operating system

pxecuted by separate operating system (OS) threads, or they may be
thread. The dynamic semantics for a thread are defined in this standarg

ram or model (e.g., they
ng language standard).
ce text depend on the
rties identify the source
ents. These properties
he component.

be accessed by one or
ternal data component.
specified by a property.
claration, for example,

P

-

and data component
components, ports, and
s guidance on how to

rams are callable from
and may contain data
raries.

| threads. Each logical
binary images produced

on, linking“and loading of source text). A scheduler manages the execufion of a thread. Logical

combined into a single
using hybrid automata.

The threads can

Ns occur as a result of

bhe’ in states such as QIIQpnndDd, rnndy’ and rlmning State transitio

dispatch requests, faults, and runtime service calls. They can also occur if time constraints are exceeded. Error
detection and recovery semantics are specified. Dispatch semantics are given for standard dispatch protocols such
as periodic, sporadic, aperiodic, timed, hybrid, and background threads. Additional dispatch protocols may be
defined. Threads can contain subprogram and data components, and provide or require access to data
components.

AADL thread groups support structural grouping of threads within a process. A thread group may contain data,
thread, and thread group subcomponents. A thread group may require and provide access to data components.

AADL process components model space partitions in terms of virtual address spaces containing source text that
forms complete programs as defined in the applicable programming language standard. Access protection of the
virtual address space is by default enforced at runtime, but can be disabled if specified by the property
Runtime Protection. The binary image produced by compiling and linking this source text must execute
properly when loaded into a unique virtual address space. As processes do not represent concurrent tasks, they
must contain at least one thread. Processes can contain thread groups, threads, and data components, and can
access or share data components.
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(18) Execution platform components represent computing hardware components that are capable of scheduling threads,
of enforcing specified address space protection at runtime, of storing source text code and data and of performing
communication for application system connections. The device component represents elements of the physical
environment that an embedded system interacts with, such as sensors, actuators, or engines.

(19) AADL processor components are an abstraction of hardware and software that is responsible for scheduling and

executing threads. In other words, a processor may include functionality provided by operating systems.

Alternatively, operating systems can be modeled like application components. Processors can contain memory

and require access to buses. Processors can support different scheduling protocols. Threads are bound to

processors for scheduling and execution.

(20) AADL virtual processors represent virtual machines or hierarchical schedulers. Threads can be bound to them.

Virtual processors can be used in two ways. Processors and virtual processors can be subdivided into virtual

processors by declaring virtual processor subcomponents. Virtual processors can also be declared separately and

explicitly bound t¢ processors and virtual processors.

2L

(22

(23)

(24)

(25

AADL memory components model randomly accessible physical storage such as RAM o
properties such as the number and size of addressable storage locations. Binary{images ¢
to memory. Memory can contain nested memory components. Memory compongnts require]

AADL bus compq
memories, and devices.
implemented thrg
Buses can be dir|
processors transmit their information across buses that provide’the physical connection b
Buses can requirg¢ access to other buses.

nents model communication channels that can exchange ‘control and dg
A bus is typically hardware that supports $pecific communica
ugh software. Processors, memories, and devices’ communicate by a

AADL virtual bug components represent virtual channelsior communication protocols th
within processorg or across buses. Virtual buses canvbe subcomponents of buses and
buses can be dedlared separately and explicitly bound to buses and virtual buses.

AADL device conpponents model physical entities in the external environment, e.g., a GPS
interface with an|external environment, e.g.,)sensors and actuators as interface between
control system. Pevices may represent’a physical entity of the modeled system or

equivalent. Examples of devices arettimers, which exhibit simple behavior, or a camera
complex behaviof. Devices are logically connected to application software components a

to processors via| buses. They cannot store nor execute external application software sou

ROM. Memories have
f source text are bound
access to buses.

ta between processors,
tion protocols, possibly
ccessing a shared bus.

ctly connected to other buses. Logical connectiohs between threads that are bound to different

etween the processors.

At perform transmission
virtual buses, or virtual

system, or entities that
a physical plant and a
ts (simulated) software
or GPS, which exhibit
hd physically connected
'ce text themselves, but
to buses.

atform components. A
lessor, virtual processor,
group subcomponents

processes. A system
component may require and prowde access to data and bus components. Execution platform component can be
system components in their own right and be modeled using system implementations. For example, a system
implementation can be associated with a device that models a camera. This system implementation describes the
internal of the camera in terms of the CCD sensor a device, a DSP processor, a general purpose processor as well
a software that implements the image processing and download capability of the camera.
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(26)

Q27

(28

(29

30

AADL modes represent the operational states of software, execution platform, and compositional components in
the modeled physical system. A component can have mode-specific property values. A component can also have
mode-specific configurations of different subsets of subcomponents and connections. In other words, a mode
change can change the set of active components and connections. Mode transitions model dynamic operational
behavior that represents switching between configurations and changes in component-internal characteristics, such
as conditional execution source text sequences or operational states of a device, that are reflected in property
values. Other examples of mode-specific property values include the period or the worst-case execution time of a
thread. A change in operating mode can have the effect of activating and deactivating threads for execution and
changing the pattern of connections between threads. A mode subclause in a component implementation specifies
the mode states and mode change behavior in terms of transitions; it specifies the events as transition triggers.
Subcomponent and connection declarations as well as property associations declare their applicability
(participation) in specific modes.

This standard defines several categories of features: data port, event port, event data port, feature group,

subprogram parafneter, and provided and required access to data, subprograms, and busj‘s. Data ports represent

connection pointg for transfer of state data such as sensor data. Event ports represe
transfer of contrgl through raised events that can trigger thread dispatch or mode. tran
represent connedtion points for transfer of events with data, i.e., messages that may be q
support grouping| of ports and other features, such that they can be connected’to other
single connectionl. Provided subprogram access features represent entrypaoints'to code s
that is associated with a data type or a thread that can be called locally or remotely. $
represent in and| out parameters of a subprogram. Data component access represents
access to shared|data. Bus component access represents provided‘and required access
memory, and devjces.

AADL connectiong specify interaction between components at-rGntime. A semantic conne
set of one or morg connection declarations that follow the component hierarchy from the ult
to the ultimate cohnection destination. For example, in Eigure 1 there is a connection decla
port in Thread1 {o a containing process out port in.RProcess3. This connection is conti
declaration within System1 from Process3’s out portyto Process4’s in port. The connectiq
within Process4 {o the thread in port contained in“Thread2. Collectively, this sequence ¢
single semantic donnection between Thread1:and Thread2. Threads, processes, systems

t connection points for
sition. Event data ports
ueued. Feature groups
components through a
bquences in source text
bubprogram parameters
provided and required
0 buses for processors,

tion is represented by a
mate connection source
ration from a thread out
hued with a connection
n declaration continues
f connections defines a
and ports are shown in

graphical AADL notation. For a full description®of the graphical AADL notation see Appendix D .
Syaterml
Rrocesss Processd > Por
Threadl Thread?2
LLLLLLLLL |.j| Iu‘.,.,.,.......a..-
'.Illlr ll.ll" Ill.l' l'/ \II"'.
Utimate connection souoe Cannection itimate connection destination
declarations

Figure 1 Example Semantic Connections

Flow specifications describe externally observable flow of information in terms of application logic through a
component. Such logical flows may be realized through ports and connections of different data types and a
combination of data, event, and event data ports, as well as through data components. Flow specifications
represent flow sources, i.e., flows originating from within a component, flow sinks, i.e., flows ending within a
component, and flow paths, i.e., flows through a component from its incoming ports to its outgoing ports.

Flow implementations describe actual flow sequences representing flow specifications through components and
sets of components across one or more connections. They are declared in component implementations. An end-
to-end flow specifies a flow that starts within one subcomponent and ends within another subcomponent. Flow
specifications, flow implementations, and end-to-end flows can have expected and actual values for flow related
properties, e.g., latency or rounding error accumulation.
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(31) An actual embedded system is represented by an instance of an AADL system implementation that consists of
subcomponents representing the application software, the computing platform, and the physical environment.

(32) An AADL specification may be used in a variety of ways by a variety of tools during a broad range of life- cycle
activities, e.g., for documentation during preliminary specification, for schedulability or reliability analysis during
design studies and during verification, for generation of system integration code during implementation. Note that
application software components must be bound to execution platform components - ultimately threads to
processors and binary images to memory in order for the system to be analyzable for runtime properties and the
actual system to be constructed from the AADL specification. Many uses of an AADL specification need not be
fully automated, e.g., some implementation steps may be performed by hand.

(33) The AADL core language is extensible through property sets, annex subclauses and annex libraries that can be
standardized or user-defined. Examples of standardized extensions are the Error Model Annex (see Annex
Document C) and the Behavior Annex (Annex Document D). Property sets extend AADL by introducing additional
properties that cdn be associated with elements of a model, while annexes introduce suplanguages that can be
used to annotatel a model. Annex subclauses consist of annex-specific sublanguages, whose constructs can be
added to component types and component implementations. Annex libraries are declaratjons of reusable annex-
specific sublangupge elements that are placed in AADL packages and can be refefenced infannex subclauses.
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4 Components, Packages, and Annexes
(1) The AADL defines the following categories of components: data, subprogram, subprogram group, thread, thread
group, process, memory, bus, virtual bus, processor, virtual processor, device, system, and abstract. The category
abstract can be refined into any of the other categories. This section describes those aspects of components that
are common to all AADL component categories. This section also describes packages as an organizing
mechanism for component types and implementations. This section closes with the definition of annex subclauses
and annex libraries.

(2) A component represents some hardware or software entity that is part of a system being modeled in AADL. A
component has a component type, which defines a functional interface. The component type acts as the
specification of a component that other components can operate against. It consists of features, flows, and property
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A feature model
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rements (for* specific software programming, application modeling, an

lower-level repre

septation(s) used for physical hardware component designs, e.g., cir
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AADL Specifications

An AADL specification consists of package and property set declarations that are considered to be global
declarations.

Packages provide a way for organizing collections of component type and implementation, feature group type,
annex library declarations along with relevant property associations.

Property sets provide extensions to the core AADL in the form of new properties and property types in support of
additional modeling and analysis capabilities. Similarly annex libraries and annex subclauses provide extension to
the core AADL to annotate the base model through the use of sublanguages.
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(4) The content of packages, e.g., classifiers, can be referenced from anywhere by qualifying the classifier reference
with the package name. The content of property sets, i.e., property type, property constant and property definitions,
can be referenced by qualifying the property type, constant, or property reference with the property set name.
References to predeclared properties do not require qualification by property set. Classifiers in other packages and
properties in property sets can only be referenced with those packages and property sets are listed in the with
declaration of a package or property set.

(5) System instances are identified to processing tools and methodologies by referencing a system implementation
component as the root of the system instance (see Section 13.1).

Syntax

AADL specification ::=

( package spec_| property set )*

Naming Rules

(N1) An AADL specifigation has one global namespace. The package and property séb identiflers reside in this space
and must be uniqpe.

(N2) These package gnd property set identifiers qualify the names of individual elements contgined in them when they
are referenced.

(N3) Package declarafions represent labeled namespaces for component type, component jmplementation, feature
group type, and Tnex library declarations.
(N4)  Property set declarations represent labeled namespaces for property type and property defihition declarations.

(N5) Packages and prpperty sets may be separately stored: Those packages and property sets are considered to be
part of the global hamespace.

(N6)  Defining identifiers in AADL must not be one ef.the reserved words of the language (see Seftion 0).

(N7)  The AADL identifiers and reserved words can be in upper or lower case (or a mixture of the|two) (see Section 15).
(N8) The AADL does rfot require that an-identifier be declared before it is referenced.
Semantics

(6) An AADL specification prevides a global namespace for packages and property sets. [ltems in packages and
property sets can|referito.items in other packages and property sets.

(7 A pack_age .is used=to introduce new component types, component implementations, felature group types, and
annex libraries.

(8) A property set is used to introduce new property types and properties (see section 11.1). They extend the
predefined set of properties of the core AADL.

(9) Declarations in an AADL specification can refer to packages and property sets declared in separately stored AADL
specifications. This allows packages and property sets to be stored separately and used by multiple AADL
specifications. Mechanisms for locating such separately declared packages and property sets are tool specific.

Processing Requirements and Permissions

(10) A method of processing must accept an AADL specification presented as a single string of text in which
declarations may appear in any order. An AADL specification may be stored as multiple pieces of specification text
that are named or indexed in a variety of ways, e.g., a set of source files, a database, a project library.
Preprocessors or other forms of automatic generation may be used to process AADL specifications to produce the
required specification text. This approach makes AADL scalable in handling large models.
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A package provides a way to organize component types, component implementations, feature group types, and
annex libraries into related sets of declarations by introducing separate namespaces. Package names are built
using identifiers that are separated by double colons (“::”). This avoids the problem of duplicate names which might
occur when packages are developed independently and then combined to model an integrated system. In other
complete sys::first independent::fuel flow is distinct from
complete sys::second independent::fuel flow. Packages cannot be declared inside other packages.

Packages have public and private sections. Classifier declarations in public sections are accessible to other
packages, while classifiers in private sections can only be referenced within the private section of the same
package. This allows classifiers used in the implementation of public components to be kept private.

Visibility to other packages is specified by a with declaration. Only classifiers in the packages listed in the with

4.2 Packages
@Y
words,
(2)
(3
declaration can b
local alias to a qu
(4) Visibility to prope

defined in the pr
they are predecla

package_spec
package defini

( public packK

| private ¢

[ properties

none_statemgq

end defining packs

package declaratid

{ name visibil

e referenced from within a given package. A renames declaration can
plified component type and feature group type reference.

ty sets is specified by a with declaration. Only properties, property types
bperty sets listed in the with declaration can be referenced fram within
red properties, property types, or property constants.

Syntax

ng package name
age declarations [ private package declarations ]
ackage declarations )

{ basic property association }* |

nt ) 1]

ge_name ;

ns

ity decglaration }* { AADL declaration }*

package name

be used to introduce a

and property constants
h given package unless

{ package identifier

none_ statement

AADL declaration

:: }" package identifier

none ;

classifier declaration

| annex library

classifier declaration

component classifier declaration | feature group classifier declaration
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component classifi
component type

component impl

feature group clas

er declaration
| component type extension |

ementation | component implementation extension

sifier declaration

feature group type | feature group type extension

name visibility de

claration

import declaration |

alias decl

ration

import_declaratior
with ( pack

{ .«

alias_declaration
(
(

defining idq
[ defining i1
(

feature groy

component |

( renames packK

NOTES:

The properties subclausd
accommodate AADL mod
consists of the reserved wi

(N1)

(N2)

age name | property set identifier )

1" G

package name | property set identifier )

)

ntifier renames package package name
dentifier ] renames
category unique component type® reference |

)

p unique feature group type“reference )

)

.
7

age name::all

.
I

of the package is-optional, or requires an explicit empty subclause declaration

rd of the subgclause and a none statement (none;

).

Naming Rules

A defining package-name consists of a sequence of one or more package identifiers sepa
(“:2"). A defining pa

declarations introduce a single defining package name.

(N3)

The latter is provided to

pling guidelines that“require explicit documentation of empty subclauses. An enmpty subclause declaration

rated by a double colon

The public and private section of a package may be declared in separate package declarations; these two

Associated with every package is a package namespace that contains the names for all the elements defined within

that package. This means that component types, feature group types, and defining entities declared in an annex
library using an annex-specific sublanguage can be declared with the same name in different packages.

(N4)

The package namespace is divided into a public section and a private section.

Iltems declared in the public

section of the package namespace can be referenced from outside the package as well as within the package.


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

AS5506B Page 32 of 398

(N12)

(N13)

(N14)

(N15)

(N16)

(N17)

(N18)

(L1)

The reference to an item declared in another package must be an item name qualified with a package name
separated by a double colon (“::”). The package name must be listed in the import declaration (with) of the
package with the reference, i.e., in the import declaration of the public section, if the reference is in the public
section, and in the import declaration of the public or private section if the reference is in the private section
of the package. Only classifiers in the public package section can be referenced.

Note: References to items declared in the same package as the reference do not have to be qualified. If they are quailified the
package is not required to be listed in the import declaration.

The reference to a property other than predeclared properties must be an property name qualified with a property
set name separated by a double colon (“::”). The property set name must be listed in the with declaration of the
package with the reference. Predeclared properties may be, but are not required to be qualified by the property set

name.

The package nanmpe in a import declaration must exist in the global name space.

The property set

Items declared in
package.

If the qualifying p

group type, or ite]:

The package na
listed in the impo

The classifier referenced by the alias declarationginust exist in the name space of t

package being re
The classifier refg

The defining ider
the alias decl
not conflict with

alias declard

The alias_ded
accessible in the
classifier does nd
and this identifier

the private section of the package can only be referenced from'within th

ackage identifier of a qualified reference is missing, the referenced comp
in an annex library must exist in the same packagécas the reference.

rt declaration.

ferenced by the alias declaratiemn.
renced by the alias declaration\must refer to a component type or a featur

tifier of an alias declaration must be unique in the namespace of
pration. If an alia%s _declaration defines an alias for a package th
bny package name listed in an import declaration or that of the
tion.

laration</makes the publicly visible identifier of classifiers declarg
name space of the package containing the alias declaration. If th
t incldde a defining identifier then the referenced classifier identifier is us
mustbe unique in the namespace of the package with the alias declaratio

dentifier in a import declaration must exist in the global name.space|

e private section of the

onent classifier, feature

e referenced in an alias declaration must exist in the global namespace and must be

he public section of the

e group type.

the package containing
en the alias name must
package containing the

bd in another package
e alias declaration for a
ed as defining identifier
n.

If the alias declaration renames all publicly visible identifiers of component types and feature group types
by naming the package and all, then all those identifiers must also be unique in the namespace of the package with
the alias declaration.

The identifiers introduced by the alias declaration are only accessible within the package. When declared in
the public package section, they can be referenced within the public and private package section, but not from
other packages. When declared in the private package section, they can be referenced within the private package
section only.

The alias declared for a component type can be used instead of a qualified component type in a reference to a
component implementation.

Legality Rules

The defining package name following the reserved word end must be identical to the defining package name
following the reserved word package.
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(6

€,

€))

)

(10

(1D

(12)

For each package there may be at most one public section declaration and one private section declaration.
These two sections may be declared in a single package declaration or in two separate package declarations.

A component implementation may be declared in both the public and private part of a package. In that case the
declaration in the public part may only contain a properties subclause and a modes subclause.

The component category in an alias declaration must match the category of the referenced component type.
Semantics

A package provides a way to organize component type declarations, component implementation declarations,
feature group types, and annex libraries into related sets of declarations along with relevant property associations.
It provides a nhamespace for component types, feature group types, and annex libraries with the package name
acting as a qualifier. Nested package names aIIow for unlque package namlng conventlons that address potential
name conflicts in ped AADL specifications
are combined. INote that component |mplementat|ons are named relative to component types. Thus, qualified
component type mames act as unique qualifier for component implementation namest “Packages can be organized
hierarchically by giving them nested package names. These package names represent absolute paths from the
root of the package hierarchy.

Packages have a|public and a private section. Declarations in the public section are visilbble outside the package,
i.e., names declared in the public part can be referenced by declaratiofis in other packages. Declarations in the
private section gre visible only within private section of the package,”i.e., they cannot |be referenced from the
public section or|from other packages.

Component type [and component implementation declarationsnodel execution platform and application software
components of al system. A component type denotes externally visible characteristics of a component, i.e., its
features and its properties. A component implementation‘denotes the internal structure, pperational modes, and
properties of a component. A component type can have'several component implementations. This can be used for
example to modgl product line architectures running on different execution platforms.| Packages allow such
declarations to bg organized into separate namespaces.

Feature group types provide the definition of an interface to a component that represents a|collection of features or
feature groups dgfined within the component implementation (see Section 5.3). This grpup of features may be

A component implementation can be declared in both the public and private section of a pagkage. If it is declared in
both, then the puplic declaration-is limited to containing property associations and modes gnd only those items are
visible outside the package-<This allows component implementations to be made visible to other packages as
variants of the sgme component type, while the details of the implementation, i.e., its realization expressed by the
subcomponents and connections subclauses, are hidden in the private part. The two deflarations represent the
same component|implémentation.

When a component implementation is declared as an extension of another component implementation and it is
declared in both the public and private section of a package, then the extends is specified with the public section
and the extension may include prototype bindings. The component implementation in the private section is
considered to complete the declaration in the public section, i.e., its name can be interpreted as reference to the
defining name of the component implementation declaration in the public portion.

An import declaration specifies which packages and property sets can be named in qualified references to
items in other packages or property sets. Packages can initially be declared with import declaration without
classifiers to set up an initial collection of package with use restrictions on other packages.

An alias declaration introduces local identifiers as short names for long names. It does so for package
names and for classifier type references qualified by a package name. The short name may differ from the
identifier of the long name to avoid name conflicts.
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(13) Property associations declared in the properties section of a package are associated with the package represented
by the declaration. Packages with separate public and private package declarations can have different property
values for the same property.

Processing Requirements and Permissions

(14) A method of implementation is permitted to enforce that the with declaration in a package not be changed to
enforce the use restrictions between packages when classifiers are added to the package.

package Aircraft::

public

Examples

Cockpit

with Avionics:

DataTypeES, Salerty PYOPErties;

AirData renamed data Avionics::DataTypes::AirData;

system MFD
features
Airdata: in
properties
Safety Props
end MFD;

end Aircraft::Cock

data port AirData;

rties::Safety Criticality => high;

pit;

e specifies the external interface of a component that its implementati
represent features of a component and property associations. Features of
bquired access to externally provided data, subprogram, and bus comy
ne specification of thetdata values that flow into and out of subprograms
ponent can be connected to compatible ports or subprograms of oth
present controhand data interaction between those components. Require
such as dataj"subprogram, or bus, is connected via required and
the specified component classifier.

candeclare flow specifications, i.e., logical flows of information from

bns satisfy. It contains
a component are ports,
onents, and parameter

The ports and feature
er components through
d access to an external
provided access to a

ts incoming ports to its

outgoing ports thert are realized by their implementations.

4.3 Component Types

(1) A component tyg
declarations that
feature groups, ri
declarations for t
groups of a conj
connections to re|
subcomponent,
subcomponent of

(2) Component types

(3)

4

(5)

Component types can declare modes and mode transitions of a component. These modes and mode transitions
are common to all implementations of the component. This allows for mode-specific property values to be
associated with the component type, its features, and its flows.

Component types can be declared in terms of other component types, i.e., a component type can extend another
component type — inheriting its declarations and property associations. If a component type extends another
component type, then features, flows, and property associations can be added to those already inherited. A
component type extending another component type can also refine the declaration of inherited feature and flow
declarations by more completely specifying partially declared component classifiers of features and by associating
new values with properties. A component type cannot be an extension of multiple component types, i.e., multiple
inheritance is not supported for AADL components

Component types can declare prototypes, i.e., classifier parameters that are used in features. The prototype
bindings are supplied when the component types is being extended or used in subcomponent declarations.
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(6) Component type extensions form an extension hierarchy, i.e., a component type that extends another component
type can also be extended. We use AADL graphical notation (see Appendix D ) to illustrate the extension hierarchy
in Figure 2. For example, component type GPS extends component type Position System inheriting ports declared
in Position System. It may add a port, refine the data type classifier of a port incompletely declared in Position
System, and overwrite the value of one or more properties. Component types being extended are referred to as
ancestors, while component types extending a component type are referred to as descendents.

Descendent

Ancestor GRS Handheld

Position
System o

[::] Component type

<}— Extends component type

Figure 2 Component Type Extension Hierarchy
(7) Component typeg may also be extended using an annex subclause to specify additiorjal characteristics of the

type that are not glefined in the core of the AADL (see Section (18))
Syntax

component type ::4

component categqry defining component type identifier

[ prototypes ( prototype }* | none statement ) ]

[ features ( { fleature }* | none statement ) ]

[ flows ( { floy spec }* | none statement ) ]

[ modes subclaude | requires modes subclause ]

[ properties (
{ component type property association | contained property associatipn }*
| none statemgnt ) ]

{ annex subclauge }"

end defining component type ldentifier ;

component type exfension\::=

component categqrysdefining component type identifier

extends uniqud_cémponent type reference [ prototype bindings ]
[ prototypes ( { prototype | prototype refinement }' | none statement ) ]
[ features ( { feature | feature refinement }* | none statement ) ]
[ flows ( { flow spec | flow spec_refinement }* | none statement ) ]
[ modes subclause | requires modes subclause ]
[ properties (

{ component type property association | contained property association }*
| none statement ) ]
{ annex subclause }"

end defining component type identifier ;

component category ::=
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abstract component category

| software category

| execution platform category

| composite category

abstract component category ::

software category ::

abstract

data | subprogram | subprogram group |

thread | thread group | process

execution platforn

memory | g

composite category

unigque component f

[ package nams
NOTES: The above gra
each of the component

The prototypes, featu
require an explicit empf]

_category ::

rocessor | bus | device | virtual processor | viftual

system

ype reference

]

component type identifier

mmar rules characterize the common syntax for all component categorie
categories will specify further restrictions on the syntax.

es, flows, modes, annex, and_properties subclauses of the componsd

require explicit documentation of empty subclauses.)An empty subclause declaration consists of

subclause and a none s

atement ( none ;).
Naming Rules

tifier for a component type must be unique in the namespace of the pg

typéshas a local namespace for defining identifiers of prototypes,

pus

5. The sections defining

nt type are optional, or

y subclause declaration. The-latter is provided to accommodate AADL modeling guidelines that

he reserved word of the

ckage within which it is

eatures, modes, mode

flow\ specifications. That is, defining prototype, defining feature, defi

ing modes and mode
namespace.

The component type identifier of the ancestor in a component type extension, i.e., that appears after the reserved
word extends, must be defined in the specified package namespace. If no package name is specified, then the
identifier must be defined in the namespace of the package the extension is declared in.

When a component type extends another component type, a component type namespace includes all the identifiers
in the namespaces of its ancestors.

A component type that extends another component type does not include the identifiers of the implementations of

The defining identifier of a feature, flow specification, mode, mode transition, or prototype must be unique in the
namespace of the component type.

(N1) The defining ider
declared.

(N2) Each component
transitions, and
transitions, and d

(N3)

(N4)

(N5)
its ancestors.

(N6)

(N7)

The refinement identifier of a feature, flow specification, or prototype refinement refers to the closest refinement or
the defining declaration of the feature going up the component type ancestor hierarchy.
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Legality Rules

the component category reserved word.

empty, then the reserved word none followed by a semi-colon must be present.

The prototypes referenced by prototype binding declarations must exist in the local namespace of the component

Mode transitions declared in the component type may not refer to event or event data ports of subcomponents.

The defining identifier following the reserved word end must be identical to the defining identifier that appears after

The prototypes, features, flows, modes, and properties subclauses are optional. If a subclause is present but

The category of the component type being extended must match the category of the extending component type,

most one prototype binding for each prototype, i.e., once bound a prototype binding-cannot

A component type must not contain both a requires modes subclause and a modes_

;UIUI Itibdi Ul ti 1< bdthUly II.J'Silly U)\tclldcd Illubt IUU ClIUbtl abt.
hg extended in a component type extension may include prototype bind

onent type extension.

d
s

(N8)
type being extended.
(N9)
(L1)
(L2)
(L3)
i.e., they must be
(L4)  The classifier bei
binding in a comp
(L5)
(L6) If the extended

subclauses, they

Classifier Substif
Signature Match)

Prototype Substity
Signature Match)

component type and an ancestor component type“in the extends h
must both be requires modes subclause or medes_subclause

Standard Properties

ution Rule: inherit enumeration (Classifier Match, Ty

tion Rule: inherit enumer@tion (Classifier Match, Type

Semantics

b represents the interface specification of a component, i.e., the compone
ecifications, modes, mode transitions, and property values of a com
f this component type denotes a component, existing or potential, tha
declaration. Component implementations are expected to satisfy
a conmiponent. The component type provides a contract for the compone
n depend on.

ngs. There must be at
be overwritten by a new
ubclause.

jerachy contain modes

be Extension,

| Extension,

nt category, prototypes,
ponent. A component
t is compliant with the
hese externally visible
ht interface that users of

The component categories are: data, subprogram, subprogram group, thread, thread group, and process (software

categories); processor, virtual processor, bus, virtual bus, memory, and device (execution platform categories);

tional category), and abstract component (compositional category).

category will be described in sections 5, 6, and 7.

The semantics of each

Features of a component are interaction points with other components, i.e., ports and feature groups; subprogram

parameters; data component access, subprogram access, and bus access. Ports represent directional flow of data
and events between components, feature groups represent groups of features that are connected to another
component, data component access represents access to shared data components, subprogram access
represents access to a subprogram by a caller, and bus access represents access to a bus from processor,
memory, device, and other bus components to establish hardware connectivity. Features are further described in

(8) A component typ
features, flow s
implementation g
component type
characteristics of
the component ca

€))
system (composi

(10)

Section 8.
(@RD)

Flow specifications indicate whether a flow of data or control originates within a component, terminates within a

component, or flows through a component from one of its incoming ports to one of its outgoing ports.
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(12

(13

(14

Mode declarations define modes of the component that are common to all implementations. As a result,
component types can have mode-specific property values. Other components can initiate mode transitions by
supplying events to incoming event ports of a component. Mode transitions specify which event ports affect their
transition. A component type extension can add modes and associate properties to existing modes.

A requires modes subclause specifies as set of modes that the component expects to inherit from its
containing component. In this case, the component can utilize these modes for mode-specific property values and
for in modes declarations of subcomponents and connection, but mode transition behavior is determined by the
containing component, whose modes are made accessible to the component.

A component type can contain incomplete feature declarations, i.e., declarations with no component classifier
references or just the component type name for a component type with more than one component implementation.
The component implementation may not exist yet or one of several implementations may have not been selected

yet.

(15) A component typ

be parameterizetf

component type
used as a compd
prototype cannot
where details ma
(16) A component typ
extension hierarc
to one of the
specifications, m
annex subclauses
contain refinemer
to be associated
type extension
associations.
(17) A component typ
for a subset of
component type
partially complete
(18) Properties are pr
See Section 11.3

b may also be declared with prototypes, indicating that the componentiyp

. Classifiers and features can be supplied through prototypebinding

emplate as part of a component type extension, component implement3
nent type reference, e.g., in feature declarations or subcomponent decl3

be rebound. The use of incomplete declarations is particularly useful du
not be known or decided.

e can be declared as an extension of another component type resultin
ny, as illustrated in Figure 2. A component type extension can refine an 2
concrete component categories. A component type extension inhe
bdes, mode transitions, prototypes, and propéfties of the component typ
5, each annex defines whether annex declarations are inherited. A compo
t declarations to permit incomplete feattire declarations to be completed

with features and flow specification declared in a component type being

can add feature declarations, . flow specifications, modes, mode tra

b being extended may include prototype binding declarations. If prototyp
he prototypes, then anly. the prototypes without binding can be boun
pxtension. This supports evolutionary development and modeling of syste
component types-that get refined in extensions.

bdefined for-each of the component categories and will be described in t
regardingrules for determining property values.

Examples

e is incomplete and can
Js to complete such a
tion extension, or when
rations. Once bound a
ring early design stages

g in a component type
bstract component type
rits the features, flow
e being extended. For
nent type extension can
nd new property values
xtended. In addition, a
nsitions, and property

e bindings are declared
i when referencing the
em families by declaring

he appropriate sections.

package TypeExamp
public

system File System

features
-- access to a
root: requires

end File System;

data component

data access FileSystem::Directory.hashed;

process Application

features

-- a data out port

result: out data port App::result type;
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home:

requires data access FileSystem::Directory.hashed;

end Application;

thread Calculate

prototypes

A data type to be used as type for the input and result port

data_type: data;

features

input:

in data port data type;

result: out data—port data type:

end Calculate;

thread Compute Dig
end Compute Distan

end TypeExample;

4.4

€D,

2

€))

4

tance extends Calculate (data type => data Appz+Distan

ce;

Component Implementations

A component inplementation represents the realization, 6f a component in terms of
connections, flow sequences, properties, component. modes and mode transitions. Flo
implementations ¢f flow specifications in the component type, or end-to-end flows to be ana
alternative opergtional modes that may manifest_themselves as alternate configuratiq
connections, call pequences, flow sequences, and-property values.

A component type can have zero, one, or.multiple component implementations. If a cg
component implementations, then it is censidered to be a leaf in the system component hig
partial AADL model may have processes as components without realization, while a task le
to threads as legves. If no implementation is associated then the properties on the cq
information about|the component\for analysis and system generation.

A component impglementation)can be declared as an extension of another component imple|
the component implementation inherits the declarations of its ancestors as well as

component implgmentation extension can refine inherited declarations, and add subco
subprogram call §equences, flow sequences, mode declarations, and property associations

ce)

subcomponents, their
W sequences represent
yzed. Modes represent
ns of subcomponents,

mponent type has zero
erarchy. For example, a
vel AADL model expand
mponent types provide

mentation. In that case,
its component type. A
mponents, connections,

Component implementations can declare prototypes, i.e., classifier parameters that are
declarations. The prototype bindings are supplied when the component implementation is
in subcomponent declarations.

used in subcomponent
being extended or used
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(5) Component implementations build on the component type extension hierarchy in two ways. First, a component
implementation is a realization of a component type (shown as dashed arrows in Figure 3). As such it inherits
features and property associations of its component type and any component type ancestor. Second, a component
implementation declared as extension inherits subcomponents, connections, subprogram call sequences, flow
sequences, modes, property associations, and annex subclauses from the component implementation being
extended (shown as solid arrows in Figure 3). A component implementation can extend a component
implementation that in turn extends another component implementation, e.g., in Figure 3 GPS. Handheld extends
GPS.Basic and is extended by GPS_Secure.Handheld. Component implementations higher in the extension
hierarchy are called ancestors and those lower in the hierarchy are called descendents. A component
implementation can extend another component implementation of its own component type, e.g., GPS.Handheld
extends GPS.Basic, or it can extend the component implementation of one of its ancestor component types, e.g.,
GPS_Secure.Handheld extends GPS.Handheld, which is an implementation of the ancestor component type GPS.
The component type and implementation extension hierarchy is illustrated in Figure 3.

GRS Secure GRS Componert types
o _
[ N P S Basic Comporent)implementation
A"
Fa
s ~ Y 1 Extrends compopent type
i A \\ oF itmple mentation
\
ggsgié ‘:}\ GPS Secure. < — Fealizes companent type
M— GPE. Handheld
Handheld
Descendent
Arcestor

Figure 3 Extension Hierarchy of Component@ypes and Implementations

Syntax

component implementation ::=
component catedory implementation

defining comporlent implementation name [ prototype bindings ]

[ prototypes ( prototype }* | none statement ) ]
[ subcomponentg ( { subcomponent }* | none statement ) ]
[ calls ( { sufprogram callsequence }* | none statement ) ]
[ connections { connec¢tion }* | none statement ) ]
[ flows ( { flgw impleméentation |

end to.end flow spec }* | none statement ) ]

[modes_subclaude ]

[ properties ( { property association | contained property association }*
| none statement ) ]
{ annex subclause }"

end defining component implementation name ;

component implementation name ::=

component type identifier . component implementation identifier

component implementation extension ::=
component category implementation

defining component implementation name


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE

AS5506B

Page 41 of 398

extends unique

[
[

( { subcomponent | subcomponent refinement }*

connections

( { connection | connection refinement }*

calls ( { subprogram call sequence }*

flows ( { flow implementation

component implementation reference

subcomponents

| none statement )

| none statement ) ]

| none statement ) ]

| flow implementation refinement |

end to end flow spec | end to end flow spec refinement }*

| none -statement ) ]

[ prototype bindings ]

prototypes ( { prototype | prototype refinement }* | none statement ) ]

]

[modes subclausg
(

| none staten

[ properties

{ annex subclay
end defining|
unique component ]

[ package name

]

{ property association | contained property assoddiatio

) ]

se }”

e

ent

component implementation name ;

mplementation reference

]

component implementation name

NOTES: The above grammar rules characterize the common syntax-for all component categories. The se

component categories will

The prototypes, subcom
are optional or if used ar]
guidelines that require ex
the subclause and a none

The annex_subclause O

The refines type subclau
values to features and fl
associations whose appli€

specify further restrictions on the syntax.

bonents, connections, calls, flows, modes, and properties subclauses of the
d empty, require an explicit empty declaration. The latter is provided to acca
licit documentation of empty/subclauses. An empty subclause declaration consis
statement ( none ; ).

f the component implementation is optional.

se of AADL V4.has been removed. Its role was to allow association of impler
bw specifications declared in the component type. The same can be achiey
S to subclause names the feature or flow specification.

Naming Rules

ctions defining each of the

tomponent implementation
mmodate AADL modeling
ts of the reserved word of

nentation-specific property
ed by contained property

fementation name consists of a component type identifrerand—a con

).

ponent implementation

The first identifier of the defining component implementation name must name a

component type that is declared in the same package as the component implementation, or name an alias to a

Every component implementation defines a

local namespace for all defining

The defining identifier of the component implementation must be unique within the local namespace of the

identifiers of prototypes,

subcomponents, subprogram calls, connections, flows, and modes declared within the component implementation.
The defining identifier of a prototype, subcomponent, subprogram call, connection, flow, or mode must be unique
within this namespace. For example, a subcomponent and a mode cannot have the same defining identifier within
the same component implementation, or a mode with the same defining identifier cannot be declared in a
component type and a component implementation.

(N1) A component im
identifier separated by a dot (
component type in another package.
(N2)
component type.
(N3)
(N4)

unique within the

local namespace and also within the component type namespace.

This local namespace inherits the namespace of the associated component type, i.e., defining identifiers must be
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Refinement identifiers of features must exist in the namespace of the associated component type or one of the

component type’s ancestors. Refinement identifiers of prototype, subcomponent, and connection refinements must
exist in the local namespace of an ancestor component implementation.

In a component implementation extension, the component type identifier of the component implementation being

extended, which appears after the reserved word extends, must be the same as or an ancestor of the component
type of the extension. The component implementation being extended may exist in another package. In this case
the component implementation name is qualified with the package name.

When a component implementation extends another component implementation, the local namespace of the

extension is a superset of the local namespace of the ancestor. That is, the local namespace of a component

implementation inherits all the identifiers in the local namespaces of its ancestors (including the identifiers of their

or e colmponerit implememdtion, sSupcormponerit OecldldliUllb, Corine
transitions, and property associations can refer directly to identifiers in'th
types, subcomponents, connections, and modes, as well as to required
jroup subcomponents and features declared in the associated component

erenced by the prototype binding declaration must exist in the focal name
In other words, prototype binding declarations may
nd of the component implementation.

(N5)
(N6)
(N7)
respective component type namespaces).
(N8)  Within the scop
sequences, mode
to declared proto
and subprogram
(N9)  The prototype refi
implementation heing extended.
component type g
NOTES:

A component type can be
renames that refers to the
from the component type
package name. This allow
package LM1 public
renames LM::GPS;

system implementation ¢

The pair of identffiers separated by a dot (“.”) following the reserved word end must be

made visible in a new namespace (package) without qualifying it with the packa
component type in the original package. This allows an implementation to be plal
ackage. In the following example, renames LM::GPS allows the type GPS to be
s a system implementation to be added to, GPS in the package LM1.

5PS.newimpl

Legality Rules

g the resérved word implementation.

subcemponents, connections, calls, flows, modes, and properties su
and the set of feature or required subcomponent declarations or propert

tions, subprogram call
e local namespace, i.e.,
bus, data, subprogram,

type.

space of the component
bind prototypes of the

je name by declaring it as
ced in a separate package
hamed without a qualifying

identical to the pair of

bclauses are optional. If
y associations is empty,

a-Saral lapn-—rmacet-ba-nracaentin-that cbealania
A OTTTIMTTUUIUTT TTTUOU VT PTTOTUTIUTTT UTdatl sUVLIAUoT.

the component implementation is declared.

identical or the category being extended must be abstract.

must be at most one prototype binding for each unbound prototype.

If the component type of the component implementation contains a requires modes subclause then

component implementation must not contain any modes subclause.

(L1)
identifiers followir
(L2)  The prototypes,
they are present
none followed by
(L3)
(L4)
i.e., they must be
(L5)
(L6)
(L7)

The category of the component implementation must be identical to the category of the component type for which

If the component implementation extends another component implementation, the category of both must match,

The classifier being extended in a component implementation extension may include prototype bindings. There

the

If modes are declared in the component type, then modes cannot be declared in component implementations.
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If modes or mode transitions are declared in the component type, then mode transitions can be added in the

component implementation. These mode transitions may refer to event or event data ports of the component type
and of subcomponents.

i.e., they must be
(L10)

(L11)
component type.

Classifier Substit
Signature Match)

Prototype Substity
Signature Match)

Classifier Matchir
Conversion, Comple

)

A component imp
Interaction betwse

Mode declaratiopns represent alternative runtime configurations (internal structure) an

behavior (interact
its non-functional

>

Each component

(interface). A component type can have multiple implementations. A component implemen

a component var
between implemg
component imple
package, and a
component in the

(8)
subcomponents,
hierarchy reflects

The actual sysfem being modeled by component types and component implem

identical or the category being refined must be abstract.

Standard Properties

. Fe—trrire . 3 s .

tion Rule: inherit enumeration (Classifier Match {-Fype

g Rule: inherit enumeration (Classifier Match,“Equival
ment)

Semantics

lementation represents the internal structure~6f'a component through sub
en subcomponents is expressed by the, connections, flows, and subp

ion between subcomponents). A component implementation also has pr¢
attributes such as safety level or.execution time which can also vary by m

ant with the same interface but with differing property values that char
ntations without exposing the internals of their realization. This can be
mentation declaration without subcomponents and connections in the pu
component implémentation declaration with subcomponents and con
private section of an AADL package.

some{of which may contain subcomponents themselves. The subd

thieactual system structure.

The category of a subcomponent being refined must match the category of the refining subcomponent declaration,

For all other refinement declarations the categories must match (see the respective sections).

Component implementations and component implementation extensions must not refine prototypes declared in a

pe Extension,
| Extension,

ence, Subset,

component declarations.
fogram call sequences.
d alternative execution
perty values to express
bde.

implementation is associated-with a component type and provides a realization of its features

tation can be viewed as
acterize the differences
achieved by placing the
blic section of an AADL
nections for the same

bntations may contain
omponent containment

€))

A component implementation that is an extension of another inherits all prototypes, subcomponents, connections,

subprogram call sequences, flow sequences (flow implementations and end-to-end flows), modes, mode
transitions, and property associations from its ancestors as well as features, and associations, from its associated
component type (and that component type’s ancestors). For annex subclauses each annex defines whether annex
declarations are inherited.

(10

A component implementation extension can refine prototypes and subcomponents previously declared in ancestor
component implementations by supplying component classifiers, and by associating new property values.

A

component implementation extension can refine connections, flows, and modes of its ancestor component
implementations by associating new property values. A component implementation extension can refine features
of its associated component type (and that component type’s ancestors) by associating new property values to
them. A component implementation being extended may include declaration of prototype bindings. If prototype
bindings are declared for a subset of the prototypes, then only the prototypes without binding can be bound in
component implementation extensions.
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(11) A component implementation extension can also add prototypes, subcomponents, connections, subprogram call

sequences, flow

sequences, modes, property associations, and annex subclauses.

This extension capability

supports evolutionary development and modeling of system families by declaring partially complete component
implementations that get refined in extensions.

(12

A descendent component implementation is said to contain all subcomponents whose identifiers appear in its local
namespace, i.e., subcomponents declared in the component implementation and any of its ancestors.

In other

words, an instance of a component implementation extension contains instances of declared and inherited
subcomponents, features, connections, subprogram call sequences, flow sequences, and modes.

(13)
See Section 11.3

(14)
with the compon
components dend
specified by the &

may be specified

(15

In general, two a
not necessarily s
legal but not spe
system. For exa
specification, yet
Compliance with

package Implements
public

data Bool Type
end Bool Type;

thread DriverModell
features

BreakPedalPress

A component im[g

regarding rules for determining property values.

Processing Requirements and Permissions

Properties are predefined for each of the component categories and will be described in the appropriate sections.

bnt implementation declaration as well as the associated component™t

using properties.
ctual components that comply with the same component type and compo

cify all of the characteristics that are required*to” ensure total correctne

his standard alone is not sufficient to guarantee overall correctness of a a
Examples

tionExample

ogic

ed in data port Bool Type;

Libstitutable for each other in an actual system. [This is because an AAI

mple, two different versions of a piece of s@urce text might both comp
one of them may contain a programming defect that results in unaccey

lementation denotes a set of actual system components, existing or potgntial, that are compliant

e. That is, the actual

ted by a component implementation declaration are always compliant with the functional interface
ssociated component type declaration. Actual components denoted by d
for the same conpponent type differ in additional details such as internal structure or behg

ifferent implementations
viors; these differences

nent implementation are
DL specification may be
5s of a final assembled
y with the same AADL
table runtime behavior.
ctual system.

ClutchPedalPressed

Activate
Cancel

OnNotOff
CruiseActive

end DriverModeLogi

-- Two implementat
-- their cruise ac
thread implementat

properties

in data port Bool Type;

in data port Bool Type;
in data port Bool Type;

in data port Bool Type;

out data port Bool Type;

C;

ions whose source texts use different variable
tive port

ion DriverModeLogic.Simulink

names for
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Dispatch Protocol=>Periodic;

Period=> 10 ms;

Source Name => “CruiseControlActive” applies to CruiseActive;

end DriverModeLogic.Simulink;

thread implementation DriverModeLogic.C

properties

Dispatch Protocol=>Periodic;

Period=> 10 ms;

Source Name => ZCCActive” applieg to Cruiseictive:

end DriverModeLog]

end Implementatioq

4.5

D)

2

3>

4

(5

Subcomponen

A subcomponent
implementation.

implementations
ultimately descri

containment hierarchy using the graphical AADL notation (see Appendix D ). In this exan
system. The implementation of the system contains sttbcomponents named C3 and

subcomponent i

subcomponent in| Sys1’s implementation, contains a second set of subcomponents name

subcomponents
with respect to th

c.C;

Example;

S

represents a component contained within another ¢omponent, i.e., decla
Subcomponents contained in a component implementation may be inst

hat contain subcomponents themselves. This ¥esults in a component co

red within a component
hntiations of component
htainment hierarchy that

es the whole actual system as a systemdinstance. Figure 4 proviges an illustration of a

Sys1’s implementation, contains subéomponents named C1 and C2. (

amed C1 and those named C2 do not violate the unique name require
b local namespace of their containing component’s local namespace.

-  COontains

cz][m] [(c2 | [ e ]

hple, Sys1 represents a
C4. Component C3, a
Component C4, another
d C1 and C2. The two
ment. They are unique

nent

Figure 4 Component Containment Hierarchy

A subcomponent declaration may resolve required subcomponent access declared in the component type of the
subcomponent. For details on required subcomponent access see Section 8.4.

A subcomponent can be declared to apply to specific modes (rather than all modes) defined within the component

implementation.

Subcomponents can be refined as part of component implementation extensions.

Refinement allows classifier

references to be completed, abstract subcomponents to be refined into one of the concrete categories, and
subcomponent property values to be associated. The resulting refined subcomponents can be refined themselves.

An array of subcomponents can be declared to represent a set of subcomponents with the same component type.
This array may have one or more dimensions.
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Syntax

subcomponent ::=
defining subcomponent identifier
component category
[ unique component classifier reference [prototype bindings]
| prototype identifier ]
[ array dimensions [ array element implementation list ] ]
[ { { subcomponent property association

| contained property association }* } ]

[ componenff_1in_modes ] ;

subcomponent refingement ::=
defining subcqmponent identifier : refined to

component dategory
[ unique |component classifier reference [ prototype bindings ]
| prototype identifier ]
[ array dimensions [ array element implementation list ] ]

[ { { subcgmponent property association

| cortained property associationi}y } 1]

[ componenft in modes ] ;

unique component dlassifier reference j:=
( unique domponent type reference

| unigue domponent implementation reference )

array dimensions {:=

{ array dimendion/, N

array dimension ::=

[ [ array dimension size ] 1]

array dimension size ::=

numeral | unique property constant identifier | unique property identifier

array element implementation list ::=
( unique component implementation reference [ prototype bindings ]

{ , unique component implementation reference [ prototype bindings ] }* )
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-- array selection used in contained property association and references

array selection_identifier ::

identifier array selection

array selection ::

{

selection range
numeral

NOTES:

The above grammar rules
of the component categorig

}+

[ selection range 1]

[ ]

. numeral

characterize the common syntax for subcomponent of all component categeries.
s will specify further restrictions on the syntax.

Naming Rules

The defining iden
the local namesp

lifier of a subcomponent declaration placed in a component implementati
hce of the component implementation that contains thé . subcomponent.

The defining identifier of a subcomponent refinement must exist.asra defining subcompon
namespace of an|ancestor component implementation.

The component fype identifier or the component implementation name of a component @
exist in the package namespace.

The prototype identifier of a prototype reference) must exist in the local name sp
implementation.

The prototype reéferenced by the prototype binding declarations must exist in the Ig
component classifier being referenced.

The modes named in the in medes statement of a subcomponent must refer to mg
implementation that contains the subcomponent or its component type. The modes n
statement of a prpperty assogiation of a subcomponent must refer to modes of the subcom
a contained propegrty association to modes of the last component in the component path (se

Legality Rules

I'he sections defining each

n must be unique within

ent identifier in the local

lassifier reference must

bce of the component

cal namespace of the

des in the component
bmed in the in modes
ponent, or in the case of
e Section 11.3).

The category of the
reference or its prototype reference ie.,

they must be |dent|cal or in the case of a
referenced classifier category may be abstract

ding component classifier
classifier reference the

The component classifier reference of a subcomponent declaration may include prototype bindings for a subset or
all of the component classifier prototypes. This represents an unnamed component classifier extension of the
referenced classifier.

In a subcomponent refinement declaration the component category may be refined from abstract to one of the
concrete component categories. Otherwise the category must be the same as that of the subcomponent being
refined.

The Classifier Substitution Rule property specifies the rule to be applied when a refinement supplies a
classifier and the original subcomponent declaration already has a component classifier. This property can be
applied to individual subcomponents or features, or it can be inherited from classifiers. The following rules are
supported:
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(LS)

(L10)

(L11)

(C1)

Classifier Substitution Rule: inherit enumeration (Classifier Match,

Classifier Match: The component type of the refinement must be identical to the component type of the
classifier being refined. If the original declaration specifies a component implementation, then any
implementation of that type can replace this original implementation. This is the default rule.

Type Extension: Any component classifier whose component type is an extension of the component type of
the classifier in the subcomponent being refined is an acceptable substitute.

Signature Match: The component type of the refinement must match the signature of the component type of
the classifier being refined.

In the case of a signature match, the component type of the subcomponent being refined must have a subset of the
features of the component type in the refinement. The features are compared by name matching; the feature
categories and direction (in data port, provides data access, etc.) must be the same and any feature classifier must
match according to rules defined for Classifier Match. In addition, if flow specifications are present in the
component type being refined, then the component type of the refinement must have at least the same set of flow

specifications. Fl

The component G
dimensions to def

g

J

The array size
incomplete. If th
declaration.

When refining a s
can be specified f

When the subc
implementations

component type (
the component a
index of the last d

Selecting index r|

H $i HE YN 1 N + kb acl
MVV oL UITTULAlIUTTO WILTT UTC odITIC TTIAarTic TTTUot TIave Ui odiTic oUuTrve artu Ut

ategory and optional component classifier or prototype reference camrbe f
ine the subcomponent as an array of actual subcomponents.

pecification for the dimensions is optional. In this caseythe array de
e size of the array dimension is specified it must be spécified for all ¢

ubcomponent array the number of dimensions of.the*array cannot be chg
or each dimension if it was not specified in the subcomponent declaration

can be supplied, one for each element\of the array. Different implen
an be chosen. The number of elements in the list must correspond to th
ray. In the case of multi-dimensional arrays, the list elements are assig
imension first.

Anges in one or more dimensions of an array is only possible if the siz

dimensions is alr¢ady defined. The index.range of a dimension is from 1 to the size of the ¢

of array index rar
single array elem
reference proper

An array element
component imple

ges is limited to the applies to subclause of contained property associa
ent is limited to the"applies to subclause of contained property associati
ies.

mentations in the list are implementations of the specified type.

Consistency Rules

stination ports.

bllowed by a set of array

claration is considered
imensions in the same

nged, but the array size
being refined.

bmponent is declared as an array with\array dimension sizes thep a list of component

nentations of the same
e number of elements in
ned by incrementing the

e of the array for these
imension. Specification
ions. Specification of a
bns and to the values of

implementation list is valid only if (a) the subcomponent classifier is a cofnponent type and (b) all

The classifier of

subcomponent cannot recursively contain subcomponents with the sa

In other words, there cannot be a cyclic containment dependency between components.

Signature Match)

Acceptable Array Size:

Standard Properties

list of Size Range

Semantics

e component classifier.

Type Extension,

(6) Subcomponents declared in a component implementation are considered to be contained in the component
implementation. Contained subcomponents are instantiated when the containing component implementation is
instantiated. Thus, the component containment hierarchy describes the hierarchical structure of the actual system.
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(7) A component implementation can contain incomplete subcomponent declarations, i.e., subcomponent declarations
with no component classifier references, or if the component classifier reference only consists of a component type
name for a component type with more than one component implementation. A subcomponent declaration is also
incomplete when it consists of the declaration of an array of subcomponents for which the array sizes are not
specified. This is particularly useful during early design stages where details may not be known or decided. Such
incomplete subcomponent declarations can be refined in component implementation extensions.

(8) A subcomponent declaration can be parameterized by referring to a prototype. In this case the component
category and component classifier bound to the prototype is used when the system is instantiated.

(9) A subcomponent declaration can reference a component classifier with prototype bindings. The prototype binding
can refer to other classifiers or to a prototype of the component type or implementation that contains the

(10)

(1D

(12

subcomponent.

In the latter case, the prototype actual is passed down levels of the component hierarchy and
effectively allows the system subcomponents to be configured from a higher level component.

A component cla
unnamed extensi
type or componsg
referenced in the
be extensions of

The optional con
component in |
subcomponent of
active in all mods
the subcomponer
of the containing
component type (

A subcomponent
for one of the sy
subprogram call
subcomponent (s

ssifier reference with prototype bindings that refer to component (clas
pbn of the classifier being referenced. In other words, it could have been d
nt implementation extension with a new defining identifier and this ide
subcomponent declaration. Two unnamed component classifierZextensio
bach other.

ponent in modes subclause specifies the modesdin, 'which the subcg
modes in a subcomponent refinement replaces ‘previously specified

subcomponent refinement without component_«tn modes specifies th
s. The component in modes refer to modes of the component implg
t or to the modes of its component type. The.component in modes m

See Section 12).

can have property values associated to itself, or a contained property ass
bcomponents in its containment hierarchy, as well as those subcompo
sequences, connections,~and flows, or model elements in any

ee Section 11.3). Subcomponent refinements may declare property ass

the property valu
statements that r

es declared in the stibcomponent being refined. Property association
fer to modes of the"'component implementation that contains the subcom

sifiers effectively is an
eclared as a component
ntifier could have been
s are not considered to

mponent is active. An
subsets of modes. A
at the subcomponent is
mentation that contains
ay map mode identifiers

component to the mode identifiers specified in the requires modes clause¢ of the subcomponent’s

bciation can be declared
hents’ features, modes,
nnex subclause of a
ciations — that override
s can have in modes
bonent, or in the case of

contained proper{y associations also to modes of the last subcomponent named in the pat
Section 11.3).

h of the applies to (see

(13) The arrays of sujcomponents ‘are used to simplify the declaration of a multiplicity of subcofnponents with the same
classifier without [declaring“each of them separately. If a size of a subcomponent array ig not known the array is
incomplete and i assumed to have one element for the purpose of system instances gf incomplete models. A

subcomponent arraycan only be refined by adding array sizes to the dimensions if they are|without a size.

(14) All elements of a subcomponent array have the same component classifier, i.e., they are of the same kind. A
subcomponent array can also be declared to have the same component type, but its elements vary in their
implementation, e.g., to represent variants in an N-Version redundancy pattern.

(15) A property association declared with a subcomponent array applies to each element in the array. Contained
property associations declared in the enclosing component implementation can be used to associate different

property values to different elements or subsets of the subcomponent array.
Processing Requirements and Permissions

(16) If the subcomponent declaration references a component type and the type has a single implementation then a
method of processing (tool) is permitted to generate a complete system instance by choosing the single
implementation even if it is not named. If the referenced component type has multiple implementations then the

implementation must be explicitly referenced. However, some project may impose design constraints that require
modelers to completely specify such classifier references.
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(17) The example illustrates modeling of source text data types as data component types without any implementation
details. It illustrates the use of package to group data component type declarations. It illustrates both component
classifier references to component types and to component implementations. It illustrates the use of ports as well
as required and provided data access, and required subprogram access. In that context it illustrates the ways of
resolving required access. The Data Modeling Annex (Annex Document B) provides guidance on how to effectively
represent data models of applications in AADL.

package Sampling

public
data Sample

properties

Source_Data [Size

end Sample;

data Sample_ Sef

properties

Source_Data [Size

end Sample Set j

data implementdtion

subcomponents

Data_Set:

=> 16 Bytes;

=> 1 MByte;

Sample Set.impl

dgta Sample ;

end Sample Set [impl;

data Dynamic_ S4g

end Dynamic_

mple Set extemnds®Sample Set

Sample Set;

data implementgtion dywlamic Sample Set.impl extends Sample Set.impl

properties

Source Data

end Dynamic_Sample Set.impl;

end Sampling;

package SamplingTasks

public
with Sampling;

thread Init Samples

features
OrigSet

SampleSet

1 = 1 to Dot Caot .
-S-:l.—er—S—Bste-s—a-pp-l—l-e-s-ummv,

requires data access Sampling::Sample Set;

requires data access Sampling::Sample Set;

end Init Samples;
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thread Collect Samples
features
Input Sample : in event data port Sampling::Sample;
SampleSet : requires data access Sampling::Sample Set;
Filtering Routine: requires subprogram access Sample Subprogram;

end Collect Samples;

thread implementation Collect Samples.Batch Update

properties

Source Name => |"InSample” applies to Input Sample;

end Collect Samplgs.Batch Update;

thread Distribute |Samples
features
SampleSet : requires data access Sampling::Sample Set;
UpdatedSamples |: out event data port Sampling::Sample;

end Distribute Sanples;

process Sample Marager
features
Input Sample: in event data port Sampling::Sample;
External Samplgs: requires datasaccess Sampling::Sample Set;
Result Sample: |out event datd port Sampling::Sample;

end Sample Managey;

process implementgtion,Sample Manager.Slow Update

subcomponents

Samples: data Sampting——Sampte—Set
Init Samples : thread Init Samples;
-- the required access is resolved to a subcomponent declaration
Collect Samples: thread Collect Samples.Batch Update;
Distribute: thread Distribute Samples;
Sample Filter: subprogram Sample Subprogram.Simple;

connections
ISSSConn: data access Samples <-> Init Samples.SampleSet;
ISOSConn: data access External Samples <-> Init Samples.OrigSet;
CSSSConn: data access Samples <-> Collect Samples.SampleSet;

CSISConn: port Input Sample -> Collect Samples.Input Sample;
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DSSConn: data access Samples <-> Distribute.SampleSet;

DUSConn: port Distribute.UpdatedSamples -> Result Sample;

CSFRConn: subprogram access Sample Filter <-> Collect Samples.Filtering Routine;

end Sample Manager.Slow Update;

subprogram Sample Subprogram

end Sample_ Subprogram;

subprogram implementation Sample Subprogram.Simple

end Sample Subprogram.Simple;

end SamplingTasks;

(18) This example illus
as an abstract ¢
pattern property {
of MyProcess is
flexible by specify

package Redundancy

public
abstract Triplsg
features
input: in dat
output: out g

end Triple;

abstract implen

subcomponents
MyProcess: aj
MyVoter: abst

connections

trates the use of arrays in defining a triple redundancy pattern with’a vote

. The pattern is defined

bmponent (see Section 4.6) that uses data ports. The connections are d¢fined with a connection

p indicate how the elements of the source array are connected’'to the des
connected to a separate port of the voter. Note that the number of
ing the array dimension size through a property.

a port;

ata port;

lentation Triplle)impl

stract Cadculate [3];

ract, VVoter;

extinput: port iuyut = MyPLuuccb.iuyut

{ Connection Pattern => (( One To All )); };

tovoter: port MyProcess.output -> MyVoter.input

{ Connection Pattern => (( One To One )); };

extoutput: port MyVoter.output -> output;

end Triple.impl;

abstract Calculate

features

input: in data port;

output: out data port;

tination. Each instance
eplicates could be kept
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end Calculate;

abstract Voter

features

input: in data port

output: out data port;

end Voter;

end Redundancy;

4.6

D)

(L3)

(L4)

Abstract Components

[31;

The component pategory abstract represents an abstract component. Abstract comppnents can be used to
Abstract component can contain any component andycan be contained in any
component. The gbstract component category can later be refined into one of the concrete component categories:
any of the softyare components, hardware components, and composite components. When an abstract
component is refined into a concrete component category it must adhere to theycontainmgnt rules imposed by the
concrete category. For example, an abstract subcomponent of a process can-only be refined into a thread or thread

represent compohent models.

group.
Legality Rules
Categdry Type Implementgtion
Features: Subcomponents:
e port e data
o feature group e subprogrgm
e provides data access e subprogrgm group
e provides subprogram access o thread
e provides subprogram group access e thread grqup
e provides bus'access e process
e requires data access e  processof
e requires'subprogram access e virtual processor
abstrakct J requ?res subprogram group access e memory
e wrequires bus access e bus
¢) \feature e virtual bug
Flow specifications: yes e device
Modes: yes e system
Properties: yes e abstract
Subprogram calls{ yes
Connections yes
Flows: yes
Modes: yes
Properties: yes

An abstract component type declaration can contain feature declarations (including abstract feature declarations),
flow declarations, as well as property associations.

An abstract component implementation can contain subcomponent declarations of any category. Certain
combinations of subcomponent categories are only acceptable if they are acceptable in one of the concrete

component categories.

An abstract component implementation can contain a modes subclause, a connections subclause, a flows
subclause, and property associations.

An abstract subcomponent can be contained in the implementation of any component category.
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component implementation category whose subcomponent is being refined.

An abstract subcomponent can be declared as an array of subcomponents.

abstract component type must be acceptable for the concrete component type.

If an abstract subcomponent is refined to a concrete category, the concrete category must be acceptable to the

If an abstract component type is refined to a concrete category, the features, modes, and flow specifications of the

If an abstract component implementation is refined to a concrete category, the subcomponents, call sequences,

modes, flow implementations, and end-to-end flows of the abstract component implementation must be acceptable
for the concrete component implementation.

(L6)

(L7)

(L8)

(2) An abstract co
However, when
A method of proc

(3) The component g
architectures. T
category into a sq
a runtime architeq

(4) Alternatively, the

architecture can

reference propefty type can be used to specify the mapping of conceptual components|

components.

(5) A conceptual architecture and its refinementinto a runtime architecture.

package CarSystem
public
bus Manifold

end Manifold;

abstract car

rlfined to a concrete category, properties that do not apply to the concrete

Standard Properties

pssing may provide a warning about ignored properties.

Semantics
f category abstract represents an abstract component, It_.can be used
nis abstract component can be refined into a runtime<architecture by
ftware, composite, or hardware component. Such & refinement from a cg
ture is illustrated in the example below.

conceptual architecture can be defined in’terms of abstract compg
be defined separately in terms of threads and processes.

Examples

ANy concrete category.
category will be ignored.

to represent conceptual
refining the component
nceptual architecture to

nents and the runtime

A user-gefined property of the

to runtime architecture

end car;

abstract implementation car.generic

subcomponents

PowerTrain: abstract power train;

ExhaustSystem: abstract exhaust system;

end car.generic;

abstract power_train

features

exhaustoutput:

requires bus access Manifold;
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end power train;

abstract exhaust system
features
exhaustManifold: provides bus access Manifold;

end exhaust system;

-- runtime architecture
system carRT extends car

end carRT;

system implementafjion carRT.impl
extends car.gereric

subcomponents
PowerTrain : gefined to system power train;
ExhaustSystem

end carRT.impl;

end CarSystem;

4.7 Prototypes

(1) Prototypes repregent parameterization of component type, component implementation,
declarations.  They allow classifiers and ,features to be supplied when a compg

refined to system exhaust system;

and feature group type
nent type, component

implementation, gr feature group is being extended or being used in a subcomponent declaration. The component

classifier prototypes can be referenced.in‘place of classifiers in feature declarations, in sub
The feature protqtypes can be referenced in abstract feature declarations. Prototypes ca
actuals in prototype bindings; this/allows parameterization via prototype to be propad

hierarchy.

Syntax

prototype ::=

component declarations.
h also be referenced as
ated down the system

defining protcotype—identifies
( component prototype
| feature group type prototype
| feature prototype )
[ { { prototype property association }* } 1]

component prototype ::=

component category [ unique component classifier reference ]

feature group type prototype ::=

feature group [ unique feature group type reference ]

.
I

[

[1

]
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feature prototype ::=

[ in | out ] feature [unique component classifier reference ]

prototype refinement ::=
defining prototype identifier : refined to
( component prototype
| feature group type prototype
| feature prototype )

[ { { prototype property association }* } 1;

prototype bindingg ::=

( prototype bilnding { , prototype binding }" )

prototype binding|::=
prototype identifier =>
( component [prototype actual | component prototype actual list

| feature ggoup type prototype actual | feature\prototype actual )

component prototyge actual ::=
component catggory
( unique |component classifier reference [ prototype bindings ]

| protgtype identifier )

component prototyge actual list (::i=

( component prototype actual { , component prototype actual }* )

feature group typgq prorotype actual ::=

( feature gnouprunique feature group type reference [ prototype bipndings ] )

| (feature group fcatu;c_g.Luu.y_t_‘yyc_y;utut_‘yyc_idclltific; )

feature prototype actual ::=
( (( in | out | in out) ( event | data | event data ) port ) |
( ( requires | provides )
( bus | data | subprogram group | subprogram ) access )
[ unique component classifier reference ] )

| ( [ in | out ] feature feature prototype identifier )
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Naming Rules
(N1) The prototype identifier on the left-hand side of a prototype binding must exist in the local nhamespace of the

(LS)

classifier for which the prototype binding is defined.

The prototype identifier on the right-hand side of a prototype binding, if present, must exist
of the classifier that contains the prototype binding.

in the local namespace

Unique component classifier references must exist in the public section of the package being identified in the

reference.

Unique feature group type references must exist in the public section of the package
reference.

being identified in the

Legality Rules

The component dategory declared in the component prototype binding must matchithe component category of the

prototype being feferenced, i.e., they must be identical, or the declared category com
prototype must bg abstract.

The component category of the optional component classifier referencelin the prototype de
category in the prptotype declaration.

If the componenf prototype only specifies a component categery, then any componer
implementation gf that category is acceptable; in the casecof the category abstract ar
component implementation of any category is acceptable.

If the component [prototype declaration includes a component classifier reference, then the
prototype binding must match according to the(Prototype Substitution Rule
specifies the rule$ to be applied to determine anlacceptable classifier supplied to the proto
be associated with a prototype declaration orthe enclosing component type or compone
rules are the samg as those of the Classifier Substitution Rule property.

The category of the component implementation that contains the prototype declaration plac
of acceptable cajegories for the prototype declaration and the supplied classifiers. The
category are de
component implementation is)athread group implementation, then the prototype referen
declaration must pe of the ¢ategory thread group, thread, subprogram, subprogram gro
If the direction is|declared for feature prototypes, then the prototype actual satisfies the d
same rules as for féature refinements (see Section 8); in the case of ports the direction m

ined in the réspective component category section of this document,

ponent category of the

laration must match the

t type and component
y component type and

classifier supplied in the
broperty. This property
type. This property can
ht implementation. The

bs restrictions on the set
nesting rules for each
For example, if the
ced in a subcomponent
Lip, data, or abstract.

rection according to the
ust be in or out; in the

case of data accessthe—accessrightmust-beread=onty-for-tand-write-onty-forotut,—in
subprogram access and subprogram group access the direction is ignored.

he case of bus access,

In the case of feature group prototypes, the supplied feature group types must match the declared feature group
type, if any. The Prototype Substitution Rule property rules apply to feature group types instead of
component types.

A classifier supplied in a feature prototype binding must match the classifier of the prototype declaration, if present,
according to the Prototype Substitution Rule property rules.

Component prototypes declared with square brackets specify that they expect a list of component classifiers. These
prototypes can only be referenced in subcomponent array declarations. The component classifier list supplies the
classifiers for each of the elements in the component array.

The component category of the classifier reference or prototype reference in a prototype binding declaration must
match the category of the prototype.
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(L12)

(L12)

(L13)

If a direction is specified for an abstract feature in a prototype declaration, then the direction of the prototype actual

must match that d

eclared in the prototype.

Component prototype bindings must only bind component prototypes, feature group prototype bindings must only
bind feature group prototypes, and feature bindings must only bind feature prototypes.

Component prototype refinements must only refine component prototypes, feature group prototype refinements
must only refine feature group prototypes, and feature refinements must only refine feature prototypes.

Standard Properties

Prototype Substitution Rule: inherit enumeration (Classifier Match, Type Extension,
Signature Match)

2

€))

(4

(5

)

>

Prototypes can s
or in subcompon:
its component im
component class
classifier is effect

Prototypes can s
groups. The prot

Prototypes can only be bound once. Prototypes can be referénced in prototype bindings, i.

features can be p

The prototype d
classifier that ca
requires matching

A prototype refin
classifier, and arr

This example de
component type

second prototype].

outgoing port ha

Semantics

bnt declarations. The same prototype can be referenced several times ir
plementations to indicate that the same actually supplied €lassifier is tg
fier may include prototype bindings if the classifier hascunbound prototyp
vely an unnamed extension of the classifier being referenced (see Section

pecify a parameterization of abstract features (feature) as well as feature
btype binding of an abstract feature can supply,concrete features

assed down the component hierarchy.

pclaration specifies constraints ofiythe component category, on the fe
h be supplied. The Prototype Substitution Rule property speci

classifiers, allows classifiersubstitution, or allows any classifier with matg

bment can increase the _constraints on classifiers to be supplied. The n
by dimensions mustsatisfy the same matching rules as the prototype bind

Examples
fines a generic component with a flow through one in port and one

specifies—the data type used on the port as one prototype and an incon
This.allows us to supply an event data or data port as the incoming ¢

pecify a parameterization of component classifiers that can be referenced in feature declarations

a component type and
be used. The supplied
es. Such a component
4.5).

group types for feature

b., bound classifiers and

ature kind, and on the
fies whether the match
hing signature.

bwly specified category,
ngs.

obut port. The abstract
ning abstract feature as
ort for this pattern. The

sCheen fixed to be a data port. The example also defines a pri

mary/backup redundant

implementation o
implemented as

thc ﬂUVV CUTTTPUITCI It do d pattCIII. it ildb d billyic plUtUty[JU, Ildlllciy thc
a dual redundant component.

omponent that is to be

This prototype is used to specify that both copies of the

subcomponent are of the same classifier. It takes the data type prototype as its prototype actual to ensure that the
data type of the pattern and the data type of the supplied control prototype will match. These abstract components
are then refined into a controller process and its dual redundant instantiation as a system.

package PrototypeExample

public

-- a generic component interface with one in and one out port

abstract flowComponent

prototypes

dt:

incoming:

data;

features

in feature;
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insignal: in feature incoming;
outsignal: out data port dt;

end flowComponent;

-- a dual redundant component pattern
abstract implementation flowComponent.primaryBackup
prototypes

control: abstract flowComponent;

subcomponents

primary: abstract contraol;
backup:abstract |[control;
connections
inprimary: featyre insignal -> primary.insignal;
inbackup: featuge insignal -> backup.insignal;
outprimary: pory primary.outsignal -> outsignal;
outbackup: port |[backup.outsignal -> outsignal;
modes
Primarymode: inijtial mode;
Backupmode: modg;

end flowComponent |JprimaryBackup;

data signal

end signal;

data implementatiqn signal.unitlé

end signal.unitlé6;

-- a controller tdq berv¥ealized as dual redundant system

process controller—extends—flowComponent—{—dt—>data—signat—unitioc:

incoming => event data port signal.unitlé )

end controller;

-- the dual redundant controller system interface
system DualRedundantController extends
flowComponent (dt => data signal.unitleé,
incoming => in event data port signal.unitlé6)

end DualRedundantController;

-- the dual redundant instance of the controller
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system implementation DualRedundantController.PrimaryBackup

extends flowComponent.primaryBackup

(control => process controller)

end DualRedundantController.PrimaryBackup;

end PrototypeExample;

Annex Subclauses and Annex Libraries

Annex subclauses allow annotations expressed in a sublanguage to be attached to component types, component

implementations, and feature group types. Examples of standardized sublanguages are defined in the Error Model

C and in the Behavior Model Annex Document D.

antain raicahln dAaslaratinne Avinracond 1n A cuhlana oo
Pt T oooTaotC— e oCraatiorno—CApresseo— ot

and ara daclare
C—arc—accar

o
ToioTartyg goTart

ons can be referenced by annex subclauses.

nguages.

The AADL standard consists of a core language document and a set of standardized ann

ublanguage notations. Individual projects can introduceproject-specific s
becific analysis needs. Use of such sublanguage-notations results in
e core language standard. Standard compliant AADL tools are require

hese annex declarations is to accommodate new analysis methods th

d in packages. Those

rough analysis specific

ex documents, some of
ublanguage notations to
AADL models that are
d to accept such AADL

4.8
@D)
Annex Document
(2) Annex libraries ¢
reusable declarat
(3) A major use of
notations or sublg
4
which introduce s
support project-s
compliant with th
specifications (se
(5) Examples of an

annex_subclause

( {** annex [specific languagé&. constructs **} ) | none )
[ in modes ]| ;
annex_ library ::=
annex annex_identifier
(( {** anney specific reusable constructs **} ) | none ) ;

annex annex_id

b Processing Requirements and Permissions).

nex libraries are error states machines »that can be associated with
Annex Document C).

components in annex
subclauses (see

Syntax

(

entifier

Naming Rules
The annex identifier must be the name of an approved annex or a project-specific identifier different from the
The mode identifiers in the in modes statement must refer to modes in the component type or component
implementation for which the annex subclause is declared.

Legality Rules
Annex subclauses can only be declared in component types, component implementations, and feature group types.

A component type, component implementation, or feature group type declaration may contain at most one annex
subclause for each annex. If the annex subclause has an in_modes statement, then there must be at most one

(N1)
approved annex identifiers.
(N2)
(L1)
(L2)
annex subclause per mode for each annex.
(L3)

Annex libraries must be declared in packages.
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@)

&

©))

(10

(1D

(12)

(13)

A package declaration may contain at most one annex library declaration for each annex.
Semantics

An annex subclause provides additional specification information about a component to be interpreted by analysis
methods. Annex subclauses apply to component types and component implementations. Such annex subclauses
can introduce analysis specific notations such as constraints and assertions expressed in predicate logic or
behavioral descriptions expressed in temporal logic. Such notation can refer to subcomponents, connections,
modes, and transitions as well as features and subcomponent access.

Annex subclauses can be declared to be applicable to specific modes by specifying them with an in modes
statement. An annex subclause without an in_modes statement contains annex statements that are applicable in

all modes. This capability allows users to attach mode specific annex annotations to core AADL models.

An annex library
reusable annex
specification is a

Processing meth
project-specific 4

subclauses and annex library declarations. An AADL analysis tool‘must provide the opt

project-specific a
process specifica

Annex specific s\
annex subclause

Annex specific sy
core language o
identifier in the A
model.

Annex specific sy
property sets that

to apply to an errgr event in an error'model.

Annex sublangug
libraries of ancest

brovides reusable specifications expressed In an annex specific notation,

specific constructs inside an annex library declaration. An example

ault state machine as defined by the Error Model Annex Document C.
Processing Requirements and Permissions

bds compliant with the core AADL standard must accept, AADL specifica
nnex subclauses and specifications, but are not required to process

nnex sublanguages. Processing methods compliant with a given an
ions as defined in that annex sublanguage.

blanguages can use any vocabulary word“except for the symbol **} rep
or specification.

blanguages may introduce reserved words that may be the same or dif
[ other annex sublanguages..If the annex sublanguage uses a reserv

blanguages can utjlizesthe core language property mechanism, i.e., prop
apply to elements in-the sublanguage annex. For example, a property oc

ges may,choose not to support inheritance of sublanguage declaratic
or component type or component implementation declarations by their ext

Examples

Users can place multiple
of a reusable annex

ions with approved and
the content of annex
on to report the use of
nex sublanguage must

esenting the end of the

ferent from those in the
ed word that is a legal

IADL core language, then it.must support the ability to refer to this named element in the core

erties can be defined in
currence can be defined

ns contained in annex
ensions.

package AnnexExample

public

with Sampling;

thread Collect Samples

features

Input_ Sample

Output Average

in data port Sampling::Sample;

: out data port Sampling::Sample;

annex Error Model {**

Model => Transient Fault Model;
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Occurrence => poisson 1l0e-4 applies to Transient Fault;
**};
end Collect Samples;

end AnnexExample;
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5 Software Components
(1) This section defines the following categories of software components: data, subprogram, subprogram group,
thread, thread group, and process.

(2) Software components may have associated source text specified using property associations. Software source text
can be processed by source text tools to obtain a binary executable image consisting of code and data to be loaded
onto a memory component and executed by a processor component. Source text may be written in a traditional
programming language, a very-high-level or domain-specific language, or may be an intermediate product of
processing such representations, e.g., an object file.

(3) Data components classifiers represent data types, while data subcomponents represent static data in source text,
and local variables in subprograms. Data components are sharable between threads within the same thread group
or process, and a

- B ad-cvaiana
TUOO PIULTOOTO AU o yolTlTio.

4

(5

®

>

5.1

€n)

2

€))

4

The subprogram
from within threag

Threads represe
Threads model s
through exchang
through shared d

A thread group is
relevant property

A process repres

at runtime, but can be disabled if specified by the propérty Runtime Protection. Thq

with a process f
complete proces
component as sp
port connections.

Data

component models callable source text that is executed sequentiallyy~'S
s and subprograms.

nt sequential sequences of instructions in loaded binarycimages prod
Chedulable units of control that can execute concurrently. (Threads can
bs of control and data as specified by port connections; through remote
hta components.

a compositional component that permits organization of threads within prg
associations.

bnts a virtual address space. Access protection of the virtual address spa
prms a complete program as defined in the applicable programming

5 specification must contain at least one thread declaration. Proces
ecified by the required subcomponent resolved to an actual subcomponer

A data componer]
the instance vari
component impl

concept of methods on a class or operations on an abstract data type. A source text data
a data componert type declaration with relevant properties without providing internal deta

implementation.

t type representsia’data type in source text. The internal structure of a so
bles of a class.or the fields of a record, can be represented by data su
entation—~The provides subprogram access features of a data compon

ibprograms are callable

uced from source text.
interact with each other
subprogram calls, and

cesses into groups with

Ce is by default enforced
source text associated
language standard. A
ses may share a data
t and accessed through

urce text data type, e.g.,
bcomponents in a data
ent type can model the
type can be modeled by
ils in a data component

A data component classifier, i.e., a data component type name or a data component type and implementation name

pair (separated by a dot “.

), is used as data type indicator in port declarations, subprogram

and data subcomponent declarations.

parameter declarations,

A data subcomponent represents static data in the source text. Components can have shared access to data
subcomponents, which means that there are mutual exclusion requirements. Only those components that explicitly
declare required data access can access such sharable data subcomponents using a concurrency control protocol
as specified by property. Data subcomponents can be shared within the same process and, if supported by the
runtime system, across processes. When declared in a subprogram or a thread that data subcomponent
represents a local variable.

References to data components are modeled through provides and requires data access. Threads, processes,
systems, and subprograms may access data by reference (see Section 8.6).
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NOTES:

Support for shared data is not intended to be a substitute for data flow communication through ports. It is provided to support modeling
of systems whose application logic requires them to manipulate data concurrently in a non-deterministic order that cannot be
represented as data flow, such as database access. It is also provided for modeling source text that does not use port-based
communication.

AADL focuses on architecture modeling. When used for data modeling, properties defined as part of the Data Modeling Annex (Annex
Document B) can be used to further characterize data components.

Legality Rules
Category Type Implementation
Features: Subcomponents:
& [catare group e (dala
e provides subprogram access e subprogram
e requires subprogram access e abstract
data e requires subprogram group access Subprogranrcalls:|no
o feature Connegtions: yes {access)
Flow specifications: no Flows: no
Modes: no Modes: no
Properties: yes RProperties: yes

(L1) A data type declaration can contain provides subprogram accesstdeclarations as well as property associations.
(L2) A data type declaration must not contain a flow specification*or. modes subclause.

(L3) A data implementation can contain abstract, data and:subprogram subcomponents, accesg connections, and data
property associatfons.

(L4) A data implementation must not contain a flow-implementation, an end-to-end flow spgcification, or a modes
subclause.

Standard Properties

Source Data Size: |Size
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Source Code Size: Size

applies to (data, thread, thread group, process, system, subprogram,
processor, device);

The Source Code Size property specifies the size of the static code and read-only data that
results when the associated source text is compiled, linked, bound and loaded in the final system.

The property type is Size. The standard units are bits, Bytes (bytes), KByte (kilobytes), MByte
(megabytes) and GByte (gigabytes).

Type Source Name: aadlstring
Source Name: aadlstring

Source Text: inherit list of aadlstring

-- hardware mappirng
Base Address: aadlinteger 0 .. Max Base Address

Allowed Memory Binding Class:
inherit list off classifier (memory, system, processor)
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Actual Memory Bind
-- Data sharing pr
Access_Right

Concurrency_ Contrg

(5

)

@,

€))

€))

(10

Allowed Memory Binding: inherit list of reference (memory, system, processor)
applies to (thread, thread group, process, system, device, data, data
port, event data port, subprogram, subprogram group, pProcessor) ;

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.

ing: inherit list of reference (memory)
operties
: Acdess_Rights => read write

1 Protocol: Supported Concurrency_ Control Protocols

ation in the source text.
ble in the source text.

The value of the ['ype Source Name property identifiesthe name of the data type decla
The value of the $ource Name property identifies the.name of the static or local data varia

Semantics

The data comporent type represents a data_type in the source text that defines a represen
for instances of ¢lata in the source text. This includes data transferred through data an
parameter values|transferred to subprograms. This data type (class) may have associated
methods in an Opject-Oriented context) that are represented by provides subprogram ac
features subclauge of the data typedeclaration. In this case, the data may be accessed th

A provides subpfogram access declaration represents a callable subprogram. It repreg
subprogram subgomponent that is contained in the process of the subprogram call, i.e

tation and interpretation
l event data ports, and
access functions (called
cess declarations in the
ough the subprograms.

ents implicitly declared
., a single subprogram

instance exists
callable access
connected from a

ithin_a process. Modelers may also declare subprogram subcomponents explicitly. A remotely
nction of a data type is modeled by a provides subprogram access |declaration that will be

Elements of a data component can be accessed and changed directly or via provides subprogram access features.
This corresponds to get and set methods of a class. AADL does not impose visibility restrictions on elements of a
data component.

A data component type can have zero data component implementations. This allows source text data types to be
modeled without having to represent implementation details.

A data component implementation represents the internal structure of a data component type. It can contain data
subcomponents. This is used to model source language concepts such as fields in a record and instance variables
in a class. The data subcomponent represents actual data values. AADL does not require the user to provide
internal details of data representations if they are not relevant to the architecture model. The user may choose to
reflect relevant data modeling information in properties, e.g., the memory requirements, the measurement unit used
for the data, acceptable data types for a union type, dimensionality of an array structure, the super types in a type
hierarchy, or the data type of a reference.
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(11) Data component types can be extended through component type extension declarations. This permits modeling of
subclasses and type inheritance in source text. However, it is recommended to use the capabilities of the Data
Modeling Annex to represent data model characteristics in AADL (see Annex Document B).

(12) A data subcomponent represents a data instance, i.e., data in the source text that is potentially sharable between
threads and persists across thread dispatches. A data subcomponent is considered to be static data with the
exception of data subcomponents in subprograms, which represent local data. Each declared data subcomponent
represents a separate instance of source text data.

(13) A data subcomponent declared in a subprogram represents local data. This data cannot be made accessible
outside the subprogram through a provides data access declaration.

(14) When declaring data subcomponents, it is sufficient for the component classifier reference of data subcomponent
declarations to only refer to the data component type. An implementation method can generate a system instance
and perform menfiory usage analysis If @ Source_Data_Size property value is specified in the data component

type.

(15) Data subcompongnts that are not declared in subprograms can be shared betweénythreads. This is expressed by
requires data acg¢ess declarations in the component type declarations of subpregrams, threads, thread groups,
processes, and gystems. The access is resolved to data subcomponents or, provides dgta access declarations.
Each required reference to shared data may have its own Access Right property vajue. Its value must be
consistent with tHe value of the Access_Right property of the data_component or a proyides data access. The
Access_ Right property value of Read Only on a data component indicates that thel component contains a
constant value that does not change.
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(16) Concurrent access to shared data is coordinated according to the concurrency control protocol specified by the
Concurrency Control Protocol property value associated with the data component. A thread is considered
to be in a critical region when it is accessing a shared data component. When a thread enters a critical region a
Get_ Resource operation is performed on the shared data component (see Runtime Support in Section 5.1.1).
Upon exit from a critical region a Release Resource operation is performed (see Runtime Support in Section
5.1.1). If multiple data components with concurrency control protocols are accessed by a thread, the AADL runtime
system must ensure that the critical regions are nested, i.e., the Get Resource and Release Resource

operations are pa

7

ir-wise nested for each data component.

Concurrent access to shared data may be coordinated through provides subprogram (group) access. In this case,

the concurrency control protocol specifies how the execution of subprograms on the data component is

coordinated.

(18

Data component classifier references are also used to specify the data type for data and ev

ent data ports as well as

subprogram para
resolved, the dat

meters. When ports are connected or when required data access and sub
h component classifier references representing the data types must.be ™o

that the data typg of an out port must be compatible with the data type of an in port;-the

data access decl
component, and

aration or a declared data component must be compatible with.the data
he data type of an actual parameter must be compatible withythat of th

subprogram. Cornpatibility is determined by the Classifier Matching Rule property (

(19) Data components

declarations this

5 can be declared as arrays of data subcomponents. ) Same as for oth
is a short-hand for declaring several subcomponents of the same

subcomponent de¢clarations. If the intent is to model a data component whose representa

an array data mo
5.1.1

(20) A standard set of
the code generati
(21) The following are
AADL runtime syj
(22) The Get Resout
perform locking 2

may lock multiple

subprogram Geg
features

resource: irng

jeling properties should be used (see Appendix A.8).

Runtime Supp¢rt For Shared Data Access

runtime services is provided. The -@pplication program interface for thes
pn annex of this standard (see Anfiex Document A). They are callable fron

subprograms that may be explicitly called by application source code, or t
btem that is generated from.an AADL model.

fce and Release~Resource runtime services represent an abstract in

nd unlocking of fesources according to the specified concurrency contro
resources simuitaneously.

t_Resourcge

parameter <implementation-specific representation of

brogram parameters are
ompatible. This means
data type of a provided
type of a required data
e formal parameter of a
see Section 9.2).

er subcomponent array

type through separate
ion in the source text is

e services is defined in
h within the source text.

hey may be called by an

erface for functions that
| protocol. The method

prnne or more

resources>;

end Get Resource;

subprogram Release Resource

features

resource:
resources>;

end Release Resource;

in parameter <implementation-specific representation of one or more
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Processing Requirements and Permissions

(23) If any source text is associated with a data component type, then a corresponding source text data type declaration
must be visible in the outermost scope of that source text, as defined by the scope and visibility rules of the
applicable source language standard. The name of the data component type determines the source name of the
data type. Supported mappings of the identifier to a source type name for specific source languages are defined in

(24)

(25)

(26)

27)

the source language annex of this standard.
Type Source Name property.

Such mapping can also be explicitly

specified through the

The applicable source language standard may allow a data type to be declared using a type constructor or type
modifier that references other source text data types. A source text data type name defined by a source type
constructor may, but is not required to, be modeled as a data component type with the referenced type features

explicitly named in a corresponding data component implementation declaration.

Data modeling properties allow for modeling dafa representations in the source text that i
(pointers). A method of implementation may disallow storing of such data references-as
assure safe exectition of embedded applications.

A method of implementation may use a provides subprogram access deglaration t
subprogram subgomponent. In this case, the provides subprogram access feature does n
to a subprogram $ubcomponent or a requires subprogram access feature,

A method of implementation may disallow assignments that might result'in a runtime error
value being assighed. If a method of implementation employs a runtime check to determin
be legally assigned, then any runtime fault is associated with*the thread that contains

assignment.

If two static data
If this replication
place. Alternativg
component decla

(28)

(29) The concurrency
as mutex, lock, s
shared data com
implementations
(30) A method of imp
resources simultg
order that deadlo

absence of deadl

eclarations refer to the same source text\data, then that data must be rep
occurs within the same virtual address space, a method for resolving na
ly the processing method may require that each source text data be repre
ation per process address space.

control protocol can be implemented through a number of concurrency ¢
bmaphore, or priority ceiling protocol. Appropriate concurrency control sta
ponent to maintain concurrency control. The protocol implementation m
bf the Get Resoupree and Release Resource operations.

ementation,may choose to support only locking of one resource at a tim
neously. (Invthe former case it is the responsibility of the caller of Get]
Ck andsstarvation is avoided. In the latter case, the Get Resource impl
bck @andsstarvation.

clude stored references
data values in order to

b represent an implicit
bt have to be connected

Hepending on the actual
e if a specific value may
the source of the data

icated in binary images.
me conflicts must be in
sented by only one data

pntrol mechanisms such
e is associated with the
ust provide appropriate

e, or locking of multiple
| Resource in such an
ementation must assure

(31) A method of impl

fod: I 4 P o ol 3
MTInaturT Triay ClhlOUoT U YCTITTdlT UIT GCL RESOUL TS dIlU RE1LTAST

Resource calls as part

of the AADL runtime system generation, or it may choose to require the application programmer to place those calls
into the application code. In the latter case, implementation methods may validate the sequencing of those calls to
assure compliance with the AADL specification.

package personnel
public

with Base Types,
data Person

end Person;

Examples

retep::relief;

data Personnel_record
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-- Methods are not required, but when provided act as access methods

features

-- a method on

the data type

-- subprogram type for signature

update address:

provides subprogram access update address;

end Personnel record;

data implementation Personnel record.others

subcomponents

-- here we decl

are the internal structure of the data f}r:\n

-- One field ifg
-- the type nan
-- the package
-- It provides
Name data Bag

Home address

end Personnel recd

data Personnel daf

end Personnel dat§g

data implementatig

end Personnel dat§g

subprogram update |
features
person: in out
street :in par
city:

defined in terms of another type;

e 1s sufficient, it defaults to others.

Base Types 1is defined in the Data Model Annex ,d@cument|

data component classifiers for common data types.
e Types::String;
data retep::relief::Address;

rd.others;

abase

base;

n Personnel database.oracle

base.oracle;

address

parameter Personnel record;

eter’ Base Types::String;

in param ter Baoc_TyﬁJco. g

Qe 4
SCITIIST

end update address;

-- use of a data type as port type.

thread SEI_Personnel_ addition

features
new_person: in
SEI personnel:

properties

event data port Personnel record;

requires data access Personnel database.oracle;

Dispatch_ Protocol => aperiodic;

end SEI Personnel addition;

end personnel;
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package retep::relief

public

end retep::relief;

package retep::rel
private

with Base Types;

end retep::relief;

5.2

en)

2

€))

data Address

features

-- a subprogram access feature without parameter detail

getStreet

provides subprogram access;

getCity : provides subprogram access;

end Address;

data implement

properties
Source_Data |

end Address.oth

The implementat

The public and

tion Addresas otherg

Size => 512 Bytes;

ers;

ion is shown as a private declaration
the private part of a package are separate AADL specif

ief

data implementdtion Address.others

subcomponents

street : dat

streetnumbey:

city: data B
zipcode: dat

end Address.oth

a Base Types::Stxing;

data Base Types::Integer;
ase Types: A8t¥ing;

a Base Types::Integer;

ers;

ications

Subprograms and Subprogram Calls

A subprogram component represents sequentially executed source text that is called with parameters.

subprogram may

A

not have any state that persists beyond the call (static data). Subprograms can have local
variables that are represented by data subcomponents in the subprogram implementation. All parameters and
required access to external data must be explicitly declared as part of the subprogram type declaration. In addition,
any events raised within a subprogram must be specified as part of its type declaration.

A subprogram call sequence is declared in a thread implementation or in a subprogram implementation.
sequences may be mode-specific. Subprograms can be called from threads and from other
subprograms that execute within a thread. These calls can be local calls, i.e., performed in the context of the caller
thread, or they can be remote calls to subprograms that are executed in the context of another thread.

Subprogram call

Subprogram instances may be modeled explicitly through subprogram subcomponent declarations. In this case,
components can be modeled as requiring and providing access to subprogram instances.
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(4) Subprogram instances may be implied by a subprogram call reference to a subprogram type or implementation. In
this case, a subprogram is implicitly instantiated within the containing process.

Syntax
subprogram call sequence ::=
defining call sequence identifier
{ { subprogram call }* }
[ { { call sequence property association }* } 1 [ in modes ] ;

subprogram call ::=

defining call identifier : subprogram called subprogram

[ { { subcgmponent call property association }* } 1 ;

called subprogram|::=
-- identificaflion by classifier
subprogram unique component classifier reference
| ( data uniqye component type reference
data prqvides subprogram access_identifier %
| ( subprogram group unique component type ref€rence
provideg subprogram access_identifier:V)
| ( abstract ynique component type referénce
provided subprogram access_identifier )
| ( feature gfoup identifier
required subprogram access .identifier )
-- identificafjion by prototype
| component pfototype identifier
-- identificafjion by pko€essor subprogram access feature
| ( processor |. prowides subprogram access_identifier )

-- identificafiofiyby subprogram instance

| subprogram dubcempenent—identifier

| ( subprogram group subcomponent identifier
provides subprogram access_identifier )

| reguires subprogram access_identifier

| ( reguires subprogram group access identifier

provides subprogram access_identifier )
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NOTES:

Subprogram type and implementation declarations follow the syntax rules for component types and implementations. Subprogram
instances may be implied by subprogram calls referring to subprogram classifiers, or subprogram instances may be declared explicitly
as subprogram subcomponents and made accessible to calls through provides and requires subprogram access declarations.

Naming Rules

(N1) The defining identifier of a subprogram call sequence declaration must be unique within the local namespace of the
component implementation that contains the subprogram call sequence.

(N2) The defining identifier of a subprogram call declaration must be unique within the local namespace of the
component implementation that contains the subprogram call.

(N3) If the called subprogrs ame-is—a-subprogram-classifierrefere s-identifier or component
implementation name must exist in the package namespace.

(N4)  The subprogram tlassifier reference of a subprogram call may be a subprogram typéreference.

(N5) If the called subprogram name is a subprogram subcomponent reference, thersubprogram subcomponent must
exist in the compgnent implementation containing the subprogram call declaration.

(N6) If the called subprogram name is a requires subprogram access reference, the requires subprogram access must
exist in the compgnent type of the component implementation containing the subprogram call declaration.

Legality Rules

Categpry Type Implementation
Features:
e outevent port )
out event data.port Sub(‘:omgg;ents.
feature group e abstract

requires data access
requires subprogram access
requir€s subprogram group access

e subprogrgm
Subprogram callg: yes
Connections: yes|

subprogram

parameter Flows: yes

feature Modes: yes
Flow specifications: yes Properties: yes
Modes: yes

Properties: yes

(L1) A subprogram type-declaration can contain parameter, out event port, out event data port, and feature group
declarations as well as requires data, subprogram, and subprogram group access declarations. It can also contain
a flow specification subclause, a modes subclause, and property associations.

(L2) A subprogram implementation can contain abstract, subprogram, and data subcomponents, a subprogram calls
subclause, a connections subclause, a flows subclause, a modes subclause, and property associations.

(L3)  Only one subprogram call sequence can apply to a given mode.
Consistency Rules
(C1) The reference to a provides subprogram access of a processor in a subprogram call (processor
provides_subprogram_access_identifier) must identify a provides subprogram access feature of the processor that
the thread executing the call is bound to.
(C2) A subprogram call may reference a subprogram classifier. A project may enforce a consistency rule that this

reference be to a subprogram subcomponent declaration or requires subprogram access declaration. This ensures
that a modeler consistently models subprogram calss the same way.
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Standard Properties

-- Properties related to source text
Source Name: aadlstring

Source Text: inherit list of aadlstring
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Source Language: inherit list of Supported Source Languages

applies to (subprogram, data, thread, thread group, process, system,
bus, device, processor, virtual bus, virtual processor) ;

The Source_Language property specifies an applicable programming language.

The property type is enumeration. The standard enumeration literals are Ada, ¢C, and
Simulink’ for software categories. Other enumeration literals are permitted.

There is no default value for the source language property.

Where a source language is specified for a component, the source text associated with that
component must comply with the applicable programming language standard. Where a source
language is not specified, a method of processing may infer a source language from the syntax of
the source text pathname. A method of processing may establish a default value for the source
language property.

Where a source language property is specified for a component, any specified ‘qource language
and any specified source text for the complete set of software subcomponents of|that component
must cgmply with the applicable language standard.

Multiplgl source languages, and source text written in those languages, are cpmpliant with a
specified source language if the applicable language standard permits mixing soyrce text units of
those Ignguages within the same program.

A methd of processing may accept data produced by processing a source text file, for example
an objeft file produced by compiling source text may be.considered compliant with the applicable
languade standard. A method of processing may accept non-standard sourcq languages. A
method| of processing may restrict itself to specific ‘source languages, either siandard or non-
standarfl.

The source language associated with processor or virtual processor indicates the source
languade of any software that implements(virtual processor or processor functionglity.

Type Source Name: |aadlstring

-- Properties spedifying memory reguirements of subprograms
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Source Code Size: Size

applies to (data, thread, thread group, process, system, subprogram,
processor, device);

The Source Code Size property specifies the size of the static code and read-only data that
results when the associated source text is compiled, linked, bound and loaded in the final system.

The property type is Size. The standard units are bits, Bytes (bytes), KByte (kilobytes), MByte
(megabytes) and GByte (gigabytes).

Source Data Size: Size
Source_ Stack Size: Size

Source Heap Size: Size

Allowed Memory Binding Class:
inherit list off classifier (memory, system, processor)
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Actual Memory Binding: inherit list of reference (memory)
-- execution reldted properties

Compute_ Execution |[Time: Time_Range

Allowed Memory Binding: inherit list of reference (memory, system, processor)

applies to (thread, thread group, process, system, device, data, data

port,

event data port, subprogram, subprogram group, pProcessor) ;

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.
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Compute Deadline: Time

applies to (thread,
event data port) ;

device, subprogram, subprogram access, event port,

The Compute Deadline specifies the maximum amount of time allowed for the execution of a
thread’s compute sequence. If the property is specified for a subprogram, event port, or event
data port feature, then this compute execution time applies to the dispatched thread when the
corresponding call, event, or event data arrives. =~ When specified for a subprogram access
feature, the Compute Deadline applies to the thread executing the remote procedure call in
response to the remote subprogram call. The Compute Deadline specified for a feature must
not exceed the Compute Deadline of the associated thread. The numeric value of time must
be positive.

The values specified for this property for a thread are bounds on the values specified for specific
featureg:

The De
Comput

adline property places a limit on Compute Deadline and ReCov
e Deadline + Recover Deadline <Deadline.

er Deadline:

The prg
(micros

perty type is Time. The standard units are ps (picoseconds), ns (ng
bconds), ms (milliseconds), sec (seconds), min (minutes) andvhr (hours).

noseconds), us

Client Subprogram |
Reference Processd
-- remote subprogx
Urgency: aadlinted
Actual_ Subprogram |

Allowed_ Subprogran

Execution Time: Time Range

r: inherit classifier ( processor )

am call related properties

er 0 Max Urgency

Call: reference (subprogram)

 Call: list of reference:(subprogram)

Actual Subprogram [Call Binding: list of (xeference (bus, processor, memory, device)
Allowed Subprogran Call Binding:
inherit list off reference (bus, \processor, device)
Subprogram Call Type: enumeration) (Synchronous, SemiSynchronous)
=> Synchronous
Semantics

(5

)

@,

€))

The

A subprogram coraponent represents sequentially executable source text that is called|with parameters.
results of a sub;mmmmmm used. This allows for

synchronous and semi-synchronous calls.

A subprogram type declaration specifies all interactions of the subprogram with other parts of the application source
text. Subprogram parameters are specified as features of a subprogram type (see Section 8.4). This includes in
and in out parameters passed into a subprogram and out and in out parameters returned from a subprogram on a
call, events being raised from within the subprogram through its out event port and out event data port, required
access to static data by the subprogram are specified as part of the features subclause of a subprogram type
declaration, and required access to subprograms that are contained in another component and are called by this
subprogram.

A subprogram implementation represents implementation details that are relevant to architecture modeling. It
specifies calls to other subprograms and the mode in which the call sequence occurs. It also specifies any local
data of the subprogram, i.e., data that does not persist beyond the call.

All access to data that persists beyond the life of the subprogram execution, i.e., any state that is maintained by a
subprogram, must be modeled through requires data access. If requires data access is declared for a subprogram
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type, access to the data subcomponent may be performed in a critical region to assure concurrency control for calls
from different threads (for more on concurrency control see Sections 5.1 and 5.4).

(9) Subprogram source text can contain Send_Output service calls to cause the transmission of events and event
data through its out event ports (see Section 8.3). The fact that events may emit from a subprogram call is
documented by the declaration of out event ports and out event data ports as features of the subprogram.

(10) Subprogram implementations and thread implementations can contain subprogram calls. A thread or subprogram
can contain multiple calls to the same subprogram - with the same parameter values or with different parameter

(1D

(12

(13

(14

(15

(16)

7

values.

Subprogram call sequences can be declared to apply to specific modes.
executed if one of the specified modes is the current mode.

In this case a call sequence is only

Modeling of subgrograms is not required and the Tevel of defail is not prescribed by the'Lstandard.

determined by the level of detail necessary for performing architecture analyses or code;ge

In an object-oriepted application methods are called on an object instance and{the objqg
within the method by the name this. In AADL a subprogram call can identify the?subprog
provides subprogfam access feature of a data component. In AADL, the dataicomponent n
into a subprogram as parameter (by value) or as requires data access (by reference). Re|
require concurrency control to ensure mutual exclusion.

Ordering of subprogram calls is by default determined by the order of the subprogram ¢
specific notations| e.g., the Behavior Annex, can be introduced toallow for other call orde
conditional calls gnd iterations.

The flow of pargmeter values between subprogram calls*as well as to and from ports
specified through|parameter connection declarations (sé€ Section 9.3).

Subprogram instances may be modeled explicitly through subprogram subcomponent decl
implied from the |call references to subprogranu classifiers. A subprogram instance mea
executable binarles exist in the load image"of the containing process. For subprogra
implementation i
address space. Iph the case of remotesubprogram calls a proxy may be loaded for the calli
subprogram is part of the load image-of the process with the thread servicing the remote su

A subprogram supcomponent-declaration explicitly represents a subprogram instance that
address space off the containing process. Subprogram calls refer to the subprogram subc
subprogram accgss declarations. In case of a requires subprogram access the call is
instance in the cqntaining process, or is remote to a subprogram instance in another proce
connection declafations identify the subprogram instance to be called.

Instead it is
eration.

ct instance is available
ram being called by the
hust be explicitly passed
quires data access may

all declarations. Annex-
" specifications, such as

of enclosing threads is

brations, or they may be
hs that the subprogram
ms, whose source text

reentrant, it is assumed.that a single instance of the subprogram binafies exist in the process

g thread and the actual
bprogram call.

resides in the protected
bmponent or to requires
local to a subprogram
5S. Subprogram access

(18) The standard permits modeling of subprograms and subprogram calls without requiring the declaration of
subprogram instances. In this case, subprogram calls may refer to subprogram classifiers and the source language
processing system will determine the subprogram instance to be called. In the case of remote subprogram calls
the target subprogram is identified by subprogram call properties. An Allowed Subprogram Call property, if
present, identifies the remote subprogram(s) that are allowed to be used in a call binding. An
Actual Subprogram Call property records the actual binding to a subprogram or provides subprogram access
feature. Constraints on the buses and processors over which such calls can be routed can be specified with the

Allowed Subprogram Call Bindings property.
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(19

The following control flow semantics apply to subprogram calls, when the call refers to:

Subprogram classifier: execution by the calling thread

Provides subprogram access of data type: execution by the calling thread

Subprogram subcomponent in calling thread: execution by the calling thread

Provides subprogram access feature of a data component: execution by calling thread

Subprogram access to subprogram component in enclosing thread group, process, or system: execution by
calling thread

Subprogram access to subprogram component in another thread group, process, or system: execution by calling
thread

Provides subprogram access of another thread: execution by called thread

Provides subprogram access feature of a device: execution inside device

Subprogram cl
access in other

(20) Theresultsof a's
local call the res
case of remote g
(synchronous cal

result when neéded (semi-synchronous call).

synchronous or s
(21) In the case of a
serviced.
(22) Provides subprog
represent operati
the device that c3

(23

The subprogram
modeled in an an
(24) The legality rule
instances (subco

both if this is appropriate forthe development process.

(25) Animplementatio

Subprogram access of a processor: execution inside the processor (operating system

In othef

hread executlon by called thread

bprogram call must be available to the caller at the time those results ar
Its are available when the call returns, i.e., the call is performed as a s
all, the caller thread is by default suspended until the exécution of the
). The caller thread may issue multiple concurrently executing subprograr
The Subprogram€all Type prop
Emi-synchronous calls are desired.

remote call, the thread servicing the subprogram call assures that on
words, it acts as a critical region for all calls-foprovides subprogram accs

ram access features may be declared fer‘processors or devices. In the
n be invoked by the application software.

Processing Reguirements and Permissions

call order defines a default execution order for the subprogram calls. Alte
hex subclause introduced for that purpose.

~

D

mponents and:provides/requires subprogram access).

require that .call/ declarations either refer only to subprogram class
This rule can be T

h method may support synchronous calls only or also semi-synchronous G

0 provides subprogram

b used. In the case of a
ynchronous call. In the
subprogram completes
n calls and wait for their
erty indicates whether

y one call at a time is
ss features of a thread.

case of processors they

ng system services provided by the processor. In the case of a device, they represent services on

rnate call orders can be

fiers or to subprogram
elaxed to allow a mix of

alls.

Examples

data matrix

end matrix;

data weather forecast

end weather forecast;

data date

end date;

subprogram Matrix

features

delta
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A: in parameter matrix;
B: in parameter matrix;
result: out parameter matrix;

end Matrix delta;

subprogram Interpret result
features
A: in parameter matrix;
result: out parameter weather forecast;

end Interpret resyli:

data weather_ DB

features

getCurrent: prqvides subprogram access getCurrent;

getFuture: provyides subprogram access getFuture;

end weather DB;

subprogram getCurygent
features
result: out papxameter Matrix;

end getCurrent;

subprogram getFutyre

-- a subprogram whose source text)sends an event

-- the subprogram |also has adgcesSs to shared data

features
date: in paramgter date;

result: out papyameter Matrix;

bad_date: out event yu;t,
wdb: requires data access weather DB;

end getFuture;

thread Predict Weather
features

target date: in event data port date;

prediction: out event data port weather forecast;

past_date: out event port;

weather database: requires data access weather DB;

end Predict Weather;
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thread implementation Predict Weather.others

calls main :
-- subprogram call on a data component provides subprogram access feature
-- out parameter is not resolved, but will be identified by user of wvalue

current: subprogram weather DB.getCurrent;

-- subprogram call on a data component provides subprogram access feature with port
value

-- as additional parameter. Event is mapped to thread event

future: subprodgram weather DB.getFuture;

-- in parametey actuals are out parameter values of previous galls
-- they are idgqntified by the call name and the out parametér name

diff: subprogrgm Matrix delta;

-- call with odt parameter value resolved to be pasged on through a pprt

interpret: subgrogram Interpret result;

Vi
connections

fdconn: parameffer target date -> futuretdate;

pdconn: port fyture.bad date -> past.date;

daconn: paramefler current.result .->"diff.A;

dbconn: paramefler future.result-> diff.B;

iaconn: paramefler diff.result) -> interpret.A;

pconn: parametdr interpret:result -> prediction;

fwconn: data adcess weather database <-> future.wdb;

end Predict Weathgr.others;

5.3 Subprogram Groups and Subprogram Group Types

(1) Subprogram groups represent subprogram libraries. Subprogram groups can be made accessible to other
components through subprogram group access features (see Section 8.4) and subprogram group access
connections (see Section 9.4). This grouping concept allows the number of connection declarations to be reduced,
especially at higher levels of a system when a number of provided subprograms from one subcomponent and its
contained subcomponents must be connected to requires subprogram access in another subcomponent and its
contained subcomponents. The content of a subprogram group is declared through a subprogram group type
declaration. This declaration is then referenced when subprogram groups are declared as subcomponents.

Naming Rules

(N1) The defining identifier of a subprogram group type must be unique within the package namespace of the package
where the subprogram group type is declared.


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

AS5506B Page 83 of 398

Each subprogram group provides a local namespace. The defining subprogram identifiers of subprogram
declarations in a subprogram group type must be unique within the namespace of the subprogram group type.

The local namespace of a subprogram group type extension includes the defining identifiers in the local namespace
of the subprogram group type being extended. This means, the defining identifiers of subprogram or subprogram
group declarations in a subprogram group type extension must not exist in the local namespace of the subprogram
group type being extended. The defining identifiers of subprogram or subprogram group refinements in a
subprogram group type extension must refer to a subprogram or subprogram group in the local namespace of an
ancestor subprogram group type.

The defining subprogram identifiers of subprogram access feature declarations in feature group refinements must
not exist in the local namespace of any subprogram group being extended. The defining subprogram identifier of
subprogram_refinement declarations in subprogram group refinements must exist in the local namespace of
any feature group being extended.

The package narhe of the unique subprogram group type reference must refer to a package name in the global
namespace. The |subprogram group type identifier of the unique subprogram group type re¢ference must refer to a
subprogram group type identifier in the named package.

Legality Rules

Category Type Implementatipn
Features: Subcomponents:

o feature group e subprogram
provides subprogram access e subprogram group
requires subprogram access e data
requires subprogram group access e abstract
provides subprogram group‘access | Subprogram calls: no
feature Connections: yes
Flow specifications: no Flows: no
Modes: no Modes: no
Properties: yes Properties: yes

subprogram
group

A subprogram gfoup type can contain provides and requires subprogram access, and provides and requires
subprogram group access.

A subprogram [group implementation can contain abstract, data, subprogram grpup, and subprogram
subcomponents gs well as data and subprogram access connections.

A subprogram grpupftype or implementation may contain zero or more subcomponent deglarations. If it contains
zero elements, thenthe subprogram group type or implementation is considered to be incompletely specified.

Standard Properties

-- Port properties defined to be inherit, thus can be associated with a

-- feature group to apply to all contained ports.

Source Text: inherit list of aadlstring

-- properties related to execution time

Reference Processor: inherit classifier ( processor )

-- Properties specifying memory requirements of subprograms
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Source Code Size: Size

applies to (data, thread, thread group, process, system, subprogram,
processor, device);

The Source Code Size property specifies the size of the static code and read-only data that
results when the associated source text is compiled, linked, bound and loaded in the final system.

The property type is Size. The standard units are bits, Bytes (bytes), KByte (kilobytes), MByte
(megabytes) and GByte (gigabytes).

Source Data Size: Size
Source_ Stack Size: Size

Source Heap Size: Size

Allowed Memory Binding Class:

inherit list off classifier (memory, system, processor)
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Allowed Memory Binding: inherit list of reference (memory, system, processor)

applies to (thread, thread group, process, system, device, data, data
port, event data port, subprogram, subprogram group, pProcessor) ;
Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact

memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.

Semantics

A subprogram
Subprograms in

droup declaration represents groups of component subprograms, i.e.
g subprogram group may require access to other subprograms or subprogram groups.
Requires subpro
subcomponent.

jram group access is resolved to provides subpregram group access

The subprograms

in a subprogram ¢all.

Processing Requirements and Permissions

subprogram libraries.

br a subprogram group

of a subprogram group or a subprogram group access feature can be compnected to or referenced

Subprogram gro
Libraries may be

Methods of imple
to not be conne
subprograms to b

ips represent subprogram :libraries.

These can be application librar

es or system libraries.

shared across multiple applications, i.e., across multiple processes.

mentation may optionally allow a provides subprogram access declaratior} of a subprogram group
cted to a subprogram instantiation, i.e., subprogram subcomponent. | It may assume these
e implicitly declared and instantiated as part of a subprogram group instantiation.

Examples

subprogram group nathlib

features

matrixMultiply: provides subprogram access ;
matrixAdd: provides subprogram access ;
vectorAdd: requires subprogram access ;
end mathlib;

5.4 Threads

€D,

A thread models a concurrent task or an active object, i.e., a schedulable unit that can execute concurrently with

other threads. Each thread represents a sequential flow of control that executes instructions within a binary image
produced from source text. One or more AADL threads may be implemented in a single operating system thread.

A thread always executes within the virtual address space of a process, i.e., the binary

images making up the

virtual address space must be loaded before any thread can execute in that virtual address space. Threads are
dispatched, i.e., their execution is initiated periodically by the clock or by the arrival of data or events on ports, or by

arrival of subprogram calls from other threads.
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(2) AADL supports an input-compute-output model of communication and execution for threads and port-based
communication. The inputs received from other components are frozen at a specified point, by default the dispatch
of a thread. As a result the computation performed by a thread is not affected by the arrival of new input until an
explicit request for input, by default the next dispatch. Similarly, the output is made available to other components
at a specified point in time, for data ports by default at completion time or thread deadline. In other words, AADL is
able to support both synchronous execution and communication behavior, e.g., in the form of deterministic
sampling of a control system data stream, as well as asynchronous concurrent processing.
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(3) Systems modeled in AADL can have operational modes (see Section 12). A thread can be active in a particular
mode and inactive in another mode. As a result a thread may transition between an active and inactive state as

4

(C3) At

(C4)

part of a mode switch. Only active threads can be dispatched and scheduled for execution.

Threads can be

dispatched periodically or as the result of explicitly modeled events that arrive at event ports, event data ports.
Completion of the normal execution including error recovery will result in an event being delivered through the
predeclared Complete event out port if it is connected.

If the thread execution results in a fault that is detected, the source text may handle the error. If the error is not

handled in the source text, the thread is requested to recover and prepare for the next dispatch.

If an error is

considered thread unrecoverable, its occurrence is reported through the predeclared Error out event data port.

Legality Rules

Cate

ory

Type

Implementati

thre

hd

Features:

port

feature group

requires data access

provides subprogram access
requires subprogram access
provides subprogram group access
requires subprogram group access
feature

Flow specifications: yes
Modes: yes
Properties: yes

Subcomponents:
e data
e subprogran
e Subprogran
o) abstract
Subprogram calls: y
Connections: yes
Flows: yes
Modes: yes
Properties: yes

N group

A thread type de
and provides sul
property associat

A thread comp
subcomponent d
associations.

The Complete O
name space of a

ons.

pnent

least

one of

program access declarations.

implementation .can contain abstract,
bclarations, a calls subclause, a flows subclause, a modes subclaus

the

Claration can contain port, feature _group, requires data access declarati
[t.ean also contain flow specifications, a

ut event port;.and Error out event data port are predeclared, i.e., are ir
hread typef/Fherefore, there cannot be user-defined features with those 1

Consistency Rules

Compute Entrypoint,

data,

Compute Entrypoin

subprogram, a

bns, as well as requires
modes subclause, and

nd subprogram group
e, and thread property

nplicitly identifiers in the
ames in threads.

t Source Text or

Compute Entrypoint Call Sequence property must have a value that indicates the source code to execute
after a thread has been dispatched when an implementation is to be generated or consistency with source code is to
be checked. Other entrypoint properties are optional, i.e., if a property value is not defined, then the entrypoint is not

called.

hybrid.

Standard Properties

-- Properties related to source text

Source Text:

inherit list of aadlstring

The Period property must have a value if the Dispatch Protocol property value is periodic, sporadic, timed, or
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Source Language: inherit list of Supported Source Languages

applies to (subprogram, data, thread, thread group, process, system,
bus, device, processor, virtual bus, virtual processor) ;

The Source_Language property specifies an applicable programming language.

The property type is enumeration. The standard enumeration literals are Ada, ¢C, and
Simulink’ for software categories. Other enumeration literals are permitted.

There is no default value for the source language property.

Where a source language is specified for a component, the source text associated with that
component must comply with the applicable programming language standard. Where a source
language is not specified, a method of processing may infer a source language from the syntax of
the source text pathname. A method of processing may establish a default value for the source
language property.

Where a source language property is specified for a component, any specified ‘qource language
and any specified source text for the complete set of software subcomponents of|that component
must cgmply with the applicable language standard.

Multiplgl source languages, and source text written in those languages, are cpmpliant with a
specified source language if the applicable language standard permits mixing soyrce text units of
those Ignguages within the same program.

A methd of processing may accept data produced by processing a source text file, for example
an objeft file produced by compiling source text may be.considered compliant with the applicable
languade standard. A method of processing may accept non-standard sourcq languages. A
method| of processing may restrict itself to specific ‘source languages, either siandard or non-
standarfl.

The source language associated with processor or virtual processor indicates the source
languade of any software that implements(virtual processor or processor functionglity.

-- Properties spedifying memory requirements of threads
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Source Code Size: Size
applies to (data, thread, thread group, process,
processor, device);

The Source Code Size property specifies the size of the static code and read-only data that
results when the associated source text is compiled, linked, bound and loaded in the final system.

The property type is Size. The standard units are bits, Bytes (bytes), KByte (kilobytes), MByte
(megabytes) and GByte (gigabytes).

system, subprogram,

Source Data Size:
Source_ Stack Size:

Source Heap Size:

Size
Size

Size

-- Properties sped
Dispatch Protocol
Dispatch Trigger:
Dispatch Able: aad
Dispatch Offset: i
First Dispatch Tin
inherit Ti

Period:

the default wval

Deadline: inherit
-- Scheduling prog
Priority: inherit

ifying thread dispatch properties
Supported Dispatch Protocols
list of reference (port)

lboolean

nherit Time

e : inherit Time

me

ue of the deadline is that of the(period
Time => Period

erties

aadlinteger
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Criticality: aadlinteger
Time Slot: list off aadlinteger
-- Properties spdqcifying execution entrypoints and timing constraints
Initialize Executijon Time: Time Range
Initialize Deadline: Time

Initialize Entrypqint: classifier ( subprogram classifier )

POSIX Scheduling Policy : enumeration (SCHED FIFO, SCHED RR, SCHED OTHERS)
applies to (thread, thread group) ;

The POSIX_Scheduling_Policy property is used for the modeling of the scheduling protocols defined by
POSIX 1003.1b. Such a property specifies the policy assign to a given thread. The policy may be either
SCHED FIFO, SCHED RR or SCHED OTHER. In a POSIX 1003.1b architecture, the policy allows the
scheduler to choose the thread to run when several threads have the same fixed priority. If a thread does
not define the POSIX_Scheduling_Policy property, it has by default the SCHED_FIFO policy. The policy
semantics are :

e SCHED FIFO : this policy implements a FIFO scheduling protocol on the set of equal fixed
priority : a thread stays on the processor until it has terminated or until a highest priority
thread is released.

e SCHED RR : this policy is similar to SCHED FIFO except that the quantum is used. At the
endof the quantum, the ranning thread 1S pre-empted from the processor and]a equal priority
thrgad has to be released.

e SCHED OTHER : its semantic is defined by POSIX policy implementers: This pplicy usually
impjements a timing sharing scheduling protocol.

Initialize Entrypqint Call Sequence: reference“ ( subprogram call sequencg )

Initialize Entrypqint Source Text: aadlstring

Compute_ Execution [Time: Time_Range
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Compute Deadline: Time

applies to (thread, device, subprogram, subprogram access, event port,
event data port) ;

The Compute Deadline specifies the maximum amount of time allowed for the execution of a
thread’s compute sequence. If the property is specified for a subprogram, event port, or event
data port feature, then this compute execution time applies to the dispatched thread when the
corresponding call, event, or event data arrives. =~ When specified for a subprogram access
feature, the Compute Deadline applies to the thread executing the remote procedure call in
response to the remote subprogram call. The Compute Deadline specified for a feature must
not exceed the Compute Deadline of the associated thread. The numeric value of time must
be positive.

The values specified for this property for a thread are bounds on the values specified for specific
featureg:

The Dgadline property places a limit on Compute Deadline and ReCover Deadline:
Compufje Deadline + Recover Deadline <Deadline.

The prgperty type is Time. The standard units are ps (picoseconds), ns (ngnoseconds), us
(microsgconds), ms (milliseconds), sec (seconds), min (minutes) andhr (hours).

Compute Entrypoiny: classifier ( subprogram classifier )

Compute Entrypoinyl Call Sequence: reference ( subprogram call sequence )
Compute Entrypoiny Source Text: aadlstring

Activate Executior] Time: Time Range

Activate Deadliney Time

Activate Entrypoint: classifier ( subprograw classifier )
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Activate Entrypoint Call Sequence: reference ( subprogram call sequence )

applies to (thread, device);

The Activate Entrypoint Call Sequence property specifies the name of a subprogram
call sequence. This call sequence will execute after a thread has been dispatched. If the
property is specified for a provided subprogram, event port, or event data port feature, then this
entrypoint is chosen when the corresponding call, event, or event data arrives instead of the
compute entrypoint specified for the containing thread.

The named call sequence must exist in the source text as parameterless function, which performs
the calls and passes the appropriate port and parameter values as actual parameters. This
function may be generated from AADL. This function must be visible in and callable from the
outermost program scope, as defined by the scope and visibility rules of the applicable
implementation language. The source language annex of this standard defines acceptable

aram Nt anA raclt ot e Far A At At oA e
parameterand-resuit-signaturesfor-the-entry-peint-subprogram-

Activate Entrypoint Source Text: aadlstring

Deactivate Executijon Time: Time Range



https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE AS5506B Page 93 of 398

Deactivate Deadline: Time

applies to (thread);

The Deactivate Deadline property specifies the maximum amount of time allowed for the
execution of a thread’s deactivation sequence. The numeric value of time must be positive.

The property type is Time. The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours).

Deactivate Entrypoint: classifier ( subprogram classifier )
Deactivate Entrypoint Call Sequence: reference ( subprogram call sequence )
Deactivate Entrypoint Source Text: aadlstring

Recover Execution Time: Time Range

Recover Deadline: |[Time

Recover Entrypoinfl: classifier ( subprogram classifier )

Recover Entrypoiny] Call Sequence: reference ( subprogram call sedué&nce )
Recover Entrypoinf] Source Text: aadlstring

Finalize Executior Time: Time Range

Finalize Deadline{ Time
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Finalize Entrypoint: classifier ( subprogram classifier )
applies to (thread, device);
The Finalize Entrypoint property specifies the name of a subprogram classifier. This
classifier represents a subprogram in the source text that will execute when a thread is finalized.
The subprogram in the source text must be visible in and callable from the outermost program
scope, as defined by the scope and visibility rules of the applicable implementation language.
The source language annex of this standard defines acceptable parameter and result signatures
for the entry point subprogram.
Finalize Entrypoint Call Sequence: reference ( subprogram call sequence )
Finalize Entrypoint Source Text: aadlstring
Reference Processqr: inherit classifier ( processor )
-- mode to enter gs result of activation
Resumption Policy{ enumeration ( restart, resume )
-- Properties spedqifying constraints for processor and memofy binding
Allowed Processor |Binding Class:
inherit list off classifier (processor, virtual processor, system)
Allowed Processor |Binding: inherit list of reference (processor, virtual|processor,
system)
Allowed Memory Birding Class:
inherit list off classifier (memory, system, processor)
Allowed Connectiorn Binding Class:
inherit list off classifier (processOry virtual processor, bus, virtual|bus, device,
memory)
Allowed Connectiorl Binding: inherit list of reference (processor, virtuall processor, bus,
virtual bus, devide, memory)
Not Collocated: rgcord (
Targets: list |of reference (data, thread, process, system, connectionh);
Location: claﬂsifier ( processor, memory, bus, system ); )
Collocated: record (
Targets: list of reference (data, thread, process, system, connection);
Location: classifier ( processor, memory, bus, system ); )
-- Binding value filled in by binding tool
Actual Processor_ Binding: inherit list of reference (processor, virtual processor)
Actual Memory Binding: inherit list of reference (memory)
Actual Connection Binding: inherit list of reference (processor, virtual processor, bus,

virtual bus, device, memory)

-- property indicating whether the thread affects the hyperperiod
-- for mode switching

Synchronized Component: inherit aadlboolean => true
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-- property specifying the action for executing thread at actual mode switch

Active_Thread Handling Protocol:
inherit Supported Active Thread Handling Protocols => abort
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value is

inherit enumeration

applies to

AS5506B
Active Thread Queue Handling Protocol:
(flush, hold) => flush
(thread, thread group, process, system);

The Active Thread Queue Handling Protocol property specifies the protocol to use to
handle the content of any event port or event data port queue of a thread at the time instant of an
actual mode switch. The available choices are £1ush and hold. Flush empties the queue. Hold
keeps the content in the queue of the thread being deactivated until it is reactivated. The default

flush.

NOTE: Entrypoints for thread execution can be specified in three ways: by identifying source text name, by identifying a subprogram
classifier representing the source text, or by a call sequence.

Compute_Entrypoint => cl
Compute_Entrypoint_Call |

Compute_Entrypoint_Sour

bssifier ( ControlAlgorithm.basic );

Sequence => reference ( callseq1 );

ce_Text => “MyControlAlgorithm”;

Semantics

5 are described in terms of thread states, thread-dispatching, thread sc

the respective virfual address space (see Section 5.6).

default, any one ¢f the incoming event ports and event data ports triggers a dispatch. Tk

Thread execution semantics apply once thecappropriate binary images

tched periodically or by the arrival of data\and events, or by arrival of sub
jram calls always trigger dispatches..Subsets of ports can be specified t

peify different subsets of ports, including data ports (see Section 5.4.2
see Section Annex Document'D) can be used to specify additional logi

.

n at dispatch time or.a'specified time during thread execution and made a

execution. By default, input ofports is frozen for all ports that are not candidates for threa
dispatch trigger gandidates, Only those port(s) actually triggering a specific dispatch is fr
specific ports is frpzen at a'\dispatch and the time at which it is frozen can be explicitly speci

Threads may be partief‘modes of containing components. In that case a thread is active,

n of a port variable((see Section 8.3). From that point on its content is no
t for the remainder of the current execution. This assures a input-cqg

heduling and execution,
5 have been loaded into

brogram calls from other
p trigger dispatches. By
e Dispatch Trigger
as a disjunction or the
tal conditions on thread

vailable to the thread for
t affected by new arrival
mpute-output model of
J dispatch triggering; for
bzen. Whether input of
fied (see Section 8.3.2).

i.e., eligible for dispatch

nly’if the thread is part of the current mode (see Sections 5.4.1 and 13.6).

values that are different for different thread-internal modes (see Section 5.4.5).

Threads can contain mode subclauses that define thread-internal operational modes. Threads can have property

(5) Thread semantic
and fault handling.

(6) Threads are disp
threads. Subpro
property can sp
Behavior Annex
dispatch triggerin

(7) Portinput is froze
access in the forn
of data and eve

(8)
and scheduling,

9

(10)

1D

12

Every thread has a predeclared out event port named Complete. If this port is connected, i.e., named as the
source in a connection declaration, then an event is raised implicitly on this port when nominal execution including
recovery of a thread dispatch completes.

Every thread has a predeclared out event data port named Error. If this port is connected, i.e., named as the
source in a connection declaration, then an event is raised implicitly on this port when a thread unrecoverable error
is detected (see Section 5.4.4 for more detail). This supports the propagation of thread unrecoverable errors as
event data for fault handling by a thread.

Threads may contain subprogram subcomponents that can be called from within the thread, and also by other
threads if it is made accessible through a provides subprogram access declaration. Similarly, a thread can contain
a subprogram group declaration, which represents an instance of a subprogram library dedicated to the thread. The
subprograms within the subprogram library can be called from within the thread or by other threads if it is made
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accessible through a provides subprogram group access declaration. For further details about calling subprograms
see Section 5.2. Finally, a thread can contain data subcomponents. They represent static data owned by the
thread, i.e., state that is preserved between thread dispatches. The thread has exclusive access to this data
component unless it specifies it to be accessible through a provides data access declaration.

5.4.1 Thread States and Actions

(13) A thread executes a code sequence in the associated source text when dispatched and scheduled to execute. This
code sequence is part of a binary image accessible in the virtual address space of the containing process. It is
assumed that the process is bound to the memory that contains the binary image (see Section 5.6).
(14) A thread goes through several states. Thread state transitions under normal operation are described here and
illustrated in Figure 5. Thread state transitions under fault conditions are described in Section 5.4.4

(15) The initial state { lared by the enclosing
process completgs (see Sectlon 5 6), a thread is initialized by performing an |n|t|aI|zat|o code sequence in the
source text. Onceg initialization is completed the thread enters the suspended awaiting dispatch state if the thread is
part of the initial mode, otherwise it enters the suspended awaiting mode state. When a thread is in the suspended
awaiting mode state it cannot be dispatched for execution.
(16) A thread may bg declared to have modes. In this case, each mode represents a behavioral state within the
execution of the thread. When a thread is dispatched it is assumed to.execute in a specific mode. It may resume
execution in the hehavioral state (mode) in which it completed its previods dispatch execution, e.g., state reflected
in a static data component, or it may execute in a specific mode based on the input receiyed at dispatch time. A
modal thread caph have mode-specific property values. For example, a thread can hgve different worst-case
execution times for different modes, each representing a différent execution path through the source code. The

17

(18

(19

(20)

result is a model
allows for a refin
thread executes i

When a mode trg
mode by transitio
change in progre
property is true,
Sections 12 and
executing a dis
Active Thread
deactivation whilg

new mode enterg

activation.

When in the suj

hat more accurately reflects the actual system behavior. The Behavior M
bd specification of thread behavior, e.g:\it may explicitly specify the con
n one mode or another mode and it canrepresent intermediate behavioral

nsition is initiated, a thread that is part of the old mode and not part of

Ss system state (see Figure*23). If the thread is periodic and its Sync
then its period is taken .into consideration to determine the actual mg
13.6 for detailed timing*semantics of a mode transition). If an aperiodic
batch when the-~'mode transition is initiated, its execution is han
| Handling Pgotocol property. The execution of a background threa
the thread is*hot part of the new mode. A thread that is not part of the ¢
the mode*by transitioning to the suspended awaiting dispatch state

pended awaiting dispatch state, a thread is awaiting a dispatch req

bdel Annex Document D
ditions under which the
states.

the new mode exits the

hing to the suspended awaiting*mode state after performing thread deactivation during the mode

hronized Component
de transition time (see
or a sporadic thread is
dled according to the
1 is suspended through
Id mode and part of the
after performing thread

lest for performing the

execution of a cd

mputn source-text code seguence-as epnbiﬁnd b\]/ the r*nmpui-a Ertes

point property on the

thread or on the event or event data port that triggers the dispatch. When a dispatch request is received for a
thread, data, event information, and event data is made available to the thread through its port variables (see
Sections 8.2 and 9.1). The thread is then handed to the scheduler to perform the computation. Upon successful
completion of the computation, the thread returns to the suspended awaiting dispatch state. If a dispatch request is
received for a thread while the thread is in the compute state, this dispatch request is handled according to the
specified Overflow Handling Protocol for the event or event data port of the thread.

A thread may enter the thread halted state, i.e., will not be available for future dispatches and will not be included in
future mode switches. If re-initialization is requested for a thread in the thread halted state (see Section 5.6), then
its virtual address space is reloaded, the processor to which the thread is bound is restarted, or the system instance
is restarted.

A thread may be requested to enter its thread halted state through a stop request after completing the execution of
a dispatch or while not part of the active mode. In this case, the thread may execute a finalize entrypoint before
entering the thread halted state. A thread may also enter the thread halted state immediately through an abort
request. Any resources locked by Get Resource are released (see Figure 5).
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2L

(22)

Figure 5 presents the top-level hybrid automaton (using the notation defined in Section 1.6) to describe the dynamic
semantics of a thread from the perspective of a scheduler. The hybrid automaton states complement the
application modes declared for threads. Figure 7 elaborates the performing thread computation state of Figure 5.
Figure 6 elaborates the executing nominally substate of Figure 7. The bold faced edge labels in Figure 5 indicate
that the transitions marked by the label are coordinated across multiple hybrid automata. The scope of the labels is
indicated in parentheses, i.e., interaction with the process hybrid automaton (Figure 8), with the system hybrid
automaton (Figure 22) and with system wide mode switching (see Figure 23). Thread initialization is only started
when the process containing the thread has been loaded as indicated by the label loaded(process). The label
started(system) is coordinated with other threads and the system hybrid automaton to transition to System
operational only after threads have been initialized. In some systems it is desirable to initialize all threads, while in
other system it is acceptable for threads to be created and initialized more dynamically, possibly even at activation
and deactivation.

The hybrid automata contain assertions. In a time-partitioned system these assertions will be satisfied. In other

systems they will

For each of the
deactivate, and f
entrypoint may re
thread may be co
can determine th
The execution se

(23)

(24) An Initialize_Entry
system initializati

initial value of its

(25)
Deactivate_Entry
mode transitions
execution betwesg
transition. Activa
new mode.

(26)
sequence to be
separate comput
entrypoint. Even
corresponding ev

27)

A Recover_Entry

The Activate Emtrypoint

The Compute_Emtrypoint (enter state,performing thread computation in Figure

€ treated as anomalous behavior.

states representing a performing thread action such as initialize;_com
nalize, an execution entrypoint to a code sequence in the soufce text
fer to a different source text code sequence which contains theZentrypoin

b context of the execution through a Dispatch Status,runtime service
mantics for these entrypoints is described in Section 543.

/point (enter the state performing thread indtialization in Figu
bn and allows threads to perform application_specific initialization, such
but and in out ports. A thread that has haltedimay be re-initialized.

(enter the state perfoxming thread activation
point  (enter the state performing\‘thread activation in Figure
and allow threads to take user-specified actions to save and restore applic
n mode switches. These entrypoints may be used to reinitialize applicat
e entrypoints can also ensurethat out and in out ports contain correct vg

executed on every thread dispatch. Each provides subprogram acce

a)

-

ports and €vent data ports can have port specific compute entrypoints t
ent or event)/data dispatches a thread.

point (enter the state executing recovery in Figure 7) is execut

pute, recover, activate,
tan be specified. Each
t, or all entrypoints of a

ntained in the same source text code sequence. In the lattericase, the solirce text code sequence

call (see Section 5.4.8).

re 5) is executed during
as ensuring the correct

in Figure 5) and
5) are executed during
ation state for continued
on state due to a mode
lues for operation in the

5) represents the code
bs feature represents a

entrypoint ofithe thread. Remote subprogram calls are thread dispatches to the respective

b be executed when the

ed when a fault in the

execution of a th

ead requires recovery activity to continue execution. Ihis entrypoint allow

fault recovery actions (for a detailed description see Section 5.4.4).

(28

asked to terminate as part of a process unload or process stop.

(29) If no value is specified for any of the entrypoints, then there is no invocation at all.

vs the thread to perform

A Finalize_Entrypoint (enter the state performing thread finalize in Figure 5)is executed when a thread is
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Figure 5 Thread States and Actions

Thread Dispatching

(30) Threads are dispatched periodically determined by a clock or by the arrival of events, event data, of calls to
provides subprogram access. By default any event port or event data port can trigger a dispatch. In that case, only
the input of the port triggering the dispatch and any data port is available to the application program.

(31) Athread may have a Dispatch Trigger property to specify a subset of event, data, or event data ports that can

trigger a thread dispatch.

dispatch.

In this case, arrival of events or event data on any of the listed ports can trigger the
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(32)

(33

(34

(35

(36)

37

(38

(€))

The default disjunction of ports triggering a dispatch can be overwritten by a logical condition on the ports
expressed by a annex subclauses of the Behavior Annex notation (see Annex Document D).

For periodic threads arrival of events or event data will not result in a dispatch. Events and event data are queued
in their incoming port and are accessible to the application code of the thread. Periodic thread dispatches are solely
determined by the clock according to the time interval specified through the Period property value.

The Dispatch Protocol property of a thread determines the characteristics of dispatch requests to the thread.
This is modeled in the hybrid automaton in Figure 5 by the Enabled (t) function as the Wait For Dispatch
invariant. The Enabled function determines when a transition from Wait For Dispatch to performing thread
computation will occur. The Wait For Dispatch invariant captures the condition under which the Enabled
function is evaluated. The consequence of a dispatch is the execution of the entrypoint source text code sequence
at its current execution position. This position is set to the first step in the code sequence and reset upon
completion (see Section 5.4.3)

For a thread whase dispatch protocol is periodic, a dispatch request is issued at timeintervals of the specified
Period property| value. The Enabled function is t = Period. The Wait Eof)Dispatch invariant is t <
Period A 3t 1. The dispatch occurs at t = Period. The Compute Entrgpoint of the thread is called.

Periodic threads fan have a Dispatch Offset property value. In this,case the dispatch time is offset from the
period by the spefified amount. This allows two periodic threads with the.same period to b¢ aligned, where the first
thread has a pre-period deadline, and the second thread has a dispatch+offset greater thar] the deadline of the first
thread. This is g static alignment of thread execution order withina frame, while the immediate data connection
achieves the same by dynamically aligning completion time of‘the first thread and the gtart of execution of the
second thread (sg¢e Section 9.2.5).

dispatch request is the
remote subprogram call
hdition is determined as

For threads whoge dispatch protocol is aperiodic, sp&radic, timed, or hybrid, a
result of an evenf{ or event data arriving at an event or‘évent data port of the thread, or a
arriving at a provides subprogram access feature of, the thread. This dispatch trigger co
follows:

Arrival of an eVent or event data on any(incoming event, or event data port, or arrival [of any subprogram call
request on a prgvides subprogram access feature. In other words, it is a disjunction of all incoming features.

By arrival on a $ubset of incoming features (port, subprogram access). This subset can pe specified through the
Dispatch Trigger value of thethread.
By a user-defingd logical condition on the incoming features that can trigger the dispatch expressed through an
annex subclausg expressed-inithe Behavior Annex sublanguage notation (see Annex Dogument D).

For a thread whgse dispatch protocol is aperiodic, a dispatch request is the result of
arriving at an event or.eévent data port of the thread, or a remote subprogram call arriving a
access feature of the thread. There is no constraint on the inter-arrival time of events

an event or event data
a provides subprogram
, event data or remote

subprogram calls.—The dispatch actually occurs immediately when a dispatch request arrives in the form of an
event at an event port with an empty queue, or if an event is already queued when a dispatch execution completes,
or a remote subprogram call arrives. The Enabled function by default has the value true if there exists a port or
provides subprogram access (p) in the set of features that can trigger a dispatch (E) with a non-empty queue, i.e.,
Jdp in E: p # &. This evaluation function may be redefined by the Behavior Annex (see Annex Document D).
The Wwait For Dispatch invariant is that no event, event data, or subprogram call is queued, i.e., Vp in E: p
= . The compute Entrypoint of the port triggering the dispatch, or if not present that of the thread, is called.

If multiple ports are involved in triggering the dispatch the Compute Entrypoint of the thread is called. The list of
ports actually satisfying the dispatch trigger condition that results in the dispatch is available to the source text as
output parameter of the Await Dispatch service call (see Section 5.4.8).
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(40)

(41

For a thread whose dispatch protocol is sporadic, a dispatch request is the result of an event or event data
arriving at an event or event data port of the thread, or a remote subprogram call arriving at a provides subprogram
access feature of the thread. The time interval between successive dispatch requests will never be less than the
associated pPeriod property value. The Enabled function is t 2 Periodadp in E: p # <. The
Wait For Dispatch invariantis t < Period v (t > Period A V p in E: p ). The dispatch
actually occurs when the time condition on the dispatch transition is true and a dispatch request arrives in the form
of an event at an event port with an empty queue, or an event is already queued when the time condition becomes
true, or a remote subprogram call arrives when the time condition is true. The Compute Entrypoint of the port
triggering the dispatch, or if not present that of the thread, is called.

For a thread whose dispatch protocol is t imed, a dispatch request is the result of an event, event data, or remote

subprogram arrival, or it occurs by an amount of time specified by the Period property since the last dispatch..

In

other words, the period represents a time-out value that ensure a dlspatch occurs after a given amount of time if

p1ed function by default
tures that can trigger a

dispatch (E) with jan event, event data, or call in its queue, or time equal to the period’has expired since the last

dispatch, i.e., 3
may be redefined
event, event data

port triggering the

triggered at the e

(42) A thread whose ¢
same thread. A d
periodic dispatch
Period vidp i
event data, or su

that no event, event data, call, or periodic dispatch is queued and the period has not expire

<

J At Peri

thread, is called.
(43) If several events
sporadic, time
rules is implemen
the different ports

determined by the Urgency property associated with the ports.

(44) For a thread who
entrypoint execu

Wait For Disp

b in E: p #0 v t Period. t is reset to zero at each dispatch.
by the Behavior Annex (see Annex Document D). The Wait &6r Disp
orcallis queued,i.e.,Vp in E: p & A t < Period. The Compy
dispatch, or if not present that of the thread, is called/, If-a timeout ocg
nd of the period, the Recover Entrypoint is calleds

ispatch protocol is hybrid, combines both aperiodic and periodic
spatch request is the result of an event, event data, or remote subprogra
requests at a time interval specified by the Feriod property value. The H
n E: p # .t isresetto zero at eagh periodic dispatch. The evalua
pprogram calls may be redefined by the Behavior Annex. The Wait For

od. The Compute Entrypoint-of the port triggering the dispatch, or i

or event data occur logically simultaneously and are routed to the same
d, or hybrid thread;the order of arrival for the purpose of event handl
tation-dependent~ If.several events or event data occur logically simultan
of the same aperiodic, sporadic, timed, or hybrid thread, the o

5e dispateh protocol is background, the thread is dispatched upon comy
tion_the first time it is active in a mode. The Enabled fun
ateh invariant is t 0. The dispatch occurs immediately. If the Disp4

This evaluation function
htch invariant is that no
te Entrypoint of the
urs, i.e., the dispatch is

dispatch behavior in the
m call arrival, as well as
nabled function is t
tion function for events,
| Dispatch invariant is
d,i.e,Vp in E: p =
f not present that of the

port of an aperiodic,
ng according the above
bously and are routed to
rder of event handling is

bletion of its initialization
ction is true. The
tch Trigger property

is set, then its ex

the Enabled function is true for any Dispatch portp € Dispatch Trigger

cutiormisinitiatedthroughthearrivat-of ameventorevent data ormrone of t

ose ports. In that case,

: p # .
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(45) The different dispatch protocols can be summarized as follows:

Dispatch protocol | Dispatch condition

Periodic Every period triggered by the dispatcher of the runtime system

Aperiodic Triggered by the arrival of events, event data, subprogram calls

Sporadic Triggered by the arrival of events, event data, subprogram calls with a
minimum time difference of the specified period between dispatches

Timed Triggered by the arrival of events, event data, subprogram calls with a
timeout at the specified period.

Hybrid Triggered by the arrival of events, event data, subprogram calls, as well as
every period triggered by the dispatcher.

(46) Note that backgrg

the background thread will resume execution from where it was previously suspended due {

(47) Note that backgrg
data components
active threads als
(48) A background thr|
one background
threads are sche
at a time is execu
(49) The Overflow |
events arrive too

causes the currently active dispatch to be aborted; allowing it to clean up through the Recq

then be redispatc

thread Prime_ Repo

features
Received Prime

properties

Dispatch Protocd

und threads are suspended when not active in the currenttnode. If they
they may have locked the resource at the time of suspension and pote
0 share access to the same data component.

bad is scheduled to execute such that all other threads’ timing requiremer
thread is dispatched, the processor's scheduling protocol determines
juled. For example, a FIFO protocol for background threads means that
ted, while fair share means that all background threads will make progress

Tandling Protocol property for-event or event data ports specifies
frequently. These events are ignored, queued, or are treated as an err

hed. For more details on port\queuing see section 8.3.3.
Examples

ter

in event data port Base Types::Integer;

pr.

1=% Timed;

end Prime_ Reporter;

thread Prime Reporter One extends Prime Reporter

features

Received Prime

refined to in event data port Base Types::Integer

{Compute Entrypoint Source Text => "Primes.On Received Prime One";};

-- function called on message-based dispatch

properties

Period => 9 Sec;

Priority => 45;

-- timeout period

Compute Entrypoint Source Text => "Primes.Report One";

-- function called in case of timeout

und threads do not have their current execution position reset onaymode switch. In other words,
D a mode switch.

have access to shared

htially cause deadlock if

ts are met. If more than
how such background
one background thread
in their execution.

he action to take when
The error treatment
ver Entrypoint and
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end Prime Reporter One;

5.4.3 Thread Scheduling and Execution

(50) When a thread action is performing thread computation (see Figure 5), the execution of the thread’s entrypoint
source text code sequence is managed by a scheduler. This scheduler coordinates all thread executions on one
processor as well as concurrent access to shared resources. While performing the execution of an entrypoint the
thread can be executing nominally or executing recovery (see Figure 7). While executing an entrypoint a thread can
be in one of five substates: ready, running, awaiting resource, awaiting return, and awaiting resume (see Figure 6).

(51) A thread initially enters the ready state. A scheduler selects one thread from the set of threads in the ready state to
run on one processor according to a specified scheduling protocol. It ensures that only one thread is in the running
state on a particular processor. If no thread is in the ready state, the processor is idle until a thread enters the

(52)

(53)

(54)

(55

(56)

ready state. A thiread wi g P
entering the readly state preempts it if the specified scheduling protocol prescribes preemy
shared resource,| or until an error occurs. In the case of completion, the thread ‘trans
awaiting dispatch|state, ready to service another dispatch request. In the case of preempti
the ready state. Ih the case of resource blocking, it transitions to the awaiting resource stat

Shared data is agcessed in a critical region. Resource blocking can occur when a thread
region while another thread is already in this critical region. In this case‘the thread enter
state. A Conctirrency Control Protocol property value assocCiated with the s
determines the particular concurrency control mechanism to be used (see Section 5.1). T
Release Resource service calls are provided to indicate the entry and exit of critical reg
When a thread cpmpletes execution it is assumed that all critical regions have been exite
shared data has bheen released. Otherwise, the execution of the thread is considered erron

Subprogram call$ to remote subprograms are synchronous or semi-synchronous. In th
thread in the running state enters the awaiting return state when performing a call to a sul
is performed by p subprogram in another thread. The service request for the executig
transferred to the| remote subprogram requestqiieue of a thread as specified by the Actu
property that specifies the binding of the subprogram call to a subprogram in another th
executing the corfesponding remote subprogram completes and the result is available to th
the calling subprqgram transitions to/the ready state. In the semi-synchronous case, the c3
execute concurrently until it awaits(the’result of the call (see service call Await Result in

A background thread may be temporarily suspended by a mode switch in which the threg
mode, as indicated by the (exit(Mode) in Figure 6. In this case, the thread transitions to t
state. If the thredd was in-a critical region, it will be suspended once it releases all resour
region. A background, thfead resumes execution when it becomes part of the current mog
switch. It then trgnSitions from the awaiting_mode_entry state into the ready state.

dispatch, until a thread
tion, until it blocks on a
tions to the suspended
bn, the thread returns to

»)

E.

attempts enter a critical
s the Awaiting resource
hared data component
he Get Resource and
ons (see Section 5.1.1).
1, i.e., access control to
POUS.

e synchronous case, a
program whose service
n of the subprogram is
hl Subprogram Call
read. When the thread
e caller, the thread with
lling thread continues to
Section 5.4.8).

d is not part of the new
he awaiting mode_entry
tes on exit of the critical
e again in a later mode

Execution of any of these entrypoints is characterized by actual execution time (c) and by elapsed time (t). Actual
execution time is the time accumulating while a thread actually runs on a processor. Elapsed time is the time
accumulating as real time since the arrival of the dispatch request. Accumulation of time for ¢ and t is indicated by
their first derivatives 6c and ot. A derivative value of 1 indicates time accumulation and a value of 0 indicates no
accumulation. Figure 6 shows the derivative values for each of the scheduling states. A thread accumulates actual
execution time only while it is in the running state. The processor time, if any, required to switch a thread between
the running state and any of the other states, which is specified in the Thread Swap Execution Time property
of the processor, is not accounted for in the Compute Execution Time property, but must be accounted for by
an analysis tool.

The execution time and elapsed time for each of the entrypoints are constrained by the entrypoint-specific
<entrypoint> Execution Time and entrypoint-specific <entrypoint> Deadline properties specified for
the thread. If no entrypoint specific execution time or deadline is specified, those of the containing thread apply.
There are three timing constraints:
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(57)

54.4

(58

(59

(60)

Actual execution time, ¢, will not exceed the maximum entrypoint-specific execution time.

Upon execution completion the actual execution time, ¢, will have reached at least the minimum entrypoint-
specific execution time.

Elapsed time, t, will not exceed the entrypoint-specific deadline.

Dispaich 4

l Executing

complete
—

resume
- running
Gc=1
¢ = Max({Execution_Time) Teecution complete
7 ¢ = Min(Exegution_Time)
assert resourges released

due to
¢ Resource

backgmound
exitiMode)

er(Mode)

awaiting
resource |errar
5c=0 awaiting detected,
subprogram mode reentry
Gc=0

awaiting
return
Gc=0

/

on all outgoing edges:
assert t = Jeddline

Figure 6 Thread Scheduling and Execution States

Execution of a tHread is considered-anomalous when the timing constraints are violated| Each timing constraint
may be enforced|and reported ascan-error at the time, or it may be detected after the violation has occurred and
reported at that ti]ne. The implefmentor of a runtime system must document how it handles fiming constraints.

t

Execution Fault Handling
A fault is defined|to be{an anomalous undesired change in thread execution behavior, pgssibly resulting from an
anomalous undegired‘change in data being accessed by that thread or from violation of a compute time or deadline
constraint. An errefis-afault-thatis-detected-during-the-exeeution-of-a-thread—Deteetable errors are classified as
thread recoverable errors, or thread unrecoverable errors.

A thread recoverable error may be handled as part of normal execution by that thread, e.g., by exception handlers
programmed in the source text of the application. The exception handler may propagate the error to an external
handler by sending an event or event data through a port.

If the thread recoverable error is not handled by the application, the thread affected by the error is given a chance
to recover through the invocation of the thread’s recover entrypoint. The recover entrypoint source text sequence
has the opportunity to update the thread’s application state. The recover entrypoint is assumed to have access to
an error code through a runtime service call Get Error Code. The recover entrypoint may report the fact that it
performed recovery through a user—defined port. Upon completion of the recover entrypoint execution, the
performance of the thread’s dispatch is considered complete. In the case of performing thread computation, this
means that the thread transitions to the suspended await dispatch state (see Figure 5), ready to perform additional
dispatches. Concurrency control on any shared resources must be released. If the recover entrypoint is unable to
recover the error becomes a thread unrecoverable error. This thread-level fault handling in terms of thread
scheduling states is illustrated in Figure 7.
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(61) A thread recoverable error may occur during the execution of a remote subprogram call. In this case, the thread
servicing the remote call is given a chance to recover as well as the thread that made the call.

(62)

In the presence of a thread recoverable error, the maximum interval of time between the dispatch of a thread and

its returning to the suspended awaiting dispatch state is the sum of the thread’s compute deadline and its recover
deadline. The maximum execution time consumed is the sum of the compute execution time and the recover
execution time. In the case when an error is encountered during recovery, the same numbers apply.

(63)

Thread unrecoverable errors are reported as event data through the Error port of the thread, where they can be

communicated to a separate error handling thread for further analysis and recovery actions.

(64)

A thread unrecoverable error causes the execution of a thread to be terminated prematurely without undergoing

recovery. The thread unrecoverable error is reported as an error event through the predeclared Error event data
port, if that port is connected. If this implicit error port is not connected, the error is not propagated and other parts

of the system will

have to recognize the fault through their own observations. In the case of

a thread unrecoverable

error, the maximum interval between the dispatch of the thread and its returning (e~the suspended awaiting
dispatch state is the compute deadline, and the maximum execution time consumedcis-the gompute execution time.

For errors detecte
the implementatiq
and can raise an
trigger a mode ch
the raising thread
data can interpret

(65)
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Figure 7 Performing Thread Execution with Recovery

(66) A timing fault during initialize, compute, activation, and deactivation entrypoint executions is considered to be a
A timing fault during recover entrypoint execution is considered to be a thread

thread recoverable error.
unrecoverable error.
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(67

(68

(69

54.5

(70)

(71

(72)

(73)

5.4.6

(74)

(75

(76)

If any error is encountered while a thread is executing a recover entrypoint, it is treated as a thread unrecoverable
error. In other words, an error during recovery must not cause the thread to recursively re-enter the executing
recovery state.

If a fault is encountered by the application itself, it may explicitly raise an error through a Raise Error service call
on the Error port with the error class as parameter. This service call may be performed in the source text of any
entrypoint. In the case of recover entrypoints, the error class must be thread unrecoverable.

Faults may also occur in the execution platform. They may be detected by the execution platform components
themselves and reported through an event or event data port, as defined by the execution platform component.
They may go undetected until an application component such as a health monitoring thread detects missing health

pulse events, or

a periodic thread detects missing input.

reported as event data.

Once detected, such errors can be handled locally or

Thread Interna

A thread can ha
paths and allow n
different executio
branch and merg
input. In terms of
condition, the inp|
state value is the

A mode transition
the thread. This
value of a static
determined, by d
mode at the next
source text intern
sequence to be e

Change of a thr
incoming thread
with an outgoing
Document D. In t
mode for the next

If a higher fidelity
modes as the init
actual behavior o

Modes and Mode Transitions

the mode abstraction this means that the (mode) state at time of dispat
ut to the thread execution may affect the branch condition, or a combin
result of computation based on the previous value and/or input.

of a thread-internal mode may be implicit in thatit'is determined by the ap
source code may follow and execution sequerce based on the content ¢
jata variable. In the former case, the current mode is determined at the
pfault thread dispatch time. In the latter case, the value of the static dats
dispatch. The effect is a possible change in mode-specific property valu
al execution behavior, e.g., a change in worst-case execution time, and
xecuted at the next dispatch.

pad-internal mode may be)explicitly modeled by declaring a mode tr
port, an event raised within a thread (declared as self.eventname), or n
bvent. Change of a thread-internal mode may also be modeled through th
Nis case, mode transitions are tracked by the runtime system to determine
dispatch of a thread.

behavioral‘model is desired, the Behavior Annex (Annex Document D
al set of states, can be used for more complex behavioral specifications.
the sgurce text is the program code itself.

e modes declared inside its type or implementation. They represent thread-internal execution
node-specific property values to be associated with the thread. For-example, the thread can have
n times under different modes. Application source text (programming ¢ode) actually executes
b points in various places of its code sequence and branches based on state values or based on

may affect the branch
tion, or a change in the

plication source code of
f thread input or by the
time the thread input is
determines the current
es to reflect a change in
in the entrypoint or call

ansition that names an
mes a subprogram call
Behavior Model Annex
the most recent current

, which uses the AADL
The final authority of the

System Synch

anization qunirpmpnre

An application system may consist of multiple threads. Each thread has its own hybrid automaton state with its

own ¢ and t variables. This results in a set of concurrent hybrid automata.

In the concurrent hybrid automata

model for the complete system, ST is a single real-valued variable shared by all threads that is never reset and
whose rate is 1 in all states. ST is called the reference timeline.

A set of periodic threads are said to be logically dispatched simultaneously at global real time ST if the order in
which all exchanges of control and data at that dispatch event are identical to the order that would occur if those
dispatches were exactly dispatched simultaneously in true and perfect real time. The hyperperiod h of a set of
periodic threads is the next time ST+h at which they are logically dispatched simultaneously. The hyperperiod is the
least common multiple of the periodic thread periods.

An application system is said to be synchronized if the dispatch of all periodic threads contained in that application
system occurs logically simultaneously at intervals of their hyperperiod. In a globally synchronous system ST is a
global reference time, i.e., a single real-valued variable representing a global clock. It represents a single global
synchronization domain.


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE AS5506B Page 108 of 398

(77) Within a synchronization domain, perfect synchronization may not occur in a actual system. There may always be
clock error bounds in a distributed clock, and jitter in exactly when events (like a dispatch) would occur even with
perfect clock interrupts due to things like non-preemptive blocking times (during which clock interrupts might be
masked briefly). Within a synchronization domain, it is the responsibility of each physical implementation to take
these imperfections into account when providing the synchronization domain for programmers (e.g., make sure the
message transmission schedule includes enough margin for the message to arrive at the destination by the time it
is needed, taking into account these various effects in the particular implementation).

5.4.7 Asynchronous Systems

(78) In a globally asynchronous system there are multiple reference times, i.e., multiple variables ST;. They represent
different synchronization domains. Any time related coordination and communication between threads, processors,
and devices across different synchronization domains must take into account differences in the reference time of
each of those synchronization domains.

(79) Reference times| can be represented by instances of a predeclared device type;-Ca
Characteristics of this reference time, such as clock drift rate and maximum clock drjft can be specified as
properties of these instances. Processors, devices, buses, and memory can be dssigned dlifferent reference times
through the Ref¢rence Time property. Similarly, application components can’be assigned reference times to

represent the facf that they may read the time, e.g., to timestamp data.

led Reference Time.

(80) The reference time for thread execution is determined by the referencé time of the procesisor on which the thread
executes. The reference time of communication between threads, devices, and processqrs is determined by the

reference time of|the source and destination, and the reference time.of any execution platform component involved

8L

(82)

(83)

(84)

(85)

in the communic

Message-passing
dispatch is trigg

communication paradigm is insensitive to time, thus, not-affected by multiple synchronizatio

Data-stream sem
In this case the
destination threg

Deterministic compmunication minimizesylatency jitter, while non-deterministic communicati

jitter in units of t
control systems.
accommodates d
and event data pq

The Allowed C

tion if it is time-driven.

semantics of communication and thread execution is represented by 3
bred by arrival of messages and message may be queued in the

Antics of communication and thread execution are represented by periodig
sampling of the input is sénsitive to a common reference time betwe
d if the connections are)immediate and delayed to ensure deter

ne sampling rate, thetlatter often leading to instability of latency sensiti
In the case of~sampling data port connections the non-determinis|
fferent reference times. Similarly, a periodic thread may non-deterministi
rts, e.g., a health monitor sampling an alarm queue.

bnnection Type property of a bus specifies the types of connectior

Buses that conanct processors with different reference times may exclude immediate a

from their suppo

periodic threads whose
event data port. This
N domains.

threads and data ports.
en the source and the
hinistic communication.
on can result in latency
be applications such as
tic nature of sampling
cally sample event ports

s supported by a bus.
nd delayed connections

if determinism cannot be guaranteed through a protocol.

Mode switching requires time-sensitive coordination of deactivation and activation of threads and connections.
There is the time ordering of events that request mode switching, and the coordination of switching modes in
multiple modal subsystems as part of a single mode switch. Timed coordination can be guaranteed within one
synchronization domain and may be feasible across synchronization domains with bounded time drift through
appropriate protocols.

Solutions have been devised to address this issue.

ARINC653: Thread execution and communication within a partition is assumed to be within the same
synchronization domain, Cross-partition communication is assumed to be message-based or (phase-)delayed for
sampling ports. This assures that placement of partitions on different processors or at different parts of the
timeline within one processor does not affect the timing. However, this delayed communication places a
synchronicity requirement on those partitions that communicate with each other.
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Globally Asynchronous Locally Synchronous (GALS): This model reflects the fact that some systems cannot be
globally synchronized, e.g., integrated modular avionics (IMA) system may consist of a collection of ARINC653
subsystems and interact via an ARINC664 network. In this case the burden is placed on the application system
to deal with synchronicity within subsystems and asynchronicity across subsystems. This can be reflected in
AADL by multiple synchronization domains and the requirement that data port connections across
synchronization domains are sampled connections.

Time Triggered Architecture (TTA): In this model a central communication medium provides a statically allocated
time-division protocol and acts as a global reference time. Either part of the protocol provides reference time ticks
to subsystems. Execution of subsystems can be aligned with the arrival of data at assigned time slots in the
communication protocol to assure deterministic communication of data streams.

Physically Asynchronous Logically Synchronous (PALS): In this model a logical protocol or application layer
provides coordination of time-sensitive events across asynchronous subsystems. For example, the system may
periodically re-synchronize clocks, thus, bound clock drift. This clock drift bound may be accommodated by
appropriate time slack the same way jitter in a synchronous system is accommodated. Similarly, hand-shaking

protocols may b
mode switching

54.8

(86) A standard set of]
the applicable so

subprograms ma'r‘/

system that is ge
(87) The Await Dis
execution. It is th
DispatchPort |
dispatch is trigge
takes a Dispat

OutputPorts apd InputPorts as port lists. OutputPorts, if present, identifies the set

is initiated at com|
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service call.

subprogram Ay
features
-- List of g
OutputPorts |
-- List of ¢

Runtime Support For Threads

e used to coordinate less frequently occurring synchronization events, e.
if required.

runtime services are provided. The application program interface for the
irce language annex of this standard. They are callabledrom within the so
be explicitly called by application source code, of\they may be callg
erated from an AADL model.

batch runtime service is called to suspendthe thread execution at co
e point at which the next dispatch resumes(The service call takes severd
st and an optional trigger condition functién to identify the ports and the c
red. If the condition function is not present any of the ports in the list car
chedPort as out parameter to_return the port(s) that triggered t

pletion of execution, equivalent;to an implicit Send Output service call. ]

., globally synchronous

5e services is defined in
urce text. The following
d by an AADL runtime

mpletion of its dispatch
| parameters. It takes a
bndition under which the
trigger the dispatch. It
he dispatch. It takes
of ports whose sending
nputPorts, if present,

bf ports whose content is reéceived at the next dispatch, equivalent to an implicit Receive Input

ait Dispatch

orts whogs€ output is sent at completion/deadline
in parameter <implementation-defined port lists;

orts~that can trigger a dispatch

DispatchPortsTIm parameter <Implrementationr=—gefIned port tIst>;

-- list of ports that did trigger a dispatch

DispatchedPort: out parameter < implementation-defined port lists;

-- optional

DispatchConditionFunction:

function as dispatch guard,

requires subprogram access;

-- List of ports whose input is received at dispatch

InputPorts:

in parameter <implementation-defined port lists>;

end Await Dispatch;

takes port list as parameter
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(88) A Raise Error runtime service shall be provided that allows a thread to explicitly raise a thread recoverable or
thread unrecoverable error. Raise Error takes an error type identifier as parameter.

subprogram Ra
features

errorID: in

ise Error

parameter <implementation-defined error types;

end Raise Error;

(89) A cet Error Code runtime service shall be provided that allows a recover entrypoint to determine the type of

error that caused

subprogram Get

the entrypoint to be invoked.

_Error_Code

features

errorID: ouf

end Get Error |

(90) Subprograms ha
port of the enclos
the error port of t
have an error ide
data value, since

(91) A Await Resul
synchronous sub

subprogram Aws
features
CallID: in g

end Await Resy

(92) Multiple models 9

[ ]
entrypoints ass

parameter <implementation-defined error types;
Code;

e event ports but do not have an error port. If a Raise Errdpis called,
ing thread. If a Raise Error is called by a remotely called subprograr
he thread executing the remotely called subprogram. The Raise Erro:
htification as parameter value. This error identification,'ean be passed thro
the error port is defined as event data port.

t runtime service shall be provided that allows an application to wait f
brogram call.

it Result

arameter <implementation-defined call IDs>;
1t;

Processing Requirements and Permissions

f implementation‘are permitted for the dispatching of threads.

pciated ‘with a thread. This model naturally supports source text in

language.
An alternative

through explicitly programmed calls to the standard Await_Dispatch runtime service, i

odelis that the code in the source text includes a code pattern that reflg

it is passed to the error
h, the error is passed to
- method is permitted to
igh the error port as the

br the result of a semi-

One such modg¢l is that a‘rintime executive contains the logic reflected in Figure 5 and calls on the different

a higher level domain

cts the logic of Figure 5

ncluding a repeated call

(while loop) to reflect repeated dispatch of the compute entrypoint code sequence.

(93) Multiple models of implementation are permitted for the implementation of thread entrypoints.

One such model is that each entrypoint is a possibly separate function in the source text that is called by the

runtime executive. In this case, the logic to determine the context of an error is included in the runtime system.

A second model of implementation is that a single function in the source text is called for all entrypoints. This

function then invokes an implementer-provided Dispatch Status runtime service call to identify the context of
the call and to branch to the appropriate code sequence. This alternative is typically used in conjunction with the

source text impl

ementation of the dispatch loop for the compute entrypoint execution.

(94) A method of implementing a system is permitted to choose how executing threads will be scheduled. A method of
implementation is required to verify to the required level of assurance that the resulting schedule satisfies the
period and deadline properties. That is, a method of implementing a system should schedule all threads so that the
specified timing constraints are always satisfied.
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(95) The use of the term “preempt”’ to name a scheduling state transition in Figure 6 does not imply that preemptive
scheduling disciplines must be used; non-preemptive disciplines are permitted.

(96) Execution times associated with transitions between thread scheduling states, for example context swap times
(specified as properties of the hosting processor), are not billed to the thread’s actual execution time, i.e., are not
reflected in the Compute Time property value. However, these times must be included in a detailed schedulability
model for a system. These times must either be apportioned to individual threads, or to anonymous threads that
are introduced into the schedulability model to account for these overheads. A method of processing specifications
is permitted to use larger compute time values than those specified for a thread in order to account for these
overheads when constructing or analyzing a system.

(97) A method of implementing a system must support the periodic dispatch protocol. A method of implementation may
support only a subset of the other standard dispatch protocols. A method of implementation may support additional
dispatch protocols not defined in this standard.

(98) A method of impjementing a system may perform loading and initialization activities(prigr to the start of system
operation. For example, binary images of processes and initial data values may be’leaded by permanently storing
them in programmable memory prior to system operation.

(99) A method of implementing a system must specify the set of errors that may bie detected af runtime. This set must
be exhaustively gnd exclusively divided into those errors that are thread recoverable or thiead unrecoverable, and
those that are exceptions to be handled by language constructs definedyin the applicable| programming language
standard. The sdt of errors classified as source language exceptionsunay be a subset of the exceptions defined in
the applicable solirce language standard. That is, a method of implementation may dictate|that a language-defined
exceptional condftion should not cause a runtime source language exception but instead [mmediately result in an
error. For each grror that is treated as a source language exception, if the source text asgociated with that thread
fails to properly catch and handle that exception, a method of\implementation must specify whether such unhandled
exceptions are thfead recoverable or thread unrecoverable‘errors.

(100) A consequgnce of the above permissions is that a method of implementing a system may classify all errors
as thread unrecoyerable, and may not provide an executing recovery scheduling state and transitions to and from
it.

(10D A method ¢f implementing a system may enforce, at runtime, a minimum time interval between dispatches of
sporadic threads| A method of implementing a system may enforce, at runtime, the rhinimum and maximum
specified executign times. A methed-of implementing a system may detect at runtime timing violations.

(102) A method ¢f implementing*a system may support handling of errors that are detected while a thread is in the
suspended, ready, or blocked state. For example, a method of implementation may defect event arrivals for a
sporadic thread that violate the specified period. Such errors are to be kept pending until the thread enters the
executing state, gt whieh instant the errors are raised for that thread and cause it to immediately enter the recover
state.

(103) If alternative thread scheduling semantics are used, a thread unrecoverable error that occurs in the perform
thread initialization state may result in a transition to the perform thread recovery state and thence to the
suspended awaiting mode state, rather than to the thread halted state. The deadline for this sequence is the sum
of the initialization deadline and the recovery deadline.

(104) If alternative thread scheduling semantics are used, a method of implementation may prematurely terminate
threads when a system mode change occurs that does not contain them, instead of entering suspended awaiting
mode. Any blocking resources acquired by the thread must be released.

(105) If alternative thread scheduling semantics are used, the load deadline and initialize deadline may be greater
than the period for a thread. In this case, dispatches of periodic threads shall not occur at any dispatch time prior to
the initialization deadline for that periodic thread.
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(106) This standard does not specify which thread or threads perform virtual address space loading. This may be
a thread in the runtime system or one of the application threads.

NOTES:

The deadline of a calling thread will impose an end-to-end deadline on all activities performed by or on behalf of that thread, including
the time required to perform any remote subprogram calls made by that thread. The deadline property of a remotely called subprogram
may be useful for scheduling methods that assign intermediate deadlines in the course of producing an overall end-to-end system
schedule.

5.5 Thread Groups

(1) A thread group represents an organizational component to logically group threads contained in processes. The
type of a thread group component specifies the features and required subcomponent access through which threads
contained in a thread—grotup—interact-with—components—ouiside—the—thread—group—hread; group implementations
represent the contained threads and their connectivity. Thread groups can have multiplempdes, each representing
a possibly differeint configuration of subcomponents, their connections, and mode-specific property associations.
Thread groups cgn be hierarchically nested.

(2) A thread group dpes not represent a virtual address space nor does it represent a unit of pxecution. Therefore, a
thread group musgt be directly or indirectly contained within a process.

Legality Rules

Category Type Implementatipn
F :
eat.ures ort Subcomponents:
P e data
o feature group e subbroaram
e provides data access . bp g
e requires data access . tsr:Jrer;r(;)gram group
thread . prov!des subpragram access « thread grouy
group e requires subprogram access e abstract
e provides subprogram group access )
. Subprogram calls: np
e requires'subprogram group access Connections: yes
o featlre Flows: yes '
Flow specifications: yes Modeé' yes
Modes:.yes =) s
Properties: yes roperties: yes

(L) A thread group qomponent type can contain provides and requires data access, as welll as port, feature group,
provides and requires subprogram access declarations, and provides and requires sulyjprogram group access

1 ] ot £l H 1 tH a Hheala: A iy g 12t
declarat|0ns. It C ‘r\l aISU UUIIlClln mouvy SpUUIIIUalIGnS, mUUUS SUUUIGUSUS, anu prupcl vy asSU\.lahOns.

(L2) A thread group component implementation can contain abstract, data, subprogram, subprogram group, thread, and
thread group subcomponent declarations.

(L3) A thread group implementation can contain a connections subclause, a flows subclause, a modes subclause, and
properties subclause.

(L4)  Athread group must not contain a subprogram calls subclause.
Standard Properties

-- Properties related to source text
Source Text: inherit list of aadlstring
-- Inheritable thread properties

Synchronized Component: inherit aadlboolean => true
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Active_Thread Handling Protocol:
inherit Supported Active Thread Handling Protocols => abort
Period: inherit Time

Deadline: inherit Time => Period
Dispatch Offset: inherit Time
First Dispatch Time : inherit Time
-- Scheduling properties

Priority: inherit aadlinteger

Time Slot: list of aadlinteger

Criticality: aadlinteger

-- execution time |related properties

Reference Processqr: inherit classifier ( processor )
-- mode related pyoperties

Resumption Policy{ enumeration ( restart, resume )

-- startup properties
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Startup Deadline: Time

applies to (processor, virtual processor, process, system);

The sStartup Deadline property specifies the deadline for processor, virtual processor,
process, and system initialization.

The property type is Time. The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric
value must be a single positive number.

Startup Execution Time: Time Range
-- Properties specifying constraints for processor and memory binding

Allowed Processor Binding Class:
inherit 1ist Oi_chsﬂa..fa..ci. (bu_ux.coo\.u_, Jl_J_tual ProCesSSoYT o_yotcm)

Allowed Processor |Binding: inherit list of reference (processor, virtual|processor,
system)

Allowed Memory Binding Class:
inherit list off classifier (memory, system, processor)
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Allowed Memory Binding: inherit list of reference (memory, system, processor)

applies to (thread, thread group, process, system, device, data, data
port, event data port, subprogram, subprogram group, pProcessor) ;
Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.

Actual Processor Hinding: inherit list of reference (processor)* virtual processor)

Actual Memory Binding: inherit list of reference (memory)

Allowed Connectiorn Binding Class:

inherit list off classifier (processor, virtual procgeSsor, bus, virtual|bus, device,

memory)

Allowed Connectiorn Binding: inherit list of referemce (processor, virtuall processor, bus,

virtual bus, devide, memory)

Actual_ Connection [Binding: inherit list of reference (processor, virtual|processor, bus,

virtual bus, devide, memory)

NOTES:

Property associations of thread groups are inheritable (see Section 11.3) by contained subcomponents. This means if a contained
thread does not have a prpperty value defined for a particular property, then the corresponding property vdlue for the thread group is

used.

3

4

(5

®

Semantics

A thread group allows*“threads contained in processes to be logically organized into a higrarchy. A thread group
type declares the| features and required subcomponent access through which threads contained in a thread group

i H ool 1 A icida-tha-th A
can interact with cefrperents-dectared-eutside-the-thread-group-

Thread groups may contain subprogram subcomponents and subprogram groups The code of such subprograms
and subprogram groups resides in the address space of the containing process. The subprograms may be called
by threads contained in the thread group. The subprograms may also be called from outside the thread group if
made accessible through a provides subprogram access declaration or subprogram group access declaration.

Thread groups may contain data components. They represent state that may be shared between threads inside
the thread group through access connections to the requires data access features of those threads, and shared
outside the thread group through provides data access features of the thread group.

A thread group implementation contains threads and thread groups. Thread group nesting permits threads to be
organized hierarchically. A thread group implementation also contains connections to specify the interactions
between the contained subcomponents and modes to represent different configurations of subsets of
subcomponents and connections as well as mode-specific property associations.
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5.6

€D,

-- Runtime enforcement of virtual address space boundary

Processes

A process represents a virtual address space, i.e., it represents a space partition unit whose boundaries are

enforced at runtime.

The Runtime Protection process property indicates whether runtime protection is

disabled. The virtual address space contains the program formed by the source text associated with the process
and its subcomponents. Threads of a process must be explicitly declared.

Legality Rules

Category Type Implementation
Feat.uresé).o it Subcomponents:
e data
* featg:e grj)u4p e subprogram
hd MIUVIUCTO Udla aLUT oo
e requires data access *  subprograRy group
e provides subprogram access * threag
procesgs e requires subprogram access * thrgadigroup
e provides subprogram group access Sub;rog?:rsr:rca:gltls o
e requires subprogram group access Connedtions: yes.
* feature Flows: yes
Flow specifications: yes Modes: yes
Modes: yes

Properties: yes

Properties: yes

A process comp
requires subprog
can also contain f

A process comp
thread group sub

A process impler
properties subcla

A thread group m

component declarations.

ise.
ust not contain a‘subprogram calls subclause.

Consistency Rules

The complete so
defined in the ap

bnent implementation can contain-abstract, data, subprogram, subprog

hentation can contain a.connections subclause, a flows subclause, a

urce text associated with a process component must form a complets
licable’source language standard. This source text shall include the sour|
to the complete sgt-of'subcomponents in the process’s containment hierarchy along with th

that are referenced by required subcomponent declarations.

Standard Properties

Runtime Protection : inherit aadlboolean

-- Properties related to source text

Source_Text:

inherit list of aadlstring

bnent type can contain port, feature group, provides and requires datd access, provides and
ram access declarations, and provides.ahd requires subprogram group [access declarations.
ow specifications, modes subclause, . and property associations.

It

ram group, thread, and

odes subclause, and a

and legal program as
ce text that corresponds
b data and subprograms
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Source Language: inherit list of Supported Source Languages

applies to (subprogram, data, thread, thread group, process, system,
bus, device, processor, virtual bus, virtual processor) ;

The Source_Language property specifies an applicable programming language.

The property type is enumeration. The standard enumeration literals are Ada, ¢C, and
Simulink’ for software categories. Other enumeration literals are permitted.

There is no default value for the source language property.

Where a source language is specified for a component, the source text associated with that
component must comply with the applicable programming language standard. Where a source
language is not specified, a method of processing may infer a source language from the syntax of
the source text pathname. A method of processing may establish a default value for the source
language property.

Where a source language property is specified for a component, any specified ‘qource language
and any specified source text for the complete set of software subcomponents of|that component
must cgmply with the applicable language standard.

Multiplgl source languages, and source text written in those languages, are cpmpliant with a
specified source language if the applicable language standard permits mixing soyrce text units of
those Ignguages within the same program.

A methd of processing may accept data produced by processing a source text file, for example
an objeft file produced by compiling source text may be.considered compliant with the applicable
languade standard. A method of processing may accept non-standard sourcq languages. A
method| of processing may restrict itself to specific ‘source languages, either siandard or non-
standarfl.

The source language associated with processor or virtual processor indicates the source
languade of any software that implements(virtual processor or processor functionglity.

-- Properties reldted to virtual address space loading
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errors.

Load Time: Time_ Range
applies to (process, system);

The Load Time property specifies the amount of execution time that it will take to load the
binary image associated with a process. The numeric value of time must be positive.

When applied to a system, the property specifies the amount of time it takes to load the binary
image of data components declared within the system implementation and shared across
processes (and their address spaces).

The range expression specifies a minimum and maximum load time in the absence of runtime

Load Deadline: Time

-- Inheritable thry
Synchronized_ Compg
Active Thread Hand

inherit Support
Period: inherit Ti{

Deadline: inherit
Dispatch Offset: i
-- execution time
Reference Processd
-- Scheduling rels
Priority: inherit
-- mode related pn
Resumption Policys:
Deactivation Polid

-- process initial

P o
ead—preperties
nent: inherit aadlboolean => true
ling Protocol:

ed Active Thread Handling Protocols => abort
me

Time => Period
nherit Time
related properties
r: inherit classifier ( processor®
ted properties
aadlinteger
operties
enumeration ( restaxty resume )
y: enumeration (inactive, unload) => inactive

ization
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Startup Deadline: Time

applies to (processor, virtual processor,

process, and system initialization.

The property type is Time.

value must be a single positive number.

process,

system) ;

The sStartup Deadline property specifies the deadline for processor, virtual processor,

The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric

Startup Execution Time: Time Range
-- Properties specifying constraints memory binding

Allowed Processor Binding Class:

inherit 1iSt Oi_chsﬂa..fa..ci. (bu_ux.coo\.u_, Jl_J_tual Processory o_yotcm)
Allowed Processor |Binding: inherit list of reference (processor, virtual|processor,
system)
Actual Processor Hinding: inherit list of reference (processor, virtual processor)
Allowed Connectior] Binding Class:

inherit list off classifier (processor, virtual processor,{bus, virtual|bus, device,
memory)
Allowed Connectiorn Binding: inherit list of reference (processor, virtuall processor, bus,
virtual bus, devide, memory)
Actual Connection |Binding: inherit list of reference” (processor, virtual|processor, bus,
virtual bus, devide, memory)
Allowed Memory Binding Class:

inherit list off classifier (memory, system, processor)
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Actual Memory Bind

2

€))
4

(5

)

)

€))

)

(10

Allowed Memory Binding: inherit list of reference (memory, system, processor)
applies to (thread, thread group, process, system, device, data, data
port, event data port, subprogram, subprogram group, pProcessor) ;

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.

ing: inherit list of reference (memory)

Semantics

b source code and data

Every process h3
associated with th
at runtime, but ca
Threads containe

Processes may ¢
of the process. T

A process may

s its own virtual address space. This address space provides access t
e process and all its contained components. Jhis address space bounda
h be disabled through the Runtime Protegtion property.

d in a process execute within the virtualladdress space of the process.

bntain subprogram subcomponents? The code of such subprograms resid
he calling semantics to such subprograms are defined in Section 5.2.

ontain mode declarations=“In this case, each mode can represent a d

ry is by default enforced

es in the address space

ifferent configuration of

contained threads, their connections, .ahd ‘'mode-specific property associations. The trandition between modes is
determined by th¢ mode transition declarations and is triggered by the arrival of mode trangition trigger events (see
Sections 12 and 13.6).

The associated spurce text for-each process is compiled and linked to form binary imageg in accordance with the
applicable source language Jstandard. These binary images must be loaded into memory before any thread
contained in a prqcess can execute, i.e., enter its perform thread initialization state.

The time to load lpinary images into the virtual address space of a process is bounded by the Load Deadline and
Load_Time properties. The failure to meet these timing requirements is considered an error.

The process states, transitions, and actions are illustrated in Figure 8. Once a processor of an execution platform
is started, binary images making up the virtual address space of processes bound to the processor are ready to be
loaded, which is indicated by started(processor). If the process is bound to a virtual processor of a processor,
then process loading begins when the virtual processor is started, which is indicated by started(vprocessor).
Loading may take zero time for binary images that have been preloaded in ROM, PROM, or EPROM. Completion
of loading, which is indicated by loaded(process), triggers threads to be initialized (see Figure 5).

A process, i.e., its contained threads, can be stopped (also known as a deferred abort), which is indicated by
stop(process) , or by stopping the virtual processor or processor to which the process is bound. A process is
considered stopped when all threads of the process are halted, are awaiting a dispatch, or are not part of the
current mode and have executed their finalize entrypoint.

A process, i.e., its contained threads, can be aborted, which is indicated by abort(process). In this case, all
contained threads terminate their execution immediately and release any resources (see Figure 5, Figure 6, and
Figure 7).
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unloaded process

stopped(proc
started(processof) stopped|vpro
started(vprocessgr) stopped|proc
abort{process) load(process)
abort{vprocessor) fe 0 Process load
abort{processor) A error detect
loading process

complete loading process
assertt=Load_Deadline

b O

e O

F 3

starting process
Gc=10t=1

complete startting process

loaded(process)
assertt=Startup_Deadline
assertt=max(Startup_Execution_Time)

loaded process

(11) A method of img
process, includi

subcomponents. [This set of source compilation units must form a single complete and legz
the applicable solirce language standard. .Linking of this set of source compilation units is

Gt=1

Figure 8 Process States ‘and Actions

Processing Requiremefits and Permissions

lementation must link all associated source text for the complete set
g the process component-litself and all actual subcomponents

with the applicablg source language standard for the process.

(12

If the applicable Jource language standard used to implement a component permits a mixty

then subcompongnts may have.different source language property values.

(13)

This standard pefmits dynamic virtual memory management or dynamic library linking af
completed and thread execution has started. However, a method for implementing a syst

deadline propertigs will-be satisfied to the required level of assurance for each thread.

stopping process
Gt=1

essor)
cessor)
ess)

stopprocess)
stop(vprocessor)

pf subcomponents of a
specified for required
| program as defined by
erformed in accordance

re of source languages,

ter process loading has
em must assure that all

NOTES:

An AADL process represents only a virtual address space and requires at least one explicitly declared thread subcomponent in order to
be executable. The explicitly declared thread in AADL allows for unambiguous specification of port connections to threads. In contrast,

a POSIX process represen

ts both a protected address space and an implicit thread.
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6 Execution Platform Components

€D,

(2

€))

4

(5

®

>

€))

€

(10)

(1D

This section describes the categories of execution platform components that represent computing hardware:
processor, virtual processor, memory, bus, virtual bus; and the physical environment: device.

Processors can

execute threads.

processes are bound to processors.

Processors can contain memory subcomponents. Processors can access

memories and communicate with devices and other processors over buses. Threads, thread groups, and

Virtual processors are logical execution platform elements that can execute threads. Threads, thread groups, and

processes can be bound to virtual processors.

This determines the binding of threads to processors.

Virtual processors must be bound to or contained in processors.

Memories represent randomly addressable storage capable of storing binary images in the form of data and code.

Memories can be

Buses support {
resources neces
include bandwidt
and intermediate

Virtual buses rep
contained in or b
certain quality of

Devices represer
environment, e.g
their port and p
components thro
software or may 1
bound to devices

Processors may

and other servic
memories accesg
properties.

accessed by executing threads.
hysical communication between processors, devices, and memaories

h and protocols to perform the exchange. A connection may/be bound
processors and devices in a manner that is analogous to the‘binding of thr

resent a logical bus abstraction to model protocols @nd virtual channel
pund to processors and buses. Connections can Specify that they requ
service from protocols of platform components they are bound to.

, @ sensor or an actuator. A device can, interact with application softwd
rovides subprogram access features»~A device may interact with o
Lugh bus access connections. A device may achieve its functionality
equire device driver software to be executed by a processor. Binary imag

nclude software that implements the capability of the processor to sched
bs of the processor. (Its.source text and data in the form of binary in
ible from that processor. The resource requirements of this software ar

Execution platformm componentsican be assembled into execution platform systems, i.e., in

platform compor

ents to model complex physical computing hardware components

computing systems, throughthe use of system components (see Section 7.1). The executid

their components|

may‘denote physical computing hardware for example, memory to repres

Execution platforln

systems may also model abstracted storage, for example, a device or

bary to perform exchanges of control and data as specified by.connecfions.

A bus provides the
These resources
o a sequence of buses
eads to processors.

5. Virtual buses can be
re specific protocols, or

t entities of the physical environment, e.g., @’ engine, or entities that interface with the physical

re components through
her execution platform
through device internal
es or threads cannot be

lle and execute threads
hages will be bound to
e reflected in processor

to systems of execution
and software/hardware
n platform systems and
ent a hard disk or RAM.
memory to represent a

database, depen ing onthe purpose of the model.

The hardware represented by the execution platform components may be modeled in a hardware description or
simulation language. Alternatively, it may be represented using configuration data for programmable logic devices.
A simulation may be used to characterize the components. Such descriptions can be associated with the
component by property association.

Execution platform components can represent high-level abstractions of physical and computing components. A
detailed AADL model of their implementation can be represented by system implementations that are associated
with the execution platform component by property (see Section 14). This effectively models a layered system
architecture.


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE AS5506B Page 123 of 398
6.1 Processors
(1) A processor is an abstraction of hardware and software that is responsible for scheduling and executing threads

-- Hardware descri

Hardware Descripti]

and virtual processors that are bound to it. A processor also may execute driver software that is declared as part of
devices that can be accessed from that processor. Processors may contain memories and may access memories

and devices via b

uses.

Legality Rules

Category Type Implementation
Features: Subcomponents:
e provides subprogram access e memory
e provides subprogram group access e bus
—port —virtaralprogessor
o feature group e virtualbus
procegsor e requires bus access e abstract
e provides bus access Subprogram’calls:[no
o feature Connections: yes
Flow specifications: yes Flows: yes
Modes: yes Modes: yes
Properties: yes Properties: yes

A processor com
group access, ar
property associat

A processor com
abstract subcomg

ponent type can contain port, feature group, provides subprogram acces
d bus access declarations. It may contain flow specifications, a mode
ons.

ponent implementation can contain declarations of memory, bus, virtual bu
onents.

s, provides subprogram
5 subclause, as well as

s, virtual processor, and

A processor implgmentation can contain a modes-subclause, flows subclause, and a propefties subclause.

A processor implegmentation can contain bus-access, subprogram access, subprogram gro

and feature group

connection declarations.

A processor impl¢mentation must notContain a subprogram calls subclause.

Standard Properties

ptionwproperties

on\Scurce Text: inherit list of aadlstring

Ip access, port, feature,
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Hardware Source Language: Supported Hardware Source Languages

applies to (memory, bus, device, processor, system);

The Hardware Source Language property specifies an applicable hardware description
language.

The hardware description source text associated with a hardware component is written in a
hardware description language.

-- Properties related to source text that provides thread scheduling services

Source Text: inherit list of aadlstring
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Source Language: inherit list of Supported Source Languages

applies to (subprogram, data, thread, thread group, process, system,
bus, device, processor, virtual bus, virtual processor) ;

The Source_Language property specifies an applicable programming language.

The property type is enumeration. The standard enumeration literals are Ada, ¢C, and
Simulink’ for software categories. Other enumeration literals are permitted.

There is no default value for the source language property.

Where a source language is specified for a component, the source text associated with that
component must comply with the applicable programming language standard. Where a source
language is not specified, a method of processing may infer a source language from the syntax of
the source text pathname. A method of processing may establish a default value for the source
language property.

Where a source language property is specified for a component, any specified ‘qource language
and any specified source text for the complete set of software subcomponents of|that component
must cgmply with the applicable language standard.

Multiplgl source languages, and source text written in those languages, are cpmpliant with a
specified source language if the applicable language standard permits mixing soyrce text units of
those Ignguages within the same program.

A methd of processing may accept data produced by processing a source text file, for example
an objeft file produced by compiling source text may be.considered compliant with the applicable
languade standard. A method of processing may accept non-standard sourcq languages. A
method| of processing may restrict itself to specific ‘source languages, either siandard or non-
standarfl.

The source language associated with processor or virtual processor indicates the source
languade of any software that implements(virtual processor or processor functionglity.
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Source Code Size: Size

applies to (data, thread, thread group, process, system, subprogram,
processor, device);

The Source Code Size property specifies the size of the static code and read-only data that
results when the associated source text is compiled, linked, bound and loaded in the final system.

The property type is Size. The standard units are bits, Bytes (bytes), KByte (kilobytes), MByte
(megabytes) and GByte (gigabytes).

Source Data Size: Size
Source_ Stack Size: Size

Allowed Memory Binding Class:
inherit list offetassifier—(memory—system—processor)
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Allowed Memory Binding: inherit list of reference (memory, system, processor)

applies to (thread, thread group, process, system, device, data, data

port,

event data port, subprogram, subprogram group, pProcessor) ;

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.
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-- Processor initialization properties

Allowed Memory Binding: inherit list of reference (memory, system, processor)

applies to (thread, thread group, process, system, device, data, data

port,

event data port, subprogram, subprogram group, pProcessor) ;

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.
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Startup Deadline: Time

applies to (processor, virtual processor, process, system);

The sStartup Deadline property specifies the deadline for processor, virtual processor,
process, and system initialization.

The property type is Time. The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric
value must be a single positive number.

Startup Execution Time: Time Range
-- Properties specifying provided thread execution support

Thread Limit: aadlinteger 0 .. Max Thread Limit

Allowed Dispatch Brotocol: list of Supported Dispatch Protocols
Allowed Period: list of Time Range
Scheduling Protocql: inherit list of Supported Scheduling Protocols

Scheduler Quantum|: inherit Time
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Slot Time: Time
applies to (processor, virtual processor) ;

The sSlot Time property specifies the time period of a slot in major frame in a static scheduling
protocol, such as a cyclic executive, if the protocol uses fixed slot times.

Frame Period: Time

-- acceptable priority value on threads and mapping into RTOS priority wvalues
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Priority Range: range of aadlinteger
applies to (processor, virtual processor) ;

The Priority Range property specifies the range of thread priority values that are acceptable
to the processor.

The property type is range of aadlinteger.

Priority Map: list of Priority Mapping
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errors.

applies to

Process Swap Execution Time: Time Range

(processor) ;

The Process Swap Execution Time property specifies the amount of execution time
necessary to perform a context swap between two threads contained in different processes.

The range expression specifies a minimum and maximum swap time in the absence of runtime

Thread Swap Execution Time: Time_ Range

Supported Source Language: list of Supported Source Languages

-- Scaling of processor speed

Scaling Factor : i
Reference Processq
-- Properties rels
Assign Time: recor
Fixed: Time R3
PerByte: Time |

-- Properties rg
Clock Jitter: Timg

Clock Period: Timsg

Clock Period Rangq:

-- Protocol suppon
Provided Virtual H
Provided Connectid
-- mode related px
Resumption Policys:
Deactivation Polid
-- runtime protect

Runtime Protectior

nherit aadlreal

r: inherit classifier ( processor )
ted to data movement in memory

d (

nge;

Range; )

lated to the hardware clock

Time Range
t
us_Class inherit list of classifier

n Quality Of Service

operties
enumeration‘.( restart, resume )
y: enumefation (inactive, unload)

ion support of address spaces

_Suppoért aadlboolean

-- Virtual machin

lavering

(virtual bus)

inherit list of Supported Conne

=> inactive

ction QoS
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Implemented As: classifier ( system implementation )

applies to (memory, bus, virtual  Dbus, device, virtual ©processor,
processor, system);

The Implemented As property specifies a system implementation that describes how the
internals of a execution platform component are realized. This allows systems to be modeled as
a layered architecture using the execution platform as a layering abstraction (see Section 14).
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NOTES :

The above is the list of the predefined processor properties. Additional processor properties may be declared in user-defined property
sets. Candidates include properties that describe capabilities and accuracy of a synchronized clock, e.g., drift rates, differences across
processors.

Semantics

(2) A processor is the execution platform component that is capable of scheduling and executing threads. Threads will
be bound to a processor for their execution that supports the dispatch protocol required by the thread. The
Allowed Dispatch Protocol property specifies the dispatch protocols that a processor supplies.

(3) Support for thread execution may be embedded in the processor hardware or it may require software that
implements processor functionality such as thread scheduling, e.g., an operating system kernel or other software
virtual machine. Such software must be bound to a memory component that is accessible to the processor via the
Actual Memory] Binding property. Services provided by such software can be callgd through the provides
subprogram acceps features of a processor.

(4) The code that threads execute and the data they access must be bound to a memary comgonent that is accessible
to the processor ¢n which the thread executes.

(5) If a processor exgcutes device driver software associated with a device{then the procesgor must have access to
the corresponding device component.

(6) Flow specificatior)s model logical flow through processors. For example, they may represemt requests for operating
system services through subprograms or ports.

(7) The hardware degscription source text property may providé a reference to source text|that is a model of the
hardware in a handware description language. This provides support for the simulation of hardware.

(8) Modes allow prodessor components to have differeht property values under different operational processor modes.
Modes may be uged to specify different runtime ‘selectable configurations of processor impl¢mentations.

(9) Processor states jand transitions are illustrated in the hybrid automaton shown in Figure 9. [The labels in this hybrid
automaton interact with labels in the tsystem hybrid automaton (see Figure 22), the yirtual processor hybrid
automaton (see Higure 10), and the process hybrid automaton (see Figure 8).

e The initial state pf a processor is stopped.

o When a procegsor is started, it enters the processor starting state. In this state, the| processor hardware is
initialized and gny processor software that provides thread scheduling functionality is Ipaded into memory and
initialized. Note [that théwirtual address space load images of processes may already have been loaded as part of
a single load impgesthat includes the processor or virtual processor software.

e Once the procgssor and its software for handling virtual processors or processes is ihitialized, the processor
transitions to the processor operational state with started(processor). At this point virtual processor, process,
and in turn thread initialization will start.

(10) While operational, a processor may be in different modes with different processing characteristics reflected in
appropriate property values.

(11) As aresult of a processor abort, any threads bound to the processor are aborted, as indicated by abort(processor)
in the hybrid automaton in Figure 9 and in the hybrid automata figures in Sections 5.4 and 5.6. After that any virtual
processor bound to or contained in a processor is aborted.

(12) A stop processor request results in a transition to the processor stopping state at the next hyperperiod of the
periodic threads bound to the processor or to its virtual processors. The length of the hyperperiod can be reduced
by using the Synchronized Components property to minimize the number of periodic threads that must be
synchronized within the hyperperiod (see Section 12).


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE AS5506B Page 135 of 398

(13) When the next hyperperiod begins, the virtual processors and processes with threads bound to the processor are
informed about the stoppage request, as indicated by stop(processor) in the hybrid automaton in Figure 9. The
process hybrid automaton (see Figure 8) in turn causes the thread hybrid automaton to respond, as indicated with
stop(processor) in the hybrid automaton in Figure 5. In this case, any threads bound to the processor are
permitted to complete their dispatch executions and perform any finalization before the process is stopped, which is
indicated by stopped(process) in Figure 8.

stop(priocessor)

- abort{system)
> FProcessor stopped -— abort{processor)
start{system)
stopped(system) start(processor)
stopped{processor} —1
L J

Processor starting

ST < startup_deadline
at=1

Processor
topping

? ST mod HyperiMode)
stop(processor)

L

Processor fatal jerror

started(processar)
assert 3T = starop/ dead

ne

Processor operational

Gt =1 Processor fatal errg

=

Figure 9 ProcessorStates and Actions

(14) A processor may| have ports through which it reports information to the application software, e.g., to report error
conditions. Thosg ports are identified in port cannection declarations by the reserved word processor (see Section
9.1).

(15) A processor may|have provide subprogrtam or subprogram group access to represent seryices that can be called
by the applicatior]. A subprogram call identifies such a service by the subprogram classifigr and the binding to the
specific processof is implicit through-the actual processor binding of the thread that containg the call.

(16) A processor component can<include protocols in its abstraction. These protocols can He explicity modeled as
virtual bus subcomponentsto satisfy protocol requirements by connections. The fact that{a protocol is supported
by a processor is[specified by a Provided Virtual Bus Class property.

(17) A processor canlcantain a bus subcomponent that it makes externally accessible. This models a bus that is
managed by the processor and other components can connect to it. In this case the processor is implicitly
connected to this bus.

(18) Different processors may be different execution speeds. This affects the execution time specified for threads and
subprograms. The in binding statement of property associations permits processor type specific execution times
to be declared. The execution time of a thread or subprogram can also be scaled according to scaling factors
between different processors. The Scaling Factor property specifies the scaling factor with respect to a
specified Reference Processor.

(19) The processor is an abstraction of a hardware processor and possibly a runtime system. If it is desirable, the
internals of the processor can be modeled by AADL as a system in its own right, i.e., an application system and an
execution platform. This system implementation description can be associated with the device component
declaration by the Implemented As property (see Section 14).
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2D

6.2

€n)

(C1)

(C2)

Processing Requirements and Permissions
A method of implementation is not required to monitor the startup deadline and report an overflow as an error.

A method of implementation may choose to enforce thread deadlines and maximum compute execution time.
Violations are reported as thread recoverable errors.

Virtual Processors

A virtual processor represents a logical resource that is capable of scheduling and executing threads and other
virtual processors bound to them. Virtual processors can be declared as a subcomponent of a processor or
another virtual processor, i.e., they are implicitly bound to the processor or virtual processor they are contained in.
Virtual processors can also be declared separately, that is as a subcomponent of a system component, and
explicitly bound to a processor or virtual processor. This allows virtual processors to represent hierarchical
schedulers that thedule thread and/or virtual processors bound to them. Tn a fully bound system every virtual
processor and thread is eventually bound to a physical processor.

Legality Rules

Category Type Implementatipn
Features: Subcomponents:
e provides subprogram access o/ virtual processor
e provides subprogram group access e virtual bus
virtual e port e abstract
o feature group Subprogram calls: no
processofr :
o feature Connections: yes
Flow specifications: yes Flows: yes
Modes: yes Modes: yes
Properties: yes Properties: yes

A virtual process@r component type can contain-port, feature group, provides subprogram gccess, and subprogram
group access declarations. It may contain flow specifications, a modes subclausg, as well as property
associations.

A virtual procesgor component implementation can contain declarations of virtual bus/ virtual processor, and
abstract subcomponents.

A virtual processar implementation can contain a modes subclause, flows subclause, and a|properties subclause.

A virtual processqr implémentation must not contain a subprogram calls subclause.

A virtual processerifaplementation-ean-contair-subprograrm-aceess—subprogram—gredp—aecess, port, feature, and
feature group connections.

Consistency Rules

In a fully bound system every virtual processor must be directly or indirectly bound to, or directly or indirectly
contained in a physical processor.

In a fully deployed system a requires virtual bus binding of a virtual processor specified by the
Required Virtual Bus_ Class property must be satisfied by binding the virtual processor to a virtual processor
or processor that provides this virtual bus. It is also satisfied if the virtual processor is contained in a processor and
the respective virtual bus is bound to the processor.
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Standard Properties

-- Properties related to source text that provides thread scheduling services

Source Text: inherit list of aadlstring
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Source Language: inherit list of Supported Source Languages

applies to (subprogram, data, thread, thread group, process, system,
bus, device, processor, virtual bus, virtual processor) ;

The Source_Language property specifies an applicable programming language.

The property type is enumeration. The standard enumeration literals are Ada, ¢C, and
Simulink’ for software categories. Other enumeration literals are permitted.

There is no default value for the source language property.

Where a source language is specified for a component, the source text associated with that
component must comply with the applicable programming language standard. Where a source
language is not specified, a method of processing may infer a source language from the syntax of
the source text pathname. A method of processing may establish a default value for the source
language property.

Where a source language property is specified for a component, any specified ‘qource language
and any specified source text for the complete set of software subcomponents of|that component
must cgmply with the applicable language standard.

Multiplgl source languages, and source text written in those languages, are cpmpliant with a
specified source language if the applicable language standard permits mixing soyrce text units of
those Ignguages within the same program.

A methd of processing may accept data produced by processing a source text file, for example
an objeft file produced by compiling source text may be.considered compliant with the applicable
languade standard. A method of processing may accept non-standard sourcq languages. A
method| of processing may restrict itself to specific ‘source languages, either siandard or non-
standarfl.

The source language associated with processor or virtual processor indicates the source
languade of any software that implements(virtual processor or processor functionglity.
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Source Code Size: Size

applies to (data, thread, thread group, process, system, subprogram,
processor, device);

The Source Code Size property specifies the size of the static code and read-only data that
results when the associated source text is compiled, linked, bound and loaded in the final system.

The property type is Size. The standard units are bits, Bytes (bytes), KByte (kilobytes), MByte
(megabytes) and GByte (gigabytes).

Source Data Size: Size
Source_ Stack Size: Size

Allowed Memory Binding Class:
inherit list offetassifier—(memory—system—processor)
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Allowed Memory Binding: inherit list of reference (memory, system, processor)

applies to (thread, thread group, process, system, device, data, data

port,

event data port, subprogram, subprogram group, pProcessor) ;

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.

Actual Memory Binding: inherit list of reference (memory)

Allowed Processor |
inherit list of

Allowed Processor |
system)

Actual Processor H
-- Virtual process

Startup_Execution |

Binding Class:
classifier (processor, virtual processori/ system)

Binding: inherit list of reference (proOcé&€ssor, virtual

inding: inherit list of reference,(processor, virtual
or initialization properties

Time: Time Range

processor,

brocessor)
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Startup Deadline: Time
applies to (processor, virtual processor, process, system);
The sStartup Deadline property specifies the deadline for processor, virtual processor,
process, and system initialization.

The property type is Time. The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric

value must be a single positive number.

-- Properties specifying provided thread execution support
Thread Limit: aadlinteger 0 .. Max Thread Limit

Allowed Dispatch Protocol: list of Supported Dispatch Protocols

Allowed Period: list of Time_ Range

Scheduling Protocql: inherit list of Supported Scheduling Protocols
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Slot Time: Time
applies to (processor, virtual processor) ;

The sSlot Time property specifies the time period of a slot in major frame in a static scheduling
protocol, such as a cyclic executive, if the protocol uses fixed slot times.

Frame Period: Time

-- acceptable priority value on threads and mapping into RTOS priority wvalues
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Priority Range: range of aadlinteger
applies to (processor, virtual processor) ;

The Priority Range property specifies the range of thread priority values that are acceptable
to the processor.

The property type is range of aadlinteger.

Priority Map: list of Priority Mapping
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Process Swap Execution Time: Time Range
applies to (processor) ;

The Process Swap Execution Time property specifies the amount of execution time
necessary to perform a context swap between two threads contained in different processes.

The range expression specifies a minimum and maximum swap time in the absence of runtime
errors.

Thread Swap Execution Time: Time_ Range
Supported Source Language: list of Supported Source Languages

-- Properties of the dispatch characterstics of this virtual processor

Period: inherit Time

Dispatch Protocol{ Supported Dispatch Protocols
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applies to

Execution Time: Time

The Execution Time property specifies the amount of execution time allocated to a virtual
processor by the processor it is bound to. This is the amount of execution time the virtual
processor can make available to threads or virtual processors it schedules. It is the equivalent of
the compute_execution_time for a thread.

(virtual processor) ;

-- Protocol support

Provided Virtual Bus_Class

inherit list of classifier (virtual bus)

Provided Connection Quality Of Service : inherit list of Supported Connection QoS

-- mode related ppeperties

Resumption Policy]

Deactivation Poliqy:

-- need for and ppovision of address space protection

Runtime Protectior
Runtime Protection

-- Virtual machins

enumeration ( restart, resume )

inherit aadlboolean

Support

layering

enumeration (inactive, unload) => inactive

aadlboolean
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applies
processor,

Implemented As: classifier

( system implementation )

to (memory, bus, virtual  Dbus, device, virtual

system) ;

The Implemented As property specifies a system implementation that describes how the
internals of a execution platform component are realized. This allows systems to be modeled as
a layered architecture using the execution platform as a layering abstraction (see Section 14).

processor,

NOTES:

The above is the list of the predefined virtual processor properties. Additional processor properties may be declared in user-defined

property sets.

Candidates include properties that describe capabilities and accuracy of a synchronized clock, e.g., drift rates,

differences across procesg

(2) A virtual processq
and other virtual
their execution.

processor supplig
(3) Support for threa
scheduling, e.g.,
memory compon
provided by such
(4) A virtual process
as virtual bus s
supported by a vi
(5) A virtual process
declared separat
difference betwe
virtual processor

)

operating system

Modes allow virt

7

processor modes.

OrS.
Semantics

r is the logical execution platform component that is capable of'schedulin
processors. Threads and virtual processors will be bound te_a’virtual prg
The Allowed Dispatch Protocol property specifies-the dispatch
s, i.e., only threads or virtual processors whose dispatCh, protocol is suppg

d execution may require software that implements\virtual processor fung
An operating system kernel or other software virtiral machine. Such softw
ent that is accessible to the processor via/hé Actual Memory Bind
software can be called through the provides-subprogram access features

iIbcomponents to satisfy protocol requirements by connections. The
'tual processor can also be spegifiéd by a Provided Virtual Bus Cla

ly in a system compenent and then bound to a processor or another
n the two uses ofvirtual processor is that in the case of the subcomp
he binding of thervirtdal processor is implicit in the containment relationsh

}r can be declared as a subcomponent of a processor or another virtual

Flow specificatiopns model logical flow through virtual processors. For example, they may

services through subprograms or ports.

Lal processor components to have different property values under diff
Modes may be used to specify different runtime selectable configurati

implementations.

j and executing threads
cessor or processor for
protocols that a virtual
rted can be bound.

tionality such as thread
are must be bound to a
Ing property. Services
bf a virtual processor.

br component can include protocols .invits abstraction. These protocols can be explicitly modeled

fact that a protocol is
1SS property.

rocessor; it can also be
virtual processor. The
bnent of a processor or

P.

represent requests for

prent operational virtual
ons of virtual processor

€))

Virtual processor states and transitions are illustrated in the hybrid automaton shown in Figure 10. The hybrid

automaton of a virtual processor interacts with the hybrid automaton of the processor or virtual processor that it is
bound to. A virtual processor is permitted to initialize itself after the processor and any virtual processors are
initialized, and before any processes or threads are initialized. Similarly, virtual processors are stopped after
threads, processes, and virtual processors contained in them are stopped.
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(9) The virtual proce;s
can be modeled
an operating sys
description can |

stup[vﬂ rocessor)
» Vprocessor stopped

f— 10

stopped(processor)

Wprocessor starting
=1

Vprocessor
stopping

r

Y 7 ST mod Hyper{Mode)

arl

Ve
started{vprocesser

abort{system)
S~— *7]  abort{processor)
started(processpr) abort{vprocessor)
stopped(vprocessor) start{vprocesso)

rocessor fatal error

L ) ;
stop(processor) assert f < startup_dead|ine

r

Vprocessor operational
Gt=1

Vpragessor fat

Figure 10 Virtual Processor States and/Actions

5sor is an logical abstraction of a processor. If it\is desirable, the internals
y AADL as an application system in its own right. For example, a virtual g
tem that can be described in terms of processes and threads. This
e associated with the device component declaration by the Impleme

| error

of the virtual processor
rocessor may represent
system implementation
hted As property (see

This
cal storage, e.g., RAM,
orage. Memories have
data, and processes —
vhen executing threads.
sor via a bus.

nd data binaries.

Section 14).
6.3 Memory
(1) A memory comppnent represents an execution platform component that stores code a
execution platforfn component consists of hardware such as randomly accessible physi
ROM, or more cgmplex permanent sterage such as disks, reflective memory, or logical s
properties such gs the number and(size of addressable storage locations. Subprograms
reflected in binary images - are bound to memory components for access by processors
A memory compdnent may be eentained in a processor or may be accessible from a proceg
Legality Rules
Category Type Implementation
Suhcamnonantc:
Features "“”‘."’"""" e
e requires bus access . ?emory
e provides bus access us
o feature group * abstract
memory . feature Subprogram calls: no
e Connections: yes
Flow specifications: no Fl .
Modes: yes OWS. no
Pro er;[ieS' es Modes: yes
P Y Properties: yes
(L1) A memory type can contain bus access declarations, feature groups, a modes subclause, and property
associations. It must not contain flow specifications.
(L2) A memory implementation can contain abstract, memory, and bus subcomponent declarations.
(L3) A memory implementation can contain a modes subclause and property associations.
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(L4 A memory implementation can contain bus access connection declarations. Bus access connections can connect a

memory subcomponent to a bus subcomponent or a requires bus access feature, as well as connect a provides
bus access feature to a bus subcomponent.

(L5) A memory implementation must not contain flows subclause, or subprogram calls subclause.

Standard Properties

-- Properties related memory as a resource and its access
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Memory Protocol: enumeration (execute only, read only, write only,
read _write) => read write

applies to (memory) ;

The Memory Protocol property specifies memory access and storage behaviors and
restrictions. Writeable data produced from software source text may only be bound to memory
components that have the write only or read write property value.

Word Size: Size => 8 bits

Byte Count: aadlinteger 0 .. Max Byte Count



https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE AS5506B Page 150 of 398

Word Space: aadlinteger 1 .. Max Word Space => 1
applies to (memory) ;

The Word Space specifies the interval between successive addresses used for successive
words of memory. A value greater than 1 means the addresses used to access words are not
contiguous integers.

The default value is 1.

Base Address: aadlinteger 0 .. Max Base Address
Read Time: record (
Fixed: Time Range;

PerByte: Time Range; )

Write Time: record (
Fixed: Time R4gnge;
PerByte: Time |Range; )
-- Hardware description properties

Hardware Descriptijon Source Text: inherit list of aadlstring
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Hardware Source Language: Supported Hardware Source Languages

applies to (memory, bus, device, processor, system);

The Hardware Source Language property specifies an applicable hardware description
language.

The hardware description source text associated with a hardware component is written in a
hardware description language.

-- mode related properties
Resumption Policy: enumeration ( restart, resume )

-- Virtual machine layering
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applies
processor,

Implemented As: classifier

( system implementation )

to (memory, bus, virtual  Dbus, device, virtual

system) ;

The Implemented As property specifies a system implementation that describes how the
internals of a execution platform component are realized. This allows systems to be modeled as
a layered architecture using the execution platform as a layering abstraction (see Section 14).

processor,

Semantics

Memory components are used to store binary images of source text, i.e., code and data. These images are loaded
into memory representing the virtual address space of a process and are accessible to threads contained in the

respective proces
or is accessible t
during processor
example of the la

A memory is acc
bus component a

ses bound to the processor. Such access is possible if the memory is co
b this processor via a shared bus component. Loading of binary images
startup or the binary images may have been preloaded into memory be
ter case is PROM or EPROM containing binary images.

bssible from a processor if the memory is contained in a processor or is
hd the Allowed Physical Access property value forthat bus includes

Memory compongnts can have different property values under different operational modes.

The memory com
component such

ponent is intended to be an abstraction of a physical storage component,
as RAM, or it can represent a more abstract\storage component such as

desirable, the int¢rnals of the memory can be modeled by, AADL as a system in its own

system and an e
set of processors
associated with th

Buses

A bus componer
memories, proce
typically hardwar
modeled through

Processors, devi
located in the san
hierarchy. Memo
declare a need fo

ecution platform. For example, a map-data base as a memory compone
and disks as well as the database\software. This system implementz
e memory component declarationby the Implemented As property (seq

t represents an execution platform component that can exchange co
s5sors, and devices\Fhis execution platform component represents a ¢
b together with communication protocols. Supported communication prg
virtual buses (see Section 6.5).

ces, and_memories can communicate by accessing a shared bus. Sug
ne systemrimplementation as the execution platform components sharing i
ry, proeessor, and device types, as well as the system type of systems th
I access to a bus through a requires bus reference.

htained in this processor
into memory may occur
fore system startup. An

connected via a shared
Memory Access.

This can be a memory
a map database. If it is
ight, i.e., an application
nt can be modeled as a
tion description can be
Section 14).

htrol and data between
ommunication channel,
tocols can be explicitly

h a shared bus can be
t or higher in the system
ey are contained in, can

Buses can be connected directly to other buses by one bus requiring access to another bus. Buses connected in
such a way can have different bus classifier references.

Connections between software components that are bound to different processors transmit their information across
buses whose protocol supports the respective connection category.
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Legality Rules
Category Type Implementation
Features Sub(ozomp_(r)tneTts :
e requires bus access . Vlb lf[a tus
e feature group abstrac )
Subprogram calls: no
bus o feature e
Flow specifications: no Connections: no
ModesF') os ' Flows: no
Pro er’;iZS' es Modes: yes
P -y Properties: yes
(L) A bus type can have requires bus access declarations, a modes subclause, and property associations.
(L2) A bus type must ot contain any flow specifications.
(L3) A bus implementation can contain virtual bus and abstract subcomponent declarations.
(L4) A bus implementation can contain a modes subclause and property associations:
(L5) A bus implementation must not contain flows subclause, or subprogramecalls subclause.

-- Properties sped

Allowed Connectiorn Type:

Allowed Physical A

Allowed Physical Access:

ccess_Class:

Standard Properties

list of enumeration

(Sampled Data Connection,
Delayed Data_ Connection,
Data Access Connection,

ifying bus transmission propertie§

Immediate Data_ Connect
Port Connection,

Subprogram Accesls. Connection)

list of classifier
list of reference

( device,

( device, processor,
processor, memory,

m

ion,

emory, bus )

bus )



https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE AS5506B Page 154 of 398

Allowed Message Size: Size Range

applies to (bus);

The Allowed Message Size property specifies the allowed range of sizes for a block of data
that can be transmitted by the bus hardware in a single transmission (in the absence of
packetization).

The expression defines the range of data message sizes, excluding any header or packetization
overheads added due to bus protocols, that can be sent in a single transmission over a bus.
Messages whose sizes fall below this range will be padded. Messages whose sizes fall above
this range must be broken into two or more separately transmitted packets.

Transmission Type: enumeration ( push, pull )

Transmission Time: record (

Fixed: Time Rgnge;
PerByte: Time |Range; )

Prototype Substitytion Rule: inherit enumeration (Classifier Match; Type| Extension,
Signature Match)

-- Hardware description properties

Hardware Description Source Text: inherit list of aadlstring
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Hardware Source Language: Supported Hardware Source Languages

applies to (memory, bus, device, processor, system);

The Hardware Source Language property specifies an applicable hardware description
language.

The hardware description source text associated with a hardware component is written in a
hardware description language.

Access _Right : Access Rights => read write

-- Protocol support

Provided Virtual Bus Class : inherit list of classifier (virtual bus)

Provided Connectiqn Quality Of Service : inherit list of Supported Coprgftion QoS

-- mode related pixoperties
Resumption Policy{ enumeration ( restart, resume )

-- Virtual maching layering
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Implemented As: classifier ( system implementation )
applies to (memory, bus, virtual  Dbus, device, virtual
processor, system);

The Implemented As property specifies a system implementation that describes how the
internals of a execution platform component are realized. This allows systems to be modeled as
a layered architecture using the execution platform as a layering abstraction (see Section 14).

processor,

Semantics

A bus support physical communication between processors, memories, and devices. This allows a processor to
support execution of source text in the form of code and data loaded as binary images into memory components. A

bus allows a prg
different port an
Allowed Conne
constrain the size

A bus componen
which access is r
share a bus comy

Buses can be dir
another bus in its

Physical access
achieved with the

Bus components

A bus componen
Provided Virt
virtual buses as

supported by a b
bus requiring a s

Virtual buses (pn
executes on prod
the protocol.

The bus is intend

cessor to access device hardware when executing device software, A
] subprogram connections between thread components bound to(diff
ction Type property indicates which forms of access a particularbus
of messages communicated through data or event data connections.

t provides access between processors, memories, and devices. It is a
pquired by each of the respective components. A device is accessible fro
onent. A memory is accessible from a processor if thé two share a bus cq

ectly connected to other buses. This is represented by one bus declarat
requires subclause.

0 a bus can be restricted to certain types 'of devices, memory, buses, 3
property Allowed Physical Access.

can have different property values‘under different operational modes.

L can include protocols in itstabstraction. Protocols provided by a bus ¢
ual Bus_ Class property./ They are matched against protocol requirem
specified by their Reglidired Virtual Bus Class property. [f desire
Is can be explicitlymodeled as virtual bus subcomponents. In that case
ecific protocol can be bound to the specific virtual bus instance.

ptocols) may-be implemented in the bus hardware or in software. T
essors connected to the bus, whose bound threads communicate over

2d-to be an abstraction of a physical bus or network. If it is desirable, the

bus may also support
brent processors. The
supports. The bus may

shared component, for
m a processor if the two
mponent.

on specifying access to

nd processors. This is

bn be specified with the

ents of connections and

| instances of protocols
the connection or virtual

he virtual bus software
connections that require

internals of the bus can

be modeled by A
system

Implemented As property (see Section 14).

Processing Requirements and Permissions

ADLC as a system in its own rignt, I.e., an appilication system and an execution platform. This
implementation description can be associated with the bus component declaration by the

A method of implementation shall define how the final size of a transmission is determined for a specific
connection. Implementation choices and restrictions such as packetization and header and trailer information are
not defined in this standard.

A method of implementation shall define the methods used for bus arbitration and scheduling. If desired this can
be modeled by a notation of your choice and associated with a bus via property. Alternatively, it can be modeled
through an AADL system model and associated with the bus through an Implemented As property.
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package Hardware
public
bus VME

end VME;

memory Memory Card
features

Card_Connector

Examples

requires bus access VME;

end Memory Card;

processor PowerPC
features
Card_Connector

end PowerPC;

processor implemen

end PowerPC.Linux;

system Dual Proces

system implementat
subcomponents
System Bus: bug
Left: processon

Right: processd

requires bus access VME;

tation PowerPC.Linux

sor end Dual Processor;

ion Dual Processor.PowerPC

VME ;

PowerPC. Linux;

r PoweyrPC.Linux;

Shared Memory: |[memory. Memory Card;

connections

LCConn: bus access System Bus <-> Left.Card_Connector;
RCConn: bus access System Bus <-> Right.Card Connector;

SMConn: bus access System Bus <-> Shared Memory.Card Connector;

end Dual Processor

end Hardware;

6.5 Virtual Buses

. PowerPC;

(1) Avirtual bus component represents logical bus abstraction such as a virtual channel or communication protocol.

(2) Virtual buses can be bound to buses, virtual buses, processors, virtual processors, devices, or memory. When
bound to a bus, it may represent multiple protocols supported by the bus or a virtual channel with a subset of the
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bus bandwidth. When bound to a virtual bus it may represent a hierarchy of protocols or virtual channels. When
bound to a processor it may represent protocols supported by a processor. When bound to a sequence of hardware
components it may represent a virtual channel or flow across these components.

(3) Virtual buses can be subcomponents of processors, buses, and other virtual buses. This implies that they are
bound to the processor, bus, or virtual bus they are contained in.

(4) Connections and virtual buses can indicate by property the protocols they require by identifying the appropriate
virtual bus or bus classifier. A connection can also indicate the desired level of quality of service, which must be
satisfied by the virtual bus or bus the connection is bound to. Similarly, hardware components can indicate by
property the virtual buses they provide.

Legality Rules

Categqry Type Implementatjon
Subcomponents:
Features e virtdalbus
e abstract
° none Subprogram calls: mo
virtual bus | Flow specifications: no COH?IGC%OHS' "o )
Modes: yes i '
Properties: yes Rqws: no
Modes: yes

Properties: yes

(L1) A virtual bus type|can have property associations.

(L2) A virtual bus type|must not contain flow specifications.

(L3) A virtual bus implementation can contain virtual bus@subcomponent declarations.

(L4) A virtual bus implementation can contain a modes subclause and property associations.

(L5) A virtual bus implementation must not, contain a connections subclause, flows subclauge, or subprogram calls
subclause.

Consistency Rules

(C1) In a fully deploygd systemviftual buses must be directly or indirectly bound to processors or buses that support
these virtual busgs, or they.must be subcomponents of buses and processors.

Standard Properties

-- Properties specifying bus transmission properties

Allowed Connection Type: list of enumeration
(Sampled Data Connection, Immediate Data_ Connection,
Delayed Data Connection, Port_Connection,
Data_ Access_Connection,
Subprogram Access Connection)
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applies to

Allowed Message Size: Size Range

(bus) ;

The Allowed Message Size property specifies the allowed range of sizes for a block of data
that can be transmitted by the bus hardware in a single transmission (in the absence of
packetization).

The expression defines the range of data message sizes, excluding any header or packetization
overheads added due to bus protocols, that can be sent in a single transmission over a bus.
Messages whose sizes fall below this range will be padded. Messages whose sizes fall above
this range must be broken into two or more separately transmitted packets.

Transmission Type:

enumeration

( push, pull )

Transmission Timej
Fixed: Time R3
PerByte: Time |

Prototype Substity
Signature Match)

-- Protocol suppox
Provided Connectid
Provided Virtual H
Required Connectig

Allowed Connectior
inherit list of
memory)

Allowed Connectior

virtual bus, devid
Actual Connection |
virtual bus, devid

Required Virtual H
-- mode related pn
Resumption Policy:

-- Virtual machins

record (
nge;

Range; )

tion Rule: inherit enumeration (Classifier Match, Type

t

n_Quality Of Service
us_Class
n Quality Of Service

_Binding Class:

inherit list of classifier

inherit list of Supported Conne
(virtual bus)

inherit\list of Supported Conne

classifier (processor, vixrtual processor, bus, virtual
_Binding: inherit list-of reference (processor, virtua
e, memory)

Binding: inherit.\list of reference (processor, virtual
e, memory)
us_Class inherit list of classifier (virtual bus)
operties

enunieration ( restart, resume )

layering

| Extension,

ction QoS

ttion QoS
bus, device,
bus,

I processor,

processor, bus,
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applies
processor,

Implemented As: classifier

( system implementation )

to (memory, bus, virtual  Dbus, device, virtual

system) ;

The Implemented As property specifies a system implementation that describes how the
internals of a execution platform component are realized. This allows systems to be modeled as
a layered architecture using the execution platform as a layering abstraction (see Section 14).

processor,

Semantics

A virtual bus represents a virtual channel or communication protocol. The Provided Virtual Bus Class

property is us

ed to indicate that a processor or bus supports

Required Virt
bus.

A virtual bus car

provided as indicated by the Provided Virtual Bus_Class property of a bus, virtual &

processor. In all

processor.
If a virtual bus re
required access i
with the Provide

A virtual bus can
certain performan

The Allowed Cq

virtual bus may constrain the size of messages communicated through data or event data c

Virtual bus compg
If it is desirable, t

e.g., as a sende
associated with th

A method of im

ual Bus_ Class property is used to indicate that a protocol is required-b

be a subcomponent of a virtual bus, bus, virtual processor,-processd
cases, this indicates that the protocol represented by thevirtual bus is s
quires another virtual bus as expressed by the Required Virtual Bt
5 satisfied by binding the protocol to a processar or bus that provides this
d_Virtual Bus_Class property.

represent a portion of the bandwidth capacity of a bus. It can act as virtua
ce guarantees.

nnection Type property indicates which forms of access a particular v

nents can have different property values under different operational mode
he internals of the virtual bus can be modeled by AADL as an application
r thread interacting with a receiver thread. This system implementa
e virtual bus eomponent declaration by the Implemented As property (s

Processing Requirements and Permissions

blementation shall define how the final size of a transmission is de
ementation choices and restrictions such as packetization and header ar

a_protocol.

Similarly, the
y a connection or virtual

r, or system, it can be
us, virtual processor, or
supported on the bus or

s_Class property, this
virtual bus as specified

| channel that can make
rtual bus supports. The
bnnections.

S.

system in its own right,

ion description can be
ee Section 14).

termined for a specific
d trailer information are

connection. Impl

not defined in this standard.

A method of implementation shall define the methods used for bus arbitration and scheduling. If desired this can be
modeled by a notation of your choice and associated with a virtual bus via a property. Alternatively, it can be
modeled through an AADL system model and associated with the bus through an Implemented As property.

package Hardware

public

bus Ethernet

end Ethernet;

Examples

virtual bus IP TCP
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end IP TCP;

virtual bus HTTP

properties

Allowed Connection Binding Class => classifier (IP_TCP);

end HTTP;

processor PowerPC

end PowerPC;

processor implemer]
subcomponents

IP TCP: virtual
end PowerPC.Linux;

end Hardware;

6.6

€D,

2

€))

4

(5

tation PowerPC.Linux

bus IP_TCP;

Devices

A device compoment represents dedicated hardware within“the system, entities in the &
entities that interface with the external environment. .A>device may represent a physical
software equivalgnt. A device may exhibit simple or complex behaviors. Devices may inte
memory and soffware that can be modeled in a(separate system declaration and ass
through the Impllemented As property. Devices. are logically connected to application sg
physically connegted to processors via buses:-If the device has associated software suc
must reside in memory and execute on-a processor external to the device, this c3
appropriate propgrty values for the device.

A device interact$ with both execudtion platform components and application software coni
have physical comnections to précessors via a bus. This models software executing on a
physical device.| A deviceCalso has logical connections to application software com

xternal environment, or
entity or its (simulated)
rnally have a processor,
bciated with the device
ftware components and
h as device drivers that
n be specified through

ponents. A device can
brocessor accessing the
ponents. Those logical

connections are representéd )by connection declarations between device ports and applicatjon software component

ports. For any logical connection between a device and a thread executing application sou
physical connectipn in.the execution platform.

ce text, there must be a

A device can be

tural to place the device

together with the application software components. The physical connection to processors must follow the system

hierarchy.

A device may be viewed to be primarily part of the execution platform. In this case, it is placed in proximity of other
execution platform components. The logical connections have to follow the system hierarchy to connect to

application software components.

Examples of devices are sensors and actuators that interface with the external physical world, or standalone
physical systems (such as a GPS) or dedicated hardware (such as counters or timers). Devices communicate with

embedded application systems through ports and connections and with the computing
access.

hardware through bus
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Legality Rules

Modes: yes

Category Type Implementation
Features
N Subcomponents:
* port e bus
o feature group e virtual bus
e provides subprogram access e dat
e provides subprogram group access . E et] ¢
device e requires bus access abstrac .
: Subprogram calls: no
e provides bus access Connections: yes
o feature Flows: yes '
Flow specifications: yes Modes: ves

Properties: yes

B o
T TOPCTUCS. yES

(L1) A device type ca
bus access decla

(L2) A device compon

(L3) A device implemg

a modes subclau

-- Hardware descri

Hardware Descripti]

on_Source_Text:

N contain port, feature group, provides subprogram access, provides’ sul
rations, flow specifications, a modes subclause, as well as property associ

ent implementation must not contain a subprogram calls subclause.

Standard Properties

ption properties

inherit 1list%f aadlstring

program group access,
ations.

ntation can contain abstract, data, virtual bus, and bus subcomponents, bbus access connections,
be, a flows subclause, and property associations.
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Hardware Source Language: Supported Hardware Source Languages

applies to (memory, bus, device, processor, system);

The Hardware Source Language property specifies an applicable hardware description
language.

The hardware description source text associated with a hardware component is written in a
hardware description language.

-- Properties specifying device driver software that must be
-- executed by a processor

Source Text: inherit list of aadlstring
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Source Language: inherit list of Supported Source Languages

applies to (subprogram, data, thread, thread group, process, system,
bus, device, processor, virtual bus, virtual processor) ;

The Source_Language property specifies an applicable programming language.

The property type is enumeration. The standard enumeration literals are Ada, ¢C, and
Simulink’ for software categories. Other enumeration literals are permitted.

There is no default value for the source language property.

Where a source language is specified for a component, the source text associated with that
component must comply with the applicable programming language standard. Where a source
language is not specified, a method of processing may infer a source language from the syntax of
the source text pathname. A method of processing may establish a default value for the source
language property.

Where a source language property is specified for a component, any specified ‘qource language
and any specified source text for the complete set of software subcomponents of|that component
must cgmply with the applicable language standard.

Multiplgl source languages, and source text written in those languages, are cpmpliant with a
specified source language if the applicable language standard permits mixing soyrce text units of
those Ignguages within the same program.

A methd of processing may accept data produced by processing a source text file, for example
an objeft file produced by compiling source text may be.considered compliant with the applicable
languade standard. A method of processing may accept non-standard sourcq languages. A
method| of processing may restrict itself to specific ‘source languages, either siandard or non-
standarfl.

The source language associated with processor or virtual processor indicates the source
languade of any software that implements(virtual processor or processor functionglity.
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Source Code Size: Size

applies
processor,

to (data,
device) ;

thread, thread group,

(megabytes) and GByte (gigabytes).

The Source Code Size property specifies the size of the static code and read-only data that
results when the associated source text is compiled, linked, bound and loaded in the final system.

The property type is Size. The standard units are bits, Bytes (bytes), KByte (kilobytes), MByte

process, system, subprogram,

Source Data Size: Size

Source_ Stack Size: Size

-- Properties specifying the execution properties of the device or its driver

Dispatch Protocol
Dispatch Trigger:
Period: inherit Ti{
Compute_Execution |
Deadline: inherit
-- scheduling prog
Time Slot: list of
Priority: inherit
-- Properties sped
-- for the device
Allowed Memory Bir

inherit list of

Supported Dispatch Protocols
list of reference (port)

me

Time: Time Range

Time => Period

erties

aadlinteger

aadlinteger

ifying constraints for process@r and memory binding
driver software

ding Class:
classifier

(memory, -gystem, processor)
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Allowed Memory Binding: inherit list of reference (memory, system,
applies to (thread, thread group, process, system, device,
port, event data port, subprogram, subprogram group, pProcessor) ;

memory binding.

Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from
that contains the component or feature.

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact

The allowed binding may be further constrained by the memory classifier specified in the

processor)

data, data

the component

If this property has no associated value, then all memory components declar

ed in an AADL

specifichtion are acceptable candidates.
Actual Memory Binding: inherit list of reference (memory)
Actual Processor Hinding: inherit list of reference (processory* virtual
Allowed Processor |Binding Class:
inherit list off classifier (processor, virtual procesSoY¥, system)
Allowed Processor |Binding: inherit list of reference ((processor, virtual

system)

-- protocol suppoyut

Provided Virtual Hus_Class inherit list of classifier (virtual bus)

Provided Connectiqn Quality Of Service inherit list of Supported Conne

-- mode related pyoperties

Resumption Policy{ enumeration ( restlart, resume )

-- Virtual maching layering

brocessor)

processor,

ction QoS
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Implemented As: classifier ( system implementation )
applies to (memory, bus, virtual  Dbus, device, virtual ©processor,
processor, system);

The Implemented As property specifies a system implementation that describes how the
internals of a execution platform component are realized. This allows systems to be modeled as
a layered architecture using the execution platform as a layering abstraction (see Section 14).

Semantics

AADL device components model dedicated hardware or physical entities in the external environment, e.g., a GPS
system, or entities that interface with an external environment, e.g., sensors and actuators as interface between a
physical plant and a control system. Devices may represent a physical entity or its (simulatied) software equivalent.

They may exhibi
logically connect
functionality may
software.

A device is acces

A device declarat
path exists throud

I simple behavior, e.g., a timer, or complex behaviors, e.g., a camera

be fully embedded in the device hardware, or it may be provided b

Sible from a processor if the device is connected via a shared bus compon

on can include flow specifications that indicate that aldevice is a flow sour
h a device.

Device componeIts can have different property values under.different operational modes.

A device compo
cannot be made
which can refer ta

Embedded applig
Data ports can bd
and interrupts tha
functionality exec|
a device driver.

The Dispatch
periodically or eve
produce a period
driven execution

ent can contain a data subcomponentto represent persistent state. T
accessible via data access. Device-behavior can be specified via Beha
the data subcomponent.

ation software interacts with:-devices through port connections and thr
used to represent device\registers. Event and event data ports can be u
t trigger execution of software or that initiate a reaction by the device. §
ted by the device. ~This functionality may be fully implemented in the dev

brotocol ¢sproperty determines the execution behavior of the device.
ent-driven. Periodic execution means that the device polls the external en
c data stream to the application, or that it samples input from the applica
means-that the device generates events, e.g., a clock or timer, that it

external environ
event data being

ent,and passes them to the application, eg., flipping of a switch, or that

or GPS. Devices are

bd to application software components and physically connected-to processors. The device

y device-specific driver

ent.

ice, a flow sink, or a flow

his data subcomponent
vior Annex subclauses,

bugh subprogram calls.
sed to represent signals
Bubprogram calls reflect
ice hardware or through

A device can execute
vironment periodically to
ion periodically. Event-
observes events in the
it responds to events or

put rate on device ports

can be specified through the output_ Rate property The Dispatch Trlgger property can be used to specify a
subset of event or event data ports that can trigger a device dispatch.

The interface to a device may be through a device driver.

The features of the device type may represent the

interface to the device via the device driver. The execution behavior of the device driver is specified by the device

dispatch protocol.

The device driver may execute as part of the underlying operating system kernel.

In this case, we can specify the

driver characteristics as properties on the device itself, such as the code size, data size, and stack size. Binding
properties specify the processor whose runtime system includes the driver.

The device driver may execute in a separate address space from the operating system kernel.

binding property may specify a virtual processor as target.

In this case, the
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(16) A device driver may execute as an application thread. In this case, the driver is modeled by an AADL thread. This
thread provides the device interface to the application and interfaces with the device registers of the physical
device, represented by the AADL device component.

(17) A device can contain a bus subcomponent that it makes externally accessible. This models a bus that is managed
by the device and other components can connect to it. In this case the device is implicitly connected to this bus.

(18) A device can support communication protocols as expressed by the Provided Virtual Bus Class property.
Instances of such protocols can also be explicitly represented by virtual bus subcomponents.

(19) The device is intended to be an abstraction of a physical component in the embedded system environment. If it is
desirable, the internals of the device can be modeled by AADL as a system in its own right, i.e., an application
system and an execution platform. For example, a digital camera as a device can be modeled as a set of
processors and application software that handles the taking of images and their transfer from the camera to a

processor via a |
component decla

(20) This software mu
The executing pr
storing the binary
through the Sour

(21) In the implicit mo
of a processor to

Package Equipment

with Buses, UserTy

SB bus connection. This system implementation description can be as
fation by the Implemented As property (see Section 14).

Processing Requirements and Permissions

st reside as a binary image on memory components and is-executed on
bcessor that has access to the device must be connected to the device

ce Text and related properties, or it may be modeled explicitly by a sepa

el the execution of the device driver software may be considered to be pa
which the device is connected, or it may betreated as an implicitly declare

Examples

pes, Simulation;

sociated with the device

h processor component.
ia a bus. The memory

image must be accessible to the processor. Device driver software may be modeled implicitly

rate thread declaration.

rt of the runtime system
d thread.
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device Camera
features
usbport: requires bus access Buses::USB.USB2;
image: out event data port UserTypes::imageformat.jpg;

end Camera;

device temperature_ sensor
features
serialline: requires bus access Buses::RS232;

temp reading; out_data port llserTypes: . Temperatfure Cel c-inc’-

end temperature_sgnsor;

device implementafjion temperature_ sensor.hardware
properties
Hardware Descripgtion Source Text => ( “TemperatureSensoxHardwareModel.pdl” ) ;

end temperature sgnsor.hardware;

device implementafion temperature sensor.simulatien
properties
Simulation: :SendorReadings => “SensorTracel.xls”;

end temperature sqnsor.simulation;

device Timer

features
SignalWire: reqyires bus acgess Wire.Gaugel2;
SetTime: in event data poert UserTypes::Time;
TimeExpired: ouff event-port;

end Timer;

end Equipment;
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7 System Composition

(1) Systems are organized into a hierarchy of components to reflect the structure of actual systems being modeled.
This hierarchy is modeled by system declarations to represent a composition of components into composite
components. A system instance models an instance of an application system and its binding to a system that
contains execution platform components.

7.1 Systems

(1) A system represents an assembly of interacting application software, execution platform, and system components.
Systems can have multiple modes, each representing a possibly different configuration of components and their
connectivity contained in the system. Systems may require access to data and bus components declared outside
the system and may provide access to data and bus components declared within. Systems may be hierarchically

nested.
Legality Rules
Categqry Type Impfementatipn
Subcomponents:
Features: »~ data
. port e subprogram
o feature group e subprogram|group
e provides subprogram access : process
e requires subprogram access . p.rrct)cels sor
e provides subprogram group“access . virtual processor
e requires subprogram group‘access . [)nemory
system e provides bus access . .l‘r'ts b
e requires bus access . \é' u_a us
e provides data access . evtlce
e requires data.aetess system
e feature e abstract
Flow specifications: yes Subprog'ram.calls. np
Modes: yes glonnectlons. yes
2 OWS: yes
Propertiesyes Modes: yes
Properties: yes
(L) A system compohent fype can contain subprogram, subprogram group, data and bus adcess declarations, port,
feature group dedlarations. It can also contain flow specifications as well as property assoc|ations.

(L2) A system component implementation can contain abstract, data, subprogram, subprogram group, process, and
system subcomponent declarations as well as execution platform components, i.e., processor, virtual processor,
memory, bus, virtual bus, and device.

(L3) A system implementation can contain a modes subclause, a connections subclause, a flows subclause, and
property associations.

(L4)  Athread group must not contain a subprogram calls subclause.
Standard Properties

-- Properties related to source text

Source Text: inherit list of aadlstring
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Source Language: inherit list of Supported Source Languages

applies to (subprogram, data, thread, thread group, process, system,
bus, device, processor, virtual bus, virtual processor) ;

The Source_Language property specifies an applicable programming language.

The property type is enumeration. The standard enumeration literals are Ada, ¢C, and
Simulink’ for software categories. Other enumeration literals are permitted.

There is no default value for the source language property.

Where a source language is specified for a component, the source text associated with that
component must comply with the applicable programming language standard. Where a source
language is not specified, a method of processing may infer a source language from the syntax of
the source text pathname. A method of processing may establish a default value for the source
language property.

Where a source language property is specified for a component, any specified ‘qource language
and any specified source text for the complete set of software subcomponents of|that component
must cgmply with the applicable language standard.

Multiplgl source languages, and source text written in those languages, are cpmpliant with a
specified source language if the applicable language standard permits mixing soyrce text units of
those Ignguages within the same program.

A methd of processing may accept data produced by processing a source text file, for example
an objeft file produced by compiling source text may be.considered compliant with the applicable
languade standard. A method of processing may accept non-standard sourcq languages. A
method| of processing may restrict itself to specific ‘source languages, either siandard or non-
standarfl.

The source language associated with processor or virtual processor indicates the source
languade of any software that implements(virtual processor or processor functionglity.

-- Process properfly that can be specified at the system level as well
-- Runtime enforcdment of address space boundaries

Runtime Protectior] : inherit aadlboolean

-- Inheritable thijead properties

Synchronized Compdnent: inherit aadlboolean => true

Active Thread Handling, Pkotocol:
inherit Supporfled Active Thread Handling Protocols => abort
Period: inherit Time

Deadline: inherit Time => Period

-- execution time related properties

Reference Processor: inherit classifier ( processor )

-- scheduling properties

Time_Slot: list of aadlinteger

Priority: inherit aadlinteger

-- Properties related binding of software component source text in
-- systems to processors and memory

Allowed Processor Binding Class:
inherit list of classifier (processor, virtual processor, system)

Allowed Processor Binding: inherit list of reference (processor, virtual processor,
system)
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Actual Processor Binding: inherit list of reference (processor, virtual processor)

Allowed Memory Binding Class:
inherit list of classifier (memory, system, processor)
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port,

Allowed Memory Binding:

applies

inherit list of reference (memory, system, processor)
to (thread, thread group, process, system, device, data, data
event data port, subprogram, subprogram group, pProcessor) ;

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this {
specific

roperty has no associated value, then all memory components declared in an AADL

htion are acceptable candidates.

Actual Memory Bind

Allowed_ Connectior

ing: inherit list of reference (memory)

_Binding_Class:

inherit list off classifier (processor, virtual processohr,) bus, virtual|bus, device,
memory)
Allowed Connectiorn Binding: inherit list of referenceiprocessor, virtuall processor, bus,
virtual bus, devide, memory)
Actual_ Connection [Binding: inherit list of referénce (processor, virtual|processor, bus,
virtual bus, devide, memory)
Collocated: record (

Targets: list |of reference (data, thkead, process, system, connection) ;

Location: clajsifier ( processor,( memory, bus, system ); )
Not Collocated: rgcord (

Targets: list |of reference,(data, thread, process, system, connection) ;

Location: clagsifier ( processor, memory, bus, system ); )

-- Properties rels

ted systems as execution platforms
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Hardware Source Language: Supported Hardware Source Languages

applies to (memory, bus, device, processor, system);

The Hardware Source Language property specifies an applicable hardware description
language.

The hardware description source text associated with a hardware component is written in a
hardware description language.

-- mode related properties
Resumption Policy: enumeration ( restart, resume )

-- Properties related to startup of processor contained in a system
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Startup Deadline: Time

applies to (processor, virtual processor, process, system);

The sStartup Deadline property specifies the deadline for processor, virtual processor,
process, and system initialization.

The property type is Time. The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric
value must be a single positive number.

Startup Execution Time: Time Range

-- Properties related to system load times
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process

errors.

applies to

Load Time: Time_ Range

(process, system) ;

The Load Time property specifies the amount of execution time that it will take to load the
binary image associated with a process. The numeric value of time must be positive.

When applied to a system, the property specifies the amount of time it takes to load the binary
image of data components declared within the system implementation and shared across

es (and their address spaces).

The range expression specifies a minimum and maximum load time in the absence of runtime

Load Deadline: Time

1
T

-- Properties rels
Clock Jitter: Timsg

Clock Period: Timsg

Clock Period Rangq:

(2) A system component represents an assembly of software and execution-platform compone

of a system are ¢
(3) Some system cof
components outs
consist purely of
components that
that represent th
components may
software compon
contained system
physical connect
database servers
represent the im
system represer
Implemented A
(4) A system comp
configuration of ¢
the mode transitic

e P =l 1. | 1
cCCo CcO— CcIIC rrorawarc TO

Time Range

Semantics

bnsidered to be contained in that system.

hponents consist of purely software components all of which must be bou
de the system itself. An example is an application software system. So
computing hardware components. Theytrepresent aggregations of procg
act as the hardware platform. Some system component is a compositio
e physical environment that the-embedded software system interact
be combinations of the above, ,Seme system components are self-contai

s may have external conngctivity in the form of logical connection points r
on points in the form of fequired or provided bus access. Exampleg
GPS receivers, and«digital cameras. Such self-contained systems with g
plementation of devices. The device representation takes a black-box
tation takes .a‘“.white-box perspective and is associated with th
s property.

bnent can—contain a modes subclause. Each mode can represent
pntained subcomponents and their connections. The transition between
n.declarations of specific property associations.

nts. All subcomponents

nd to execution platform
me system components
ssor, memory, and bus
n of devices and buses
5 with. Some system
ned in that all contained

bnts are bound to execution platform components contained within the same system. Such self-

bpresented by ports and
5, of such systems are
n external interface may
perspective, while the

device through the

a)
e

an alternative system
modes is determined by

(5

Processing Requirements and Permissions

Processing methods may restrict data, subprogram, and subprogram group subcomponents to be part of only one

process address space. In that case they may require those subcomponents to be placed inside a process, thread
group, or thread, and not be allowed in system implementations.
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8 Features and Shared Access

€D,

2

€))

4

(5

®

>

€))

€))

feature

subcomponent _access_spec

A feature is a part of a component type definition that specifies how that component interfaces with other
components in the system.

Feature groups r

epresent groups of component features.

Feature groups can contain feature groups. Feature

groups can be used anywhere features can be used. Within a component, the features of a feature group can be
connected to individually. Outside a component, feature groups can be connected as a single unit. Feature groups

can be partially defined without specifying the elements to play the role of an abstract feature.

refined into a group of one or more features.

It can later be

Port features represent a communication interface for the exchange of data and events between components.
Ports are classified into data ports, event ports, and event data ports.

Subprogram acce
for a component
or one of its sub
When used in da
data component
subprograms of g

Subprogram grou

Parameter featur
with a data classi

Data access repr
a component imp
declaration. A co
requires access fi

Bus access reprgsents physical connectivityof’processors, memory, devices, and buses|

component decla
a provides acces
requires access fi

Features can be
and allow for con
element of one ¢
componentorar

o call a subprogram instance locally, i.e., a subprogram that is declared-i
components, or to call a subprogram remotely, i.e., a subprogram.insta
a components subprogram access features represent subprograms (met
is manipulated. When used in subprogram groups subprogram access
subprogram library.

p access features represent sharing and required access to a subprogram

ier reference.

lementation is specified to be accessibje*to components outside using a
mponent may indicate that it requires\access to a data subcomponent de
pature declaration.

red inside a component implementation is specified to be accessible to co
s feature declaration... A component may indicate that it requires acc
bature declaration.

Heclared as one-dimensional feature arrays. Such feature arrays comple
nection patterns'that connect a feature of each of the component array ele
bmponent”An example use is redundant replicas of a component passing
buting component.

Syntax

bs represent data values that can be passed info-ahd out of subprograms|.

ss features represent access to a subprogram to be called from other components, and the need

the containing process
nce in another process.
nods) through which the
features represent the

library.

Parameters are typed

bsents communication via shared access to*data components. A data component declared inside

provides access feature
clared outside utilizing a

through buses. A bus
mponents outside using
bss to a bus utilizing a

ment component arrays
ments to a feature array
their output to a voting

( abstract feature spec |

port spec |

feature group spec |

subcomponent access_spec |

parameter spec )

[ array dimension ]

[ { { feature contained property association }*} 1 ;

subprogram_access _spec | subprogram group access spec
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| data access spec | bus access spec

feature refinement ::=

subcomponent accegqs refinement ::=

abstract feature refinement
port refinement |
feature group refinement |
subcomponent access_refinement |
parameter refinement

[ array dimension ]

[ { { feature_r-nﬂi—n-iﬂnﬂ_r\v‘npnv‘i—y_nccnrﬂini—-inﬂ }*} 1

subprogram acdess refinement | subprogram group access refinement

| data access |refinement | bus access refinement

Naming Rules
The defining identifier of a feature must be unique within the namespace of the associated gomponent type.
Thread features may not be declared using the predeclared ports names Complete or Erjror.

Each refining fedture identifier that appears in a feature refinement declaration must a|so appear in a feature
declaration of a cpmponent type being extended,

A feature is refer@nced in one of two ways. (Within the component implementations for a cdgmponent type, a feature
declared in the type is named in the implementations by its identifier. Within component implementations that
contain subcomppnents with features;sa  subcomponent feature is named by the subcomponent identifier and the
feature identifier geparated by a “.”(dot).
The path of a contained property-association for a feature must refer to an element of a feature group.
Legality Rules

Each feature can|bge refined at most once in the same type extension.

A feature refinement declaration of a feature and the original feature must both be declared as port, parameter,
access feature, or feature group, or the original feature must be declared as abstract feature.

Feature arrays must only be declared for threads, devices, and processors.

If the feature refinement specifies an array dimension, then the feature being refined must have an array
dimension.

If the refinement specifies an array dimension size, then the feature being refined must not have an array
dimension size.

A contained property association must only be used when the feature is a feature group.

In the case of a feature with a classifier reference, the classifier of the refined feature declaration in a component
type extension must adhere to the classifier refinement rules as indicated by the
Classifier Substitution Rule property (see Section 4.5). By default, the Classifier Match rule
applies, i.e., an incomplete classifier reference can be completed.
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Standard Properties

Acceptable Array Size: list of Size Range

Required Connection Quality Of Service

Required Virtual Bus_ Class

inherit list of classifier

Semantics

(virtual bus)

inherit list of Supported Connection QoS

(10) A feature declaration specifies an interaction point with other components. Features can be connected to features
of other components external to the component, and they can also be connected to subcomponents within
component implementations associated with the component type with the feature declaration.

(1D

(12

(13

(14) A feature may s

8.1
€n)

A refined featur
property associations.

declaration may complete an incomplete component classifier referen

A feature refinement may replace a classifier

Classifier Substitution_ Rule property.

Features can be
each element of]
component array
it cannot change
declared.

For example, we
component, as sh

the single instande of the voting component with a port array. We can then declare a conn
port of the procegsing subcomponent to the port of thé’voting component declared with
Ave a Connection Pattern propérty of One To One (see Section 9.2.3) to indicate that each

connection can h

processing comppnent output is connected to a separate port of the voting component.

example below.

leclared with an array dimension, if the component is a thread/device, or
the feature array is connected to a different element of an ultimatg
Feature refinement declarations can complete the array dimension with
the size. The array dimension and size is inherited by the refined feat

may have a voting component that takes input*from multiple instances
own in Figure 11. We can declare the progéssing component as an array| of subcomponents, and

L L L L L P

One-To-One

Figure 11 Port Array in a Voting Pattern

referen

ce and declare feature
ce according to the

processor. In this case,
source or destination
a size specification, but
ure, if it is not explicitly

of the same processing

ection from the outgoing
array dimensions. The

This is illustrated in the

ecifydestred—quatity of serviceoraparticutar protocottobe—used—forconnections through the

feature. This property must be consistent with the same property associated with the connection.

Abstract Features

Abstract features represent placeholders for concrete features, i.e., ports, parameters, and the different kinds of
access features. Abstract features are typically used in incomplete component type declarations, especially those
that play the role of a template. They can be used in conjunction with prototypes and allow users to refine such

features to concrete features.

abstract feature_ spec

Syntax

defining abstract feature identifier

[ in | out ]

feature

[ feature prototype identifier ]
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abstract feature refinement

2

€))

8.2

D)

( defining abstract feature identifier :

[

in | out

refined to

] feature [ feature prototype identifier ] )

| port refinement | feature group refinement

| subcomponent access refinement | parameter refinement

Legality Rules

The feature direction in a refined feature declaration must be identical to the feature direction in the feature

declaration being

refined, or the feature being refined must not have a direction.

If the direction of
the rules for featu
data access, the
subprogram acce

An abstract featu
same direction or

An abstract featu
associations.

A component typ
feature, access fe

satisfied by any ré¢finement according to legality rules,

A component typ¢ can contain an abstract feature declaration with a feature prototype refer

placeholder for th

part of the prototype binding when the component type is referenced, e.g., in a subcomponsg

Feature Group

Feature groups r¢present grodps of component features or feature groups. Within a comg

feature group carj
unit. This groupir
of a system whe

an abstract feature Is specified, then the direction must be satisfied by 1
re prototypes in Section 4.7); in the case of ports the direction must be.i
access right must be read-only for in and write-only for out; \in th
5s and subprogram group access the direction must not be in nofqut.

re with a feature prototype identifier and the prototype being-reference
no direction.

re refinement declaration of a feature with a featuré/prototype reference

Semantics

£ can contain an abstract feature declaration that can later be refined in
ature, or parameter. An abstract feature may be specified with a directio

e refinement (see also
h or out; in the case of
e case of bus access,

i must both specify the

must only add property

to a feature group, port

n; this direction must be

ence. In that case itis a

e feature that acts as a parameter to the component type. The actual feature will be supplied as

5 and Feature Group Types

be conneected to individually. Outside a component, feature groups can b
g concept-allows the number of connection declarations to be reduced, e
n a umber of features from one subcomponent and its contained s

connected to featuresqn another subcomponent and its contained subcomponents. The cg
is declared throu i ; L

nt declaration.

onent, the features of a
e connected as a single
bpecially at higher levels
ibcomponents must be
ntent of a feature group

vhen feature groups are

declared as component features. Feature groups can be declared for any kind of feature, for ports, and for access

features.

Syntax

-- Defining the content structure of a feature group

feature group type

feature group

[ prototypes (

defining identifier

{ prototype }* | none statement ) ]

[ features { feature }* ]

[ inverse of unique feature group type reference ]

[ properties ( { feature group contained property association }* | none statement ) ]

{ annex subclause }"
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end defining identifier ;

feature group type extension

feature group

extends unique feature group type reference

defining identifier

[ prototype bindings ]

[ prototypes ( { prototype | prototype refinement }' | none statement ) ]

[ features { feature | feature refinement }* ]

[ inverse of unique feature group type reference ]

[ properties ( { feature group contained property association }* | none statement ) ]

{ annex subclaus

}*

end defining idenf

-- declaring a fes
feature group_ sped
defining featurg

[ [

( unique_f

inverse

feature group refi
defining featurg
[0

( uniqusg

unique feature grg

[ package nams

inverde of

ifier ;

ture group as component feature

 group identifier [ in | out ] featur€ 'group
of ]
eature group type reference | featuxeé group prototype

nement

 group identifier refined“to [ in | out ] feature gr

]

_feature group_ typerreference | feature group prototyp

up_ type referenge

]

feature group type identifier

Naming Rules

fifier.of a feature group type must be unique within the package namespac
type'is declared.

) ]

identifier

bup

=)

) ]

identifier

e of the package where

Each feature group type provides a local namespace. The defining identifiers of prototype, feature, and feature

group declarations in a feature group type must be unique within the namespace of the feature group type.

The local namespace of a feature group type extension includes the defining identifiers in the local namespace of

the feature group type being extended. This means, the defining identifiers of prototype, feature, or feature group
declarations in a feature group type extension must not exist in the local namespace of the feature group type being
extended. The defining identifiers of prototype, feature, or feature group refinements in a feature group type
extension must refer to a prototype, feature, or feature group in the local namespace of an ancestor feature group

component type containing the feature group declaration.

(N1)  The defining iden
the feature group
(N2)
(N3)
type.
(N4)
(N5)

The defining feature identifiers of feature group declarations must be unique in the local name space of the

The defining feature group identifier of feature refinement declarations in component types must exist in the

local namespace of the component type being extended and must refer to a feature or feature group.
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The package name of the unique feature group type reference must refer to a package name in the global
namespace. The feature group type identifier of the unique feature group type reference must refer to a feature
group type identifier in the named package.

The prototype reference in a feature group declaration must refer to a prototype of the component type or feature
group type that contains the feature group declaration.

Legality Rules

A feature group type may contain zero or more elements, i.e., feature or feature groups. If it contains zero
elements, then the feature group type may be declared to be the inverse of another feature group type.

A feature group type can be declared to be the inverse of another feature group type, as indicated by the reserved
words inverse of and the name of a feature group type. Any feature group type named in an inverse of statement

inverse of one feature group, e.g., B inverse of A and C inverse of A is acceptabl
inverses is not pgrmitted, e.g., B inverse of Aand C inverse of B is notacceptable

(N6)

(N7)

(L1)

(L2)
cannot itself contpi

(L3)  Only feature grou

(L4) A feature group
inverse of statenpent.

(L5)  The feature grou
features must ha

(L6) A feature group
inverse of statement.

(L7) A feature group T

group type refere
Two feature group typeg

(L8)  The number of fe

(L9) Each of the decla
feature group cq
extensions, the fi
declarations in th

(L10) If both feature grg

types without inverse of or feature group types with features-and inverg
pe that is an extension of another feature group type without an invers
b type that is an extension of another feature group type with features a
e an inverse of to identify the feature group type-whose inverse it is.
declaration with an inverse of statementimust only reference feature
efinement may be refined to only add property associations. In this case
nce is optional.

are considered to complement each other if the following holds:
pture or feature groups\contained in the feature group and its complement
mplement, with:"pairs determined by declaration order. In the case
pature and.feature group declarations in the extension are considered f
b feature.group type being extended;

up types have zero features, then they are considered to complement ead

n be declared to be the
. However, chaining of

-

e of can be extended.

e of cannot contain an

hd inverse of that adds

group types without an

inclusion of the feature

must be identical;

red features or feature groups in a feature group must be a pair-wise conpjplement with that in the

of feature group type
0 be declared after the

h other;

(L11)

Ports are pair-wise complementary if they satisfy the port connection rules specified in Sect

ion 9.2.1. This includes

appropriate port direction and matching of data component classifier references according to classifier matching
rules (see Section 9.5 legality rules (L3) and (L4);

(L12)

(L13)

must satisfy this direction.

Access features are pair-wise complementary if they satisfy the access connection rules in Section 9.4.

If an in or out direction is specified as part of a feature group declaration, then all features inside the feature group
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NOTES:

Aggregate data ports can be modeled in AADL V2 by a data port with a data component classifier that has data subcomponents for
each of the element ports. This replaces the Aggregate Data_Port on port groups in the original AADL standard.

Standard Properties

-- Port properties defined to be inherit, thus can be associated with a
-- feature group to apply to all contained ports.
Source Text: inherit list of aadlstring

Allowed Memory Binding Class:
inherit list of classifier (memory, system, processor)
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Actual Memory Binding: inherit list of reference (memory)

2

€))

4

(5

(6

Allowed Memory Binding: inherit list of reference (memory, system, processor)

applies to (thread, thread group, process, system, device, data, data
port, event data port, subprogram, subprogram group, pProcessor) ;
Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.

Semantics

A feature group declaration represents groups of component features~As such each feature group of a component

type can represent a separate interface to the component.

A feature group qf a component can be connected to another gomponent through a single| connection declaration.
It represents a cpnnection for each of the feature inside the feature group. Feature grolips can contain feature

groups. This supports nested grouping of features for diffefent levels of the modeled system.

Within a component, the features of a feature group-can be connected to individually t¢p subcomponents.

members of the feature group are declared in a feature group type declaration that is referenced by the feature
group declaration| The referenced feature grouptype determines the feature group compatbility for a feature group

connection.

The inverse of r¢served words of a feature group type declaration indicate that the featurg group type represents
the complement fo the referenced feature group type. The legality of feature group connegtions is affected by the

complementary npture of feature groups (see Section 9.5).

Features can be| declared without feature group types or with feature group types without features. They are
considered to be| incomplete) feature group specifications. Feature group types can latef be added in a feature
group refinement| Featdres can later be inserted directly into the feature group type or theg feature group type can

later be refined into featufe group types with one or more features.

EXampies

package GPS Interface

public

with

GPSLib;

feature group GPSbasic_ socket

features

Wakeup: in event port;

Observation: out data port GPSLib::position;

end GPSbasic_socket;

feature group GPSbasic plug
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features
WakeupEvent: out event port;
ObservationData: in data port GPSLib::position;
-- the features must match in same order with opposite direction
inverse of GPSbasic_ socket

end GPSbasic plug;

feature group MyGPS plug

-- second feature group as inverse of the original

-- no Chaining in inverse and
-- no pairwise |inverse references are allowed
inverse of GPShasic_ socket

end MyGPS plug;

feature group GPSgxtended socket extends GPSbasic socket
features
Signal: out evgnt port;
Cmd: in data pqrt GPSLib::commands;

end GPSextended sqcket;

process Satellite |position
features
position: fedture group GPSBasic socket;

end Satellite position;

process GPS_Systen
features

position: featyre\group inverse of GPSbasic_ socket;

end GPS_ System;

system Satellite

end Satellite;

system implementation Satellite.others
subcomponents
SatPos: process Satellite position;
MyGPS: process GPS_System;
connections

satconn: feature group Satpos.position <-> MyGPS.position;
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end Satellite.others;

end GPS_Interface;

8.3

D)

(2

€

port spec

port refinement

port type

(N1)

Ports

Ports are logical connection points between components that can be used for the transfer of control and data

between threads

or between a thread and a processor or device.

Ports are directional, i.e., an output port is

connected to an input port. Ports can pass data, events, or both. Data transferred through ports is typed. From
the perspective of the application source text, data ports are accessible in the source text as data variables. From
the perspective of the application source text, event ports represent event queues whose size is accessible.
Incoming events may trigger thread dispatches or mode transitions, or they may simply be queued for processing
by the recipient. From the perspective of the application source text, event data ports represent message queues

ha-ratriavad
—otTetie

whose content ¢

The content of in
content of the pg
though the sendg
Actual event an
Send_Output ru

AADL distinguish
received. The arr
the destination cg
ports with a queu
trigger a dispatch
signal streams th
message content
push, in the comp

defining port |

defining port |

( in | ouf

vooT

rt that is accessible to the recipient does not change during the”execu
r may send new values. Properties specify the input and output’timing
1 data transfer may be initiated by the runtime system @f the ex
ntime service calls in the application source text.

es between three port categories. Event data pors ‘are ports through

val of data at the destination may trigger a dispatech.or a mode switch. Th
mponent is busy. Event data ports effectively répresent message ports. D
e size of one in which the newest arrival is kept. By default arrival of dat
. Data ports effectively represent unqueued ports that communicate sta
at are sampled and processed in control loops. Event ports are even

uting platform, such as a clock interrupt, or a logical discrete event, such g
Syntax
identifier : (~¥m’| out | in out ) port type
identifier : refined to
| i, out ) port type

coming ports are frozen at a specified time, by default at dispatch\time¢. This means that the

tion of a dispatch even
characteristics of ports.
ecution platform or by

which data is sent and
b data may be queued if
ata ports are event data
h at data ports does not
te information, such as
[ data ports with empty

Event ports effectively represent discrete events in the physical enviropment, such as a button

s an alarm.

data port

[ data _unique component classifier reference

| data component prototype identifier ]

| event data

| event port

port [ data unique component classifier reference

| data component prototype identifier ]

Naming Rules

A defining port identifier must adhere to the naming rules specified for all features (see Section 8).
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The defining identifier of a port refinement declaration must also appear in a feature declaration of a component
type being extended and must refer to a port or an abstract feature.

The unique component type identifier of the data classifier reference must be the name of a data component type.
The data implementation identifier, if specified, must be the name of a data component implementation associated
The prototype identifier of a prototype reference, if specified, must exist in the namespace of the component type or
feature group type that contains the feature declaration.

Legality Rules

Ports can be declared in subprogram, thread, thread group, process, system, processor, virtual processor, and

ata ports may be incompletely defined by not specifying the data compo
nt implementation identifier of a data component classifier reference,~Th

of the data or event data port declaration being refined‘does not nee

h abstract feature.

(N3)
with the data component type.
(N4)
(L1)
device component types.
(L2) Data and event d
or data compone|
completed using fefinement.
(L3) Data, event, and
declared as part
refinement.
(L4)  The port categony
refined must be g
(L5)  The port direction

being refined is a

-- Properties sped
Source_ Name:
Source Text: inheny
-- property indics

Required Connectig

-- The protocol th

Allowed Connectior

of a port refinement must be the same as*the direction of the feature beir
n abstract feature without direction, then.all port directions are acceptable.

Standard Properties

ifying the source text~¥ariable representing the port

aadldtring

it list of aadlstring
ting whethery/pert connections are required or optional
n aadlbeoleéan => true

e solrce text supporting the port is assumed to make u

nent classifier reference
e port definition can be

event data ports may be refined by adding a property association. The data component classifier

1 to be included in this

of a port refinement must be the same as the category of the port being refined, or the port being

g refined. If the feature

e of

inherit list of
memory)

_@Binding_Class:

-- Optional property for device ports

Device Register Address: aadlinteger

-- data port connection timing

Timing

enumeration

(sampled, immediate, delayed) => sampled

-- Input and output rate and time

Input Rate:
Rate Distribution

Input Time:

Output Rate:
Rate Distribution

Output Time: list

Rate Spec =>

list of IO Time Spec =>

Rate Spec =»>

[ Value Range => 1.0
=> Fixed; ]

[ Value Range => 1.0
=> Fixed; ]

of IO Time Spec =>

([ Time => Dispatch; Offset => 0.0 ns

([ Time => Completion; Offset => 0.0 ns

bus, device,

1.0; Rate Unit => PerDispatch;

0.0 ns;1)

1.0; Rate Unit => PerDispatch;

0.0 ns;1)
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-- Port specific compute entrypoint properties for event and event data ports
Compute Entrypoint: classifier ( subprogram classifier )

Compute Execution Time: Time Range
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Compute Deadline: Time

applies to (thread, device, subprogram, subprogram access, event port,
event data port) ;

The Compute Deadline specifies the maximum amount of time allowed for the execution of a
thread’s compute sequence. If the property is specified for a subprogram, event port, or event
data port feature, then this compute execution time applies to the dispatched thread when the
corresponding call, event, or event data arrives. =~ When specified for a subprogram access
feature, the Compute Deadline applies to the thread executing the remote procedure call in
response to the remote subprogram call. The Compute Deadline specified for a feature must
not exceed the Compute Deadline of the associated thread. The numeric value of time must
be positive.

The values specified for this property for a thread are bounds on the values specified for specific
featureg:

The Dgadline property places a limit on Compute Deadline and ReCover Deadline:
Compufje Deadline + Recover Deadline <Deadline.

The prgperty type is Time. The standard units are ps (picoseconds), ns (ngnoseconds), us
(microsgconds), ms (milliseconds), sec (seconds), min (minutes) andhr (hours).

-- Properties spedifying binding constraints for variabl€sVrepresenting ports

Allowed Memory Binding Class:
inherit list off classifier (memory, system, processor)



https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE

AS5506B Page 190 of 398

Actual Memory Binding: inherit list of reference (memory)

Allowed Memory Binding: inherit list of reference (memory, system, processor)

applies to (thread, thread group, process, system, device, data, data

port,

event data port, subprogram, subprogram group, pProcessor) ;

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.

In port gqueue groperties
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Overflow Handling Protocol: enumeration (DropOldest, DropNewest, Error)
=> DropOldest

applies to (event port, event data port, subprogram access);

The Overflow Handling Protocol property specifies the runtime behavior of a thread when
an event arrives and the queue is full. DropOldest removes the oldest event from the queue
and adds the new arrival. DropNewest ignores the newly arrived event. Error causes the
thread’s error recovery to be invoked. The default value is DropOldest.

Queue_ Size: aadlinteger 0 .. Max Queue Size => 1

Queue_Processing Protocol: Supported Queue Processing Protocols => FIFO

Fan Out Policy: erumeration (Broadcast, RoundRobin, Selective, OnDemand)
Urgency: aadlinteger 0 .. Max Urgency

Dequeued Items: agdlinteger
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8.3.1

4

(5

)

@,

€))

€

the que

Dequeue_ Protocol:

applies to

enumeration ( OneItem, MultipleItems, AllItems )

(event port, event data port) ;

The Dequeue Protocol property specifies different dequeuing options.

OneItem: (default) a single frozen item is dequeued at input time and made available to the
source text unless the queue is empty. The Next Value service call has no effect.

AllItems: all items that are frozen at input time are dequeued and made available to the
source text via the port variable, unless the queue is empty. Individual items become accessible
as port variable value through the Next Vvalue service call. Any element in the frozen queue
that are not retrieved through the Next Value service call are discarded, i.e., are removed from

ue and are not available at the next input time.

MultipleItems: multiple items can be dequeued one at a time from the frozen queue and
made available to the source text via the port variable. One item is dequeued and its value made

=> Oneltem

availabl
remain

If the Dg
that are|
toallT

The defpult property value is OneItem.

e via the port variable with each Next Value service call.
n the queue and are available at the next input time.

Any item

bqueued_Items property is set, then it imposes a maximum onythe num
made accessible to a thread at input time when the Dequeuwe“Protoco
tems or MultipleItems.

5 not dequeued

ber of elements
| property is set

Port Categorie

A port specifies a
and events may
naming a data co

A data or event d
default the variab

with the Sou
Allowed Memor
reside on.

Event and event
multiple event or
ports. If specified
those of the conta

Semantics
5

logical connection point in the interface;0f a component through which in
pe passed. Ports may be named in-connection declarations. Ports that
mponent classifier reference.

ata port maps to a static variable in the source text that represents the d
le is accessible by the same name as the port name. A different name m
rce Name and Sdurce Text  properties. The Allowed M
vy _Binding Clasg"\properties indicate the memory (or device) hardw

data portsimay dispatch a port specific Compute Entrypoint. Th
event data ports to execute different source text sequences for events a
the port specific Compute Execution Time and Compute Deadline
ining~thread.

coming or outgoing data
pass data are typed by

ata buffer or queue. By
apping can be specified
emory Binding and
are the port resources

is permits threads with
rriving at different event
takes precedence over

Ports are directional.

An out port represents output provided by the sender, and an i

n port represents input

needed by the receiver. An in out port represents both an in port and an out port. Incoming connection(s) and
outgoing connection(s) of an in out port may be connected to the same component or to different components. For
a data port, the in out port maps to a port variable in the source text. This means that the source text will overwrite
the existing incoming value of the port when writing the output value to the port variable. The queues of incoming
event data ports and event ports may require a port variable that holds the queue content that is frozen during the
execution of a thread. In the case of event data ports, the outgoing data in the implementation may utilize a

separate port vari

able.

Ports that provide output, i.e., out ports or in out ports, are referred to as outgoing port. Ports that provide input,

i.e., in ports orin

out ports, are referred to as incoming ports.

A port can require a connection or consider it as optional as indicated by the Required Connection property. In
the latter case it is assumed that the component with this port can function without the port being connected.

(10) Ports appear to the thread as input and output buffers, accessible in source text as port variables.
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(11) Data and event data ports are used to transmit data between threads.

(12) Data ports are intended for transmission of state data such as sensor data streams. Therefore, no queuing is
supported for data ports. A thread can determine whether the input buffer of an in data port has new data at this
dispatch by checking the port status through a Get Count service call, which is accessible through the port
variable through a Get Value service call. If no new data value has been received the old value is made
available.

(13) Event data ports are intended for message transmission, i.e., the queuing of the event and associated data at the

port of the receiving thread. A receiving thread can get access to one or more data element in the queue according

to the Dequeue Protocol and Dequeued Items properties (see Section 8.3.3). The number of queued event
data elements accessible to a thread can be determined through the port variable using the Get Count service

(14

(15

8.3.2

(16)

17

(18

(19

call.

service calls. If the queue

The role of an adgregate data port is to make a collection of data from_multiple outgoing
time-consistent njanner. Time consistency in this context means thatyif,a set of periodic
the same time to|operate on data, then the recipients of their data.see either all old values
is accomplished |by declaring a data port, whose data classifier has an implementation

Individual element of the queue can be retrieved via the port varlable using the Get Value and Next _Value

he port of the receiving

sulting in a dispatch or mode transition. A receiving thread can get-access to one or more events

The number of queued
| Count service call.

jata ports available in a
hreads is dispatched at
or all new values. This
with data components

corresponding to the data of the individual data ports. The functionality of an aggregate data port can be viewed as

a thread whose @nly role is to collect the data values from«several in data ports and mal
aggregate data record; on the receiving side an equivalentithread takes passes on the ele
data record on to|the respective out data ports of receiving threads. The function may be o
data ports of the |ndividual threads into a data area répresenting the aggregate data port v
is then transferred as a single unit.

Port Input and [Output Timing

Data, events, and event data arriving through incoming ports is made available to the recs
or device at a spgcified input time. Kor'a data port the input that is available through a port
while for an event or event data portit can be one or more elements from the port queue
dequeuing protoqol (see Section:8.3.3). From that point on any newly arriving data, eve
available to the re¢ceiving component until the next dispatch, i.e., the content of an incomin
to the application|code does not change while the thread completes its execution.

By default, port ifputsisfrozen at dispatch time. For periodic threads or devices this means

e them available as an
ments of the aggregate
btimized by mapping the
ariable. This aggregate

iving thread, processor,
variable is a data value,
according to a specified
nt, or event data is not
g port that is accessible

that input is sampled at

fixed time intervals(

The Input Time property can be used to explicitly specify an input time for ports. This can be done for all ports
by specifying the property value for the thread, or it can be specified separately for each port.

The following property values for Input Time are supported to specify the input time to be the dispatch time
(Dispatch), any time during execution relative to the amount of execution time from the start (Start) or from the
completion (Completion), and the fact that no input occurs (NoI0):

Dispatch Time: (the default value) input is frozen at dispatch time; the time reference is clock time t = 0.
Start, time range: input is frozen at a specified amount of execution time from the beginning of execution. The
time is within the specified time range. The time range must have positive values. Starti,, < ¢ < Startpign.
Completion, time range: input is frozen at a specified amount of execution time relative to execution completion.
The time is within the specified time range. A negative time range indicates execution time before completion.
Ceomplete + Completionsy, £ ¢ < Coomplete + COmpletionnign, Where Ceompiete represents the value of ¢ at
completion time.
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200

2D

(22)

(23)

(24)

(25)

(26)

27)

NoIO: input is not frozen. In other words, the port is excluded from making new input available to the source
program. This allows users to specify that a subset of ports to provide input. The property value can be mode
specific, i.e., a port can be excluded in one mode and included in another mode.

The Input_ Time property can have a list of values. In this case it indicates that input is frozen multiple times for
the execution of a dispatch. If a thread has multiple input times specified, then the content of an incoming port is
frozen multiple times during a single dispatch.

The input may be frozen at dispatch time (Input Time property value of Dispatch) as part of the underlying
runtime system, or it may be frozen through a Receive Input service call in the source text (Input Time
property value of Start or Completion).

The input of other ports that can trigger dispatch is not frozen. Input of the remaining ports is frozen according to

the specified input-time-

If a dispatch con
ports that trigger
trigger dispatch is
ports is frozen ac

If an event port id
mode transition n
according to the 1

By default, the ot
data ports. By de
a Send_ Output

The Output Tif
ports by specifyin

The following prg
(Dispatch), any
completion (Comy
occurs (NoIO):

Start, time ra
execution. The
< Starthigh.

jition is specified then the logic expression determines the combination
a dispatch, and whose input is frozen as part of the dispatch. The inpu

cording to the specified input time.

ames the event port, then the arrival of an event is"asmode change req
hode switch semantics (see Sections 12 and 13.6);

tput time, i.e., the time output is transmitted to,connected components, is
fault, for event and event data ports the output time occurs anytime durin
Service call.

ne property can be used to explicitly specify an output time for ports.
g the property value for the thready or it can be specified separately for ea

perty values for Output (Time are supported to specify the output time
time during execution relative to the amount of execution time from the s
letion) includingtat‘completion time, the deadline (Deadline), an

nge: outputsis-transmitted at a specified amount of execution time rela
time is within the specified time range. The time range must have positive]

Completion,
completion. T

qeme rarige: output is transmitted at a specified amount of execution tin

not frozen. The input of other ports that can trigger dispatch is mot frozen|.

bf event and event data
of other ports that can
Input of the remaining

associated with a component (including thread) containing modes and ode transition, and the

lest and it is processed

the completion time for
g the execution through

[his can be done for all
ch port.
to be the dispatch time

tart (Start) or from the
d the fact that no input

ive to the beginning of
values. Start;,, < ¢

he relative to execution

time is within the specified time range. A negative time range indicate

s execution time before

completion. Ceomplete ¥ Completionis, £ € X Coomplete T COmMpletionyign, WNEre Coompiete repesents the value of
c at completion time. The default is completion time with a time range of zero, i.e., it occurs at ¢ = Ccomplete-

Deadline: output is transmitted at deadline time; the time reference is clock time rather than execution time. t

Deadline. This allows for static alignment of output time of one thread with the Dispatch Time input time of
another thread with a Dispatch Offset.
NoIO: output is not transmitted. In other words, the port is excluded from transmitting new output from the source

text.

This allows users to specify that a subset of ports to provide output.

specific, i.e., a port can be excluded in one mode and included in another mode.

The property value can be mode

(28) The output Time property can have a list of values. In this case it indicates that output is transmitted multiple
times as part of the execution of a dispatch.

(29) The output may be transmitted at completion time or deadline as part of the underlying runtime system, or it may be
transmitted through a Send_Output service call in the source text.
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(30) If the output time of the originating port is Completion Time while the input time of the receiving port is
Dispatch and the sender and receiver are in the same synchronization domain, then the output is received at the
next dispatch equal to or later than the deadline. To accommodate the transfer the actual transfer may be initiated
before the deadline. In the case of the connection crossing synchronization domains, the input is received at the
dispatch following the completion of the transfer.

D

The Input Rate and Output Rate properties specify the number of times per dispatch (perDispatch) or per

second (perSecond) at which input and output is expected to occur at the port with the associated property. By

default the input
distribution.

and output rate of ports is once per dispatch.

The rate can be fixed or according to a

(32) Aninput or output rate higher than once per dispatch indicates that multiple inputs or multiple outputs are expected
during a single dispatch. An input or output rate lower than once per dispatch indicates that inputs or outputs are

not expected at e

(33

If an Input Tim
rate is specified i
value must also
value of NoI0 the

-- a thread that g
-- before completi
thread TightLoop
features
sensor:
{Input Time
actuator: out d
{output Timg
end TightLoop;

8.3.3 Port Queue Prq

(34) Event and event
event data ports
semantic port cor

ery dispatch

e or Output Time property is specified, then the values must be consis
n terms of seconds and a period is specified for the thread or deviceywith
pe consistent with the other values. In the case of an InputTime or
rate value does not apply.

Examples

ets input partway into execution and.gsends output

on.

in datd port

((Time=>Start;O0ffsete>10 us 15 us;));} ;

=>
ata port
11 us;));}

=> ((Time=>Compiletion;Offset=>10 us

cessing

datacports can have a queue associated with them. By default, the in
of thr€ads, devices, and processors have queues. The output from t
nection is added into this queue, if the ultimate destination component is 3

ent with the rate. If the
the port, then the period
Output Time property

coming event ports and
ne ultimate source of a

ctively processing. The

default port queue size is 1 and can be changed by explicitly declaring a Queue Size property association for the

port.
(35)

The Queue Siz

e, Queue_Processing_Protocol,

and Overflow Handling Protocol port properties

specify queue characteristics. If an event arrives and the number of queued events (and any associated data) is
equal to the specified queue size, then the Overflow Handling Protocol property determines the action. If
the Overflow Handling Protocol property value is Error, then an error occurs for the thread. The thread
can determine the port that caused the error by calling the standard Dispatch Status runtime service. For
Overflow Handling Protocol property values of DropNewest and DropOldest, the newly arrived or
oldest event in the queue event is dropped.
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(36) Queues will be serviced according to the Queue Processing Protocol, by default in a first-in, first-out order
(FIFO). When an aperiodic, sporadic, timed, or hybrid thread declares multiple in event and event data ports in its
type that can be dispatch triggers and more than one of these queues are nonempty, the port with the higher

Urgency property value gets serviced first.

If several ports with the same Urgency a

re non-empty, then the

Queue Processing Protocol is applied across these ports and must be the same for them. In the case of
FIFO the oldest event will be serviced (global FIFO). It is permitted to define and use other algorithms for picking
among multiple non-empty queues. Disciplines other than FIFO may be used for managing each individual queue.

(37) By default, one item is dequeued and made available to the receiving application through the port variable. The

Dequeue_ Proto

col property specifies different dequeuing options.

empty. The Next Value service call has no effect.

AllItems: all

tems-that-are-frozen-atinputtime-are-dequeded-and-made-available-to-th

OneItem: (default) a single frozen item is dequeued and made available to the source text unless the queue is

source text via the port

variable, unless

Next Value sgrvice call.

MultipleIten
the source text

each Next Va
dispatch.

(38) The Get Count
zero indicates tha

zero indicates thgt one or more fresh values are available.

(39) A port may have]
outgoing connect
to the recipients (
recipient ready t
events without q
queue and other

!

the queue is empty. Individual items become accessible as port-var

able value through the

s: multiple items can be dequeued one at a time from the frozen-queu¢ and made available to

ia the port variable. One item is dequeued and its value made @vailable
| ue service call. Any items not dequeued remain in the queue and ar

service call indicates how many items have been made available to the
t no new item is available via a data port, event port, or event port variab

a Fan Out_ Policy property. This property indicates how the conter
ons. The content can be passed to allFecipients (Broadcast), or the ou
RoundRobin), to one recipient based on content/routing information (Sel
be dispatched (OnDemand). Broadcast, RoundRobin, and Select
euing it, while onDemand requires a queue that is serviced by the reci
ueue characteristics are specified as properties of the port with the fan-ou

(40) An event or eve
multiple recipien
allows sender ou

8.3.4 Events and Su

(41) Any subprogram,
event, in out evg

}t data port with a fan-out policy of OnDemand allows us to model a q
t$.

For example, a queue on an incoming thread group port that is conne
put to be queued\in a single queue and be serviced by multiple threads (s
bprograms

thread, device, or processor with an outgoing event port, i.e., out event

ia the port variable with
e available for the next

source text. A value of
e. A value greater than

t is transferred through
put is distributed evenly
ective), or tothe next
ive pass on data and
pients. The size of the
t.

Lleue being serviced by

cted to multiple threads
be also Section 9.2.6).

out event data, in out

Nt data, can be the source of an event. During a single dispatch execu

Zero or more eve

tion, a thread may raise

nts)and transmit zero or more event data through Ssend Output runtinpe service calls. It may

also raise an event at completion through its predeclared Complete port (see Section 5.4) and transmit event data
through event data ports that contain new values that have not been transmitted through explicit Send_Output
runtime service calls.

(42) Events are received through in event, in out event, in event data, and in out event data ports, i.e., incoming

ports.

If such an incoming port is associated with a thread and the thread does not contain a mode transition

naming the port, then the event or event data arriving at this port is added to the queue of the port. If the thread is
aperiodic or sporadic and does not have its Dispatch event connected, then each event and event data arriving
and queued at any incoming ports of the thread results in a separate request for thread dispatch.
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package Patterns
public
thread Voter

features

Examples

Input: in data port [3];

Output: out data port;

end Voter;

thread Processing

features

Input: in data ®

ort;

Result: out datqd port;

end Processing;
thread group Redur]
features

Input: in data ®

dant Processing

ort;

Result: out datg port;

end Redundant_ Prodg

essing;

thread group implgmentation Redundant Processifg.basic

subcomponents

processing: thrgad Processing [3];

voting: thread ¥
connections

voteconn: port (¢
((One_To One));};

procconn: port ]
recon: port vot]

end Redundant_ Prodg

oter;

rocessing.Regult -> voting.Input {Connection Pattern

nput ->_Pprocessing.Input;
ng.Oukput -> Result;

es§ing.basic;

\Y

end Patterns;

8.3.5 Runtime Support For Ports

(43) The application program interface for the following services is defined in the applicable source language annex of
this standard. They are callable from within the source text.

(44) A send output runtime service allows the source text of a thread to explicitly cause events, event data, or data to
be transmitted through outgoing ports to receiver ports. The Send_Output service takes a port list parameter that
specifies for which ports the transmission is initiated. The send on all ports is considered to occur logically
simultaneously. Send Output is a non-blocking service. An exception is raised if the send fails with exception
codes indicating the failing port and type of failure.

subprogram Send Output

features

OutputPorts:

in parameter <implementation-dependent port lists>;
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-- List of ports whose output is transferred

SendException:

out event data;

end Send Output;

-- exception if send fails to complete

NOTES: TheSend Output runtime service replaces the Raise Event service in the original AADL standard.

(45) A put_Vvalue runtime service allows the source text of a thread to supply a data value to a port variable. This data
value will be transmitted at the next Send_Output call in the source text or by the runtime system at completion

time or deadline.

subprogram Put Value

features
Portvariabls
DataValue: i

DataSize: iqg

end Put Value;

(46) AReceive Inp
ports to be froze
overwritten, i.e.,
Receive Input
may be queued,
non-blocking sery

subprogram Red

features
InputPorts:
-- List of ¢

end Receive I7

——reguires—data—aeecess——reference—to—port—variable—

n parameter; -- value to be stored

parameter; - size in bytes (optional)

Lt runtime service allows the source text of a thread to explicitly request p
n and made accessible through the port variables. Any. previous conter
any previous queue content not processed by Next Value cal
service takes a parameter that specifies for which.ports the input is froz
but does not affect the input that thread has aceess to (see Section 9.1)
ice.

eive Input

in parameter <implementation-dependent port lists>;
orts whose input is~frozen

put;

(47) In the case of dafa ports the value_is made available without requiring a Next Value ca

return the value 1

(48) In the case of evd
available as port

if the value has been updated, i.e., is fresh. If the data is not fresh, the v3

nt data ports'each data value is retrieved from the queue through the Nex|
variable‘value. Subsequent calls to Get Value or direct access of the

this value until thg nextNext Value call.

(49

ort input on its incoming
t of the port variable is
s is discarded. The
en. Newly arriving data

Receive Input is a

[. The Get Count will
lue zero is returned.

t Value call and made
port variable will return

In case of event parts and event data ports the queue is available to the thread, ie. Get

punt will return the size

of the queue. If the queue size is greater than one the Dequeued Items property ‘and Dequeue Protocol
property may specify that more than one element is made accessible to the source text of a thread.

(50)

A Get_Value runtime service shall be provided that allows the source text of a thread to access the current value

of a port variable. The service call returns the data value. Repeated calls to Get Value result in the same value
to be returned, unless the current value is updated through a Receive Input call or a Next Value call.

subprogram Get Value

features
Portvariable: requires data access; -- reference to port variable
DataValue: out parameter; -- value being retrieved
DataSize: in parameter; - size in bytes (optional)

end Get Value;
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(51) A cet_ Count runtime service shall be provided that allows the source text of a thread to determine whether a new
data value is available on a port variable, and in case of queued event and event data ports, who many elements
are available to the thread in the queue. A count of zero indicates that no new data value is available.

subprogram Get Count

features
Portvariable: requires data access; -- reference to port variable
CountValue: out parameter BaseTypes::Integer; -- content count of port variable

end Get Count;

(52) A Next Vvalue runtime service shall be provided that allows the source text of a thread to get access to the next
queued element of a port variable as the current value. A Novalue exception is raised if no more values are
available.

subprogram Next Value

features
Portvariablgd: requires data access; -- reference to port¢variable
DataValue: qut parameter; -- value being retrieved
DataSize: ir parameter; -- size in bytes (optionad)
NoValue: oufl event port; -- exception if no value\is available

end Next Valug;

(53) A updated runtirne service shall be provided that allows thie Source text of a thread to detefmine whether input has
been transmitted fo a port since the last Receive Inputiservice call.

subprogram Updated
features
Portvariablg: in parameter <implementation-dependent port references;
-- referencd to port variable
FreshFlag: qut parameter(BaseTypes::Boolean; -- true if new arrivals

end Updated;
Processing Requirements and Permissions

(54) For each data or|event data port declared for a thread, a system implementation method must provide sufficient
buffer space within-the_associated hinary imngn tounmarshall the value of the data fypn Adequate buffer space
must be allocated to store a queue of the specified size for each event data port. The applicable source language
annex of this standard defines data variable declarations that correspond to the data or event data features. Buffer
variables may be allocated statically as part of the source text data declarations. Alternatively, buffer variables may
be allocated dynamically while the process is loading or during thread initialization. A method of implementing
systems may require the data declarations to appear within source files that have been specified in the source text
property. In some implementations, these declarations may be automatically generated for inclusion in the final set
of source text. A method of implementing systems may allow direct visibility to the buffer variables. Runtime
service calls may be provided to access the buffer variables.

(55) The type mark used in the source variable declaration must match the type name of the port data component type.
Language-specific annexes to this standard may specify restrictions on the form of a source variable declaration to
facilitate verification of compliance with this rule.
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(56) For each event or event data port declared for a thread, a method of implementing the system must provide a
source name that can be used to refer to that event within source text. The applicable source language annex of
this standard defines this name and defines the source constructs used to declare this name within the associated
source text. A method of implementing systems may require such declarations to appear within source files that
have been specified in the source text property. In some implementations, these declarations may be automatically
generated for inclusion in the final set of source text.

(57) If any source text associated with a software component contains a runtime service call that operates on an event,
then the enumeration value used in that service call must have a corresponding event feature declared for that
component.

(58) A method of processing specifications is permitted to use non-standard property definitions and associations to
define alternative queuing disciplines.

(59) A method of impl

transmission of d
the source text v
data port may be

package
data
data
data
data

end Nav

package
public

process

features

Nav_Types
GPS propen
INS propeq
Position H

Position N

_Types;

Navigation

Blended N3

GPS Data : in d

INS Data : in d

Position ECEF

Position NED

Ementing systems IS permitied 1o opumize the number of port variables n
ata between ports as long as the semantics of such connections are-me
briable representing an out data port and the source text variable repres
mapped to the same memory location provided their execution lifespan do

Examples

public

ties Source data Size => 30 Bytes; end ‘GPS;

ties Source data Size => 20 Bytes; ‘end INS;

CEF properties Source data Sizeys> 30 Bytes; end Posit

ED properties Source data Sizev=> 30 Bytes; end Positi

vigation

ata portiNav Types: :GPS;
ata port Nav Types::INS;

ott."data port Nav Types::Position ECEF;

properties

. lout-data—portNav-Types:+Rogition NED:
: P —ypes+—Pos — 7

ecessary to perform the
intained. For example,
enting the connected in
es not overlap.

ion ECEF;

bn_NED ;

-- the input rate of GPS is twice that of INS

Input Rate =>

( Value Range => 50.0 .. 50.0; Rate Unit => perSecond |,

Rate Distribution => Fixed ) applies to GPS Data;

Input_Rate =>

(Value_Range => 100.0 .. 100.0; Rate Unit => perSecond

Rate Distribution => Fixed ) applies to INS Data;

end Blended Navigation;

process implementation Blended Navigation.Simple

subcomponents

Integrate

thread;

7
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Navigate thread;

end Blended Navigation.Simple;

end Navigation;

8.4 Subprogram and Subprogram Group Access

(1) Subprograms and subprogram groups can be made accessible to other components. Components can declare that
they require access to subprograms and subprogram groups. Components may provide access to their
subprograms and subprogram groups. Subprogram access is used to model binding of a subprogram call (local or

remote) to the subprogram instance being called.

Syntax

-- The requires arg
subprogram_access |
defining subpi

( provides

[ subprogi

| subprogi

subprogram access |

defining subpi

( provideyq |

[ subprogi
| subprogi

-- The requires ar
subprogram_ group 4§
defining subpi

( provides

[ subprogi

d provides subprogram access subclause

spec
ogram access_identifier
| requires ) subprogram access

am_unique_ component classifier reference

am_component prototype identifier ]

refinement
'ogram _access_identifier refined to
requires ) subprogram access

am_unique_ component clagsSifier reference

am_component prototypelidentifier ]

d provides subprogram group access subclause

ccess_spec
ogram greup access_identifier
| requires ) subprogram group access

am . gfoup unique component classifier reference

| subprogi

'am) group component prototype identifier |

subprogram group_ access_refinement
defining subprogram group access_identifier

( provides |

refined to

requires ) subprogram group access

[ subprogram group unique component classifier reference

| subprogram group component prototype identifier ]

(N1)
unique within the

Naming Rules

The defining identifier of a provides or requires subprogram or subprogram group access declaration must be
namespace of the component type where the subcomponent access is declared.



https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

AS5506B

Page 202 of 398

The defining identifier of a provides or requires subprogram or subprogram group refinement must exist as a

defining identifier of a provides or requires subprogram or subprogram group or an abstract feature in the

namespace of the

component type being extended.

e, if present, must exist in the package namespace.

the namespace of the classifier that contains the access declaration.

Legality Rules

ype must be subprogram.

abstract feature must not have a direction specified.

(N3)
classifier referenc
(N4)
(L1)
classifier or protot
(L2) If a subprogram ¢
classifier or proto
(L3)  An abstract featu
(L4) A subprogram or
incomplete. Such
(L5) A subprogram or
of the component
(L6) A provides subpf
access cannot be
be refined to a re
provides subprog
(C1) A provides subpr

may enforce a
subprogram subg
access.

-- Subprogram call

roup access refers to a component classifier or a component prototypg,
ype must be subprogram group.

re can be refined into a subprogram access or a subprogram»group a
subprogram group access declaration that does not_spécify a compone
a reference can be added in a subprogram or subprogram group access

subprogram group access declaration may be tefined by adding a proper
classifier reference is optional.

ogram access cannot be refined to a requires subprogram access and

[uires subprogram group access anda requires subprogram group acces
Fam group access.

Consistency Rules

bgram access feature_indicates that a subprogram is made available to b
consistency rule that' a subprogram access connection connects thi
pomponent, or indirectly via a requires subprogram (group) access or provi

Standard Properties

rate” for subprogram access

[ Valuie Range => 10 1.0

The component type identifier or component implementation name of a subprogram or subprogram group access

The prototype identifier of a subprogram or subprogram group access classifier reference, if present, must exist in

If a subprogram access refers to a component classifier or a component prototype, then the category of the

then the category of the
ccess. In this case, the
ht classifier reference is
refinement declaration.

ty association. Inclusion

a requires subprogram

refined to a provides subprogram aceess. Similarly, a provides subprogram group access cannot

s cannot be refined to a

e referenced. A project
5 feature to directly a
fdes subprogram (group)

Subprogram_ Call R4

tet Rate Spec => Rate 1Ini

L => PerDispatch;

Rate Distribution

Queue Size: aadlinteger 0

]

. Max Queue Size => 1

=> Fixed;

Queue_ Processing Protocol: Supported Queue Processing Protocols => FIFO
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Urgency: aadlinteger 0

2

€))

4

(5

)

>

€))

)

Overflow Handling Protocol: enumeration
=> DropOldest

(DropOldest, DropNewest,

applies to (event port, event data port, subprogram access);

an event arrives and the queue is full. DropOldest removes the oldest event

thread’s error recovery to be invoked. The default value is DropOldest.

Error)

The Overflow Handling Protocol property specifies the runtime behavior of a thread when

and adds the new arrival. DropNewest ignores the newly arrived event. Error causes the

from the queue

. Max Urgency

Semantics

A required subpriogram (group) access declaration indicates that a component requires
declared subprogram (group). Required subprogram (group) accesses are résolved
subcomponents through access connection declarations.

A provides subprpgram (group) access declaration indicates that a component provides 4§
(group) subcomponent contained in the component. Provided subprogram (group) ac
resolve required gubprogram (group) accesses.

A subprogram that is accessed by more than one component‘is shared and must be
subprogram may [be called by multiple threads. This may resdltin concurrent access to shg

access to a externally
to subprogram (group)

ccess to a subprogram
tesses can be used to

reentrant. The shared
red data components.

If a different thre
provides subprog

d provides access to a subprogram then the call is remote, i.e., executed by the thread with the
fam access feature. Otherwise the call'is a local call, i.e., executed by the falling thread.

In case of a remq@te subprogram call, the requesting thread calls a local proxy that carries [out the service request.
The proxy may nparshall and unmarshall the\parameters as necessary. The execution time of the client proxy is
determined by the Client Subprogram Execution Time property. The actual call results in communicating
the subprogram gxecution request to thé.remote thread. While the call is in progress, the galling thread is blocked.
Upon completion|of the remote subpregram execution and return of results, the calling thfead resumes execution
by entering the rgady state. A senji-synchronous remote call may be supported where the galling thread may issue
the call and wait for the result at\a {ater time by calling Await Result (see Section 5.4.8). In this case the caller
may issue multiple remote calls-to be executed concurrently.

If the called subpfogram raises events or event data and the subprogram call is a remote call, then the raised event
in the subprogranm is mapped to the corresponding event or event data port of the caller subprogram proxy.

Each provides slmmm remotely callable code
sequence in the source text. A request for execution of such a subprogram is a dispatch request to the thread
containing the subprogram. Requests for execution of subprograms may be queued if the thread is already
executing a dispatch request. A thread can have multiple subprogram entrypoints, expressed by multiple

subprogram access feature declarations. Only one of these subprograms may be executed per thread dispatch.
Queuing and queue servicing follows the semantics of event port queues.

Execution of subprogram calls may get blocked for two reasons. A call may get blocked if the call is remote to a
thread that services calls and it is currently executing a dispatch, or it may get blocked because the called
subprogram operates in a shared data component. This is the case, if the called subprogram is a provides
subprogram (group) access feature of a data component that itself has shared access, i.e., is an access method of
a data object, or if a shared data component is accessible to the subprogram through a requires data access
feature of the subprogram. In the former case the thread servicing the calls assures mutual exclusion, while other
remote calls to subprograms of the thread are queued. In the latter case, concurrent access to the data component
is assured to be mutually exclusive according to the Concurrency Control Protocol property value and
realized through the Get Resource service call in the source text, while other mutually exclusive access attempts
to shared data components are queued.
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(10) call Rrate specifies the number of times per dispatch or per second at which a subprogram is called.
Examples

-- a remote procedure call from one thread to another thread
package RemoteCallExample

public

system simple

end simple;

system implementation simple.impl

subcomponents

A: process caller P.1i;
B: process remdte P.i;
connections
AtoB: subprogrdm access A.DoCalc -> B.DoCalc;

end simple.impl;

process remote P
features
DoCalc: providgs subprogram access Calc;

end remote P;

process implementdtion remote P.1i
subcomponents
tl: thread Remqte;
-- other subconmponent declakations
connections
tlconn: subprodram access tl.MyCalc -> DoCalc;

end remote P.i;

thread Remote
features
MyCalc: provides subprogram access Calc;

end Remote;

process caller P
features
DoCalc: requires subprogram access Calc;

end caller P;

process implementation caller P.i
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subcomponents
Q: thread caller;
connections
calcconn: subprogram access DoCalc -> Q.MyCalc;

end caller P.i;

thread caller
features
MyCalc: requires subprogram access Calc;

end caller;

subprogram Calc
end Calc;

end RemoteCallExanple;

-- A Printer Servdgqr Example
package PrinterSeyverExample
public

process printeys

features

printonServdr: provides subprogram\access print;

mainPrintery] in event port;
backupPrintdr: in event portg

end printers;

process implemgntation printers.threaded
subcomponents

A : thread grinter in modes ( modeA ) ;

B : thread printer—inmodes

o \
[J1\Aw L wf & ay pa

4~

connections

printtoA: subprogram access A.print -> printonServer in modes

printtoB: subprogram access B.print -> printonServer in modes

modes
modeA: initial mode;
modeB: mode;
modeA - [ backupPrinter ]-> modeB;
modeB -[ mainPrinter ]-> model;

end printers.threaded;

(modeA) ;

(modeB) ;
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thread printer
features
print : provides subprogram access print;

end printer;

subprogram print
features
filetoprint: in parameter file;

end print;

data file

end file;

process applicafjion
features

print: providgs subprogram access print;

system ApplicationSystem

end Applicationdystem;

system implemenfjation ApplicationSystemldefault
subcomponents
app: process Agplication;

printserver: pnocess Printers.threaded
connections
appconn: subprqgram acceSs printserver.printonServer -> app.print;
end Applicationdystemsdefault;

end PrinterServerBxample;

8.5 Subprogram Parameters

(1) Subprogram parameter declarations represent data values that can be passed into and out of subprograms.
Parameters are typed with a data classifier reference representing the data type.

Syntax

parameter spec ::=
defining parameter identifier
( in | out | in out ) parameter
[ data _unique component classifier reference

data component prototype identifier ]
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parameter refinement ::=

-- Properties spedifying the sgurce text representation of the parameter
Source Name: aadlgtring

Source Text: inhenit list of aadlstring

(2

3

8.6
€n)

2

defining parameter identifier : refined to

( in | out | in out ) parameter
[ data unique component classifier reference
data component prototype identifier ]

Naming Rules

The defining identifier of a parameter must be unique within the namespace of the subprogram type containing the
parameter declaration.

The defining parameter identifier of a parameter refinement declaration must also appear in a feature declaration of
a component typ i

The data classifigr reference must refer to a data component type or a data component.implementation.

The prototype identifier, if present, must exist in the namespace of the subprogram clagsifier that contains the
parameter declargtion.

Legality Rules
Parameters can Qe declared for subprogram component types.

A parameter declaration that does not specify a data classifier_reference is incomplete. Such a reference can be
added in a parameter refinement declaration.

A parameter declaration may be refined by adding a preperty association. Inclusion of the data classifier reference
is optional.

The parameter difection of a parameter refinement must be the same as the direction of the feature being refined.
If the feature being refined is an abstract feature-without direction, then all parameter directipns are acceptable.

Standard Properties

Semantics

A subprogram parameter specifies the data that are passed into and out of a subprogram. The data type specified
for the parameter and the data type of the actual data passed to a subprogram must be compatible according to the
Classifier Matching Rule

An in out parameter declaration represents a parameter whose value is passed in and returned by value.
Parameters passed by reference are modeled using requires data access.

Data Component Access

Data component access is used to model shared data. Data components can be made accessible outside their
containment hierarchy. Components can declare that they require access to externally declared data components.
Components may provide access to their data components.

The use of component access for data components is illustrated in Figure 12. Data2, Thread1, and Thread2 are
subcomponents of a process implementation. Thread1 contains a data subcomponent called Data1. Data1 is
made accessible outside Thread1 through a provides data access feature declaration in the thread type of
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Thread1. It is being accessed by Thread2 as expressed by a requires data access feature declaration in the
thread type of Thread2. Thread1 accesses data component Data2.
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Provides data access

Thread1 ]

]

I .

I Data access connection

1| Datat ‘\

I I \ Data?

- o e o o o

I

!

» [
1

Data component being Requires data access Data component being

shared from within a shared
component

Figure 12 Containment Hierarchy and Shared Access

Syntax

-- The requires arjd provides subcomponent access subclause
data_access_ spec {:=
defining data |component access identifier :
( provides || requires ) data access
[ data unique component classifier reference

| prototype identifier ]

data access_refingment ::=
defining data |component access identifier : wefined to
( provideg | requires ) data access
[ data unique component classifier‘reference

| prototype identifier ]

Naming Rules

(N1) The defining iderftifier of a providesJor requires data access declaration must be unique within the namespace of
the component type where the data access is declared.

(N2) The defining identifier of<a_provides or requires data access refinement must exist as g defining identifier of a
provides or requjres data access or as a defining identifier of an abstract feature in|the namespace of the
component type heing-extended.

(N3) The component type identifier or component implementation name of a data access classifier reference must exist
in the package namespace.

(N4) The prototype identifier, if present, must exist in the namespace of the classifier that contains the data access
declaration.

Legality Rules

(L1) If a data access refers to a component classifier or a component prototype, then the category of the classifier or
prototype must be of category data.

(L2) A data access declaration may be refined by refining the data classifier, by adding a property association, or by
doing both. If the refinement only adds a property association the classifier reference is optional.

(L3) A provides data access cannot be refined to a requires data access and a requires data access cannot be refined
to a provides data access.
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specified.

(C1)

Consistency Rules

added in a data access refinement declaration.

(C2)

An abstract feature can be refined into a data access. In this case, the abstract feature must not have a direction

A data access declaration that does not specify a data classifier reference is incomplete. Such a reference can be

If the source code of a component does access shared data, then the component type declaration must specify a

requires data access declaration. In other words, for all components that access shared data their component type
declaration must reflect that fact.

(C3)

A data access refinement may refine an abstract feature declaration. If the abstract feature declaration specifies a

direction of in, then the access right of the data access must be read-only. If the direction is out, then the access right

of the data access
right is acceptable.

Access _Right : Acd
-- access time rar
Access _Time: recoqy

First: IO Tin
Last: IO Time |
[

Last =>

=> First =>

[Tin

A provides data access declaration in the component type indicates that a subcomponent p
nedyin the component.

nust-bewritesonty— i the—abstract feature does ot traveaspecified dir

Standard Properties

ess Rights => read write

ge for data access

d (

e Spec ;

Spec ; )

Time => Start; Offset => 0.0 ns 0.0 ns;];

e => Completion; Offset => 00 ns 0.0 ns;J]; 1]

Semantics

access declaration in_the component type indicates that a componen
red external to thelcomponent. Required data accesses are re¢
rough access connection declarations. For data components different fg
access, are specified by a Access Right property. Read-only acces
nal access connection from the data component to the requires data acc
cified threugh a directional access connection to the data component.

Provided data accesses can be used to resolve

ection, then any access

t requires access to a
solved to actual data
rms of required access,
s can also be specified
ess feature, while write-

rovides access to a data
required subcomponent

by a Access Right property or be directional access connections.

imposes a restriction on the data flow, i.e., in implies read-only, and out implies write-only.

Concurrency Control Protocol property.

(3) A requires data
component decl
subcomponents t
such as read-onl
through a directi
only access is sp

4
component cont
access. For dat

(5

(6)

(7

ly access, are specified

If a data access feature is a refinement of an abstract feature, then the direction of the abstract feature, if specified,

Shared data may be accessed by multiple threads. Such potential concurrent access is controlled according to the

Access_Time specifies the time range over which a component has access to a shared data component. By

default access is required for the duration of the component execution. The value of a shared data component is
read or written through the use of a data variable that represents the shared data component, or through
Get Value and Put_Value service calls. Write access immediately updates the shared data component.
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Examples

package Example
public
system simple

end simple;

system implementation simple.impl
subcomponents

A: process pp.i;

B: process gq.1;
connections
data access A.dataset -> B.Reqgdataset;

end simple.impl;

process pp
features
Dataset: provides data access dataset type;

end pp;

process implementgdtion pp.i
subcomponents
Sharel: data dgtaset type;
-- other subconponent declaratdgns
connections
data access Shdrel <-> Dataset;

end pp.1i;

process qg

features
Regdataset: requires data access dataset type;

end qqg;

process implementation gg.i
subcomponents

Q: thread rr;
connections

data access Reqgdataset <-> Q.Reql;

end gg.i;
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thread rr
features
Reqgl: requires data access dataset type;

end rr;
data dataset type
end dataset type

end Example;

8.7 Bus Componerpt-Access

(1) Bus componentsican be made accessible to other components. Components can declare that they require access
to externally dedared buses. Components may provide access to their buses: Bus adcess is used to model

connectivity of execution platform components through buses.

(2) Figure 13 iIIustratles the use of a shared bus. Bus1 provides the connection)between Prgcessor1, Memory1, and

Device1. In addi

on, the bus is being made accessible outside System1-

system! BEus access

connection

Frocessar }r

Reguires Bus]
bhus access

Memary

Devicel

Syntax

-- The requires ard provides.bus access subclause
bus_access_spec :{=
defining bus gccegs identifier

( provides ||~.\requires ) bus access

Figure 13 Shared Bus Access

Provides
bus access

[ bus unique component classifier reference

| prototype identifier ]

bus access refinement ::=
defining bus access_identifier : refimned to
( provides | requires ) bus access
[ bus unique component classifier reference
| prototype identifier ]

Naming Rules

(N1) The defining identifier of a provides or requires bus access declaration must be unique within the namespace of the

component type where the bus access is declared.
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(C1)

(C2)

imposes a restrictiop on the access right, i.e., in implies read-only, and out implies write-only.

Access_Right

€))

4

(5

The defining identifier of a provides or requires bus refinement must exist as a defining identifier of a requires or
provides bus access or of an abstract feature in the namespace of the component type being extended.

The component type identifier or component implementation name of a bus access classifier reference must exist
in the package namespace.

The prototype identifier, if present, must exist in the namespace of the classifier that contains the bus access

declaration.

Legality Rules

If a bus access refers to a component classifier or a component prototype, then the category of the classifier or
prototype must be of category bus.

A bus access de
both. If the refine

A provides bus ag

provides bus accgss.

An abstract featu
specified.

A bus access de
added in a bus aq

If a bus access fe

: Acq

A required bus cd

a component degclared external to the component.

subcomponents t

A provides bus a
contained in the

ent only adds a property association the bus classifier reference is option

cess cannot be refined to a requires bus access and a requires bus acces
re can be refined into a bus access. In this case, the abstract feature m

Consistency Rules

q

9

Claration that does not specify a bus classifierreference is incomplete.
cess refinement declaration.

ature is a refinement of an abstract feature, then the direction of the abst

Standard Properties

ess_Rights => read wfite
Semantics
mponent access declaration in the component type indicates that a comp

Required bus accesses are 1
nrough access connection declarations.

ccess\declaration in the component type indicates that a subcomponent p
component. Provided bus accesses can be used to resolve required

association, or by doing
al.
s cannot be refined to a

ust not have a direction

uch a reference can be

ract feature, if specified,

bnent requires access to
esolved to actual bus

rovides access to a bus
bus access. For bus

components diff

rent forms of prr\\/idad access —such as read nnly access are epnr\ifin
1 I

by a Access Right

property or by directional access connections.

A bus that is accessed by more than one component is shared. The shared bus is a common resource through

which processor,

memory, and device components communicate.
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package Example2
public

with Buses;
system simple

end simple;

Examples

system implementation simple.impl

subcomponents

A: processor P

B: device DigCs3
connections

bus access A.US

end simple.impl;

processor PPC
features

USB1l: provides
end PPC;

device DigCamera
features

USB2: requires
end DigCamera;

end Example2;

<

mera;

Bl <-> B.USB2;

bus access Buses: :USB;

bus access Buseg::USB;
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9 Connections

€D,

D)

2

connection ::=

defining conngction identifier

(

|
|
|
|
[

[

conne

A connection is a linkage between features of two components that represents communication of data and control
between components. This can be the transmission of control and data between ports of different threads or
between threads and processor or device components. A connection may denote an event that triggers a mode
transition. The timing of data and control transmission depends on the connection category and on the dispatch
protocol of the connected threads. The flow of data between parameters of subprogram calls within a thread may
be specified using connections. Finally, connections designate access to shared components.

The AADL supports connections between abstract features, feature groups connections, port connections,
parameter connections, and access connections. Port connections represent directional flow of data and control
between two concurrently executing components, i.e., between two threads or between a thread and a processor or
device. Parameter connections denote the flow of data through the parameters of a sequence of subprogram calls
within a thread. Data-aecess-cennesctions-desighrate-aceessto-shared-data—cemponentsby concurrently executing
threads or by sulyprograms executing within a thread. Bus access connections representytcommunication between
processors, memnjory, and devices by accessing a shared bus. Subprogram access-connections represent the
binding of a subpfogram call to a subprogram instance being called.

When an AADL model with a thread architecture is instantiated, a connection.instance is cfeated from the ultimate
source to the ultimate destination component by following a sequence of €onnection deglarations. The ultimate
source and ultimate destination typically are the active components in-thé instance modegl or components whose
access is shared. This connection instance is referred to as semantic’ connection and |ts semantic details are
defined for each pf the different types of connections. If the AADL model is not fully detailed to the thread level,
connection instances are created between the leaf components in:thé system hierarchy.

Syntax

feature conrection

port connecfion

parameter cqdnnection
access_conngction
feature groyp connection )

{ { property association }*} 1]

in modes and trargitions ] ;

ction refinement ::=

defining connection identifier : refined to

feature connection refinement

port connection refinement

parameter connection refinement
access_connection_refinement

feature group connection refinement )
{ { property association }*} ]

in modes and transitions ] ;
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(L1)

(L2)

(L3)

€))

4

9.1

D)

2

feature connectior

Naming Rules

The defining identifier of a defined connection declaration must be unique in the local namespace of the component
implementation with the connection subclause. This is also the case for mode-specific connection declarations, i.e.,

declarations with

an in_modes_and transition subclause.

The connection identifier in a connection refinement declaration must refer to a named connection declared in an

ancestor compon

ent implementation.

Legality Rules

A connection refinement must contain at least one of the following: a connection source and destination subclause,
a property association, an in modes subclause.

If a semantic cofmectiom Tmay beactive 1M a particutar mode, therm the uitimmate source and ultimate destination

components mus

If a semantic con

be part of that mode.

nection may be active in a particular mode transition, then the ultimate sou

rce component must be

part of a system mode that includes the old mode identifier and the ultimate destination cofmponent must be part of

a system mode th

Connections defi
parameters, and

Connections can
as indicated by th

Feature Conne

A feature conneg
direction, then th
with the in directi

A feature conne
features. In this
connection.

at includes the new mode identifier.
Semantics

he directional and bidirectional connectivity between abstract features,
pbetween feature groups.

have properties. Connections can be defined to be active in certain mode
e in modes and transition subcladse.

ctions

tion can be declared between two abstract features of components. |
b source of the conngétion is the feature with the out direction and the d
bn. Otherwise, the €onnection is considered to be bidirectional.

ction can also'be declared to refer to concrete features, i.e., ports, p

Syntax

ports, access features,

s or in mode transitions,

[ the features specify a
estination is the feature

arameters, and access

case, thed{type of connection is inferred from the categories of the features involved in the

connection symbol

directional connection symbol ::=

bidirectional connection symbol ::=

feature source feature reference connection symbol

destination feature reference

directional connection symbol | bidirectional connection symbol

->

<->
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feature reference

-- feature in

the component type

component type feature identifier |

-- feature in

component type feature group identifier .

-- feature in

subcomponent identifier .

-- feature in

subprogram call identifier .

feature connectior

feature

(N1) A source or deg
reference a featd
feature of one o
parameters, or aq

(N2) The subcompone

(L1) The feature ident

device, or process

The direction declared f
declared for the source

a feature group of the component type

feature identifier |
a subcomponent

feature identifier

a call

feature identifier

_refinement

Naming Rules

tination reference in a feature connection or feature\connection refin
re declared in the component type, a feature in a/feature group of th
f the subcomponents. The source and destination features must be
cess features.

P

[«

ht reference may refer to a subcomponent or-a subcomponent array.
Legality'Rules

fier of a subcomponent reference-may refer to a feature array, if the sul
or.

br the destination feature of a feature connection declaration must be com
eature as defined by«the following rules:

n outgoing feature and the destination must be an incoming feature. A
ith no direCtion or out direction, an outgoing port or parameter with an o
, in the case of data access with at least write access. An incoming featu
br in direction, an incoming port or parameter with an in or in out directio
b access with at least read access.

ment declaration must
component type, or a
bstract features, ports,

component is a thread,

patible with the direction

nection declaration represents a connection between features of sibling components, then the

N outgoing feature is an
It or in out direction, or
re is an abstract feature
n, or an access feature,

the source and destination must both be outgoing features.

(L2) If the feature cor
source must be g
abstract feature v
an access featursg
with no direction
in the case of dat

(L3)

(L4)
then the source a

(L5)
supported by the

(L6)

nd destination must both be incoming features.

direction of the source and destination features.

The individual connections of a semantic connection must be bidirectional or have the same direction.

If the feature connection declaration represents a connection between features up the containment hierarchy, then

If the feature connection declaration represents a connection between features down the containment hierarchy,

If the feature connection declaration specifies a directional connection, then the direction of the connection must be

The

direction of the connection is determined by the direction of the source and destination feature and by the direction

of the connection

declarations.
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Required Virtual Bus Class

Required Connection Quality Of Service

Standard Properties

inherit list of classifier (virtual bus)

inherit list of Supported Conne

Connection Pattern: list of list of Supported Connection Patterns

Connection_ Set: list of Connection Pair

€

9.2

D)

2

€))

4

Semantics

Feature connections represent connections between abstract features, or between an
concrete feature. Connection patterns are specified as described in Section 9.2.3.

ction QoS

abstract feature and a

Port Connectigns

Port connectiong represent directional transfer of data and control between’)two
components, i.e.| between threads, processors, and devices. They are feature.connecti
destination are limited to ports and data access.

concurrently executing
pns, whose source and

These connectiorls are semantic port connections. A semantic port conngéction is determingd by a sequence of one

or more individual port connection declarations that follow the component containme
instantiated system from an ultimate source to an ultimate destination.* In a partial AADL m
and destination of a semantic port connection are the ports of leaf.components in the conta
thread group, profess, or system without subcomponent.

Semantic port connections are illustrated in Figure 14. The ultimate source of a semant
outgoing port of g thread, virtual processor, processor, 0r:device component, or is a data ¢
destination of a gemantic port connection is an incoming port of a thread, virtual process
component, or is fa data component. In the case 6f:a bidirectional connection between in
be the ultimate squrce or destination.

Port connection declarations follow the containment hierarchy of threads, thread groups, |
or devices, procgssors, and systems. VAn individual port connection declaration links 3
subcomponent tg an incoming port ©fyanother subcomponent, i.e., it connects sibling cor
level in the comppnent hierarchy required for the connection. Alternatively, a port connect
outgoing port of 4 subcomponent'to an outgoing port of a containing component or an incor
component to an|incoming _port-of a subcomponent. In other words, these connections trz
containment hierarchy.

nt hierarchy in a fully
odel the ultimate source
inment hierarchy, i.e., a

¢ port connection is an
bmponent. The ultimate
Dr, processor, or device
but ports either port can

brocesses and systems,
n outgoing port of one
nponents at the highest
on declaration maps an
ning port of a containing
verse up and down the

2

Syatem Simple
Process & Process B

I Thread P Thread @
'
- .a'u‘ Mmoo e !

M/K JMmmedeﬂmmMH

timste source Hietrarchical
connections balingy
connection > Fort

Figure 14 Semantic Port Connection

(5) Semantic port connections also represent the sampling of a data component content by a data or event data port,
and updating a data component with the output of a data or event data port. In other words, the ultimate source or

the ultimate destination of a semantic port connection, but not both, can be a data compone

nt.
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)

@

€))

port

port

port

Semantic port connections may also route a raised event to a modal component through a sequence of connection
declarations. A mode transition in such a component is the ultimate destination of the connection, if the mode
transition names an incoming event port in the enclosing component, or an outgoing event port of one of the
subcomponents (see Section 12).

Semantic port connections may exist between arrays of component instances. In this case, the
Connection Pattern or Connection_ Set property specifies which source array elements have a semantic
connection to which destination array element (see section 9.2.3 for more detail).

This section defines the concepts of departure and arrival times of port connection transmission for each type of
port connection. The transfer semantics between periodic threads can be defined such that they ensure
deterministic sampling of data. All other communication can be defined to be sampling or data driven. The inputs
and outputs can be specified to occur at dispatch, any time during execution, at completion, or at deadline.

Syntax

_connection :{=

port

source port |connection reference
connectijon symbol

destination port connection reference

_connection rgfinement

port

_connection rgference ::=
-- port in the component type

component_type port identifier

-- port inl a subcomponent

subcomponent] identifdier . port identifier

-- port element in a feature group of the component type

component type feature group identifier . element port identifier

-- data element in aggregate data port

component_ type port identifier . data subcomponent identifier

-- requires data access in the component type

component type requires data access_identifier

-- data subcomponent

data subcomponent identifier
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-- are replaced by port connections in AADL V2

Note: data port}, event data port, and event port connecdtions

-- data component provided by a subcomponent

subcomponent_identifier . provides data access identifier

-- data access element in a feature group of the component type

component_ type feature group identifier . element data access identifier

-- access to element in a data subcomponent

data subcomponent identifier .data subcomponent identifier

-- processex I\nv‘i—

processor . |processor port identifier

-- compondnt itself as event or event data source

self . eventf or event data source identifier

Naming Rules

The connection |dentifier in a port connection refinement declaration must refer to a [named port or feature
connection declafed in an ancestor component implementation.

A source or destipation reference in a port connection or port connection refinement declgration must reference a
port declared in the component type, a port-of.one of the subcomponents, or a port that is|an element of a feature
group in the component type, or it must refer to a requires data access in the component type, a provides data
access in one of fhe subcomponents, ar'a data subcomponent.

The subcomponept reference maylalso consist of a reference to a subcomponent array.
The event or evént data identifier of event source specifications (self.event_or_event_data_identifier) must not

conflict with defirfing identifiers in the namespace of the component that contains the connection referencing the
event source.

Legality Rules

In the case of a directional port connection the connection end representing the source of the flow must be the
source of the connection and the connection end representing the destination of the flow must be the destination of
the connection.

In the case of a bidirectional port connection either connection end can be the source. If the bidirectional
connection has directional connection ends, then the flow is determined by the direction of the connection ends. In
the case of ports it is the port direction and in the case of data access features it is the access right.

If the source connection end is a data access feature it must have read access rights; if the destination connection
end is a data access feature it must have write access rights.

The feature identifier of a subcomponent reference may refer to a feature array, if the subcomponent is a thread,
device, or processor.

The following are acceptable sources and destinations of port connections. The left column shows connections
between ports, while the right column shows connection between ports and data components.
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event data

event port -> event port

data port -> data port, event data port, event port

data, data access -> data
data port, event port

port -> event data port, data port, event port data access

data port, event data port -> data,

port, event

The direction of the source port of a port connection declaration must be compatible with the direction declared for the
destination port as defined by the following rules:

(L6)

(L10)

(L12)

(L12)

(L13)

(L14)

If the port connection declaration represents a connection between ports of sibling components, then the source

must be an outgoing port and the destination must be an incoming port.

access feature, t

enit must ha a3 nrovides access feature- if it is a2 destination conn
5 T

If the source connection end is a data

ction end it must be a

requires access

If the port conne
source and destir

eature.

ction declaration represents a connection between ports up the containn
ation must both be outgoing ports. If the source connection end-is a dat

must be a provides access feature; if it is a destination connection end it must be a requirg

If the port conned
source and desti
must be a requir

The individual co
direction of the cq
of the connection
Self.<identifier> n

A data port canf
connection is con

lation must both be incoming ports. If the source connpection end is a dat

s access feature; if it is a destination connection end-it must be a provide
hnections of a semantic port connection must be bidirectional or have t
declarations.

hust only be referenced as the source‘of a connection.

fained in a different mode.

A semantic conngction cannot contain éennection declarations with both immediate and dg

values.

For connections

petween data_ports, event data ports and data access, the data classifier

match the data type of the déstination port. The Classifier Matching Rule property

applied to match

The following rule

he data classifier of a connection source to the data classifier of a connec

s are.supported:

hent hierarchy, then the
h access feature, then it
s access feature.

tion declaration represents a connection between ports‘down the containment hierarchy, then the

A access feature, then it
s access feature.

ne same direction. The

nnection is determined by the direction of.the source and destination feafure and by the direction

ot be the destination of morel-than one semantic port connection unl¢ss each semantic port

tlayed Timing property

of the source port must
specifies the rule to be
ion destination.

Classifier M

atch! The source data type and data implementation must be identical

o the data type or data

implementation of the destination. If the destination classifier is a component type, then any implementation of the
source matches. This is the default rule.
Equivalence: An indication that the two classifiers of a connection are considered to match if they are listed in
the Supported Classifier Equivalence Matches property. Acceptable data classifier matches are
specified as Supported Classifier Equivalence Matches property with pairs of classifier values

representing acceptable matches.

Either element of the pair can be the source or destination classifier.

Equivalence is intended to be used when the data types are considered to be identical, i.e., no conversion is
necessary. The Supported Classifier Equivalence Matches property is declared globally as a property

constant.
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Subset: A mapping of (a subset of) data elements of the source port data type to all data elements of the
destination  port data type. Acceptable data  classifier matches are  specified as
Supported Classifier Subset Matches property with pairs of classifier values representing acceptable
matches. The first element of each pair specifies the acceptable source classifier, while the second element
specifies the acceptable destination classifier. The Supported Classifier Subset Matches property is
declared globally as a property constant. A virtual bus or bus must represent a protocol that supports subsetting,
such as OMG DDS.

Conversion: A mapping of the source port data type to the destination port data type, where the source port
data type requires a conversion to the destination port data type. Acceptable data classifier matches are
specified as Supported Type Conversions property with pairs of classifier values representing acceptable
matches. The first element of each pair specifies the acceptable source classifier, while the second element
specifies the acceptable destination classifier. The Supported Type Conversions property may be declared
globally as a property constant. A virtual bus or bus must support the conversion from the source data classifier to

the destination glassifier

If more than one
connection prope

(L15) port connection declaration in a semantic port connection has a property

ty, then the resulting property values must be identical.
(L16)

A processor port gpecification must only be used in event connections within thréads and sy

Consistency Rules

(C1) There cannot be gycles of immediate connections between threads;.devices, and processor

(C2) rt identifier of a processor port specification (processor.processor_port |

sor that the thread is bound to.

The processor pq
port of the proces
(C3) Classifier Subset Matches property may be associated with a &
et matches a particular protocol supports. Subset matches of connection
e supported by the respective virtual bus or bus.

The Supports
specifies the subs
bus or bus must K
(C4) [vpe Conversions property may be associated with a bus or virtual
particular protocol supports. Subset matches of connections bound to S
d by the respective virtual bus or bus.

The Supports
subset matches 2
must be supporte)

Standard Properties

Timing enumeration (sampled, immediate, delayed) => sampled

Connection Patterr: list~of list of Supported Connection Patterns

Connection Set: listfof Connection Pair

association for a given

bprograms.

S.

lidentifier) must name a

us or virtual bus. This
5 bound to such a virtual

bus. This specifies the
uch a virtual bus or bus

U i A
7

Transmission Type: o
Required Connection Quality Of Service

Allowed Connection Binding Class:

inherit list of Supported Connection QoS

inherit list of classifier (processor, virtual processor, bus, virtual bus, device,
memory)
Allowed Connection_Binding: inherit list of reference (processor, virtual processor, bus,
virtual bus, device, memory)
Not Collocated: record (

Targets: list of reference (data, thread, process, system, connection);

Location: classifier ( processor, memory, bus, system ); )
Actual Connection Binding: inherit list of reference (processor, virtual processor, bus,

virtual bus, device, memory)
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9.2.1

Semantics

Port Connection Characteristics

(9) A semantic port connection represents directed flow of data and control between threads, processors and devices.
In the case of event or event data ports the ultimate destination can be a mode transition of a component.

(10)

A port connection can refine a feature connection. A port connection can be refined by changing the direction from

bidirectional to directional, by adding a in modes subclause, and by adding property associations for the
connection in a connection refinement declaration.

(1D

A port connection declared with the optional in modes and transitions subclause specifies whether the

connection is part of specific modes or is part of the transition between two specific modes. The detailed semantics
of this subclause are defined in Section 12.

(12) While in a given

mode.
(13) During a mode sV
port connection i
transmission. TH
event or event da
(14) Port connections
specification indiq
to a Send_Outpu
all components it
port) with fault inf

A thread or deviq
receive the heart
processor that an
is the data conn
device is dispatch
or device. If a de
the initiation of an

(15

(16) AADL supports th

e Event port, datd
as event and qy

Event data port

fa ports it allows for transfer of queue content.

mode, transmission over a port connection only occurs if the connectic

vitch, transmission over a data port connection only occurs at thevactual ti

is allows data state to be transferred between threads-active in differer

ates that the component itself is the source of an‘event. In the case of a
system call or due to an event raised by thewunderlying runtime system,
may represent the fact that a component fault is the source of an event o
brmation to support diagnostics, as specified by the Error Model Annex (se

e may be connected to the port of a processor. For example, a health
beat events from several processors. In addition, a port connection ma
application software compaonént is bound to (processor . <portname> ).
bction source, then the transmission is initiated and completed when th
ed. In this case a data port can model a processor or device register tha
vice or processor is.the*event connection source, then the occurrence of
event transmissijon.

e following port:connection declarations:
port, event data port, data (data access) -> event port: port output or wi

euediin the event port.
data port, data (data access) -> event data port: data output or written

received as eve

n is part of the current

ne of mode switch if the

declared to apply to the transition between two specific modes. The actlial mode switch initiates

t modes. Similarly, for

may refer to an event source specification (selfievent or event data name). An event source

thread this may be due
i.e., the processor. For
a message (event data
e Annex Document C).

monitoring thread may
refer to the port of the
If a processor or device
e destination thread or
I is sampled by a thread
an interrupt represents

itten data is recognized

data is transferred and

upon receipt as

tdata in a queued port
- ™

most recent value of a data port variable, i.e., the data port samples data.

Data port, event data port, data (data access) -> data port: Data output or written data is transferred and available

(17) A port connection to a mode transition is declared by naming the event port or event data port in the mode
transition declaration (see Section 12).

9.2.2

(18) The AADL supports n-to-n connectivity for event and event data ports.

Port Connection Topology

A port may

have multiple outgoing

connections, i.e., its content is transmitted to multiple destinations. This means that each destination port receives
an instance of the event, or event data being transmitted. Similarly, event and event data ports can support
multiple incoming connections resulting in sequencing and possibly queuing of incoming events and event data.
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(19) For example, multiple threads may connect their outgoing event data port to an enclosing process event data port
(fan-in), this port is connected to an incoming process event data port, and this port is connected to multiple thread
ports (fan-out). This results in semantic connections from all ultimate source threads to all ultimate destination
threads. If the port connections from multiple threads are declared to a feature group in the enclosing process, a
feature group connection to a second process, and port connections from the feature group of the second process
to its contained threads, the result is a collection of pair wise semantic connections from the ultimate source
threads to the ultimate destination threads.

(20) Data ports are restricted to 1-n connectivity, i.e., a data port can have multiple outgoing connections, but only one
incoming connection per mode. Since data ports hold a single data state value, multiple incoming connections
would result in multiple sources overwriting each other’s values in the destination port variable.

(21) Data ports can be used to model aggregate data ports. If data ports are declared with a data component type that
has its data subcomponents externally visible through provides data access declarations, then a separate
connection can e declare € enclosing commponent. For example,
several periodic threads can deliver their data port results to a data port of the enclosing’|process that represents
the aggregate of [those data values as elements of its data component type. The seb of threads whose output is
considered are those whose dispatch aligns. Once they have produced their output; the aggregate output is sent to
the recipients. The time at which the send is initiated is the latest completion of the source threads, i.e.,
maX(teomplete), Where teompiete represents the value of t at completion time. Similarly, the recipient thread may receive
an element of thg aggregate data port of its enclosing process, or a subset of the elements. The latter is modeled
by the classifief of the recipient data port satisfying the Subtype or Subset matching rules of the
Classifier Matching Rule property.

(22) Feature groups may have multiple outgoing and incoming connections unless any ports| that are elements of a
feature group plgce additional restrictions. A destination feature group may be a subsg¢t of the source feature
matches are specified via the Classifier Matching Rule property jwith values Subtype or

(23) If a component hgs an in out port, this port may be)the destination of a connection from pne component and the
source of a conhection to another componeht- This can be expressed by two direcfional port connections.
Bidirectional flow|between two components-is.represented by a bidirectional port connecfion between the in out
ports of two compgonents.

9.2.3 Connection Pafterns for Component*Arrays and Feature Arrays

(24) The Connection Pattern property specifies how semantic connections are replicated if{the ultimate source and
ultimate destinatipn are component arrays. The ultimate source or destination is a component array if it or any
enclosing compopent involved in the connection is declared as subcomponent array. [The dimensions of the
ultimate source gnd destination array is the sum of dimensions of the ultimate source/destination component and
those of any enclosing‘component involved in the semantic connection. The order of the|l dimensions is from the
ultimate source/dgstination component up the containment hierarchy.

(25) The ultimate source or ultimate destination of a semantic connection may be a feature array. In this case, the
dimension of the feature array is treated as an additional dimension (the first dimension if multiple dimensions
exist).

(26) The Connection Pattern property is a multi-valued list of dimension pattern values. A dimension pattern value
is a list itself with one value for each of the dimensions of component arrays. The number of dimension pattern
values must correspond to the larger dimensionality of the source or destination component array. Each value
specifies the intended connectivity for one dimension of the array. The following connection patterns are
predefined for an array dimension:

e An 2all To All value indicates that each array element of the ultimate source has a semantic connection to
each element in the ultimate destination (broadcast). This connection pattern applies even if the two arrays have
different sizes.

e AoOne To One value indicates that elements of the ultimate source array and the ultimate destination array have
pair wise semantic connections (ldentity). This property value applies if the two arrays have identical sizes. If one
range is a subset of the other then only the subset starting with the first element is connected.
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Q7

(28)

(29

A Next or Previous value indicates that elements of the ultimate source array dimension are connected to the
next (previous) element in the ultimate destination array dimension. The last element does not connect in the
case of next and the first element does not connect in the case of previous. This property value applies if the two
arrays have identical sizes. Note that a Next value for two dimensions results in a diagonal connection.

A Cyclic Next or Cyclic Previous value indicates that elements of the ultimate source array dimension are
connected to the next (previous) element in the ultimate destination array dimension. In the case of
Cyclic Next the last element in the array connects to the first, and vice versa for Cyclic Previous. This
property value applies if the two arrays have identical sizes. Note that a Next value for two dimensions results in
a diagonal connection.

A one to All value indicates that a single element of the ultimate source has a semantic connection to each
element in the ultimate destination. This connection pattern is used when the destination array has a higher
dimensionality than the source array. It specifies that any connection according to the other dimensions is being
replicated for each element in this destination dimension, i.e., the outputs are broadcast in this dimension.

An All to_ Ong-value-indicatesthat-each-array-etemer s-a-semantic connection to a
single element in the ultlmate destlnatlon Thls connectlon pattern is used when the deéstipation array has a lower
dimensionality than the source array. It specifies that any connection according to the’other dimensions is being
replicated for egch element in this source dimension, i.e., the outputs of this dimension afe connected to a single
fan-in point.

A list of Connectlion Pattern values permits more complex patterns to' be-defined. Figure 15 illustrates the use
of connection |patterns in a two-dimensional array. In nmiore complex pafterns, the value of
((Next,One Td One), (One To One,Next), (Previous,Ohé To One), (One|To One,Previous))
indicates conngctions to all horizontal and vertical, <neighbors, while (|(Next,One To One),
(One_To One,Next), (Previous,One To One), (One To One,Previous), (Pfkevious,Previous),
(Next, Previods), (Previous,Next), (Next,Next))\includes diagonal neighborg as well.

(One_To_One , Next) (Next, One_To_One) (Next, Next)

(Next, Next), (One_To_One, Previous), (One_To_One, One_To_One )
(Next, Previous) (One To One Pext)

Figure 15 Connection Patterns in 2-Dimensional Component Array

The Connection Set property specifies each semantic connection between elements of the source component
array and destination component array individually. The property has a list of pairs of source and destination array
indices. A source or destination array index consists of a list aadlinteger values, one for each array dimension.
The first index is the value 1. The values for the Connection Set property may be generated by a tool based on
pattern specification that is an annex extension of the core AADL.

If both Connection Pattern values and Connection Set values are specified, the set of semantic
connections is the union of both.
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Examples

-- The first sensor array in Figure 15

device sensor
features

Incoming:

in event data port;

Outgoing: out event data port;

end sensor;
system sensornet

end sensornet;

system implementat
subcomponents
sensorarray: dey
connections
TOWS :

port sensd

{ Connecti

end sensornet.impl;

9.2.4 Port Communi

(30) The content of in
port variable cont
events or event d
Input Time pra
arriving after the
dispatch, or the n

(31) The output is trar

the Output Tim

specified by multi

Event and event
Section 5.4.2. Th
and event data p
processed once,

(32

ion sensornet.impl

ice sensor [10] [10];
rarray.outgoing -> sensorarray.incoming
on Pattern => ((One To One, Next));};

Cation Timing

coming data, event, or event data portssis frozen for the duration of a th
ent as it is accessible to the componenit’application code is not affected by

ata. By default the input is frozen at'the time of the dispatch, i.e., at the {ime when t

perty is specified it is determined-by the property value as specified in
input time becomes available;at the next input time. This may be the
bxt input time in the same dispatch, if multiple input time values are specifi

sferred to other components at completion time, i.e., ¢ = Ceomplete, OF @S
= property (see Section (14)). Output may be sent multiple times during th
ble output time values.

data ports-may trigger the dispatch of a Sporadic, Aperiodic, or Timg
e content'of data, event, and event data ports is processed at the dispatg
brts, the input is the queued set of items at Input Time; each arrived ev
hnd itéms can be processed one per dispatch or in batches.

read execution, i.e., the

the arrival of new data,
0. If the
Section (14). Any input
input time for the next
ed.

specified by the value of
e same dispatch; this is

d thread as specified in
h rate. In case of event
ent or event data is only

(33)
originating in the
ports.

(34)

current mode (see Section 12).

Arrival of events on event ports can also trigger a mode switch if the event port is named in a mode transition
Events that trigger mode transitions are not queued at event

In case of incoming data ports, the input is the most recently arrived value at input time. This may be the same as

the value at the previous dispatch. The dispatch rate determines the rate at which a data stream is sampled.

(35

which Aperiodi

¢, Sporadic, Hybrid, and Timed threads are dispatched.

An incoming data stream may be sampled periodically by a periodic thread, or it may be sampled at the rate at
In this case the sampling thread

samples the data stream at its dispatch rate independent of the dispatch and completion of the source thread. If
the incoming port is a data port the most recent value is available. If the incoming port is an event port or event
data port the content of the port queue may be sampled.

(36)

The actual transfer of data to data ports as ultimate destination is affected by the Transfer Type property, which

specifies whether the ultimate source or ultimate destination initiate the transfer, with the default being the ultimate

source.
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(37) The actual transfer of event data and events is affected by the Fan Out Policy property of ports with multiple
outgoing connection declarations (see Section 9.2.6).

9.2.5 Sampled, Immediate, and Delayed Data Port Communication

(38) The source of a data stream may be a data or event data port of a periodic thread or device. When this data
stream is sampled by a periodic thread or device, sampling, oversampling, and undersampling may occur non-
deterministically due concurrency and preemption. This can lead latency jitter in the data and instability in control
system behavior. AADL supports deterministic sampling of data streams between a periodic source and destination
thread by specifying immediate and delayed timing of port connections.

(39) Sampled data port communication occurs when a periodic destination thread or device with an incoming data port
samples a data stream. In a sampling semantic connection the recipient samples the output of the sender at
dispatch time or as specified by the Input_Time property of the recipient port. Since this sampling occurs
independent of tH € data stream 1S sampled non-deterministically
as illustrated in Fjgure 16. It shows two threads executing concurrently at 10 Hz and 20 Hz on different processor
cores. The outpug of the first dispatch of Thread 1 is received by the second dispatch)of Thread 2. The output of
the second dispaich of Thread 1 is received by the fifth dispatch of Thread 2, sincé-the fourth dispatch of T2 occurs
before the second dispatch of T1 completes.

Periodiz 10Hz Periodic 20 H2

— o=

Tz

Thread 1
Thread 2 y
]

Sampling.Cunnecﬁun

Figure 16 Sampling Data Port Connection

(40) Port connections |can also be declared to be deterministic, i.e., they are declared to have ah immediate or delayed
Timing property|value. If the ultimate source and destination of a semantic connectionl are periodic threads or
devices and the [ultimate destination is\a data port, then a semantic connection with ap immediate or delayed
Timing property|value imposes special communication timing semantics.

(41) In an immediate |[semantic cofinection the sender always communicates with the receiver mid-frame, i.e., in the
same dispatch frame. In this‘case the receiver, when dispatched at the same time or at tHe first dispatch after the
sender dispatch, waits for\the sender to complete its execution. The scheduler must ensyre that the execution of
the receiver is aligned with the completion of the sender.

(42) In a delayed semlantic connections the sender always communicates with the recipient phHase-delayed, i.e., in the
next dispatch frame of the recipient after the deadline of the sender. In this case, the send and receipt times are
specified in terms of clock time, thus, ensuring determinism. The communication mechanism takes care of delaying
the communication and the scheduler is unaware of this delay.

(43) Deterministic sampling is ensured within a synchronization domain. In the case of asynchronous systems,
deterministic sampling is not guaranteed unless appropriate protocols are provided by the runtime system to ensure
logically coordinated sampling that accommodates time drift across synchronization domains.

(44) Immediate and delayed connection timing are illustrated in Figure 17. Thread 1 and Thread 2 are two periodic
threads executing at a rate of 10Hz, i.e., they are logically dispatched every 100 ms. Immediate connection timing
semantics are shown on the left of the figure, and delayed are shown on the right of the figure.
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(45

(46)

For immediate connection timing the actual start of execution of the receiving thread (Thread 2) will be delayed if its
dispatch occurs at the same time or after the dispatch of the sending thread (Thread 1) and before execution
completion of the sending thread. At the actual start time the sending thread out port data value is transferred into
the in port of the receiving thread. For example, if Thread 2 executes at twice the rate of Thread 1, then the
execution of Thread 2 will be delayed every time the two periods align to receive the data at completion of Thread
1. Every other time Thread 2 will start executing at its dispatch time with the old value in its data port.

For delayed connection timing, the data is not made available to the recipient until the deadline of the source
thread. The data is available at the destination port at the next dispatch of the destination thread that occurs at or
after the source thread deadline. If the source deadline and the destination dispatch occur at the same logical time
instant, the transmission is considered to occur within the same time instant. The output of Thread 1 is made
available to Thread 2 at the beginning of its next dispatch. Thread 1 producing a new output at the next dispatch
does not affect this value.

Note: The data transfer oFﬁ_l—m_Wl_ﬁ_Wa elayed connection may be mitiated at the ume of send, but the runtime system must ensure through
double buffering that the data is not moved to the in port variable for receipt by the recipient until after the degdline of the sender.

47

(48)

(49

(50)

D

Periodic 10 Hz PeriodicJ0'Hz
enos o
Foa B STEm e pl SO oTTTTTeTY o 7
; Thread1 W= Thread?2 / ; Thread1 ®-4—% Thrgad2
T I ] e e e e e e o N ¥ [ I "
Thread 1 Thread 1 .
Thread 2 N b Thread 2 AV Yoo N
.- : i » i : ; >
Ta . Ty . Tz a Ty . Tz
Immediate Connection Delayed Connectioh

Figure 17 Timing of Immediate & Delayed Data Connections

If the connection declarations that comprise a semantic port connection have an explicit Timing property
association, then|the value must be the same. The’ property is only interpreted if the sodrce and destination are
periodic and the destination feature is a data port!

For immediate ¢lata port connections data transfer occurs at completion time of the sender (ciource =
Ceomplete, source) aNd the receiver execution start time is delayed until the sender completes (cgestination = 0 A

CsourceSCeomplete, bource). BOth the source and destination must complete their execution|by the deadline of the

destmatlon, l.e. (csource S ccomplete, source A Cgestination = ccomplete, destinatfon A tdestination <

Deadlinegestinadion)- This rule\is transitive for sequences of immediate semantic connections. Note that the
output may occur at a time before completion as specified by the Output Time pgroperty. In this case,

ccomplete, source bE comes, Coutputitime, source-

For delayed data[perticonnections data transmission is initiated at the deadline of the sourge component (tgource =
Deadlineg urce, Ho-the-output-time of the source-dataportis-beadline—Time)—Fhe-input time of the receiving
component port is the Dispatch Time, i.e., the data is received at the next dispatch of the receiving component
following or equal to the source deadline.

For immediate connections the Input Time is assumed to be start time with zero offset and any other specified
time is ignored. The output_Time is assumed to be completion time or must be specified as a single output time
value.

For delayed connections the Input Time is assumed to be dispatch time and Output Time is assumed to be
deadline.
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(52)

(53)

9.2.6

(54)

(55)

(56)

(57)

(58)

(59

(60)

(61)

If multiple transmissions occur for a data port connection from the source thread before the dispatch of the
destination thread, then only the most recently transmitted data is available in the destination port. In other words,
the destination thread undersamples the transmitted data. In the case of two connected periodic threads, this
situation occurs when the source thread has a shorter period than the destination thread. In the case of a periodic
thread connected to an aperiodic thread, this situation occurs if the aperiodic thread receives two dispatch events
with an inter-arrival time larger than the period of the source thread. In the case of an aperiodic thread connected
to a periodic thread, this situation occurs if the aperiodic thread has two successive completion times less than the
period of the periodic thread.

If no transmission occurs on an in data port between two dispatches of the destination thread, then the thread
receives the same data again, resulting in oversampling of the transmitted data. A status indicator is accessible to
the source text of the thread as part of the port variable to determine whether the data is fresh. This allows a
receiving thread to determine whether a connection source is providing data at the expected rate or fails to provide
data.

Semantic Port [Connections and Port Queues
If the ultimate deptination of a semantic port connection is an event port or event-data pqgrt, then this port has by
default a queue of size one. The size of this queue can be changed by explicitlyWwith the Queue Size property.

Ports that are part of the sequence of connection declarations of a semantic-connection can have a fan-out policy
called of onDemgnd. Such a fan-out policy results in queuing of datayand events for fetrieval by the ultimate
destination (see Bection 8.3.3).

This means that {he output from the ultimate source of a semantic’connection is passed irfto the queue of the first
port with an OnDpmand fan-out policy and more than one quitgoing connection; in the cgdse of a single outgoing
connection the odtput can be passed on without queuing.

If the port of the
then it services th

more than one olitgoing connection, and at least.-one semantic connection that provides i

port with an OnDs

Iltimate destination of a semantic connection does not receive input from
e queue of the last port in its connection declaration sequence with an 0

mand fan-out policy only receives input from one port with an OnDemand

a semantic connection,
hDemand fan-out policy,
nput into its queue. If a
fan-out policy, then that

port is the port to pe serviced.

If the ultimate degtination is a thread ot device with multiple ports that can trigger a dispatch
according to the rules specified for'the"Urgency property in Section 8.3.3.

, then they are serviced

More complex qUeue processing patterns can occur if a port with OnDemand fan-out palicy and more than one
outgoing connection has.input from an ultimate source of a semantic connection and [from another port with
OnDemand fan-oyt, or from multiple ports with OnDemand fan-out, In the former case, the jother port queue is only
serviced if the original.queue is empty. In the latter case one of those port queues can be chosen according to a
fan-in prioritizatiop ‘efjthe port. T

If the ultimate destination of a semantic port connection is a mode transition, then the arrival of an event or event
data at the port queue results in immediately passing of a mode transition trigger event to the mode transition, in
addition to its queuing in the port queue for the purpose of ultimate destination dispatch and input (see also Section
12).

Processing Requirements and Permissions

The temporal semantics for port connections define several cases in which the transmission initiation and
completion times are identical. While it is not possible to perform a transmission instantaneously in a actual
system, a method of implementing systems must supply a thread execution schedule that preserves the temporal
and logical semantics of the model. In some cases, this may result in a system where the actual sending thread
completion time occurs before the logical departure time of the transmission. Similarly, the actual receiving thread
may begin its execution after the logical arrival of the transmission. Such an execution model is acceptable if the
observed causal order is identical to that of the logical semantic model and all timing requirements specified in all
property associations are satisfied.
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(62)

(63)

For port connections between periodic threads, the standard semantics and default property associations result in
undersampling when the period of the sending thread is less than the period of the receiving thread. Oversampling
occurs when the period of the sending thread is greater than the period of the receiving thread. A method of
implementing systems is permitted to provide an optimization which may eliminate any physical transfers of data
that can be guaranteed to be overwritten, or that can be guaranteed to be identical to previously transferred values.
Error-free transmission may be assumed when performing such an optimization.

A method of building systems must include a runtime capability in every system to detect an erroneous or failed
transmission over a data connection between periodic threads to the degree of assurance required by an
application. A method of building systems must include a runtime capability in every system to report a failure to
perform a transmission by a sending periodic thread to all connected recipients. A method of building systems
must include a runtime capability in every system to detect data errors in arriving transmissions over any
connection to the degree of assurance required by an application. The source language annex to this standard

specifies the application program interface used to obtain error information about transmissions.

building systems
programming inte
(64) Port connections
operations to the

Deterministic con
of implementatior
send and receive
the two commun
immediate and dq

(65

NOTES:

All data values that arrive
resources associated with
semantic rules for data col
either when that thread is
due to an immediate conr
executing and the time it ¢
Input_ Time property.

Arriving event and event
consequence of the sema
for each arriving event or ¢
thread between the time it

fnay define additional error semantics and error detection mechanisms an
rfaces.

can have shared data components as source. This requires thesruntime
data component. A method of building systems may choose to16t suppor

munication expressed by immediate and delayed connections must be gU

within a synchronization domain. Even if the transmiSsion is initiated a
service calls in the source text of the sending and receiving thread, the s
icating threads must be assured. A method of\implementation may
layed connections across synchronization domains.

pt the data ports of a receiving thread are\immediately transferred at the logical 2
those features in the source text and binary image associated with that threa
hnections is that the logical arrival time of a data value to a data port contained
dispatchable or during an interval of time between a dispatch event and a delay
ection. That is, data values-wilkhever be transferred into a thread’s data ports
bmpletes executing and suspends awaiting a new dispatch unless such an input ti

ata values may bé queued in accordance with the queuing rules defined in thg
tic rules for event and event data connections is that there will be exactly one dis
vent data value-that is not lost due to queue overflow, and event data values will
Starts executing and the time it completes and suspends awaiting a new dispatch.

9.3 Parameter Co

Parameter conne

€D,

nections

A method of
d associated application

system to monitor write
this capability.

aranteed by the method
d completed by explicit
nd and receive order of
choose not to support

rrival time into the storage
d. A consequence of the
in a thread always occurs
ed start of execution, e.g.,
between the time it starts
e is specified through the

e port features section. A
patch of a receiving thread
hever be transferred into a

f subprogram calls in a

thread. Parameter connectlons may be declared from an incoming data or event data port of the containing thread
to an incoming parameter of a subprogram call. Parameter connections also specify connections from an incoming
parameter of the containing subprogram to an incoming parameter of a subprogram call, from an outgoing
parameter of a subprogram call to an outgoing parameter of the containing subprogram, and from an outgoing
parameter of a subprogram call to an incoming parameter of a subprogram call or to an outgoing data or event data
port of the containing thread. In addition, parameters may be connected to data components (either to data
subcomponents or data access features) to represent data flowing to and from static and local variables. In
summary, the parameter connections follow the containment hierarchy of subprogram calls nested in other
subprograms. This is illustrated in Figure 18. The call order is from left to right.
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parameter
. I
connection

Figure 18 Parameter Connections

(2) For parameter connections, data transfer occurs at the time of the subprogram call and call return. In the case of
subprogram calls to remote subprograms, the data is first transferred to a local proxy and from there passed to the
remote subprogrgmr:

Syntax

parameter connectijon ::=
parameter soufce parameter_reference

directiongl connection symbol destination parametexfreference

parameter connection refinement ::=

parameter

parameter referende ::=
-- paramefer in the thread or subprogram type

component type parameter identifier [ . data subcomponent identifipr ]

-- paramefer in another subprogram call

subprogram d¢all identifier . parameter identifier

-- data on event\data port in the thread type

-- or an glement of that port’s data

component typelport identifier [ data subcomponent identifier 1

-- data subcomponent in the thread or subprogram

data subcomponent identifier

-- requires data access in the thread or subprogram type

requires data access identifier

-- data access element in a feature group of the component type

component type feature group identifier . element data access identifier
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-- port or parameter element in a feature group of the component type

component type feature group identifier . element port or parameter identifier

Naming Rules

(N1) The connection identifier in a parameter connection refinement declaration must refer to a named parameter or
feature connection declared in an ancestor component implementation.

(N2) A source (destination) reference in a parameter connection declaration must reference a parameter of a preceding
(succeeding) subprogram call, a parameter declared in the component type of the containing subprogram, a data
port or event data port declared in the component type of the enclosing thread, a data port or event data port that is
an element of a feature group in the component type of the enclosing thread, a data subcomponent, or a requires
data access to a flata component.

Legality Rules
(L) The source of a parameter connection must be an incoming data or event data-port of the containing thread, an
incoming parametler of the containing subprogram, or a data subcomponent or requires data access with read-only
or read-write accgss rights, or an outgoing parameter of a previous subprogram call.

(L2)  The following source/destination pairs are acceptable for parameter connection declarations:

threadport -> call.parameter requiresdataaccess -> call.parameter
threadfeaturegroup.port -> call.parameter featuregroup.requiresdataaccess -> call.parameter
call.parameter -3 threadport call.parameter -> requiresdataaccesgs
call.parameter -3 threadfeaturegroup.port call.parameter -> featuregroup.requjresdataaccess
call.parameter -3 threadincompletefeaturegrotup call.parameter -> datasubcomponent
containedcall.pafameter -> parameter datasubcomponent -> call.parameter

parameter -> containedcall.parameter call.parameter -> call.parameter

(L3) A parameter cannot be(the destination feature reference of more than one parameter connegction declaration unless
the source feature reference of each parameter connection declaration is contained in a|different mode. In this
case, the restrictipn-applies for each mode.

(L4)y The data classifier of the source and destination must match. The matching rules as specified by the
Classifier Matching Rule property apply (see Section 9.2 (L13)). By default the data classifiers must be
match.

Semantics

(3) Parameter connections represent sequential flow of data through subprogram parameters in a sequence of
subprogram calls being executed by a thread.

(4) Parameter connections are restricted to 1-n connectivity, i.e., a data port or parameter can have multiple outgoing
connections, but only one incoming connection.

(5) If a subprogram has an in out parameter, this parameter may be the destination of an incoming parameter
connection and the source of outgoing parameter connections.
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)

>

Parameter connections follow the call sequence order of subprogram calls. In other words, parameter connection
sources must be preceding subprogram calls, and parameter connection destinations must be successor
subprogram calls.

The optional in modes and transitions subclause specifies what modes the parameter connection is part of.
The detailed semantics of this subclause are defined in Section 12.

Examples

NOTE: An example of parameter connections can be found in Section 5.2.

9.4

D)

(2

€))

4

(5

Access Connections

Access connections represent access to shared data components by concurrently executing threads or by
subprograms exefcuting within thread. They also denote communication between processois, memory, and devices
by accessing a shared bus. Finally, they represent a subprogram call to a specific ifistahce of a subprogram or
subprogram group. If the subprogram or subprogram group resides in a different thread, then the call is treated as
a remote call. Acgess connections for subprograms and buses are bidirectional. Data and pus access connections
may be bidirectiohal or directional. If they are directional they indicate write or read acces$ to the data component
or bus component.

A semantic accegs connection is defined by a sequence of one or more‘individual access [connection declarations
that follow the component containment hierarchy from an ultimate source to an ultimate destination.

In the case of bjdirectional connections either the subcomponent being accessed or the feature that requires
access can be the ultimate source or destination. In the caseof directional data access ¢onnections the ultimate
source is the solirce of the data flow, i.e., the data component in the case of a read gccess and the ultimate
destination in the| case of a write access. In the case ef-partial AADL models, the ultimate source or destination
may be a providep access feature of a component without subcomponents.

Figure 19 illustrates a semantic data connection.from the data component D to thread Q. The access connection is
bidirectional, thug, the data component could.bé.-the ultimate destination as well.

System Simple
Process A Process B
Data D 1 -T-hr-e;d-ti i -:
7 A | e
Litimate source Prnvided#accegs\ ‘ ngelqdired BCCESE | Whmete destination |

Arcess connection

Figure 19 Semantic Access Connection For Data Components

The flow of data of a semantic data or bus access connection is determined by the Access Right property on the
shared component or the access feature. In the case of a directional access connection and the connection
direction must be consistent with the access rights.

Syntax

access_connection ::=

[ bus | subprogram | subprogram group | data ] access

source access_reference connection symbol destination access reference

access_connection refinement ::=
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[ bus | subprogram | subprogram group | data ] access

access_reference IS

-- requires or provides access feature in the component type

requires access identifier | provides access identifier

-- requires or provides access feature in a feature group of the

feature group identifier . requires access_identifier

component type

feature groyp identifier . provides access_identifier

-- provided or requires access in a subcomponent

subcomponentf identifier . provides access identifier

subcomponentf identifier . requires access identifier

subprogram ¢all identifier . requires or pre@vides access_identifie
-- data, dqubprogram, subprogram group, @t bus being accessed

data subprogram subprogram group or bus subcomponent identifier

-- subprodram a processor beingvaccessed
processor . |provides subprogxam access_identifier

Naming Rules

The connection igdlentifier in ansaccess connection refinement declaration must refer to a n|
connection declafed in an angestor component implementation.

An access referehce in,an access connection declaration must reference an access feat
subprogram call, for_precessor, an access feature in the component type of the containing

amed access or feature

ire of a subcomponent,
component, an access

feature in a featyreZgroup of the containing component type, or a data, bus, subprogran

h, or subprogram group

subcomponent.
Legality Rules

The category of the source and the destination of a access connection declaration must

be the same, i.e., they

must both be data, bus, subprogram, or subprogram group, or their respective access feature.

In the case of a bidirectional semantic access connection either connection end can be the source.

In the case of a directional data or bus access connection the connection end representing the component being
accessed must be the source for read access, and the destination for write access, i.e., the direction declared for

the access connection must be compatible with the direction of the data flow for reading
access rights.

or writing based on the
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(L4)

In a partial AADL model the ultimate source or destination may be a provides access feature of a component
instead of the subcomponent.

The provides and requires indicators of source and destination access features must satisfy the following rules:

(LS)

(L6)

(L7)

(L12)

Connection Pattern: list&of list of Supported Connection Patterns

Connection Set: listfof Connection Pair

)

>

€))

If the access connection declaration represents an access connection between access features of sibling
components, then the source must be a provides access, and the destination must be a requires access, or vice
versa.

If the access connection declaration represents a feature mapping up the containment hierarchy, then one
connection end must be a provides access of a subcomponent, or a data, subprogram, or bus subcomponent; and
the other connection end must be a provides access feature of the enclosing component or a provides feature of
a feature group of the enclosing component.

If the access ccwmmmwm—nm—dﬂwn—ﬂm—mm hierarchy, then one
connection end must be a requires access of the enclosing component, a requires accegs of a feature group of

the enclosing component, or a data, subprogram, or bus subcomponent; and the other-cgnnection end must be a
requires access pf a subcomponent.

An access conngction must not lead to more than one bus, data, or subprogram subcomponent unless the
connection is mogle specific. In this case, the restriction applies for each mode!

For access conngctions the classifier of the provider access must match to the classifien of the requires access
according to the|Classifier Matching Rules property. By:default the classifiers must be the same (see
Section 9.1).

If more than one| access feature in a semantic access corinection has an Access_Right property association,
then the resulting property values must be compatible. This means that the provider mus{ provide read-only or
read-write acgess if the requirer specifies read-only. Similarly, the provider must provide write-only or
read-write acdess if the requirer specifies write&3yonly. The provider must provide repd-write access if the
requirer specifies|read-write. Finally, the provider must provide by-method access if thHe requirer specifies by -
method access.

The category of the access connection. source and destination must be identical. If the|component category is
specified as part pf the connection declaration, then it must be identical to that of the source and destination. Bus,
data, subprogram, and subprogram-group are acceptable categories.

Standard Properties

Semantics

A data access connection represents access to a shared data component by concurrently executing threads or by
subprograms executing within thread. A subprogram access or subprogram group access connection represents
access to subprogram code or a library that calls can be made to. The call may be a remote call. A bus access
connection represents communication between processors, memory, and devices by accessing a shared bus.

Access connections are restricted to 1-n connectivity, i.e., a data, subprogram, or bus component can have multiple
outgoing access connections, but a requires access feature can only have one connection. The restriction of one
connection applies to each mode, i.e., different incoming access connections may exist in different modes, but not
in the same mode.

The optional in_modes subclause specifies what modes the access connection is part of. The detailed semantics
of this subclause are defined in Section 12.


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE AS5506B Page 236 of 398

(9) The actual data flow through data and bus access connections is determined by the value of the Access Right
property on the shared data or bus component and their provides and requires access declarations. Read means
flow of data from the shared component to the component requiring access, and write means flow of data from
the component requiring access to the shared component. The desired data flow can also be indicated by
specifying the direction in the access connection declaration.

(10) The connection patterns for component arrays described in Section 9.2.3 apply to access connections as well.
9.5 Feature Group Connections

(1) Feature group connections represent a collection of connections between groups of features of different
components.

Svyntax

-- connection betwWeen feature groups of two subcomponents or between
-- a feature groupg of a subcomponent and a feature group in the cdmponeng type
feature group conrection ::=

feature group source feature group reference

connectiorn symbol destination feature group referénce

-- A feature groug refinement can only add propertieg
-- The source and |destination of the connection ddes not have to be repepted
feature group connection refinement ::=

feature gyoup

feature group refgrence ::=
-- featurdq group in the cofmpdnent type

component_ type feature group identifier

-- featurq group A1l a subcomponent

subcomponent identifier . feature group identifier

-- feature group element 1In a reature group of the component type

component type feature group identifier
element feature group identifier
Naming Rules

(N1) The connection identifier in a feature group connection refinement declaration must refer to a feature group named
connection declared in an ancestor component implementation.

(N2) A source or destination reference in a feature group connection declaration must reference a feature group
declared in the component type, a feature group of one of the subcomponents, or feature group that is an element
of a feature group in the component type. The subcomponent reference may also consist of a reference on a
subcomponent array.
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Legality Rules
(L1) If the feature group connection declaration represents a component connection between sibling components, the

(L2)

(L3)

(L4)

feature group types must be complements. This may be indicated by both feature group declarations referring to
the same feature group type and one feature group declared as inverse of, by the feature group type of one
feature group being declared as the inverse of the feature group type of the other feature group, or by the two
referenced feature group types meeting the complement requirements as defined in Section 8.2.

The Classifier Matching Rule property specifies the rule to be applied to match the feature group classifier
of a connection source to that of a connection destination.

The following rules are supported for feature group connection declarations that represent a connection up or down
the containment hierarchy:

Classifier Match: The source feature group type must be identical to the feajure group type of the
destination. This is the default rule.
Equivalence:|An indication that the two classifiers of a connection are considered-to match if they are listed in
the Supported Classifier Equivalence Matches property. Matching féature grpup types are specified
by the Supported Classifier Equivalence Matches property with paiss of classffier values representing
acceptable maftches. Either element of the pair can be the source or~destination classifier. Equivalence is
intended to be Yised when the feature group types are considered to be identical, i.e., their elements match. The
Supported Classifier Equivalence Matches property is declared globally as a property constant.

Subset: An indication that the two classifiers of a connection are.considered to match iflthe outer feature group
has outcoming features that are a subset of outgoing features ©f the inner feature group| and if the inner feature
group has incoming features that are a subset of incoming>features of the outer featlire group. The pairs of
features are expected to have the same name.

The following rulg¢s are supported for feature group connection declarations that represent a connection between
two subcomponents, i.e., sibling component:

Classifier Match: The source feature group type must be the complement of the fgature group type of the
destination. This is the default rule.
Complement: An indication that the fwo classifiers of a connection are considered to [complement if they are
listed in the Sypported Classifier Complement Matches property. Matching fg¢ature group types are
specified by the Supported @lassifier Complement Matches property with pgirs of classifier values
representing agceptable matches. Either element of the pair can be the source gr destination classifier.
Complement is|intended te)be used when the feature group types are considered td be identical, i.e., their
elements match. The StGpported Classifier Complement Matches property is |declared globally as a
property constant.
Subset: An indlication/that the two classifiers of a connection are considered to matdh if each has incoming
features that ar¢ @subset of outgoing features of the other. The pairs of features are expected to have the same
name.

A feature group may have a direction declared; otherwise it is considered bidirectional. The direction declared for the
destination feature group of a feature group connection declaration must be compatible with the direction declared for the
source feature group as defined by the following rules:

(LS)

(L6)

(L7)

(L8)

If the feature group connection declaration represents a connection between feature groups of sibling components,
then the source must be an outgoing feature group and the destination must be an incoming feature group.

If the feature group connection declaration represents a connection between feature groups up the containment
hierarchy, then the source and destination must both be an outgoing feature group.

If the feature group connection declaration represents a connection between feature groups down the containment
hierarchy, then the source and destination must both be an incoming feature group.

A feature group connection must be bidirectional or constrains the direction of the flow from the source and
destination feature.
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Standard Properties
Connection Pattern: list of list of Supported Connection Patterns
Connection Set: list of Connection Pair
Transmission Type: enumeration ( push, pull )
Allowed Connection Binding Class:
inherit list of classifier (processor, virtual processor, bus, virtual bus, device,
memory)
Allowed Connection_Binding: inherit list of reference (processor, virtual processor, bus,
virtual bus, device, memory)
Not Collocated: record (
Targets: list |of reference (data, thread, process, system, connection) ;
Location: clagsifier ( processor, memory, bus, system ); )
Actual_ Connection [Binding: inherit list of reference (processor ,wirtual|processor, bus,
virtual bus, devide, memory)

(2) These connectior
semantic feature
follow the compo

destination. As
aggregation of fe
hierarchy.
(3) Feature groups a
(4) When an AADL

connection of fea
incomplete a con
detailed to the f
hierarchy.

Semantics

s represent a collection of semantic connections between the individual fe
connection is determined by a sequence of one“or more individual conr

he connection declarations follow the component containment hierarch
ptures into feature groups up the hierarchy and decomposition into indiv

Processing-Requirements and Permissions
odel with a thread architecture and fully detailed feature groups is inst

nection instance, between the feature group instances is created. If the
hread level . connection instances are created between the leaf com)

atures in each group. A
ection declarations that

hent containment hierarchy in a fully instantiated system from an ultimate source to an ultimate

y they may involve the
idual features down the

nd feature group connections may.impose a restriction on the direction of {he collection of features
and connections they represent.

antiated, each semantic

ure group elements’is included in the instance model. If the feature grodips of such a model are

AADL model is not fully
ponents in the system

package Example3
public

Examptes

-- A simple example showing a system with two processes and threads.

data Alpha_ Type

properties

Source Data_ Size => 256 Bytes;

end Alpha Type;

feature group xfer plug

features
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Alpha : out data port Alpha Type;

Beta : in data

end xfer plug;

port Alpha Type;

feature group xfer socket

inverse of xfer plug

end xfer socket;

thread P

features

Data_ Source : ¢

end P;

thread implementat

properties
Dispatch Protod
Period=> 10 ms;

end P.Impl;

process A
features
Produce : featy

end A;

ut data port Alpha Type;

ion P.Impl

ol=>Periodic;

re group xfer plug;

process implementgtion A.Impl

subcomponents

Producer : thrgad P.Impl;

Result Consumex

thread Q.Impl;

connections

daconn: port Producer.Data_ Source -> Produce.Alpha;

bdconn: port Produce.Beta -> Result Consumer.Data Sink;

end A.Impl;

thread Q
features
Data Sink : in

end Q;

data port Alpha Type;

thread implementation Q.Impl
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properties

Dispatch_Protocol=>Periodic;

Period=> 10 ms;

end Q.Impl;

process B

features

Consume : feature group xfer socket;

end B;

process implementJtion B.Impl

subcomponents

Consumer : thrgad Q.Impl;

Result Produceq
connections
adconn: port Cor
dcconn: port Reg

end B.Impl;

system Simple

end Simple;

system implementat

subcomponents
pr A : process
pr B : process

connections

thread P.Impl;

sume.Alpha -> Consumer.Data_ Sink;

ult_ Producer.Data_ Source -> ConsumeBeta;

ion Simple.Impl

A.Impl;
B.Impl;

fgconn: featurj group pr A.Produce <-> pr B.Consume;

end Simple.Impl;

end Example3;
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10 Flows

(1) A flow is a logical flow of data and control through a sequence of threads, processors, devices, and port
connections or data access connections. A component can have a flow specification, which specifies whether a
component is a flow source, i.e., the flow starts within the component, a flow sink, i.e., the flow ends within the
component, or there exists a flow path through the component, i.e., from one of its incoming ports to one of its

2

€
4

(5

)

outgoing ports.

The purpose of providing the capability of specifying end-to-end flows is to support various forms of flow analysis,
such as end-to-end timing and latency, reliability, numerical error propagation, Quality of Service (QoS) and
resource management based on operational flows. To support such analyses, relevant properties are provided for
the end-to-end flow, the flow specifications of components, and the ports involved in the flow to be analyzed. For
example, to deal with end to- end Iatency the end to end flow may have propertles speC|fy|ng its expected maximum

latency and actua
port property spe]
latency from sen

Flows are represg

A flow specificati
ports, feature gro
flow originating in

A flow implement
the implementatiq
origin to the flow
three ports and t
example, both flo
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and the other an

The system imp
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connection C3, s
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nted by flow specification, flow implementation, and end-to-enddlow declg
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a component is called the flow source. A flow endingin'a component is ¢
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lementation for system S1\is shown on the right of Figure 20. It
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flow implementation ef\flow path F1 is shown in both graphical and textua
in the flow specification.

flow specification for F1.

vo flow specifications. These are the flows through system S1 that are ¢xternally visible.

ic properties, e.g., an in
r in terms of end-to-end
on algorithm.
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through a component’s
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Sy=stermn mplementation S1.mpl

N

System 51 pt1 _ Flow path F5
( pt2 S
i Flow pih F1_ _ - Process P2
pﬂ?_ =~ --L Ca L3
Flow path F2 B3
L ) _f; _ _Flow path F7
Flow Specification Process P1
Flawe path F1: pt1 -= pt2
Flov path F2: pt1 -= gt Flow implementation of flow path F1
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)ﬂ

Flovwy path FA: ptl -= 01 == P2FS = C3-= P1 F7 = C5

Figure 20 Flow Specification & Flow Implementation

= pt2
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An end-to-end flow is a logical flow through a sequence of system components, i.e., threads, devices and
processors. An end-to-end flow is specified by an end-to-end flow declaration. End-to-end flow declarations are
declared in component implementations, typically the component implementation in the system hierarchy that is the
root of all threads, data components, processors, and devices involved in an end-to-end flow. The subcomponent
identified by the first subcomponent flow specification referenced in the end-to-end flow declaration contains the
system component that is the starting point of the end-to-end flow. Succeeding named subcomponent flow
specifications contain additional system components. In the example shown in Figure 20, the flow specification F7
of process P1 may have a flow implementation that includes flows through two threads which is not included in this

A flow specification declaration indicates that information logically flows from one of its incoming ports, parameters,
or feature groups to one of its outgoing ports, parameters, or feature groups, or to and from data components via
data access. The ports can be event, event data, or data ports. A flow may start within_{he component, called a
flow source. A flgw may end within the component, called a flow sink. Or a flow may go-thifough a component from
one of its in or infout ports or parameters to one of its out or in out ports or parameters, dalled a flow path. A flow
may also follow flead or write access to data components. In the case of featufe)groupg, there is a flow from a

@,

view of the model.
10.1 Flow Specifications
D

feature group to ifs inverse.
(2)

flow spec ::=

flow source_spgc

Multiple flow spegifications can be defined involving the same features. For example, data [coming in through an in
feature group is processed and derived data from one of the feature Qroup’s contained ports is sent out through
different out portg.

Syntax

| flow_sink_spd

| flow path spd

flow spec refinemq
flow source_sps
| flow_sink_spd

| flow path spd

flow source_ spec

nt ::=
c¢_refinement
c¢_refinement

c_refinement

defining flow identifier :

[ { { property association }*} ]

[ in_modes

1 ;

flow sink spec ::=

defining flow identifier :

[ { { property association }*} 1]

[ in_modes

1 ;

flow path spec ::=

defining flow identifier :

flow source out flow feature identifier

flow sink in flow feature identifier

flow path in flow feature identifier ->
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out flow feature identifier
[ { { property association }* } ]

[ in modes ] ;

flow source spec refinement ::=
defining flow identifier
refined to flow source
( ( { { property association }*} [ in modes and transitions ] ) |

in modes and transitions ) ;

flow_sink spec reflinement ::=
defining flow|identifier
refined to| flow sink

( ( { { groperty association }*} [ in modes and Trangitions ] )| |

in modes and transitions ) ;

flow _path spec_reflinement ::=
defining flow|identifier
refined to| flow path

( ( { { groperty association }*} [.in modes and transitions ] )| |

in modes arnd transitions ) ;

flow feature idenfjifier ::=
feature identifier
| feature groyp identifiex
| feature groyp identififer . feature identifier
| feature groyp idemtifier . feature group identifier

Naming Rules

(N1) The defining flow identifier of a flow specification must be unique within the interface name space of the component
type.

(N2) The flow feature identifier in a flow path must refer to a port, parameter, data access feature, or feature group in the
component type, or to a port, data access feature, or feature group contained in a feature group in the component

type.

(N3) The defining flow identifier of a flow specification refinement must refer to a flow specification or refinement in an
ancestor component type.

Legality Rules

(L1) The direction declared for the out_flow of a flow path specification declaration must be compatible with the direction
declared for the in_flow as defined by the following rules:

(L2) Ifthe in_flow is a port or parameter, its direction must be must be an in or an in out.
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(L3) If the out_flow is a port or parameter, its direction must be an out or an in out.

(L4) Ifthe in_flow is a data access, its access right must be must be Read_Only or Read Write.

(L5)  Ifthe out_flow is a data access, its direction must be Write Only or Read Write.

(Le) If the in_flow is a feature group then it must contain at least one port or data access that satisfies the above rule, or
it must have an empty set of ports.

(L7) If the out_flow is a feature group then it must contain at least one port or data access that satisfies the above rule,
or it must have an empty set of ports.

(L8)  The direction declared for the out flow of a flow source specification declaration must be the same as for out flows
in flow paths.

(L9) The direction dec]ared for the in_flow of a flow sink specification declaration must be the_same as for in_flow of flow
paths.

(L10) If the flow specifi¢ation refers to a feature group then the feature group must contain at leasgt one port, data access,

or parameter that

Latency: Time Rang

NOTES:

These properties are exan
fully support throughput an
vendor or user (see Sectio

(3) A flow specificati
component, or en

In case of a flow
case of data or €
types, e.g., an €
groups. This pern
that the informatiq

4

satisfies the above rules, or the feature group must have an‘empty list of f

Standard Properties

nples of properties for latency and throughput\analysis. Additional properties are
alysis, such as arrival rate and data size. Appropriate properties for flow analysis
h 11).

Semantics

bn declaration represents( a)logical flow originating from within a compag
ding within a component:

through a component, the component may transform the input into a diffe
vent data port,.the’data type may change. Similarly the flow path may b
vent port andia data port, and between ports, parameters, data acces
nits end-to=end flows to be specified as logical information flows through a
n is beingmanipulated and its representation changed.

Examples

eatures.

hlso necessary on ports to
may be defined by the tool

nent, flowing through a

rent form for output. In
e between different port
s features, and feature
system despite the fact

package gps
public

data signal data

end signal data;

data commands

end commands ;

data position

end position;
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data implementation position.radial

end position.radial;

data implementation position.cartesian

end position.cartesian;

end gps;

package FlowExample

public
with GPSLib;

process foo

features

Initcmd: in evdgnt port;

Signal: in datd port GPSLib::signal data;

Resultl: out dgta port GPSLib::position.radial;

Result2: out ddta port GPSLib::position.cartesian;

Status: out ev
flows
-- two flows sg
Flowl: flow pat
Flow2: flow paf
-- An input is
Flow3: flow sin
-- An output 1ig
-- through its
Flow4: flow sou
end foo;

thread bar

nt port;

lit from the same input

h signal -> resultl;

h signal -> result2;

consumed by processfoo through its initcmd port

k initcemd;

generated (produced) by process foo and made availabl
port Statusy

rce Statwus;

1%

features

pl : in data port GPSLib::signal data;

p2 : out data port GPSLib::position.radial;

p3 : out event port;

reset : in event port;

flows

fsl : flow path pl -> p2;

fs2 : flow source p3;

end bar;

thread implementation bar.basic


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE

AS5506B

Page 246 of 398

end bar.basic;

thread baz
features
pl in data
p2
reset
flows
fsl
fsink flow

end baz;

thread implementat
end baz.basic;

end FlowExample;

10.2 Flow Implemen

(1) Component imple
declaration identi
flow source of a
flow source speci
the flow sink speg

flow path pl

port GPSLib::position.radial;

out data port GPSLib::position.cartesian;

in event port;

-> p2;

aink regcet :

ion baz.basic

tations

mentations must provide an implementation for each flow specification.
ies the flow through its subcomponents. In case of a flow source specifi
subcomponent or from the comporent implementation itself and ends wi

subcomponent. In case of a flow path specification, the flow implementation starts with th

with the out_flow

flow _implementatid

( flow_source |

port. Flow characteristics modeled by properties on the flow implement

the property valugs in the flow specification. Flow implementations can be declared to be m
Syntax
n =
implémentation
plementation

| flow sink_in

A flow implementation
cation, it starts from the

the port named in the

fication. In case of a flow sink specification, the flow implementation startg with the port named in
ification declaration and ends within the component implementation itself pr with the flow sink of a

in_flow port and ends
tion are constrained by
ode-specific.

| flow path implementation )

[ { { property association }* } ]

[ in modes_and transitions

flow_source implementation

flow _identifier

]

.
I

flow source

{ subcomponent flow identifier -> connection identifier -> }*

out flow feature identifier

flow _sink implementation

flow _identifier

flow sink
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in flow feature identifier

{ -> connection identifier -> subcomponent flow identifier }"

flow path implementation ::=

flow identifier

flow path

in flow feature identifier

[ { -> connection identifier -> subcomponent flow identifier }*

-> connection identifier ]

-> out_flow

feature identifier

subcomponent flow |

( subcomponent

| data compond

data_component_ ref
data subcompor

| provides daf

(N1) The flow identifig

identifier ::=

_identifier [

nt_reference

erence ::=

flow spec identifier ] )

ent_identifier | requires datag.access_identifier

a_access_identifier

r of a flow implementation must name a flow specification in the co
ither as alternative flows

Naming Rules

mponent type. A flow

same flow specification
pture groups.

he in_flow and out_flow

t and optionally a flow
pmponent in the form of

(N4)  In case of a flow source implementation the flow identifier of the first subcomponent must refer to a flow source or a

data component.

(N5)  In case of a flow sink implementation the flow identifier of the last subcomponent must refer to a flow sink or a data

component.

(N6) In all other cases the subcomponent flow identifier must refer to a flow path or a data component.

(N7)  The connection identifier in a flow implementation must refer to a connection in the component implementation.

Legality Rules

(L1) The source of a connection named in a flow implementation declaration must be the same as the in_flow feature of
the flow implementation, or as the out flow feature of the directly preceding subcomponent flow specification, if

present.
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(L8)

2

€))

4

(5

®

The destination of a connection named in a flow implementation declaration must be the same as the out flow
feature of the flow implementation, or as the in_flow feature of the directly succeeding subcomponent flow
specification, if present.

The in_flow feature of a flow implementation must be identical to the in_flow feature of the corresponding flow
specification. The out flow feature of a flow implementation must be identical to the out flow feature of the
corresponding flow specification.

If the component implementation provides mode-specific flow implementations, as indicated by the in modes
statement, then the set of modes in the in modes statement of all flow implementations for a given flow
specification must include all the modes for which the flow specification is declared.

In case of a mode-specific flow implementation, the connections and the subcomponents named in the flow
implementation must be declared at least for the modes listed in the in modes statement of the flow
implementation.

Flow implementations may be declared from an in_flow feature directly to an out_flow feature.

Component type
subcomponents

extension must b
named in the floy
defined againin t

Component imple
declared in the cg

If the component
flow specification

A flow implemer
implementation.

A flow path impl
passes through z
flow specification
corresponding flg
corresponding flg

extensions may refine flow specifications and component implementatio

ne component implementation extension and satisfy*rules (L4) and (L5).

mentation extensions may declare flow implementations for flow specific
mponent implementation being extended.

Consistency:Rules

implementation has subcomponents, then a flow implementation declara
for a fully refined flow.

Semantics

tation declaration réprésents the realization of a flow specification in
Different mode-specific flow implementations may be declared for the sam

ero or more ‘subcomponents, and ends with the port or data access na
(see Figure 20). A flow source implementation ends with the port or d
w specification.
Ww-specification. A flow path implementation may specify a flow that goes

h extensions may refine

and connections with in modes statements. A flow implementation that is inherited by the
b consistent with the modes of the refined flow specifications, subcomponents, and connections if
v implementation according to rules (L4) and (L5). Otherwise, the flow implementation has to be

ptions that were already

fion is required for each

the given component
e flow specification.

d in the corresponding
ta access named in the

ementation starts with the port or data access named in the corresp(n)}fjing flow specification,

A flow sink implementation starts with the port or data access named in the

directly from an in_flow

feature to an out_fln\/\l feature without any connections-in between

A flow implementation may refer to subcomponents without identifying a flow specification in the subcomponent. In
this case, (a) an unnamed flow specification is assumed to exist from the destination port of the preceding
connection to the source port of the succeeding connection if no flow specification is declared for the
subcomponent, (b) it represents a separate flow for each of the flow specifications of the subcomponent.

A flow implementation within a thread may be modeled as flow through subprogram calls via their parameters. If
the call is to a subprogram via a subprogram access feature, the flow goes to the subprogram instance being
called. This may be a subprogram in a different thread that is called remotely.

A flow through a component may transform the input into a different form for output. In case of data, event data
port, or data access, the data type may change. Similarly the flow path may be between different port types,
between ports and feature groups, and between data access and ports or feature groups. This permits end-to-end
flows to be specified as logical information flows through a system despite the fact that the information is being
manipulated and its representation changed.
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(7) The optional in modes and transitions subclause specifies what modes the flow implementation is part of.
The detailed semantics of this subclause are defined in Section 12.

(8) Flow specifications can have component implementation specific and mode specific property values. The
respective property associations can be declared in the properties subclause of the component implementation or
as property association with the flow implementation declaration.

Examples

-- This is an AADL fragement
-- process foo is declared in the previous section
process implementation foo.basic

subcomponents

A: thread bar.Hjasic;

-- bar has a flow path fsl from port pl to p2

-- bar has a fl]ow source fs2 to p3

B: thread baz.hasic;

-- baz has a flow path fsl from port pl to p2

-- baz has a flow sink fsink in port reset
connections

connl: port sidgnal -> A.pl;

conn2: port A.g2 -> B.pl;

conn3: port B.g2 -> result2;

conn4: port A.g2 -> resultl;

conné6é: port A.g3 -> status;

connToThread: gort initcmd -> Besreset;
flows

Flowl: flow path

signal -> connl¥=> A.fsl -> conn4 -> resultl;
Flow2: flow path

signal -sS»¢onnl -> A.fsl -> conn2 ->

B.fsl coRn3 resutezs
Flow3: flow sink initcmd -> connToThread -> C.fsink;
-- a flow source may start in a subcomponent,
-- i.e., the first named element is a flow source
Flow4: flow source A.fs2 -> conné -> status;

end foo.basic;
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10.3

€D,

End-To-End Flows

An end-to-end flow represents a logical flow of data and control from a source to a destination through a sequence
of threads that process and possibly transform the data. In a complete AADL specification, the source and
destination can be threads, data components, devices, and processors. In an incomplete AADL specification, the
source and destination are the leaf nodes in the component hierarchy, which may be thread groups, processes, or
systems. If the AADL specification includes subprogram calls, the end to end flow follows the semantic
connections between threads, processors, and devices, and the parameter connections within threads.

Syntax

end to end flow spec ::=

end

subcomponent flow |or etef identifier ::=

defining end to end flow identifier : end to end flow

start subconponent flow or etef identifier
{ -> connecfion identifier

-> flow pdth subcomponent flow or etef identifier }*
[ { ( property association }* } ]

[ in modes _and transitions ] ;

to end flow sgec refinement ::=

defining end #o end identifier
refined to|l end to end flow
( { { propprty association }*} [ in modés and transitions ]
| in modes| and transitions

) i

subcomponent [flow identiifier | end to end flow identifier
Naming Rules

The defining end-to-end flow identifier of an end-to-end flow declaration must be uniqué within the local name
space of the component implementation containing the end-to-end flow declaration.

The connection identifier in an end-to-end flow declaration must refer to a connection in the component
implementation.

The subcomponent flow identifier of an end-to-end flow declaration must name an optional flow specification in the
component type of the named subcomponent or to a data component in the form of a data subcomponent, provides
data access, or requires data access.

The end-to-end flow identifier referenced in an end-to-end flow declaration must name an end-to-end flow in the
name space of the same component implementation.

The defining identifier of an end-to-end flow refinement must refer to an end-to-end flow or refinement in an
ancestor component implementation.
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Legality Rules

name the same port as the preceding or succeeding connection.

(L1)

present.
(L2)

component.
(L3)
(L4)
(L)

The flow specifications identified by the flow path subcomponent flow identifier must be flow paths, if

The start subcomponent flow identifier must refer to a flow path or a flow source, or to a data

The end subcomponent flow identifier must refer to a flow path or a flow sink, or to a data component.

If an end-to-end flow is referenced in an end-to-end flow declaration, then its first and last subcomponent flow must

In case of a mode specific end-to-end flow declarations, the named connections and the subcomponents of the

named flow speci

Actual Latency: Ti
NOTES:

These properties are exar
that must be satisfied by th

An end-to-end flg
declared in a co
declared end-to-¢
subcomponent flg
end flow can iny|
devices, as well 4

2

An end-to-end fl
specification (a)
the source port

represents a sep4

€))

An end-to-end flq
predecessor end-

4

(5

The correspondi

Ications must be declared tor the modes listed In the 1in modes Statemen

Standard Properties

me_ Range

e actual property values of the end-to-end flow. The semantics of the constraint a
Semantics

w represents a logical flow of information through a system instance.
mponent implementation that is the.common root of all components in
nd flow starts with a subcomponent-flow specification, followed by zero g
w specifications, and ends with a ‘connection and a subcomponent flow s
Dblve active components such*as threads, thread groups, processes, sy
s passive components in the:form of a data component.

w may refer to subcomponents without identifying a flow specification,
efers to an unnamed\ flow specification from the destination port of the pr
pf the succeeding ,connection if the subcomponent has no declared fl
rate end-to-end\flow for each of the flow specifications of the subcompong

w may be specified as a composition of other end-to-end flows, where
to-end flow is connected with the first element of the successor end-to-eng

glend-to-end flow instance is determined by expanding the flow specific

t.

hples of properties for latency and throughput analysis. The.expected property values represent constraints

e analysis specific.

The end-to-end flow is
volved in the flow. The
r more connections and
becification. The end-to-
stems, processors, and

In this case, the flow
eceding connection and
pw specification, or (b)
nt.

the last element of the
flow.

htions through their flow

implementations.

The resutting—end=torend—flow—nstance—starts fromadevice; process

r, data component, or

®

@,

thread that is the leaf of the component hierarchy of the first subcomponent, follows semantic connections to
intermediate threads and ends with a thread, data component, device, or processor. For incomplete models or flow
implementations the components involved in the end-to-end flow instance may be thread groups, processes, or
systems.

If the first subcomponent flow specification is a flow path, then the end-to-end flow instance starts with the first
component of the flow path expanded through its flow implementation. Similarly, if the last subcomponent flow
specification is a flow path, then the end-to-end flow instance ends with the last component of the flow path
expanded through its flow implementation.

The optional in_modes_and transitions subclause specifies what modes the end-to-end flow is part of. The
detailed semantics of this subclause are defined in Section 12.
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Examples

-- This is an AADL fragment
-- process foo is declared in the previous section
process implementation foo.basic
subcomponents
A: thread bar.basic;
-- bar has a flow path fsl from pl to p2
-- bar has a flow source fs2 to p3

B: thread baz.basic;

-- baz has a flow path fsT

-- baz has a flow sink fsink
connections

connl: port sidnal -> A.pl;

conn2: port A.g2 -> resultl;

conn3: port B.g2 -> result2;

conn4: port A.g2 -> B.pl;

connb: port A.g3 -> Status;

conné: port A.g3 -> B.reset;
connToThread: gort initcmd -> A.reset;

flows

Flowl: flow path

signal -> connl -> A.fsl 3 conn2 -> resultl;

Flow3: flow sinlk initcmd -> connToThread -> B.fsink;
-- a flow sourde may start in-a subcomponent,

-- i.e., the first named«elément is a flow source
Flow4: flow soyrce A.f§2" -> conn5 -> status;

-- an end-to-efd flow from a source to a sink

ETE1l: end to end .flow

A.fs2 -> conné -> B.fsink;

-- an end-to-end flow where the end points are not sources or

ETE2: end to end flow
A.fsl -> conn4 -> B.fsl;

end foo.basgic;
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11 Properties

D)

2

3

11.1 Property Sets

D)

property set ::=

property set dJefining property set/identifier is

A property provides information about model elements, i.e., component types, component implementations,
subcomponents, features, connections, flows, modes, mode transitions, subprogram calls, and packages. A
property has a name, a type, and a value. The property definition declares a name for a given property along with
the AADL components and functionality to which the property applies. The property type specifies the set of
acceptable values for a property. Each property has a value or list of values that is associated with the named
property in a given specification.

A property set contains declarations of property types and property definitions that may appear in an AADL
specification. The predeclared property sets in this standard define properties and property types that are
applicable to all AADL specifications. Users may define property sets that are unique to their model, project or
toolset. The properties and property types that are declared in user-defined property sets are accessed using their

qualified name. Wﬂrdﬁmtmmammy'seﬁmmmﬁmpt:ent types, component
implementations, | subcomponents, features, connections, flows, modes, and subprogram calls, for which this

property applies.

Properties can hgve associated expressions that are statically typed, and evaluateto a spgcific value. The time at
which a property|expression is evaluated may depend on the property and‘onhow a specification is processed.
For example, sone expressions may be evaluated immediately, some after binding decisions have been made,
and some reflect funtime state information, e.g., the current mode. During‘analysis, all progerty expressions can be
evaluated to known values, if necessary, by considering all possible rdntime states. A given property definition may
have a default expression.

A property set defines a named group of property types, property definitions, and property cpnstant values.

Jyntax

{ import dgqclaration }"

{ property |type declaraticn
| properyly definition declaration
| propertly constant }*

end defining propérty set identifier ;

I\Iaming Rules
Property set defining identifiers must be unique in the global namespace.

The defining identifier following the reserved word end must be identical to the defining identifier following the
reserved word property set.

Associated with every property set is a property set namespace that contains the defining identifiers for all property
types, property definitions, and property constants declared within that property set. This means that property
types, properties, and property constants with the same identifier can be declared in different property sets.

A property, property constant, or property type declared in a property set is always named by its qualified name that
is the property set identifier followed by the property identifier, separated by a double colon (“::”). This qualification
is necessary even for references to properties, property constants, and property types in the same property set due
to the fact that predeclared properties do not have to be qualified. Predeclared properties and property types may
be referred to by their property identifiers without a property set qualifier.
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set or package unless it is the name of the property set that contains the qualified name.

Semantics

The property set identifiers and package names listed in an import declaration must exist in the global

The property set identifier of a qualified property name must be listed in an import declaration of the property

Property definitions, property types, and property constants are organized into property sets. They are referenced

by qualifying them with the property set name. This qualification is not required if the property set is one of the

(N5)
namespace.
(N6)
(2)
predeclared property sets.
3

qualified references to items in other property sets.

An import declaration of a property set specifies which property sets and packages can be named in

11.1.1 Property Typeg

(1) A property type d
values in a prope

property type decl
defining prog
property type ::=

aadlboolear

enumeration

number type

|

|

| classifier |
| reference t
|

record_ typs§

enumeration type

enumeration

eclaration associates an identifier with a property type. A propérty type
'ty association that are the result of evaluating the associated property exp

Syntax

aration ::

erty type identifier : type property\type ;

| aadlstring
_type | units type
| range type
type
ype

defining enumeration literal identifier

denotes the set of legal
ression.

units type

{ , defining enumeration literal identifier }")

units units list

units list

( defining unit identifier

{ , defining unit identifier => unit identifier * numeric literal }* )

number type

aadlreal

[

real range ] [ units units_designator ]
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| aadlinteger [ integer range ] [ units units designator ]

units designator ::=
units unique property type identifier

| units list

real range ::= real lower_bound .. real upper bound

real lower bound ::= signed aadlreal or constant

real upper bound {:= signed aadlreal or constant

integer range ::=|integer lower bound .. integer upper bound

integer lower bournd

signed aadlinteger or constant

integer upper bournd signed aadlinteger or constant

signed aadlreal oy constant ::=

( signed aadlgeal | [ sign ] real property constant term )

signed aadlintegey or constant ::=

( signed aadlinteger | [ sign l_integer property constant term )

signed aadlintegen ::=

[ sign ] integer\Iiteral [ unit identifier ]

signed aadlreal ::=

[ sign ] real literal [ unit identifier ]

range type ::=
range of number type

| range of number unique property type identifier

classifier type ::=
classifier

[ ( classifier category reference { , classifier category reference }" ) ]
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classifier category reference ::=
-- AADL or Annex meta model classifier

classifier qualified meta model identifier

qualified meta model identifier ::=

[ { annex identifier }** ] meta model class identifier

meta model class identifier ::= { identifier }*

reference type ::s

reference [ |( reference category

{ , reference category }") ]
reference category ::=
-- AADL or Anrex meta model named element

named _element [qualified meta model identifier

unique property type identifier ::=

[ property setft identifier :: ] property type:identifier

record type ::=
record ( recoyd field
{ reqord field }")

record field ::=

defining field identifiex\»: [ list of ] property type designator ;

property type designator ::=

unique properfly_type identifier |

property type
Naming Rules

(N1) All property type defining identifiers declared within the same property set must be distinct from each other, i.e.,

unique within the property set namespace.

(N2) A property type is named by its property type identifier or the qualified name specified by the property set/property
type identifier pair, separated by a double colon (“::”). An unqualified property type identifier must be part of the

predeclared property sets.

(N3)  An enumeration type introduces an enumeration namespace. The enumeration literal identifiers in the enumeration

list declare an ordered list of enumeration literals. They must be unique within this namespace.

(N4) A units type introduces a units namespace. The units identifiers in the units list declare a set of units literals. They

must be unique within this namespace.
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(N5)  The units identifier to the right of a => in a units literal statement must refer to a unit identifier defined earlier in the
sequence of the same units type declaration.

(N6) The classifier meta model identifier must refer to a class in the AADL meta model or an Annex meta model. In the
case of an Annex meta model, the identifier is qualified by the annex name. Acceptable classes are listed in
tabular form in Appendix C.3 and in relevant Annex standards.

(N7)  The named element meta model identifier must refer to a class in the AADL meta model or an Annex meta model
that is a subclass of the NamedElement class and a structural feature, in the case of the AADL core language a
subclass of the ClassifierFeature class. In the case of an Annex meta model, the identifier is qualified by the annex
name. Acceptable classes are listed in tabular form in an appendix of this standard and in relevant Annex
standards.

(N8) The identifiers of the property field declarations in a record property type must be unique within the record
declaration, i.e., tffeTeCOTAtypE TEPTESENS @ tOCal MAMesSpace for record fiefdTaentifiers:

Legality Rules

(L1)  The value of the first numeric literal that appears in a range of a number type.must not be greater than the value
of the second nurneric literal including the value’s units.

(L2) Range values must always be declared with unit literals if the property requires a unit literal,

(L3) The unique propgrty constant identifier in an integer range must represent an integer congtant. If the integer type
requires units, thgn the constant value must include a unit literal 6f\the specified units type.

(L4) A boundless range type may be declared such that the actual range declarations have n¢ limit on the upper and
lower bound.

(L5)  The unique propdrty constant identifier in a real range must represent a real constant. If the|real type requires units,
then the constant|value must include a unit literal of\the specified units type.

(L6) If the property refiuires a unit, then the unit'must be specified for both lower and upper bpund and the unit literal
must be of the spgcified units type..

(L7) If a range is spedfied for aadlinteger or aadlreal then the actual value assigned to a property of this type must be
within the specifigd range.

NOTES:

In the original AADL standlard reserved words were used to identify the classifier category or reference category. Those names are

compatible with the qualifigd meta.model identifiers of AADL V2 with the exception of connections. It is now r%med connection.

2
€))
(4
(5
)

>

Semantics
A property type declaration associates an identifier with a property type.
The aadlboolean property type represents the two values, true and false.
The aadlstring property type represents all legal strings of the AADL.
An enumeration property type represents an ordered list of enumeration identifiers as the set of legal values.
A units property type represents an explicitly listed set of measurement unit identifiers as the set of legal values.
The second and succeeding unit identifiers are declared with a multiplier representing the conversion factor that is
applied to a preceding unit to determine the value in terms of the specified measurement unit.
An aadlreal property type represents a real value or a real value and its measurement unit. If a units clause is

present, then the type value is a pair of values, a real value and a unit. The unit may only be one of the
enumeration literals specified in the units clause. If a units clause is absent, then the value is a real value
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An aadlinteger property type represents an integer value or an integer value and its measurement unit. If a units
clause is present, then the value is a pair of values, and unit may only be one of the enumeration literals specified
in the units clause. If a units clause is absent, then the value is an integer value.

The range property type represents closed intervals of numbers. It specifies that a property of this type has a value
that is a range term. The range type specifies the number type of values in the range. A property specifying a
range term as its value indicates a least value called the lower bound of the interval, a greatest value called the
upper bound of the interval, and optionally the difference between adjacent values called the delta. The delta may
be unspecified, in which case the range is dense, but it is otherwise undefined whether the range is an interval of

the real or the rational numbers.

(10) A classifier property type represents the subset of syntactically legal classifier references, whose class is a
subclass of the Classifier meta model class and of one of the meta model classes listed in the classifier identifier

list. For core AADL this is typically the meta model class that represents a component category.

If the classifier

identifier list is ab

(11) A reference prog
class is a subcla
annex clause. A
specifications, su
subclass of Namsg

(12) Arecord type ref
of the collection ¢
each with its own

NOTES:

The classifier and referend

Units literals are not case
literal names such as milliVf

5ent, all classitier references are acceptaple.

erty type represents the subset of syntactically legal references to those
5s of the meta model class Named Element and ClassifierFeattre-or a

ClassifierFeature is a structural element that is contained in,acompon
bcomponents, or connections. If the identifier list is absent; all model ele
dElement and ClassifierFeature are acceptable.

resents a group of property associations, i.e., a collection of property valu
f property values is accessible by name. The record fields must be exp

property type.

sensitive. For example, mW and MW represent the same units literal. Therefor
Vatts and MegaWatts.

model elements, whose
structural element of an
ent, such as ports, flow
ments whose class is a

es, where each element
icitly declared by name,

e property types support the specificationof-properties representing binding constraints.

b, it is advisable to choose

Examples
property set mine |is
Length Unit type units (@, cm => mm * 10,
m-=> cm * 100, km => m * 1000 );
OnOff type aadlboolean;
-- This type dedlaration references a separately declared units type
Car Length type—aadireal - 55—m—4-—S—munits—mine—fength—Ynit—
-- This type declaration defines the units in place
Speed_Range type range of aadlreal 0.0 kph 250.0 kph units ( kph
Position type record (
X: aadlinteger;
Y: aadlinteger; );
end mine;

11.1.2 Property Definitions

) i

(1) All property names that appear in a property association list must be declared with property definition declarations
inside a property set. Properties are typed and are defined for any named element in an AADL model.
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property definition declaration

Syntax

defining property name identifier:

[ inherit

]

( single valued property | multi valued property )

applies to (

single valued property

property type |

)

property owner { , property owner }

designator [ => default property expression ]

multi valued propdq
{ 1list of }' p
[ => default g
]

property owner
-- AADL or Annex
named_element |

unique classif

unique classifier |
package name

Note: Different from AADL
access feature is already

rty =

roperty type designator

roperty list value

meta model named element
qualified meta model identifiex
ier reference

reference

classifier identilfier
V1 the access keywordhis no longer used in property definitions. The fact tha
pecified in the applies to clause.

Naming Rules

iers of property definitions declared within the same property set must be
bll property type defining identifiers declared within that property set. The
ingidentifiers for all property definitions declared within that property set.

t a property applies to an

distinct from each other
property set namespace

definition identifier pair, separated by a double colon (

ed Dy ITs property dertinition identitier or the qualitied name specified Dy T

u..n)‘

e property set/property

An unqualified property identifier must be part of the

The named _element meta model identifier must identify the name of a class in the AADL meta model or

an Annex meta model that is a subclass of the AADL meta model class NamedElement. In case of an Annex meta
model, the identifier is qualified by the annex name. Acceptable classes are listed in tabular form in an appendix of

in relevant Annex standards.

Legality Rules

(N1)  All defining identi
and distinct from
contains the defin
(N2) A property is na
predeclared property sets.
(N3)
this standard and
(N4)
package.
(L1)

implicitly included

in all applies to statements.

The unique classifier reference must identify the name of a classifier in the public section of the named

All properties are automatically defined for components of the category abstract, i.e., the category abstract is


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

AS5506B

Page 260 of 398

Classifier and ref

erence property definition must not have a default value.

Semantics

A property definition declaration introduces a new property that is of a specified property type, accepts a single

value or a list of values, and may specify a default property expression. This property is defined for those named
elements of an AADL model whose meta model name is listed after the applies to in the list, or those model
elements that are of the specified component type. Acceptable meta model names are listed in tabular form in
Appendix C.3 of this standard and in relevant Annex standards.

The Property Owner list may include component types qualified by a package name. In this case, the property

can only be associated with components of this component type or its extensions. If the Property Owner list
includes NamedElement, then the property can be associated with all model elements.

(2)

(3)

(4) A property defing
component, then
property values af

(5) A property declar

have a list of valu

-- added to Proper

Value Type: type gnumeration ( estimate, benchmark, gmeasured ) ;
Rotation Units: type units ( rpm );
Position : type |record (
X: aadlintdger;
Y: aadlintjger; ) ;

GPS_Position : miq

11.1.3 Property Cons

(1) Property constan
predeclared prop

name wherever tTe value itself is permissible.

bd without a default value is considered undefined (see also Section 11.3)
Es is considered to have an empty list if no default value is declared.

d with the reserved word inherit indicates that if a property value canmot be determined for a

its value will be inherited from a containing component. The deiajl€

e described in Section 11.3.

Examples

ty Set mine from previous example

e::Position applies\ to ( system );

ants

s are preperty values that are known by a symbolic name. Property const
brty s€fsvand can be defined in property sets. They can be referenced in

d rules for determining

A property declared to

ants are provided in the
property expressions by

property constant

Syntax

single valued property constant | multi valued property constant

single valued property constant

defining property constant identifier : constant
property type designator
=> constant property expression;
multi valued property constant ::=
defining property constant identifier : constant ( list of )~
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property type designator

=> constant property list value ;

unique property constant identifier ::=

[

Max_Threads : congtant aadlinteger => 256;

11.2

€D,

2

property set identifier :: ] property constant identifier
Naming Rules
The defining property constant identifier must be distinct from all other property constant identifiers, property

definition identifiers, and property type identifiers in the namespace of the property set that contains the property
constant declaration.

A property const@nt IS name property becified by the property
set/property condtant identifier pair, separated by double colon (“:”). An unqualified;prdperty constant identifier
must be part of the predeclared property sets. Otherwise, the property constant‘identifier must appear in the
property set nam
Legality Rules
A property constgnt cannot be declared for the classifier property type onthe reference prqperty type.

If a property congtant declaration has more than one property expression, it must contain|the reserved words list
of.

The property typq of the property constant declaration must match the property type of the gonstant property value.
Semantics
Property constants allow integer, real, string, .and other property values to be known py symbolic nhame and
referenced by thgt name in property expressions: This reference is expressed by referenging the unique property

constant identifier.

Examples

Predeclared Property<Sets

There is a gtandard collection of predeclared property sets named Deployment Properties,
Thread Properties, Timing Properties, Memory Properties, Programming Properties, and

Modeling Properties, which are part of every AADL specification. These property sets are listed in Appendix
A.

In addition, there is property set AADL. Project that declares a set of enumeration property types and property
constants for which project-specific enumeration literals and values can be defined for different projects. This
property set is part of every AADL specification. All of the property enumeration types and property constants listed
in Appendix A.2 must be declared in this property set. The set of enumeration literals may vary.

Naming Rules
References to predeclared properties, property types, and property constants do not have to be qualified with the

property set name. As a consequence the predeclared properties, property types, and property constants must be
unique across all predeclared property sets.
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NOTE: References to predeclared properties, property constants, and property types may be qualified with their property set

name.

Legality Rules

The predeclared property sets other than AADL._Project cannot be modified.

Existing property type and property constant declarations in the AADL. Project property set can be modified. New

declarations must not be added to the AADL. Project property set, but can be introduced through a separate

Processing Requirements and Permissions

alues for a specific property definitions. For example, additionalenume
standard may be added.

additional property sets and use them in AADL specifications. AADL to
additional property sets.

y sets that may be suitable for a wide variety applications may be defined
upport this Annex should include support for‘these additional property
conform to the Annex shall satisfy the requiréthents associated with the g

(L1)
(L2)
property set declaration.
(3)
property set decl
4
allow additional
those listed in thi
(5) Users may defin
make use of thos
(6) Additional prope
AADL tools that
specifications tha
11.3 Property Assocgiations
(1) A property assoq

evaluation of a p
implementations,

respective refinement declarations. Contained property associations permit property valug

any component i

basic property ass
unique property |

(=> | +=>)
[ ]

constant

iation assigns a property value, or list of property values with a prop
operty expressions. Property.associations can be declared within comp
subcomponents, features, .connections, flows, modes, and subprogran
the system instance hierarchy (see Section 13.1).

Syntax

ociation ~%

identifiier

property value ;

Additional property name declarations may not be inserted into the standard predeclared property sets. Separate

Providers of AADL processing methods may modify the standard property type deglarations in AADL,. Project to

ration identifiers beyond

ols may be created that

in an Annex document.
sets. Similarly, AADL
nnex property set.

erty.  This may involve
bnent types, component
calls, as well as their
s to be associated with

property association ::

unique property
(=> | +=>)
[ constant ]

[ in binding ]

contained property association ::

unique property

=> [ constant

identifier

assignment

.
7

identifier

]

assignment

applies to contained model element path


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE AS5506B Page 263 of 398

{ , contained model element path }~

[ in binding 1 ;

unique property identifier ::=

[ property set identifier :: ] property name identifier

contained model element path ::=
( contained model element { . contained model element }°
[ annex path ] )

| annex path

contained model ellement ::=
named_element |identifier |

named element |array selection identifier

annex path ::=

annex annex _identifier {** annex specific_path\**}

annex_specific patth ::= <defined by annexs>

-- It is recommended this path follows.the dot-separation syntax of the fomponent path.

assignment ::= pyoperty value | modal property value

modal property value ::=

{ property vallue in nodes , }" property value [ in modes ]

property value single property value | property list value

single property value ::= property expression

property list value ::=
( [ ( property list value | property expression )

{ , ( property list value | property expression ) }* 1 )

in binding ::=
in binding( platform classifier reference

{ , platform classifier reference }" )

platform classifier reference
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(N10)

(N11)

(N12)

(N13)

(N14)

processor _uni

que_ component classifier reference

| virtual processor unique component classifier reference

bus _unique_

component classifier reference

| virtual bus unique component classifier reference

memory unique component classifier reference

Naming Rules

A property is named by an optional property set identifier followed by a property identifier, separated by a double

colon (“:").

The property set identifier, if present, must appear in the global namespace and must be the defining identifier in a
property set declaration

The property identifier must exist in the namespace of the property set, or if the optiofnal

absent, in the nar

A property name
in the applies to li

The contained m
property value ho

For contained

hespace of any predeclared property set.

may appear in the property association clause only if the respéctive AADL
5t of the property definition declaration.

bdel element path identifies named model elements.in)the containment
ds. The model element with the contained property ‘association is the roo

broperty associations declared with classifiers,

e.g., a componen

property set identifier is
model element is listed
hierarchy, for which the

of a path.

t type or component

implementation, the first identifier in the path must appearin the local namespace of th¢ classifier to which the

property associat

For contained prg
the first identifier
model element.

Subsequent iden
identified by the p

The annex identi
annex.

on belongs.
perty associations declared with model elements with a classifier referenc
must appear as a identifier within(the local namespace of the classifier {

ifiers in a contained model’element path must appear in the namespac
receding identifier.

e, e.g., subcomponents,
hat is referenced by the

e of the model element

fier named in a contained model element path must be that of an appfoved or project-specific

Identifiers in an @nnex-specCific path must appear in the namespace of the identified ann

namespace of the

If the identifier

modekelement identified by the preceding identifier.

of

ex in the context of the

contained model element path is a subcomponent array identifier, it can specify a

\Z whola _an arrav cirtheat aor an individiigl array, alamant
WHoOteaHaHay-—SupSeH-orahhHahiaud—aray-eteeht:

J

a
subcomponent array-as—a
If a property association has an in binding statement, then the unique platform classifier reference must be
referenceable according to the with and renames declarations.

If a property association has mode-specific values, i.e., an in modes statement for values, then the mode must
refer to a mode of the component the property is associated with, or in the case of a property association of model
elements that are not components, the modes of the containing component.

A property association list must have at most one property association for the same property. In case of binding-
specific property associations, there must be at most one association for each binding.

Legality Rules

The property definition named by a property association must list the class of the model element, with which the
property is associated, or any of its super classes in its applies to clause.
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A contained property association with mode-specific values can only be applied to a single model element, i.e., can
only contain a single containment path.

If a property expression list consists of a list of two or more property expressions, all of those property expressions

If the property declaration for the associated property definition does not contain the reserved words list of, the
property value must be a single property value. If the property declaration for the associated property definition
contains the reserved words list of, the property list value must have the correct number of parentheses to match

The property association operator +=> must only be used if the property declaration for the associated property

In a property assogciation, the type of the evaluated property expression must mateh the prg

uon withr an operator +== must not nave dan I maoaes or in dindaing statq

pciation operator +=> must not be used in contained property associations

Heclared by a property association with the reserved word constant cann
ntics section for determining a property value are followed.

onent type identifiers in the in binding statement.must refer to componen

processor, virtuII processor, bus, virtual bus, or memory.

with an in modes statement is associated with a connection, flow
n in modes statement, then the set©@f modes for which the property
et of modes for which the connection, flow implementation, or call sequen

Consistency Rules

(L3)
must be of the same property type.
(L4)
the list or nested list declaration.
(L5)
definition contains the reserved words list of.
(L6) A property associ
(L7)  The property ass
(L8)
property.
(L9) A property value
rules in the sema
(L10) The unique comp
(L11) If a property valye
sequence with a
contained in the S
(C1) If a property ass

modal value assignnent must include a value for each mode. If the modal value assignment

the in modes stater

(2) Property associa
hierarchy (see S
mode, or subpro

bciation has mode-specific values, i.e., values declared with the in mod

hent, this value becomes the default for all modes without an explicit modsd
Semantics

tions determine the property value of the model element instances

bction’ 13.1). The property association of a classifier, subcomponent, fe
gramy-call and other declarative model elements determines the propert

ment.

perty type of the named

bt be changed when the

t types of the categories

implementation, or call
value applies must be
Ce is active.

es statement, then the
ncludes a value without
-specific value.

n the system instance
ature, flow, connection,
y value of all instances

derived from the lespective declaration.

€))
4
(5

Property associations are declared

The value of a property is determined through evaluation of the property expression.

A property association may be declared for a package. In this case, the property value applies to the package.

in the properties subclause of component types and component

implementations. They are also declared as part of any other named declarative model element, such as features,
subcomponents, connections, modes, mode transitions, etc. The property association of a component type acts as
default value for all implementations, subcomponents, and instances, overwriting the default specified in the
property definition. Similarly, the property association of a component implementation overwrites the value of a
component type, and the subcomponent property association overwrites the value of the component
implementation. The details of determining a property value are specified below.
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)

If a property association is declared with modal property values, then the same rules hold for overwriting previous
property associations. Property values are modal if they are declared with an in modes. In this case the property
value applies if one of the specified modes is active. If a property association contains both mode-specific
associations and value without an in modes statement, then the latter specifies the value for all modes for which
there is not an explicit value with an in modes statements. A property value without an in modes statement also
applies when the component is inactive. If a modal property association does not specify a property value for one
of the modes and there is no property value without in modes, then the property value is considered to be
undefined.

If a property association has an in binding statement, the property value is binding-specific. The property value
applies if the binding is to one of the specified execution platform types of the categories processor, virtual
processor, bus, virtual bus, or memory. If a property association list contains both binding-specific associations and
an association without an in binding statement, then the latter applies to bindings to the reference processor.

fy associations can associate property values to any named model elé
to the location of the declaration.

ause of a contained property association may specify multiple contained n
berty value is associated with each of the model elements. [fthe propert
elements includes an in modes statement, then the named modes
contained element path. If the path refers to a model-element that is n
modes must exist in the containing component of that madel element.

el element path may include the name of an array.ef components, or an

7

(8) Contained prope
hierarchy relative

(9) The applies to cl
that case the pro
contained model
component of theg
feature, then the

(10) A contained mod
subset. Inthatc

1D

about an actual

resource allocatign tool can record the actual bindings of threads to processors and source

a set of containe
of the same syst¢g

(12) The property valu
e |f a property va

property definit

undefined.

For classifier ty

meta models,

Contained propefty associations can be used to record-system instance specific prope
elements in a sygtem instance. This permits AADL analysis tools to record system insta

stem in a single location in an extension of the top-level system implemg

property associations, and:can keep multiple such binding configuration
m implementation.

e is determined according to the following rules:

ue is not present-after applying all of the rules below, it is determined by
on declaration®  If not present in the property definition declaration

bes, i.es-component types and feature group types and subclasses of Co
he property value of a property is determined by its property assoc

ment down the system

nodel element paths. In
y association specifying
must exist in the last
ot a component, e.g., a

ndex range of the array

se the property value is associated with each of 'the model elements in the array or its subset, or
model elements iglentified by the remaining path for each of the'array elements.

'ty values for all model
hce specific information
bntation. For example, a
text to memory through
s in different extensions

the default value of its
the property value is

nponent Type in Annex
ation in the properties

subclause. If notcpresent, the property value is determined by the first ancestor classifier type in the extends
hierarchy with |’:t—pFepeFtyuassee+a+|eﬁ—9¥herrse—MG-eeﬁs+deﬁedﬂerfesem7

For classifier  implementations, i,e, a component implementations and subclasses of
ClassifierImplementation in Annex meta models, the property value of a property is determined by its
property association in the properties subclause. If not present, the property value is determined by the first
ancestor classifier implementation in the extends hierarchy with its property association. If not present, it is
determined by the property value of the classifier implementation’s classifier type according to the classifier type
rules.

For modes, connections, flow sequences, or other model elements without a classifier reference, the property
value of a property is determined by its property association in the element declaration. If not present and the
model element is refined, then the property value is determined by a property association in the model element
declaration being refined; this is done recursively along the refinement sequence. If not present and the property
definition has been declared as inherit, it is determined by the property value of the closest containing component
in the containment hierarchy of the system instance. This inherited property value must not be mode-specific.
Otherwise, it is considered not present.
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(13

(14

(15

For subcomponents, features and other model elements with classifier references, the property value of a
property is determined by its property association in the model element declaration. If not present and the model
element is refined, then the property value is determined by a property association in the model element
declaration being refined; this is done recursively along the refinement sequence. If not present in the model
element, it is determined by the model element’s classifier reference according to the respective classifier rules
described above. If not present for a feature that is a member of a feature group and the property definition has
been declared as inherit, it is determined by the property value of the containing feature group type; or if not
present and the feature group type is an extension of another freature group type, it is determined by the feature
group type being extended. If not present and the property definition has been declared as inherit, it is
determined by the property value of the closest containing component in the containment hierarchy of the system
instance. This inherited property value must not be mode-specific. Otherwise, it is considered not present.

For subprogram calls in call sequences and other model elements with classifier or feature references, the
property value of a property is determined by its property association in the model element. If not present and the
reference is a classifier reference, the property value is determined by the classifier according to its rules
described above. If not present and the reference is a feature reference in a typd, the property value is
determined by [the feature according to the feature rules described above. If not~present and the property
definition has bg¢en declared as inherit, it is determined by the property value of the-close$t containing component
in the containment hierarchy of the system instance. This inherited property value must not be mode-specific.
Otherwise, it is ¢onsidered not present.
For component] feature, connection, flow, mode, or other model element instances jn the system instance
hierarchy, the property value of a property is determined by the contained property association highest in the
system instancg hierarchy that references the component, feature, connection, flow,|mode, or other model
element. If npt present, then the property value is determined by the respective| subcomponent, mode,
connection, feafure, or other model element declaration that results in the instance according to the rules above.
If not present and the property definition has been declared as inherit, then it is determingd by the property value
of the closest cpntaining component in the containment hierarchy of the system instance| This inherited property
value must not lIbe mode-specific. Otherwise, it is undefined:

| Instanced

—

g- Instance
g

| Inztance3 : -"'~__L
' .

Instanced\®

Figure 21 Property Value Determination

Figure 21 illustrates.tihe-order in which the value of a property is determined. Instance4 is an element in the system
instance hierarchly.The value of one of its properties is determined by first looking for a property associated with
the instance itself — shown as step 1. This is specified by a contained property association. The contained property
association for this instance declared in a component implementation highest in the instance hierarchy determines
that value. If no instance value exists, the implementation (ImplA) of the instance is examined (step 2). If it does
not exist, ancestor implementations are examined (step 3). If the property value still has not been determined, the
component type is examined (step 4). If not found there, its ancestor component types are examined (step 5). If
not found and the property is inherited, for subcomponents and features, the enclosing implementation is
examined. Otherwise, the containing component in the component instance hierarchy is examined (step 6).
Finally, the default value is considered.

Two property association operators are supported. The property association operator => results in a new value for
the property. The property association operator +=> results in the addition of a value to a property value list. In the
case of nested lists, the value is added to the outermost list.

A property value list is evaluated by evaluating each of the property expressions, and appending the values in
order. If the property expression evaluates to a list, all the list elements are appended. If the property expression
evaluates to undefined, it is treated as an empty list.
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(16) A property value declared by a property association with the reserved word constant cannot be changed. For
example, if a property association is defined as constant for a component type, then there cannot be a property
association for the same property in any component implementation of the type, nor any subcomponent, nor

17

(18

114

D)

contained property association that applies to a component of the component type.

If the property type is a record, a property association represents the assignment of a new record value. If a subset
of record fields is assigned a value, the remaining fields have an undefined value and not inherited.

Component instance property associations with specified contained subcomponent identifier sequences allow
separate property values to be associated with each component instance in the containment hierarchy. In
particular, it permits separate property values such as actual processor binding property values or result values
from an analysis method to be associated with each component in the system instance containment hierarchy.

Property Expressions

A property expre}‘sion represents the value that is associated with a property through @-pr
y expression must match the property type declared for the property.

type of the prope

property expressiqn ::=

boolean tern

real term

integer terr

string term

enumeration |term

unit term

real range flerm

integer rande term

property tenm

component_cll

reference_tgrm

record term

computed_ texnm

boolean term ::=

| boolean property constant term

assifier term

Syntax

bperty association. The

boolean value

boolean value ::=

real term ::=

true | false

signed aadlreal or constant

integer term ::=

signed aadlinteger or_ constant
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string term ::= string literal | string property constant term

enumeration term ::=

enumeration identifier | enumeration property constant term

unit term ::=

unit_identifier | unit property constant term

integer range term——=
integer term J. integer term [ delta integer term ]

| integer rande property constant term

real range term : 4=
real term .. feal term [ delta real term ]

| real range groperty constant term

property term ::=

[ property set |identifier :: ] property name_sdentifier

property constant |term ::=

[ property set|identifier :: ] propérty constant identifier

component classifier term ::=
classifier (
( unique_ comgonent type\reference |

unique comgonent \implementation reference ) )

reference_term ::4

reference ( contained model element path )

record term ::=
[ record field identifier => property value ;

{ record field identifier =»> property value; }" 1

computed term ::=

compute ( function identifier )
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Naming Rules

The component type identifier or component implementation name of a subcomponent classifier reference must
appear namespace of the specified package.

The enumeration identifier of a property expression must have been declared in the enumeration list of the property

type that is assoc

iated with the property.

For reference terms the naming rules (N5) .. (N11) in Section 11.3 are applicable in order to resolve contained
model element paths.

If a classifier property is associated with a core AADL model element, then the classifier meta model identifier of a
classifier term can only refer to a core AADL meta model class.

If a classifier prq
of a classifier tern

If a reference prg
reference term c3
namespace of the

If a reference property is associated with an AADL annex model element, then the contai

of a reference ter
The field identifie

The function iden

If the base type o

The type of a pro
association.

The type of a pro
property associat

Property refereng
model element to

pUl‘ty ib aabuuiatcd VV;ti I drl AADL dlllITA IIIUUIUi UiUI 1] It, ti 111 ti 1T bidbb;f.
N can refer to a core AADL meta model class or an annex meta model.clas

perty is associated with a core AADL model element, then the centained
n only refer to a core AADL model element. The first identifierdn-the pat
directly enclosing component that contains the property association.

m can refer to a core AADL model element or an angex-model element of
of a record expression must exist in the local namespace of the record ty
ifier of a compute expression must exist asfunction in the source text.

Legality-Rules

[ a property number type or rangéitype is integer, then the numeric literals

perty named in a propertyterm must be identical to the type of the prope

perty constant named,in a property constant term must match the type of t

on.

es in propefty-term or property_constant_term of property expressions n
which the _property association applies.

Property refereng
property has a p

cannot directly or'r

es inproperty_term or property_constant_term of property expressions

r meta model identifier
s of the same annex.

model element path of a
n must be defined in the
ned model element path

he same annex.

pe.

must be integers.

rty name in the property

he property name in the

ust be applicable to the

cannot be circular. If a
t expression evaluation

If the contained model element path of a reference term includes a subcomponent array identifier that does not

identify a single e

Every property expression can be evaluated to produce a value, a range of values, or a reference.

lement in the array, then the expression results in a list of references.

Semantics

It can be

statically determined whether this value satisfies the property type designator of the property name in the property
association. The value of the property association may evaluate undefined, if no property association or default
value has been declared.

Boolean terms are of property type aadlboolean. The reserved words true and false evaluate to the Boolean
values true and false.
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(4) Number terms evaluate to a numeric value denoted by the numeric literal, or evaluate to a pair consisting of a
numeric value and the specified units identifier. A number term satisfies an aadlinteger property type if the
numeric value is a numeric literal without decimal point or exponent. Otherwise, it satisfies the aadlreal property
type. If specified, the units identifier must be one of the unit identifiers in the unit designator of the property type.
Furthermore, the value must fall within the optionally specified range of the property type — taking into account unit
conversion as necessary.

(5) Enumeration terms evaluate to enumeration identifiers. The enumeration property type of the property name is
satisfied if the enumeration identifier is declared in the enumeration list of the property type.

(6) Range terms are of range property type and are represented by number terms for lower and upper range bounds
plus and an optional delta value. Range terms evaluate to two or three numeric values that and each must satisfy
the number type declared as part of the range property type. The delta value represents the maximum difference
between two values, e.g., between two values of a data stream coming through a data port.

>

String terms are
literal.

pf aadlstring property type. A string literal evaluates to the string of;characters denoted by that

€))

Property terms e
terms of another

aluate to the value of the referenced property. This allows ong'property yalue to be expressed in
The value of the referenced property is determined in the*context of the element for which the
property value is|being determined. For example, the Deadline property-has the propgrty term period as its
default property e¢xpression. If this default value is not overwritten by another property gdssociation, the value of
Deadline of a thread subcomponent is determined by evaluating the property term in the context of the thread
subcomponent, i.e., the Deadline value is determined by the Pexriod value for the thread subcomponent rather
than the context ¢f the default value declaration. The value of the referenced property may be undefined, in which
case the property|term evaluates to undefined.

©))

(10
(1D

Property constan
to be expressed s

Component class

Reference terms
a model element

terms evaluate to the value of the referenced property constant. This al
ymbolically in terms of a constant identifier rather than the actual value.

fier terms are of the property type classifier. They evaluate to a classifier

are of reference property type and evaluate to a reference. This refereng
in the model containment hierarchy, e.g., to a contained component,

ows one property value

reference.

e may be a reference to
to a connection, mode,

feature, or an anrlex model element.

(12) Record terms evaluate to a recerdvalue, which consists of a separate value for each named field in the record
expression. Any flecord field defined in a record type, for which there is no value in the recprd expression, the field
value is determingd by the default value; otherwise it is considered not present.

(13) This function is called
every time the va 5 of the same and other
model elements e time. A typical use of
this function is to calculate the value of a property based on the value of a property of its subcomponents. It takes
the property association and the model element it is associated with as parameters. The function is expected to be
without side effects and to return a value that is consistent with the type of the property. The function being called

is assumed to exist in a library that is supplied to methods of processing.

Computed terms|allow< user-defined function to be called to calculate a property value]
ue-of the property is accessed ThIS function may access other propertle

NOTES:

Expressions of the property type reference or classifier are provided to support the ability to refer to classifiers and model elements in
the model. For example, they are used to specify bindings of application components to execution platform components.

Processing Requirements and Permissions
(14) A method of processing specifications may define additional rules to determine if an expression value is legal for a

property, beyond the restrictions imposed by the declared property type. The declared property type represents a
minimum set of restrictions that must be enforced for every use of a property.


https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE

AS5506B

Page 272 of 398

(15) If an associated expression or default value is not specified for a property, a method of processing specifications is
permitted to reject that specification as erroneous. A method of processing specifications is permitted to construct
a default expression, providing that default is made known to the developers. This decision may be made on a per
property basis. If a property value is not required for a specific development activity, then the method of processing
associated with this activity must accept a specification in which that property has no associated value.

(16)

A method of processing specifications may impose additional restrictions on the use of property expressions whose

value depends on the current mode of operation, or on bindings. For example, mode-dependent values may be
allowed for some properties but disallowed for others. Mode-dependent property expressions may be disallowed

entirely.

a7
programmatically.

(18) A method of pro

computed value
assume that the
that case the co
determined at mo

-- This is an AADI]
thread Producer

end Producer;

thread implementat
properties
Compute Executi]
Compute Executi]

end Producer.Basid

process Collect Sz

end Collect_ Sampls

SSINg SPEeciications may IMmpoSeE resirictions on ihe use of computed va
nction to compute the value once and store the result as a cachedvaly
alues of properties used in the computation have been declared through
puted property value is not changed programmatically by a method of
del instantiation time.

Examples

fragment inside a package

ion Producer.Basic
on Time => Oms..10ms (in binding ( powerpc.speed 350Mh
on Time => Oms..8ms”“in binding ( powerpc.speed 450MHz

I

mples

S i

A method of processing specifications may access and change field values of a record property value

Lies in order to allow the
e. For example, it may
broperty associations. In
processing and can be

system Software

end Software;

system implementation Software.Basic

subcomponents
Sampler A

Sampler B

{

: process Collect Samples;

: process Collect Samples

-- A property with a list of values

Source_ Text =>

( “collect samples.ads”, “collect samples.adb”

Period => 50 ms;

b

)

7
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end Software.Basic;

device car

properties

mine::Car Length => 3.25 meter;

mine: :Position =>

mine::Car_ Name =>

end car;

(x =>3; v =>4;);
“Rabbit”;

Germany => “Golf”; );

system Hardware

end Hardware;

system implementafjion Hardware.Basic

subcomponents

Host A: proces]or;

Host_B: proces

end Hardware.Basid

system Total Systgm

end Total System;

system implementafjion Total System.SW HW

subcomponents

or;

SW : system Sofltware.Basic;

HW : system Hapdware.Basicy

properties

-- examples of |contadined property associations

-- in a subcomgonent” of SW we are setting the binding to a

IILI

-- component comteimed—in

IIVW

Allowed Processor Binding =>

Allowed Processor Binding =>

end Total System.SW_HW;

(

(

reference ( HW.Host A ) )
applies to SW.Sampler A;
reference ( HW.Host B ) )

applies to SW.Sampler B;
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12 Modes and Mode Transitions

D)

A mode represents an operational mode state, which manifests itself as a configuration of contained components,
connections, and mode-specific property value associations. Modes can be defined for different components in a
system and modes can be inherited from the enclosing component. A configuration may be an execution platform
configuration in the form of a set of processors, memories, buses, and devices; an application system configuration
in the form of a set of threads communicating through connections or calls within or across processes and systems;
or a source text operational mode within a thread, i.e., an execution behavior embedded in the source text itself.
When multiple modes are declared for a component, a mode transition behavior declaration identifies which event
and event data arrivals cause a mode switch and the new mode, i.e., a change to a different configuration. Exactly
one mode is considered the current mode. The current mode determines the set of threads that are considered
active, i.e., ready to respond to dispatches, and the connections that are available to transfer data and control. A
set of modes may be inherited from the containing component.

2

changes in comp

i.e., the arrival of

Mode transitions

model dynamic operational behavior that represents switching betw
bnents internal characteristics. Such transitions are initiated by moedg tra
events or event data on ports named in a mode transition or ari-event r

itself (self). When declared for processes and systems, mode transitions model the sw

configurations of
between differen

represent applica
for the thread or ¢

modes_subclause

modes ( { modq

active threads. When declared for execution platforms, ‘mode transit
execution platform configurations. When declared for threads and su

ata component.

Syntax

| mode transition }* | none_gtatement )

requires modes_ sulclause =
requires moded ( { mode }* | none (Statement )
mode ::=
defining mode |identifier [ initial ] mode
[ { { mode| propergy{association }* } 1;

mode transition

[ defining m

fion logic that is encoded in the source text and may result in different asg

een configurations and
hsition triggering events,
hised by the component
tch between alternative
ons model the change
bprograms, modes may
sociated property values

de _tramsition identitfier : |

source mode identifier

-[ mode transition trigger { , mode transition trigger }* 1->

destination mode identifier

[ { { mode transition property association }* } 1]

mode transition trigger

unique port identifier | self

| processor

unique port identifier

.
I

. port identifier

event or event data source identifier
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[ subcomponent

in modes

or feature group or subprogram call identifier .

in modes ( mode identifier { , mode identifier }* )

component in modes

in modes ( ( mode name { , mode name }" ) )

mode_name

Jocal mode identifier

[ => subcomponent mode identifier ]

] port identifier

in modes and trans

(

in modes ( m

mode or transitior

mode_ident

The defining moq
classifier that co
component imple

The identifiers in
classifier that cor
modes of the san;

The unique port i
of the associated
component type
declaration.

The mode and m
refer to modes or

(N4)

the subcomponent or éonnection. The modes and mode transitions in the local name spa
lause or requires modes_subclause of the component implementlation or the component

the modes subd

itions =

ode or transition { , mode or transition }* )

ifier | mode transition identifier
Naming Rules

e and mode transition identifiers must be-unique within the local names
ntains the mode subclause. This means that modes declared in cq
mentations for the same type must have different identifiers.

a mode transition that refer to, modes must exist in the local names
tains the mode subclause. Iniother words, mode transitions of a comg
e component.

Hentifier must be either an in or in out event, data, or event data port ide

component type, ofian out or in out event, data, or event data port ir
associated with~the named subcomponent, or an event or event d

bde transition identifiers named in an in modes statement of a subcompo

pace of the component
mponent types and in

pace of the component
onent can only refer to

htifier in the namespace
the namespace of the
ata identifier in a self

nent or connection must

mode fransitions declared in the local namespace of the component implg¢mentation that contains

ce are those declared in

type.

(NS)

(N6)

The subcomponent mode identifier in a component in modes must refer to a required mode of the
subcomponent for which the in modes is declared. If the subcomponent’s component type has a requires modes
clause and no mapping to a subcomponent mode identifier is specified, then for each such mode in the
subcomponent there must be a mode with the same name in the containing component.

An in modes statement in a subcomponent or connection refinement declaration may be used to specify mode
membership to replace the one, if any, in the declaration being refined. A subcomponent or connection refinement
declaration without an in modes statement specifies that the connection is active in all modes.

Special rules apply for in modes in property associations (see Section 11.3).

(N7)

For a contained property association with an in modes statement, the identifier must refer to modes or mode
transitions of the last subcomponent named in the dot-separated identifier list of the applies to subclause, or to
modes and mode transitions of the component containing the property association if the applies to subclause does
not start with a subcomponent identifier.
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(L3)

(L4)

Mode Transition Rgsponse: enumeration ( emergency, planned )

Mode Sensitive Architecture

€

4

(5

)

P

&

€

Legality Rules
A mode or mode transition can be declared in any of the component categories.

If a component classifier contains mode declarations, one of those modes must be declared with the reserved word
initial. If the component classifier extends another component classifier, the initial mode must have been declared
in one of the ancestor component classifier. This rule does not apply to requires modes subclauses.

The set of transitions declared within a single component implementation must define a deterministic transition
function. For each mode, there must exist exactly one transition, which can cause transition to another mode.

If a component has been declared with a requires mode clause, then a subcomponent declaration referencing
this component classifier may include a component in modes that specifies a mapping for the inherited modes
by specifying the subcomponent’'s mode identifier after the optional =>; if the mapping is not specified the same
mode identifier is[@assumed.

Standard Properties

Semantics

The mode semantics described here focus on a single modée-subclause. A system instgnce that represents the
runtime architectlire of an operational system can contain multiple components with their own mode transitions.
The semantics of[system-wide mode transitions are discussed in Section 13.6.

A mode represerjts an operational state that is represented as a runtime configuration of|contained components,
connections, and|mode-specific property value associations.

A mode may represent a runtime configuration of systems, processes, thread groups|and threads and their
connections for g given operational state. * In this case the modes are declared in thread| groups, processes and
systems, and in modes clauses indicate which subcomponents and connections are active in a given mode. In
this case, only the threads that are-part of the current mode are in the suspended awaiting dispatch state —
responding to dispatch requests M All other threads are in the suspended awaiting mode stafe or thread halted state.

A mode may alsq represent logical execution state within a thread. In this case the mode Ipgic is embedded in the
source text and may besrepresented as thread modes and mode-specific thread property values or mode-specific
call sequences through.the use of the in modes clause. Thread and subprogram inqernal modes effectively

represent a set of behavioral states, whose state transition behavior can be specified through annex subclauses of
the Behavior Annexmotation{seeArmex Document D:

System and execution platform component declarations can have subcomponents with in modes clauses. In this
case, only the execution platform components that are part of the current mode are accessible to software
components. For example, only the processors and memories that are part of the current mode can be the target of
bindings of application components active in that mode.

For execution platform components a mode can represent an operational mode that is internal to the execution
platform component. For example, a processor may execute at two execution speeds. The different execution
speeds are reflected in mode-specific property values

A component type or component implementation may contain several declared modes. Exactly one of those
modes is the current mode. Initially, the initial mode is the current mode.
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(10

1D

(12

A component that has modes itself can be a subcomponent of another component with modes. As a result, the
component can be deactivated and activated as result of mode transitions in the enclosing component. On
activation of a components with modes the Resumption Policy property determines whether the initial mode is
entered or the mode from the last deactivation is resumed.

The in modes statement is declared as part of subcomponent declarations, subprogram call sequences, flow
implementations, and property associations. It specifies the modes for which these declarations and property
values hold. The mode identifiers refer to mode declarations in the modes subclause of the component classifier. If
the in modes statement is not present, then the subcomponent, subprogram call sequence, flow implementation,
or property association is part of all modes. If a property association has both mode-specific declarations and a
declaration without an in modes statement, then the declaration without the in modes statement applies to those
modes not covered by the mode-specific declarations.

A component type may specify through a requires modes declaration that a subcomponent should inherit the
modes of its co:talmng component. In this case the in modes declared as part of a_spbcomponent defines a
mapping of the modes of the containing component to the inherited modes of the subeomponent. The modes of

both may have tf

mapped to the sa
(13) The in modes s
which these conn
of the component
ultimate source p
statement contair
of any particular 1
(14) Ifthein modes s
in the declaration

Mode Transition

(15) The modes subcl
The states of the
trigger a transitio
time.

(16) The arrival of an

called a mode tra

out of the state rq
no transition out ¢
to mode transitiorn

(17) A mode transitior]

e same names, or they may be different. Multiple modes of the/contair
me subcomponent mode.

atement declared as part of connection declarations specify the modes
ection declarations hold. The mode identifiers refer to mode  declarations
implementation. If a connection is declared to be part{fja mode transitior
ort is transferred to the ultimate destination port at the actual mode switg
s only mode transitions, then the connection is part of the specified modg
node. If the in modes statement is not present, then the connection is pa

atement is declared as part of a refinement;-the newly named modes repl
being refined.

puse declares a state machine describing the dynamic mode transition bg
state machine represent-the different modes and the transitions speci

event or event data through an event or event data port that is named in
nsition trigger.event. A mode transition is triggered if one of the ports nan
presenting<the’ current mode causes the trigger event. If such a trigger e
f the current mode naming the port with the trigger event, the trigger even
s of thevreceiving modal component.

ing component may be

or mode transitions for
in the modes subclause
, then the content of the
h time. If the in modes
transitions, but not part
it of all modes.

ace the modes specified

thavior between modes.
y the event(s) that can

h to the destination mode:~"Only one mode alternative represents the ciirrent mode at any one

one of the transitions is
hed in a mode transition
bent occurs and there is
t is ignored with respect

may actually be performed immediately if it is considered an emergency

or it may be performed

in a planned fash

on after currently executing threads complete their execution and the dispatches of a set of critical

(18

(19

thread are aligned (see Section 13.6 for more detail). This is indicated by the Mode Transition Response
property on the mode transition with the default being planned.

If several trigger events occur logically simultaneously and affect different mode transitions out of the current mode,
the order of arrival for the purpose of determining the mode transition is implementation dependent. If an Urgency
property is associated with each port named in mode transitions, then the mode transition with the highest port
urgency takes precedence. If several ports have the same urgency then the mode transition is chosen non-
deterministically.

Any change of the current mode has the effect of changing the property value in property associations with mode-
specific values — as expressed by the in modes statement.
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(200

(@3]
(22)

(23)

(24)

(25

(26)

NOTES:

A thread may execute different source text sequences under different modes declared within a thread. This may be
represented by different compute execution times and different entrypoints or call sequences for different modes.
The current mode at dispatch time determines the source text sequence to be executed. In other words, a thread-
internal mode represents a behavioral state, in which the thread completes execution of one dispatch and awaits
the next dispatch.

The semantics of mode transitions between modes declared inside threads have been described in Section 5.4.5.

Mode transitions within an execution platform component occur as a result of external or internal events, e.g., a
processor may switch to a different execution speed. A mode transition within a thread or execution platform
component does not affect the set of active threads, processors, devices, buses, or memories, nor does it affect the
set of active connections external to the thread or execution platform component.

A mode transition within a system, process, or thread group implementation has the effect of deactivating and
activating thread between components.
Deactivated thredds transition to the suspended awaiting mode state. Background threads that are not part of the
new mode suspgnd performing their execution. Activated threads transition to the ‘suspgnded awaiting dispatch
state and start regponding to dispatches. Previously suspended background thredds-that afre part of the new mode
resume performirlg execution once the transition into the new mode is complete, “Threads [that are part of both the
old and new modge of a mode transition continue to respond to dispatches and perform execution. Ports that were
connected in the pld mode, may not be connected in the new mode and vjce versa.

Threads that are|active in both the old and the new mode are dispatched in their usual|manner; in the case of

background threads, they continue in the execute state.

At the time of th
mode execute thq

actual mode switch, any threads that were'active in the old mode and|are inactive in the new

ir Deactivate Entrypoint.

At the time of th¢ actual mode switch, any threads that were inactive in the old mode and are active in the new
mode execute thegir Activate Entrypoint.

Mode transitions can only
conditions based on the
connected to a thread wh
through an out event port t
that makes system reconfi

The default mode transitio
use of the Behavior Annex

be triggered by the arrival of .an event or event data on a named port or a self evg
content of any data cannot be expressed in the mode transition declaration.

hat triggers the appropriate mode transition. Such a thread typically plays the role
juration decisions‘based on the nature and frequency of detected faults.

h trigger conditions based on a set of ports is a disjunction. Other conditions c3
(see Annex Document D).

nt. This means that trigger
Instead, they have to be

ose source text interprets the data portion to identify the error type and then faise an appropriate event

of a system health monitor

n be modeled through the

Q27

(28)

29

Processing Permissions and Requirements

Every method for processing specifications must parse mode transition declarations and check the legality rules
defined in this standard. However, a method of processing specifications need not define how to build a system
from a specification that contains mode transition declarations. That is, complex behaviors that may have multiple
modes of operation may be rejected by a method of building systems as an unsupported capability.

In an actual distributed system, exact simultaneity among multiple events cannot be achieved. A system realization
must use synchronization protocols sufficient to ensure that the causal ordering of event and data transfers defined
by the logical temporal semantics of this standard are satisfied by the actual system, to the degree of assurance
required by an application.

A method of implementation is permitted to provide preservation of queue content for aperiodic and sporadic
threads on a mode switch until the next activation. This is specified using the thread property
Active Thread Queue Handling Protocol.
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(30) A method of implementation is permitted to support a subset of the described protocols to handle threads that are
computation state at the time instant of actual mode switch. They must document the chosen
subset and its semantic behavior as part of the Supported Active Thread Handling Protocol property.

in the performing

(31) A method of imple

-- This is an AADL
data Position Type

end Position Type;

mentation may enforce that there is a mode-specific property value defined for each mode.

Examples

fragment inside a package

process Gps_Sender
features
Position: out d

if connected

SecondaryPositi
end Gps_Sender;

process implementq

end Gps_Sender.Bag

process implementqd

end Gps_Sender. Sed

process GPS_Health
features
Backup_ Stopped]

Main Stopped: d

evi

All Ok: out

ata port Position Type;
secondary position information is used to rec@librate
on: in data port Position Type

{ Required Connection =x)‘false;};

tion Gps_ Sender.Basic

ic;

tion Gps_Sender.Secure

ure;
_Monitor
out event port;

ut event port;

nt- port;

Run_Secure: out

Run_Normal: out

event port;

event port;

end GPS Health Monitor;

system Gps

features

Position: out data port Position Type;

Init Done: in event port;

end Gps;

system implementation Gps.Dual

Page 279 of 398
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subcomponents
Main Gps: process Gps_Sender.Basic in modes (Dualmode, Mainmode) ;
Backup Gps: process Gps_Sender.Basic in modes (Dualmode, Backupmode) ;
Monitor: process GPS Health Monitor;
connections
connl : port Main Gps.Position -> Position in modes (Dualmode, Mainmode) ;
conn2 : port Backup Gps.Position -> Position in modes (Backupmode) ;
conn3 : port Backup Gps.Position -> Main Gps.SecondaryPosition
in modes (Dualmode) ;

modes

Initialize: initial mode;

Dualmode : mod];
Mainmode : modqg;

Backupmode: mode;

Started: Initidlize -[ Init Done ]-> Dualmode;
Dualmode -[ Moritor.Backup Stopped ]-> Mainmode;
Dualmode -[ Moritor.Main Stopped ]-> Backupmode;
Mainmode -[ Moyitor.All Ok ]-> Dualmode;
Backupmode -[ Monitor.All Ok ]-> Dualmode;

end Gps.Dual;

system implementafjion Gps.Secure extends Gps.Dual

subcomponents

Secure Gps: prqcess Gps_ Send€r)Secure in modes ( Securemode ) ;
connections

secureconn: poxt Secure\Gps.Position -> Position in modes ( Securemodg ) ;
modes

Securemode: mode;

SingleSecuremode—mode-

Dualmode -[ Monitor.Run Secure ]-> Securemode;

Securemode -[ Monitor.Run Normal ]-> Dualmode;

Securemode -[ Monitor.Backup Stopped ]-> SingleSecuremode;
SingleSecuremode -[ Monitor.Run Normal ]-> Mainmode;
Securemode -[ Monitor.Main Stopped ]-> Backupmode;

end Gps.Secure;

The following example illustrates inherited modes. A process declares a high fidelity and a low fidelity mode. All threads
in the process respond to these two modes by performing high or low fidelity computation.

thread Calculate
features

Incoming: in event data port;
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Outgoing: out event data port;

requires modes

HighFidelity: initial mode;

LowFidelity: mode;

end Calculate;
process Altitude

features

doHigh: in event port;

doLow: in event
Incoming: in eve
Outgoing: out ey

end Altitude;

process implementgdtion Altitude.impl

subcomponents
calc: thread Cal
connections
inconn: port Ind
outconn: port cg
modes
HiFid: initial =
LowFid: mode;
HiFid -[ doLow ]
LowFid -[ doHigh
end Altitude.impl;

port;
nt _data port.

ent data port;

culate in modes (LowFid => LowFidelity, (Hi¥Fid => HighFjidelity) ;

oming -> calc.Incoming;

lc.Outgoing -> Outgoing;

ode;

-> LowFid;

]-> HiFid;
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13 Operational System
(1) Component type and component implementation declarations are architecture design elements that define the
structure and connectivity of a actual system architecture. They are component classifiers that must be instantiated
to create a complete system instance. A complete system instance that represents the containment hierarchy of
the actual system is created by instantiating a root system implementation and then recursively instantiating the
subcomponents and their subcomponents. Once instantiated, a system instance can be completely bound, i.e.,
each thread is bound to a processor; each source text, data component, and port is bound to memory; and each
connection is bound to a bus if necessary.

(2) A completely instantiated and bound system acts as a blueprint for a system build. Binary images are created and
configured into load instructions according to the system instance specification in AADL.

13.1 System Instanges

D)

(2

€))

4

(C1)

(C2)

(C6)

(C7)

(C8)

A system instand
components and

A system instanc
and completely re

A system instanc
text making up p
source and destir]
as necessary.

A set of contain
components, po
of components, 2
bound system.
instance to repreq

A complete syste
processes in a co

The Required
the predeclared H

In a complete sy

Thus, multiple sets of contained property associations can be associateq

e represents the runtime architecture of a actual system that consists
execution platform components.

b is completely instantiable if the system implementation being instantiate
solved.

b is completely instantiated and bound if all threads are*ultimately bound t
rocess address spaces are bound to memory, cennections are bound t
ations are bound to different processors, and stubprogram calls are bound
d property associations can reflect property values that are specific tg
s well as results of analysis, simulation, or actual execution of the coni
ent different system configurations.
Consistency Rules

m instance must not contain incompletely specified subcomponents, ports
mpletely instantiable system must contain at least one thread.

"onnect jen property may be used to indicate that a port connection is
rror andComplete ports (see Section 5.4), connections are optional.

stem”instance, the required ports of all threads, devices, and processo

source or destination’of semantic connections

of application software

i is completely specified

b a processor, all source
b buses if their ultimate
to remote subprograms

individual instances of

, connections, provided and requiredaccess. These properties may represent the actual binding

pletely instantiated and
with the same system

, and subprograms. All

equired. In the case of

rs must be the ultimate

In a completely instantiable system, the subprogram calls of all threads must either be local calls or be bound to a
remote subprogram whose thread is part of the same mode.

In a completely instantiable system, for every mode that is the source of mode transitions, there must be at least
one mode transition that is the ultimate destination of a semantic connection whose ultimate source is part of the
mode.

In a complete system instance, aperiodic and sporadic threads that are part of a given mode must have at
least one connection to one of their in event ports or in event data ports.

For instantiable systems, all threads must be bindable to processors and all components representing source text
must be bindable to memory.

The source text associated with all contained components of the system instance must be compliant with the
specified component type, component implementation, and property associations.
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(C9) In order to be considered complete, system instance must contain at least one thread, one processor and one
memory component in its containment hierarchy to represent an application system that is executable on an

execution platform, i.e., a processor with memory containing the application code and data.

(C10) If a system instance has processors of different types, then the execution time of threads must be specified for
each processor type using the in binding statement, or a reference processor type must be identified through the
Reference Processor property.

Semantics
(5) A system instance represents an operational actual system. That actual system may be a stand-alone system or a
system of systems. A system instance consists of application software and execution platform components. The

component configuration, i.e., the hierarchical structure and interconnection topology of these components is
statically known. The mode concept describes alternative statically known component configurations. The runtime
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The Allowed Processor Binding property values must evaluate to a processor, virtual processor, or a
system that contains a processor in its component containment hierarchy.

The Allowed Memory Binding property values must evaluate to a memory, a processor that contains memory
or a system that contains a memory or a processor containing memory in its component containment hierarchy.

Legality Rules
The memory requirements of ports and data components are specified as property values of their data types or by

properties on the port feature or data subcomponent. Those property associations can have binding-specific
values.
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Consistency Rules
(C1) Every mode-specific configuration of a system instance must have a binding of every process component to a (set

of) memory component(s), and a binding of every thread component to a (set of) processor(s).

In the case of dynamic process loading, the actual binding may change at runtime. In the case of tightly coupled
multi-processor configurations, such as dual core processors, the actual thread binding may change between
members of an actual binding set of processors as these processors service a common set of thread ready queues.
Multiple software components may be bound to a single memory component.

A software component may be bound to multiple memory components.

A thread must be bound to a one or more processors. If it is bound to multiple processors, the processors share a
ready queue, i.e.,

1 41 ! 4 n b
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mponent must be bound to memory accessible by alh)processors to which
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specify a single memory component, thus specifying the exact memory binding. It may also specify a list of memory
components or system components containing memory components, indicating that the process is bindable to any
of those memory components.

(C14) The memory requirements of the binary images and the runtime memory requirements of threads and processes

bound to a memory component must not exceed that memory’s capacity. The execution time requirements of all
threads bound to a processor must not exceed the schedulable cycles required to ensure that all thread timing
requirements are met. These two constraints may be checked statically or dynamically. Runtime detection of such
a memory capacity or timing requirements violation results in an error that the application system can choose to
recover from.
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Semantics

A complete system instance is instantiated and bound by identifying the actual binding of all threads to processors,
all binary images reflected in processes and other components to memory, and all connections to buses if they
span multiple processors. The actual binding can be recorded for each component in the containment hierarchy by
property associations declared within the system implementation.

The actual binding must be determined within specified binding constraints. Binding constraints of application
components to execution platform components are expressed by the allowed binding and allowed binding class
properties for memory, processor, and bus. In the case of an allowed binding property, the execution platform
component is identified by a sequence of ‘.’ (dot) separated subcomponent names. This sequence starts with the
subcomponent contained in the component implementation for which the property association is declared. Or the
sequence begins with the subcomponent contained in the component implementation of the subcomponent or
system implementation for which the property association is declared. This means that the property association
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Examples

package Deployment

system smp

end smp;

system implementation smp.sl

-- a multi-processor system

subcomponents
pl:
p2:

processor cCpu. ul;

processor cpu.ul;
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p3: processor cpu.ul;

end smp.sl;

process pl

end pl;

process implementation pl.il
subcomponents
ta: thread t1.i1;

tb: thread tl.il:

end pl.il;

thread t1l
end tl;

thread implementafjion tl.il

end tl1.i1;

processor cCpu

end cpu;

processor implemertation cpu.ul

end cpu.ul;

system S

end S;

system implementafjion»S.TI

-- a system combirthg—eppticetionr—comporents
-- with execution platform components
subcomponents

p_a: process pl.il;

p_b: process pl.il;

upl: processor cpu.ul;

up2: processor cpu.ul;

ssl: system smp.sl;

properties

Allowed Processor Binding => ( reference (upl),

reference

applies to p a.ta;

(up2)

)
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Allowed Processor Binding =>

( reference (upl), reference (up2) )

applies to p_a.tb;

-- ta is restricted to a subset of processors that tb can be bound to;

-- since ta and tb are part of the same process they must be bound to the

-- same processor in most
Allowed Processor_ Binding

Allowed Processor_ Binding

end S.I;
end Deployment;
NOTES:

Binding properties are de

bound and the execution p
each instance of such a syj

13.3 System Startuf
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)
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The maximum sy

max(Startup
+ max(Startup Deadline) of all virtual processors
+ max(Load_Deadline) of all processes

+ max(Process__
+ max(Initialize Deadline) of all threads.

Sterminitiatization time cam be determinedas

Deadline) of all processors and other hardware components

Startup_Deadline) of all processes

(5

)

All software components for a process must be bound to memory components that are all accessible from every
processor to which any thread contained in the process is bound. That is, every thread is able to access every
memory component into which the binary image of the process containing that thread is loaded.

Data components shared across processes must be bound to memory accessible by all processors to which the
processes sharing the data component are bound.
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(7) Thread initialization must be completed by the next hyperperiod of the initial mode. Once all threads are initialized,
threads that are part of the initial mode enter the await dispatch state. If loaded, threads that are not part of the
initial mode enter the suspend awaiting mode state (see Figure 5). At their first dispatch, the initial values of
connected out or in out ports are made available to destination threads in their in or in out ports.

(8) This initialization model assumes independent initialization of threads, i.e., no ordering requirement (other than
processes must be initialized first). If there is an ordering requirement the user can introduce an initialization mode,
in which they can utilize the full power of AADL to specify thread execution dependencies.

F Y

abort(system) start(system)
ST—0 stopped(system)

N ]
Iy

-~

almn{sysllem} ¥

oystem starting
ST £ startup_deadline

started(system) stop{system)

azzeart ST = statup_deadline

System operational

Figure 22 System Instance States, Transitions, and Actions

13.4 Normal System Operation

(1) Normal operation i.e., the execution semantics_of individual threads and transfer of data @and control according to
connection and shared access semantics, have been covered in previous sections. In this|section we focus on the
coordination of sych execution semantics throughout a system instance.

(2) A system instance is called synchronized if all components use a globally synchronized re¢ference time. A system
instance is called asynchronous,if different components use separate clocks with the potgntial for clock drift. The
clock drift in asynghronous systems may be bounded, e.g., by resynchronizing the clocks.

(3) In a synchronizefl system,-periodic threads are dispatched simultaneously with respect [to a global clock. The
hyperperiod of a $et ofperiodic threads is defined to be the least common multiple of the periods of those threads.

(4) In a synchronized system, a raised event logically arrives simultaneously at the ultimate dastination of all semantic
connections whose ultimate source raised the event. In a synchronized system, two events are considered to be
raised logically simultaneously if they occur within the granularity of the globally synchronized reference time. If
several events are logically raised simultaneously and arrive at the same port or at different transitions out of the
current mode in the same or different components, the order of arrival is implementation-dependent.

(5) In an asynchronous system the above hold within a synchronization domain, i.e., periodic threads are dispatched
simultaneously and events arrive logically simultaneously. A method of implementing a system may provide
coordination protocols for asynchronous system to provide simultaneity guarantees within a certain time granularity.
Otherwise, the dispatches and event arrivals are considered independent across synchronization domains.

13.5 System Operation Modes

(1) The set of all modes specified for all components of a system instance form a set of concurrent mode state
machines, whose composite state is called system operation mode (SOM). The set of possible SOMs is the cross
product of the sets of modes for each component. That is, a SOM is a set of component modes, one mode for
each component of the system. The initial SOM is the set of initial modes for each component.
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The set of possible SOMs can be reduced by taking into account mode combinations that are not reachable. For
example, if a component instance with modes is itself not active under certain modes of one of its containing
components, then these mode combinations can be excluded. Similarly, of a component inherits modes from a
containing component, then only the mode combinations of the containing component need to be considered.
Finally, reachability analysis of modes taking into account mode transition conditions may further reduce the set of
SOMs to be considered.

The discrete variable Mode denotes a SOM. That is, the variable Mode denotes a compound discrete state that is
defined by the mode hybrid semantic diagrams for each component instance in the system. Note that the value of
Mode will in general change at various instants of time during system operation, although not in a continuous time-
varying way.

System Operation Mode Transitions

A SOM transition| is initiated whenever a mode transition trigger event (see also Section_12) occurs in any modal

component in the system instance. A single sent event or event data can trigger a mode
more component$. In a synchronized system, this trigger event occurs logically simultane
and the resulting pomponent mode transition requests are treated as a single SOMransitio

Several events nfay occur logically simultaneously and may originate from different ports
e.g., through a send Output service call with multiple ports as parameter; or from diffe
same time. If thgy are semantically connected to transitions in different)components that
mode or to differ¢nt transitions out of the same mode in one componéent, then events are

switch request in one or
pusly for all components
.

bf the same component,
rent components at the
lead out of their current
treated as independent

SOM transition injtiations.

If multiple SOM transition initiations occurs logically simultaneotsly, one is chosen in an implementation-dependent
manner. If an Urgency property is associated with each port named in mode transitions, then the mode transition
with the highest gort urgency takes precedence. If several ports have the same urgency thg¢n the mode transition is
chosen non-detefqministically.

A mode transition] of a thread internal mode, i.e.}.a mode declared in the thread or one of|its subprograms, that is
triggered by the gomponent itself or is triggered’by an event or data arriving ata port of the thread, takes place at
the next thread dispatch. For further detail see Section 5.4.5.

A mode transitior
implementation,
immediately.

of a processor, devi€e, bus, or memory internal mode, i.e., a mode deg¢lared in the component
hat is triggeredcby“the component itself or is triggered by an extefnal event, takes place

The next paragraphs address mode,transitions that involve activation and deactivation of threads and connections.

)

>

€))

©))

If a mode ftransition» has a Mode Transition Response property value
mode transitilon \in progress state is entered in zero time and the actual SOM
immediately. In this-case all threads in the performing state that have to be deactivated are

bf Emergency, the
transition is performed
aborted.

After an event triggering a SOM transition request has arrived, the actual SOM transition occurs as a Planned
response, if the mode transition does not have a Mode Transition Response property value of Emergency. In
this case, execution continues under the old SOM until the dispatches of a critical set of periodic components
(threads and devices), which are active in the old SOM, align at their hyperperiod. At that point the
mode transition in progress state is entered. @~ A component is considered critical if it has a
Synchronized Component property value of true. If the set of critical components is empty, the
mode transition in progress state is entered immediately. This is indicated in Figure 23.

by the guard of the function Hyper(Mode) on the transition from the current system operation mode state to
the mode transition in progress state.

Until the mode_transition_ in progress state is entered, any mode transition trigger event with the same or
lower urgency that would result in a SOM transition from the current SOM is ignored. A trigger event with higher
urgency supersedes the event under consideration for determining the SOM transition at the time the
mode transition in progress state is entered.
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(10) A runtime transition between SOMs requires a non-zero interval of time, during which the system is said to be in
transition between two system modes of operation. While a system is in transition, excluding the instants of time at
the start and end of a transition, all mode transition trigger events are ignored with respect to mode transitions.

(1D

The system is in a mode transition in progress state for a limited amount of time. This is determined by the

maximum time required to perform all deactivations and activations of threads and connections (see below),
increased to the next multiple of the hyperperiod of a non-zero set of critical components that continue to execute,
i.e., periodic threads that are active in the old and in the new SOM and have a Synchronized Component

property value of

(12

true. This is shown in Figure 23.

by the guard of the function Hyper(Mode)* on the transition from the mode transition in progress state to

the current system operation mode state. After that period of time, the component is considered to operate
in the new mode and the active threads in the new mode start to execute.
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thread computation state (see Figure 5) and may have events or event
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of the new SOM are disabled.

t transition in progress state, for all connections between data p
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(18

When the mode transition in progress state is entered, thread exit(Mode) is triggered to deactivate all

threads that are part of the old mode and not part of the new mode, i.e., the set of deactivated threads. This results
in the execution of deactivation entrypoints for those threads (see Figure 5).

(19

When the mode transition in progress state is entered, thread enter(Mode) is triggered to activate threads

that are part of the new mode and not part of the old mode, i.e., the set of activated threads. This permits those
threads to execute their activation entrypoints (see Figure 5).

200

There is no requirement that all deactivation entrypoint executions complete before any activation entrypoint

executions start. The maximum execution time for the deactivations and activations is the maximum deadline of
the respective entrypoints.

2D

Zombie threads may be stopped at actual mode switch time, they may be suspended, or they may complete their

execution while mode transition is in progress. The Active Thread Handling Protocol property specifies
for each such thread what action is to be taken at the time the mode transition in progress state is

entered.
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(22) The default action is to stop the execution of the zombie thread and execute its recover entrypoint indicating an
stop for deactivation - effectively handling them like deactivated threads. This permits the thread to recover to a
consistent state for future activation, including the release of resources held by the thread. Upon completion of the
recover entrypoint, execution the thread enters the suspended awaiting mode state; event and event data port
queues of the thread are flushed by default or remain in the queue until the thread is activated again as specified by

the Active Thread Queue Handling Protocol property.

If the thread was executing a remotely called

subprogram, the current dispatch execution of the calling thread of a call in progress or queued call is also aborted.
In this case the recover entrypoint deadline is taken into account when determining the duration of the

mode transiti
(23) Other actions are

[ )
action is only sa
Complete ons
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held and comm
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Complete all
actual mode sw|
thread is react
execution of the

(24) At the next
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-

on_in progress state.

project-specific implementor provided action and may include:

fe to use if the thread does not hold the lock to a shared resource.

Suspend the execution of the zombie thread for resumption the next time the thread is part of a new mode. This

permits the thread to complete the execution of its current dispatch an
Femaining queued events, or event data may be flushed, or remain in.the

as specified by the Active Thread Queue Handling Protocol
Linicated according to the connections when the thread is reactivated. In
read competes for execution platform resources.

permits the thread to finish processing all events or evént data in its

zombie thread competes for execution platform resources.
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Figure 23 System Mode Transition Semantics
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and exit(Mode) also appear in the set of concurrent semantic automata derived from the mode declarations in a
specification. That is, enter(Mode) and exit(Mode) transitions for threads occur synchronously with a transition
from the current system operation mode state to the mode transition in progress state.

(26) The description of this time-coordinated transitioning of system operation mode assumes a synchronous system,
i.e., a single synchronization domain. In the case of an asynchronous system, multiple synchronization domains
exist in a system. In this case, the coordinated activation and deactivation of threads and connections as part of a

system operation mode transition must be ensured within each synchronization domain.

In the case of an

asynchronous system, coordination protocols may be supported to coordinate system operation mode transition
across synchronization domains within bounded time.
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13.7 System-wide Fault Handling, Shutdown, and Restart

(1) Thread unrecoverable errors result in transmission of event data on the Error port of the appropriate thread,
processor, or device. The ultimate destination of this semantic connection can be a thread or set of threads whose
role is that of a system health monitor and system configuration manager. Such threads make decisions about
appropriate fault handling actions to take. Such actions include raising of events to trigger mode switches, e.g., to
request SOM transitions.

Runtime Services

(2) Several runtime services are provided to control starting and stopping of the system, processors, virtual processors,
and processes. They may be explicitly called by application source code, or they may be called by an AADL
runtime system that is generated from an AADL model.

(3) current System Mode returns a value corresponding to the active system operation mode (SOM).
subprogram Cuyrent System Mode
features

ModeID: out |parameter <implementor-specific>; -- ID of the mode
end Current System Mode;

(4) set System Mdde indicates the next SOM the runtime system must switch to. System|modes are assumed to
have identifying numbers.
subprogram Sef] System Mode
features

ModeID: in garameter <implementor-specific>; -- ID of the SOM
end Set System Mode;

(5) The following subprograms take a process, virtual processor, or processor ID as parameter. The ID representation
is determined by the runtime system.

(6) stop_ Process fs called for a controlled shut-down of a process, i.e., all of its contpined threads, whether
executing, awaitihg a dispatch, aor not part of the current mode, are given a chance fo execute their finalize
entrypoint before [being halted.

(7) Abort Procesg is called for a shut-down of a process due to an anomaly. All of it contained threads are
terminated immediately:

(8) stop Virtual |[Processor is called to initiate a transition to the virtual processor stdpping state at the next
hyperperiod. This has the effect of initiating Stop_Virtual Processor for all virtual processors bound to the
virtual processor, and Stop Process for all processes bound to the virtual processor.

(9) ARbort Virtual Processor is called for a shut-down of a virtual processor due to an anomaly. All virtual
processors and processes bound to the virtual processor are aborted.

(10) stop_ Processor is called to initiate a transition to the processor stopping state at the next hyperperiod. This has
the effect of initiating Stop Virtual Processor for all virtual processors bound to the processor, and
Stop_Process for all processes bound to the processor.

(11) abort Processor Iis called for a shut-down of a processor due to an anomaly. All virtual processors and
processes bound to the processor are aborted.

(12) stop_ System is called to initiate a transition to the system stopping state, which will initiate a Stop_Processor for

all processors in t

he system.
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(13) Abort System is called for a shut-down of the system due to an anomaly. All processors in the system are

aborted.

Processing Requirements and Permissions

(14) This standard does not require that source text be associated with a software or execution platform category.
However, a method of implementing systems may impose this requirement as a precondition for constructing a
actual system from a specification.

(15) A system instance represents the runtime architecture of an application system that is to be analyzed and
processed. A system instance is identified to a tool by a component classifier reference to an instantiable system

implementation.
parameter.

For example, a tool may allow a system classifier reference to be supp

specification for system instances.

lied as a command line

Any such externally identified component specification must satisfy all the rules defined in this

(16) A method of build

ing systems is permitted to only support static process loading.

(17) A method of builgling systems is permitted to create any set of loadable binary images th

and legality rules

of this standard. For example, a single load image may begZcreated

contains all procgsses and threads executed by that processor and all source text asso

buses accessible
memory to make
processor.

(18) A process may d
space, and define
these functions.
secondary linking

(19) A method of build
a method of build
threads contained

(20) If two software ¢

types and implen

this must be dete

(21) A method of build
a processor kern
software.

(22

This standard suy

by that processor. Or a separate load image may be created for each p
up the process virtual address space, in addition to¢the kernel address

bfine a source namespace for the purpose of compiling source programs,

a binary image for the purpose of loading.. Adhethod of building systems
For example, processes may be compiled-vand pre-linked as separate {
to combine the process binary images tosform a load image.

ing systems is permitted to compile, link and load a process as a single s
ng systems is permitted to impose the additional requirement that all assg
in a process form a legal pregram as defined in the applicable programm

bmponents that are campiled and linked within the same namespace h3
entations, or the intérsection of their associated source text compilation

cted and reported-

ing systems-is:permitted to omit loading of processor, device driver, and

b| address~space if none of the threads bound to that processor need to

ports static virtual memory management, i.e., permits the construction of

at satisfy the semantics
for each processor that
ciated with devices and
rocess to be loaded into
space created for each

define a virtual address
is permitted to separate
rograms, followed by a

purce program. That is,
ciated source text for all
ng language standard.

ve identical component
Linits is non-empty, then

bus protocol software in
access or execute that

systems in which binary

DN.

images of proces

Ees‘are loaded during chtnm initialization hefare a chtnm hpgina nppmﬁ

(23) Also permitted are methods of dynamic virtual memory management or dynamic library linking after process
loading has completed and thread execution has started. However, any method for implementing a system must
assure that all deadline properties will be satisfied for each thread.

(24) An alternative implementation of the process and thread state transition sequences is permitted in which a process
is loaded and initialized each time the system changes to a mode of operation in which any of the containing
threads in that process are active. This process load and initialize replaces the perform thread activate action in
the thread state transition sequence as well as the process load action in the process state transition sequence.
These alternative semantics may be adopted for any designated subset of the processes in a system. All threads
contained in a process must obey the same thread semantics.
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14 Layered System Architectures

(1) Layering of system architectures is supported in AADL in several ways:

2

€))

(4

(5

)

>

€))

Hierarchical containment of components;
Layered use of threads for processing and services;
Layered virtual machine abstraction of the execution platform.

The hierarchical containment of components is the result of modeling a system as a component architecture and
decomposing its capabilities hierarchically. This is supported by the abstract component category as well as the
software components, the hardware components, and the system components. Interaction between components at

different levels of the system hierarchy is managed and controlled by the component features.

between the components must follow the component hierarchy.

Connections

Threads and dey|
and devices thro
may call on servi
into service layer
Multi-tiered e-bus|
different service

convention to fol
Service_Layer

ces represent active components in a system. Threads and devices int
gh directional flow of events and data, representing a pipeline architectur
es of other threads through subprogram service calls. These thread serv
5 in that threads of one layer call on services of the same or.fower laye
ness architectures are examples of this architecture pattern:_Fhreads an
ayer can be organized into separate packages and access to packag
ow the layering hierarchy. Packages or components~Such as threads

property that can be used by a design rule checkerd4o enforce such layeri

Execution platfor
example, a virtu

components virtual processor and virtual bus.ean represent virtual ma
processor may represent a language runtimessystem such as the Ada r

responsible for sgheduling the execution of Ada tasks. This funtime system may be implen
virtual processor| namely a real-time operating system.;\Virtual processors and process
service calls des¢ribed in Runtime Support in Section\54, and Section 8.3, as well as sef

as part of the f
implemented in t

AADL can be u
component can
operating syste
lower level exec
implementation o
and transfer soft
devices. A map (
database softwar
level memory con

tures of a (virtual) processor type.
rms of a lower level protocol.

Similarly, a virtual bus may reprg

ed to represent this system"layering as follows: The implementation o
described by system components. For example, a processor that reprs
can be described by-an application software system to represent the
tion platform system that includes a lower-level processor abstraction
F a device, e.g.; a-digital camera, can be described as a system that cons
ware as wellSas processors, internal memory, and USB bus interface
ata base/may be a highly abstracted memory component type, whose im
b and data-Components that represent the database content together with
hponents and a processor that acts as dedicated database server.

eract with other threads
e pattern. Threads also
ces often are organized
r, but not higher layers.
H related components of
s can be restricted by
tan be attributed with a

ng.

chine abstractions. For
untime system, which is
ented on top of another
prs provide the runtime
vices declared explicitly
bsent a protocol that is

f an execution platform
esents hardware and an
bperating system and a

Similarly, the internal
sts of image processing

and CCD sensors as
blementation consists of
physical disks as lower-

System impleme

or, memory, bus, virtual

bus, and device types and implementations through the Implemented As property, which takes classifiers as its
value.

In the case of processors, virtual processors, and devices, these system implementations can be used as plug-
replaceable patterns for the original platform components, when an instance model is created. The pattern is called
plug-replaceable because the system component implementing the execution platform element implements the
interface defined by the execution platform element type.

In the case of a virtual bus or bus a connection bound to a bus or virtual bus is interpreted during model
instantiation as rerouting the connection from its source to a source feature in the system implementation of the
bus or virtual bus, and a second connection from a predeclared destination feature to the destination of the original
connection. For example, the system implementation realizing a virtual bus may consist of a sender thread with a
predeclared source port and a receiver thread with a predeclared destination port. Alternatively, the connection can
be mapped into Send Output and Receive Input service calls (see Runtime Support in Section 8.3) to reflect
an API-based functional service architecture.
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In the case of a memory component, read and write accesses to data components that are bound to a memory
component can be mapped into read and write accesses to data components in the system implementation of the
memory abstraction, or interpreted as retrieve and store service calls to the subprogram access features of the
system component.
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15 Lexical Elements

(1) The text of an AADL description consists of a sequence of lexical elements, each composed of characters. The
rules of composition are given in this section.

15.1 Character Set

(1) The only characters allowed outside of comments are the graphic_characters and format_effectors.

Syntax

character ::= graphic character | format effector

graphic_ charj

(2) The character re
Basic Multilingua
format_effectors
characters is imp

(3) The description o
and Row 00: Lati
(Latin-1); no grap
set of graphic syn
is not specified.

(4) The categories of

identifier |

upper |

upper_case_1

| other control character

cter ::= identifier letter | digit | space characgter

| special character

Semantics
bertoire for the text of an AADL specification consists of the collection

and, in comments only, a set of other_control functions; the coded r
ementation defined (it need not be a represéntation defined within ISO-10

F the language definition in this standarduses the graphic symbols defined
h-1 Supplement of the ISO 10646 BMP; these correspond to the graphic
hic symbols are used in this standard for characters outside of Row 00
nbols used by an implementation-for the visual representation of the text ¢
characters are defined:as follows:
etter

case idedtifier letter | lower case identifier letter

dentiftier letter

Any c

hdracter of Row 00 of ISO 10646 BMP whose name begi

ns

Letter“=

lower case identifier letter

pbf characters called the
Plane (BMP) of the ISO 10646 Universal Multiple-Octet Coded Character Set, plus a set of
epresentation for these
546-1).

for Row 00: Basic Latin
symbols of ISO 8859-1
bf the BMP. The actual
f an AADL specification

“Latin Capital

Any character of Row 00 of ISO 10646 BMP whose name begins “Latin Small
Letter”.

digit

One of

the characters 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9.

space character

The character of ISO 10646 BMP named “Space".

special character
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Any character of the 1ISO 10646 BMP that is not reserved for a control function, and is not the
space_character, an identifier_letter, or a digit.

format effector

The control functions of ISO 6429 called character tabulation (HT), line tabulation (VT), carriage return
(CR), line feed (LF), and form feed (FF).

other control character

Any control character, other than a format_effector, that is allowed in a comment; the set of
other_control_functions allowed in comments is implementation defined.

(5) The following names are used when referring to certain special_characters:

Symbol Name Symbol Name

" quotption mark : colon

# number sign ; semicolon

= equalls sign ( left parenthesis

) Righft parenthesis . underline

+ plus| sign [ left square bracket

, Commg 1 right squaxe’ bracket

- Minup { left curly bracket
Dot } rightSeurly bracket

Implementation Permissions

(6) In a nonstandard| mode, the implementation“may support a different character repertoire;| in particular, the set of
symbols that are fonsidered identifier_letters-can be extended or changed to conform to logal conventions.

NOTES:

Every code position of ISQ 10646 BMP that.is not reserved for a control function is defined to be a graphic_fcharacter by this standard.
This includes all code posifions other than*0000 - 001F, 007F - 009F, and FFFE - FFFF.

15.2 Lexical Elements, Separators, and Delimiters

Semantics

(1) The text of an AADL specification consists of a sequence of separate lexical elements. Each lexical element is
formed from a sequence of characters, and is either a delimiter, an identifier, a reserved word, a numeric_literal, a
character_literal, a string_literal, or a comment. The meaning of an AADL specification depends only on the
particular sequences of lexical elements that form its compilations, excluding comments.

(2) The text of an AADL specification is divided into lines. In general, the representation for an end of line is
implementation defined. However, a sequence of one or more format_effectors other than character tabulation
(HT) signifies at least one end of line.

(3) In some cases an explicit separator is required to separate adjacent lexical elements. A separator is any of a
space character, a format_effector, or the end of a line, as follows:

e A space character is a separator except within a comment, a string_literal, or a character_literal.
e Character tabulation (HT) is a separator except within a comment.
e The end of a line is always a separator.
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(4) One or more separators are allowed between any two adjacent lexical elements, before the first, or after the last.
At least one separator is required between an identifier, a reserved word, or a numeric_literal and an adjacent
identifier, reserved word, or numeric_literal.

(5) Adelimiter is either one of the following special characters

(Hror<&y o o=+
(6) or one of the following compound delimiters each composed of two or three adjacent special characters
=> +=> -S> <> . _[ ]_> {** **}
(7) Each of the special characters listed for single character delimiters is a single delimiter except if that character is

used as a character of a compound delimiter, or as a character of a comment, string_literal, character_literal, or
numeric_literal.

(8) The following names are used when referring to compound delimiters:

Delimiten Name

qualified name separator

=> association

+=> additive association

-> directional connection

<-> bidirectional connection
interval

-[ left step bracket

1-> right step bracket

{** begin annex

*x ] end annex

Processing Requirements and Permissions

(9) An implementatign shall suppott lines of at least 200 characters in length, not counting jany characters used to
signify the end of|a line. Anrimplementation shall support lexical elements of at least 200 characters in length. The
maximum supporfed linedength and lexical element length are implementation defined.

15.3 Identifiers

(1) Identifiers are used as names. Identifiers are case insensitive.

Syntax
identifier ::= identifier letter {[underline] letter or digit}*
letter or digit ::= identifier letter | digit

¢ An identifier shall not be a reserved word.

o For the lexical rules of identifiers, the rule of whitespace as token separator does not apply. In other words,
identifiers do not contain spaces or other whitespace characters.

Legality Rules

(L1)  Anidentifier must be distinct from the reserved words of the AADL.
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Semantics
(2) All characters of an identifier are significant, including any underline character. Identifiers differing only in the use
of corresponding upper and lower case letters are considered the same.
Processing Requirements and Permissions
(3) Inanonstandard mode, an implementation may support other upper/lower case equivalence rules for identifiers, to
accommodate local conventions.
(4) In non-standard mode, a method of implementation may accept identifier syntax of any programming language that
can be used for software component source text.
Examples
Count X Get_Symbol Ethelyn Gargon
Snobol 4 X1 Page Count Store Next Item VerridcKke
15.4 Numerical Litefals
(1) There are two kirlds of numeric literals, real and integer. A real_literakis/a numeric_literal that includes a point; an
integer_literal is g numeric_literal without a point.
Syntax
numeric_litqral = integer literal | realliliteral
integer litgral = decimal_integer literal | based integer literal
real literal ::= decimal real literadl
15.4.1 Decimal Literals
(1) Adecimal literal i$ a numeric_literal in tHe_conventional decimal notation (that is, the base ig ten).
Syntax
decimal intgqger litefal ::= numeral [ positive exponent ]
decimal real literal” ::= numeral . numeral [ exponent ]
numeral ::=|digi®/ { [underline] digit}”
exponent ::4 E/ [+] numeral | E - numeral
positive exponent ::= E [+] numeral
Semantics
(2) An underline character in a numeral does not affect its meaning. The letter E of an exponent can be written either
in lower case or in upper case, with the same meaning.
(3) An exponent indicates the power of ten by which the value of the decimal literal without the exponent is to be

multiplied to obtain the value of the decimal literal with the exponent.

Examples

12 0 1E6 123 456 -- integer literals

12.0 0.0 0.456 3.14159 26 -- real literals
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15.4.2 Based Literals

(1) Abased literal is a numeric_literal expressed in a form that specifies the base explicitly.

2

€))

15.5

€n)

2

€))

based integer literal

base

based numeral

extended digit

digit

Syntax

base # based numeral #
[ digit ]

extended digit {[underline] extended digit}

digit | A | B | C|D|E|F|a]|b]|c]|ad)|

Legality Rules

[ positive exponent ]

e | £

The base (the nu
The extended_d
extended_digit of

The conventional
the value of the b

The extended_dig

2#1111 1111#
2#1110_0000#

String Literals

A string_literal is
marks used as st

string litey

meric value of the decimal numeral preceding the first #) shall be at least{

gits A through F represent the digits ten through fifteen respectively.

a based_literal shall be less than the base.
Semantics

meaning of based notation is assumed. An exponentdndicates the pow

wo and at most sixteen.
The value of each

er of the base by which

ased literal without the exponent is to be multiplied te obtain the value of {he based literal with the
exponent. The base and the exponent, if any, are in decimal notation.

its A through F can be written either in lower gase or in upper case, with t

Examples
16#FF# Ole#Off# 1> integer literals of valu
16H#EH#EL 8H#340# -- integer literals of valu

formed by a seguence of graphic characters (possibly none) enclosed
ing brackets.

Syntax

al "{string element}*"

e same meaning.

255

224

between two quotation

string elemq

jake | non quotation mark graphic character

A string_element is either a pair of quotation marks ("), or a single graphic_character other than a quotation mark.

Semantics

The sequence of characters of a string_literal is formed from the sequence of string_elements between the

bracketing quotat

ion marks, in the given order, with a string_element that is " becoming a

single quotation mark in

the sequence of characters, and any other string_element being reproduced in the sequence.

(4) A null string literal is a string_literal with no string_elements between the quotation marks.

NOTES:

An end of line cannot appear in a string_literal.
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Examples

"Message of the day:"
nn -- a null string literal
non npmn IRIRIN] - = three strj_ng literals of length 1

"Characters such as $, %, and } are allowed in string literalg"
15.6 Comments

(1) A comment starts with two adjacent hyphens and extends up to the end of the line.

Syntax

comment ::=|--{non end of line character}*

e A comment may appear on any line of a program.

Semantics

(2) The presence or|absence of comments has no influence on whether a<program is legal pr illegal. Furthermore,
comments do notlinfluence the meaning of a program; their sole purpase is the enlightenmgnt of the human reader.

Examples

-- this is|a comment

end; -- processing of Line is completé

-- a long domment may be split_ento

-- two or more consecutive lines

———————————— ---- the fixst two hyphens start the comment
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15.7 Reserved Words

(1) The following are the AADL reserved words. Reserved words are case insensitive.

aadlboolean aadlinteger aadlreal aadlstring
abstract access all and
annex applies binding bus
calls classifier compute connections
constant data delta device
end enumeration event extends
false feature features flow
flows group implementation in
inherit initial inverse is
list memory mode modes
none not of or
out package parameter path
port private process processor
properties property prototypes provides
public range record referende
refined renames requires self
set sink source subcomfponents
subprogram system thread to
true type units virtual
with

NOTES:

The reserved words appear in lower case boldface in this standard. Lower case boldface is also used for a reserved word in a
string_literal used as an operator_symbol. This is merely a convention — AADL specifications may be written in whatever typeface is
desired and available.
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Appendix A Predeclared Property Sets
Normative
(1) The set of predeclared property sets Deployment Properties, Thread Properties, Timing Properties,

Memory Properties, Programming Properties, and Modeling Properties is part of every AADL
specification. It defines properties for AADL model elements that are defined in the core of the AADL. These
property sets may not be modified by the modeler. Deployment Properties contains properties related to the
deployment of the embedded application on the execution platform. Thread Properties contains properties
that characterize threads and their features. Timing Properties contains properties related to execution
timing. Memory Properties contains properties related to memory as storage, data access, and device access.
Programming Properties contains properties for _relating AADL models to application programs.
Modeling Properties contains properties related to the AADL model itself.

(2) The property set pADL, Project is a part of every AADL specification. It defines,property] enumeration types and
property constanfs that can be tailored for different AADL projects and site installations. THese definitions allow for
tailoring of the pre¢declared properties through changes to these predeclared property typesfand property constants.

(3) The property typas, property definitions, and property constants of thesepredeclared property sets can be named
with or without prpperty set name qualification.

NOTES:

All predeclared properties
category in the applies to

NOTES:

and user-defined properties are applicable to(components of the category afpstract without listing this
statement of the property definition.

larations in these property

In accordance with the naming rules for references to items defified in the predeclared property sets, the de

set refer to enumeration t
name.

A.1 Predeclared L

(1) The properties of
actual bindings o

pes and property constants deglared in the AADI, Project property set withou

D)eployment Properties

the predeclared property set named Deployment Properties record
f software components to hardware components, i.e., of threads and virt

t a qualifying property set

binding constraints and
Lal processors to virtual

Property set Depld

rocessors; ofprocesses and data components to memory, and of connectlons to virtual buses and

lal busesuto virtual buses, buses, virtual processors, and processors.

processors and p|
buses, and of virt

yment Properties is

Allowed Processor Binding Class:

inherit list of classifier (processor, virtual processor, system)

virtual processor,

to (thread, thread group, process, system,

applies
device) ;
The Allowed Processor Binding Class property specifies a set of virtual processor,

processor and system classifiers. These component classifiers constrain the set of candidate
virtual processors and processors for binding to the subset that satisfies the component classifier.

The value may be inherited from the containing component.

If this property has no associated value, then all
Allowed_Processor_ Binding are acceptable candidates.

processors specified in the
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Allowed Processor Binding: inherit list of reference (processor, virtual
processor, system)
applies to (thread, thread group, process, system, virtual processor,
device) ;

The Allowed Processor Binding property specifies the set of virtual processors and
processors that are available for binding. The set is specified by a list of virtual processor,
processor and system component names. System names represent the processors contained in
them.

If the property is specified for a thread, the thread can be bound to any of the specified set of
virtual processors or processors for execution. If the property is specified for a thread group,
process, or system, then it applies to all contained threads, i.e., the contained threads inherit the
property assomaﬂon unless overrldden If thls property is specmed for a dewce then the thread
associated—w v processors for
executipn. The Allowed Processor Blndlng property may speC|fy a smgle processor, thus
specifying the exact processor binding.

The allgwed binding may be further constrained by the processor classifier refergnce specified in
the Alljowed Processor Binding Class property.

If this pfoperty has no associated value, then all processors declared in n AADL $pecification are

acceptgble candidates.

Actual Procgssor Binding: inherit list of reference (processor, viftual

processor)

applies [to (thread, thread group, virtual| processor,

device) ;

process, system,

A threa
The prg
more th

This allpws modeling of multi-core-processors without explicit binding to one of the

If a dev
A virtua
executsg

Threads,

[ is bound to the processor specified by the Actual Processor Bir
cess of binding threads to procéssors determines the value of this prop
an one processor listed, a scheduler will dynamically assign the thread t

ce is bound to a processor-this indicates the binding of the device driver s
| processor may be ‘bound to a processor. This indicates that the v
s on the processor(it'is bound to.

devices, and Virtual processors can be bound to virtual processors, W

1ding property.
erty. If there is
b one at a time.
cores.
pftware.
rtual processor

hich in turn are

bound tp virtual processors or processors.

Allowed Memqry Bindinhg Class:

inherit list<of classifier (memory, system, processor)
applies [to")'(thread, thread group, process, system, device, | data, data
port, event data port, subprogram, subprogram group, pProcessor) ;

The Allowed Memory Binding Class property specifies a set of memory, device, and
system classifiers. These classifiers constrain the set of memory components in the
Allowed Memory Binding property to the subset that satisfies the component classifier.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components specified in the
Allowed Memory Binding are acceptable candidates.
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Allowed Memory Binding: inherit list of reference (memory, system, processor)
applies to (thread, thread group, process, system, device, data, data
port, event data port, subprogram, subprogram group, pProcessor) ;

Code and data produced from source text can be bound to the set of memory components that is
specified by the Allowed Memory Binding property. The set is specified by a list of memory
and system component names. System names represent the memories contained in them. The
Allowed Memory Binding property may specify a single memory, thus specifying the exact
memory binding.

The allowed binding may be further constrained by the memory classifier specified in the
Allowed Memory Binding Class.

The value of the Allowed Memory Binding property may be inherited from the component
that contains the component or feature.

If this property has no associated value, then all memory components declaned in an AADL
specifichtion are acceptable candidates.

Actual Memoyy Binding: inherit list of reference (memory)

(thread,
data,

applies flo thread group, process,

data port, event data

system, preocessor, dgevice,
port, &/ subprogram,| subprogram
group) ;

Code [and data from source text is bound to. the memory spegcified by the
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Actual
possibil

_Memory Binding property. The property“can hold a list of value
ty of code and data being bound to differentmémory components, for exa

s to reflect the
mple.

Allowed Conr

ection Binding Class:

inherit Jist of classifier (processoxj“\virtual processor, bus, vfirtual bus,

device, memdry)

applies fo (feature, connectien;

virtual bus)|;

thread, thread group, procdss, system,

The Allowed Connection (Binding Class property specifies a set of exgcution platform
classifigrs to constrain the-binding of connections and virtual buses. The named component
classifigrs must belong to;a’ processor, virtual processor, bus, virtual bus, device, or memory
category, i.e., any exegution platform component that supports communication bgetween threads.
When gpecified for-a-feature it indicates a binding constraint for all connections through that
feature,| e.g., any(protocol assumptions a component makes about its communication through the

port.
Allowed Conrlection Binding: inherit list of reference (processor, yirtual
processor, bus, virtual bus, device, memory)
applies to (feature, connection, thread, thread group, process, system,

virtual bus) ;

The Allowed Connection Binding property specifies a set of execution platform
components to constrain the binding of connections and virtual buses. The named components
must belong to a processor, virtual processor, bus, virtual bus, device, or memory category.
When specified for a feature such as a port it indicates a binding constraint for all connections
through that feature, e.g., any protocol assumptions a component makes about its communication
through the port.
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Actual Connection Binding: inherit list of reference (processor, virtual
processor, bus, virtual bus, device, memory)
applies to (feature, connection, thread, thread group, process, system,

virtual bus) ;

Connections and virtual buses are bound to the bus, virtual bus, processor, virtual processor,
device, and memory specified by the Actual Connection Binding property. The entries in

the list represent the flow sequence of the connection through the execution platform.

Allowed Subprogram Call:

applies to

list of reference (subprogram)

(subprogram access) ;

A subprogram call can be bound to any member of the set of subprograms speC|f|ed by the

e., subprogram

instancgs in other threads or Iocal subprogram mstances In the latter ca 5e the property
identifies a specific code instance. If no value is specified, then subprogranicall|must be a local
call.
Actual Subpyogram Call: reference (subprogram)
applies o (subprogram access) ;

The Ad]
servicin|
other th
local c(
subprog

tual Subprogram Call property specifies the Subprogram instance

reads, or local subprogram instances. In theatter case the property ide
de instance, i.e., it can model sharing ,of “Subprogram. If no value i
ram call is a local call.

whose code is

g the subprogram call. These may be remote subprograms, i.e., subprogfam instances in

htifies a specific
5 specified, the

Allowed Subg
inherit 1

applies t

Remotg
is spec
then su

rogram Call Binding:

ist of reference (bus,.processor, device)

o (subprogram, thread, "thread group, process, system);

subprogram calls can be bound to the physical connection of an executi
fied by the AllowedSubprogram Call Binding property. If no va
bprogram call may ‘be a local call or the binding may be inferred from the

on platform that
ue is specified,
bindings of the

caller and callee.

Actual Subppogram—Call Binding: list of reference (bus, processor,|memory,
device)
applies fo<(subprogram) ;

The Actual Subprogram Call Binding property specifies the bus, processor, device, or
memory to which a remote subprogram call is bound. If no value is specified, the subprogram call
is a local call or the binding can be inferred from the binding of the caller and callee.

Provided Virtual Bus_ Class inherit list of classifier (virtual bus)

applies to (bus, virtual bus,

memory, system) ;

processor, virtual processor, device,

The Provided Virtual Bus_ Class property specifies the set of virtual bus classifiers
(protocols) supported by a bus, virtual bus, virtual processor, device, or processor. The property
indicates that a component with a binding requirement for a virtual bus classifier can be bound to
a component whose Provided Virtual Bus Class property value includes the desired
virtual bus classifier. Note that the component with this property is not required to have virtual
bus subcomponents.
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Required Virtual Bus_ Class inherit list of classifier (virtual bus)
applies to (virtual bus, connection, port, thread, thread group, process,

system, device);

The Required Virtual Bus Class property specifies the set of virtual bus classifiers
(protocols) that this connection or virtual bus needs to be bound to, i.e., that it requires to be
bound to one instance of each of the specified classifiers. This property complements the
Allowed Connection Binding Class property, which specifies that the connection binding
must be to components of one of the specified classifiers.

Provided Connection Quality Of Service inherit list of

Supported Connection QoS

applies to (bus, virtual bus, processor, virtual processor, system,
device, memory) ;
The Prpvided Connection Quality Of Service property specifies thé(gpality of service

provide
protoco

] by a protocol, i.e., a virtual bus, bus, virtual processor, or, proce
s, for its transmission.

5sor  supporting

Required_ Con
Supported_ Cd

applies
system, devi

The Re
virtual b

nection Quality Of Service inherit list,of

nnection QoS

o (port, connection, virtual bus, thread, thread group
ce);

quired Connection Quality Of Servdice property specifies that
us expects a certain quality of service fromthe protocol that is used for its

process,

A connection or
transmission.

Not Collocafed: record (
Targets] list of reference (data, thread, process, system, conhection);
Locatior]: classifier ( prodegsor, memory, bus, system ); )
applies |[to (process, system);
The Not Collocated property specifies that hardware resources used by deveral software

compor
same N

ents must be distinct. The components referenced by Target must not
ardware of/the type specified in the Location field. If the Locati

be bound to the
bn is a system

comporlent, then they may not be collocated to any component contained|in the system
comporent.
Collocated: |record (
Targets: list of reference (data, thread, process, system, connection);
Location: classifier ( processor, memory, bus, system ); )
applies to (process, system);

The Ccollocated property specifies that several software components must be bound to the
same hardware. The components referenced by Target must be bound to the same hardware
of the type specified in the Location field. If the Location is a system component, then they
must be collocated on any component contained in the system component.
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(2) The next set of properties specify characteristics of the computing hardware as it relates to the deployment of
software.

list of enumeration
(Sampled Data Connection,
Delayed Data_ Connection,
Data_ Access_Connection,
Subprogram Access Connection)
device) ;

Allowed Connection Type:
Immediate Data Connection,
Port Connection,

applies to (bus,

The Allowed Connection Type property specifies the categories of connections a bus
supports. That is, a connection may only be legally bound to a bus if the bus supports that
category of connection.

If a list of allowed connection protocols is not specified for a bus, then any category of connection
can be pound to the bus.

Allowed Disqg
applies

The 2l
support|
specifie
by the t

If a list

dispatch protocol can be bound to and executed by.the processor.

atch Protocol: list of Supported Dispatch Protocols

o (processor, virtual processor) ;

lowed Dispatch Protocol property specifies the’ thread dispatch
bd by a processor. That is, a thread may only be legally bound to the
d thread dispatch protocol of the processor corresponds to the dispatch p
nread.

of allowed scheduling protocols is not specified for a processor, then a

protocols are
processor if the
rotocol required

thread with any

Allowed Peri

od: list of Time Range

applies Yo (processor, system, virtual processor) ;

The Allowed Period property specifies a set of allowed periods for periodic tasks bound to a
procesdor.
The perjod of every thread boandto the processor must fall within one of the spedified ranges.
If an allpwed period is not 'specified for a processor, then there are no restriction$ on the periods
of threads bound to that processor.

Allowed Phydical Adcéss Class: list of classifier ( device, procesfgor,

memory, bus|)

applies [to«(bUs) ;

The all owed Physical Access Class property specifies the classifiers|of processors,

devices, memory, and buses that are allowed to be connected to the bus, i.e., whose connection
is supported by the bus.

If the property is not specified for a bus, then the bus may be used to connect both devices and
memory to the processor.

Allowed Physical Access: list of reference ( device, bus )

applies to (bus);

processor, memory,

The Allowed Physical Access property specifies the classifiers of processors, devices,
memory, and buses that are allowed to be connected to the bus, i.e., whose connection is
supported by the bus.

If the property is not specified for a bus, then the bus may be used to connect both devices and
memory to the processor.
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Memory Protocol: enumeration (execute only, read only, write only,
read _write) => read write

applies to (memory) ;

The Memory Protocol property specifies memory access and storage behaviors and
restrictions. Writeable data produced from software source text may only be bound to memory
components that have the write only or read write property value.

Runtime Protection Support : aadlboolean
applies to (processor, virtual processor) ;

The Runtime_Protection_Support property specifies whether the processor or virtual processor is
able to support runtime enforcement of protected address spaces. Processes and virtual
processors bound to virtual processors and processors specify the demand for such runtime
enforcement.

[92]

Scheduling Hrotocol: inherit list of Supported Scheduling PrOtocol
applies fo (virtual processor, processor) ;

The Scheduling Protocol property specifies what scheduling protocol the thread scheduler
of the pfocessor uses. The core standard does not prescribe,a particular scheduling protocol.

Scheduling protocols may result in schedulers that coerdinate scheduling of [threads across
multiplel processors.

Preemptive Ycheduler : aadlboolean
pplies to (processor) ;

This pr1perty specifies if the processer_can preempt a thread during its executign. By default, if
this property is not specified, the processor owns a preemptive scheduler.

Thread Limi{: aadlinteger ,0.\. Max Thread Limit
applies flo (processor| wirtual processor) ;

The Thread Limdt\'property specifies the maximum number of threads sypported by the
procesgor.

Priority Mapg: 1list of Priority Mapping

applies fo_Aprocessor) ;

The Priority Map property specifies a mapping of AADL priorities into priorities of the
underlying real-time operating system. This map consists of a list of aadlinteger pairs.

Priority Mapping: type record (
Aadl Priority: aadlinteger;
RTOS Priority: aadlinteger; );

The Priority Mapping property specifies a mapping of a single AADL priority value into a
single priority value of the underlying real-time operating system. This property is used to define
the elements of a consists of a Priority Map.
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The pro

Priority Range: range of aadlinteger
applies to (processor, virtual processor) ;

The Priority Range property specifies the range of thread priority values that are acceptable
to the processor.

perty type is range of aadlinteger

end Deployment Properties;

A.2 Predeclared Thread PlupCItico

(1) The properties of]
and devices, i.e.,

Property set Thres

the predeclared property set named Thread Properties record‘infornpation related to threads
active application components. They address dispatching, concufrency, and mode transition.

d Properties is

Dispatch Prd
applies {
The Di

A meth
subset
permittg

tocol: Supported Dispatch Protocols
o (thread, device, virtual processor)y
spatch Protocol property specifies the dispatch behavior for a thread.

bd used to construct a actual system from a"specification is permitted tq@ support only a
pf the standard scheduling protocols. .Avmethod used to construct a gctual system is
d to support additional non-standard seheduling protocols.

Dispatch Tri
applies {

The Di
thread ¢

gger: list of reference ‘(port)
o (device, thread);

spatch Trigger property specifies the list of ports that can trigger the dispatch of a
r device.

Dispatch Abl
applies

The Dis
activate

e: aadlbodlean
o (thre€ad) ;

patch/Able property specifies whether a thread should be dispatched. Threads can be
d for“dispatch in given modes, which is specified as part of the subcompohent declaration

of the

omponent using the thread. In some cases the thread itself may have modes and that

mode d
level co

model

decides

Expressing this through modes in the enclosing component would lead to possibly having to

compute_execution_time for a thread indicates that thread is dispatched and its application code

etermines whether the thread is active or idle. For example, various combinations of low
ntrol threads may be active or idle at various points in time.

many mode combinations of subcomponents. Specification of zero

there is nothing to do.
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POSIX Scheduling Policy : enumeration (SCHED FIFO, SCHED RR, SCHED OTHERS)
applies to (thread, thread group) ;

The POSIX_Scheduling_Policy property is used for the modeling of the scheduling protocols defined by
POSIX 1003.1b. Such a property specifies the policy assign to a given thread. The policy may be either
SCHED FIFO, SCHED RR or SCHED OTHER. In a POSIX 1003.1b architecture, the policy allows the
scheduler to choose the thread to run when several threads have the same fixed priority. If a thread does
not define the POSIX_Scheduling_Policy property, it has by default the SCHED_FIFO policy. The policy
semantics are :

e SCHED FIFO : this policy implements a FIFO scheduling protocol on the set of equal fixed
priority : a thread stays on the processor until it has terminated or until a highest priority
thread is released.

e SCHED RR : this policy is similar to SCHED FIFO except that the quantum is used. At the
endof the quantum, the ranning thread 1S pre-empted from the processor and]a equal priority
thrgad has to be released.

e SCHED OTHER : its semantic is defined by POSIX policy implementers: This pplicy usually
impjements a timing sharing scheduling protocol.

Priority: igherit aadlinteger
applies o (thread, thread group, process, system, device);

The Priiority property specifies the priority of the thread that is taken into qonsideration by
some s¢heduling protocols in scheduling the execution order of threads.

The prgperty type is aadlinteger. Its value is expected to be within the range o¢f priority values
supported by a given processor.

Criticality{ aadlinteger
applies Yo (thread, thread grouph-;

This prgperty specifies the criticality)level of a thread. This property is used by maximum urgency
first scHeduling protocols. Such-a property can also be used by any project spegific scheduling
protocols.

Time Slot: list of aadlinteger
applies o (thread, thread group, process, virtual processor, system);

The Time SXot property specifies statically allocated slots on a timeline. This property is used
by schddulingprotocols with a time slot allocation approach, such as the protocgl for scheduling
partitions-on'a static timeline.

Concurrency Control Protocol: Supported Concurrency Control Protocols
applies to (data);

The Concurrency Control Protocol property specifies the concurrency control protocol
used to ensure mutually exclusive access, i.e., a critical region, to a shared data component. If
no value is specified the default value is None Specified, i.e., no concurrency control protocol.

Urgency: aadlinteger 0 .. Max Urgency
applies to (port, subprogram) ;

The Urgency property specifies the urgency with which an event at an in port is to be serviced
relative to other events arriving at or queued at other in ports of the same thread. A numerically
larger number represents higher urgency.
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Dequeue Protocol: enumeration ( Oneltem, MultipleItems, AllItems ) => Oneltem

applies to (event port, event data port);

The Dequeue Protocol property specifies different dequeuing options.

OneItem: (default) a single frozen item is dequeued at input time and made available to the
source text unless the queue is empty. The Next Value service call has no effect.

AllItems: all items that are frozen at input time are dequeued and made available to the
source text via the port variable, unless the queue is empty. Individual items become accessible
as port variable value through the Next Vvalue service call. Any element in the frozen queue
that are not retrieved through the Next Value service call are discarded, i.e., are removed from
the queue and are not available at the next input time.

MultipleItems: multiple items can be dequeued one at a time from the frozen queue and
made available to the source text via the port variable. One item is dequeued and its value made
available via the port variable with each Next Value service call. Any item$ not dequeued
remain |n the queue and are available at the next input time.

3

b

ber of elements
| property is set

If the Dg
that are|
toallT

bqueued_Items property is set, then it imposes a maximum onythe num
made accessible to a thread at input time when the Dequeuwe“Protoco
tems or MultipleItems.

The defpult property value is OneItem.

Dequeued Itgms: aadlinteger

applies fo (event port, event data port) ;

The De
to the a
time. |
Dequey

hueued_Items property specifies the maximum number of items that are
pplication via a port variable for event.6pevent data ports when the input i
s value cannot exceed that of the Queue Size property for the same
e Protocol property.

made available
5 frozen at input
port. See also

Mode Transit
applies

The Md
immedi

ion Response: enumefation ( emergency, planned )
o (mode transitien):;

de Transition.Response property specifies whether the mode tr
tely due to an emergency, or whether it is planned in that the comp

ansition occurs
letion of thread

executipn can be coordinated before performing the mode transition. If not specified the mode
transitign is considered to be planned.
Resumption Holicy% “enumeration ( restart, resume )
applies [to \/(thread, thread group, process, system, device,| processor,
memory, bus,| system, virtual processor, wvirtual bus, subprogram);

The Resumption Policy property specifies whether as result of a mode transition activation
a component that has modes itself starts in the initial mode or resumes in the current mode at the
time of its deactivation.

Active Thread Handling Protocol:
inherit Supported Active Thread Handling Protocols => abort

applies to

(thread, thread group, process, system);

The Active Thread Handling Protocol property specifies the protocol to use to handle
execution at the time instant of an actual mode switch. The available choices are implementation
defined. The default value is abort.



https://saenorm.com/api/?name=42ab4446dccdb3ad6ece1e1c2289e31d

SAE AS5506B Page 313 of 398

Active Thread Queue Handling Protocol:
inherit enumeration (flush, hold) => flush

applies to (thread, thread group, process, system);

The Active Thread Queue Handling Protocol property specifies the protocol to use to
handle the content of any event port or event data port queue of a thread at the time instant of an
actual mode switch. The available choices are £1ush and hold. Flush empties the queue. Hold
keeps the content in the queue of the thread being deactivated until it is reactivated. The default

value is £1ush.

Deactivation Policy: enumeration (inactive, unload) => inactive

applies to

(thread, process,

virtual processor, processor) ;

The De
deactivated. If the policy is unload, then the process is unloaded on deactivate
. In the case of threads, the property indicates whether thread state js\sav
ult is that the process is loaded during startup and is not unloaded-when

aded when it is
and loaded on
pd.

Heactivated.

Runtime Profjection inherit aadlboolean

applies o (process, system, virtual processor) ;

This pr
protecti

bperty specifies whether a process requires runtime’ enforcement of
bn. If no value is specified the default is assumed te be true.

address space

Subprogram {all Type: enumeration (Synchroneus, SemiSynchronous)
=> SyncHronous
applies Yo (subprogram) ;

The Sybprogram Call Type property specifies whether the call is to

be performed

The Synchrouized Component property specifies whether a periodic
synchrdnized.-with transitions into and out of a mode. In other words, the th

synchrgnous or semi-synchronous.ln’case of a semi-synchronous call the usef of the result is
may be|suspended until the result.is available. The default is Synchronous if ng property value
is specified.

Synchronized Component:\inherit aadlboolean => true
appligs to (thread, thread group, process, system);

thread will be
ead affects the

hyperpgried for mode switching of the property value is true.

The default valueis true.

end Thread Properties;
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A.3 Predeclared Timing Properties

(2) The predeclared property set named Timing Properties contains execution time related property definitions
regarding threads, devices, and runtime system support for thread execution.

Property set Timing Properties is

Time: type aadlinteger 0 ps .. Max Time units Time Units;

The Time property type specifies a property type for time that is expressed as numbers with
predefined time units.

Time Range: type range of Time;

The Time Range property type specifies a property type for a closed Tange of {ime, i.e., a time
span in¢luding the lower and upper bound.

The prgperty type is Time. The standard units are ps (picoseconds),‘ns’ (hgnoseconds), us
(microsgconds), ms (milliseconds), sec (seconds), min (minutes) and hr{hours).

(3) These properties Jrecord information related to the timing of thread and,device execution tinjing.

Activate Deddline: Time

applies §o (Thread) ;

Activdte Deadline specifies the maximumsamount of time allowed for the| execution of a
thread’qd activation sequence. The numeric valué of time must be positive.

The praoperty type is Time. The standard units are ps (picoseconds), ns (ngnoseconds), us
(microsgconds), ms (milliseconds), see/(seconds), min (minutes) and hr (hours).

Activate Exdqcution Time: Time Rarge

applies o (thread) ;

Activdte Execution(Time specifies the minimum and maximum executipn time, in the
absencg of runtime erfers, that a thread will use to execute its activation sequerjce, i.e., when a
thread becomes active as part of a mode switch. The specified execution time includes all time
required to execute) any service calls that are executed by a thread, but excludeg any time spent
by another thread executing remote procedure calls in response to a remote g$ubprogram call
made by this thfead.
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Compute Deadline: Time

applies to (thread,
event data port) ;

device, subprogram, subprogram access, event port,

The Compute Deadline specifies the maximum amount of time allowed for the execution of a
thread’s compute sequence. If the property is specified for a subprogram, event port, or event
data port feature, then this compute execution time applies to the dispatched thread when the
corresponding call, event, or event data arrives. =~ When specified for a subprogram access
feature, the Compute Deadline applies to the thread executing the remote procedure call in
response to the remote subprogram call. The Compute Deadline specified for a feature must
not exceed the Compute Deadline of the associated thread. The numeric value of time must
be positive.

The values specified for this property for a thread are bounds on the values specified for specific
featureg:

The Dgadline property places a limit on Compute Deadline and ReCover Deadline:
Compufje Deadline + Recover Deadline <Deadline.

The prgperty type is Time. The standard units are ps (picoseconds), ns (ngnoseconds), us
(microsgconds), ms (milliseconds), sec (seconds), min (minutes) andhr (hours).

Compute_ Exedqution_ Time: Time_Range

applies Yo (thread, device, subprogram, eventsport, event data port);

The Compute Execution Time property specifies the amount of time that a thread will
execute

dispatcrm.

this co

or even
the thre
Comput
Comput]

The ramge expression specifies a minimum and maximum execution time in

runtime
calls th
remote

The
Comput

executipn.

after a thread has been dispatched, before that thread begins waif

If the property is specified for a subprogram, event port, or event data p
pute execution time applies to the dispatched thread when the correspon
data initiates a dispatch. When _specified for a subprogram (access) feat]
ad executing the remote procedure call in response to a remote subpr
e Execution Time speCified for a feature must not
e Execution Time of theyassociated thread.

errors. The specified execution time includes all time required to exeg
bt are executed by a thread, but excludes any time spent by another t
procedure calls\in response to a remote subprogram call made by the thre

alues speeified for this property for a thread are bol
e Exeeution Time values specified for ports or subprogram acces

ing for another
ort feature, then
ding call, event,
ure, it applies to
pbgram call. The
exceed the

the absence of
ute any service
hread executing
ad.

nds on the
s that dispatch

Client Subprogram Execution Time: Time Range

applies to

(subprogram) ;

The Client Subprogram Execution Time property specifies the length of time it takes to
execute the client portion of a remote subprogram call.

The property type is Time Range. The standard units are ns (nanoseconds), us (microseconds),
ms (milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric value must be a
positive number.
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Deactivate Deadline: Time

applies to (thread);

The Deactivate Deadline property specifies the maximum amount of time allowed for the
execution of a thread’s deactivation sequence. The numeric value of time must be positive.

The property type is Time. The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours).

Deactivate Execution Time: Time Range

applies to (thread);

The Deactivate Execution Time property specifies the amount of time that a thread will
execute its deactivation sequence, i.e., when the thread is deactivated as part of a mode switch.

The rarﬁge expression specifies a minimum and maximum execution time .in,[the absence of

runtime

calls th
remote

errors. The specified execution time includes all time required to-&Xea
bt are executed by a thread, but excludes any time spent by another t
procedure calls in response to a remote subprogram call made by this thre

ute any service
read executing
ad.

Deadline: inherit Time => Period

applies |to

processor) ;

(thread, thread group, process, gystem, devige, virtual

The D¢adline property specifies the maximum amount of time allowed befween a thread
dispatclh and the time that thread begins waiting for apother dispatch. Its numerig value must be
positive

The Dgadline property places a limit on Compute Deadline and Recoyer Deadline:
Compufje Deadline + Recover Deadline < Deadline

The Deqdline property may not be specified for threads with background dispatgh protocol.

First Dispafjch Time inherit Time

applies o (thread, thread group) ;

This prgperty specifies'the time of the first dispatch request.

Dispatch Jifter: inherit Time

applies fo (thfead, thread group) ;

The Dilspatch Jittexr property Qpnrifine a2 maximum bound on the latendss of a thread
dispatching. In the case of a periodic thread for instance, the thread is supposed to be dispatched
according to a fixed delay called the period. However, for many reasons, a periodic thread
dispatching event can be delayed. The Dispatch Jitter property can be used to specify such
a delay. The Dispatch Jitter property can be specified on any thread which can be
dispatched several times (e.g.,. Periodic, Sporadic).

Dispatch Offset: inherit Time

applies to (thread);

The Dispatch Offset property specifies a dispatch time offset for a thread. The offset
indicates the amount of clock time by which the dispatch of a thread is offset relative to its period.
This property applies only to periodic threads.
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Execution Time: Time

applies to (virtual processor) ;

The Execution Time property specifies the amount of execution time allocated to a virtual
processor by the processor it is bound to. This is the amount of execution time the virtual
processor can make available to threads or virtual processors it schedules. It is the equivalent of
the compute_execution_time for a thread.

Finalize Deadline: Time

applies to (thread);

The Finalize Deadline property specifies the maximum amount of time allowed for the
execution of a thread’s finalization sequence. The numeric value of time must be positive.

The prgperty type is Time. The standard units are ps (picoseconds), ns (ngnoseconds), us

(microsgeconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hotrs).

Finalize Exgqcution Time: Time Range
applies o (thread) ;

The Finalize Execution Time property specifies the”amount of time that a thread will
executq its finalization sequence.

The ramge expression specifies a minimum and maximum execution time in the absence of
runtime| errors. The specified execution time includes all time required to exequte any service
calls that are executed by a thread, but excludes‘any time spent by another thread executing
remote procedure calls in response to a remote subprogram call made by this thrgad.

Initialize QJeadline: Time

applies o (thread) ;

The Infitialize Deadline property specifies the maximum amount of time gllowed between
the tim¢g a thread executes its initialization sequence and the time that thread bedins waiting for a
dispatclh. The numeric value:ofitime must be positive.

The praperty type is Time:” The standard units are ps (picoseconds), ns (ngnoseconds), us
(microsgconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours).

Initialize HBxecutidn)Time: Time Range

applies fo (thread) ;

The Injitialize Execution Time property specifies the amount of time tr||at a thread will
execute TS initialization sequence.

The range expression specifies a minimum and maximum execution time in the absence of
runtime errors. The specified execution time includes all time required to execute any service
calls that are executed by a thread, but excludes any time spent by another thread executing
remote procedure calls in response to a remote subprogram call made by this thread.

Load Deadline: Time

applies to (process, system);

The Load Deadline property specifies the maximum amount of elapsed time allowed between
the time the process begins and completes loading. Its numeric value must be positive.

The property type is Time. The standard units are ns (hanoseconds), us (microseconds), ms
(milliseconds), sec (seconds), min (minutes) and hr (hours).
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Load Time: Time_ Range

applies to (process, system);

The Load Time property specifies the amount of execution time that it will take to load the
binary image associated with a process. The numeric value of time must be positive.

When applied to a system, the property specifies the amount of time it takes to load the binary
image of data components declared within the system implementation and shared across
processes (and their address spaces).

The range expression specifies a minimum and maximum load time in the absence of runtime

errors.
Period: inherit Time
applies rete—+tthread—thread—grovp—preocess——sSystem—daevige, Vvirtual
processor) ;
The pefriod property specifies the time interval between successive, dispatches of a thread
whose gcheduling protocol is periodic, or the minimum interval between.successiye dispatches of
a thread whose scheduling protocol is sporadic.
The prqperty type is Time. The standard units are ns (nanoseconds), us (midroseconds), ms
(millisegonds), sec (seconds), min (minutes) and hr (hours). Fhe numeric value must be a single
positivelnumber.
A Period property association is only allowed if thethread scheduling prptocol is either
periodic or sporadic.
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Recover Execution Time: Time Range

applies to

(thread) ;

The Recover Execution Time property specifies the amount of time that a thread will
execute after an error has occurred, before it begins waiting for another dispatch.

The range expression specifies a minimum and maximum execution time in the absence of
runtime errors. The specified execution time includes all time required to execute any service
calls that are executed by a thread, but excludes any time spent by another thread executing
remote procedure calls in response to a remote subprogram call made by this thread.
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