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Foreword
(1) The AADL standard was prepared by the SAE Avionics Systems Division (ASD) Embedded Computing Systems

(2)

(3)

(4)

(5)

(6)

(7)
(8)

Committee (AS-2) Architecture Description Language (AS-2C) subcommittee.

This standard addresses the requirements defined in SAE ARD 5296, Requirements for the Avionics Architecture

Description Language’.

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,
predeclared properti i i icati imi
application on theg hardware platform. The standardized extensions allow core AADL mod
information that ig not represented by the core language to meet specific embedded system
security analysis| dependability analysis, and behavioral analysis, and support for-aut
integration of sys{ems.

The starting point for the AADL standard development was MetaH, an architecture de
supporting toolsgt, developed at Honeywell Technology Laboratories under DARP/
sponsorship.

The AADL standgrd has been designed to be compatible with realtime operating system st
and ARINC 653.

The AADL standard is aligned with Object Management\Group (OMG) Unified Modelin
Modeling and Anglysis of Real-Time Embedded systemsAMARTE) through a standardized

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

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

including standardized
Il as deployment of the
bls to be annotated with
analysis needs such as
bmated generation and

scription language and
A and Army AMCOM

andards such as POSIX

j Language (UML) and
brofile for AADL.

nd program source text

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. Extensiinsmﬁkﬂhﬂammnmpﬂmmmmmmth can be associated with
components and are standardized themselves.

AADL was develpped to meet the special needs of performance-critical real-time/systems, including embedded
real-time system$ 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 systgm designer to perform
analyses of the ¢gomposed components and systems such as system_sechedulability, sizihg analysis, and safety
analysis. From these analyses, the designer can evaluate architectural tradeoffs and chandes.

(2)

(3)

Since AADL sup
cutting impacts ¢

borts multiple and extensible analysis approaches, it provides the abili
f change in the architecture in one specification using a variety of a

designed to be @ised with analysis tools that support the.;automatic generation of the

integrate the sy
specification driv
based changes t

stem components and build a system.\ executive.
b the design and implementation, they,can be maintained to permit m
roughout the system lifecycle.

Since the modelp

y to analyze the cross
halysis tools. AADL is
source code needed to
and the architecture
bdel driven architecture
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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) The website provides links to three SAE AADL related discussion forums:

e The SAE AADL User Forum to ask questions and share experiences about modeling with SAE AADL,
e The AADL Toolset User Forum to ask questions and share experiences with the Open Source AADL Tool
Environment,(OSATE) and
e The SAE Standard Document Corrections & Improvements Forum that records errata, corrections, and
improvements tothe current release of the SAE AADL standard
(3) The website proyides information and a download site for the Open Source AADL _Togl Environment. It also
provides links to ¢ther resources regarding the AADL standard and its use.

(4) AQuestions and ipquiries regarding working versions of annexes and future versions qf the standard can be
addressed to info[@ aadl.info.

(5) Informal commenfs on this standard may be sent via e-mail to errata @aadl.info. If approprigte, the defect correction
procedure will belinitiated. Comments should use the following format;

ltopic Title symmarizing comment

Ireference AADL-ss.ss(pp)

!from Author Name yy-mm-dd

lkeywords kelywords related to topic

Idiscussion

text of discussion
(6) where ss.ss is th¢ section, clause or subclause number, pp is the paragraph or line numbegr where applicable, and

yy-mm-dd is the date the comment was_sent. The date is optional, as is the 'keywords line.

(7) Multiple commenis per e-mail message are acceptable. Please use a descriptive “Subject” inh your e-mail message.

(8) When correcting ftypographical-errors or making minor wording suggestions, please put the correction directly as
the topic of the cgmment; use square brackets [ ] to indicate text to be omitted and curly braces { } to indicate text to
be added, and provide enough context to make the nature of the suggestion self-eyident or put additional
information in the|body-of the comment, for example:

ltopic [c]{C}haracter

ltopic it[']s meaning is not defined
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1

(1)

(2)

(3)

(4)

(5)

(6)

1.1

(1)

Scope

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.

The language is gppiicabte to systems thatare:

real-time,
resource-constrpined,

safety-critical syistems,

and those that may include specialized device hardware.

This standard de

of modeling concgpts with precise semantics including the mapping to% execution platforms
ehavior, it is not possible to foresee all possible architecture anPyses.

execution time

accommodate n
notations that c
Extensions may K

This standard dd
components are
hardware descrif
implementation d
language, from

component prope

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

The standard wa

nes the core AADL that is designed to be extensible. While'the core lang

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

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 source text 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 programinterfaces or bus technologies or topologies. Ho
ogies, such as, the ARINC 653 executives, can be modeled through
ents. AADL\can be used to describe a variety of hardware arch
ntegration technologies can be used to implement a specified system.
hce between AADL system architecture specifications and actual system i

5 not designed around a particular set of tools. It is anticipated that sys

Llage provides a number
and the specification of
Extensions to
s and analysis specific
fine these extensions.

software and hardware
ware programming and

The standard,. Specifies relevant characteristics of the detailed design and

br hardware description
hre specified as AADL
ed components.

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

ems and software tools

nnnnnn b tha ion ~f A AN
SOUPPOTThCUoSC UMD

will be provided té
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)

(3)

(4)

(5)

(6)

1.2

(1)

1.3

1.3.1

(1)

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 and execution platform
components. The language is not suited for detailed design or implementation of components. AADL may be used

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 VHDL2.

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 or C, or domain-specific

modeling languages such as MatLab®/Simulink®s.

AADL describes| how components are composed together and how they interact to
architectures. Riintime semantics of these components are specified in this standard.
available to exchange control and data between components, including message p
synchronized acdess to shared components, and remote procedure calls. Thread schedul
requirements ma
operational modg¢s and mode transitions. The language does notfrequire the use of
architecture or any specific runtime software infrastructure.

Rules of conformpance are specified between specifications writtenin AADL, source text a
described by thoge specifications, and physical systems constructed from those specifica
intended to describe all possible aspects of any possible component or system; selected
requirements argl imposed on components and systems: Many of the attributes of an
represented in an AADL model as properties of that eomponent. 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 forseurce text processing and system integratio

AADL can be us
The language ¢

d for multiple activitiestin multiple development phases, beginning with pre
n be used by multiple® tools to automate various levels of modeling,

and strict real-ti
hardware such as$

e response requirements. Such systems should tolerate faults and

/O deV|ces These systems are often cert|f|ed to high IeveIs of assure

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

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

any specific hardware

hd physical components
ions. The AADL is not
syntactic and semantic
AADL component are
of the language include
quirements imposed on
bed by specifications is
.

tliminary system design.

analysis, implementation,

bight, power) constraints
may utilize specialized
ince. Intended fields of

;engine and power train

control systems, medical dewces |ndustr|al 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)

(4)

(5)

(6)

(7)

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.

This core AADL document consists of the following:

definitions.

Section 2, Refe
Section 3, Arch
language.

Section 4, Com
design elements

allows organization of the design elements in the design space. This section closes wit

subclauses and
The next sections
modeled systems

Section 5, Soft
software compg
Section 6, Exe
platform compo
Section 7, Syst
platform and ap

ences, provides normative and applicable reterences as well as terms and

ponents, Packages, and Annexes, defines the common aspects)of con

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
nents, i.e., data, subprogram, subprogram greup, thread, thread group, an
cution Platform Components, defines thos€ modeling elements of AAD
hents, i.e., processor, virtual processorgnemory, bus, virtual bus, and dev
bm Composition, defines system as~a compositional modeling element t
blication system software components.

Section 8, Feat
components.

subprograms, ahd buses, as well as grouping of features into feature groups.

res and Shared Access, defines-the features of components that are con
hese consist of ports, ,subprogram parameters, provided and req

Section 9, Connections , defines the constructs to express interaction between cq
connections between component features.

Section 10, Flows, defines the constructs to express flows through a sequence of compon
Section 11, Pioperties, defines the AADL concept of properties including propert

association, pr

erty type,-and property declaration. Property associations and property

itecture Analysis & Design Language Summary, introduces and defines the concepts of the

ponents, which are the

5 of AADL, as well as component template parameterization. It-also introdyces the package, which

0 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

specify values. | Property.set, property type, and property name declarations are used tg extend AADL with new
properties.
Section 12, Mofles,\defines modes and mode transitions to support modeling of operational modes with mode-
specific system [configurations and property values.
Section 13, Operational System, defines the concepts of system instance and binding of application software to
execution platforms. This section defines the execution semantics of the operational system including the
semantics of system-wide mode switches.
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.
Appendix D Graphical AADL Notation, defines a graphical representation of AADL.
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(8)

(9)

(10)

(11)

1.3.2

(1)

(2)

(3)

(4)

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.

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).

Appendix G Profiles and Extensions, contains profiles and extensions that have been approved by the standards

body.
The annex documents introduce additions and extensions to the core AADL.

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 mappings from the AADL model to source text and for automatic code generation.

Annex Document B Data Modelmg prowdes gwdance on data modelmg and how to map relevant data modeling

information into a

and basic data types in

form of a sublanguage

notation and properties the component to support annotating AADL models” with safety-criticality and

dependability rejated information of a system.

Annex Documgnt D Behavior Model, defines a standardized core langtuage exten

sublanguage ngtation to specify the behavior of AADL components as AADLymodel annot
The core language and the annex documents are normative, except that the material in
below is informative:

Text under a NQTES or Examples heading.

Each clause or subclause whose title starts with the word “Example" or “Examples".
All implementatiohs shall conform to the core language. In ‘addition, an implementation mg
one or more Anngxes that represent extensions to the corelanguage.

The following apgendices and annexes are informative and do not form a part of the formal

Appendix B Glogsary
Appendix C Syrtax Summary
Appendix G Prdfiles and Extensions

Structure of Clauses and Subclauses

Each section of the core standard is divided into clauses and subclauses that have a c(
section, clause, &nd subclause first introduces its subject and then presents the remain
format. Not all hg¢adings<are required in a particular clause or subclause. Headings will be
as shown below.

sion in the form of a
htions.
each of the items listed

y conform separately to

specification of AADL:

mmon structure. Each
ng text in the following
centered and formatted

All paragraphs a

lles, legality rules, and

consistency rules have the|r own paragraph numberlng also restartlng W|th each sectlon 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

(5) Legality rules define semantic restrictions on AADL specifications. 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

(6) 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
rule is labeled by (C#), where # is a natural number restarting with 1 for each section.

Standard Properties

(7) Standard properfies define the properties that are defined within this standard for| various categories of

components. The listed properties are fully described in Appendix A .
Semantics

(8) Semantics descripes the static and dynamic meanings of different AADL constructs with regpect to the system they
model. The semintics are concerned with the effects of the execution of the constructs,| not how they would be
specifically executed in a computational tool.

Runtime Support

(9) AADL concepts may require runtime support through an operating system or other runtime|system on a processor.
Such service call$ may be programmed explicitly in the application source code, or may be part of a runtime system
generated from ah AADL specification. The Code Generation Annex provides guidance on the use of these runtime
services by appligation code or the runtime system.

Processing Requirements and Permissions

(10) AADL specificatigns may be processed manually or by tools for analysis and generation. [This section documents
additional requirements and permissions for determining compliance.  Providers [of processing method
implementations must document a listefthose capabilities they support and those they do not support.

NOTES:

Notes emphasize consgquences pfthe rules described in the (sub)clause or elsewhere. This matgrial is informative.

Examples

(11) Examples illustrale_the possible forms of the constructs described. This material is informative.

1.4 Error, Exception, Anomaly and Compliance

(1) 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.

(2) 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)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

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.

A failure 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.

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.

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 latengy.

An exception repfesents a kind of exceptional situation; it may occur for an erroneous or
that error or failufe is detected, either by the component itself or another component with

failed component when
which it interfaces. For

example, a fault|in a software component that eventually results in a dividesby-zero
processor companent on which it depends. An exception is always associated with a sp

ay be detected by the
ecific component. This

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

sequences and s

An anomaly occ
exception. Unde
than the standard
detected and miti
any other undefi
standard.

An AADL specific
rules defined in S
the syntactic and

A component or
exceptional beha

andard exception events).

iIrs when a component is in an erroneous or failed state that does n
ected errors may occur in systems. A detecteéd-error may be handled
exception mechanisms. For example, an errar may propagate to multiple
pated. This standard defines nominal and exceptional behaviors for com
hed erroneous component behaviors,;which are nevertheless conside

ections 4 - 15. An AADL specification is compliant with an AADL Annex
legality rules defined in thé respective normative Annex.

system is compliant with an AADL specification of that component or sy
viors of that component or system satisfy the applicable semantics of the

defined by the se
piece of hardwar
exhibit only parti
and systems mu

Noncompliance
fault-tolerance in

mantic rules in.this’standard. A component or system may be a physica
), or may be‘a‘model (e.g., a simulation or analytic model). A model co

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

exhibital-specified semantics, except as permitted by this standard.

f a 'component with its specification is a kind of design fault. This may

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

ation is compliant with the AADL core language standard if it satisfies all the 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

anomalous rather than noncompliant.

y such components as

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

1.5

(1)

(2)

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.

Method of Description and Syntax Notation

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.

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_Used 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:
implementaktion

o Avertical line sg¢parates alternative items.
software_cptegory ::= thread | process

e Square bracket$ enclose optional items. Thus the two following rules are equivalent.
property_afsociation ::= property_name => [ ‘constant ] expression

property_afsociation ::=
propenty 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 list ::= déclaration { declaration }~

declaratioph_list :3&~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 }"
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(3)

1.6

(1)

(2)

(3)

(4)

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

property_association ::= identifier assign property_expression

assign ::= => | +=>
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 }* }

The syntax rulgs may preface the name of a nonterminal with an italicized namete_add semantic information.
These italicized| prefaces are to be treated as comments and not a part of the gramimar gefinition. Thus the two
following rules gre equivalent.

component |::= identifier : component_classifier ;

component |::= component_identifier : component_classSifier ;

A construct is a|piece of text (explicit or implicit) that is an instance.of*a syntactic category) for example:
My_GPS: thiread GPS.dualmode ;

The syntax descfiption has been developed with an emphasis on an abstract syntax rgpresentation to provide
clarity to the readpr.

Method of Des¢ription for Discrete and Temporal Semantics

concurrent hierarchical hybrid automata netation, together with additional narrative rules| about those diagrams.
This notation comsists of a hierarchical finite state machine notation, augmented with feal-valued variables to
denote time and time-varying values,-and with edge guard and state invariant predicates|over those variables to
define temporal cpnstraints on when(discrete state transitions may occur.

Discrete and ter%poral semantics of the language are defined in sections that define AADL concepts using a

A semantic diagram defines the.nominal scheduling and reconfiguration behavior for a mofeled system as well as
scheduling and rg¢configuration-behavior when failures are detected. A physical realizatioh of a specification may
violate this definjtion, for.'example due to runtime errors. A violation of the defined [semantics is called an
anomalous behayior. /Certain kinds of anomalous behaviors are permitted by this standgard. Legal anomalous
behaviors are defijnedin'the narrative rules.

Semantics for individual components are defined using a sequential hierarchical hybrid automaton. System
semantics are defined as the concurrent composition of the hybrid automata of the 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 semantic automaton for a
component has a unique initial discrete state, indicated by a heavy border. For example,

Cﬂitial statD executing compute
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(5) 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,

suspended dispatch - execut ing

(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 automatop can have hierarchical states. Oblong boxes labeled with lower case phrases denote abstract
discrete states, fgr which another hybrid semantics diagram with an identically labeled gblong box for which another
hybrid semantics[diagram with an identically labeled oblong box specifies the discrete-stat¢s and edges that make
up that abstract djscrete state. For example,

l dispatph

Cuspended SEexgiuting

ispatch complete : re3ume

preempt

Executing J

T

J

¢ complgte

(8) Abstract discrete [states are reusable, i.e.; a-hybrid semantics diagram can contain severgl oblong boxes with the
same label An abstract 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_éxecuting.

{ executing initizlization }

complete ixditiglizgtion

complete computation

dispatch

[ executing computation ]
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(9)

(10)

(11)

(12)

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.

dlspatch

executing
ready

eIl

halt

Real-valued varig
edges of hybrid s
real-valued varial

or in any of the dgfining diagrams for abstract discrete states that appear in that diagram. R

variables will be
hybrid semantic g

In addition to stapdard rational literals and arithmetic eperators, expressions may also co

variables. The n
function symbols
Max (Compute_T]
the maximum val

Edges may be ar
transition occurs

following diagram,

discrete state.

bmantic diagrams. Specific forms of annotation are defined in subsequent

runhning

cDmplEtE

bles whose values are time-varying may appear in expressions that anng
les associated with a semantic diagram are thosethat appear in any exg

named using an italicized front. The initiahwvalues for the real-valued tim
iagram are undefined whenever they are_not explicitly defined in narrative

ames of functions and discrete wariables will begin with upper case lett
and discrete variables will beldefined using narrative rules. For exa
ime) may appear in a semantic diagram, together with a narrative rule
e of a range-valued compenent property named Compute_Time.

notated with assignments of values to variables associated with the sen
over an edge, thie values of the variables are set to the assigned valug
the values of'the variables ¢ and t are set to 0 when the component tré

dizpatch
o=,

t—0

tate discrete states and
paragraphs. The set of
ression in that diagram,

Real-valued time-varying
e-varying variables of a

rules.

rs. The semantics for
ple, the subexpression

nnFin functions of discrete

stating that the value is

antic diagram. When a
s. For example, in the

Insitions into the ready
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(13)

(14)

(15)

(16)

Discrete states may be annotated with expressions that define the possible rates of change for real-valued
variables during the duration of time a component is in that discrete state. The rate of a variable is denoted using
the symbol 5, for example 5x=[0,1] (the rate of the variable x may be any real value in the range 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.

reswmne preempt

running
seo=1

A discrete state n
standard, all sem
discrete state for
before the value
Invariants are us
example, in the f
variable ¢ exceed

An edge may be
from a source dig
for an edge betw
are performed. H
variable cis 5 or

hay be annotated with Boolean-valued expressions called invafiants of th
bntic diagrams are defined so that the values of the variables.will always s
every possible transition into that discrete state. A transition must occu
s of any time-varying variables cause any invariardt\of that discrete
d to define bounds on the duration of time that a component can remain
llowing diagram the component must transition out of the running statg
s 10.

Tpreempt

running
a.co=1
o=10

complete

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

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

ht discrete state. In this
atisfy the invariants of a
r out of a discrete state
state to become false.
in a discrete state. For
before the value of the

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

——

runmning
&co=1
o210

complete
it

A sequential semantic automaton defines semantics for a single component. A system may contain multiple
components. The semantics of a system are defined to be the concurrent composition of the sequential semantic
automata for each component. Except as described below, every component is represented by a copy of its
defined semantic automaton. All discrete states and labels, all edges and labels, and all variables, are local to a
component. The set of discrete states of the system is the cross-product of the sets of discrete states for each of its
cross product components. The set of transitions that may occur for a system at any point in time is the union of
the transitions that may occur at that instant for any of its components.
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(17) If an edge label appears 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.

o

o

(18) If a variable appefars in boldface, then there is a single instance of thatvariable that is sharLed by all components in
the synchronizatipn scope of the variable. The synchronization scépe“for a boldface variable will be defined in
narrative rules.
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2 References

2.1 Normative References

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

(2) |EEE/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) 1SO/IEC 14519:1999 [IEEE/ANSI Std 1003.5b-1999], Information Technology — POSIX Ada Language Interfaces —
Binding for System_Application Program Interface (API) — Real-time Exiensions

(5) ISO/IEC 8652:2007 Ed.3, Information Technology — Programming Languages — Ada Refergnce 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 AS5506, Arghitecture Analysis & Design Language (AADL), November 2004.

(9) SAE AS5506/1, Architecture Analysis & Design Language (AADL).Annex Volume 1, June 2p06.

2.2 Informative References

(1) The following infgrmative references contain backgroundiinformation about the items with the citation.

(2) [BNF 1960] NAUR, Peter (ed.), "Revised Report ori.the Algorithmic Language ALGOL 60,"| 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 Faulf Tolerance, volume 5,
Springer-Verlag, Wien, New York, 1992.

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

2.3 Terms and Defjnitions

(1) Terms are introducedthroughoutthis—stardard; indicated-by Ttafic type—tnformmatiomatdefinitions 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)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

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.

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

device as exec

ition platform component r‘a’rpgnripq and svystem and abstract as

general compositional

components. Ab
form the core of t

A component typ
i.e., interaction p
modes as operat
required to satisfy

A feature describ
from other comp
represent proced

Features can be grouped together into feature groups.

A component im
between the fed
properties. AAD

siract is a generic component category that can be refined into any of the
he AADL modeling vocabulary.

e specifies an external interface that other components can opegrate agai
pints with other components, flow specifications from component inputs
onal states, and properties to characterize a component. Implementatior
this specification.

es an interface of a component through which coentrol and data may be
bnents. Features can be ports to support directional flow of control an
ure calls, and shared access to data, subprograms, subprogram groups

blementation specifies a realization ofzthe component in terms of subcq

| allows multiple component implementations to associated with a comp

other categories. They

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

provided to or required
d data, subprograms to
, and bus components.

bmponents, connections

tures of those subcomponents, flows across a sequence of subcomponents, modes, and

onent type to represent

component variarnts.

A subcomponent
classifier, i.e., a g
determined by re

declares a component instance that is contained in another component by naming its component
omponent type or compohent implementation. The component hierarchy| of a system instance is
ursively instantiating\the subcomponents of a top-level system.

Any namable mogdel element, g1g.; components, features, modes, connections, flows, and subprogram calls, can
have properties. |Properties @re' used to represent attributes and other characteristics, guch 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 hierarchy of a system instance. AADL tools may record these values for uge in the analysis of the
system instance otr_s_rh—t_#ﬁ_l—t—r Or US€ 1N the construction of New 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)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

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

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, LUSTRE, and UML, for which execuiable d
The source text npodeled by a software component may represent a partial application prog
form one or mor¢ 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 component prope
text container an@l the mapping of AADL concepts to source text declarationis and statem
also specify mempry and execution times requirements and other known ¢haracteristics 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 reguire access to the ex
Concurrent accegs to data is managed by the appropriate concurtency control protocol as

ode may be generated.
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.

Realizations of guch protocols can be documented through®an appropriate annex d¢
expressed in a Bg¢havior Annex subclause (see Annex Document D).

claration, for example,

Data types in the source text are modeled by the\declarations: data component typg and data component
implementation. | Thus, a data component classifier represents the data type of data ¢omponents, ports, and
subprogram pargmeters. The Data Modeling -Annex (see Annex Document B) providgs guidance on how to
approach data mgdeling with AADL.

The subprogram|component models sgurce text that is executed sequentially. Subprograms are callable from
within threads ard subprograms. Subprograms may require access to data component$ and may contain data
subcomponents tp represent local yariables. Subprogram groups represent source code libfraries.

AADL thread components model concurrent tasks or active objects, i.e., concurrent logical threads. Each logical
thread representg an execution sequence through source text (or more exactly, through binary images produced
from the compilation, linking“and loading of source text). A scheduler manages the execution of a thread. Logical
threads may be pxectted by separate operating system (OS) threads, or they may be [combined into a single
operating system thread The dynamic semantics for a thread are deflned in this standarc using hybrid automata.
The threads canlbe ohs occur as a result of
dispatch requests, faults, and runt|me service calls They can also occur if t|me constralnts 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)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

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.

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.

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 td processors and virtual processors.

AADL memory components model randomly accessible physical storage such as RAM orf ROM. Memories have
properties such as the number and size of addressable storage locations. Binarydmages ¢f source text are bound
to memory. Mem@ory can contain nested memory components. Memory components require| access to buses.

AADL bus compgnents model communication channels that can exchange ‘eontrol and ddta between processors,
memories, and devices. A bus is typically hardware that supports specific communicgtion protocols, possibly
implemented thrqugh software. Processors, memories, and devices’ communicate by agcessing a shared bus.
Buses can be dirpctly connected to other buses. Logical connections between threads that are bound to different
processors transmit their information across buses that provide‘the physical connection Qetween the processors.
Buses can requirg¢ access to other buses.

AADL virtual bug components represent virtual channelsior communication protocols that perform transmission
within processorg or across buses. Virtual buses can-be subcomponents of buses and|virtual buses, or virtual
buses can be dedlared separately and explicitly bound to buses and virtual buses.

AADL device conmpponents model physical entities in the external environment, e.g., a GPS|system, or entities that
interface with an|external environment, e.gd.,;sensors and actuators as interface between a physical plant and a
control system. Pevices may represent'a physical entity of the modeled system or its (simulated) software
equivalent. Exarples of devices arettimers, which exhibit simple behavior, or a camera or GPS, which exhibit
complex behaviof. Devices are logically connected to application software components ahd physically connected
to processors vial buses. They cannot store nor execute external application software soufce text themselves, but
may include drivelr software executed on a connected processor. A device requires access|[to buses.

AADL system components-model hierarchical compositions of software and execution platform components. A
system may direqtly contain data, subprogram, subprogram groups, process, memory, progessor, virtual processor,
bus, virtual bus, pevice, system as well as abstract subcomponents. Thread and thread group subcomponents
must be declared_i indi i processes. A system
component may require and provide 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)

(27)

(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 10 data, subprograms, and busgs. Data ports represent
connection point$ for transfer of state data such as sensor data. Event ports represent connection points for
transfer of contrgl through raised events that can trigger thread dispatch or mode. iransition. Event data ports

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 connection.

that is associate
represent in and
access to shared
memory, and deV|

AADL connection
set of one or mor
to the ultimate co
port in Thread1

Provided subprogram access features represent entrypoints to code s
with a data type or a thread that can be called locally or remotely. §
out parameters of a subprogram. Data component access represents
data. Bus component access represents provided‘and required access
ces.

s specify interaction between components ai-tuntime. A semantic conne
b connection declarations that follow the component hierarchy from the ult
hnection destination. For example, in Figure 1 there is a connection decla
0 a containing process out port in.Process3. This connection is conti

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

declaration withinl System1 from Process3’s out portyto Process4’s in port. The connectign declaration continues
within Process4 {o the thread in port contained in Thread2. Collectively, this sequence of connections defines a
single semantic gonnection between Thread1.and Thread2. Threads, processes, systems| and ports are shown in
graphical AADL notation. For a full description of the graphical AADL notation see Appendix D .

System

Pracezz3 Processd > Pord

o A g, Ty, e rssss s

| 7

L
' ‘Wi

Uttimate connection destination

Utimate connection sowce Connection

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 ntroduce 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)

(2)

(3)

(4)

(5)

(6)

(7)

4.1

(1)

(2)

(3)

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.

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

associations.

A feature models
externally visible
other component
including support
that can be pass
data and bus cor
call interactions.

A component hag
component that
implementation s
assembly of subq
and implementati

Components are
and characteristig

Components can
and component it
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This standard d
specification and
compliance requ
languages. This
binary images, G
lower-level repre

b a characteristic of a component that is visible to other components.
parts of the component type, and are used to exchange control andyd3
s. Features include ports to support directional flow of data and co
for remote procedure call interactions. Features define parametets that re
bd into and out of subprograms. Features specify component,access re
hponents. Component access requirements for external subprograms su

zero or more component implementations. Compofient implementationg
adhere to the same interface, but may have" different property
becifies the realization of a component variant, i.e., an internal structure
omponents. Subcomponents are instantiations of component classifier:
DNS.

named and have properties. These\properties have associated values
s of a component.

be declared in terms of other’components by refining and extending e

hplementations. This permits partially complete component type and imp
bs that may have explicit-parameter (prototype) specifications. Such ter

bfines basic cencepts and requirements for determining compliance

the evolution of a family of related component types and implementationsd.

Features are named,
ta via connections with
htrol, and subprograms
bpresent the data values
tquirements for external
pport remote procedure

represent variants of a
alues. A component
for a component as an
5, i.e., component types

hat represent attributes

isting component types
ementation declarations
nplates can represent a

between a component

a physicals/gcomponent. Within this framework, annexes to this stand
rements (for* specific software programming, application modeling, an

sehtation(s) used for physical hardware component designs, e.g., cir

rd will specify detailed
hardware description

standard>does not restrict the lower-level representation(s) used for soffware components, e.g.,
onventional programming languages, application modeling languages, [nor does it restrict the

it diagrams, hardware

behavioral descri

n
UUITS.

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

AADI_specification ::

package_spec | _property set
Naming Rules

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

(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 annex library declarations.

(N4)  Property set declarations represent labeled namespaces for property type and property defihition declarations.

(N5) Packages and property 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 of the reserved words of the language (see Seftion 15.7).

(N7) The AADL identiffers and reserved words can be in upper or lower case (or a mixture of the[two) (see Section 15).

(N8) The AADL does rjot require that an_identifier be declared before it is referenced.

Semantics

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

(7) A package is uspd’t0 introduce new component types, component implementations, feature 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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4.2 Packages
(1) A package provides a way to organize component types, component implementations, feature group types, and

(2)

(3)

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
words, 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
declaration can He referenced from within a given package. A renames declaration can|be used to introduce a
local alias to a quplified component type and feature group type reference.

(4)

Visibility to propefty sets is specified by a with declaration. Only properties, propefty types

defined in the property sets listed in the with declaration can be referenced ffom within

they are predecl

package_spec
package defini
( public pack
| private g
[ properties

none_statemg

end defining packs

package_declaratid

{ name_visibil

package_name

ed properties, property types, or property constants.

Syntax

ng_package_name
age_declarations [ private package_declarations ]
ackage_declarations )

{ property_association %O |
nt ) ]

ge_name ;

ns

ity_decla¥ation }* { AADL_declaration }”

and property constants
b given package unless

{ package_identifier

none_statement

AADL_declaration

s}

package identifier

none

~e

classifier_declaration

| annex_library

classifier declaration

component_classifier declaration | feature_group_classifier_declaration


https://saenorm.com/api/?name=15efeb3d7791062d151aab96b12ecfe1

SAE

AS5506A -31 -

component_classifier_declaration

component_type | component_type_extension |

component_implementation | component_implementation_extension

feature_group_classifier_declaration

name_visibility_declaration

import_declaratior]

alias_declaration

(
(

(

NOTES:

feature_group_type | feature_group_type_extension

import_declaration |

ration

alias_decl

with ( pacKage_name | property_set_identifier )

{ (

*

’ package_name | property set_identifier ) } G

.
’

ntifier renames package package_name
]

category unique_component_type* reference |

defining idg
[
(

feature grou

)

defining ijdentifier renames

component |

.
’

)|

p unique_feature_group_type reference )

)

.
’

renames pacKage_name::all

The latter is provided to

The properties subclausd
accommodate AADL mod
consists of the reserved w

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

bling guidelines that“require explicit documentation of empty subclauses. An enpty subclause declaration

rd of the subelause and a none statement  (none ;).

(N1) A defining packa
(“::"). A defining

(N2)

(N3)

(N4)

(N5)

Naming Rules

je-name consists of a sequence of one or more package identifiers sep
ackage name must be unique in the global namespace

airated by a double colon

The public and private section of a package may be declared in separate package declarations; these two
declarations introduce a single defining package name.

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.

The package namespace is divided into a public section and a private section. Items declared in the public
section of the package namespace can be referenced from outside the package as well as within the package.

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.
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(N12)

(N13)

(N14)

(N15)

(N16)

(N17)

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 name in a import_declaration must exist in the global name space.

The property set identifier in a import_declaration must exist in the global name space.

ltems declared in the private section of the package can only be referenced from within the private section of the

package.

If the qualifying package identifier of a qualified reference is missing, the referenced component classifier, feature
group type, or item in an annex library must exist in the same package as the reference.

The package nallne referenced in an alias_declaration must exist in the global nJamespace and must be

listed in the impo

The classifier ref¢renced by the alias_declaration must exist in the nameyspace of t

package being re
The classifier refg

The defining iden
alias_declard

The alias_dec
accessible in the
classifier does ng
and this identifier

If the alias_de
by naming the pa
the alias declarat

The identifiers int
the public packa
other packages.
section only.

rt _declaration.

erenced by the alias_declaration.
renced by the alias declaration must refer to a compofngent type or a featur

tifier of a alias_declaration must be unique it'the namespace of the
tion.

laration makes the publicly visiblelidentifier of classifiers declarg
name space of the package containing’the alias_declaration. If th
t include a defining identifier then the referenced classifier identifier is us
must be unique in the namespace of the package with the alias declaratio

rlaration renames all publicly visible identifiers of component types
Ckage and all, then all those’identifiers must also be unique in the namesp
on.

roduced by the allilas_declaration are only accessible within the pac

je section, theycan be referenced within the public and private packag
\When declared in the private package section, they can be referenced wi

Legality Rules

he public section of the

e group type.

package containing the

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

hnd feature group types
ace of the package with

age. When declared in
e section, but not from
thin the private package

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

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.
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(5)

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 namespace for component types, feature group types, and annex libraries with the package name
acting as a qualifier. Nested package names allow for unique package naming conventions that address potential
name conflicts in component type and implementation names when independently developed AADL specifications
are combined. Note that component implementations are named relative to component types. Thus, qualified
component type names act as unique qualifier for component implementation names. Packages can be organized
hierarchically by giving them nested package names. These package names represent absolute paths from the
root of the package hierarchy.

(6)

Packages have a public and a private section. Declarations in the public section are visible outside the package,

i.e., names declared in the public part can be referenced by declarations in other packages. Declarations in the

private section &

public section or
(7) Component type
components of a
features and its f
properties of a co
example to mod
declarations to be
(8) Feature group tyy
feature groups d
accessed externg
(9) A componentimp
both, then the pu
visible outside th
variants of the sg
subcomponents ¢
same component
(10) An import_dec
items in other p
classifiers to set
(11) An alias_decl
names and for @
identifier of the lo

re visible only within private section of the package, I.e., they cannot
from other packages.

and component implementation declarations model execution platform &
system. A component type denotes externally visible characteristics ¢
roperties. A component implementation denotes the internal structure,
mponent. A component type can have several component implementatior
bl product line architectures running on different execution platforms.
organized into separate namespaces.

es provide the definition of an interface to a component that represents a
bfined within the component implementation.{see Section 5.3). This gr
lly as a single unit.

lementation can be declared in both.the public and private section of a pa
plic declaration is limited to containing property associations and modes &
£ package. This allows componént implementations to be made visibl
me component type, while the details of the implementation, i.e., its reali
nd connections subclauses) ‘are hidden in the private part. The two de
implementation.

laration specifies-which packages and property sets can be named i
ackages or property sets. Packages can be declared with import_|
p an initial eollection of package with use restrictions on other packages.

hratiensintroduces local identifiers as short names for long names.
lassifier type references qualified by a package name.
ng-name to avoid name conflicts.

be referenced from the

nd application software
f a component, i.e., its
operational modes, and
s. This can be used for

Packages allow such

collection of features or
bup of features may be

ckage. If it is declared in
nd only those items are
e to other packages as
zation expressed by the
clarations represent the

qualified references to
declaration without

It does so for package

The short name may differ from the

(12) Property associations declared in the properties section of a package are associated with the package.

package Aircraft::
public

with Avionics::

Examples

Cockpit

DataTypes, Safety_ Properties;

AirData renames Avionics::DataTypes::AirData;

system MFD
features
Airdata: in

properties

data port AirData;
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Safety_Properties::Safety Criticality => high;

end MFD;

end Aircraft::Cockpit;

4.3

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Component Ty

pes

A component type specifies the external interface of a component that its implementations satisfy. It contains
declarations that represent features of a component and property associations. Features of a component are ports,
feature groups, required access to externally provided data, subprogram, and bus components, and parameter
declarations for the specification of the data values that flow into and out of subprograms. The ports and feature
groups of a component can be connected to compatible ports or subprograms of other components through
connections to represent control and data interaction between those components. Required access to an external

subcomponent,

subcomponent offthe specified component classifier.

Component type$ can declare flow specifications, i.e., logical flows of information-from
outgoing ports that are realized by their implementations.

Component types
are common to
associated with th

Component types
component type
component type,
component type
declarations by n
new values with
inheritance is not

Component type
bindings are supg

Component type
type can also be

uch as data, subprogram, or bus, is connected via required and

can declare modes and mode transitions of a component. These mod
all implementations of the component. This allows for mode-specific
e component type, its features, and its flows.

can be declared in terms of other componenttypes, i.e., a component {
— inheriting its declarations and property .associations. If a componer
then features, flows, and property associations can be added to thos

provided access to a

ts incoming ports to its

bs and mode transitions
property values to be

ype can extend another
t type extends another
e already inherited. A

bxtending another component type capralso refine the declaration of in
ore completely specifying partially déeclared component classifiers of fea

supported for AADL components

herited feature and flow
res and by associating

properties. A component type cannot be an extension of multiple compohent types, i.e., multiple
5 can declare prototypes).ik., classifier parameters that are used in features. The prototype
lied when the componenttypes is being extended or used in subcomponent declarations.

extensions form an-extension hierarchy, i.e., a component type that extends another component
bxtended. We use’AADL graphical notation (see Appendix D ) to illustrate| the extension hierarchy

in Figure 2. For ¢xample, component type GPS extends component type Position System jnheriting ports declared

in Position Syste
System, and ove
ancestors, while ¢

omponent types extending a component type are referred to as descend

m. It may~add a port, refine the data type classifier of a port incompletely declared in Position
rwrite thesvalue of one or more properties. Component types being extgnded are referred to as

ts.

Ancestor

Position
System o

Descendent

P S Handheld

Figure 2 Component Type Extension Hierarchy

[::] Companent type

<— Extends component type

Component types may also be extended using an annex_subclause to specify additional characteristics of the
type that are not defined in the core of the AADL (see Section (18))
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Syntax

component_type ::=

component_category defining component_type_identifier

[ prototypes ( { prototype }* | none_statement ) ]
[ features ( { feature }* | none_statement ) ]
[ flows ( { flow_spec }* | none_statement ) ]

[ modes_subclause | requires_modes_subclause ]

[ properties (

{ component_type_property_association | contained_property_association

| none_statemdnt ) |

{ annex_subclaude }

end defining component_type_identifier ;

component_type_exfension ::=

component_categqry defining component_type_identifier

extends uniqud_component_type_reference [ prototypesbindings

]

[ prototypes ( prototype | prototype_refinement}* | none_statement
[ features ( { fleature | feature_refinement }° | none_statement ) ]
[ flows ( { flowW_spec | flow_spec_refinement (" | none_statement ) ]

[ modes_subclauge | requires_modes_subclalse ]

[ properties (

{ component_type_property_associdtion | contained_property_associati

| none_statemgnt ) ]

{ annex_subclaude }

end defining component_typenidentifier ;

component_category ::=F

abstnact!{ component_category

DI

| software_category
| execution_platform_category

| composite_category

abstract_component_category ::= abstract

software_category ::= data | subprogram | subprogram group |

thread | thread group | process

execution_platform_category ::=

memory | processor | bus | device | virtual processor | virtual bus

}+
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composite_category ::

unique_component_type_reference ::

[ package_name

system

component_type_identifier

HE

NOTES: The above grammar rules characterize the common syntax for all component categories. The sections defining
each of the component categories will specify further restrictions on the syntax.

The prototypes, features, flows, modes, annex, and properties subclauses of the component type are optional, or
require an explicit empty subclause declaration. The latter is provided to accommodate AADL modeling guidelines that

require explicit documemntation of empty subclauses. An empty subclause declaration consists of
subclause and a none s

(N7)

(N8)

The defining idern
declared.

Each component
transitions, and
transitions, and d

The component t
word extends, m
identifier must be

When a compone
in the namespacq

A component typ
its ancestors.

The defining iden
namespace of the

The refinement ig
the defining decla

atement ( none;).
Naming Rules

tifier for a component type must be unique in the namespace of the p3

type has a local namespace for defining identifiers of prototypes,
efining flow specification identifiers must be unique in the component type
ype identifier of the ancestor in a component type extension, i.e., that ap

defined in the namespace of the package the extension is declared in.

s of its ancestors.

b that extends another component type does not include the identifiers o

component-type.

entifier of a feature, flow specification, or prototype refinement refers to t
ration of'the feature going up the component type ancestor hierarchy.

he reserved word of the

ckage within which it is

eatures, modes, mode

flow specifications. That is, defining prototype,.defining feature, defining modes and mode

namespace.

bears after the reserved

ust be defined in the specified packagehamespace. If no package name is specified, then the

nt type extends another companent type, a component type namespace includes all the identifiers

the implementations of

tifier of a feature;-flow specification, mode, mode transition, or prototypg must be unique in the

he closest refinement or

The prototypes r

ferenced by prototype binding declarations must exist in the local names

type being extended.

pace of the component

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

Legality Rules

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

The prototypes, features, flows, modes, and properties subclauses are optional. If a subclause is present but
empty, then the reserved word none followed by a semi-colon must be present.

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

i.e., they must be

identical or the category being extended must be abstract.
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The classifier being extended in a component type extension may include prototype bindings. There must be at

most one prototype binding for each prototype, i.e., once bound a prototype binding cannot be overwritten by a new
binding in a component type extension.

subclauses, they

Classifier_Substitution_Rule:

Signature_Match)

Prototype_Substity
Signature_Match)

(8) A component typ
features, flow sp
implementation @
component type
characteristics of
the component c§
(9) The component O
categories); proc
system (compos
category will be d

Features of a cor
parameters; data
and events betw
component, datg
represents acceg
memory, device,
Section 8.

(10)

must both be requires_modes_subclause or modes_subclause
Standard Properties

inherit enumeration (Classifier Match,

tion Rule: inherit enumeration (Classifier Match, Type

A component type must not contain both a requires_modes_subclause and a modes_subclause.

If the extended component type and an ancestor component type in the extends hierachy contain modes

Type_Extension,

Extension,

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, thg
declaration. Component implementations are\expected to satisfy
a component. The component type provides a*¢ontract for the compone
n depend on.

ategories are: data, subprogram, subprogram group, thread, thread groug
bssor, virtual processor, bus, virtual\bus, memory, and device (executi
tional category), and abstract cemponent (compositional category).
pscribed in sections 5, 6, and 7.

hponent are interaction painis with other components, i.e., ports and feat
component access, subprogram access, and bus access. Ports represen

component aceess represents access to shared data component
s to a subprogram by a caller, and bus access represents access to
and other busteomponents to establish hardware connectivity. Features

(11) Flow specificatio

component, or flows through a component from one of its incoming ports to one of its outgo

t

indicate whether a flow of data or control originates within a compon|

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

, and process (software
bn platform categories);

The semantics of each

Lire groups; subprogram
t directional flow of data

een components, feature groups represent groups of features that are¢ connected to another

s, subprogram access
a bus from processor,
are further described in

ent, terminates within a
ng ports.

(12)
component types

Mode declarations define modes of the component that are common to all implementations.

can have mode-specific property values.

As a result,

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.

(13)

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.

(14)

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.
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(15)

(16)

A component type may also be declared with prototypes, indicating that the component type is incomplete and can
be parameterized. Classifiers and features can be supplied through prototype bindings to complete such a
component type template as part of a component type extension, component implementation extension, or when
used as a component type reference, e.g., in feature declarations or subcomponent declarations. Once bound a
prototype cannot be rebound. The use of incomplete declarations is particularly useful during early design stages
where details may not be known or decided.

A component type can be declared as an extension of another component type resulting in a component type
extension hierarchy, as illustrated in Figure 2. A component type extension can refine an abstract component type
to one of the concrete component categories. A component type extension inherits the features, flow
specifications, modes, mode transitions, prototypes, and properties of the component type being extended. For
annex subclauses each annex defines whether annex declarations are inherited. A component type extension can
contain refinement declarations to permit incomplete feature declarations to be completed and new property values
to be associated with features and flow specification declared in a component type being extended. In addition, a

type extension

associations.
(17) A component typ
for a subset of

Ccan add feature declarations, flow specifications, modes, mode 1rs

b being extended may include prototype binding declarations. If-prototyp
he prototypes, then only the prototypes without binding can e boun

nsitions, and property

e bindings are declared
i when referencing the

(18)

system File_Systen
features
-- access to a
root:

end File_System;

process Applicatiqn
features
-- a data out gort
result:

home:

component type
partially complete

bxtension. This supports evolutionary development and modeling of systgm families by declaring
component types that get refined in extensions.

Properties are predefined for each of the component categories and‘will' be described in the appropriate sections.
See Section 11.3|regarding rules for determining property values.

Examples

data component

requires |[data access FileSystem?:Directory.hashed;

out datla port App::result_type;

ldata access FileSystem: :Directory hashed:;

requires

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 prototype data_type;

result:

out data port prototype data_type;

end Calculate;
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thread Compute_Distance extends Calculate

(data_type => App::Distance)

end Compute_Distance;

4.4

(1)

(2)

(3)

(4)

(5)

(6)

Component Implementations

A component implementation represents the realization of a component in terms of subcomponents, their

connections, flow sequences, properties, component modes and mode transitions.
implementations of flow specifications in the component type, or end-to-end flows to be ana

Flow sequences represent

lyzed. Modes represent

alternative operational modes that may manifest themselves as alternate configurations of subcomponents,

connections, call sequences, flow sequences, and property values.

A component tyge can have zero, one, or multiple component implementations. If a co
component implementations, then it is considered to be a leaf in the system componeni-hié
partial AADL model may have processes as components without realization, while as/task le
to threads as legves. If no implementation is associated then the properties 6nythe cq
information aboutlthe component for analysis and system generation.

A component impglementation can be declared as an extension of another.component imple
the component |mplementation inherits the declarations of its ancéstors as well as

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

Component impl¢mentations can declare prototypes, i.e., classifier parameters that are
declarations. The¢ prototype bindings are supplied when the ‘€omponent implementation is
in subcomponent|declarations.

Component implg
implementation ig
features and prop

mentations build on the component type extension hierarchy in two wa
a realization of a component type (shown as dashed arrows in Figure
erty associations of its componéent type and any component type ancestol
implementation declared as extension inherits subcomponents, connections, subprogra
sequences, modgs, property associations, and annex subclauses from the componen

GPS.Basic and is extended by, GPS_Secure.Handheld. Component implementations

hierarchy are called ancestors® and those lower in the hierarchy are called descendents.

implementation can extend another component implementation of its own component ty
extends GPS.Basic, or jit-can extend the component implementation of one of its ancestof
GPS_Secure.Handheldextends GPS.Handheld, which is an implementation of the ancestq
The component type-and implementation extension hierarchy is illustrated in Figure 3.

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,

used in subcomponent
being extended or used

ys. First, a component
3). As such it inherits
. Second, a component
m call sequences, flow
t implementation being

extend a component
5PS. Handheld extends
higher in the extension
A component
be, e.g., GPS.Handheld
component types, e.g.,
r component type GPS.

extended (showm as solid arrows~in*Figure 3). A component implementation car
implementation %ﬁlt in turn extends another component implementation, e.g., in Figure 3

GPS_Secure GPE Coamponent type
B P S Basic Component implementation
A"
& ~ ™ 4 Extrends component type
s s \\ or imple mentation
\
GRS, ;
Grs. Q\ GRS Secure. <= — Realizes component type
GRS, Handheld
Handheld
Descendent
Arcestor

Figure 3 Extension Hierarchy of Component Types and Implementations

A component implementation may also be extended using an annex_subclause to specify additional

characteristics of the type that are not defined in the core of the AADL (see Section (18)).
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Syntax

component_implementation ::=

component_category implementation

defining component_implementation_name

[ prototypes ( { prototype }* | none_statement ) ]

[ subcomponents ( { subcomponent }* | none_statement ) ]

[ calls ( { subprogram_call_sequence }* | none_statement ) ]

[ connections

( { connection }°* | none_statement ) ]

[ flows ( { flow_implementation |

end_to_end_flow_spec } | none_statement ) ]

[modes_subclaude ]

[ properties (

{ property_association | contained_property_assdeiatio

| none_statement ) ]

{ annex_subclayse }*

end defining cdmponent_implementation_name ;

component_implemerltation_name ::=

component_|type_identifier . component_implementation_identifier

component_implemernitation_ extension ::=

component_catedory implementation

defining comporlent_implementation_mame

extends unique_|component_implementation_reference [ prototype_binding

192}

[ prototypes ( |{ prototype | prototype_refinement }°* | none_statement
[ subcomponents

( { subconponent |{subcomponent_refinement }* | none_statement )
[ calls ( { sulprogram, call_sequence }* | none_statement ) ]
[ connections

( { connedeifen—teceonnecction—refinement— | neone—statement—+—]
[ flows ( { flow_implementation | flow_implementation_refinement |

end_to_end_flow_spec | end_to_end_ flow_spec_refinement }*

| none_statement ) ]

[modes_subclause ]

N

[ properties ( { property_association | contained_property_association }*

| none_statement ) ]

{ annex_subclause }©

end defining component_implementation_name

unigque_component_i

7

mplementation_reference ::=

[ package_name :: ] component_implementation_name
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NOTES: The above grammar rules characterize the common syntax for all component categories. The sections defining each of the
component categories will specify further restrictions on the syntax.

The prototypes, subcomponents, connections, calls, flows, modes, and properties subclauses of the component implementation
are optional or if used and empty, require an explicit empty declaration. The latter is provided to accommodate AADL modeling
guidelines that require explicit documentation of empty subclauses. An empty subclause declaration consists of the reserved word of
the subclause and a none statement ( none ; ).

The annex_subclause of the component implementation is optional.

The refines type subclause of AADL V1 has been removed. Its role was to allow association of implementation-specific property
values to features and flow specifications declared in the component type. The same can be achieved by contained property
associations whose applies to subclause names the feature or flow specification.

Naming Rules

(N1) A component im
identifier separaté
component type
component type i
(N2) The defining ide
component type.

(N3)
subcomponents,
The defining ider]
within this names
the same compg
component type §

This local names
unique within the

Refinement ident
component type’s
local namespace

In a component i
extended, which

type of the exten
the component in

pblementation name consists of a component type identifier and a\con
d by a dot (“.”).
hat is declared in the same package as the component implementation
n another package.

htifier of the component implementation must be unique within the |

subprogram calls, connections, flows, and modes declared within the con
tifier of a prototype, subcomponent, subprogram call, connection, flow, g
pace. For example, a subcomponent and a'mode cannot have the same
nent implementation, or a mode with, the same defining identifier c3
nd a component implementation.

bace inherits the namespace of-the associated component type, i.e., def
local namespace and also,within the component type namespace.

fiers of features mustiexist in the namespace of the associated compo
ancestors. Refinement identifiers of subcomponent and connection refin
of an ancestor camponent implementation.

mplementation: extension, the component type identifier of the compone
bppears dfter the reserved word extends, must be the same as or an an
5ion. The*component implementation being extended may exist in anothe
pleméntation name is qualified with the package name.

(N7)  When a compon

ponent implementation

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

, or name an alias to a

pcal nhamespace of the

Every componemnt implementation defines a local namespace for all defining identifiers of prototypes,

ponent implementation.
r mode must be unique
defining identifier within
nnot be declared in a

ning identifiers must be

nent type or one of the
bments must exist in the

t implementation being
cestor of the component
r package. In this case

ocal namespace of the

extension is a superset of the local namespace of the ancestor. That is, the local nhamespace of a component
implementation inherits all the identifiers in the local namespaces of its ancestors (including the identifiers of their
respective component type namespaces).

Within the scope of the component implementation, subcomponent declarations, connections, subprogram call
sequences, mode transitions, and property associations can refer directly to identifiers in the local namespace, i.e.,
to declared prototypes, subcomponents, connections, and modes, as well as to required bus, data, subprogram,
and subprogram group subcomponents and features declared in the associated component type.

The prototype referenced by the prototype binding declaration must exist in the local namespace of the component
implementation being extended. In other words, prototype binding declarations may bind prototypes of the
component type and of the component implementation.
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NOTES:

A component type can be made visible in a new namespace (package) without qualifying it with the package name by declaring it as
renames that refers to the component type in the original package. This allows an implementation to be placed in a separate package
from the component type package. In the following example, renames LM::GPS allows the type GPS to be named without a qualifying

package name. This allows a system implementation to be added to GPS in the package LM1.

package LM1 public

renames LM::GPS;

system implementation GPS.newimpl

(L2)  The prototypes,
they are present
none followed by

(L3)  The category of t
the component in

(L4)  If the component]
i.e., they must be

(L5)  The classifier be
must be at most ¢

(L6) If the componen
component imple

(L7)  If modes are decl

(L8)  If modes or mod
component imple
and of subcompo

(L9  The category of g
i.e., they must be

(L10)

Classifier Substitution_Rule:

Signature_Match)

Prototype_Substitution_Rule:

Signature_Match)

Classifier_Matching Rule:
Complement)

Conversion,

The pair of ident
identifiers followir]

Legality Rules

“w

Ifiers separated by a dot (“.”) following the reserved word end must be

g the reserved word implementation.

lsubcomponents, connections, calls, flows, modes, and properties su
and the set of feature or required subcomponent declaratianstor propert
a semi-colon must be present in that subclause.

he component implementation must be identical to the.category of the cg
plementation is declared.

implementation extends another componentiimplementation, the categq
identical or the category being extended must be abstract.

ng extended in a component implemeéntation extension may include prg
ne prototype binding for each unbound prototype.

type of the component implémentation contains a requires_modes
mentation must not containany modes subclause.

hred in the component type, then modes cannot be declared in componen
e transitions are. declared in the component type, then mode transition
mentation. These' mode transitions may refer to event or event data ports

hents.

subgcomponent being refined must match the category of the refining suf
ideftical or the category being refined must be abstract.

identical to the pair of

bclauses are optional. If
y associations is empty,

mponent type for which
ry of both must match,
totype bindings. There
| subclause then the
implementations.

s can be added in the

5 of the component type

component declaration,

Standard Properties

inherit enumeration (Classifier_Match,

inherit enumeration

inherit enumeration

(Classifier_Match, Type_

(Classifier_Match, Equivalence,

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

Type_Extension,

Extension,

Subset,
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Semantics
(7) A component implementation represents the internal structure of a component through subcomponent declarations.

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

Interaction between subcomponents is expressed by the connections, flows, and subprogram call sequences.
Mode declarations represent alternative runtime configurations (internal structure) and alternative execution
behavior (interaction between subcomponents). A component implementation also has property values to express
its non-functional attributes such as safety level or execution time which can also vary by mode.

Each component implementation is associated with a component type and provides a realization of its features
(interface). A component type can have multiple implementations. A component implementation can be viewed as
a component variant with the same interface but with differing property values that characterize the differences
between implementations without exposing the internals of their realization. This can be achieved by placing the
component implementation declaration without subcomponents and connections in the public section of an AADL
package, and a component implementation declaration with subcomponents and connections for the same
component in the[private section of an AADL package.

The actual sysiem being modeled by component types and component jmpleém
subcomponents, [some of which may contain subcomponents themselves. The’ subg
hierarchy reflects|the actual system structure.

entations may contain
omponent containment

A component im
subprogram call
transitions, and p
component type

declarations are i

A component img
component implg
component implg
implementations
of its associated
them. A compor
bindings are dec
component imple

lementation that is an extension of another inherits all prototypes, subcqg
sequences, flow sequences (flow implementationsy'and end-to-end
foperty associations from its ancestors as well as features, and associat
and that component type’s ancestors). For annex'subclauses each anne
hherited.

lementation extension can refine prototypes*and subcomponents previou

mentations by supplying component classifiers, and by associating new property values.

mentation extension can refine connections, flows, and modes of i
py associating new property values, A component implementation exten
component type (and that component type’s ancestors) by associating
ent implementation being extended may include declaration of prototypg
ared for a subset of the prototypes, then only the prototypes without bi
mentation extensions.

A component im
sequences, flow
supports evoluti
implementations

A descendent co
namespace, i.e.,
words, an insta

lementation extension can also add prototypes, subcomponents, conng
sequences, modes, property associations, and annex subclauses. T
ary development and modeling of system families by declaring partia
hat get refined in extensions.

ponent'implementation is said to contain all subcomponents whose iden
subeomponents declared in the component implementation and any of

mponents, connections,
flows), modes, mode
ons, from its associated
defines whether annex

sly declared in ancestor
A
S ancestor component
sion can refine features
new property values to
b bindings. If prototype
nding can be bound in

ctions, subprogram call
his extension capability
ly complete component

tifiers appear in its local
its ancestors. In other

declared and inherited

subcomponents, features, connections, subprogram call sequences, flow sequences, and modes.

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

See Section 11.3

regarding rules for determining property values.

Processing Requirements and Permissions

A component implementation denotes a set of actual system components, existing or potential, that are compliant
with the component implementation declaration as well as the associated component type. That is, the actual
components denoted by a component implementation declaration are always compliant with the functional interface
specified by the associated component type declaration. Actual components denoted by different implementations
for the same component type differ in additional details such as internal structure or behaviors; these differences
may be specified using properties.
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(16) In general, two actual components that comply with the same component type and component implementation are
not necessarily substitutable for each other in an actual system. This is because an AADL specification may be
legal but not specify all of the characteristics that are required to ensure total correctness of a final assembled
system. For example, two different versions of a piece of source text might both comply with the same AADL
specification, yet one of them may contain a programming defect that results in unacceptable runtime behavior.
Compliance with this standard alone is not sufficient to guarantee overall correctness of a actual system.

Examples

data Bool_Type

end Bool_Type;

thread DriverModeliogic

features
BreakPedalPresded : in data port Bool_Type;
ClutchPedalPredsed : in data port Bool_Type;
Activate : in data port Bool_ Type;
Cancel : in dafla port Bool_Type;
OnNotOff : in data port Bool_Type;
CruiseActive : |out data port Bool_Type;

end DriverModeLogic;

-- Two implementatjions whose source texts uge“different variable names fpr

-- their cruise adtive port

thread implementatfjion DriverModeLogic/sSimulink

properties
Dispatch_Protocql=>Periodic;
Period=> 10 ms;
Source_Name => ‘|CruiseControlActive” applies to CruiseActive;

end DriverModeLogic.Simebink;

thread implementation—PriverModerhogte—L
properties
Dispatch_Protocol=>Periodic;
Period=> 10 ms;
Source_Name => “CCActive” applies to CruiseActive;

end DriverModeLogic.C;
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4.5 Subcomponents

A subcomponent represents a component contained within another component, i.e., declared within a component
implementation. Subcomponents contained in a component implementation may be instantiations of component
implementations that contain subcomponents themselves. This results in a component containment hierarchy that
ultimately describes the whole actual system as a system instance. Figure 4 provides an illustration of a
containment hierarchy using the graphical AADL notation (see Appendix D ). In this example, Sys1 represents a
system. The implementation of the system contains subcomponents named C3 and C4. Component C3, a
subcomponent in Sys1’s implementation, contains subcomponents named C1 and C2. Component C4, another
subcomponent in Sys1’s implementation, contains a second set of subcomponents named C1 and C2. The two
subcomponents named C1 and those named C2 do not violate the unique name requirement. They are unique
with respect to the local namespace of their containing component’s local namespace.

(1)

I | L=
I 1 bHsaFRenent

-—

containg

(B () (2] ()

Figure 4 Component Containment Hierarchy

(2) A subcomponent|declaration may resolve required subcomponént’access declared in the component type of the
subcomponent. Fpr details on required subcomponent access sée Section 8.4.

(3) A subcomponentfcan be declared to apply to specific modes (rather than all modes) defingd within the component
implementation.

(4) Subcomponents fan be refined as part of component implementation extensions. Refinement allows classifier
references to bel completed, abstract subcomponents to be refined into one of the concrete categories, and
subcomponent prpperty values to be associated. The resulting refined subcomponents can|be refined themselves.

(5) An array of subcomponents can be declared to represent a set of subcomponents with thg same component type.
This array may hgve one or more dimensions.

Syntax
subcomponent =

subcomponent_refinement

defining subcd

mponént_identifier

component_d

ategory

[ unique_component_classifier_reference

[prototype_bindings]

| prototype_identifier ]

[ array_dimensions

[ array_element_implementation_list ] 1]

[ { { subcomponent_property_association

| contained_property_association }* } ]

[ componen

defining subcomponent_identifier

t_in_modes ] ;

refined to

component_category

[ unique_component_classifier_reference

[ prototype_bindings ]
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| prototype_identifier ]
[ array_dimensions [ array_element_implementation_list ] ]
[ { { subcomponent_property_association
| contained_property_association }* } ]

[ component_in_modes ] ;

unique_component_classifier_reference ::=
( unique_component_type_reference

| unique_component_implementation_reference )

array_dimensions {:=

{ array dimendion }°
Y.

array_dimension : 4=

[ [ array _dimgnsion_size ] 1]

array_dimension_size ::=

numeral | unigye_property_constant_identifier }\unique_property_identfifier

array_element_impllementation_list ::=
( unique_compqnent_implementationsreference

{ , unique_domponent_ implementation reference }* )

-- array selection used in contained proper association and references
array_selection_identifieri ==

identifier arnay_selrection

array_selection ::=

{ [ selection_range 1 }°

selection_range ::=
numeral [ .. numeral ]

NOTES:

The above grammar rules characterize the common syntax for subcomponent of all component categories. The sections defining each
of the component categories will specify further restrictions on the syntax.

Naming Rules

(N1)  The defining identifier of a subcomponent declaration placed in a component implementation must be unique within
the local namespace of the component implementation that contains the subcomponent.
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The defining identifier of a subcomponent refinement must exist as a defining subcomponent identifier in the local
namespace of an ancestor component implementation.

The component type identifier or the component implementation name of a component classifier reference must
exist in the package namespace.

The prototype identifier of a prototype reference must exist in the local name space of the component
implementation.

The prototype referenced by the prototype binding declarations must exist in the local namespace of the
component classifier being referenced.

The modes named in the in modes statement of a subcomponent must refer to modes in the component
implementation that contains the subcomponent or its component type. The modes named in the in modes

statement of a prrl_l_t_b—l_l_l_ﬁ_ﬁh_rper y association of a subcomponent must refer 1o modes of the subcomponent, or in the case of
a contained propgrty association to modes of the last component in the component path;(see Section 11.3).

Legality Rules

The category of t
reference or its
referenced classi

The component @
all of the compo
referenced classi

In a subcompong
concrete compory
refined.

The Classifie]
classifier and the
applied to individ
supported:

Classifier_M
classifier being
implementation
Type_Extensi
the classifier in
Signature_Ms

he subcomponent declaration must match the category of its correspond
prototype reference, i.e., they must be identical, or in the case of a
ier category may be abstract.

lassifier reference of a subcomponent declarationnmay include prototype
nent classifier prototypes. This represents an<unnamed component cle
ier.

nt refinement declaration the component' category may be refined from
ent categories. Otherwise the category must be the same as that of th

-_Substitution_Rule property specifies the rule to be applied when
original subcomponent declaration already has a component classifier
ual subcomponents or features, or it can be inherited from classifiers.

atch: The component type of the refinement must be identical to the

refined. lf*the original declaration specifies a component imp
of that type\can replace this original implementation. This is the default ru
on: Any-eomponent classifier whose component type is an extension of
he subeomponent being refined is an acceptable substitute.
tch': The component type of the refinement must match the signature o

ng component classifier
classifier reference the

bindings for a subset or
ssifier extension of the

abstract to one of the
e subcomponent being

a refinement supplies a
This property can be
The following rules are

component type of the
lementation, then any
e.

the component type of

f the component type of

the classifier be

TTg Tefined:

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. Flow specifications with the same name must have the same source and destination ports.

The component category and optional component classifier or prototype reference can be followed by a set of array
dimensions to define the subcomponent as an array of actual subcomponents.

The array size specification for the dimensions is optional. In this case the array declaration is considered
incomplete. If the size of the array dimension is specified it must be specified for all dimensions in the same
declaration.

When refining a subcomponent array the number of dimensions of the array cannot be changed, but the array size
can be specified for each dimension if it was not specified in the subcomponent declaration being refined.
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When the subcomponent is declared as an array with array dimension sizes then a list of component

implementations can be supplied, one for each element of the array. Different implementations of the same
component type can be chosen. The number of elements in the list must correspond to the number of elements in
the component array. In the case of multi-dimensional arrays, the list elements are assigned by incrementing the

index of the last d

(L10)

imension first.

Selecting index ranges in one or more dimensions of an array is only possible if the size of the array for these

dimensions is already defined. The index range of a dimension is from 1 to the size of the dimension. Specification
of array index ranges is limited to the applies to subclause of contained property associations. Specification of a
single array element is limited to the applies to subclause of contained property associations and to the values of
reference properties.

Consistency Rules

In other words, th

Classifier_Substit
Signature_Match)

Acceptable_Array_ 9

(6) Subcomponents
implementation.

instantiated. Thu
(7) A component img
with no compone
name for a comp
incomplete when
specified. This is
incomplete subco

(8)

A subcomponent

category and component_classifier bound to the prototype is used when the system is instar

(9)

A subcomponent

ere cannot be a cyclic containment dependency between components:
Standard Properties

ution_Rule: inherit enumeration (Classifier_Match, Tv]

ize: list of Size_Range

Semantics

Contained subcomponents are instantiated when the containing compg
5, the component containment hierarchy describes the hierarchical structu

lementation can contain incomplete subcomponent declarations, i.e., sub)
nt classifier references, or(if the component classifier reference only consi
onent type with more than one component implementation. A subcompg
it consists of the deglaration of an array of subcomponents for which
particularly useful'during early design stages where details may not be K
mponent declaratiens can be refined in component implementation extens

declaration<can be parameterized by referring to a prototype. In th

declaration can reference a component classifier with prototype bindings

The classifier of § subcomponent cannot recursively contain subcomponents with the same component classifier.

be_Extension,

declared in a component implementation are considered to be contajned in the component

nent implementation is
re of the actual system.

component declarations
sts of a component type
nent declaration is also
the array sizes are not
nown or decided. Such
ions.

s case the component
tiated.

The prototype binding

can refer to oth

pr -classifiers or to a prototype of the component type or implement

tion that contains the

subcomponent.

(10)

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 classifier reference with prototype bindings that refer to component classifiers effectively is an

unnamed extension of the classifier being referenced. In other words, it could have been declared as a component
type or component implementation extension with a new defining identifier and this identifier could have been
referenced in the subcomponent declaration. Two unnamed component classifier extensions are not considered to
be extensions of each other.

(11)

The optional in_modes subclause specifies the modes in which the subcomponent is active. An in_modes in a
subcomponent refinement replaces previously specified subsets of modes or all modes.

A subcomponent

refinement without in_modes specifies that the subcomponent is active in all modes. The in_modes refer to
modes of the component implementation that contains the subcomponent or its component type.
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(12)

A subcomponent can have property values associated to itself, or a contained property association can be declared

for one of the subcomponents in its containment hierarchy, as well as those subcomponents’ features, modes,
subprogram call sequences, connections, and flows, or model elements in any annex subclause of a
subcomponent (see Section 11.3). Subcomponent refinements may declare property associations — that override
the property values declared in the subcomponent being refined. Property associations can have in_modes
statements that refer to modes of the component implementation that contains the subcomponent, or in the case of
contained property associations also to modes of the last subcomponent named in the path of the applies to (see

Section 11.3).

(13)

The arrays of subcomponents are used to simplify the declaration of a multiplicity of subcomponents with the same

classifier without declaring each of them separately. If a size of a subcomponent array is not known the array is
incomplete and is assumed to have one element for the purpose of system instances of incomplete models. A
subcomponent array can only be refined by adding array sizes to the dimensions if they are without a size.

(14) All elements of g
subcomponent a
implementation, €

(15) A property asso

property associafions declared in the enclosing component implementationt.can be use

property values tq

(16) If the subcompor
method of proce

implementation €

modelers to comy

(17) The example illus

details. It illustrates the use of package to group data component type declarations. It illU

classifier referend

as required and provided data acgess; and required subprogram access. In that context

resolving requireg
represent data m

package Sampling

public

fray can also be declared to have the same component type, but-its
.g., to represent variants in an N-Version redundancy pattern.

iation declared with a subcomponent array applies to each,element
different elements or subsets of the subcomponent array.
Processing Requirements and Permissions
ent declaration references a component type and the type has a singlq
ssing (tool) is permitted to generate a.eomplete system instance K
letely specify such classifier references:
Examples
trates modeling of source_text data types as data component types with

es to component types and to component implementations. It illustrates

pdels of applications in AADL.

data Sample

subcomponent array have the same component classifier, i.e., they afe of the same kind. A

elements vary in their
n the array. Contained

d to associate different

implementation then a
y choosing the single

ven 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

out any implementation
strates both component
the use of ports as well
t illustrates the ways of

access. The Data Modeling Annex (Annex Document B) provides guidamce on how to effectively

properties

Source_Data_

end Sample;

Size => 16 Bytes;

data Sample_Set

properties

Source_Data__

end Sample_Set;

data implementation

subcomponents

Size => 1 MByte;

Sample_Set.impl
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Data_Set: data Sample ;

end Sample_Set.

impl;

data Dynamic_Sample_Set extends Sample_Set

end Dynamic_Sample_Set;

data implementation Dynamic_Sample_Set.impl extends Sample_Set

properties

Source_Data_Size => 8 Bytes applies to Data_Set;

.impl

end Dynamic_Sample_Set.impl:

end Sampling;

thread Init_Samplse
features
OrigSet : requi
SampleSet : regq

end Init_Samples;

thread Collect_San

features
Input_Sample
SampleSet : regq
Filtering_Rout]

end Collect_Sampls

thread implementat
properties

Source_Name =>

res data access Sampling::Sample_Set;

fuires data access Sampling::Sample_Set;

ples

in event data port Sampling::Sample;

fuires data access Sanmpling::Sample_Set;

ne: requires subprogram access Sample_Subprogram;

S

ion CollecCt_Samples.Batch_Update

"InSample"” applies to Input_Sample;

end Collect_Sampl

thread Distribute_Samples

features

SampleSet : requires data access Sampling::Sample_Set;

UpdatedSamples

out event data port Sampling::Sample;

end Distribute_Samples;

process Sample_Manager

features

Input_Sample: in event data port Sampling::Sample;
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External_Samples: requires data access Sampling::Sample_Set;

Result_Sample:

out event data port Sampling::Sample;

end Sample_Manager;

process implementation Sample_Manager.Slow_Update

subcomponents

Samples: data Sampling: :Sample_Set;

Init_Samples

thread Init_Samples;

-- the required access is resolved to a subcomponent declaration

Collect_Sampleg+——thread Collect Sampleg Batch TIpdate:

Distribute: thx
Sample_Filter:
connections

data access Sar
data access Exf
data access San
port Input_Samg
data access San

port Distributg

ead Distribute_Samples;

subprogram Sample_Subprogram.Simple;

ples <-> Init_Samples.SampleSet;
ernal_Samples <-> Init_Samples.OrigSet;
ples <-> Collect_Samples.SampleSet;

le -> Collect_Samples.Input_Sample;
ples <-> Distribute.SampleSet;

.UpdatedSamples -> Result_Sample;

subprogram accgss Sample Filter <-> Collect_Sample.Filtering_Routine;

end Sample_Managen

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

package Redundancy

public

.Slow_Update;

trates the use of arrays_in defining a triple redundancy pattern with a vote

p indicate how theé 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 arraydimension size through a property.

abstract Triple

features

input: in data port;

output: out data port;

end Triple;

abstract implementation Triple.impl

subcomponents

MyProcess: abstract Calculate [3];

MyVoter: abstract Voter;

connections

. The pattern is defined

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

tination. Each instance
eplicates could be kept


https://saenorm.com/api/?name=15efeb3d7791062d151aab96b12ecfe1

SAE

AS5506A

-52 -

extinput:

tovoter:

extoutput:

port MyVoter.output

port input -> MyProcess.input

{ Connection_Pattern => One_To_Many; };

port MyProcess.output -> MyVoter.input

Y

{ Connection_Pattern => One_To_One;

-> output;

end Triple.impl;

abstract Calculate

features
input:
output: out d

end Calculate;

abstract Voter

features
input: in dat
output: out d

end Voter;
end Redundancy;

4.6 Abstract Comp

(1) The component
represent compo
component. The

any of the software components, hardware components, and composite component

component is refi
concrete category

group.

in data port;

ata port;

[31;

ata port;

a port

onents

category abstract represents an abstract component.
hent models.
bbstract component category can later be refined into one of the concrete

Abstract comp

hed into a concrete_component category it must adhere to the containme
. For example, an-abstract subcomponent of a process can only be refing

bnents can be used to

Abstract comiponent can contain any component and can be contained in any

component categories:
5. When an abstract
nt rules imposed by the
d into a thread or thread
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Legality Rules
Category Type Implementation
Features: Subcomponents:
e port e data
o feature group e subprogram
e provides data access e subprogram group
e provides subprogram access o thread
e provides subprogram group access e thread group
e provides bus access e process
e requires data access e processor
e requires subprogram access e virtual processor
abstract e requires subprogram group access e memory
e requires bus access e DUS
e (abstract) feature e virtualbus
Flow specifications: yes e device
Modes: yes e System
Properties: yes e abstract
Subprogram calls{ yes
Connections: yes
Flows: yes
Modes: yes
Properties: yes

(2)

An abstract com
flow declarations,

An abstract component implementation can ceftain subcomponent declarations of any category.
subcomponent categories arelenly acceptable if they are acceptable

combinations of
component categ

An abstract corn
subclause, and p

An abstract subg

If an abstract su
component imple

An abstract subg

Dries.

omponent can be declared as an array of subcomponents.

bonent type declaration can contain feature ‘declarations (including abstrdct feature declarations),
as well as property associations.

Certain
in one of the concrete

nponent implementation can contain a modes subclause, a connectigns subclause, a flows
operty associations:

omponent can be contained in the implementation of any component category.

bcomponent'is refined to a concrete category, the concrete category muyst be acceptable to the
mentation*category whose subcomponent is being refined.

If an abstract component type is refined to a concrete category, the features of the abstract component type must
be acceptable for the concrete component type.

If an abstract component implementation is refined to a concrete category, the subcomponents of the abstract
component implementation must be acceptable for the concrete component implementation.

Standard Properties

An abstract component can have property associations of properties that apply to any concrete category.
However, when refined to a concrete category, properties that do not apply to the concrete category will be ignored.

A method of processing may provide a warning about ignored properties.
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Semantics

(3) The component of category abstract represents an abstract component. It can be used to represent conceptual
architectures. This abstract component can be refined into a runtime architecture by refining the component
category into a software, composite, or hardware component. Such a refinement from a conceptual architecture to
a runtime architecture is illustrated in the example below.

(4) Alternatively, the conceptual architecture can be defined in terms of abstract components and the runtime
architecture can be defined separately in terms of threads and processes. A user-defined property of the
reference property type can be used to specify the mapping of conceptual components to runtime architecture
components.

Examples
(5) A conceptual arcliitecture and Its refinement Into a runume architectare. .|

abstract car

end car;

abstract implemenflation car.generic

subcomponents
PowerTrain: absfjract power_train;
ExhaustSystem: gbstract exhaust_system;

end car.generic;

abstract power_trdin
features
exhaustoutput: Bequires bus access Manifold;

end power_train;

abstract exhaust_dystem
features

exhaustManifold] prévides bus access Manifold;

end exhaust_systen;

-—- runtime architecture
system carRT extends car

end carRT;

system implementation carRT.impl
extends car.generic
subcomponents
PowerTrain : refined to process power_ train;
ExhaustSystem : refined to process exhaust_system;

end carRT.impl;
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4.7 Prototypes

(1) Prototypes repre

actuals in protot
hierarchy.

prototype ::=

sent parameterization of component type, component implementation, and feature group type
declarations. They allow classifiers and features to be supplied when a component type, component
implementation, or 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 subcomponent declarations.
The feature prototypes can be referenced in abstract feature declarations. Prototypes can also be referenced as
ype bindings; this allows parameterization via prototype to be propagated down the system

Syntax

defining protdtype identifier

( component_|prototype

| feature_gnoup_type_prototype

| feature_pygototype )

[ { { prototiype _property association }* } 1 ;

component_prototyge ::=

component_catgdgory [ unique_component_classifier_ reference ] [ [] ]

feature_group_typg_prototype ::=

feature group

feature_prototype

[ in | out ]

prototype_refinemd
defining protd

( component_|

[ unique_feature_groupstype_ reference ]

feature [unique)component_classifier_reference ]

nt ::=
type.sddentifier : refined to

prototype

| feature_gJ_ oup—tyre—prototyre

| feature_prototype )

[ { { prototype property_association }* } ];

prototype_bindings ::=

( prototype_binding { , prototype_ binding }* )

prototype_binding

prototype identifier =>

( component_prototype_actual | component_prototype_actual_list

| feature_group_type_prototype_actual | feature_prototype_actual
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component_prototype_actual

component_category

( unique_

component_classifier_reference [ prototype_bindings ]

| prototype_identifier )

component_prototype_actual_list

( component_prototype actual { , component prototype actual } )

feature_group_typ

rrotobtyvme actual
—T g

(

| (feature ¢

feature g1

feature_prototype |
(( in | out
(
( bus |
unigue_d

[

in |

( requireg | provides )

foup unique_feature_group_type_reference )

[roup feature_group_ type prototype_identifier )

actual
| in out) ( event | data | event data ) (port ) |
data | subprogram group | subprogram~’) access )
omponent_classifier_reference )

]

out feature feature prototype_identifier )

Naming Rules

bntifier on the left-hand side of a prototype binding must exist in the
n the prototype binding.is defined.

ntifier on the right-hand side of a prototype binding, if present, must exist
at contains thewrototype binding.

nt classifier, references must exist in the public section of the package

roup’ type references must exist in the public section of the package

ocal namespace of the

in the local namespace

being identified in the

being identified in the

Legality Rules

The component category declared in the component prototype binding must match the component category of the

prototype or classifier being referenced, i.e., they must be identical, or the declared category component category
of the prototype must be abstract.

If the component prototype only specifies a component category, then any component type and component

implementation of that category is acceptable; in the case of the category abstract any component type and
component implementation of any category is acceptable.

(N1)  The prototype id
classifier for whic

(N2)  The prototype idg
of the classifier th

(N3)  Unique compone
reference.

(N4)  Unique feature ¢
reference.

(L1)

(L2)

(L3)

The Prototype_Substitution_Rule property specifies the rules to be applied to determine an acceptable

classifier supplied to the prototype. This property can be associated with a prototype declaration or the enclosing

component

type or

component implementation. The rules are the

Classifier_Substitution_Rule property.

same as

those of the
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Prototype_Substitytion_Rule:
Signature_Match)

(2)

(3)

(4)

(5)

(6)

The category of the component implementation that contains the prototype declaration places restrictions on the set
of acceptable categories for the prototype declaration and the supplied classifiers. The nesting rules for each
category are defined in the respective component category section of this document. For example, if the
component implementation is a thread group implementation, then the prototype referenced in a subcomponent
declaration must be of the category thread group, thread, subprogram, subprogram group, data, or abstract.

In the case of feature prototypes, the supplied feature category must match the feature category in the prototype, or
the feature category in the prototype must be feature.

If the direction is declared for feature prototypes, then the prototype actual satisfies the direction according to the
same rules as for feature refinements (see Section 8); in the case of ports the direction must be in or out; in the
case of data access, the access right must be read-only for in and write-only for out; in the case of bus access,
subprogram access and subprogram group access the direction must not be in nor out.

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 featuré’[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 €xpect a list of component classifiers. These
prototypes can omly be referenced in subcomponent array declarations. The component dassifier list supplies the
classifiers for each of the elements in the component array.

Standard Properties

inherit enumeration: (Classifier Match, Type| Extension,

Semantics

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

Prototypes can s

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

becify/a‘parameterization of abstract features (feature) as well as feature

groups. The prot

abstract feature, fhe‘direction of the supplied feature must match.

ptype-binding of an abstract feature can supply concrete features. If a dire

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
ction is specified for the

Prototypes can only be bound once. Prototypes can be referenced in prototype bindings, i.e., bound classifiers and
features can be passed down the component hierarchy.

The prototype declaration specifies constraints on the component category, on the feature kind, and on the
classifier that can be supplied. The Prototype_Substitution_Rule property specifies whether the match
requires matching classifiers, allows classifier substitution, or allows any classifier with matching signature.

A prototype refinement can increase the constraints on classifiers to be supplied. The newly specified category,
classifier, and array dimensions must satisfy the same matching rules as the prototype bindings.
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Examples

(7) This example defines a generic component with a flow through one in port and one out port. The abstract
component type specifies the data type used on the port as one prototype and an incoming abstract feature as
second prototype. This allows us to supply an event data or data port as the incoming port for this pattern. The
outgoing port has been fixed to be a data port. The example also defines a primary/backup redundant
implementation of the flow component as a pattern. It has a single prototype, namely the component that is to be
implemented as a dual redundant component. 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.

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

abstract flowCompqnent

prototypes
dt: data;
incoming: in featyre;
features
insignal: in feafjure incoming;
outsignal: out dgta port dt;

end flowComponent;

-- a dual redundant component pattern

abstract implemenfjation flowComponent.primaryBackup

prototypes
control: abstradqt flowComponent;

subcomponents
primary: abstradt control;
backup:abstract |control;

connections
inprimary: insidnal -eprimary.insignal;

inbackup: insigral (=% backup.insignal;

outprimary: port—srimary—outsigaat ytcignal-

outbackup: port backup.outsignal -> outsignal;
modes

Primarymode: initial mode;

Backupmode: mode;

end flowComponent.primaryBackup;

data signal

end signal;

data implementation signal.unitlé6

end signal.unitlé6;
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-- a controller to be realized as dual redundant system

process controller extends flowComponent

end controller;

( dt => data signal.unitlé6,
)

incoming => event data port signal.unitlé6

-- the dual redundant controller system interface

system DualRedundantController extends

flowComponent

(dt => data signal.unitlé,

incoming = unitla)

event data port signal

end DualRedundant(

-- the dual redund
system implementat
extends flowCd

end DualRedundant(

ontroller;

ant instance of the controller
ion DualRedundantController.PrimaryBackup
mponent .primaryBackup (control => process)controller)

ontroller.PrimaryBackup;

ses and Annex Libraries

5 allow annotations expressed in a sublanguage to be attached to comp
and feature group types. Examples, of standardized sublanguages are de
C and in the Behavior Model Annex Document D.

bntain reusable declarations;expressed in a sublanguage and are declar
ons can be referenced by annex subclauses.

hese annex declarations is to accommodate new analysis methods th
nguages.

rd consists\of a core language document and a set of standardized ann

which introduce gublanguage’ notations. Individual projects can introduce project-specific s

support project-specific,analysis needs.

Use of such sublanguage notations results in

compliant with the core’language standard. Standard compliant AADL tools are require
specifications (sep Processing Requirements and Permissions).

bnent types, component
fined in the Error Model

ed in packages. Those

rough analysis specific

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

4.8 Annex Subclad
(1) Annex subclause]
implementations,
Annex Document
(2) Annex libraries ¢
reusable declarat
(3) A major use of
notations or sublg
(4) The AADL stand
(5)

subclauses (see Annex Document C).

Examples of annex libraries are error states machines that can be associated with components in annex
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Syntax
annex_subclause ::=
annex annex_identifier (
( {** annex_specific_language_constructs *#*} ) | none )
[ in_modes ] ;
annex_library ::=
annex annex_identifier
(( {** annex_specific_reusable_constructs **} ) | none ) ;

(7)

(8)

(9)

Naming Rules

The annex identifier must be the name of an approved annex or a project-specific)identifier different from the
approved annex ifentifiers.

The mode identifiers in the in_modes statement must refer to modes in<the compongnt type or component
implementation fqr which the annex subclause is declared.

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

A component typg, component implementation, or feature group type declaration may contain at most one annex
subclause for ea¢h annex. If the annex subclause has,an'in_modes statement, then there must be at most one
annex subclause [per mode for each annex.

Annex libraries must be declared in packages.

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

An annex subclalise provides additional specification information about a component to be interpreted by analysis
methods. Annex|subclauses,dpply to component types and component implementations. [Such annex subclauses
can introduce analysis specific notations such as constraints and assertions expressegd in predicate logic or

behavioral descriptions expressed in temporal logic. Such notation can refer to subcomponents, connections,
modes, and transjtionsias‘well as features and subcomponent access.

Annex subclausds ean 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 provides reusable specifications expressed in an annex specific notation. Users can place multiple
reusable annex specific constructs inside an annex library declaration. An example of a reusable annex
specification is a fault state machine as defined by the Error Model Annex Document C.

Processing Requirements and Permissions

Processing methods compliant with the core AADL standard must accept AADL specifications with approved and
project-specific annex subclauses and specifications, but are not required to process the content of annex
subclauses and annex library declarations. An AADL analysis tool must provide the option to report the use of
project-specific annex sublanguages. Processing methods compliant with a given annex sublanguage must
process specifications as defined in that annex sublanguage.


https://saenorm.com/api/?name=15efeb3d7791062d151aab96b12ecfe1

SAE AS5506A - 61 -

(10) Annex specific sublanguages can use any vocabulary word except for the symbol **} representing the end of the
annex subclause or specification.

(11) Annex specific sublanguages may introduce reserved words that may be the same or different from those in the
core language or other annex sublanguages. If the annex sublanguage uses a reserved word that is a legal
identifier in the AADL core language, then it must support the ability to refer to this named element in the core
model.

(12) Annex specific sublanguages can utilize the core language property mechanism, i.e., properties can be defined in
property sets that apply to elements in the sublanguage annex. For example, a property occurrence can be defined
to apply to an error event in an error model.

(13) Annex sublanguages may choose not to support inheritance of sublanguage declarations contained in annex
libraries of ancestor component type or component implementation declarations by their extensions.

Examples

thread Collect_Sanples
features
Input_Sample : |[in data port Sampling::Sample;
Output_Average |: out data port Sampling::Sample;
annex Error_ Model |[{**
Model => Transient_Fault_Model;
Occurrence => J0e-4 poisson applies to Transient Fault;
**};

end Collect_Sampldgs;
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5

(1)

(2)

(3)

(4)

(5)

(6)

(7)

5.1
(1)

(2)

(3)

(4)

Software Components

This section defines the following categories of software components: data, subprogram, subprogram group,
thread, thread group, and process.

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.

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

rOQa-IOK

component models callable source text that is executed sequentially.’'S
s and subprograms.

The subprogram
from within threag

ibprograms are callable

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 property Runtime_Protection. The

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

Data

Nt sequential sequences of instructions in loaded binary¢images prod
chedulable units of control that can execute concurrently. CThreads can
bs of control and data as specified by port connections; through remote
hta components.

a compositional component that permits organization of threads within prq
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
bcified by the required subcomponent resolved to an actual subcomponer

A data componern
the instance vari
component impl

concept of methods on a elass or operations on an abstract data type. A source text data
a data component 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

lced 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 parameter declarations,

and data subcomponent 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.

communication.

It is also provided for modeling source text that does not use port-based

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:
e feature group e dafa
e provides subprogram access e subprogram
e requires subprogram access e abstract
data e requires subprogram group access Subprograni calls:|no
o feature Connecitions: yes
Flow specifications: no Flows: no
Modes: no Modes: no
Properties: yes Rroperties: yes

A data type decla

ration can contain provides subprogram access‘declarations as well as property associations.

(L2) A data type decla'E\tion must not contain a flow specification*or modes subclause.
(L3) A data implementation can contain abstract, data and subprogram subcomponents, and data property associations.
(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
Source_Code_Size: |Size
Type_Source_Name: |aadlstring
Source_Name: aadlgtring
Source_Text: inhenit \list of aadlstring

-- hardware mappir

Base_Address:

aadlinteger 0 ..

Y

Max_Base_Address

Allowed_Memory_ Binding Class:

Allowed_Memory_Binding:

Actual_Memory_Binding:

inherit list of classifier

(memory, system, processor)

inherit list of reference (memory, system, processor)

inherit list of reference (memory)

-- Data sharing properties

Access_Right

Concurrency_Control_Protocol:

Access_Rights => read_write

Supported_Concurrency_Control_Protocols
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(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

The value of the Type_Source_Name property identifies the name of the data type declaration in the source text.
The value of the Source_Name property identifies the name of the static or local data variable in the source text.

Semantics

The data component type represents a data type in the source text that defines a representation and interpretation
for instances of data in the source text. This includes data transferred through data and event data ports, and
parameter values transferred to subprograms. This data type (class) may have associated access functions (called
methods in an Object-Oriented context) that are represented by provides subprogram access declarations in the
features subclause of the data type declaration. In this case, the data may be accessed through the subprograms.

A provides subprogram access declaration represents a callable subprogram. It represents implicitly declared
subprogram subcomponent that is contained in the process of the subprogram call, i.e., a single subprogram
instance exists within a process. Modelers may also declare subprogram subcomponents explicitly. A remotely
callable access function of a data type iIs modeled by a provides subprogram access |declaration that will be
connected from a subprogram call or is named in the classifier reference of the call.

Elements of a daja component can be accessed and changed directly or via provi@les’subpfogram access features.
This corresponds|to get and set methods of a class. AADL does not impose visibility restrjctions on elements of a
data component.

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

A data componerjt 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 recordl and instance variables
in a class. The pata 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, accqptable data types for a union type; dimensionality of an array structure, the super types in a type
hierarchy, or the ¢lata type of a reference.

Data component types can be extended through component type extension declarations. This permits modeling of
subclasses and type inheritance in soutce. text. However, it is recommended to use the|capabilities of the Data
Modeling Annex to represent data modelcharacteristics in AADL (see Annex Document B).

A data subcompgnent represents a-data instance, i.e., data in the source text that is potentially sharable between
threads and perdists across thtead dispatches. A data subcomponent is considered to|be static data with the
exception of datal subcomponents in subprograms, which represent local data. Each declqred data subcomponent
represents a separate instance of source text data.

A data subcompepnent declared in a subprogram represents Iocal data. This data cannot be made accessible
outside the subprogram

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 memory usage analysis if a Source_Data_Size property value is specified in the data component

type.

Data subcomponents that are not declared in subprograms can be shared between threads. This is expressed by
requires data access declarations in the component type declarations of subprograms, threads, thread groups,
processes, and systems. The access is resolved to data subcomponents or provides data access declarations.
Each required reference to shared data may have its own Access_Right property value. Its value must be
consistent with the value of the Access_Right property of the data component or a provides data access. The
Access_Right property value of Read_Only on a data component indicates that the component contains a
constant value that does not change.
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(16)

(17)

(18)

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 pair-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.

Data component classifier references are also used to specify the data type for data and event data ports as well as

subprogram para
resolved, the dat

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

subprogram. Compatibility is determined by the Classifier Matching_Rule property (

(19) Data componentj

declarations this

subcomponent dgclarations. If the intent is to model a data component whose representa

an array data mo
5.1.1

A standard set of
the code generati

(20)

(21) The following are

AADL runtime sys

The Get_Resout
perform locking 3
may lock multiple

(22)

subprogram Gqg
features

resource: in

Runtime Support For Shared Data Access

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

hration or a declared data component must be compatible with.the data
he data type of an actual parameter must be compatible withythat of th
5 can be declared as arrays of data subcomponents. ) Same as for oth

is a short-hand for declaring several subcompofients of the same

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

runtime services is provided. The -application 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
stem that is generated from.an AADL model.

'ce and Release~Ré&source runtime services represent an abstract in
nd unlocking of resources according to the specified concurrency contro
resources simutiltaneously.

t_Resource

parameter <implementation-specific representation of

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

er subcomponent array

type through separate
ion in the source text is

be 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

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

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
the source language annex of this standard. Such mapping can also be explicitly specified through the
Type_Source_Name property.

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.

clude stored references
data values in order to

Data modeling properties allow for modeling dafa representations n
(pointers). A method of implementation may disallow storing of such data references-as
assure safe execlition of embedded applications.

b represent an implicit
bt have to be connected

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

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

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

If two static data

If this replication
place. Alternative
component decla

The concurrency
as mutex, lock, s
shared data com
implementations

A method of imp
resources simultd
order that deadlo
absence of deadl

eclarations refer to the same source textidata, then that data must be rep
occurs within the same virtual address space, a method for resolving na

ation per process address space.

control protocol can be implemented through a number of concurrency c
bmaphore, or priority ceiling protocol. Appropriate concurrency control sta
ponent to maintain_concurrency control. The protocol implementation n
bf the Get_Resource and Release_Resource operations.

ementation may choose to support only locking of one resource at a tim
neously.
Ck and-starvation is avoided. In the latter case, the Get_Resource impl
bck angdsstarvation.

A method of imp

mav chao o aanarata +

mantation oca a tha
HHeraor—hay— oSt o-generatehe

icated in binary images.
me conflicts must be in

ly the processing method may require that each source text data be reprgsented by only one data

bntrol mechanisms such
e is associated with the
ust provide appropriate

e, or locking of multiple

It the former case it is the responsibility of the caller of Get] Resource in such an

bmentation must assure

Get—ReseoureeahdRetease—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

data Person

end Person;

Examples

data Personnel_record

-- Methods are not required, but when provided act as access methods
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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 declare the internal structure of the data type

-- One field 1

defined in teorms of ancothex =k Y2 aV=10

-- the type nan
-- the package
-- It provides
Name : data Bag
Home_address

end Personnel_recd

data Personnel_daf

end Personnel_datg

data implementatid

end Personnel_datd

subprogram update_|
features

person: in out

street :in par

e is sufficient, it defaults to others.

Base_Types is defined in the Data Model Annex dodument|.

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

rd.others;

abase

base;

n Personnel_database.oxacle

base.oracle;

address

parametexr’ Personnel_record;

eter<-Base_Types: :String;

city: in paramgterBase_ Types::String;

end update_addres

7

-- 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
data Address

features

-- a subprogram access feature without parameter detail

getStreet
getCity

end Address;

provides subprogram access;

provides subprogram access;

data implementation Address.others

properties

Sourcee_Datg
end Address.otH

end retep::relief;

-- The implementat
-- The public and
package retep: :rel

private

_Size => 512 Bytes;

ers;

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

ief

data implementgtion Address.others

subcomponents

street dat

streetnumbexn:

city: data H
zipcode: dat
end Address.oth

end retep::relief;

a Base_Types::String;

data Base_Types: :Anteger;
ase_Types: :String;

a Base_Types::{Integer;

ers;

Subprograms and.Subprogram Calls

ications

variables that are represented by data subcomponents in the subprogram implementation.

mponent Tepresents sequentiatty executed —source textthat s —Tcatted
Subprograms can have local

not have any state that persists beyond the call (static data).

with parameters. A

All parameters and

5.2

(1) A subprogram c
subprogram may

(2)

(3)

(4)

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.
Subprogram call 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 instances may be modeled explicitly through subprogram subcomponent declarations. In this case,
components can be modeled as requiring and providing access to subprogram instances.

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.
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Syntax
subprogram_call_sequence ::=
defining call_sequence_identifier :
{ { subprogram call }* }
[ { { call_sequence property_association }* } ] [ in_modes ] ;

subprogram_call ::=
defining call_identifier : subprogram called_subprogram

[ { { subcomponent_call_property association }* } 1 ;

called_subprogram|: :=
-- identificaflion by classifier
subprogram_unique_component_classifier_ reference
| ( data_unigye_component_type_reference
. data_pragvides_subprogram access_identifier )
| ( subprogram group_unique_component_type_reference
. providedq_subprogram access_identifier )
-- identificatlion by prototype
| prototype_identifier
-- identificaflion by processor subprogram“access feature
| ( processor |. provides_subprogram access_identifier )
-- identificatlion by subprogram instance
| subprogram_gubcomponent_identifier
| ( subprogram group_subcomponent_identifier .
provides_gqubprogram access_identifier )
| requires_sulpprogram @ccess_identifier
| ( requires_gubprogkam group_access_reference .

provides_gubprdgram_access_identifier )

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 subprogram name is a subprogram classifier reference, its component type identifier or component
implementation name must exist in the package namespace.
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(N4)  The subprogram classifier reference of a subprogram call may be a subprogram type reference.

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

Legality Rules
Category Type Implementation
Features:
e out event port
e out event data port Sy |hr~nmpnnnnfc'
o feature group e data
e requires data access e abstract
subprogram . requ!res subprogram access Subprog.ram_calls: yes
e requires subprogram group access Connections: yes|
e parameter Flowstyes
e feature Mades: 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 specificatign subclause, a modes subclause, and property associations.

(L2) A subprogram implementation can contain abstract’and data subcomponents, a subprogram calls subclause, a
connections subdause, 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 {o a providest\subprogram access of a processor in a subprogram call (processor

provides_subprogram_access).identifier) must identify a provides subprogram access featdre of the processor that
the thread execufing the cdll is bound to.

(C2) A subprogram call may.reference a subprogram classifier. A project may enforce a cgnsistency rule that this
reference be to a qubprogram subcomponent declaration or requires subprogram access dgclaration. This ensures
that a modeler eith i Ci i ferences them.

Standard Properties

-- Properties related to source text

Source_Name: aadlstring

Source_Text: inherit list of aadlstring

Source_Language: inherit list of Supported_Source_Languages
Type_Source_Name: aadlstring

-- Properties specifying memory requirements of subprograms
Source_Code_Size: Size

Source_Data_Size: Size

Source_Stack_Size: Size
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Source_Heap_Size: Size

Allowed_Memory_ Binding Class:

inherit list of classifier (memory, system, processor)
Allowed_Memory_ Binding: inherit list of reference (memory, system, processor)
Actual_Memory_Binding: inherit list of reference (memory)
-- execution related properties

Compute_Execution_Time: Time_Range

Compute_Deadline: Time

Client_Subprogram_ Execution_Time: Time_Range

Reference_Processor: inherit classifier ( processor )

-- remote subprogyam call related properties

Urgency: aadlinteder 0 .. Max_Urgency

Actual_Subprogram |Call: reference (subprogram)

Allowed_Subprogram_Call: list of reference (subprogram)

Actual_Subprogram |Call Binding: inherit list of reference (bus, processor, memory,

device)

Allowed_Subprogran Call_Binding:

inherit list off reference (bus, processor, device)

Subprogram_Call_Type: enumeration (Synchronous, SemiSynchronous)

=> Synchronoud
Semantics

(5) A subprogram component represents sequentially executable source text that is called|with parameters. The
results of a subprogram call must be available to the caller at the time those results ar¢ used. This allows for
synchronous and|semi-synchronous calls.

(6) A subprogram typge declaration specifies all interactions of the subprogram with other parts ¢f 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 eyent data port, required
access to static flata by the subprogram are specified as part of the features subclause of a subprogram type
declaration, and fequired access to subprograms that are contained in another component and are called by this
subprogram.

(7) 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.

(8) 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
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.
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(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

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
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 subprograms is not required and the level of detail is not prescribed by the standard. Instead it is

determined by the level of detail necessary for performing architecture analyses or code generation.

In an object-oriented application methods are called on an object instance and the object instance is available
within the method by the name this. In AADL a subprogram call can identify the subprogram being called by the
provides subprogram access feature of a data component. In AADL, the data component must be explicitly passed
into a subprogram as parameter (by value) or as requires data access (by reference). Requires data access may

require concurrency control to ensure mutual exclusion

Ordering of subpfogram calls is by default determined by the order of the subprogram‘c
specific notations}, e.g., the Behavior Annex, can be introduced to allow for other callrorde
conditional calls gnd iterations.

The flow of paragmeter values between subprogram calls as well as to and from ports
specified through|parameter connection declarations (see Section 9.3).

Subprogram instgnces may be modeled explicitly through subprogram’subcomponent decl
implied from the |call references to subprogram classifiers. A subprogram instance mea
executable binarles exist in the load image of the containing<process. For subprogra
implementation i
address space. |
subprogram is p

the case of remote subprogram calls a proxy may be loaded for the calli
of the load image of the process with the thread servicing the remote su

A subprogram supbcomponent declaration explicitly represents a subprogram instance that
address space of| the containing process. Subprogram calls refer to the subprogram subc
subprogram accgss declarations. In case ofca requires subprogram access the call is
instance in the cgntaining process, or is remote to a subprogram instance in another proce
connection declafations identify the subpregram instance to be called.

The standard permits modeling of subprograms and subprogram calls without requi
subprogram instahces. In this casg, subprogram calls may refer to subprogram classifiers 2
processing system will determine.the subprogram instance to be called. In the case of r
the target subprogram is identified by subprogram call properties. An Allowed_Subpro
present, identifi¢s the remote subprogram(s) that are allowed to be used in
Actual_Subprdgram/ Call property records the actual binding to a subprogram or provi
feature. Constralnts‘onvthe buses and processors over which such calls can be routed ¢

all declarations. Annex-
- specifications, such as

of enclosing threads is

hrations, or they may be
ns 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

ring the declaration of
nd the source language
bmote subprogram calls
gram_Call property, if

a call binding. An
des subprogram access
bn be specified with the

Allowed_Subprlogram Call_Bindings property.

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, 0
calling thread

r system: execution by

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 access of a processor: execution inside the processor (operating system)

Subprogram classifier and the call has a subprogram call binding property that refers to provides subprogram

access in other thread: execution by called thread
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(20)

(21)

(22)

(23)

(24)

(25)

data

end matrix;

data

end weather_forecdst;

data

end date;

subprogram Matrix |delta
features
Ac:
B:

The results of a subprogram call must be available to the caller at the time those results are used. In the case of a
local call the results are available when the call returns, i.e., the call is performed as a synchronous call. In the
case of remote call, the caller thread is by default suspended until the execution of the subprogram completes
(synchronous call). The caller thread may issue multiple concurrently executing subprogram calls and wait for their
result when needed (semi-synchronous call). The Subprogram Call_Type property indicates whether
synchronous or semi-synchronous calls are desired.

In the case of a remote call, the thread servicing the subprogram call assures that only one call at a time is
serviced. In other words, it acts as a critical region for all calls to provides subprogram access features of a thread.

Provides subprogram access features may be declared for processors or devices. In the case of processors they
represent operating system services provided by the processor. In the case of a device, they represent services on
the device that can be invoked by the application software.

Frocessing Requiremenis and Fermissions

The subprogram fall order defines a default execution order for the subprogram calls. JAltgrnate call orders can be
modeled in an anhex subclause introduced for that purpose.

The legality ruleg require that call declarations either refer only to subprogram classifiers or to subprogram
instances (subcomponents and provides/requires subprogram access). Fhis‘rule can be rglaxed to allow a mix of
both if this is apptfopriate for the development process.
An implementation method may support synchronous calls only or also semi-synchronous calls.

Examples

matrix

weather_foredast

date

in parameter matrix;

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_result;
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data weather_ DB

features
getCurrent: provides subprogram access getCurrent;
getFuture: provides subprogram access getFuture;

end weather_DB;

subprogram getCurrent
features

result: out parameter Matrix;

end getCurrent;

subprogram getFutyre
-- a subprogram whHose source text sends an event
-- the subprogram |also has access to shared data
features
date: in paramgter date;
result: out panameter Matrix;
bad_date: out gvent port;
wdb: requires data access weather_DB;

end getFuture;

thread Predict_Wedther
features
target_date: in event data pdrt date;
prediction: ouyl event data . port weather_forecast;
past_date: out |event port:
weather_databade: requires data access weather_DB;

end Predict_Weathdr;

thread implementation Predict_Weather.others

calls {
-- 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 i1is mapped to thread event

future: subprogram weather_DB.getFuture;
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-- in parameter actuals are out parameter values of previous calls

-- they are identified by the call name and the out parameter name

diff:

subprogram Matrix_delta;

-- call with out parameter value resolved to be passed on through a port

interpret:

Y

subprogram Interpret_result;

connections

end Predict_Weathsg

5.3

(1)

port future.bad_date =
parameter
parameter
parameter
parameter

data access weg

parameter target_date -> future.date;

rast date;

currgnt.result -> diff.A;

futuge.result -> diff.B;
diff |Jresult -> interpret.A;
intedpret.result -> prediction;

ther_database <-> future.wdb;

r.others;

Subprogram Gyoups and Subprogram Group Types

Subprogram grolips represent subprogram libraries.~“Subprogram groups can be made accessible to other

components thrg
connections (see
especially at high
contained subcor

contained subcomponents.

declaration. This

The defining iden

ugh subprogram group access Afeatures (see Section 8.4) and sub
Section 9.4). This grouping concept allows the number of connection deq
er levels of a system when.a_fnumber of provided subprograms from ong
hponents must be connected to requires subprogram access in anothe
The content-of a subprogram group is declared through a
declaration is then referenced when subprogram groups are declared as s

Naming Rules

tifier of a stibprogram group type must be unique within the package nan

program group access
larations to be reduced,
b subcomponent and its
subcomponent and its
subprogram group type
ubcomponents.

hespace of the package

where the subprogram group’type is declared.

Each subprogran
declarations in a

h _group provides a local namespace. The defining subprogram identifiers of subprogram
subprogram group type must be unique within the namespace of the subpiogram 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 name 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 reference must refer to a
subprogram group type identifier in the named package.
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Legality Rules
Category Type Implementation
Features: Subcomponents:
o feature group e subprogram
e provides subprogram access e abstract
subprogram e requires subprogram access Subprog_ram calls: no
group e requires subprogram group access | Connections: yes
e feature Flows: no
Flow specifications: no Modes: no
Modes: no Properties: yes
Properties: yes

(L1) A subprogram gr
access.

(L2) A subprogram g
access connectio

(L3) A subprogram gr

then the subprogifam group type or implementation is considered to belincompletely specifie

-- Port propertied

feature group f
Source_Text: inhen
-- properties reld
Reference_Processd
-- Properties spedq
Source_Code_Size:
Source_Data_Size:
Source_Stack_Size;

Source_Heap_Size:

Allowed_Memory_ Bin

bup type can contain provides and requires subprogram access, and-réq

foup implementation can contain abstract and subprogram_subcompo
hs.

bup type or implementation may contain zero or more, subprograms. If it

Standard Properties

defined to be inherit, thus can'\be associated with a
o apply to all contained ports:

it list of aadlstring

ted to execution time

r: inherit classifierx

( )

ifying memory reguirements of subprograms

processor

Size

Size
Size

Size

ding-"Class:

inherit list ofi<classifier (memory,—system;,—processor)
Allowed_Memory_Binding:

(2)

Lires subprogram group

nents and subprogram

contains zero elements,
d.

inherit list of reference (memory,

Semantics

system, processor)

A subprogram group declaration represents groups of component subprograms, i.e., subprogram libraries.

Subprograms in a subprogram group may require access to other subprograms or subprogram groups.

(3)

subcomponent.

(4)

in a subprogram call.

Requires subprogram group access is resolved to provides subprogram group access or a subprogram group

The subprograms of a subprogram group or a subprogram group access feature can be connected to or referenced
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(5)

(6)

Processing Requirements and Permissions

Subprogram groups represent subprogram libraries. These can be application librar
Libraries may be shared across multiple applications, i.e., across multiple processes.

ies or system libraries.

Methods of implementation may optionally allow a provides subprogram access declaration of a subprogram group

to not be connected to a subprogram instantiation, i.e., subprogram subcomponent.

It may assume these

subprograms to be implicitly declared and instantiated as part of a subprogram group instantiation.

Examples

subprogram group mathlib

features
matrixMultiply:
matrixAdd: proy
vectorAdd:

end mathlib;

5.4

(1)

(2)

(3)

(4)

provides subprogram access ;
fides subprogram access ;

reqyires subprogram access ;

Threads

A thread models [a concurrent task or an active object, i.e., a schedulable unit that can e
other threads. Each thread represents a sequential flow of ‘control that executes instructio
produced from sd
A thread always
virtual address s
dispatched, i.e., their execution is initiated periodically by the clock or by the arrival of data
arrival of subprogram calls from other threads.

AADL supports
communication.
of a thread. As a|result the computation performed by a thread is not affected by the arri
explicit request fdr input, by default_the next dispatch. Similarly, the output is made availa
at a specified point in time, for data ports by default at completion time or thread deadline.

able to support [both synchronous execution and communication behavior, e.g., in th
sampling of a cortrol system-data stream, as well as asynchronous concurrent processing.

Systems modele
mode and inacti

in"AADL can have operational modes (see Section 12). A thread can
i’ another mode. As a result a thread may transition between an acti

urce text. One or more AADL threads may be implemented in a single g
executes within the virtual address space of a process, i.e., the binary
ace must be loaded before any thread can execute in that virtual addrg

ecute concurrently with
hs within a binary image
perating system thread.
images making up the
ss space. Threads are
br events on ports, or by

n input-compute-output model of communication and execution for threads and port-based
he inputs received from other components are frozen at a specified point

, by default the dispatch
al of new input until an
ble to other components
In other words, AADL is
e form of deterministic

be active in a particular
Ve and inactive state as

part of a mode switch. Only active threads can be dispatched and scheduled for execution.

dispatched periodically or as the result of explicitly modeled events that arrive at event
Completion of the normal execution including error recovery will result in an event bein
predeclared Complete event out port if it is connected.

Threads can be
ports, event data ports.
g delivered through the

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.
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Legality Rules
Category Type Implementation
Features:
. ort
R ?eature group Subcomponents:
e provides data access o data
e requires data access * subprogram
e provides subprogram access *  subprogram group
thread e requires subprogram access * abstract )
. Subprogram calls: yes
e provides subprogram group access Connections: yes
e requires subprogram group access Flows: yes
o feature Modes: yes
FIOW Speciiications: yes Properties: yes
Modes: yes
Properties: yes

(L1) A thread type de
as requires and
subclause, and p
(L2) A thread comp
subcomponent d

associations.

(L3)
name space of a

(C3) Either th
Compute_Entrypd
after a thread has b
be checked. Other
called.

(C4) The Period prope
hybrid.

The Complete gut event port, and Error out event data‘port are predeclared, i.e., are i

tlaration can contain port, feature group, requires and providesrdata acce
provides subprogram access declarations. It can also(contain flow {
operty associations.

onent implementation can contain abstract, .data, subprogram, a
bclarations, a calls subclause, a flows subclause, a modes subclaus

hread type. Therefore, there cannot he-user-defined features with those 1

Consistency Rules

s

=

Compute_Entmrypoint, Compute_Entrypoint_Sq
int_Call_sSequence property must have a value that indicates the

een dispatched when.an implementation is to be generated or consisteng
entrypoint propertiés jare optional, i.e., if a property value is not defined, t

rty must have-a value if the Dispatch_Protocol property value is peri

Standard Properties

ss declarations, as well
bpecifications, a modes

nhd subprogram group
e, and thread property

nplicitly identifiers in the
ames in threads.

urce_Text or
bource code to execute
y with source code is to
hen the entrypoint is not

bdic, sporadic, timed, or

-- Properties related to source text

Source_Text:

Source_Language:

inherit list of aadlstring

inherit list of Supported_Source_Languages

-- Properties specifying memory requirements of threads

Source_Code_Size:
Source_Data_Size:
Source_Stack_Size:

Source_Heap_Size:

Size
Size
Size

Size

-- Properties specifying thread dispatch properties

Dispatch_Protocol:

Dispatch_Trigger:

Supported_Dispatch_Protocols

list of reference (port)
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Dispatch_Offset: inherit Time

First_Dispatch_Time : inherit Time

Input_Time: list of IO_Time_Spec => ( Time => Dispatch; Offset => 0.0 ns .. 0.0 ns;)
Input_Rate: Rate_Spec => ( Value_Range => 1.0 .. 1.0; Rate_Unit => PerDispatch;
Rate_Distribution => Fixed; )

Output_Time: list of IO_Time_Spec => ( Time => Completion; Offset => 0.0 ns .. 0.0 ns;)
Output_Rate: Rate_Spec => ( Value_Range => 1.0 .. 1.0; Rate_Unit => PerDispatch;

Rate_Distribution => Fixed; )
Period: inherit Time

-- the default value of the deadline is that of the period

Deadline: inherit [Time => Period
-- Scheduling progerties
Priority: inherit |aadlinteger

POSIX_Scheduling_Holicy : enumeration (SCHED_FIFO, SCHED_RR, SCHED OTHER

Ul
~

Criticality: aadlinteger
Time_Slot: list of aadlinteger

-- Properties spqcifying execution entrypoints and timing constraints
Initialize_Execution_Time: Time_Range

Initialize_Deadline: Time

Initialize_ Entrypqint: classifier ( subprogram‘lassifier )
Initialize_Entrypqint_Call_Sequence: referefice ( subprogram call sequencg )
Initialize_Entrypqint_Source_Text: aadlstr¥ring
Compute_Execution_|Time: Time_Range
Compute_Deadline: [Time
Compute_Entrypointl: classifier (~subprogram classifier )
Compute_Entrypointl_Call_Sequence: reference ( subprogram call sequence )
Compute_Entrypointl_Source Text: aadlstring
Activate_Executior_Time:» Time_Range

Activate_Deadline (Time

Activate_Entrypoint: classifier ( subprogram classifier )
Activate_Entrypoint_Call_Sequence: reference ( subprogram call sequence )
Activate_Entrypoint_Source_Text: aadlstring

Deactivate_Execution_Time: Time_Range

Deactivate_Deadline: Time

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_Entrypoint: classifier ( subprogram classifier )
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Recover_Entrypoint_Call_Sequence: reference ( subprogram call sequence )
Recover_Entrypoint_Source_Text: aadlstring

Finalize_ Execution_Time: Time_Range

Finalize_Deadline: Time

Finalize_Entrypoint: classifier ( subprogram classifier )

Finalize_ Entrypoint_Call_Sequence: reference ( subprogram call sequence )

Finalize_ Entrypoint_Source_Text: aadlstring

Reference_Processor: inherit classifier ( processor )

—-— mode to enter as—xregsult of gctiszation

Resumption_Policy] enumeration ( restart, resume )
-- Properties spedifying constraints for processor and memory binding

Allowed_Processor_ |Binding Class:
inherit list off classifier (processor, virtual processor, s¥stem)

Allowed_Processor |Binding: inherit list of reference (procesgsor, virtual|processor,
system)

Allowed_Memory_ Binding Class:
inherit list off classifier (memory, system, pregéssor)

Allowed_Connectiorn_Binding Class:
inherit list off classifier (processor, virtual processor, bus, virtual|bus, device,
memory)

Allowed_Connectior]_Binding: inherit list-'0f reference (processor, virtuall processor, bus,
virtual bus, devide, memory)

Not_Collocated: rgcord (
Targets: list |of reference (data, thread, process, system, connectioh);
Location: clagsifier ({processor, memory, bus, system ); )

Collocated: record (

Targets: list |of (reference (data, thread, process, system, connectioh);

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

-- 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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Active_Thread_Queue_Handling_ Protocol:
inherit enumeration (flush, hold) => 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 => classifier ( ControlAlgorithm.basic );

Compute_Entrypoint_Call_Sequence => reference ( callseq1 );

Compute_Entrypoint_Source_Text => “MyControlAlgorithm”;

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

Semantics

Thread semantic

5 are described in terms of thread states, thread dispatching, thread. s¢

and fault handling. Thread execution semantics apply once the appropriate binary,images

the respective vir

ual address space (see Section 5.6).

Threads are dispatched periodically or by the arrival of data and events, or bycarfival of sub

threads. Subpro

jram calls always trigger dispatches. Subsets of ports can.be specified t

default, any one ¢f the incoming event ports and event data ports triggets a dispatch. Th

property can sp
Behavior Annex
dispatch triggerin

Port input is frozeg
access in the forn

of data and event for the remainder of the current execution.

execution. By de
dispatch trigger ¢
specific ports is fr

Threads may be
and scheduling, g

Threads can con
values that are di

beify 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
n of a port variable (see Section 8.3). From that point on its content is no
This assures a input-cq
fault, input of ports is frozen for all-ports that are not candidates for threa
andidates, only those port(s) .actually triggering a specific dispatch is fr
pzen at a dispatch and the time at which it is frozen can be explicitly speci

part of modes of containing components. In that case a thread is active,
nly if the thread is part.of the current mode (see Sections 5.4.1 and 13.6).

ain mode subclauses that define thread-internal operational modes. Thr
ferent for different thread-internal modes (see Section 5.4.5).

Every thread has

recovery of a thr

a predéeclared out event port named Complete. If this port is conne

d-dispatch completes.

heduling and execution,
5 have been loaded into

brogram calls from other
D trigger dispatches. By
€ 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
 dispatch triggering; for
bzen. Whether input of
ied (see Section 8.3.2).

i.e., eligible for dispatch

cads can have property

Cted, i.e., named as the
inal execution including

source in a connéF:tion declaration, then an event is raised implicitly on this port when non

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
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.
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5.4.1

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

Thread States and Actions

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).

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

The initial state is thread halted. When the loading of the virtual address space as declared by the enclosing
process completes (see Section 5.6), a thread is initialized by performing an initialization code sequence in the
source text. Once 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.

A thread may be
execution of the t
execution in the
in a static data c
modal thread ca
execution times f
result is a model
allows for a refin
thread executes i

When a mode tra
mode by transitio
change in progre
property is true,
Sections 12 and
executing a dis
Active_Thread
deactivation while
new mode enter;
activation.

When in the su
execution of a cd
thread or on the
thread, data, eve
Sections 8.2 and
completion of the

declared to have modes. In this case, each mode represents acbeh
hread. When a thread is dispatched it is assumed to execute in a Specifi
ehavioral state (mode) in which it completed its previous dispatch execu
bmponent, or it may execute in a specific mode based on the.ifiput recei
N have mode-specific property values. For example, a thread can hg
or different modes, each representing a different executiorn’ path through
hat more accurately reflects the actual system behavier,“The Behavior M
bd specification of thread behavior, e.g., it may explicitly specify the con
n one mode or another mode and it can representintermediate behavioral

nsition is initiated, a thread that is part of the’old mode and not part of
hing to the suspended awaiting mode staté.after performing thread deac
ss system state (see Figure 23). If theithread 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
patch when the mode transition is initiated, its execution is han
| Handling_Protocol property. The execution of a background threa
the thread is not part of the new mode. A thread that is not part of the g
5 the mode by transitioning to the suspended awaiting dispatch state

bpended awaiting—dispatch state, a thread is awaiting a dispatch req
mpute sourcetext code sequence as specified by the Compute_Entry
event or @vent data port that triggers the dispatch. When a dispatch r
nt information, and event data is made available to the thread through
9.1).%{The thread is then handed to the scheduler to perform the compu
computation, the thread returns to the suspended awaiting dispatch state

received for a th

avioral state within the
c mode. It may resume
ion, e.g., state reflected
ved at dispatch time. A
ve different worst-case
the source code. The
bdel Annex Document D
ditions under which the
states.

the new mode exits the
ivation during the mode
hronized_Component
de transition time (see
or a sporadic thread is
dled according to the
H is suspended through
Id mode and part of the
after performing thread

lest for performing the
'point property on the
pquest is received for a
its port variables (see
ation. Upon successful
If a dispatch request is

ha thraad 1o © A ottt th:s dicn o

andled according to the

specified Overfl

agd whila n tha ~aaming a Ateh vA act ic h
Cat—wrniCtC— i cat—o i ComMpoatc—Statc; SropatC—T CquCStTo—t

ow_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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(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

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 fi
entrypoint may re
thread may be co
can determine th
The execution se

An Initialize_Entr]
system initializati
initial value of its

The Activate_Ei
Deactivate_Entryj
mode transitions
execution betwesg
transition. Activa
new mode.

The Compute_E
sequence to be
separate comput
entrypoint. Even
corresponding ev

A Recover_Entry

e treated as anomalous behavior.

states representing a performing thread action such as initialize; _com
nalize, an execution entrypoint to a code sequence in the soutce text
fer to a different source text code sequence which contains the~entrypoir

b context of the execution through a Dispatch_Statug,runtime service
mantics for these entrypoints is described in Section 54.3.

point (enter the state performing thread initialization in Figy
bn and allows threads to perform application_spécific initialization, such
but and in out ports. A thread that has haltedimay be re-initialized.

ptrypoint  (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 entfypoints may be used to reinitialize applicat
e entrypoints can also ensure that out and in out ports contain correct v3

ptrypoint (enter stateyperforming thread computation in Figure
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 latter‘case, 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
5s feature represents a

entrypoint ofithe thread. Remote subprogram calls are thread dispaches to the respective

b be executed when the

bd when a fault in the

execution of a thréad requires recovery activity 1o confinue execution. This entrypoint allows the thread to perform
fault recovery actions (for a detailed description see Section 5.4.4).

A Finalize_Entrypoint (enter the state performing thread finalize in Figure 5)is executed when a thread is
asked to terminate as part of a process unload or process stop.

If no value is specified for any of the entrypoints, then there is no invocation at all.
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thread exit{Mode)
thread enter(Mode)

thread
halted

Y

Raise errar event
F 3

loaded(process)

dispatch initialization
t— 0

thread unrecoverable

) g e | ermor detected
4—' performing thread initialization | asserffzInifialize Deadine

] +Recover_Deadline
cpmpleteTmiEizaton —
assert t< Initialize_Deadine initial mode thread unregglerable
+Recover |Deadline = Hyper Mode) _ epandatected
started [system} asgert t=(Computelsctivate/Deadivate) Deadline
+Recover_Peadline
Tinitial mode
L

complete‘deactivation
asseryt = Beactivate Deadlne
SUSpendEd +Retover_Deadline

. q »
awalting rnf:_j_/ /

thread enter(Mode)

abort{proceds)

abort(Yprocdssor dispatch actiyation
te—0
gggﬁ::: r{;;::jsﬂr} performing thread W| -
_ ) deactivation
performing performing thread
[ thread activation A
finalize iy
5 ﬂp{pr‘gcegg} complete acfivation
stop{vprocessor)  ‘assert t= Activhte_Deadling
stop(processor) +Recover_Degdline
stop(system) ¥

thread exit{Mode)
t=0

suspended
awaiting dispatch
Wait_For_Dispatch

assertt£Finalige_Deadline
stopped(prodess)

“Enabled(t) complete computation
d|spatelycomputation assert < Compute_Deadline
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Figure 5 Thread States and Actions
5.4.2 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) A thread may have a Dispatch_Trigger property to specify a subset of event, data, or event data ports that can
trigger a thread dispatch. In this case, arrival of events or event data on any of the listed ports can trigger the
dispatch.
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(32)

(33)

(34)

(35)

(36)

(37)

(38)

(39)

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 time“intervals of the specified
Period property] value. The Enabled function is t = The Wait_EoryDispatch invariant is t <

Period. <
Period A &t 1. The dispatch occurs at t Period. The Compute_Entrygpoint 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 (s¢e Section 9.2.5).

For threads whos$e dispatch protocol is aperiodic, spéoradic, timed, or hybrid, a
result of an event or event data arriving at an event orevent 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

request on a prgvides subprogram access feature. In other words, it is a disjunction of all i
By arrival on a $ubset of incoming features (port, subprogram access).
Dispatch_Trigger value for the\Input_Time property of a feature.
d logical condition on the incoming features that can trigger the dispatc
expressed-inthe Behavior Annex sublanguage notation (see Annex Dog

This subset can

By a user-defin
annex subclaus

dispatch request is the
remote subprogram call
ndition is determined as

of any subprogram call
ncoming features.
be specified through the

n expressed through an
ument D).

an event or event data
a provides subprogram
4, event data or remote

rives in the form of an
h execution completes,

or a remote subprogram caII arrives. The Enabled functlon 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)

(42)

(43)

(44)

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 Period property value. The Enabled function is t = 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.

Periodadp

For a thread whose dispatch protocol is timed, 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

no events, event
has the value tru¢
dispatch (E) with
dispatch, i.e., 3

may be redefined
event, event data

port triggering the dispatch, or if not present that of the thread, is called:

triggered at the e

A thread whose ¢
same thread. A d
periodic dispatch
Period v dp i
event data, or su

b if there exists a port or prowdes subprogram access (p) in the set of fe
an event, event data, or call in its queue, or time equal to the Pexiod’h
b in E: p #J v t Period. t is resetto zero at each dispatch.
by the Behavior Annex (see Annex Document D). The Wait_Eor_Disp
orcallis queued, i.e., Vp in E: p @ A t < Period. The Compu
If-a timeout ocd

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 Period property value. The &
n E: p # .t isresetto zero at each periodic dispatch. The evalug
bprogram calls may be redefined by the Behavior Annex. The wWait_For

that no event, evént data, call, or periodic dispatch is queued and the period has not expire

<

D At Peri
thread, is called.

If several events
sporadic, timeg
rules is implemen
the different ports

od. The Compute_Entrypointvof 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

determined by th¢

For a thread who

Urgency property associated with the ports.

e dispateh’ protocol is background, the thread is dispatched upon comj

akled function by default

tures that can trigger a

as expired since the last

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 functionis 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

entrypoint execytion_“the first time it is active in a mode. The Enabled furction is true. The
Wait_For_ Dlsatch mvanant is t 0. The d|spatch occurs |mmed|ately If the Dispa tch_Trigger property
is set, then its exe H v v v 1 10se ports. In that case,
the Enabled function is true for any Dispatch portp € Dispatch_Trigger : 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 backgrd

und threads do not have their current execution position reset on.a.umodg switch. In other words,

the background thread will resume execution from where it was previously suspended’due tp a mode switch.

(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

und threads are suspended when not active in the current‘mode. If they have access to shared
they may have locked the resource at the time of suspension and potentially cause deadlock if
0 share access to the same data component.

pad is scheduled to execute such that all other threads’ timing requirements are met. If more than
thread is dispatched, the processor's scheduling protocol determines|how such background
juled. For example, a FIFO protocol for background threads means that|one background thread
ted, while fair share means that all background threads will make progresg in their execution.

Tandling_Protocol property for_event or event data ports specifies the action to take when
frequently. These events are ignored, queued, or are treated as an errpr. The error treatment

causes the curremtly active dispatch to be aborted, allowing it to clean up through the Rec¢ver_Entrypoint and

then be redispatc

thread Prime_Repox

features
Received_Prime

properties

Dispatch_Protocd

hed. For more details on portiqueuing see section 8.3.3.
Examples
ter

in event)data port Integer_Type;

1 =>(Timed;

end Prime_Reportexn;

7

thread Prime_Reporter_One extends Prime_Reporter

features

Received_Prime

refined to in event data port Integer_ Type

{Compute_Entrypoint => "Primes.On_Received_Prime_One";};

-- function called on message-based dispatch

properties
Period => 9 Sec;

Priority => 45;

-- timeout period

Compute_Entrypoint => "Primes.Report_One";

-- function called in case of timeout

end Prime_Reporter_One;
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5.4.3

(50)

(51)

(52)

(53)

(54)

(55)

(56)

Thread Scheduling and Execution

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).

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
ready state. A thread will remain in the running state until it completes execution of the dispatch, until a thread
entering the ready state preempts it if the specified scheduling protocol prescribes preemption, until it blocks on a
shared resource, or until an error occurs. In the case of completion, the thread transitions to the suspended
awaiting dispatci ; Y 3 bn, the thread returns to
the ready state. Ih the case of resource blocking, it transitions to the awaiting resource statg.

Shared data is ag¢cessed in a critical region. Resource blocking can occur when@-thread|attempts enter a critical
region while another thread is already in this critical region. In this case the thread enters the Awaiting resource
state. A Concyrrency_Control_Protocol property value associated with the shared data component
determines the particular concurrency control mechanism to be used (see, Section 5.1). The Get_Resource and
Release_Resource service calls are provided to indicate the entry and\exit of critical reglons (see Section 5.1.1).
When a thread completes execution it is assumed that all critical regions have been exitefl, i.e., access control to
shared data has feen released. Otherwise, the execution of the thread is considered errongous.

Subprogram call$ to remote subprograms are synchronous~gr semi-synchronous. In the synchronous case, a
thread in the running state enters the awaiting return state,when performing a call to a sujprogram whose service
is performed by p subprogram in another thread. The';Service request for the execution of the subprogram is

transferred to the| remote subprogram request queue-ofta 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 subprogramlcompletes and the result is available to th
the calling subprggram transitions to the ready-state.
execute concurreptly 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 threa
mode, as indicatgd by the exit(Made) 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 backgrnound thread resumes execution when it becomes part of the current mog
switch. It then trgnsitions ffom the awaiting_mode_entry state into the ready state.

Execution of any [of theSe entrypoints is characterized by actual execution time (c¢) and by

h1l_Subprogram_Call
read. When the thread
e caller, the thread with

In the semi-synchronous case, the cqlling 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

elapsed time (f). Actual

execution time ig the time accumulating while a thread actually runs on a processor. Blapsed time is the time
accumulating as r c and tis indicated by
their first derivatives 6c and dt. A derivative value of 1 indicates tlme 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:

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.
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Dispatch ¢
i Executing

complete
—

resume

running
Gc=1
¢ = Max(Execution_Time) Taecution complete
7 ¢z Min(Exegution_Time)
assert resourdes released

preempt

due to
Resource

unbloc

+— elease
abort{pr 45:55{q

abortivprocessor)
abort{precessor)
abort{system
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exitiMode)
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Gc=0 subproggam all remote awaiting detected
e ——
stopithread) subprogram mode reegiry

awaiting
return
Gc=0

/

on all outgoing edges:
assert t= Deadline

Figure 6 Thread Scheduling;and Execution States

(57) Execution of a thread is considered anomalous when the timing constraints are violated| Each timing constraint
may be enforced|and reported as an error at the time, or it may be detected after the violation has occurred and
reported at that ti]ne. The implementor of a runtifme system must document how it handles {iming constraints.

t

5.4.4 Execution Fault Handling
(58) 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 cpmpute time or deadline
constraint. An erfor is a fault that-is detected during the execution of a thread. Detectablg errors are classified as
thread recoverable errors, orithread unrecoverable errors.

programmed in the_source text of the application. The exception handler may propagate [the error to an external
handler by sendi

(59) A thread recover’$b/e efror may be handled as part of normal execution by that thread, e.g|, by exception handlers

g-an event or event data through a port.

(60) 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.

(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) Inthe presence of a thread recoverable error, the maximum interval of time between the dispatch of a thread and
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(63) 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.

(64) 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.

(65) 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 to the suspended awaiting
dispatch state is the compute deadline, and the maximum execution time consumed is the compute execution time.

(66) For errors detectgd by the runtime system, error details are recorded in the data portion of the event as specified by
the implementatign. For errors detected by the source text, the application can choosg-its| encoding of error detalil
and can raise an gvent in the source text. If the propagated error will be used to directly digpatch another thread or
trigger a mode change, only an event needs to be raised. If the recovery action fequires interpretation external to
the raising thread, then an event with data must be raised. The receiving thread.that is triggered by the event with
data can interpref the error data portion and raise events that trigger the intended mode trarjsition.

l Dispatch actiop

pgrforming l coe— 0

thread
unrecoverable
or fatal

error detected

executing nominally
Gc £[0,1]
¢ = Max(action_Executiqn_Time)

e
-

abagrt(process)
abgrijvprocessor)
abgrt(processor)
abgriisystem)

completa nominally
7 ¢z Miniaction_Exegution_Time) Stop(thread)
assertf=Deadline thread recoverable
error detected,

dispatch recovery
c— 0

Release
Resources

thread
unrecoverable
or fafal

error detected

L J

executing recovery
Gec £[0,1]
c = Max(Recover_Time)

rnmplpfp ﬁ‘:ll"'ﬂi-"r:lf}-"
? ¢z Min{Recover_Time)

assert t = setion_Deadline+Recover_Deadlin
complete

,

Figure 7 Performing Thread Execution with Recovery

(67) A timing fault during initialize, compute, activation, and deactivation entrypoint executions is considered to be a
thread recoverable error. A timing fault during recover entrypoint execution is considered to be a thread
unrecoverable error.

(68) 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.
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(69)

(70)

5.4.5

(71)

(72)

(73)

(74)

5.4.6

(75)

(76)

(77)

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. Once detected, such errors can be handled locally or
reported as event data.

Thread Internal Modes and Mode Transitions

A thread can have modes declared inside its type or implementation. They represent thread-internal execution
paths and allow mode-specific property values to be associated with the thread. For example, the thread can have

different executid
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

System Synch

An application sy
own ¢ and t vari

the mode abstraction this means that the (mode) state at time of dispat
Ut to the thread execution may affect the branch condition, or atcombin
result of computation based on the previous value and/or input:

of a thread-internal mode may be implicit in that it is determined by the ap
source code may follow and execution sequence baséd on the content ¢
Hata 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
kecuted at the next dispatch.

cad-internal mode may be explicitly,"\modeled by declaring a mode tr
bort, an event raised within a thread (declared as self.eventname), or n
pvent. Change of a thread-internal'mode may also be modeled through th
Nis case, mode transitions ate'tracked by the runtime system to determine
dispatch of a thread.

behavioral model jistdesired, the Behavior Annex (Annex Document D
al set of states, can-be used for more complex behavioral specifications.
the source text isthe program code itself.
onization-Requirements

stem{may consist of multiple threads. Each thread has its own hybrid

hbles.™ This results in a set of concurrent hybrid automata. In the con

n times under different modes. Applicaiion source text (programming ¢ode) actually executes
b points in various places of its code sequence and branches based onistate 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
bs to reflect a change in
in the entrypoint or call

hnsition that names an
mes a subprogram call

Behavior Model Annex
the most recent current

, Which uses the AADL

The final authority of the

hutomaton state with its
current hybrid automata

model for the complete system ST is a single real-valued variable shared by all threadsl

whose rate is 1 in

all states. ST is called the reference timeline.

that is never reset and

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.
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(78) 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

(79) 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.

(80) Reference times| can be represented by instances of a predeclared device type Called Reference_Time.
Characteristics of this reference time, such as clock drift rate and maximum clock drjft can be specified as
properties of thede instances. Processors, devices, buses, and memory can be assigned different reference times
through the Ref¢rence_Time property. Similarly, application components car’be assigned reference times to
represent the fact that they may read the time, e.g., to timestamp data.

(81) The reference time for thread execution is determined by the reference time of the processor on which the thread
executes. The reference time of communication between threads, devices, and processars is determined by the

(82)

(83)

(84)

(85)

(86)

reference time of|the source and destination, and the reference time of any execution platf

in the communic

Message-passing
dispatch is trigg

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

communication paradigm is insensitive to time, thus, notaffected by multiple synchronizatio

Data-stream sem
In this case the
destination threa

antics of communication and thread execution are represented by periodid
sampling of the input is sensitive to a common reference time betwe
d if the connections are )immediate and delayed to ensure detern

Deterministic compmunication minimizes,latency jitter, while non-deterministic communicati

jitter in units of t
control systems.
accommodates d
and event data pq

The Allowed_C

ne sampling rate, thelatter 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
rs, e.g., a health monitor sampling an alarm queue.

bnnection_Type property of a bus specifies the types of connectior

Buses that conngct pracessors with different reference times may exclude immediate a

from their suppor

if determinism cannot be guaranteed through a protocol.

rm component involved

periodic threads whose
event data port. This
N domains.

threads and data ports.
en the source and the
ninistic communication.
on can result in latency
e applications such as
tic nature of sampling
cally sample event ports

s supported by a bus.
nd delayed connections

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 He used to coordinate less frequently occurring synchronization events, e.g., globally synchronous

mode switching

5.4.8 Runtime Support For Threads

if required.

(87) A standard set of|runtime services are provided. The application program interface for thege services is defined in

the applicable so

irce language annex of this standard. They are callable from within the squrce text. The following

subprograms maly be explicitly called by application source code, or they may be calldd by an AADL runtime

system that is ge

erated from an AADL model.

(88) The Await_Dispatch runtime service is called to suspend the.thread execution at cgmpletion of its dispatch
execution. It is the point at which the next dispatch resumes. The'service call takes severdl parameters. It takes a

DispatchPort |
dispatch is trigge

st and an optional trigger condition functionde-identify the ports and the cpndition under which the
ed. If the condition function is not present any of the ports in the list can trigger the dispatch. It

takes a DispatjchedPort as out parameter to return the port(s) that triggered the dispatch. It takes
OutputPorts apd InputPorts as port lists. OutputPorts, if present, identifies the sef of ports whose sending
is initiated at completion of execution, equivalent to.an implicit Send_oOutput service call. InputPorts, if present,

identifies the set
service call.

subprogram AwWait_Dispatch

features
-- List of ¢
OutputPorts
-- List of ¢
DispatchPort

bf ports whose content is received at the next dispatch, equivalent to an implicit Receive_Input

orts whose.output is sent at completion/deadline
in parameter <implementation-defined port list>;
ortg’,that can trigger a dispatch

s+ in parameter <implementation-defined port list>;

-- list of ports that did trigger a dispatch

DispatchedPort: out parameter < implementation-defined port list>;

-- optional

function as dispatch guard, takes port list as parameter

DispatchConditionFunction: requires subprogram access;

-- List of ports whose input is received at dispatch

InputPorts:

in parameter <implementation-defined port list>;

end Await_Dispatch;

(89) 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 Raise_FError

features
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errorID: in

end Raise_ Erro

parameter <implementation-defined error type>;

r;

(90) A Get_Error_Code runtime service shall be provided that allows a recover entrypoint to determine the type of

error that caused t

subprogram Get
features

errorID: out

end Get_Error_

he entrypoint to be invoked.

_Error_Code

parameter <implementation-defined error type>;

Code;

(91) Subprograms have event ports but do not have an error port. If a Raise_Error is called, it is passed to the error
port of the enclosing thread. If a Raise_Error is called by a remotely called subprogram, the error is passed to

the error port of t
have an error ide
data value, since

(92) A Await_Resullt runtime service shall be provided that allows an application-to wait f
synchronous subprogram call.
subprogram Awdit_Result
features
CallID: in parameter <implementation-defined call ID>;

end Awalt_ Resy

(93) Multiple models g

[ )
entrypoints ass

he thread executing the remotely called subprogram. The Raise_Erroz
ntification as parameter value. This error identification can be passed thro
the error port is defined as event data port.

1t;

Processing Requirements and Permissions

f implementation are permitted for'the dispatching of threads.

pciated with a thread. ., Fhis model naturally supports source text in

language.
An alternative
through explicitl

(while loop) to reflect repeated.dispatch of the compute entrypoint code sequence.

(94) Multiple models

One such modgl is that each entrypoint is a possibly separate function in the source t
runtime executiye, in-this case, the logic to determine the context of an error is included ir
A second modgl of implementation is that a single function in the source text is called

odel is that the codg)in the source text includes a code pattern that refle
programmed calls to the standard await_Dispatch runtime service, i

implementation are permitted for the implementation of thread entrypoint

method is permitted to

igh the error port as the

br the result of a semi-

One such modgl is that a runtime 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

Uy

bxt that is called by the
the runtime system.

or 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
(95)

ementation of the dispatch loop for the compute entrypoint execution.

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.

(96)

scheduling disciplines must be used; non-preemptive disciplines are permitted.

The use of the term “preempt” to name a scheduling state transition in Figure 6 does not imply that preemptive
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(97) 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.

(98) 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.

(99) A method of implementing a system may perform loading and initialization activities prior to the start of system
operation. For example, binary images of processes and initial data values may be loaded by permanently storing
them in programrhable memory prior to system operation.

(100) A method of implementing a system must specify the set of errors that may be 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 defined in thesapplicablel programming language
standard. The sqt of errors classified as source language exceptions may 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 exceptioni.if the source text asgociated with that thread
fails to properly catch and handle that exception, a method of implementation must specify ywhether such unhandled
exceptions are thfead recoverable or thread unrecoverable errors:

(101) A consequence ¢f the above permissions is that a method-of implementing a system mpy classify all errors as
thread unrecovergble, and may not provide an executingfecovery scheduling state and trar|sitions to and from it.

(102) A method of imgdlementing a system may enforce;yat runtime, a minimum time interval| between dispatches of
sporadic threads| A method of implementing.a System may enforce, at runtime, the minimum and maximum
specified executign times. A method of implementing a system may detect at runtime timing violations.

(103) A method of impglementing a system may. support handling of errors that are detected while a thread is in the
suspended, ready, or blocked state,-SFor example, a method of implementation may detect event arrivals for a
sporadic thread that violate the spegified period. Such errors are to be kept pending until the thread enters the
executing state, gt which instant.the’errors are raised for that thread and cause it to immedgiately enter the recover
state.

(1e4) If alternative thread scheduling semantics are used, a thread unrecoverable error that occyrs in the perform thread
initialization statd may.sesult in a transition to the perform thread recovery state and thence to the suspended

awaiting mode sfate,(rather than to the thread halted state. The deadline for this sequence is the sum of the
initialization deadlineZand-the recovery deadline

(1e5) 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.

(106) 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.

(107) 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.


https://saenorm.com/api/?name=15efeb3d7791062d151aab96b12ecfe1

SAE AS5506A

-96 -

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
schedule.

5.5 Thread Groups

(1) A thread group represents an organizational component to logically group threads contai
type of a thread group component specifies the features and required subcomponent acces
contained in a thread group interact with components outside the thread group. Thread

overall end-to-end system

ned in processes. The
s through which threads
group implementations

represent the contained threads and their connectivity. Thread groups can have multiple modes, each representing
a possibly different configuration of subcomponents, their connections, and mode-specific property associations.

Thread groups can be hiclaluhiua“y rested:

(2) A thread group dpes not represent a virtual address space nor does it represent a ufit-of
thread group musgt be directly or indirectly contained within a process.

execution. Therefore, a

Legality Rules
Category Type Implementatipn
Feat :
ea.uresé)ort Subcomponents:
o feature group : da;t)a
e provides data access . subprogram
e requires data access . tsr:J p:;)gram group
e provides subprogram aceess rea
thre . e thread grouf
grou e requires subprogram access e abstract
e provides subprogram group access )
e requires subpregram group access Subprogram calls: np
foat Connections: yes
* leature Flows: yes
Flow specifications: Ves Modes: yes
Modes: yes s
Properties: yes Properties: yes

(L1) A thread group domponent type can contain provides and requires data access, as well
provides and requires subprogram access declarations, and provides and requires sul
declarations. It can alsoscontain flow specifications, modes subclauses, and property assod

(L2) A thread group component implementation can contain abstract, data, subprogram, subpro

as port, feature group,
program group access
iations.

jram group, thread, and

thread group sub omponet t-dectarations:

(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

Active_Thread_Handling_ Protocol:
inherit Supported_Active_Thread Handling_Protocols => abort
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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_Processqgr: inherit classifier ( procegssor
-- mode related pHoperties

Resumption_Policy] enumeration ( restart, resume )
-- startup properfjies

Startup_Deadline: |Time

Startup_Execution_ |Time: Time_Range

-- Properties spedifying constraints for processor and.memory binding

Allowed_Processor_ |Binding Class:

inherit list of classifier (processor, virtual p¥écessor,

Allowed_Processor_|Binding: inherit list of reference
system)

Allowed_Memory_ Binding Class:

inherit list off classifier (memory, systém, processor)

Allowed_Memory_ Binding: inherit list of. reference (memory,

Actual_Processor_Rinding: inherit)list of reference

Actual_Memory_Binding: inherit 1Iist of reference (memory)

Allowed_Connectior_Binding\Cilass:

inherit list off classifier (processor, virtual processor,

memory)

Allowed_Connectiorn_MBinding: inherit list of reference

(processor,

system)

(processor,

(processor,

virtual| processor,

system, procegsor)

virtual processor)

virtual| bus, device,

virtual]l processor, bus,

virtual bus, devider~memory)

Actual_Connection_Binding: inherit list of reference
virtual bus, device, memory)

NOTES:

(processor,

virtual processor, bus,

Property associations of thread groups are inheritable (see Section 11.3) by contained subcomponents. This means if a contained
thread does not have a property value defined for a particular property, then the corresponding property value for the thread group is

used.

Semantics

(3) A thread group allows threads contained in processes to be logically organized into a hierarchy. A thread group
type declares the features and required subcomponent access through which threads contained in a thread group

can interact with components declared outside the thread group.
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(4) 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.

(5) 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.

(6) 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.

5.6 Processes

(1) A process represents a virtual address space, i.e., it represents a space partition_unit| whose boundaries are
enforced at runtjme. The Runtime_Protection process property indicates~whethgr runtime protection is
disabled. The virjual address space contains the program formed by the sourge-text assqciated with the process
and its subcompdnents. Threads of a process must be explicitly declared.

Legality Rules
Categqry Type Implementation
Feat.urez. ort Subcomponents:
e data
o feature group . b
e provides data access subprogram
e requires data access *  subprogram group
e provides subprogram access * thread
process * requires subpregram access * thread group
e provides subprogram group access Sub;.)rog?gfr;[rggltls o
e requires subprogram group access Connections: yes.
* fe'fafture Flows: yes
'I\z/:o:;v specifications: yes Modes: yes
odes: yes I
Propediios: yes Properties: yes

(L1) A process comppnent/type can contain port, feature group, provides and requires data access, provides and
requires subprogramiaccess declarations, and provides and requires subprogram group |access declarations. It
can also contain flowspecifications, modes subclause, and property associations.

(L2) A process component implementation can contain abstract, data, subprogram, subprogram group, thread, and
thread group subcomponent declarations.

(L3) A process implementation can contain a connections subclause, a flows subclause, a modes subclause, and a
properties subclause.

Consistency Rules

(C1) The complete source text associated with a process component must form a complete and legal program as
defined in the applicable source language standard. This source text shall include the source text that corresponds
to the complete set of subcomponents in the process’s containment hierarchy along with the data and subprograms
that are referenced by required subcomponent declarations.
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Standard Properties
-- Runtime enforcement of virtual address space boundary
Runtime Protection : inherit aadlboolean
-- Properties related to source text
Source_Text: inherit list of aadlstring
Source_Language: inherit list of Supported_Source_Languages
-- Properties related to virtual address space loading
Load_Time: Time_Range
Load_Deadline: Time

-- Inheritable thread propertiss

Synchronized_Compgqnent: inherit aadlboolean => true

Active_Thread_Handling Protocol:
inherit Supportfjed_Active_Thread_ Handling_Protocols => abort
Period: inherit Time

Deadline: inherit [Time => Period

Dispatch_Offset: inherit Time

-- execution time |related properties
Reference_Processdr: inherit classifier ( processqor)
-- Scheduling reldted properties

Priority: inherit |aadlinteger

-- mode related pHoperties

Resumption_Policy] enumeration ( restazt, resume )
Deactivation_Polidy: enumeration (inactive, unload) => inactive
-- process initiallization

Startup_Deadline: |Time

Startup_Execution_ |Time: Time\Range

-- Properties spedifying\constraints memory binding

Allowed_Processor |Binding Class:
inherit list off classifier (processor, virtual processor, system)

Allowed_Processor_Binding: inherit list of reference (processor, virtual processor,
system)

Actual_Processor_Binding: inherit list of reference (processor, virtual processor)

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)

Actual_Connection_Binding: inherit list of reference (processor, virtual processor, bus,
virtual bus, device, memory)

Allowed_Memory_ Binding Class:
inherit list of classifier (memory, system, processor)
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Allowed_Memory_Binding:

Actual_Memory_Binding:

(2)

(3)
(4)

(5)

(6)

(7)

(8)

(9)

(10)

AS5506A
inherit list of reference (memory, system, processor)
inherit list of reference (memory)

Semantics

Every process has its own virtual address space. This address space provides access to source code and data
associated with the process and all its contained components. This address space boundary is by default enforced
at runtime, but can be disabled through the Runtime_Protection property.

Threads contained in a process execute within the virtual address space of the process.

Processes may contain subprogram subcomponents. The code of such subprograms resides in the address space
of the process. The calling semantics to such subprograms are defined in Section 5.2.

A process may
contained thread

determined by th¢ mode transition declarations and is triggered by the arrival of mogde tran:

Sections 12 and

The associated s

applicable source language standard. These binary images must be/loaded into men

contained in a prq

The time to load Ipinary images into the virtual address space of a process is bounded by th

Load_Time prop

The process stat¢s, transitions, and actions are illustrated in~Figure 8. Once a processor
mages making up the virtual address space of processes bound to the processor are ready to be

is started, binary
loaded, which is
then process loa
Loading may take
of loading, which

A process, i.e., i
stop(process) ,
considered stopp
current mode and

A process, i.e., i
contained thread
Figure 7).

ontain_mode declarations. In s case, each mode can represent a d
5, their connections, and mode-specific property associations. The trans

3.6).
purce text for each process is compiled and linked to form hinary images

cess can execute, i.e., enter its perform thread initialization state.

briies. The failure to meet these timing requirements is considered an errq

ndicated by started(processor). If the process is bound to a virtual pr
ding begins when the virtual processor is started, which is indicated b
zero time for binary images that have been preloaded in ROM, PROM,
s indicated by loaded(process), triggers threads to be initialized (see Fig

s contained threads, can be stopped (also known as a deferred abort
pr by stopping the virtual processor or processor to which the process
ed when all threads’of the process are halted, are awaiting a dispatch
have executed\their finalize entrypoint.

s containéd“threads, can be aborted, which is indicated by abort(pro¢
5 terminate their execution immediately and release any resources (see

ifferent configuration of
ition between modes is
bition trigger events (see

in accordance with the
hory before any thread

e Load_Deadline and
r.

pf an execution platform

pcessor of a processor,
y started(vprocessor).
br EPROM. Completion
Lire 5).

, Which is indicated by
s bound. A process is
, or are not part of the

tess). In this case, all
Figure 5, Figure 6, and
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F

unloaded process

stopped(proc
started(processof) stopped|vpro
started(vprocessgr) stopped|proc
abort(process) load(process)
abort{vprocessor) Fe 0 Process load
abort{processor) ¥ error detect

loading process

complete loading process
assertt=Load_Deadline

t— 0

rl"l— 0

starting process
Gc=10t=1

complete starting process

loaded[process)
assertt=Startup_Deadline
assertt= max({Startup_Execution_Timig)

loaded process

(11) A method of img
process,
subcomponents.
the applicable so

including the process component-iitself and all

Gt=1

Figure 8 Process States and Actions

Processing Requiremehts and Permissions

lementation must link all associated source text for the complete set
actual subcomponents

with the applicable 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 willbe satisfied to the required level of assurance for each thread.

stopping process
Gt=1

This set of source compilation units must form a single complete and leg3
rce language standard. .Linking of this set of source compilation units is

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
(1) This section describes the categories of execution platform components that represent computing hardware:

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

processor, virtual processor, memory, bus, virtual bus; and the physical environment: device.

Processors can execute threads.

memories and ¢

ommunicate with devices and other processors over buses.

processes are bound to processors.

Processors can contain memory subcomponents. Processors can access
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 necesy
include bandwidt
and intermediate

Virtual buses rep
contained in or b
certain quality of

Devices represen
environment, e.g
their port and p
components thro

software or may fequire device driver software to be-executed by a processor. Binary imag

bound to devices

Processors may

and other servic
memories accesq
properties.

Execution platforfn components:¢an be assembled into execution platform systems, i.e., in

platform compor

accessed by executing threads.

hysical communication between processors, devices, and memories,
bary to perform exchanges of control and data as specified by.-connect
n and protocols to perform the exchange. A connection maybe bound
processors and devices in a manner that is analogous to thexbinding of thr

resent a logical bus abstraction to model protocols @nd virtual channel
pund to processors and buses. Connections can specify that they requ
bervice from protocols of platform components they.are bound to.

A bus provides the
ions. These resources
0 a sequence of buses
eads to processors.

5. Virtual buses can be
re specific protocols, or

t entities of the physical environment, e.g., A engine, or entities that interface with the physical

, a sensor or an actuator. A device can, interact with application softwg
fovides subprogram access features.; A device may interact with o
ugh bus access connections. A device may achieve its functionality

nclude software that impléments the capability of the processor to sched
bs of the processor. Jts.source text and data in the form of binary in
ible from that processor. The resource requirements of this software ar

ents to model complex physical computing hardware components

re components through
her execution platform
through device internal
es or threads cannot be

ile and execute threads
hages will be bound to
e reflected in processor

to systems of execution
and software/hardware

computing systems, through-the use of system components (see Section 7.1). The executi¢n platform systems and

their components

may<denote physical computing hardware for example, memory to repreg

Execution platfor

database, depen ing on the purpose of the model

systems may also model abstracted storage, for example, a device or

ent a hard disk or RAM.
memory to represent a

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.
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6.1

(1)

-- Hardware descri
Hardware_Descripti

Hardware_Source_Lg

Processors

A processor is an abstraction of hardware and software that is responsible for scheduling and executing threads
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 buses.
Legality Rules
Category Type Implementation
Features: Subcomponents:
e provides subprogram access e memory
e provides subprogram group access e bus
—port —virtaratprogessor
o feature group e virtualbus
procesgsor 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 comy
abstract subcomg

bonent 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 impl¢mentation can contain a modes:subclause, flows subclause, and a properties subclause.

A processor implémentation can contain bus-access connection declarations.

A processor implgmentation must notcontain a subprogram calls subclause.

Standard Properties

ption properties
on_Source_Text: inherit list of aadlstring

ngyage: Supported_Hardware_Source_Languages

-- Properties related to source text that provides thread scheduling services

Source_Text:

Source_Language:

Source_Code_Size:

Source_Data_Size:

Source_Stack_Size:

inherit list of aadlstring

inherit list of Supported_Source_Languages

Size
Size

Size

Allowed_Memory_ Binding Class:

inherit list of classifier
Allowed_Memory_Binding:

Allowed_Memory_ Binding:

(memory, system, processor)

inherit list of reference (memory,

inherit list of reference (memory,

-- Processor initialization properties

system, processor)

system, processor)
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Startup_Deadline:

Startup_Execution_'

Time

Time: Time_Range

-- Properties specifying provided thread execution support

Thread_Limit:

Allowed_Dispatch_Protocol:

aadlinteger 0

Max_Thread_Limit

list of Supported_Dispatch_Protocols

Allowed_Period: list of Time_Range

Scheduling_ Protocol:

Scheduler_Quantum

Slot_Time: Time

inherit list of Supported_Scheduling Protocols

inherit Time

Frame_Period: Tim
-- acceptable prid
Priority_Range:
Priority Map: list
Process_Swap_Execy
Thread_Swap_Execut
Supported_Source_lI
-- Scaling of prod
Scaling Factor i
Reference_Processd
-- Properties relg
Assign_Time: recon
Fixed: Time_R3
PerByte: Time|

-- Properties re
Clock _Jitter: Timg

Clock_Period: Time

Clock_Period_Rangg:

-— Protocol suppoA

range of aadlinteger

rity value on threads and mapping into RTOS prioritgwplues
of Priority Mapping
tion_Time: Time_Range
ion_Time: Time_Range
anguage: list of Supported_Source_Larnguages
essor speed

nherit aadlreal

r: inherit classifier ( procesSsor )
ted to data movement in memory

d (

nge;

Range; )

lated to the Hardware clock

Time—=Range

t

Provided_Virtual_ Bus—Ciass——inherit—list—of classifier—

LI 11 \
LI tudal JVUS)

Provided_Connection_Quality Of_Service inherit list of Supported_Connection_QoS

-- mode related properties

Resumption_Policy: enumeration ( restart, resume )

Deactivation_Policy: enumeration (inactive, unload) => inactive

-- Virtual machine layering
Implemented_As: classifier ( system implementation )
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.
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

Semantics

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.

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 called through the provides
subprogram access features of a processor.

The code that threads execute and the data they access must be bound to a memory component that is accessible
to the processor on which the thread executes.

If a processor exgecutes device driver software associated with a device, then the proces§or must have access to
the corresponding device component.

Flow specificatior)s model logical flow through processors. For example, they may’represent requests for operating
system services through subprograms or ports.

The hardware dgscription source text property may provide a referenece to source text|that is a model of the
hardware in a hardware description language. This provides support for the simulation of hardware.

Modes allow prodessor components to have different property values under different operational processor modes.
Modes may be uged to specify different runtime selectable configurations of processor implementations.

Processor states jand transitions are illustrated in the hybrid*automaton shown in Figure 9. [The labels in this hybrid
automaton interdct with labels in the system hybrid~automaton (see Figure 22), the vyirtual processor hybrid

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 the virtual address‘space load images of processes may already have been loaded as part of

Once the procgssor and its seftware for handling virtual processors or processes is ifitialized, the processor
transitions to the processoroperational state with started(processor). At this point virjual processor, process,

While operational, a precessor may be in different modes with different processing characteristics reflected in
appropriate propgrty values.

As a result of a pre incheated by abort(processor)
in the hybrid automaton in Flgure 9 and in the hybrid automata flgures in Sect|ons 5.4 and 5.6. After that any virtual
processor bound to or contained in a processor is aborted.

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).

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.
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(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

Processor
stopping

stop(processor)

Frocessor starting

ST = startup_deadline

cessor fatal
Gt=1

& 75T mod Hyper(Mode)

stopi{processor}
o+

A processor may
conditions. Thos
9.1).

A processor may
by the applicatiorn
specific processo

A processor con
virtual bus subco
by a processor is

A processor can
managed by the
connected to this

Different process
subprograms. Tk
to be declared.

~ abort(system)
,\Tpped *— abort{processor)
start{system)
stopped(system) start{processor)
stopped(processor) te— 0
L J

error

r
assert 3T = startup_dead]ine

L)

Processor operational

Gt=1 Procesgor fatal ermrd

Figure 9 Processor States and Actions

have ports through which it reports information 10.the application softw
b ports are identified in port connection declarations by the reserved word

have provide subprogram or subprogram' group access to represent ser
. A subprogram call identifies such a'service by the subprogram classifie
r is implicit through the actual processor binding of the thread that contains

ponent can include protocols_in its abstraction. These protocols can b
mponents to satisfy protocol requirements by connections. The fact that
specified by a Provided. Virtual_Bus_Class property.

=

bre, e.g., to report error
processor (see Section

vices that can be called
r and the binding to the
the call.

e explicitly modeled as
a protocol is supported

s models a bus that is

contain a bus subcomponent that it makes externally accessible. Th
processor and other components can connect to it. In this case th
bus.

brs may_be’different execution speeds. This affects the execution time
e inbinding statement of property associations permits processor type
The\execution time of a thread or subprogram can also be scaled acco

between different

specified Reference_Processor.

The processor is an abstraction of a hardware processor and possibly a runtime system.

processor is implicitly

ecified for threads and
pecific execution times
dsing to scaling factors
actor with respect to a

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

declaration by the Implemented_As property (see Section 14).

Processing Requirements and Permissions

the device component

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.
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6.2 Virtual Processors
(1) 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 schedule thread and/or virtual processors bound to them. In a fully bound system every virtual
processor and thread is eventually bound to a physical processor.
Legality Rules
Category Type Implementation
Eeatures: Qubr\nmpnnnnte:
e provides subprogram access e virtual processor
e provides subprogram group access e virtual bus
virtual e port e abstract
o feature group Subprogram @alls: no
processor :
o feature Connections: no
Flow specifications: yes Flows: yes
Modes: yes Modes: yes
Properties: yes Rroperties: yes
(L1) A virtual processgr 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.
(L2) A virtual procesgor component implementation can-contain declarations of virtual bus| virtual processor, and
abstract subcomgonents.
(L3) A virtual processqr implementation can containa modes subclause, flows subclause, and a|properties subclause.
(L4) A virtual processqr implementation mustinot contain a subprogram calls subclause.
Consistency Rules
(C1) In a fully bound [system every wirtual processor must be directly or indirectly bound to,| or directly or indirectly
contained in a physical processor.
(C2) In a fully deployed <system a requires virtual bus binding of a virtual procegsor specified by the
Required_Virguad' Bus_Class property must be satisfied by binding the virtual procesgor to a virtual processor

or processor that

provides thisvirtvatbus—ttisatsosatisfiedif thevirtuatprocessoriscont

the respective virtual bus is bound to the processor.

Standard Properties

ined in a processor and

-- Properties related to source text that provides thread scheduling services

Source_Text:
Source_Language:

Source_Code_Size:
Source_Data_Size:

Source_Stack_Size:

inherit list of aadlstring

inherit list of Supported_Source_Languages

Size
Size

Size

Allowed_Memory_Binding Class:

inherit list of classifier

Allowed_Memory_Binding:

(memory, system, processor)

inherit list of reference (memory,

system, processor)
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Actual_Memory_Binding:

inherit list of reference (memory)

Allowed_Processor_Binding Class:

inherit list of classifier

Allowed_Processor_Binding:

system)

Actual_Processor_Binding:

(processor, virtual processor, system)

inherit list of reference (processor,

inherit list of reference (processor,

-- Virtual processor initialization properties

Startup_Execution_Time:

Startup_Deadline:

Time_Range

Time

-- Properties specifying provided thread execution support

virtual processor,

virtual processor)

Thread_Limit: aad
Allowed_Dispatch_H
Allowed_Period: 11
Scheduling_Protocd
Slot_Time: Time
Frame_Period: Timse
-- acceptable prid
Priority_Range:
Priority_Map: list
Process_Swap_Execy
Thread_Swap_Execut
Supported_Source_Il
-- Properties of f
Period: inherit Ti
Dispatch_Protocol:
Execution_Time: Ti
-—- Protocol suppoA
Provided_Virtual H

Provided_Connectid

integer 0 Max_ Thread_Limit

rotocol: list of Supported_Dispatch_Protocols
st of Time_Range

1: inherit list of Supported_Scheduling_ Protoc¢Ols

rity value on threads and mapping into RTOS priority v

range of aadlinteger

of Priority_Mapping
tion_Time: Time_Range
ion_Time: Time_Range
anguage: list of Supported_Source_Languages
he dispatch charactevstics of this virtual processor
me

Supported_Dispatch_Protocols
me

t
(virtual bus)

us_Class inherit list of classifier

n~Quality Of_ Service inherit list of Supported_Conne

hlues

rtion_QoS

-- mode related properties

Resumption_Policy:

Deactivation_Policy:

enumeration ( restart, resume )

enumeration (inactive, unload) => inactive

-- Virtual machine layering

Implemented_As:

NOTES:

classifier

( system implementation )

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 capabiliies and accuracy of a synchronized clock, e.g., drift rates,
differences across processors.
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Semantics
(2) A virtual processor is the logical execution platform component that is capable of scheduling and executing threads
and other virtual processors. Threads and virtual processors will be bound to a virtual processor or processor for
their execution. The Allowed_Dispatch_Protocol property specifies the dispatch protocols that a virtual
processor supplies, i.e., only threads or virtual processors whose dispatch protocol is supported can be bound.
(3) Support for thread execution may require software that implements virtual 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 called through the provides subprogram access features of a virtual processor.
(4) A virtual processor component can include protocols in its abstraction. These protocols can be explicitly modeled
The

(5)

(6)

(7)

(8)

as virtual bus subcomponents to satisfy protocol requirements by connections.

fact that a protocol is

supported by a vi

declared separat
difference betwe
virtual processor

A virtual processP can be declared as a subcomponent of a processor or another yirtual g

Flow specificatiops model logical flow through virtual processors. For{example, they may

operating system

Modes allow virt

processor modes.

implementations.

Virtual processor
automaton of a v
bound to. A vir
initialized, and b
threads, processe

tual processor can also be specified by a Provided_virtual_Bus_Cl3

ly in a system component and then bound to a processor orvanother
n the two uses of virtual processor is that in the case of the subcomp
he binding of the virtual processor is implicit in the containmeént relationsh

services through subprograms or ports.

al processor components to have different property values under diff
Modes may be used to specify different runtime selectable configurat

states and transitions are illustrated in the hybrid automaton shown in
rtual processor interacts with the hybrid automaton of the processor or v
ual processor is permitted to-initialize itself after the processor and an
bfore any processes or threads are initialized. Similarly, virtual proce
s, and virtual processors contained in them are stopped.

stup[vﬁru Cessor)
L\‘-‘_‘I‘u’—p_ricessar stopped

1S s property.

rocessor; it can also be
virtual processor. The
bnent of a processor or

P.

represent requests for

brent operational virtual
ons of virtual processor

Figure 10. The hybrid
rtual processor that it is
virtual processors are
ssors are stopped after

abort{system)
- - abort{processor)
started(processor) abortjvprocessor)
stopped(vprocessor) start{vprocessor)
stopped(processor) f— 0

Wprocessor Vprocessor starting
stopping or=1
® 7 5T mod Hyper(Mode) Vprocessor fatal error
stop(vprocessor) started(vprocessor]
stop(processor) assert { < startup_dead|ine

\processor operational
Gt=1

Figure 10 Virtual Processor States and Actions

Vprocessor fatal error
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(9)

6.3

(1)

The virtual processor is an logical abstraction of a processor. If it is desirable, the internals of the virtual processor
can be modeled by AADL as an application system in its own right. For example, a virtual processor may represent
an operating system that can be described in terms of processes and threads. This system implementation
description can be associated with the device component declaration by the Tmplemented_As property (see
Section 14).

Memory

A memory component represents an execution platform component that stores code and data binaries. This
execution platform component consists of hardware such as randomly accessible physical storage, e.g., RAM,
ROM, or more complex permanent storage such as disks, reflective memory, or logical storage. Memories have
properties such as the number and size of addressable storage locations. Subprograms, data, and processes —
reflected in binary images - are bound to memory components for access by processors when executing threads.
A memory component may be contained in a processor or may be accessible from a processor via a bus.

Legality Rules
Category Type Implementation
Features Subc.;omponents:
e requires bus access . Lnemory
e provides bus access . agztract
memory : IZ;EE:: group Subprogram calls: no
PN Connections: yes
Flow specifications: no .
i Flows: no
Modes..yes Modes: yes
Properties: yes Properties: yes
A memory type| can contain bus access declarations, feature groups, a modes sybclause, and property

associations. It npust not contain flow specifications.
A memory implenpentation can contain abstract, memory, and bus subcomponent declaratigns.
A memory implenpentation can contain\a ' modes subclause and property associations.

A memory implementation can_centain bus access connection declarations if it contains a[memory subcomponent
that requires bus pccess.

A memory implenmentation-must not contain flows subclause, or subprogram calls subclausg.

Standard Properties

-- Properties related memory as a resource and its access

Memory_Protocol:
Word_Size:

Byte_Count:
Word_Space:
Base_Address:

Read_Time:

Write_Time:

enumeration (read_only, write_only, read_write) => read_write
Size => 8 bits
aadlinteger 0 .. Max_Word_Count
aadlinteger 1 .. Max Word_Space => 1
aadlinteger 0 Max Base_Address
record (

Fixed: Time_Range;

PerByte: Time_Range; )
record (

Fixed: Time_Range;
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PerByte:

Time_Range; )

-- Hardware description properties

Hardware_Description_Source_Text:

Hardware_Source_Language:

inherit list of aadlstring

Supported_Hardware_Source_Languages

-- mode related properties

Resumption_Policy:

enumeration ( restart, resume )

-- Virtual machine layering

Implemented_As:

(2)

(3)

(4)
(5)

6.4

(1)

(2)

(3)

(4)

classifier (

system implementation )

Semantics.

Memory compon
into memory rep
respective proces
or is accessible t
during processor
example of the la

A memory is acc
bus component a

Memory compongnts can have different property values under.different operational modes.

The memory com
component such

desirable, the intgrnals 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

nts are used to store binary images of source text, i.e., code and data.” T
senting the virtual address space of a process and are accessible to t
ses bound to the processor. Such access is possible if the memory is co
b this processor via a shared bus component. Loading of hinary images
startup or the binary images may have been preloaded into memory beg
ter case is PROM or EPROM containing binary images.

pssible from a processor if the memory is contained“in a processor or is
nd the Allowed_Physical_Access property value for that bus includes

ponent is intended to be an abstractiofiCof a physical storage component,
as RAM, or it can represent a more abstract storage component such as

ecution platform. For example;-a map data base as a memory compone
and disks as well as the-database software. This system implementa
e memory component declaration by the Implemented_As property (seq

t represents«an ‘execution platform component that can exchange co
5sors, and.devices. This execution platform component represents a ¢
b together-with communication protocols. Supported communication prg
virtual buses (see Section 6.5).

hese images are loaded
hreads contained in the
ntained 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

Processors, devi

Les,) and memories can communicate by accessing a shared bus. Sug

located in the same system implementation as the execution platform components sharing it or higher in the system
hierarchy. Memory, processor, and device types, as well as the system type of systems they are contained in, can

declare a need fo

r access to a bus through a requires bus reference.

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 Subcomponents:
e requires bus access : \;'t:t;f;(gus
bus : :gz’iui group Subprogram calls: no
alure . Connections: yes
Flow specifications: no Flows: no
Modes:_yes Modeé: yes
Properties: yes Properties: yes

(L1) A bus type can have requires bus access declarations, a modes subclause, and property associations.

(L2) A bus type must pot 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 a connections subclause, flows subclause, or subprpgram calls subclause.

Standard Properties

-- Properties spedifying bus transmission propertie§

list of enumeration

(Sampled_Data_Connection,
Delayed_Data_Connectdon,
Data_Access_Connection,
Subprogram_Access. Connection)

Allowed_Connectiorn_Type:

Immediate_Data_Connectfion,
Port_Connection,

Allowed_Physical_Access_Class: list of /classifier ( device, processor, mgmory, bus )
Allowed_Physical_Access: list of reference ( device, processor, memory, bus )
Allowed_Message_Size: Size_Range
Transmission_Type] enumeration‘.( push, pull )
Transmission Time] record (

Fixed: Time_R4gnge;

PerByte: Time_|Ranges )
Prototype_Substitytion Rule: inherit enumeration (Classifier Match, Type| Extension,

Signature_Match)

-- Hardware description properties
Hardware_Description_Source_Text:

Hardware_Source_Language:
-- Data movement related properties
Assign_Time: record (

Fixed: Time_Range;
PerByte: Time_Range; )
Access_Right Access_Rights => read_write

-—- Protocol support

classifier

Provided_Virtual_ Bus_Class inherit list of

inherit list of aadlstring

Supported_Hardware_Source_Languages

(virtual bus)


https://saenorm.com/api/?name=15efeb3d7791062d151aab96b12ecfe1

SAE

AS5506A

- 113 -

Provided_Connection_Quality_ Of_ Service

-- mode related properties

Resumption_Policy:

enumeration ( restart, resume )

-- Virtual machine layering

Implemented_As:

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

classifier (

system implementation )

Semantics

inherit list of Supported_Connection_QoS

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 processor to access device hardware when executing device software. A bus may also support

different port an
Allowed_Conns
constrain the size

A bus componen
which access is
share a bus comf

Buses can be dir
another bus in its

Physical access
achieved with the

Bus components

A bus componen
Provided Vird
virtual buses as
supported by a b
bus requiring a sf

Virtual buses (pr
executes on prog
the protocol.

The bus is intend
be modeled by A

I subprogram connections befween thread componenis bound o diff
ction_Type property indicates which forms of access a particular bus
of messages communicated through data or event data connections.

t provides access between processors, memories, and devices. It is a
bquired by each of the respective components. A device is.accessible fro
onent. A memory is accessible from a processor if the iwo share a bus c(

bctly connected to other buses. This is representeddoy one bus declarat
requires subclause.

0 a bus can be restricted to certain types.ei<devices, memory, buses, 3
property Allowed_Physical_Access.

can have different property values under different operational modes.

I can include protocols in its abstraction. Protocols provided by a bus ¢
ual_Bus_Class property..They are matched against protocol requirem
specified by their Required_Virtual_Bus-Class property. If desire
Is can be explicitly modeled 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

ed to'e an abstraction of a physical bus or network. If it is desirable, the
ADI as a system in its own right, i.e., an application system and an e

system

implementation

brent processors. The
supports. The bus may

shared component, for
m a processor if the two
mponent.

on specifying access to

ind processors. This is

bn be specified with the
ents of connections and
l instances of protocols
he connection or virtual

he virtual bus software
connections that require

internals of the bus can
kecution platform. This

ha Accnniatad st thao hiic compbonan
T ToSoTIatct AAALIE T L>aw o)

t declaration by the

daocerintion oann
T oCTotoT carT COTTPOTCT

Implemented_As property (see Section 14).

Processing Requirements and Permissions

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 Tmplemented_aAs property.
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Examples

package Hardware
bus VME

end VME;

memory Memory Card
features
Card_Connector : requires bus access VME;

end Memory_ Card;

processor PowerPC
features
Card_Connector |: requires bus access VME;

end PowerPC;

processor implementation PowerPC.Linux

end PowerPC.Linux;

system Dual_Procegsor end Dual_Processor;

system implementafiion Dual_Processor.PowerPC
subcomponents
System_Bus: bug VME;
Left: processon PowerPC.Linuxy
Right: processqr PowerPC sLiviux;

Shared_Memory: [memory (Memory_ Card;

connections

bus access System Bus <-> Left.Card_Connector;

bus access System Bus <-> Right.Card_Connector;

bus access System Bus <-> Shared_Memory.Card_Connector;
end Dual_Processor.PowerPC;

end Hardware;
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6.5 Virtual Buses
(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
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 bu1 classifier. A connection can also indicate the desired level of quality o';Lservice, which must be
i

satisfied by the \irtual 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 virtual bus
e abstract
* nhone Subprogram calls: no
virtual bus | Flow specifications: no Conﬁecgt’ions "o )
Modes: yes Flows: no '
Properties: yes 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 eancontain a modes subclause and property associations.

(L5) A virtual bus implementation must not contain a connections subclause, flows subclauge, or subprogram calls
subclause.

f‘nneie!‘ann}/ Rules.

(C1) In a fully deployed system virtual buses must be directly or indirectly bound to processors or buses that support
these virtual buses, 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)

Allowed_Message_Size: Size_Range
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Transmission_Type: enumeration ( push, pull )
Transmission_Time: record (

Fixed: Time_Range;

PerByte: Time_Range; )

Prototype_Substitution_Rule: inherit enumeration (Classifier_Match, Type_Extension,
Signature_Match)
-—- Protocol support
Provided_Connection_Quality Of_Service inherit list of Supported_Connection_QoS
Provided_vVirtual_Bus_Class inherit 1list of classifier (virtual bus)
Required_Connection_Quality_Of_Service inherit list of Supported_Connection_QoS
Allowed_Connectiorn_Binding Class:

inherit list off classifier (processor, virtual processor, bus, viptual|bus, device,
memory)
Allowed_Connectiorl _Binding: inherit list of reference (processor,virtuall processor, bus,
virtual bus, devide, memory)
Actual_Connection_ |Binding: inherit list of reference (procegsor, virtual|processor, bus,

virtual bus, devide, memory)

Required_Virtual_BRus_Class inherit list of classifier ) (virtual bus)

-- mode related pHoperties

Resumption_Policy{ enumeration ( restart, resume,)

-- Virtual maching layering

Implemented_As: classifier ( system implementation )

Semantics

(5)

(6)

(7)

(8)

(9)

(10)

(11)

A virtual bus represents a virtual channel or communication protocol. The Provided
property is used to indicate~ that a processor or bus supports a protg
Required_Virtgual_Bus_Class property is used to indicate that a protocol is required b
bus.

A virtual bus can be assubcomponent of a virtual bus, bus, virtual processor, processq
provided as indicqited.by,the Provided_virtual_ Bus_Class property of a bus, virtual &

| Virtual_ Bus_Class
col. Similarly, the
y a connection or virtual

r, or system, it can be
us, virtual processotr, or

processor. In alllcases, this indicates that the protocol represented by the virtual bus is 3

supported on the bus or

processor.

If a virtual bus requires another virtual bus as expressed by the Required_Virtual_Bus_Class property, this
required access is satisfied by binding the protocol to a processor or bus that provides this virtual bus as specified
with the Provided_Virtual_Bus_Class property.

A virtual bus can represent a portion of the bandwidth capacity of a bus. It can act as virtual channel that can make
certain performance guarantees.

The Allowed_Connection_Type property indicates which forms of access a particular virtual bus supports. The
virtual bus may constrain the size of messages communicated through data or event data connections.

Virtual bus components can have different property values under different operational modes.
If it is desirable, the internals of the virtual bus can be modeled by AADL as an application system in its own right,

e.g., as a sender thread interacting with a receiver thread. This system implementation description can be
associated with the virtual bus component declaration by the Implemented_As property (see Section 14).
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Processing Requirements and Permissions
(12) A method of implementation shall define how the final size of a transmission is determined for a specific

(13)

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 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.

Examples

package Hardware

bus Ethernet

end Ethernet;

virtual bus IP_TCH

end IP_TCP;

virtual bus HTTP
properties
Allowed_Bus_Binding Class => wvirtual bus IP_TCPy;

end HTTP;

processor PowerPC

end PowerPC;

processor implementation PowerPQ.Linux
subcomponents

IP_TCP: wvirtual |bus IP_TCP+y
end PowerPC.Linux;

end Hardware;

6.6
(1)

Devices

A device component represents dedicated hardware within the system, entities in the external environment, or
entities that interface with the external environment. A device may represent a physical entity or its (simulated)
software equivalent. A device may exhibit simple or complex behaviors. Devices may internally have a processor,
memory and software that can be modeled in a separate system declaration and associated with the device
through the Tmplemented_As property. Devices are logically connected to application software components and
physically connected to processors via buses. If the device has associated software such as device drivers that
must reside in a memory and execute on a processor external to the device, this can be specified through
appropriate property values for the device.
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(2)

(3)

(4)

(5)

A device interacts with both execution platform components and application software components. A device can
have physical connections to processors via a bus. This models software executing on a processor accessing the
physical device. A device also has logical connections to application software components. Those logical
connections are represented by connection declarations between device ports and application software component
ports. For any logical connection between a device and a thread executing application source text, there must be a
physical connection in the execution platform.

A device can be viewed to be a primary part of the application system. In this case, it is natural 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).) Dgvices communicate with
embedded appligation systems through ports and connections and with the computing| hardware through bus
access.

Legality Rules
Categpry Type Implementation
Features
e port Subcomponents:
o feature group e bus
e provides subprogram aceess e virtual bus
e provides subprogram;group access e abstract
devige e requires bus access Subprogram calls: no
e provides bus access Connections: yes
o feature Flows: yes
Flow specifications: yes Modes: yes
Modes: yes Properties: yes
Properties: yes

A device type cah contain port, ‘feature group, provides subprogram access, provides supprogram group access,
bus access declafations, flow specifications, a modes subclause, as well as property associations.

A device compongnt implementation must not contain a subprogram calls subclause.

A device implemgntation can contain abstract, virtual bus, and bus subcomponents, bug access connections, a
modes subclause;afltowssubctause;, armdproperty associations:

Standard Properties

-- Hardware description properties

Hardware_Description_Source_Text: inherit list of aadlstring

Hardware_Source_Language: Supported_Hardware_Source_Languages

-- Properties specifying device driver software that must be

-- executed by a processor

Source_Text: inherit list of aadlstring

Source_Language: inherit list of Supported_Source_Languages

Source_Code_Size: Size

Source_Data_Size: Size
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Source_Stack_Size: Size
-- Properties specifying the execution properties of the device or its driver
Dispatch_Protocol: Supported_Dispatch_Protocols

Dispatch_Trigger: list of reference (port)

Period: inherit Time

Compute_Execution_Time: Time_Range

Deadline: inherit Time => Period

-- scheduling properties

Time_Slot: list of aadlinteger

Priority: inherit aadlinteger

-- Properties spedifying constraints for processor and memory binding

-- for the device |driver software
Allowed_Memory_ Binding Class:

inherit list off classifier (memory, system, processor)
Allowed_Memory_ Binding: inherit list of reference (memory{ ‘Ssystem, procepsor)
Actual_Memory_ Binding: inherit list of reference (memoxy)
Actual_Processor_Binding: inherit list of reference (processor, virtual processor)

Allowed_Processor_ |Binding Class:
inherit list off classifier (processor, virtual processor, system)

Allowed_Processor |Binding: inherit list of reference (processor, virtual|processor,
system)

-—- protocol suppoyt
Provided_Virtual_ Bus_Class : inherit list of classifier (virtual bus)
Provided_Connectiqn_Quality Of_ Sexwvice : inherit list of Supported_Conneftion_QoS
-- mode related phoperties

Resumption_Policy] enumeration ' ( restart, resume )
-- Virtual maching layering

Implemented_As: classifier ( system implementation )

Semantics

(6) 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 (simulated) software equivalent.
They may exhibit simple behavior, e.g., a timer, or complex behaviors, e.g., a camera or GPS. Devices are
logically connected to application software components and physically connected to processors. The device
functionality may be fully embedded in the device hardware, or it may be provided by device-specific driver
software.

(7) Adevice is accessible from a processor if the device is connected via a shared bus component.

(8) A device declaration can include flow specifications that indicate that a device is a flow source, a flow sink, or a flow
path exists through a device.

(9) Device components can have different property values under different operational modes.
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(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

Embedded application software interacts with devices through port connections and through subprogram calls.
Data ports can be used to represent device registers. Event and event data ports can be used to represent signals
and interrupts that trigger execution of software or that initiate a reaction by the device. Subprogram calls reflect
functionality executed by the device. This functionality may be fully implemented in the device hardware or through
a device driver.

The Dispatch_Protocol property determines the execution behavior of the device. A device can execute
periodically or event-driven. Periodic execution means that the device polls the external environment periodically to
produce a periodic data stream to the application, or that it samples input from the application periodically. Event-
driven execution means that the device generates events, e.g., a clock or timer, that it observes events in the
external environment and passes them to the application, e.g., flipping of a switch, or that it responds to events or
event data being sent by the application, e.g., a signal to turn on a light. The input or output rate on device ports
can be specified through the output_Rate property. The Dispatch_Trigger property can be used to specify a
subset of event or event data ports that can trigger a device dispatch.

The interface to
interface to the d
dispatch protocol

p device may be through a device driver. The features of the device
bvice via the device driver. The execution behavior of the device driver ig

type may represent the
specified by the device

The device driver

driver characteris
properties specify

may execute as part of the underlying operating system kefnel. In this g
tics as properties on the device itself, such as the code’size, data size,
the processor whose runtime system includes the driver.

The device drive
binding property

A device driver
thread provides
device, represent

A device can con
by the device and

A device can suf
Instances of such

The device is inte
desirable, the int
system and an
processors and
processor via a
component decla

may execute in a separate address space from:the operating system K
ay specify a virtual processor as target.

y execute as an application thread. In this-case, the driver is modeled b
he device interface to the applicationsand interfaces with the device r
ed by the AADL device component.

fain a bus subcomponent that itymakes externally accessible. This model
other components can connect to it. In this case the device is implicitly ¢

port communication protocols as expressed by the Provided_virtua
protocols can also be:explicitly represented by virtual bus subcomponents

nded to be anabstraction of a physical component in the embedded sys

ase, we can specify the
hnd stack size. Binding

ernel. In this case, the

y an AADL thread. This
boisters of the physical

5 a bus that is managed
bnnected to this bus.

| _Bus_Class property.

p.

em environment. If it is

brnals of theydevice can be modeled by AADL as a system in its own tlight, i.e., an application
xecutionplatform. For example, a digital camera as a device can be modeled as a set of
pplication Software that handles the taking of images and their transfer from the camera to a
SB_buds connection. This system implementation description can be ass$ociated with the device

ation by the Implemented_As property (see Section 14).

Processing Requirements and Permissions

This software must reside as a binary image on memory components and is executed on a processor component.
The executing processor that has access to the device must be connected to the device via a bus. The memory
storing the binary image must be accessible to the processor. Device driver software may be modeled implicitly
through the Ssource_Text and related properties, or it may be modeled explicitly by a separate thread declaration.

In the implicit model the execution of the device driver software may be considered to be part of the runtime system
of a processor to which the device is connected, or it may be treated as an implicitly declared thread.
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Package Equipment
device Camera

features

Examples

usbport: requires bus access Buses::USB.USB2;

image: out event data port UserTypes::imageformat.jpg;

end Camera;

device temperature_sensor

features
serialline: reqy
temp_reading: oy

end temperature_ssg

device implementat
properties
HardwareDescript

end temperature_ssg

device implementat
properties
Simulation: :Sengd

end temperature_ssg

device Timer
features
SignalWire: reqy

SetTime: in ever

ires bus access RS232;
t data port UserTypes::Temperature.Celsius;
nsor;

ion temperature_sensor.hardware

ion_Source_Text => “TemperatureSemsorHardwareModel .mdl

nsor .hardware;

ion temperature_sensor.sifmulation

orReadings => “SensorTracel.xls”;

nsor.simulations

ireg’ bus access Wire.Gaugel2;

t~data port UserTypes::Time;

TimeExpired: out event port;

end Timer;

end Equipment;
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7
(1)

71

(1)

System Composition

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.

Systems

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
Categgry Type Implementatipn
Subcomponents:
Features: o~ data
. port e subprogram
e 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:ts b
e requires bus access . ;' ual bus
e provides data aecess . evt|ce
e requires data.access system
e feature e abstract
Flow specifications: yes Subprog_ram.calls. np
Modes: yes IC::Ionnectlons. yes
I OWS: yes
Properties? yes Modes: yes
Properties: yes
A system compopent type can contain subprogram, subprogram group, data and bus adcess declarations, port,
feature group dedlarations. It can also contain flow specifications as well as property assoclations.

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.

A system implementation can contain a modes subclause, a connections subclause, a flows subclause, and
property associations.

Standard Properties

-- Properties related to source text

Source_Text: inherit list of aadlstring

Source_Language: inherit list of Supported_Source_Languages

-- Process property that can be specified at the system level as well

-- Runtime enforcement of address space boundaries
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Runtime_Protection : inherit aadlboolean
-- Inheritable thread properties
Synchronized_Component: inherit aadlboolean => true

Active_Thread_Handling_ Protocol:
inherit Supported_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 off aadlinteger

Priority: inherit |aadlinteger

-- Properties reldted binding of software component source text in
-- systems to prodessors and memory

Allowed_Processor |Binding Class:
inherit list off classifier (processor, virtual processdr,* system)

Allowed_Processor_ |Binding: inherit list of reference (processor, virtual|processor,
system)

Actual_Processor_Rinding: inherit list of reference!(processor, virtual processor)

Allowed_Memory Binding Class:
inherit list off classifier (memory, system,(processor)

Allowed_Memory_ Binding: inherit list of reference (memory, system, procepsor)

Actual_Memory_Binding: inherit list of ‘reference (memory)

Allowed_Connectiorn_Binding Class:
inherit list off classifier (proGessor, virtual processor, bus, virtual|bus, device,
memory)

Allowed_Connectior_Binding: .inherit list of reference (processor, virtuall processor, bus,
virtual bus, devide, memor$yy)

Actual_Connection |Binding? inherit list of reference (processor, virtual|processor, bus,
virtual bus, devide, mémory)

Collocated: record «

Targets: list of reference (data, thread, process, system, connection);
Location: classifier ( processor, memory, bus, system ); )
Not_Collocated: record (
Targets: list of reference (data, thread, process, system, connection);
Location: classifier ( processor, memory, bus, system ); )
-- Properties related systems as execution platforms
Hardware_Source_Language: Supported_Hardware_Source_Languages
-- mode related properties
Resumption_Policy: enumeration ( restart, resume )
-- Properties related to startup of processor contained in a system

Startup_Deadline: Time
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Startup_Execution_Time:

Time_Range

-- Properties related to system load times

Load_Time:

Load_Deadline:

Time_Range

Time

-- Properties related to the hardware clock

Clock_Jitter:

Time

Clock_Period: Time

Clock_Period_Range:

(2)

(3)

(4)

(5)

Time_Range

Semantics

A system comporjent represents an assembly of soffware and execufion platform componehts. All subcomponents

of a system are ¢

Some system cor
components outs
consist purely of
components that
that represent th
components may
software compon
contained system
physical connect
database servers
represent the im
system represe;
Implemented XA

A system comp
configuration of ¢
the mode transitic

Processing meth¢ds may restrict*data, subprogram, and subprogram group subcomponen

process address
group, or thread,

bnsidered to be contained in that system.

hponents consist of purely software components all of which must-be boupd to execution platform
de the system itself. An example is an application software system. Some system components
computing hardware components. They represent aggregations of procgssor, memory, and bus
act as the hardware platform. Some system component is’a composition of devices and buses
e physical environment that the embedded software “system interacts with. Some system
be combinations of the above. Some system compaonénts are self-contained in that all contained
ents are bound to execution platform components.eontained within the same system. Such self-
s may have external connectivity in the form of legical connection points represented by ports and
on points in the form of required or provided bus access. Examples, of such systems are
GPS receivers, and digital cameras. Suchself-contained systems with ah external interface may
plementation of devices. The device fepresentation takes a black-box perspective, while the
tation takes a white-box perspective and is associated with the device through the
s property.

an alternative system
modes is determined by

bnent can contain a modes-—subclause. Each mode can represent
pntained subcomponents ‘and their connections. The transition between
n declarations of specific property associations.

Processing Requirements and Permissions

s to be part of only one
space. Inthat case they may require those subcomponents to be placed jnside a process, thread

hnd not:be allowed in system implementations.
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8 Features and Shared Access

(1) A feature is a part of a component type definition that specifies how that component interfaces with other
components in the system.

(2) Feature groups represent 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. It can later be
refined into a group of one or more features.

(3) 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.

(4) Subprogram accéss features represent access to a subprogram to be called from other components, and the need
for a component {o call a subprogram instance locally, i.e., a subprogram that is declaredin the containing process
or one of its subfomponents, or to call a subprogram remotely, i.e., a subprogramsinstapce in another process.
When used in daja components subprogram access features represent subprograms (methods) through which the
data component s manipulated. When used in subprogram groups subprogram accesg features represent the
subprograms of g subprogram library.

(5) Subprogram grodp access features represent sharing and required access'to a subprogram library.

(6) Parameter featurgs represent data values that can be passed into.and out of subprogramg. Parameters are typed
with a data classifier reference.

(7) Data access reprgsents communication via shared access to~data components. A data component declared inside
a component implementation is specified to be accessible:to components outside using a provides access feature
declaration. A cdmponent may indicate that it requires,access to a data subcomponent deglared outside utilizing a
requires access feature declaration.

(8) Bus access reprgsents physical connectivity. ofprocessors, memory, devices, and buses| through buses. A bus
component declafed inside a component implementation is specified to be accessible to cdmponents outside using
a provides accegs feature declaration., A component may indicate that it requires accg¢ss to a bus utilizing a
requires access feature declaration.

(9) Features can be Heclared as one-dimensional feature arrays. Such feature arrays complgment component arrays
and allow for conpection patterns‘that connect a feature of each of the component array elements to a feature array
element of one cpmponent-An example use is redundant replicas of a component passing their output to a voting
component or a rputing comiponent.

Syntax
feature =
( abstract_feature_spec |
port_spec |
feature_group_spec |
subcomponent_access |
parameter )
[ array_dimension ]
[ { { feature_ property_association }"} ] ;

subcomponent_access

subprogram_access | subprogram_group_access
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| data_access

| bus_access

feature_refinement ::=

abstract_feature_spec_refinement

port_refinement |

feature_group_refinement |

subcomponent_access_refinement |

parameter_refinement

[ array_dimension ]

[ { { feature,

nropnerty ascociation Yt} 1 .
=5 + Y— +—

subcomponent_accesg
subprogram_acd

| data_access._

(N1)  The defining iden
(N2) Thread features 1

(N3) Each refining fee
declaration of a ¢

(N4) A feature is refergnced in one of two ways. (Within the component implementations for a cg

declared in the t
contain subcomp
feature identifier g

(L1)  Each feature can

(L2) A feature refinen

s_refinement ::=
ess_refinement | subprogram_group_access_refingment

refinement | bus_access_refinement

Naming Rules
ifier of a feature must be unique within the namespace of the associated g
hay not be declared using the predeclared ports names Complete Or Er
ture identifier that appears in a feature refinement declaration must a

bmponent type being extended.,

ype is named in the implementations by its identifier. Within compone
bnents with features,~a  subcomponent feature is named by the subcomp
eparated by a “."Adot).

Legality Rules
be refined-at most once in the same type extension.

ent\declaration of a feature and the original feature must both be decld

omponent type.
roxr.

so appear in a feature

mponent type, a feature
nt implementations that
onent identifier and the

red as port, parameter,

access feature, o

feature group or the original feature must be declared as ahstract feature.

(L3)  Feature arrays must only be declared for threads, devices, and processors.

(L4) If the feature refinement specifies an array dimension, then the feature being refined must have an array

dimension.

(L5) If the refinement specifies an array dimension size, then the feature being refined must not have an array

dimension size.

Standard Properties

Acceptable_Array_ Size: list of Size_Range

Required_Connection_Quality Of_Service

Required_Virtual_Bus_Class : inherit list of classifier (virtual bus)

inherit list of Supported_Connection_QoS
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Semantics

(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.

(11) A refined feature declaration may complete an incomplete component classifier reference and declare feature
property associations. A feature refinement may replace a classifier reference according to the

Classifier_Substitution_Rule property.

(12) Features can be declared with an array dimension, if the component is a thread, device, or processor. In this case,
each element of the feature array is connected to a different element of an ultimate source or destination

component array.

(13) For example, we[may have a voting component that 1akes mput from multiple instances pf the same processing
component, as shown in Figure 11. We can declare the processing component as an array| of subcomponents, and
the single instange of the voting component with a port array. We can then declare d.conngction from the outgoing
port of the procepsing subcomponent to the port of the voting component declared’ with |array dimensions. The
connection can hpve a Connection_Pattern property of One_To_One (see Section 9.2.3) to indicate that each
processing comppnent output is connected to a separate port of the voting:component. [This is illustrated in the

example below.

Figure 11 Port/Array in a Voting Pattern

(14) A feature may specify desired quality of sérvice or a particular protocol to be used for ¢gonnections through the
feature. This property must be consistent with the same property associated with the conngction.

8.1 Abstract Features

(1) Abstract features| represent placeholders for concrete features, i.e., ports, parameters, and the different kinds of
access features. | Abstract feaiures are typically used in incomplete component type declatations, 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 concrgte features.

Syntax

abstract_feature_spec ::=
( [ in | out ] feature
[ unique_component_classifier_reference
| component_prototype identifier ] )

| ( [ in | out ] feature feature prototype_identifier )

abstract_feature_spec_refinement ::= abstract_feature_spec

Legality Rules

(L1)  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.
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If the direction of an abstract feature is specified, then the direction must be satisfied by the refinement (see also

the rules for feature prototypes in Section 4.7); in the case of ports the direction must be in or out; in the case of

data access, the access right must be read-only for in and write-only for out;

in th

subprogram access and subprogram group access the direction must not be in nor out.

no direction.

refinement
By default, the c1

must adhere to the classifier

complete classifier reference can be completed.

rules as

e case of bus access,

An abstract feature with a feature prototype identifier and the prototype being referenced must both specify the

In the case of an abstract feature with a classifier reference, the classifier of the refined feature declaration in a
type extension
Classifier_Substitution_Rule property (see Section 4.5).

indicated by the
assifier Match rule

An abstract feature refinement declaration of a feature with a feature prototype reference must only add property

satisfied by any réfinement according to legality rules.

(L3)
same direction or
(L4)
component
applies, i.e., an in
(L5)
associations.
(2) A component typ
feature, access fq
(3)
placeholder for t
feature declaratid
binding supplying
8.2
(1)

feature group carn
unit. This groupir
of a system whe
connected to fea
is declared throu
declared as comyj
features.

-- Defining the cd

A component typ¢ can contain an abstract feature declaration with a feature prototype refer

Feature Groups and Feature Group Types

Feature groups r¢present groups of component features or feature groups. Within a comg

Semantics

p can contain an abstract feature declaration that can later be Fefined in
ature, or parameter. An abstract feature may be specified with a directio

e feature being supplied by the prototype binding: A component type
n with a component prototype reference.
the component classifier.

be connected to individually. ‘Qutside a component, feature groups can b
g concept allows the number'of connection declarations to be reduced, e
n a number of features ‘from one subcomponent and its contained s
res in another subcomponent and its contained subcomponents. The cq
h a feature group type' declaration. This declaration is then referenced v
onent features. Feature groups can be declared for any kind of feature, f

Syntax

ntent,structure of a feature group

to a feature group, port
n; this direction must be

bnce. Inthat caseitis a
can contain an abstract

In that case it declares a feature with the prototype

onent, the features of a
e connected as a single
specially at higher levels
Ibcomponents must be
ntent of a feature group
vhen feature groups are
or ports, and for access

feature_group_typd

feature group
[
[
[
[
{

end defining identifier

feature_group_type_extension

feature group

extends unique_feature_group_type_reference

prototypes ( { prototype }* | none_statement )

defining identifier

]

features { feature }" ]
inverse of unique_feature_group_type_reference ]
properties ( { feature_group_property association }°* | none_statement )

annex_subclause }~

.
’

defining identifier

[ prototype_bindings ]

]
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[ prototypes ( { prototype }* | none_statement ) ]
[ features { feature | feature_refinement }* ]
[ inverse of unique_feature_group_type_reference ]

[ properties ( { feature_group_property_association }* | none_statement ) ]

{ annex_subclause }©

end defining identifier

.
’

-- declaring a feature group as component feature

feature_group_spec

defining_featurp_ﬂrnnp_'i dentificer

[ in | out ] feature group

[ [ inverse

( unique_f

feature_group_refi
defining featurd
[0

( uniqus

unique_feature_grd

[ package_namdg

inverde of

of ]

eature_group_type_reference | prototype_identifiéf)’)

]

nement =
 group_identifier

]

_feature_group_type_reference)

refined to [ in | out)| feature gr

| pretotype_identifier
up_type_reference =

] feature group type identifier

Naming Rules

ifier of a feature group type'must be unique within the package namespaq
type is declared.

Lip type provides.\al local namespace. The defining identifiers of prototy
5 in a feature«group type must be unique within the namespace of the feat

the feature group type/being extended. This means, the defining identifiers of prototype, f
declarations in a feature“group type extension must not exist in the local namespace of the
extended. The dgfining identifiers of prototype, feature, or feature group refinements i

ace of afeature group type extension includes the defining identifiers in

bup

e of the package where

be, feature, and feature
ire group type.

the local namespace of
bature, or feature group
eature group type being

n 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.

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.

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.

(N1)  The defining iden
the feature group

(N2) Each feature gro
group declaration

(N3)  The local names
type.

(N4)

(NS)

(N6)

(N7)

group type that contains the feature group declaration.

The prototype reference in a feature group declaration must refer to a prototype of the component type or feature
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(L1)

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
cannot itself contain an inverse of statement. This means that several feature groups can be declared to be the
inverse of one feature group, €.g., B inverse of AandC inverse of A is acceptable. However, chaining of
inverses is not permitted, e.g., B inverse of AandC inverse of Bis notacceptable.

(L2)

(L3)

(L4)
inverse of statement.

(L5)  The feature grou
features must ha

(L6) A feature group
inverse of statenpent.

(L7) A feature group 1

group type refere

Two feature group types

rules (see Section 9.5 legality rules (L3) and (L4);

Only feature group types without inverse of or feature group types with features and inverse of can be extended.

A feature group type that is an extension of another feature group type without an inverse of cannot contain an

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 inverseitis.

declaration with an inverse of statement must 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:

bture or feature groups contained in thefeature group and its complement
mplement, with pairs determined by declaration order. In the case
bature and feature group déclarations in the extension are considered f
b feature group type being\extended;

up types have zerofeatures, then they are considered to complement eag

Jirection and, matching of data component classifier references accordin

re pair-wise complementary if they satisfy the access connection rules in

hd inverse of that adds

group types without an

inclusion of the feature

must be identical;

Each of the declgred features or feature groups in. & feature group must be a pair-wise complement with that in the

of feature group type
o0 be declared after the

h other;

e complementary-if they satisfy the port connection rules specified in Seclion 9.2.1. This includes

g to classifier matching

Section 9.4.

ction is epnr\ifior’l as pnrf of a feature group rlnt‘lnrnﬁnn, then all features

inside the feature group

(L8)  The number of fe
(L9)
feature group cq
extensions, the f
declarations in th
(L10)  If both feature grg
(L11) Ports are pair-wis
appropriate port
(L12) Access features 3
(L13) If an in or out dir
must satisfy this direction.
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.

-- Port properties defined to be inherit,

Standard Properties

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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Allowed_Memory_Binding:

Actual_Memory_Binding:

(2)

inherit list

inherit list of reference

of reference (memory, system, proce
(memory)

Semantics

type can represent a separate interface to the component.

(3)

Ssor)

A feature group declaration represents groups of component features. As such each feature group of a component

A feature group of a component can be connected to another component through a single connection declaration.

It represents a connection for each of the feature inside the feature group. Feature groups can contain feature
groups. This supports nested grouping of features for different levels of the modeled system.

(4)

Within a component, the features of a feature group can be connected to individually to subcomponents.

The

members of the feature group are declared in a feature group type declaration that is referenced by the feature

group declaration
connection.

(5)
the complement t
complementary n

Features can be
considered to be
group refinement
later be refined in

(6)

package GPS_Interf
feature group GPSK
features
Wakeup: in ever
Observation: oy

end GPSbasic_socks

feature group GPSK
features

WakeupEvent: oy

ace

asic_socket

t port;

t data port GPSEib

t;

asic_plug

t.-event port;

I'ne rererenceda feature group type determines the feature group compat

The inverse of r¢served words of a feature group type declaration indicate that the-featur
0 the referenced feature group type. The legality of feature group conne
hture of feature groups (see Section 9.5).

declared without feature group types or with feature\'group types with
incomplete feature group specifications.

Features can later be inserted directly into the feature group type or the
to feature group types with one or more features.

Feature<grolp types can late

Examples

::position;

bility for a feature group

e group type represents
ctions is affected by the

out features. They are
 be added in a feature
feature group type can

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 GPSbasic_socket

end MyGPS_plug;
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feature group GPSextended_socket extends GPSbasic_socket
features

Signal: out event port;

Cmd: in data port GPSLib::commands;

end GPSextended_socket;

process Satellite_position
features

position: feagture group GPSRasic sockei:

end Satellite_position;

process GPS_Systen
features
position: featyre group inverse of GPSbasic_socket;

end GPS_System;

system implementatjion Satellite.others
subcomponents
SatPos: procesg Satellite_position;
MyGPS: process |GPS_System;
connections
feature group Jatpos.position -x» MyGPS.position;
end Satellite.othdrs;

end GPS_Interface;

8.3
(1)

(2)

Ports

Ports are logical|conhection points between components that can be used for the trangfer of control and data
between threads orbetweenm a thread—and—=a processor or device. Ports—are directioral, 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
whose content can be retrieved.

The content of incoming ports are frozen at a specified time, by default at dispatch time. This means that the
content of the port that is accessible to the recipient does not change during the execution of a dispatch even
though the sender may send new values. Properties specify the input and output timing characteristics of ports.
Actual event and data transfer may be initiated by the runtime system of the execution platform or by
Send_Output runtime service calls in the application source text.
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(3)

AADL distinguishes between three port categories. Event data ports are ports through which data is sent and
received. The arrival of data at the destination may trigger a dispatch or a mode switch. The data may be queued if
the destination component is busy. Event data ports effectively represent message ports. Data ports are event data
ports with a queue size of one in which the newest arrival is kept. By default arrival of data at data ports does not
trigger a dispatch. Data ports effectively represent unqueued ports that communicate state information, such as
signal streams that are sampled and processed in control loops. Event ports are event data ports with empty
message content. Event ports effectively represent discrete events in the physical environment, such as a button
push, in the computing platform, such as a clock interrupt, or a logical discrete event, such as an alarm.

Syntax

port_spec ::=

defining port_identifier : ( in | out | in out ) port_type
port_refinement : =

defining port_|identifier : refined to

( in | ouy | in out ) port_type

port_type ::=

data port [ data_unique_component_classifier_referénce

| data_component_prototype_identifier, ]
| event data |[port [ data_unique_component_classifier_ reference

| data_component_protot¥pe_identifier ]

event port

Naming Rules
A defining port idé¢ntifier must adhereto the naming rules specified for all features (see Sectjon 8).

The defining iderftifier of a pettirefinement declaration must also appear in a feature declaration of a component
type being extended and mustrefer to a port or an abstract feature.

The unique componentdype identifier of the data classifier reference must be the name of [a data component type.
The data implemeéntation identifier, if specified, must be the name of a data component implementation associated
with the data compeneni-type-

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
device component types.

Data and event data ports may be incompletely defined by not specifying the data component classifier reference
or data component implementation identifier of a data component classifier reference. The port definition can be
completed using refinement.

Data, event, and event data ports may be refined by adding a property association. The data component classifier
declared as part of the data or event data port declaration being refined does not need to be included in this
refinement.
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refined must be an abstract feature.

being refined is an abstract feature without direction, then all port directions are acceptable.

Standard Properties

-- Properties specifying the source text variable representing the port

Source_Name:

Source_Text:

aadlstring

inherit list of aadlstring

-- property indicating whether port connections are required or optional

Required_Connectid

-—- The protocol tH

Allowed_Connection
inherit list of
memory)

-- Optional propen
Device_Register_ Ad
-- data port conndg
Timing enumerati
-- Input and outpy

Input_Rate: Rate_S

Rate_Distribution
Input_Time: list g

Output_Rate: Rate]

Rate_Distribution
Output_Time: list

-—- Port specific (

Compute_Entrypoint:

Compute_Execution_|

T : aadlboolean => true

e source text supporting the port is assumed to{make u

_Binding_Class:

classifier (processor, virtual processor, busy, virtual

ty for device ports

dress: aadlinteger

ction timing

on (sampled, immediate, delayed) => sampled

t rate and time

pec => ( Value_Range => 4130 1.0; Rate_Unit => PerDi
=> Fixed; )

f TO_Time_Spec => (( Time => Dispatch; Offset => 0.0 ns
Spec => ( Value_Range => 1.0 1.0; Rate_Unit => PerD

=> Fixed; )

of IO _Time.Spec => ( Time => Completion; Offset => 0.0

ompute eftrypoint properties for event and event data
classifier ( subprogram classifier )

Timey Time_Range

Tifhe

Compute_Deadline:

-- Properties specifying binding constraints for variables representing ports

Allowed_Memory_ Binding Class:

inherit list of classifier
Allowed_Memory_Binding:

Actual_Memory_Binding:

(memory, system, processor)

-- In port queue properties

Overflow_Handling_Protocol:

inherit list of reference (memory,
inherit list of reference (memory)
enumeration (DropOldest, DropNewest, Error)

=> DropOldest

Queue_Size:

Queue_Processing_Protocol:

Fan_Out_Policy:

aadlinteger 0

enumeration

.. Max_Queue_Size => 1
Supported_Queue_Processing_Protocols => FIFO

(Broadcast, RoundRobin, Selective, OnDemand)

system, processor)

The port category of a port refinement must be the same as the category of the port being refined, or the port being

The port direction of a port refinement must be the same as the direction of the feature being refined. If the feature

e of
bus, device,
Epatch;

0.0 ns;)
i spatch;
ns 0.0 ns;)
ports
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Urgency: aadlinteger 0
Dequeued_TItems:

Dequeue_Protocol:

8.3.1

(4)

(5)

(6)

(7)

(8)

(9)

(10)
(11)

(12)

(13)

(14)

.. Max_Urgency
aadlinteger

enumeration ( Oneltem, MultipleItems, AllItems ) => Oneltem

Semantics
Port Categories

A port specifies a logical connection point in the interface of a component through which incoming or outgoing data
and events may be passed. Ports may be named in connection declarations. Ports that pass data are typed by
naming a data component classifier reference.

A data or event data port maps to a static variable in the source text that represents the data buffer or queue. By
default the variable is accessible by the same name as the port name. A different name mapping can be specified
with the Soufce_Name and Source_Text properties. The Allowed AMpmory_Binding and
Allowed_Memorly_Binding_Class properties indicate the memory (or device) hardware the port resources
reside on.

Event and event
multiple event or
ports. If specified
those of the conta

data ports may dispatch a port specific Compute_Entnrypoint. This permits threads with
event data ports to execute different source text sequencées for events arriving at different event
the port specific Compute_Execution_Time and Compute_Deadline takes precedence over
ining thread.
nal.

Ports are directiq An out port represents output providediby the sender, and an in port represents input

needed by the rg
outgoing connect
in out port maps|
incoming value of

Ports that providg
i.e., in ports orin

A port can require

on(s) of an in out port may be connected to:the same component or to di
to a port variable in the source text. This means that the source text w
the port when writing the output value.te the port variable.

output, i.e., out ports or in out ports, are referred to as outgoing port.
out ports, are referred to as.incoming ports.

a connection or consider it as optional as indicated by the Required_Cq

ceiver. An in out port represents both an inport and an out port. Incgming connection(s) and

fferent components. An
ill overwrite the existing

Ports that provide input,

nnection property. In

the latter case it i$ assumed that the camponent with this port can function without the port being connected.

Ports appear to the thread as inputand output buffers, accessible in source text as port varigbles.

Data and event data ports arelUsed to transmit data between threads.
Data ports are irfftended for transmission of state data such as sensor data streams. Therefore, no queuing is
supported for datp ports. A thread can determine whether the input buffer of an in data port has new data at this
dispatch by chedking the port status through a Get Count service call, which is accgssible through the port
variable through a Get_value service call. If no new data value has been received the old value is made
available.

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
call. Individual element of the queue can be retrieved via the port variable using the Get_value and Next_Value
service calls. If the queue is empty the most recent data value is available.

Event ports are intended for event and alarm transmission, i.e., the queuing of events at the port of the receiving
thread, possibly resulting in a dispatch or mode transition. A receiving thread can get access to one or more events
in the queue according to the Dequeue_Protocol and the Dequeue_TItems property. The number of queued
events accessible to a thread can be determined through the port variable by making a Get_Count service call.
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(15)

8.3.2

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

The role of an aggregate data port is to make a collection of data from multiple outgoing data ports available in a
time-consistent manner. Time consistency in this context means that if a set of periodic threads is dispatched at
the same time to operate on data, then the recipients of their data see either all old values or all new values. This
is accomplished by declaring a data port, whose data classifier has an implementation 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 only role is to collect the data values from several in data ports and make them available as an
aggregate data record; on the receiving side an equivalent thread takes passes on the elements of the aggregate
data record on to the respective out data ports of receiving threads. The function may be optimized by mapping the
data ports of the individual threads into a data area representing the aggregate data port variable. This aggregate
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 receiving thread, processor,
or device at a spdcifie al IS available through a portjvariable is a data value,
while for an evenf or event data port it can be one or more elements from the port queué€’according to a specified
dequeuing protodol (see Section 8.3.3). From that point on any newly arriving data, evgnt, or event data is not

available to the r
to the application

By default, port in
fixed time interva

The Input_Timg
by specifying the

The following prg
(Dispatch), any
completion (Comp

Dispatch_Tin
Start, time rar
time is within th
Completion,t

The time is within the specified time range. A negative time range indicates execution

+ Compld

Ccomplele

time.

ceiving component until the next dispatch, i.e., the content of an-incomin
code does not change while the thread completes its executiop.

put is frozen at dispatch time. For periodic threads or deyices this meang
S.

e property can be used to explicitly specify an inputtime for ports. This g

perty values for Input_Time are supported to specify the input time
time during execution relative to the amount of execution time from the S
letion), and the fact that no input-occurs (NoI0):

e: (the default value) input is frozen at dispatch time; the time reference ig
ge: input is frozen at a specified amount of execution time from the begi

me range: input is frozen at a specified amount of execution time relative

ptionyy, < c €, . + Completiony;q,, Where c,, .. represents the

NoIO: input is
program. This
specific, i.e., a
The Input_Tim
the execution of

ot frozen~In other words, the port is excluded from making new input
llows users to specify that a subset of ports to provide input. The prop,
ort can be excluded in one mode and included in another mode.

property value for the thread, or it can be specified separately for each porf.

b specified time range. The-time range must have positive values. Start,},

g port that is accessible
that input is sampled at
an be done for all ports

o be the dispatch time
tart (start) or from the

clock time t = 0.
hning of execution. The
< ¢ £ Starthign.

0 execution completion.
time before completion.
value of ¢ at completion

available to the source
erty value can be mode

rozen multiple times for

property can have a list of values. In this case it indicates that input is

frozen multiple times during a single dispatch.

t of an incoming port is

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 condition is specified then the logic expression determines the combination of event and event data
ports that trigger a dispatch, and whose input is frozen as part of the dispatch. The input of other ports that can
trigger dispatch is not frozen. 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.
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(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

If an event port is associated with a component (including thread) containing modes and mode transition, and the
mode transition names the event port, then the arrival of an event is a mode change request and it is processed
according to the mode switch semantics (see Sections 12 and 13.6).

By default, the output time, i.e., the time output is transmitted to connected components, is the completion time for
data ports. By default, for event and event data ports the output time occurs anytime during the execution through
a Send_Output service call.

The output_Time property can be used to explicitly specify an output 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 output_Time are supported to specify the output 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) including at completion time, the deadline (Deadline), and the fact that no input
occurs (NoIO):

Start, time rahge: output is transmitted at a specified amount of execution time-rela
execution. Theltime is within the specified time range. The time range must haye-positive
< Starthign.
Completion,

ive to the beginning of
values. Starti,, < ¢

me range: output is transmitted at a specified amount of)execution time relative to execution
completion. The time is within the specified time range. A negative titme range indicatels execution time before
completion. ¢, |, + Completioni,, < c < C,.. + Completiony;s, Where ¢, .. regesents the value of ¢ at
completion timet The default is completion time with a time range ©f.zero, i.e., itoccurs at £ = ¢, ...
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 ef<éne thread with the Dispajtch_Time input time of
another thread \vith a Dispatch_Offset.
NoIO: output is [not transmitted. In other words, the portjis excluded from transmitting new output from the source
text. This allows users to specify that a subset of-ports to provide output. The propgrty value can be mode
specific, i.e., a gort can be excluded in one mode<and included in another mode.

The Ooutput_Tihe property can have a list of values. In this case it indicates that outpyt is transmitted multiple

times as part of the execution of a dispatch.

The output may be transmitted at completion time or deadline as part of the underlying runt
transmitted through a Send_outputrservice call in the source text.

If the output time of the originating port is Completion_Time while the input time
Dispatch and the sender and-receiver are in the same synchronization domain, then the
next dispatch eqdal to or later than the deadline. To accommodate the transfer the actual

me system, or it may be

bf the receiving port is
butput is received at the
ransfer may be initiated

before the deadlipe. In the case of the connection crossing synchronization domains, the
dispatch following the:eompletion of the transfer.

input is received at the

The Input_Rate and Output_Rate properties specify the number of times per dispaich (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 and output rate of ports is once per dispatch. The rate can be fixed or according to a
distribution.

An input 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 every dispatch.

If an Input_Time Or Output_Time property is specified, then the values must be consistent with the rate. If the
rate is specified in terms of seconds and a period is specified for the thread or device with the port, then the period
value must also be consistent with the other values. In the case of an Input_Time or Output_Time property
value of None the rate value does not apply.
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Examples

-- a thread that gets input partway into execution and sends output

-- before completion.

thread TightLoop
features

Sensor:

{Input_Time

actuator:

{Output_Time =>

in data port

=> (Start, 10 us 15 us);}

7

out data port _

(Completion, 10 us 11 wus);}

7

end TightLoop;

8.3.3

(34) Event and event
event data ports
semantic port cor
default port queu
port.

(35) The Queue_Siz
specify queue ch
equal to the speq
the Overflow_ H
can determine th
Overflow_ Hand
oldest event in th

(36) Queues will be s
(FIFO). When ar
type that can be
Urgency propert
Queue_Process
FIFO the oldest ¢
among multiple n

Port Queue Processing

data ports can have a queue associated with them. By default, the in
of threads, devices, and processors have queues. The“output from t
nection is added into this queue, if the ultimate destination component is 3
b size is 1 and can be changed by explicitly declaring’ @ Queue_Size pro

e, Queue_Processing Protocol, and~6verflow Handling_ Prag
hracteristics. If an event arrives and the .number of queued events (and
ified queue size, then the OverflowsHandling Protocol property g
bndling_Protocol property valuels Error, then an error occurs for
e port that caused the error by« calling the standard Dispatch_Stat
ling_Protocol property values of DropNewest and DropOldest
b queue event is dropped.

brviced according to_the Queue_Processing_Protocol, by default in
aperiodic, sporadic;\timed, or hybrid thread declares multiple in event arj
dispatch triggers and more than one of these queues are nonempty,
y value gets.serviced first. If several ports with the same Urgency &
ing_Protécel is applied across these ports and must be the same fg
vent willbe’ serviced (global FIFO). It is permitted to define and use oth
bn-empty queues. Disciplines other than FIFO may be used for managing

(37) By default, one itelis dequeued and made available to the receiving application through

coming event ports and
he ultimate source of a
1ctively processing. The
perty association for the

tocol port properties
any associated data) is
etermines the action. If
the thread. The thread
hs runtime service. For
, the newly arrived or

a first-in, first-out order
d event data ports in its
he port with the higher
re non-empty, then the
r them. In the case of
br algorithms for picking
pach individual queue.

the port variable. The

Dequeue_Proto

col property specifies different dequeuing options.

empty. The Next_Value service call has no effect.

Individual items become accessible as port var

Next_Value service call.

OneItem: (default) a single frozen item is dequeued and made available to the source text unless the queue is

AllTItems: 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.

iable value through the

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.

dispatch.

Any items not dequeued remain in the queue and ar

e available for the next

(38) The Get_Count service call indicates how many items have been made available to the source text. A value of
zero indicates that no new item is available via a data port, event port, or event port variable. A value greater than
zero indicates that one or more fresh values are available.
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(39)

(40)

8.3.4

(41)

(42)

package Patterns
thread Voter
features
Input: in data gort [3];
Output: out datg port;
end Voter;
thread Processing

features

A port may have a Fan_Out_Policy property. This property indicates how the content is transferred through
outgoing connections. The content can be passed to all recipients (Broadcast), or the output is distributed evenly
to the recipients (RoundRobin), to one recipient based on content/routing information (Selective), or to the next
recipient ready to be dispatched (OnDemand). Broadcast, RoundRobin, and Selective pass on data and
events without queuing it, while onDemand requires a queue that is serviced by the recipients. The size of the
queue and other queue characteristics are specified as properties of the port with the fan-out.

An event or event data port with a fan-out policy of onDemand allows us to model a queue being serviced by
multiple recipients. For example, a queue on an incoming thread group port that is connected to multiple threads
allows sender output to be queued in a single queue and be serviced by multiple threads (see also Section 9.2.6).

Events and Subprograms

Any subprogram, thread, device, or

rocessor with an outgoing event port, i.e., out event, out event data, in out
event, in out event data, can be the source of an event. During a single dispatch execution, a thread may raise
zero or more events and transmit zero or more event data through Send_output runtime Service calls. It may also
raise an event al 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.

Events are receiyed through in event, in out event, in event data, add in out event data ports, i.e., incoming
ports. If such anp incoming port is associated with a thread and the)thread does not cdntain a mode transition
naming the port, then the event or event data arriving at this port is;tadded to the queue of the port. If the thread is
aperiodic or spor@dic and does not have its Dispatch event connected, then each eventland event data arriving
and queued at any incoming ports of the thread results in a separate request for thread dispatch.

Examples

Input: in data port;

Result: out data port;

end Processing;

thread group Redundant_Processing

features

Input: in data port;

Result: out data port;

end Redundant_Processing;

thread group implementation Redundant_Processing.basic

subcomponents

processing: thread Processing [3];
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voting: thread

connections

port processing.Result -> voting.Input

voter;

port Input -> processing.Input;

port voting.Output -> Result;

end Redundant_Processing.basic;

end Patterns;

8.3.5

Runtime Support For Ports

{Connection_Pattern => One_To_One;};

(43) The application program interface for the following services is defined in the applicable source language annex of
this standard. Thny are callable from within the source text

(44)

A Send_Output

runtime service allows the source text of a thread to explicitly cause-even

s, event data, or data to

be transmitted thjough outgoing ports to receiver ports. The Send_Output servicetakes a port list parameter that

specifies for whi

simultaneously.
codes indicating

subprogram Ser]d_Output
features
OutputPorts{ in parameter <implementation-dependent port list>;
-- List of gorts whose output is transferred
SendExceptidqn: out event data; -- exceptiodon if send fails to compl

end Send_Outpy

NOTES: The Send_Outpd

(45) A put_value rumtime service allows the source text of a thread to supply a data value to a

value will be tranpmitted at the next send_output call in the source text or by the runtin

time or deadline.

the failing port and type of failure.

t;

Ch ports the transmission is initiated. The send on all portscis’ consig
Send_Output is a non-blocking service. An exception is raised if the s

ered to occur logically
end fails with exception

t runtime service replaces the Raise_Event service in the original AADL standard.

port variable. This data
e system at completion

subprogram Put] _Value

features
Portvariablg: requires data access; -- reference to port variable
DataValue: in_parameter; -- value to be stored
DataSize: in parameter; - size in bytes (optional)

end Put_Value

7

(46) A Receive_Input runtime service allows the source text of a thread to explicitly request port input on its incoming
ports to be frozen and made accessible through the port variables. Any previous content of the port variable is

overwritten, i.e., any previous queue content not processed by Next_value calls is discarded.

The

Receive_Input service takes a parameter that specifies for which ports the input is frozen. Newly arriving data

may be queued, but does not affect the input that thread has access to (see Section 9.1). Receive_Input is a
non-blocking service.
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subprogram Receive_Input
features
InputPorts: in parameter <implementation-dependent port list>;
-- List of ports whose input is frozen
end Receive_TInput;
(47) In the case of data ports the value is made available without requiring a Next_Value call. The Get_Count will
return the value 1 if the value has been updated, i.e., is fresh. If the data is not fresh, the value zero is returned.

(48) In the case of event data ports each data value is retrieved from the queue through the Next_value call and made
available as port variable value. Subsequent calls to Get_value or direct access of the port variable will return

this value until the next Next_value call.

(49) In case of event {
of the queue. If
property may spe|
(50) A Get_valueru
of a port variable

to be returned, ur

subprogram Gef

features

Portvariablqg:

DataValue: d

DataSize: iny
end Get_Value;

(51) AGet_Countru
data value is ava
are available to th

subprogram Gef

features

Portvariablqg:

CountValue:

orts and event data ports the queue is available to the thread, i.e., Get ¢
the queue size is greater than one the Dequeued_Items propetty-an
cify that more than one element is made accessible to the sourcetext of a

The service call returns the data value. Repeated calls to’'Get_value
less the current value is updated through a Receive {ITnput call or a Nej

_Value

requires data access; -- reference to port variable

ut parameter; -- value beinglZetrieved

parameter; - size in byttes (optional)

ntime service shall be provided that allows the source text of a thread to d
lable on a port variable, and in case of queued event and event data po
e thread in the queueA count of zero indicates that no new data value is

_Count
requires data access; -- reference to port variable

out parameter BaseTypes::Integer; content count of

ount Will return the size

d Dequeue_Protocol
thread.

ntime service shall be provided that allows the source text of a“thread to access the current value

result in the same value
rt Value call.

etermine whether a new
rts, who many elements
available.

bort variable

end Get_Count;

(52) A Next_value 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
Portvariable: requires data access; -- reference to port variable
DataValue: out parameter; -- value being retrieved
DataSize: in parameter; -- size in bytes (optional)
NoValue: out event port; exception if no value is available

end Next_Value;
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(53) A Updated runtime service shall be provided that allows the source text of a thread to determine whether input has

been transmitted t

0 a port since the last Receive_Input service call.

subprogram Updated

features
Portvariable

-- reference

FreshFlag: out parameter BaseTypes::Boolean;

end Updated;

to port variable

Processing Requirements and Permissions

(54) For each data or
buffer space with
must be allocated
annex of this star
variables may be
be allocated dyn
systems may req
property. In som
of source text.
service calls may

(55) The type mark ug

Language-specifi

facilitate verificati

For each event ¢
source name tha
this standard defi
source text. A m
have been specif
generated for incl

(56)

allocated statically as part of the source text data declarations.CAlternativ
hmically while the process is loading or during thread jnitialization. A 1
Lire the data declarations to appear within source files-that have been specified in the source text
b implementations, these declarations may be automatically generated for
A method of implementing systems may allow ditect visibility to the buffer variables. Runtime

ed in the source variable declaration must'match the type name of the pg
C annexes to this standard may specify restrictions on the form of a sourc
bn of compliance with this rule.

hes this name and defines the source constructs used to declare this nar

usion in the final set of source text.

event data port declared for a thread, a system implementation methog
n the associated binary image to unmarshall the value of the data type
to store a queue of the specified size for each event data port. /The app
dard defines data variable declarations that correspond to the data or ev

be provided to access the buffer variables.

r event data port declared for a\thread, a method of implementing the
can be used to refer to that event within source text. The applicable so

ethod of implementing systems may require such declarations to appea
ed in the source textproperty. In some implementations, these declaratio

in parameter <implementation-dependent port reference>;

-- true if new arrivals

must provide sufficient
Adequate buffer space
licable source language

bnt data features. Buffer
bly, buffer variables may
nethod of implementing

inclusion in the final set

rt data component type.

e variable declaration to

system must provide a
urce language annex of

he within the associated

within source files that

ns may be automatically

(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 progessing specifications is permitted to use non-standard property definitipns and associations to
define alternative|queuing disciplines.

(59) A method of implementing systems is permitted to optimize the number of port variables necessary to perform the
transmission of data between ports as long as the semantics of such connections are maintained. For example,
the source text variable representing an out data port and the source text variable representing the connected in
data port may be mapped to the same memory location provided their execution lifespan does not overlap.

Examples
package Nav_Types public
data GPS properties Source_data_Size => 30 Bytes; end GPS;
data INS properties Source_data_Size => 20 Bytes; end INS;
data Position_ECEF properties Source_data_Size => 30 Bytes; end Position_ECEF;
data Position_NED properties Source_data_Size => 30 Bytes; end Position_NED;

end Nav_Types;
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package Navigation
process Blended_Navigation
features
GPS_Data : in data port Nav_Types: :GPS;
INS_Data : in data port Nav_Types::INS;
Position_ECEF : out data port Nav_Types::Position_ECEF;
Position_NED : out data port Nav_Types::Position_NED;

properties

-—- the input rate of GDS 1o twice that of INGS
Input_Rate => 50.. 50, perSecond , Fixed ) applies to GPS_Data;
Input_Rate => 100.. 100, perSecond , Fixed ) applies to INS_Data;

end Blended_Navigdtion;

process implementgdtion Blended Navigation.Simple

subcomponents
Integrate : thyead;
Navigate : thregad;

end Blended_Navigdtion.Simple;

end Navigation;

8.4 Subprogram and Subprogram Group Access

(1) Subprograms and subprogram groups can be made accessible to other components. Comy
they require acg¢ess to subprograms.“and subprogram groups. Components may p
subprograms and subprogram groudps: Subprogram access is used to model binding of a
remote) to the subprogram instahce being called.

Syntax

-- The requires and provides subprogram access subclause

onents can declare that
rovide access to their
ubprogram call (local or

subprogram_access [: %2

defining subprogram access_identifier
( provides | requires ) subprogram access
[ subprogram unique_component_classifier_ reference

| prototype_identifier ]

subprogram _access_refinement ::=
defining subprogram access_identifier : refined to
( provides | requires ) subprogram access
[ subprogram unique_component_classifier_ reference

| prototype_identifier ]
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-- The requires and provides subprogram group access subclause

subprogram_group_access

defining subprogram group_access_identifier

( provides

[

| requires ) subprogram group access

subprogram group_unique_component_classifier reference

| prototype_identifier ]

subprogram_group_access_refinement

defining_subprnﬂrnm_ﬂrn17p_:~zr‘r‘acc_'i dentifiex

refined to

( provideJ | requires ) subprogram group access

[
| prototyy

subprogi

am_group_unique_component_classifier_reference
]

e identifier

Naming Rules

The defining identifier of a provides or requires subprogram or subprogram group acce

namespace of the component type where the subcomponent access is de
ntifier of a provides or requires subprogramgor’ subprogram group refin
of a provides or requires subprogram :Or* subprogram group or an
component type being extended.

ype identifier or component impleméntation name of a subprogram or su
e, if present, must exist in the package namespace.

ntifier of a subprogram or,subprogram group access classifier reference,
the classifier that contains-the access declaration.

Legality Rules

The category of the subprogram\or subprogram group access declaration must be identic

and of the €omponent implementation) in the referenced subcomponent
st be anlabstract feature. In the latter case, the abstract feature mu

subprogram group access declaration that does not specify a subcompo

ss declaration must be
clared.

ement must exist as a
abstract feature in the
bprogram group access
if present, must exist in
bl to the category of the

classifier or the feature
st not have a direction

nent classifier reference

Cch a reference can be added In a subcomponent access refinement decla

of the subcomponent classifier reference is optional.

(N1)
unique within the
(N2) The defining ide
defining identifie
namespace of the
(N3) The component t
classifier referend
(N4)  The prototype idq
the namespace o
(L1)
component type
being refined md
specified.
(L2) A subprogram or
is incomplete. Su
(L3)
(C1)

Consistency Rules

ration.

A subprogram or subprogram group access declaration may be refined by adding a property association. Inclusion

A provides subprogram access feature indicates that a subprogram is made available to be referenced. A project

may enforce a consistency rule that a subprogram access connection connects this feature to directly a
subprogram subcomponent, or indirectly via a requires subprogram (group) access or provides subprogram (group)

access.

Standard Properties

-—- Subprogram call rate for subprogram access

Subprogram_Call_Rate:

Rate_Distribution

Rate_Spec => 1.0;

)

( Value_Range => 1.0
=> Fixed;

Rate_Unit => PerDispatch;
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Queue_Size: aadlinteger 0 .. Max Queue_Size => 1

Queue_Processing_Protocol: Supported_Queue_Processing_ Protocols => FIFO

Overflow_Handling_Protocol: enumeration (DropOldest, DropNewest, Error)

=> DropOldest

Urgency: aadlinteger 0 .. Max Urgency

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

Semantics

A required subprogram (group) access declaration indicates that a component requires access to a externally
declared subprogram (group). Required subprogram (group) accesses are resolved to subprogram (group)
subcomponents through access connection declarations.

A provides subp \ccess to a subprogram
(group) subcomponent contained in the component. Provided subprogram (group),ac¢esses can be used to
resolve required gubprogram (group) accesses.

A subprogram that is accessed by more than one component is shared and“must be [reentrant. The shared
subprogram may |pe called by multiple threads. This may result in concurrent‘access to shgred data components.

If a different thread provides access to a subprogram then the call is remote, i.e., executefd by the thread with the
provides subprogram access feature. Otherwise the call is a local call§j.e?, executed by the falling thread.

In case of a remate subprogram call, the requesting thread calls<a-local proxy that carries |out the service request.
The proxy may mparshall 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 the remote thread. ;While the call is in progress, the galling thread is blocked.
Upon completion|of the remote subprogram execution and return of results, the calling thread resumes execution
by entering the rdady state. A semi-synchronous remote call may be supported where the galling thread may issue
the call and wait for the result at a later 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 évent data and the subprogram call is a remote call, then the raised event
in the subprogran is mapped to the corresponding event or event data port of the caller subprogram proxy.

Each provides sybprogram access-feature of a thread that represents an entrypoint to g remotely callable code
sequence in the pource text,~A>request for execution of such a subprogram is a dispatgh request to the thread
containing the sdibprogram=“Requests for execution of subprograms may be queued [f the thread is already
executing a disgatch request. A thread can have multiple subprogram entrypoints, |expressed by multiple
subprogram accgss feature declarations. Only one of these subprograms may be execufed per thread dispatch.
Queuing and quele-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.

Call_Rate specifies the number of times per dispatch or per second at which a subprogram is called.
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Examples

-- a remote procedure call from one thread to another thread
package RemoteCallExample
public
system implementation simple.impl
subcomponents
A: process caller P.i;
B: process remote P.1i;

connections

subprogram accdss A.DoCalc -> B.DoCalc;

end simple.impl;

process remote_P
features
DoCalc: providgs subprogram access Calc;

end remote_P;

process implementgtion remote_ P.i
subcomponents
tl: thread Remqte;
-- other subconponent declarations
connections
subprogram accgss tl.MyCalc ->.DeCalc;

end remote P.1i;

thread Remote

features

MyCalc: providis subprogram access Calc;

end Remote;

process caller_P
features
DoCalc: requires subprogam access Calc;

end caller P;

process implementation caller P.1
subcomponents
Q: thread caller;

connections
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subprogram access DoCalc -> Q.MyCalc;

end caller P.1i;

thread caller
features

MyCalc: requires subprogram access Calc;
end caller;

end RemoteCallExample;

-- A Printer Servgxr—Example
package PrinterSeyverExample
public

process printexns

features

printonServdgr: provides subprogram access print;

mainPrinter:{ in event port;
backupPrintdr: in event port;

end printers;

process implemgntation printers.threaded
subcomponents
A : thread printer in modes ( modeA );
B : thread grinter in modes { modeB );

connections

printtoA: sybprogram access A.print -> printonServer in modes

printtoB: sybprogram\@ccess B.print -> printonServer in modes

modes

modeA: initial \mode;

(mod.
(mod.

PA) ;

EB) ;

modeB: mode;
modeA -[ backupPrinter ]-> modeB;
modeB -[ mainPrinter ]-> modeA;

end printers.threaded;

thread printer
features
print : provides subprogram access print;

end printer;

subprogram print
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features
filetoprint: in parameter file;

end print;

data file

end file;

process ApplicationSystem

end ApplicationSystem;

process implementation ApplicationSystem.default
subcomponents
app: process ApplicationSystem;
printserver: process PrintServer;
connections
subprogram accgdss printserver.print -> app.print;
end Applicationgystem.default;

end PrinterServerBExample;

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 réference representing the data type.

Syntax

parameter ::=
defining parameter_idemtifier
(in | ouy | in out ) parameter

[ data_unique_‘¢omponent_classifier_reference

prototyge-identifier ]

parameter_refinement ::=
defining parameter_identifier : refined to
( in | out | in out ) parameter
[ data_unique_component_classifier_reference |
prototype identifier ]
Naming Rules

(N1)  The defining identifier of a parameter must be unique within the namespace of the subprogram type containing the
parameter declaration.

(N2) The defining parameter identifier of a parameter refinement declaration must also appear in a feature declaration of
a component type being extended and must refer to a parameter or an abstract feature.
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(N3) The data classifier reference must refer to a data component type or a data component implementation.

(N4) The prototype identifier, if present, must exist in the namespace of the subprogram classifier that contains the
parameter declaration.

Legality Rules

(L1)  Parameters can be declared for subprogram component types.

(L2) A parameter declaration that does not specify a data classifier reference is incomplete. Such a reference can be
added in a parameter refinement declaration.

(L3) A parameter declaration may be refined by adding a property association. Inclusion of the data classifier reference
is optional.

(L4)  The parameter difection of a parameter refinement must be the same as the direction of the feature being refined.

If the feature bein

-- Properties sped
Source_Name:

Source_Text: inhen

containment hierarchy. Components can declare that they require access to externally ded

g refined is an abstract feature without direction, then all parameter directi

Standard Properties

ifying the source text representation of the’parameter

aadlgtring

it list of aadlstring

Semantics

A subprogram pafameter specifies the data that are passed into and out of a subprogram.
and the data type of the actual data passed to a subprogram must be compatible according to the

tching_Rule.

heter declaration represents' a parameter whose value is passed in
bd by reference are madéled using requires data access.

Data Component Access

access is used*to model shared data. Data components can be made

provide-access to their data components.

(2)
for the parameter
Classifier_M4g
(3) An in out parar
Parameters pass
8.6
(1) Data component
Components may
(2) The use of comp|

subcomponents

ppent access for data components is |Ilustrated in Flgure 12. Data2, Th

bNns are acceptable.

The data type specified

and returned by value.

accessible outside their
lared data components.

read1, and Thread2 are

called Datal. Data1l is

made accessible outS|de Thread1 through a prowdes data access feature declaratlon in the thread type of

Thread1.

thread type of Thread2. Thread1 accesses data component Data2.

Data
sha

Thread?2

Provides data access |

Data access connection = =55 5%
! \\

ol

Data2

component being
red from within a
component

Requires data access Data component

shared

Figure 12 Containment Hierarchy and Shared Access

It is being accessed by Thread2 as expressed by a requires data access feature declaration in the

being
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Syntax

-- The requires and provides subcomponent access subclause

data_access ::=

defining data_component_access_identifier

( provides

| requires ) data access

[ data_unique_component_classifier_reference

| prototype_identifier ]

data_access_refinement ::=

defining data|

( providesg | requires ) data access

[ data_uni

| prototyq

(N1)  The defining iden
the component ty

(N2) The defining identifier of a provides or requires data access refinement must exist as 3

provides or requ
component type &

(N3) The component t
in the package nd

(N4)  The prototype id
declaration.

(L1)  The data access

(L2) A data access dgclaration may be refined by refining the data classifier, by adding a prg

doing both. If the

component_access_ldentirier : rerined to

que_component_classifier_reference
e identifier ]

Naming Rules
tifier of a provides or requires data access declaration must be unique
be where the data access is declared.
res data access or as a defining identifier of an abstract feature in

eing extended.

pe identifier or component implementation name of a data access classi
mespace.

pntifier, if present, must’exist in the namespace of the classifier that cq

Legality Rules

classifier reference must be of category data.

refinement only adds a property association the subcomponent classifier r

vithin the namespace of

defining identifier of a
the namespace of the

ier reference must exist

ntains the data access

perty association, or by
bference is optional.

Consistency Rules

(C1) A data access declaration that does not specify a data classifier reference is incomplete. Such a reference can be
added in a data access refinement declaration.

(C2) 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 must be write-only. If the abstract feature does not have a specified direction, then any access

right is acceptable.
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Standard Properties

Access_Right : Access_Rights => read_write

-- access time range for data access

Access_Time: record (

(3)

(4)

(5)

(6)

(7)

package Example

First: IO_Time_Spec ;

Last: IO_Time_Spec ; )

=> ( First =>(Time => Start; Offset => 0.0 ns .. 0.0 ns;);
Last => (Time => Completion; Offset => 0.0 ns .. 0.0 ns;); )
Semantics

A requires data |access declaration in the component type indicates that a componen
component declared external to the component. Required data accesses~are re
subcomponents through access connection declarations. For data components,different fg
such as read-only access, are specified by a Access_Right property. Read-only acceg
through a directignal access connection from the data component to thesequires data acc
only access is spgcified through a directional access connection to the data component.

A provides data d4ccess declaration in the component type indicates'that a subcomponent p
component contajned in the component. Provided data accessesCcan be used to resolve
access. For datgl and bus components different forms of provided access, such as read-of
by a Access_Right property or be directional access connections.

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
ly access, are specified

If a data access feature is a refinement of an abstract-feature, then the direction of the absfract feature, if specified,

imposes a restriclion on the data flow, i.e., in implies yead-only, and out implies write-only.

Shared data may|be accessed by multiple threads. Such potential concurrent access is co
Concurrency_(dontrol_Protocol property.

Access_Time specifies the time range over which a component has access to a shar
default access is|required for the duration of the component execution. The value of a sh
read or written {hrough the use .0f a data variable that represents the shared data

Get_value and put_value’service calls. Write access immediately updates the shared @

Examples

htrolled according to the

bd data component. By
ared data component is
component, or through
ata component.

system simple

end simple;

system implementation simple.impl

subcomponents

A: process pp.i;

B

: process Qgg.i;

connections

data access A.dataset -> B.Regdataset;

end simple.impl;
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process pp
features
Dataset: provides data access dataset_type;

end pp;

process implementation pp.i
subcomponents

Sharel: data dataset_type;

-- other subcomponent declarations

connections

data access Shdrel <-> Dataset;

end pp.i;

process qg
features
Regdataset: requires data access dataset_type;

end qg;

process implementdtion gg.i
subcomponents
Q: thread rr;
connections
data access Reddataset <-> Q.Regl;

end gg.i;

thread rr
features

Reqgl: requires |data-'access dataset_type;

end rr;

end Example;

8.7 Bus Component Access

(1) Bus components can be made accessible to other components. Components can declare that they require access
to externally declared buses. Components may provide access to their buses. Bus access is used to model
connectivity of execution platform components through buses.

(2) Figure 13 illustrates the use of a shared bus. Bus1 provides the connection between Processor1, Memory1, and
Devicel. In addition, the bus is being made accessible outside System1.
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Systemd Bus access
connection Provides
Processorl /’ Mernary bus access
i Bus1
Requires Devicel
bus access

Figure 13 Shared Bus Access
Syntax

-- The requires af

bus_access
defining bus 3

( provides

[ bus_unig

| prototyq

bus_access_refinern

defining bus_a

( providesg |

[
| prototyq

bus_unig

d provides Dbus access subclause

ccess_identifier
)

ue_component_classifier_reference

]

| requires bus access

e _identifier

ent
ccess_identifier refined to
)

ue_component_classifier_reéference

]

requires bus access

e _identifier

Naming Rules

ifier of a provides orrequires bus access declaration must be unique with
Vhere the bus access’is declared.

tifier of a provides or requires bus refinement must exist as a defining i

provides bus accgss or of amabstract feature in the namespace of the component type bei

Legality Rules

The data access classifier reference must be of category bus.

n the namespace of the

entifier of a requires or
extended.

ype identifier or component implementation name of a bus access classilier reference must exist

The prototype identifier, if present, must exist in the namespace of the classifier that contains the bus access

A bus access declaration may be refined by refining the bus classifier, by adding a property association, or by doing

both. If the refinement only adds a property association the bus classifier reference is optional.

Consistency Rules

(N1)  The defining iden
component type
(N2)  The defining idern
(N3) The component {
in the package ngmespace.
(N4)
declaration.
(L1)
(L2)
(C1)

added in a bus access refinement declaration.

A bus access declaration that does not specify a bus classifier reference is incomplete. Such a reference can be
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(C2)

imposes a restriction on the access right, i.e., in implies read-only, and out implies write-only.

Access_Right

a component declared external to the component.

Standard Properties

Access_Rights => read_write

Semantics

subcomponents through access connection declarations.

If a bus access feature is a refinement of an abstract feature, then the direction of the abstract feature, if specified,

A required bus component access declaration in the component type indicates that a component requires access to
Required bus accesses are resolved to actual bus

A provides bus access declaration in the component type indicates that a subcomponent provides access to a bus

bus access. For bus

(3)

(4)
contained in the
components diffe
property or by dir

(5) A bus that is acd

which processor,

package Example2
system simple

end simple;

system implementat
subcomponents

A: processor HJ

B: device Equig
connections

bus access A.US

end simple.impl;

processor PPC

component

Provided bus accesses can be used o resolve require

rent forms of provided access, such as read-only access, are specifie

pctional access connections.

pssed by more than one component is shared.
Imemory, and device components communicate.

ion simple.impl

rdware: : PPC;

ment : :DigCamera;

Bl <-> B.USB23

features

Examples

The shared bus-is a co

d by a Access_Right

mmon resource through

USBl: provides

end PPC;

device DigCamera
properties

USB2: requires
end DigCamera;

end Example?2;

bus access Hardware:

bus access USB;

:USB;
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9
(1)

(1)

(2)

connection ::=

Connections

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. Pata-acecess-conrnesctions-designate-aceessto-shared-data—cempenentsby concurrently executing
threads or by suljprograms executing within a thread. Bus access connections representytommunication between
processors, menjory, 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 created from the ultimate
source to the ultimate destination component by following a sequence of connection deglarations. The ultimate
source and ultimate destination typically are the active components inthé 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 detgiled to the thread level,
connection instances are created between the leaf components inthe system hierarchy.

Syntax

defining connection_identifier : ]

feature_conrlection
port_connecfion
parameter_cdqnnection
access_conngction
feature_grodp_connecgien )

{ { property_association }"} ]

in_modes_and_ trardsitions ] ;

connection_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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Naming Rules

(N1)  The defining identifier of a defined connection declaration must be unique in the local namespace of the component
implementation with the connection subclause.

(N2) The connection identifier in a connection refinement declaration must refer to a named connection declared in an
ancestor component implementation.

(N3) For mode-specific connections, as indicated by the in_modes subclause, a connection name may appear more
than once.

Legality Rules

(L1) A connection refinement must contain at least one of the following: a connection source and destination subclause,
a property associfition, an in modes subclause.

(L2) If a semantic copnection may be active in a particular mode, then the ultimate source and ultimate destination
components must be part of that mode.

(L3) If a semantic conpection may be active in a particular mode transition, then the Ultimate soyrce component must be
part of a system mode that includes the old mode identifier and the ultimate ‘destination component must be part of
a system mode that includes the new mode identifier.

Semantics

(3) Connections define directional and bidirectional connectivity. Between abstract features, |ports, access features,
parameters, and between feature groups.

(4) Connections can have properties. Connections can be defined to be active in certain modes or in mode transitions,
as indicated by the in modes subclause.

9.1 Feature Connertions

(1) A feature connegtion can be declared-between two abstract features of components. If the features specify a
direction, then the¢ source of the connection is the feature with the out direction and the destination is the feature
with the in directipn. Otherwise, the connection is considered to be bidirectional.

(2) A feature connettion canlalso be declared to refer to concrete features, i.e., ports, parameters, and access
features. In thid case; ‘the type of connection is inferred from the categories of the features involved in the
connection.

Syntax
feature_connection ::=

source_feature_reference connection_symbol

destination feature_reference

connection_symbol ::=

directional_connection_symbol | bidirectional_connection_symbol

directional_connection_symbol ::= ->

bidirectional_connection_symbol ::= <=>
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feature_reference

-- feature in

the component type

component_type feature_identifier |

-- feature in

a feature group of the component type

component_type_feature_group_identifier . feature_identifier |

-- feature in

subcomponent_identifier .

a subcomponent

feature identifier

feature_connectior

source_featurd

destination_fe

(N1) A source or des
reference a featt
feature of one o
parameters, or ad

(N2)  The subcompone

(L1)
device, or proces

The direction declared f
declared for the source

_rerinement

_reference connection_symbol
ature_reference

Naming Rules
tination reference in a feature connection or feature\eonnection refin
re declared in the component type, a feature in a /eature group of th
f the subcomponents. The source and destination features must be
cess features.
ht reference may refer to a subcomponent of'a subcomponent array.

LegalityRules

The feature idenfjfier of a subcomponent reference-may refer to a feature array, if the sut

5Or.

br the destination feature of a feature connection declaration must be com

eature as defined by«the following rules:

nection declaration represents a connection between features of siblin
n outgoing feature and the destination must be an incoming feature.

ment declaration must
component type, or a
bstract features, ports,

A

[«

component is a thread,

pbatible with the direction

components, then the
outgoing feature is an

Af
ith no direetion or out direction, an outgoing port or parameter with an odit or in out direction, or

, in the_case of data access with at least write access. An incoming featd
br in direction, an incoming port or parameter with an in or in out directiq

h aceess with at least read access.

re is an abstract feature
n, or an access feature,

the source and destination must both be outgoing features.

nd destination must both be incoming features.

supported by the direction of the source and destination features.

(L2) If the feature cor
source must be 4
abstract feature w
an access feature
with no direction
in the case of dat

(L3)

(L4)
then the source a

(L5)

(L6)

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
Connection_Pattern:

Connection_Set:

(3)

9.2

(1)

(2)

(3)

(4)

(5)

Standard Properties

inherit list of classifier (virtual bus)

list of Supported_Connection_Patterns

list of Connection_Pair

Semantics

Feature connections represent connections between abstract features, or between an
concrete feature. Connection patterns are specified as described in Section 9.2.3.

inherit list of Supported_Connection_QoS

abstract feature and a

Port Connectigns

Port connectiong represent directional transfer of data and control betweeh two
components, i.e.| between threads, processors, and devices. They are feature-connecti
destination are limited to ports and data access.

These connectiorls are semantic port connections. A semantic port connéction is determing
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, ordevice component, or is a data ¢
destination of a demantic port connection is an incoming port of a thread, virtual process
component, or is [a 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. “An 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 _poftt-of a subcomponent. In other words, these connections tra

concurrently executing
ons, whose source and

bd by a sequence of one
nt hierarchy in a fully
odel the ultimate source
inment hierarchy, i.e., a

c port connection is an
bmponent. The ultimate
br, processor, or device
but ports either port can

brocesses and systems,
n outgoing port of one
nponents at the highest
on declaration maps an
hing port of a containing
verse up and down the

containment hiergrchy.

System Simple
Process & Process B

i Thread P Thread @
b o o o o .Jk.: J‘;r --------- !

X/X JMmmedemmmMH
timate source Hierarchical

connections bling
connection > Fort

Figure 14 Semantic Port Connection

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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(6) 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).

(7) 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 detalil).

(8) 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

port_connection : =

port

source_port_|connection_reference
connection_symbol

destinatiojp_port_connection_reference

port_connection_rgfinement ::=
port
[ source_pqrt_connection_reference Gonnection_symbol

destinatijon_port_connection_réfierence ]
port_connection_rgference ::=
-- port in the component! type

component_type port_identifier

-- port in a.sdbcomponent

subcomponentt_“identifier . 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_element_identifier

-- requires data access in the component type

component_type requires_data_access_identifier

-- data subcomponent
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-- Note: data porty, event data port, and event port coerinections

-- are replaced by port connections in AADL V2

(L2)

data_subcomponent_identifier

-- 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_subcompanen t_identifiecxr data _subcomponen t_identifiecxr

-—- procesqor port

processor . |processor_port_identifier

-- compongnt itself as event or event data source

self . eventl _or event_data_source_identifier

Naming Rules

The connection |dentifier in a port connection;-refinement declaration must refer to a
connection declaled in an ancestor componentimplementation.

A source or destination reference in aport connection or port connection refinement decle
port declared in the component type] a port of one of the subcomponents, or a port that is
group in the component type, or it_must refer to a requires data access in the compone
access in one of the subcomponents, or a data subcomponent.

The subcomponent reference may also consist of a reference to a subcomponent array.

The event identifier of>an event source specification (self.event_identifier) must be unique

named port or feature

ration must reference a
an element of a feature
nt type, a provides data

among event source or

destination identifiers of the given component.

Legality Rules

The ultimate source of a directional semantic port connection must be an outgoing port of a thread, virtual
processor, processor, or device, or must be a data component. The ultimate destination of a directional semantic
port connection must be an incoming port of a thread, virtual processor, processor, or device, or must be a data

component, or a mode transition of a system, process, thread group, thread, virtual p
device. In the case of a bidirectional port connection both ports must be in out ports or
read_write access. The source feature referenced in a port connection declaration must
thread group, process, virtual processor, processor, device, or system component or a

rocessor, processor, or
a data component with
be a feature of a thread,
data component. The

destination feature referenced in a port connection declaration must be a feature of a thread, thread group,

process, virtual processor, processor, device, or system component.

The feature identifier of a subcomponent reference may refer to a feature array, if the subcomponent is a thread,

device, or processor.
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(L3)

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.

event port -> event port data, data access -> data
data port -> data port, event data port, event port data port, event port

event data port -> event data port, data port, event port data access

data port, event data port -> data,

port, event

The direction declared for the destination port of a port connection declaration must be compatible with the direction
declared for the source port(s) as defined by the following rules:

(L13)

(L14)

(L15)

If the port conneg¢tion declaration represents a connection between ports of sibling comppnents, then the source

must be an outgojng port and the destination must be incoming ports.

If the port connegtion declaration represents a connection between ports up the-eontainn
source and destirjation must both be outgoing ports.

nent hierarchy, then the

If the port connedtion declaration represents a connection between ports‘down the containment hierarchy, then the

source and destirjation must both be incoming ports.

If the port connegtion declaration represents a connection between'a data component or dg
port, then the date component must have the following access right: as source the access|
or read-write; as @lestination the access right must be write-only-or read-write.

The individual cohnections of a semantic port connection must be bidirectional or have t

ta access feature and a
right must be read-only

e same direction. The

direction of the cgnnection is determined by the direction of the source and destination feajure and by the direction

of the connection|declarations.

Self.<identifier> i$ outgoing must only be referenced as the source of a connection.

A data port cannot be the destination\of ' more than one semantic port connection unl¢ss each semantic port

connection is contained in a differentode.

A semantic conngction cannot.contain connection declarations with both immediate and dg
values.

If a port connectjon refinement specifies a source and a destination, then the source 4
identical to those| of the-connection being refined, or the source or destination being refin
feature.

blayed Timing property

nd destination must be
ed must be an abstract

A port connection refinement may refine the connection direction from bidirectional to directi

For connections between data ports, event data ports and data access, the data classifier

onal.

of the source port must

match the data type of the destination port. The Classifier_Matching_Rule property specifies the rule to be
applied to match the data classifier of a connection source to the data classifier of a connection destination.

The following rules are supported:

Classifier_Match: The source data type and data implementation must be identical

to 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.
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(L16)

(L17)

Timing
Connection_Pattern:

Connection_Set:

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.

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

ne
= 4w

Conversion:

data type requjres a conversion to the destination port data type.
specified as Supported_Type_Conversions property with pairs of classifiervalues

matches. The

specifies the acpeptable destination classifier. The Supported_Type_Conyversions p

globally as a pr

the destination
If more than one
connection prope

A processor port

There cannot be

The processor pq
port of the proces

The Supports_|
specifies the subs
bus or bus must 4

The Supports_'
subset matches 3
must be supporte

mapping of the source port data type to the destination port data type,
Acceptable data

rst element of each pair specifies the acceptable source classifier, wh

perty constant. A virtual bus or bus must support the conversion from the
lassifier.

port connection declaration in a semantic port connection has a property
rty, then the resulting property values must be identical.

specification must only be used in event connéctions within threads and su
Consistency-Rules
Lycles of immediate connections between threads, devices, and processor

rt identifier of a processor pari-specification (processor.processor_port|
sor that the thread is bound f{o.

"lassifier_SubsétiMatches 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.

vpe_Convérsions 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.

where the source port
classifier matches are
epresenting acceptable
ile the second element
operty may be declared
source data classifier to

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

Standard Properties

Transmission_Type:

Required_Connection_Quality Of_Service

enumeration

(sampled, immediate, delayed) => sampled

list of Supported_Connection_Patterns

list of Connection_Pair

enumeration ( push, pull )

Allowed_Connection_Binding Class:

inherit list of classifier (processor, virtual processor, bus, virtual
memory)
Allowed_Connection_Binding: inherit list of reference (processor,
virtual bus, device, memory)
Not_Collocated: record (

virtual processor,

inherit list of Supported_Connection_QoS

bus, device,

bus,
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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)
Semantics
9.2.1 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 cj;LLemmeLaddmg_a_m_madﬁJubﬂausg_and_bLMDg_nmpﬂny associations for the
connection in a cpnnection refinement declaration.
A port connectio
connection is part
of this subclause

(11) h declared with the optional in_modes_and_transitions sub¢lause specifies whether the
of specific modes or is part of the transition between two specific.modes.| The detailed semantics
pre defined in Section 12.
(12) While in a given
mode.

mode, transmission over a port connection only occufs if the connectign is part of the current

(13) During a mode sV
port connection is
transmission. Th

event or event d

vitch, transmission over a data port connection oty occurs at the actual time of mode switch if the
declared to apply to the transition between two specific modes. The actlial mode switch initiates
is allows data state to be transferred between threads active in different modes. Similarly, for
a ports it allows for transfer of queue content.

(14)

Port connections| may refer to an event source spegification (self.eventname). An ev¢
indicates that the@ component itself is the source'of an event. In the case of a thread
Send_Output system call or due to an event raised by the underlying runtime system, i.e
case of thread grpups, processes, and systems-it may represent the fact that a component
event, as specified by the Error Model Annex<(see Annex Document C).

(15) A thread or devige may be connectedto the port of a processor. For example, a health
receive the heart|beat events from several processors. In addition, a port connection ma
processor that an application software component is bound to (processor . <portname> ).
is the data conngction source,-then the transmission is initiated and completed when th
device is dispatched. In this case a data port can model a processor or device register tha
or device. If a dejice or'processor is the event connection source, then the occurrence of
the initiation of ar] event\transmission.

ent source specification
this may be due to a
, the processor. In the
fault is the source of an

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

(16) AADL supports thefolflowing port connection declarations:

as event and queued in the event port.

Event data port, data port, data (data access) -> event data port: data output or written

received as event data in a queued port.

Data port, event data port, data (data access) -> data port: Data output or written data is t

upon receipt as most recent value of a data port variable, i.e., the data port samples data.
A port connection to a mode transition is declared by naming the event port or event
transition declaration (see Section 12).

(17)

Event port, data port, event data port, data (data access) -> event port: port output or written data is recognized

data is transferred and
ransferred and available

data port in the mode
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9.2.2 Port Connection Topology

(18) The AADL supports n-to-n connectivity for event and event data ports. 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.

(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 reptricted to 1-n connectivity, i.e., a data port can have multiple outgoing:cannections, but only one
incoming connection per mode. Since data ports hold a single data state value, multiple incoming connections
would result in miiltiple sources overwriting each other’s values in the destination pert-variable.

(21) Data ports can b¢ used to model aggregate data ports. If data ports are declared with a data component type that
has its data sulbcomponents externally visible through provides datar access declarations, then a separate
connection can Qe declared to each of these elements in the port ofthe enclosing component. 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 set of {hreads 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(t,,,...),
where t_, ... reprgsents the value of t at completion time. Similarly, the recipient thread mgy receive an element of
the aggregate dafa port of its enclosing process, or a subset of the elements. The latter is modeled by the classifier
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:dnd incoming connections unless any ports| that are elements of a
feature group plgce additional restrictions.( A destination feature group may be a subset of the source feature
group. Acceptablé matches are specified via the Classifier_Matching_Rule property|with values Subtype or
Subset.

(23) If a component hpas an in out pert,~this port may be the destination of a connection from pne component and the
source of a conpection to anéther component. This can be expressed by two direcfional port connections.
Bidirectional flow|between(two components is represented by a bidirectional port connecgion between the in out
ports of two comgonents:

9.2.3 Connection Parterns for Component Arrays and Feature Arrays

(24) The Connection_Pattern property specifies how semantic connections are replicated if the ultimate source and
ultimate destination are component arrays. The ultimate source or destination is a component array if it or any
enclosing component involved in the connection is declared as subcomponent array. The dimensions of the
ultimate source and 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 dimensions is from the
ultimate source/destination 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:
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(27)

(28)

(29)

An A11_To_Al1l 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.

A One_To_One value indicates that elements of the ultimate source array and the ultimate destination array have
pair wise semantic connections (Identity). 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.

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 2 o dimensions results in
a diagonal conn
A One_to_All
element in the
dimensionality t
replicated for eg
An All_to_On
single element i
dimensionality t
replicated for ea

ection.
value indicates that a single element of the ultimate source has_a.semantic connection to each
ultimate destination. This connection pattern is used when thé~destingtion array has a higher
han the source array. It specifies that any connection according’to the other dimensions is being
ch element in this destination dimension, i.e., the outputs are broadcast inf this dimension.
= value indicates that each array element of the ultimate source has a semantic connection to a
h the ultimate destination. This connection pattern is dsed when the destihation array has a lower
han the source array. It specifies that any connection according to the other dimensions is being
ch element in this source dimension, i.e., the outputs of this dimension afe connected to a single

fan-in point.
A list of Connect{ion_Pattern values permits more complex.patterns to be defined. Figyre 15 illustrates the use
of connection [patterns in a two-dimensional array. In more complex paltterns, the value of
( (Next,One_Tq9 One), (One_To_One,Next), (Previous, One_To_One), (One|lTo_One,Previous))
indicates conng¢ctions to all horizontal and\" vertical neighbors, while (|(Next, One_To_One),
(One_To_One, Next) , (Previous, One_To_One), (One] To_One, Previous),
(Previous, Prgvious), (Next,Previoug) (Previous,Next), (Next,Nexy)) includes diagonal
neighbors as well
\_<
(One=To_One , Next) (Next, One_To_One) (Next, Next)
'

(Next, Next),
(Next, Previous)

(One_To_One, Previous),
(One_To_One, Pext)

(One_To_One, One_To_One )

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_sSet 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
rows: port sensd

{ Connecti

end sensornet.impll;

9.2.4 Port Communi

(30) The content of in
port variable cont
events or event d
Input_Time prg
arriving after the
dispatch, or the n
(31) The output is tran
the output_Tim
specified by multi
(32) Event and event
Section 5.4.2. TH
and event data p
processed once,

ion sensornet.impl

ice sensor [10][10];
rarray.outgoing -> sensorarray.lncooming

on_Pattern => ((One_To_One, Next));};

cation Timing

coming data, event, or event data ports.is frozen for the duration of a th
ent as it is accessible to the component’application code is not affected by

ata. By default the input is frozen atthe 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
ext input time in the same dispatch, if multiple input time values are specifi

sferred to other comp@nents at completion time, i.e., ¢ = C_ .., O @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 ef data, event, and event data ports is processed at the dispatd
prts, the input is the queued set of items at Input_Time; each arrived ev
hnd items 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.

pecified 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)

(34)

(35)

(36)

Arrival of events on event ports can also trigger a mode switch if the event port is named in a mode transition
originating in the current mode (see Section 12). Events that trigger mode transitions are not queued at event
ports.

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.

An incoming data stream may be sampled periodically by a periodic thread, or it may be sampled at the rate at
which Aperiodic, Sporadic, Hybrid, and Timed threads are dispatched. 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.

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_oOut_Policy property of ports with multiple
outgoing connection declarations (see Section 9.2.6).

9.2.5 Sampled, Inmediate, 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

(39)

(40)

(41)

(42)

(43)

(44)

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.

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 P P € data stream I1s sampled non-deterministically
as illustrated in Fjgure 16. It shows two threads executing concurrently at 10 Hz and 20 on different processor
cores. The outpuj 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, since-the fourth dispatch of T2 occurs
before the second dispatch of T1 completes.

Periodic 10Hz Periodic 20 H2

Thread 1
Thread 2 y
]

—

Tz

1
T

Samplingtunnectiun

Figure 16 Sampling Data Port Connection

Port connections
Timing property
devices and the
Timing property

In an immediate
same dispatch fra
sender dispatch,

the receiver is aligned with the completion of the sender.

can also be declared to bé deterministic, i.e., they are declared to have a
value. If the ultimate source and destination of a semantic connection

N immediate or delayed
are periodic threads or

ultimate destination_is\a data port, then a semantic connection with af immediate or delayed

value imposes special communication timing semantics.

semantic cofinection the sender always communicates with the receive
ime. In this‘case the receiver, when dispatched at the same time or at th
waits forithe sender to complete its execution. The scheduler must ensu

In a delayed sem

r mid-frame, i.e., in the
e first dispatch after the
re that the execution of

antic connections the sender always communicates with the recipient p

ase-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.

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.

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 of a delayed connecfion may be initiaied at the fime of send, but the runiime sy$tem 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)

(51)

Perodic 10 Hz Periodic<10/Hz
ened enodt
Finbaiia ittt [TEm y | Pl Attt 1
/ Thread1 W—>>® Thread2 / Thread1 p—%—® Thrgad2 ;
e y f e S () I A M
Thread 1 Thread 1 .
Thread 2 . Y Thread 2 O N W o
L L 1 [ 1 1 1 [y
| T T L T T T L
T T L T, T T
Immediate Connection Delayed Connection

Figure 17 Timing of Inmediate & Delayed Data Connections

If the connectio 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 fhe sender (ciource

hd the receiver execution start time is delayed until the sender completes (cgestination = 0 A
L urce). BoOth the source and destination must complete their execution|by the deadline of the
deStination7 i-e-1 (:source = ccomplete,source A Cgestination™= Ccomplete,destination A tdest:inat:ionS Deadlinedestination)-
This rule is transitive for sequences of immediate semantic connections. Note that the output may occur at a time
before completign as specified by the Output_Time property. In this case, clompiete,source bECOMES

Ccomplete B source) a

<

Csource=Ccomplete,

Coutputft ime, source

For delayed data |perticonnections data transmission is initiated at the deadline of the sourde component (tsource =
Deadlinegqyrce, e the aoutput time of the source data port is Deadl -iv\a_"r‘-ima) The 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 de
default a queue o

Ports that are pa

stination of a semantic port connection is an event port or event-data po
f size one. The size of this queue can be changed by explicitlywith the Qu

t of the sequence of connection declarations of a semantic-connection ¢

rt, then this port has by
eue_Size property.

hn have a fan-out policy

called of onDemgnd. Such a fan-out policy results in queuing of datayand events for retrieval 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 onDemand fan-out policy and more than one qutgoing connection; in the cgse of a single outgoing
connection the oytput can be passed on without queuing.

a semantic connection,
hDemand fan-out policy,
put into its queue. If a
fan-out policy, then that

If the port of the yltimate destination of a semantic connection does not receive input from
then it services the queue of the last port in its connection declaration sequence with an o
more than one olitgoing connection, and at least.one semantic connection that provides i
port with an onDgmand fan-out policy only receives input from one port with an OnDemand
port is the port to pe serviced.

If the ultimate degtination is a thread erdevice with multiple ports that can trigger a dispatch
according to the nules specified forthe“Urgency property in Section 8.3.3.

, then they are serviced

More complex qyeue processing patterns can occur if a port with onDemand fan-out pdlicy 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 fromrmultiple 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 bg chosen according to a
fan-in prioritizatiop ©f\the port.

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. A method of
building systems jnay define additional error semantics and error detection mechanisms anfd associated application
programming intefrfaces.

Port connections
operations to the

(64)

Deterministic com
of implementatior
send and receive
the two commur
immediate and d¢

(65)

NOTES:

All data values that arrive
resources associated with
semantic rules for data co
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 é
thread between the time it

can have shared data components as source. This requires theruntime
data component. A method of building systems may choose to 10t suppor

munication expressed by immediate and delayed connections must be gu

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.

At the data ports of a receiving thread are\immediately transferred at the logical
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’ 6f time between a dispatch event and a delay
ection. That is, data values-wilk never be transferred into a thread’s data ports
bmpletes executing and suspends awaiting a new dispatch unless such an input ti

9.3 Parameter Co

(1)

system to monitor write
this capability.

aranteed by the method

within a synchronization domain. Even if the transmiSsion is initiated aId completed by explicit

nd and receive order of
choose not to support

drrival 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
me is specified through the

A
patch of a receiving thread
never be transferred into a

ata values may bé queued in accordance with the queuing rules defined in th¢ port features section.
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 execuating and the time it completes and suspends awaiting a new dispatch.

f subprogram calls in a

thread. Parameter connections 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
caonnection,’

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 subprogram

Syntax

parameter_connection ::=
parameter soujpce parameter_reference

directiondl_connection_symbol destination_parameter_reference

parameter_connection_refinement ::=

parameter

parameter_referende ::=
-- paramefler in the thread or subprogram type

component_type parameter identifier( [¥ . parameter_identifier ]

-- paramefler in another subprogram call

subprogram _dall_identifien” ™ parameter_identifier

-- data oy event data port in the thread type
-- or an dlement ot that port’s data

component_typetport_identifier [ . data_subcomponent_identifier ]

-- 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

-- port or parameter element in a feature group of the component type

component_type_ feature_group_identifier [ . element_port_identifier ]
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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 data component.

Legality Rules
(L1)  The source of a parameter connection must be an incoming data or event data port of the containing thread, an

incoming parame ; la 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 -> cdjll.parameter requiresdataaccess > call.paramefer
threadfeaturegrpupport -> call.parameter featuregrouprequiiresdataaccess -3 call.parameter
call.parameter -p> threadport call.parameter -> requiresdataaccgss
call.parameter - threadfeaturegroupport call.parameter -> featuregroupreqyiresdataaccess
call.parameter -p threadincompletefeaturegroup call.parameter -> threadincompletgfeaturegroup
call.parameter -p call.parameter datasubcomponent -> call.parameter
enclosingcall.pgrameter -> containedcall.parameter | call.parameter -> datasubcompongnt
containedcall.pgrameter -> enclosingcall:parameter

(L3) A parameter cannot be the destination feature reference of more than one parameter conngction 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) The data classifier \of "the source and destination must match. The matching ruleg as specified by the
Classifier MatcHing Rule property apply (see Section 9.2 (L14)). By default the ¢lata 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.

(6) 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.
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(7) The optional in_modes 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 Access Connections

(1) Access connections represent access to shared data components by concurrently executing threads or by
subprograms executing within thread. They also denote communication between processors, memory, and devices
by accessing a shared bus. Finally, they represent a subprogram call to a specific instance 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. Access connections for subprograms and buses are bidirectional. Data and bus access connections
may be bidirectiohal or directional. I they are directional they indicate write or read access$ to the data component

or bus component.

(2) A semantic accegs connection is defined by a sequence of one or more individual-access

that follow the co

connection declarations

ponent containment hierarchy from an ultimate source to an uftimate destination.

(3) 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 case of directional data access ¢onnections the ultimate
soruce 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

may be a provide

(4) Figure 19 illustrat

5 access feature of a component without subcomponents.

System Simple
Process & Process B
Datab -i%é;J&-?
z A | e
timate source Prnvidedxaccem\ ! f’zﬁéqdired ACCEEE  Uimate destination

Arccess connection

Figure 19 Semantic Access Connection For Data Components

case of a write access. In the case of partial AADL models, the ultimate source or destination

es a semantic data connection from the data‘component D to thread Q. The access connection is
bidirectional, thug, the data component could be the ultimate destination as well.

(5) The flow of data of a semantic dafa 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

access_connection

consistent with the access rights.

Syntax

[ bus | subprogram | subprogram group | data ] access

access_provider_reference

access_connection_refinement ::=

[ bus | subprogram | subprogram group | data ] access

connection_symbol access_requirer_reference
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access_reference ::=

-- requires or provides access feature in the component type

requires_access_identifier | provides_access_identifier

-- requires or provides access feature a feature group of the component type

feature group_identifier [ . requires_access_identifier ]

feature group_identifier [ . provides_access_identifier ]

-- provided or requires access in a subcomponent

subcomponent_identifier . provides_access_identifier

subcomponent]_identifier . requires access_identifier

-- data, dqubprogram, subprogram group or bus being accessed

data_subprodram_subprogam group_or_bus_subcomponént_identifier

-- subprodgram a processor being accesged
processor . |provides subprogram access_identifier

Naming Rules

(N1)  The connection iglentifier in an access connection refinement declaration must refer to a named access or feature
connection declated in an ancestor component implementation.

(N2) A provider reference in an access-connection declaration must reference a provides access feature of a
subcomponent, & requires access .feature in the component type of the containing compdnent, a requires access
feature in a feature group of ‘the containing component type, an incomplete feature group of the containing
component type, [or a data‘orbus subcomponent. A requirer reference in an access connection declaration must
reference a requires aceess feature of a subcomponent, a provides access feature in thg component type of the
containing component,{ar provides access feature in a feature group of the containing [component type, or an

incomplete feature @roup of the containing component type.

Legality Rules

(L1)  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.

(L2)  In the case of a bidirectional semantic access connection either the provider of a component or the requirer may be
the ultimate source. In the case of a directional semantic access connection the component being accessed must
be the ultimate source for read access from the component, and the ultimate destination for write access to the
component. In a partial AADL model the ultimate source or destination may be a provides access feature of a
component instead of the subcomponent.

(L3)  For directional access connections between data or bus access features, the direction declared for the access
connection must be compatible with the direction of the read or write access based on the access rights.

The provides and requires indicators of source and destination access features must satisfy the following rules:
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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.

If the access connection declaration represents a feature mapping up the containment hierarchy, then the source
and destination must both be a provides access; or the source must be a data, subprogram, or bus
subcomponent, and the destination a provides access or an incomplete feature group.

If the access connection declaration represents a feature mapping down the containment hierarchy, then the
source and destination must both be a requires access; or the source must be a data, subprogram, or bus
subcomponent or an incomplete feature group, and the destination a requires access.

A requires access cannot be the source or destination feature reference of more than one access connection
declaration unless the source feature reference(s) of each access connection declaration is (are) contained in a

different mode. In this case, the restriction applies for each mode.

(L5)

(L6)

(L7)

(L8)  For access conn
according to the
Section 9.1).

(L9)  If more than one
then the resulting
read-write acq
read-write acd
requirer specifies
method access.

(L10) The category of

specified as part
data, subprogra

Connection_Patterr]:

Connection_Set: 1i

A data access co
subprograms exe
access to subpro

(6)

bctions the classifier of the provider access must match to the classifier

access feature in a semantic access connection has an Access_Rig}
property values must be compatible. This means thatdhe provider must
ess if the requirer specifies read-only. Similarly,‘he provider must j
ess if the requirer specifies write-only. The provider must provide re
read-write. Finally, the provider must provide by-method access if th

the access connection source and destination must be identical. If the
bf the connection declaration, then it niust be identical to that of the sourc
m, and subprogram group are acceptable categories.

Standard Properties

list of Supported™€onnection_Patterns

st of Connection-Pair

Semantics

nnectiontepresents access to a shared data component by concurrently
cuting/within thread. A subprogram access or subprogram group acces
gram code or a library that calls can be made to. The call may be a re

of the requires access

Classifier_Matching_Rules property. By default the classifiers must be the same (see

1t property association,
provide read-only or
rovide write-only or
nd-write access if the
e requirer specifies by -

component category is
e and destination. Bus,

executing threads or by
5 connection represents
mote call. A bus access

connection repres

ents communication bhetween Processors,-memony, and devices h\]/ acces

5ing a shared bus.

(7)

(8)

(9)

(10)

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.

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.

The connection patterns for component arrays described in Section 9.2.3 apply to access connections as well.
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9.5 Feature Group Connections

(1)

Feature group connections represent a collection of connections between groups of features of different

components.

Syntax

-- connection between feature groups of two subcomponents or between

-- a feature group of a subcomponent and a feature group in the component type

feature_group_connection

-- A feature grouq
-- The source and

feature_group_conr]

feature_group_refd

(L1

The connection iq

feature group source feature_group_reference

bidirectional_connection_symbol destination_feature_group_reference

feature g1

featurd

component_ ty

featurd

subcomponent

featurd

component_ ty

element |

refinement can only add properties

destination of the connection does not have to dbe repe

ection_refinement
loup

rence =
group in the component type

pe_feature group_ identifier

group in a subcomponent

_identifier . featurevgroup_identifier

group element—~Inl a feature group of the component typ

pe_feature grxoup identifier
feature~group_identifier

Naming Rules

entifier in a feature group connection refinement declaration must refer td

hted

11

a feature group named

connection declared in an ancestor component implementation.

Legality Rules

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.

If the feature group connection declaration represents a component connection between sibling components, the

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.
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of a connection source to that of a connection destination.

the containment hierarchy:

destination. Thi

s is the default rule.

The Classifier Matching_Rule property specifies the rule to be applied to match the feature group classifier

The following rules are supported for feature group connection declarations that represent a connection up or down

Classifier_Match: The source feature group type must be identical to the feature group type of the

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 feature group types are specified
by the Supported_Classifier_ Equivalence_Matches property with pairs of classifier values representing

acceptable mat

ches. Either element of the pair can be the source or destination cl

assifier. Equivalence is

intended to be used when the feature group types are considered to be identical, i.e., their elements match. The

Supported_Cl1

assifier BFouivalence Matcheg pmpprty is declared glnhally asalf

operty constant.

Subset: An ind
has outcoming

group has inco
features are ex
(L4)
two subcompone

Classifier_M
destination. Th
Complement: A

The following rulg¢s are supported for feature group connection declarationschat represen

ication that the two classifiers of a connection are considered to matchif
eatures that are a subset of outgoing features of the inner feature group
ming features that are a subset of incoming features of the outér feat
ected to have the same name.

hts, i.e., sibling component:
atch: The source feature group type must be thec«complement of the fq

s is the default rule.
An indication that the two classifiers of a conneetion are considered to

listed in the s

elements matc
property consta

features that ar
name.
A feature group may h
destination feature grou
source feature group as

Subset: An indlication that the two classifiers of a connection are considered to matd

Either element gfsthe pair can be the source g

. The Supported_Classifier)Complement_Matches property is
nt.

b a subset of outgoing features of the other. The pairs of features are exp
bve a direction declared; otherwise it is considered bidirectional. The di
b of a feature graup-Connection declaration must be compatible with the @
defined by the following rules:

Ip connection declaration represents a connection between feature grouy

(L5)  If the feature gro
then the source
(L6) If the feature gr
hierarchy, then th
(L7)
hierarchy, then th
(L8)

feature.

Connection_Pattern:

Connection_Set:

Transmission_Type:

ust bean-outgoing feature group and the destination must be an incoming

the outer feature group
and if the inner feature
ire group. The pairs of

t a connection between

ature group type of the

complement if they are

pported_Classifier_Complement_Matiches property. Matching feature group types are
specified by the Supported_Classifier_Complement’ Matches property with p4g
representing agceptable matches.
Complement is|intended to be used when the feature group types are considered tg

irs of classifier values
r destination classifier.
be identical, i.e., their
declared globally as a

h if each has incoming
ected to have the same

rection declared for the
irection declared for the
of sibling components,

feature group.

Lips up the containment

p-connection declaration represents a connection between feature gro

e source and destination must both be an incoming feature group.

Standard Properties

list of Supported_Connection_Patterns

list of Connection_Pair

enumeration ( push, pull )

Allowed_Connection_Binding Class:

If the feature group connection declaration represents a connection between feature groups down the containment

A feature group connection must be bidirectional or be consistent with the direction of the source and destination
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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)

These connection
semantic feature
follow the compo
destination. As
aggregation of fe
hierarchy.

(2)

(3)

Feature groups a

Semantics

hent containment hierarchy in a fully instantiated system from an ultima

nd feature group connections may impose a restriction’on the direction of

and connections the represent.

When an AADL
connection of fe
incomplete a con
detailed to the 1
hierarchy.

(4)

package Example3
-- A simple exampl
data Alpha_Type

properties

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

Examples

e showingla system with two processes and threads.

Source_Data_Siz

e.=> 256 Bvtes;

S represent a collection of semantic connections between the Inaividual 16
connection is determined by a sequence of one or more individual coni

he connection declarations follow the component containmentihierarch
ptures into feature groups up the hierarchy and decompositioninto indiv

hread level, connection instances, are created between the leaf com

atures in each group. A
ection declarations that
te source to an ultimate
y they may involve the
idual features down the

he collection of features

antiated, each semantic

ure group elements is included in the instance model. If the feature grolps of such a model are

AADL model is not fully
ponents in the system

end Alpha_Type;

feature group xfer_plug

features
Alpha out dat
Beta in data

end xfer_plug;

feature group xfer
inverse of xfer

end xfer socket;

a port Alpha_Type;
port Alpha_Type;

__socket

_plug
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thread P

features

Data_Source : out data port Alpha_Type;

end P;

thread implementation P.Impl

properties

Dispatch_Protocol=>Periodic;

Period=> 10 ms;

end P.Impl;

process A
features
Produce : featy

end A;

re group xfer_plug;

process implementgtion A.Impl

subcomponents

Producer : thrgad P.Impl;

Result_Consumen
connections

port Producer.D3

port Produce.Beft

end A.Impl;

thread Q

features

thread Q.Impl;

ta_Source -> Produce.Alpha;

a -> Result_Cdngumer.Data_Sink;

Data_Sink : in

end Q;

thread implementation Q.Impl

properties

Dispatch_Protocol=>Periodic;

Period=> 10 ms;

end Q.Impl;

process B

features
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Consume : feature group xfer socket;

end B;

process implementation B.Impl

subcomponents

Consumer : thread Q.Impl;

Result_Producer

connections

thread P.Impl;

port Consume.Alpha -> Consumer.Data_Sink;

port Result_Producer Data Source -

end B.Impl;

system Simple

end Simple;

system implementat
subcomponents
Pr_A : process
pr_B : process
connections
feature group 1
end Simple.Impl;

end Example3;

ion Simple.Impl

A.Impl;
B.Impl;

r_A.Produce -> pr_B.Congume;

Consume Betga -
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10
(1)

(2)

(3)
(4)

(5)

(6)

Flows

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
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 row may have propert|es speC|fy|ng its expected maximum
latency and actugte v : y ic properties, e.g., an in
port property spegifies the expected Iatency of data relatlve to its sensor sampllng t|me of in terms of end-to-end
latency from sendor to actuator to reflect the latency assumption embedded in its extrapolatjon algorithm.

Flows are repres¢nted by flow specification, flow implementation, and end-to-enddlow declgrations.

A flow specificatijpn declaration in a component type specifies an externally visible flow
ports, feature groups, parameters, or data access features. The flow throUugh a componen
flow originating injJa component is called the flow source. A flow ending in"a component is ¢

through a component’s
is called a flow path. A
plled the flow sink.

A flow implementation declaration in a component implementatien’specifies how a flow specification is realized in
the implementatign as a sequence of flows through subcompanents along connections frdgm the flow specification
origin to the flow|specification destination. This is illustrated.in Figure 20. The system type S1 is declared with
three ports and tyo flow specifications. These are the flows through system S1 that are externally visible. In the
example, both flojvs are flow paths, i.e., they flow through’the system. The ports identified oy the flow specification
do not have to hgve the same data type, nor do they have to be the same port type, i.e., ohe can be an event port
and the other an ¢vent data port. This allows flow specifications to be used to describe logi¢al flows of information.

The system implementation for system S1\is shown on the right of Figure 20. Iff contains two process
subcomponents P1 and P2. Each has two ports and a flow path specification as part of its process type
declaration. The flow implementation ef\flow path F1 is shown in both graphical and textua| form. It starts with port
pt1, as specified|in the flow specification. It then follows a sequence of connections and subcomponent flow
specifications, modeled in the figure as the sequence of connection C1, subcomponent flow specification P2.F5,
connection C3, subcomponent{low specification P1.F7, connection C5. The flow implemeniation ends with port pt2,
as specified in the flow specification for F1.

Systemn mplementation S1.mpl

Sy=temn 51

P _ flowpahFs Ttz
pt2 | i'
I{/ Flow path F1_ _ _l Process P2 E
m?‘"":*---_--...ﬂ, o) S
Flow path F2 -3 |
L ) _Flow path F7 E
- ”
Flow Specification Process P1 j

Flovwy path F1: ptl -= pt2

Flowy path F2: ptl -= pts Flow Implementation of flow path F1

Flowy path F1: pt1 -= C1 -= P2F5 -= C3 -= P1.F7 -» C5 -= pt2

Figure 20 Flow Specification & Flow Implementation
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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. Thg 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-thfough a component from
one of its in or injout ports or parameters to one of its out or in out ports or parameters, dalled a flow path. A flow
may also follow fead or write access to data components. In the case of feature€)groupsg, there is a flow from a

(7)
view of the model.
10.1 Flow Specifications
(1)
feature group to ifs inverse.
(2)

flow_spec ::=

flow_source_spgc

Multiple flow spegifications can be defined involving the same features. Ror 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_spdc

| flow_path_sp4d

flow_spec_refinemd
flow_source_spd
| flow_sink_spd

| flow_path_spd

flow_source_spec

nt ::=
c_refinement
c_refinement

c_refirnement

defining flow _identifier : flow source out_flow_feature_identifier
[ { { property_association }*} 1]

[ in_modes ] :

flow_sink_spec ::=

defining flow _identifier : flow sink in flow_feature_identifier
[ { { property association }*} 1]

[ in_modes 1 :

flow_path_spec ::=

defining flow _identifier : flow path in flow_ feature_identifier -»>
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[ { { property_association }*}

[

in_modes

flow_source_spec_refinement

defining flow_

refined to

[

in_modes

flow_sink_spec_re

out_flow_feature_identifier

]

.
’

]

identifier
flow source { { property_association }*}

]

.
’

incment

defining flow|
refined to

[ in_modes
flow_path_spec_ref
defining flow|
refined to

[ in_modes
flow_feature_ident
feature_ident]

| feature_groy

| feature_groy

| feature_groy

identifier
flow sink { { property_association }* }
]

.
’

inement

identifier
flow path { { property_association™}" }
1z
ifier
fier
p_identifier

p_identifier feature_ identifier

p_identifier [ feature group identifier

Naming Rules

identifier of\a flow specification must be unique within the interface name

deniifier in a flow path must refer to a port, parameter, data access feature

space of the component

, or feature group in the

2 J anaor_data o fantira Ay fFaoti v AL is At A AA s o fad e
O A PUG Uatad at oo T adit T U ICcatuT T yrotppoomanmT U a 1oatarT

Legality Rules

declared for the in_flow as defined by the following rules:

port or parameter, its direction must be must be an in or an in out.

(N1)  The defining flow
type.
(N2) The flow feature i
component type,
type.
(N3)
ancestor component type.
(L1)
(L2) Ifthe in_flowis a
(L3)

If the out_flow is a port or parameter, its direction must be an out or an in out.

roup in the component

The defining flow identifier of a flow specification refinement must refer to a flow specification or refinement in an

The direction declared for the out_flow of a flow path specification declaration must be compatible with the direction

If the in_flow is a data access, its access right must be must be Read_0Only or Read_Write.
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(L5) If the 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)
in flow paths.
(L9)
paths.
(L10) If the flow specifid

or parameter that

Latency: Time_Rang

NOTES:

These properties are examples of properties for latency and throughput analysis..Additional properties are

fully support throughput an
vendor or user (see Sectio

(3) A flow specificati
component, or en
(4) In case of a flow

case of data or e
types, e.g., an e
groups. This pern
that the informatic

package gps

public

Standard Properties

alysis, such as arrival rate and data size. Appropriate properties for flow analysis
h11).

Semantics

pbn declaration represents a logical flow originating from within a compg
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 and a data (port, and between ports, parameters, data acces
nits end-to-end flowsto'be specified as logical information flows through 3
n is being manipulated and its representation changed.

Examples

data signal_dat

The direction declared for the out flow of a flow source specification declaration must be the same as for out flows

The direction declared for the in_flow of a flow sink specification declaration must be the same as for in_flow of flow

HﬂUﬁTEEW§ﬂTETEEKNGIHUUp1hEn1hETEaHNEIFUUp1ﬂUSTCUﬁEmTHTR§ﬁt
satisfies the above rules, or the feature group must have an empty list.of

one port, data access,
atures.

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

a

end signal_data;

data position

end position;

data implementation position.radial

end position.radial;

data implementation position.cartesian

end position.cartesian;

end gps;
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package FlowExample

public

process foo

features

Initcmd: in eve

Signal: in data

Resultl: out da

Result2: out da

Status:

flows

-- two flows sq
Flowl:
Flow?2:

-- An

Flow3:

-- An

-- through its
Flow4:

end foo;

thread bar

features
pl
p2
p3

flows
fsl
fs2

end bar;

flow pat
flow pat
input is
flow sin

output 1ifg

flow sou

nt port;
port gps::signal_data;
ta port gps::position.radial;

ta port gps::position.cartesian;

out data port:

lit from the same input

h signal -> resultl;

h signal -> result2;

consumed by process foo through its inifcmd port

k initcmd;

generated (produced) by process foo~ and made availabl

port Status;

rce Status;

in data [port gps::signal.sdata;

out datj

out eve

flow p

flow s

port gps::position.radial;

t port;

th ple=> p2;

rce-p3;

1)

thread implementation bar.basic

end bar.basic;

thread baz

features
pl in data port gps::position.radial;
P2 out data port gps::position.cartesian;
reset : in event port;

flows
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fsl : flow path pl -> p2;

fsink : flow

end baz;

sink reset;

thread implementation baz.basic

end baz.basic;

end FlowExample;

10.2 Flow Implemen

(1)

flow_implementatid

flow_source_implern

Component implg
declaration identi
flow source of a

flow source speci
the flow sink speg

with the out_flow|

( flow_source |
| flow_sink_in
| flow_path_in
[ { { property

[ in_modes_and

flow_identifisg

{ subcompond

Hations

n ::=
implementation
plementation

plementation )

_transitions ]

entation/: »=

out_flow_fes

_associlation }°

r : flow source

tre_identifier

N

Syntax

nt.flew_identifier -> connection_identifier =-> 1}

flow_sink_implementation ::=

flow_identifier

flow sink

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

]

mentations must provide an implementation for each flow specification.| A flow implementation
ies the flow through its subcomponents. In case of a flow source’specification, it starts from the
subcomponent or from the component implementation itself and-ends wi
fication. In case of a flow sink specification, the flow implementation starts with the port named in
ification declaration and ends within the component implementation itself pr with the flow sink of a
subcomponent. In case of a flow path specification, the flow implementation starts with th

the port named in the

in_flow port and ends

port. Flow characteristics modeled by properties o the flow implementation are constrained by
the property valugs in the flow specification. Flow implementations-can be declared to be m

ode-specific.
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-> out_flow_

subcomponent_flow_

(

subcomponent_identifier

feature_identifier

identifier

[ flow_spec_identifier 1 )

| data_component_reference

data_component_reference

data_subcompor

| provides_dat

ent_identifier | requires_data_access_identifier
a_access_identifier

Naming Rules
r of a flow implementation must name a flow specification in the comg

hust be declared at most once in each component implementation.
as indicated by the in_modes_and_transitions<ubclause, a flow im

put_flow feature identifier in a flow implementation must refer to the san
v specification it implements.
nt flow identifier of a flow implementation must name a subcomponer
e component type of the named subcomponent, or it must name a data ¢

nent, provides data access, orréquires data access.

source implementation the\flow identifier of the first subcomponent must re

5ink implementation-the flow identifier of the last subcomponent must refe

the subcamponent flow identifier must refer to a flow path or a data compg

entifiefin a flow implementation must refer to a connection in the compon

onent type. Each flow
For mode-specific flow
plementation name may

he in_flow and out_flow

t and optionally a flow
pmponent in the form of

fer to a flow source or a

r to a flow sink or a data

nent.

bnt implementation.

oGttty T oo

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

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

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

(N1)  The flow identifig
implementation n
implementations,
appear more thar] once.

(N2) The in_flow and
feature as the floy

(N3) The subcompons
specification in th
a data subcompo

(N4)  In case of a flow
data component.

(N5)  In case of a flow
component.

(N6) In all other cases

(N7)  The connection ig

(L1)
present.

(L2)
specification, if present.

(L3)
corresponding flow specification.

(L4)

statement, then there must be a flow implementation for each of the modes.

If the component implementation provides mode-specific flow implementations, as indicated by the in modes
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In case of a mode-specific flow implementation, the named connections and the subcomponents of the named flow
specifications must be declared for the modes listed in the in modes statement.

Flow implementations may be declared from an in_flow feature directly to an out_flow feature.
If a connection or subcomponent named in a flow implementation is refined with an in modes clause in a

component implementation extension, then the flow implementation has to be defined again in the component

Component implementation extensions may declare flow implementations for flow specifications that were already

declared in the component implementation being extended.

Consistency Rules

(L6)
(L7)
implementation extension.
(L8)
(C1) If the component][i

flow specification

Latency: Time_Rang

Actual_Latency: Ti

NOTES:

These properties are exa
implementation, which mu
analysis specific.

I u ki
for a fully refined flow.

Standard Properties

e

me_Range

mples of properties for latency and throughput. @nalysis. Their values represq
5t satisfy the constraints of the property values ‘6fithe flow specification. The sem

Semantics

tation declaration represents-the realization of a flow specification in
Different mode-specific flow implementations may be declared for the sam

ion is required for each

nt the values of the flow
Antics of the constraint are

the given component
e flow specification.

ero or more subcofmponents, and ends with the port or data access na

d in the corresponding

bmentation starts with\the port or data access named in the corresp:}fiing flow specification,

(see Figure 20).\_A flow source implementation ends with the port or d
w specificationi™ A flow sink implementation starts with the port or dat
W specification. A flow path implementation may specify a flow that goes
flow feature without any connections in between.

htiofmay refer to subcomponents without identifying a flow specification i

ta access named in the
A access named in the
directly from an in_flow

n the subcomponent. In

specification is inferred from the destination port of the preceding conneg

tion and the source port

of the succeeding connection.

(2) A flow implemen
implementation.

(3) A flow path impl
passes through Z
flow specification
corresponding flg
corresponding flo
feature to an out |

(4) A flow implement
this case, the flowy

(5)

(6)

(7)

(8)

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.

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.

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.
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Examples

-- This is an AADL fragement
-- process foo is declared in the previous section
process implementation foo.basic
subcomponents
A: thread bar.basic;
-- bar has a flow path fsl from port pl to p2
-—- bar has a flow source fs2 to p3

B: thread baz.basic;

-- baz has a flow path IsT from port pl to pZ
-- baz has a flow sink fsink in port reset
connections
connl: port sidnal -> A.pl;
conn2: port A.pn2 -> B.pl;
conn3: port B.p2 -> result2;
conn4d: port A.p2 -> resultl;
conn6: port A.p3 -> status;
connToThread: gort initcmd -> B.reset;
flows
Flowl: flow path
signal -> connl -> A.fsl -> €6nn4 -> resultl;
Flow2: flow path
signal -> connl -> A.£s1 -> conn2 ->
B.fsl |-> conn3 -> result2;
Flow3: flow sink initcmde«=>‘connToThread -> C.fsink;
-- a flow sourde may start in a subcomponent,
-- i.e., the first mamed element is a flow source

Flowd: flow soyrcel A.fs2 -> conn6 -> status;

end foo.basic;

10.3 End-To-End Flows

(1) 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.
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end_to_end_flow_sp

defining end t

{ => connect

-> flow_pa

Syntax

ec ::=
o_end flow identifier : end to end flow
start_subcomponent_flow_or_etef_identifier
ion_identifier

th_subcomponent_flow_or_etef_identifier }~

-> connection_identifier -> end_subcomponent_flow_or_etef_identifier

[ { ( property association }* } ]

[ in_modes_and_ transitions ] ;

end_to_end_flow_sqg
defining end_t

refined to|

( { { property_association }*} [ in_modes_and_transitions ]

| in_modes

) ;

subcomponent_flow |

subcomponent |

(N1)  The defining end

space of the component implementation containing the end-to-end flow declaration.

(N2) The connection
implementation.

(N3)  The subcompone
component type ¢
data access, or rq

ec_refinement ::=
o_end _identifier :

end to end flow

and_transitions

or_etef identifier ::=
flow_identifier | end_tovlend flow identifier
Naming Rules

-to-end flow identifierwof an end-to-end flow declaration must be uniqug

identifier in anh. énd-to-end flow declaration must refer to a connec

Nt flow<identifier of an end-to-end flow declaration must name an optional
f the named subcomponent or to a data component in the form of a data
quires data access.

b within the local name

tion in the component

flow specification in the
subcomponent, provides

(N4)  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.

(N5)  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.

Legality Rules

(L1)  The flow specifications identified by the flow _path_subcomponent_flow_identifier must be flow paths, if

present.

(L2) The start_subcomponent_flow_identifier must refer to a flow path or a flow source, or to a data

component.

(L3) The end_subcomponent_flow_identifier must refer to a flow path or a flow sink, or to a data component.
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name the same port as the preceding or succeeding connection.

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 specifications must be declared for the modes listed in the in modes statement.

Standard Properties

Error! Reference source not found.Actual_ Latency: Time_Range

NOTES:

These properties are examples of properties for latency and throughput analysis. The expected property values represent constraints
that must be satisfied by the actual property values of the end-to-end flow. The semantics of the constraint are analysis specific.

An end-to-end flg
declared in a co
declared end-to-¢
subcomponent flg
end flow can inv|
devices, as well g

(2)

(3)
specification is in
connection.

An end-to-end flq
predecessor end-

(4)

(5) The correspondir
implementations.
thread that is th
intermediate thre
implementations

systems.

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
plve active components such as threads, thread groups, processes, sy
s passive components in the form of a data component.

An end-to-end flpw may refer to subcomponents without identifying a flow specification,

erred from the destination port of the preceding connection and the sourc

w may be specified as a composition>0f other end-to-end flows, where
to-end flow is connected with the first'element of the successor end-to-eng

g end-to-end flow instance is ‘determined by expanding the flow specific
The resulting end-to-end~flow instance starts from a device, process
leaf of the component hiérarchy of the first subcomponent, follows s

ds and ends with a thread, data component, device, or processor. For in

the components involved in the end-to-end flow instance may be threa

If the first subco

(6)

component of th¢

specification is a
expanded throug

(7)

The optional in_.

detailed semantics of thls subclause are deflned in Section 12.

ponent flow_specification is a flow path, then the end-to-end flow instg
flow pathjexpanded through its flow implementation. Similarly, if the
flow path, then the end-to-end flow instance ends with the last comy
its flow implementation.

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
e port of the succeeding

the last element of the
flow.

htions through their flow
or, data component, or
emantic connections to
complete models or flow
H groups, processes, or

nce starts with the first
ast subcomponent flow
onent of the flow path

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;

o-end flow is part of. The
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-- baz has a flow path fsl
-- baz has a flow sink fsink
connections
connl: port signal -> A.pl;
conn2: port A.p2 -> resultl;
conn3: port B.p2 -> result2;
connd4: port A.p2 -> B.pl;
conn5: port A.p3 -> Status;
conn6: port A.p3 -> B.reset;
connToThread: port initcmd => C reget:
flows
Flowl: flow path
signal -> connl -> A.fsl -> conn2 -> resultl;
Flow3: flow sink initcmd -> connToThread -> C.fsink;
-- a flow sourde may start in a subcomponent,
-- i.e., the first named element is a flow source
Flowd4: flow soyrce A.fs2 -> connectb5 -> status;
-- an end-to-erjd flow from a source to a sink
ETEl: end to end flow
A.fs2 > conn6 -> B.fsink;
-- an end-to-erld flow where the end peints are not sources or sinks
ETE2: end to ernd flow
A.fsl|-> conn4d -> B.fsi;
end foo.basic;
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1

(1)

(2)

(3)

11.1

(1)

brop

Properties

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 two predeclared property sets in this standard define properties and property types that are
applicable to all AADL specifications. User's 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. A propernty definitton dectarationm withima property set indicates the comppnent 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 evaluate to a specific value. The time at
which a property|expression is evaluated may depend on the property and‘on“how a spegcification is processed.
For example, some expressions may be evaluated immediately, some after’ binding decigions have been made,
and some reflect funtime state information, e.g., the current mode. Duringanalysis, 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.

Property Sets
A property set defines a named group of property types, property definitions, and property cpnstant values.

Syntax

erty_set ::=
property set defining property set/identifier is
{ import_ddclaration }°
{ property |type_declaration
| properfy_definition declaration
| propertly_consfant }°

end defining propérty set_identifier ;

I\I:aming 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 (“:”). Predeclared
properties and property types are referred to by their property identifiers without a property set qualifier.

The property set identifiers and package names listed in an import_declaration must exist in the global
namespace.
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(N6) The property set identifier of a qualified property name must be listed in an import_declaration of the property
set or package unless it is the name of the property set that contains the qualified name.

Semantics

(2) 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
predeclared property sets.

(3) An import_declaration of a property set specifies which property sets and packages can be named in
qualified references to items in other property sets.

11.1.1 Property Types

(1) A property type
values in a prope

property type_decl
defining proq

property type ::=
aadlboolear
enumeratiorn
number_ typd
classifier |

|

|

|

| reference_
| record_typs
|

generic_red

enumeration_type

enumeration

gclaration associates an identifier with a property 1ype. A property type

Syntax

aration ::=

erty type_identifier : type property_typels;

| aadlstring
_type | units_type
| range_type
type
ype

ord_type

defining enumeration literal_identifier

( ,{defining enumeration_literal_identifier }7)

denotes the set of legal

ty association that are the result of evaluating the associated property exgression.

units_type ::=

units units_1list

units_list ::=

( defining unit_identifier

{ , defining unit_identifier => unit_identifier * numeric_literal }~ )

number_type ::=

aadlreal |

real_range ] [ units units_designator ]

| aadlinteger [ integer_range ] [ units units_designator ]
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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_bourd signed_aadlinteger_or_constant

integer_upper_bournd signed_aadlinteger_or_constant

signed_aadlreal_on_constant ::=

( signed_aadlyeal | [ sign ] real property_constant_term )

signed_aadlintegen_or_constant ::=

( signed_aadlinteger | [ sign ] integer property_constant_term )

signed_aadlintegen ::=

[ sign ] intedger_litexrad™ [ unit_identifier ]

signed_aadlreal : {=

[ sign ] real_lith_al [ uii_it_i\lciltifJI_CJ_ ]
range_type ::=
range of number_type

| range of number_unique_property_type_identifier

classifier_type ::=
classifier

[ ( classifier category reference { , classifier category reference }" ) |

classifier_ category_reference ::=

-—- AADL or Annex meta model classifier


https://saenorm.com/api/?name=15efeb3d7791062d151aab96b12ecfe1

SAE AS5506A

-196 -

classifier qualified_meta_model_identifier

qualified_meta_model_identifier ::=

[ { annex_identifier }** ] meta_model_class_identifier
meta_model_class_identifier ::= { identifier }*
reference_type ::=

reference [ ( reference_category

*
{ reference categorss ) 1
. — =) -+

reference_category ::=
-—- AADL or Anrlex meta model named element

named_element |qualified_meta_model_identifier

unique_property_type_identifier ::=

[ property_sett_identifier :: ] property_ type_identifier

property_type_designator ::=
unique_propertly_type_identifier |

property._ type

record_type ::=
record ( recond_field
{ redqord_fiéla }" )

record_field ::=

defining field—Tdentifier T [ Iistof T property_type_desSignator

Naming Rules

(N1)  All property type defining identifiers declared within the same property set must be distinct from each other, i.e.,

unigque 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., therecord type represents a local namespace Tor record Tield Identifiers.

Legality Rules

(L1)  The value of the {irst numeric literal that appears in a range of a number_ type-Must not be greater than the value
of the second nureric 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 propdrty constant identifier in an integer range must repgresent an integer constgnt.

(L4) A boundless range type may be declared such that the actualcrange 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.

(L6)  If the property redquires a unit, then the unit must be“specified for both lower and upper bound.

NOTES:

In the original AADL stanglard 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 named connection.

Semantics

(2) A property type declaration\associates an identifier with a property type.

(3) The aadlboolean property type represents the two values, true and false.

(4) The aadlstring property type represents all legal strings of the AADL.

(5) An enumeration property type represents an ordered list of enumeration identifiers as the set of legal values.

(6) 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.

(7) 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. If a
simple range is present, then the real value must be an element of the specified range.

(8) 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. If a simple range is present, then
the integer value must be an element of the specified range.
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(9) 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 absent, all classifier references are acceptable.

(11) A reference property type represents the subset of syntactically legal references to those model elements, whose
class is a subclass of the meta model class Named Element and ClassifierFeature or a structural element of an
annex clause. Al ClassifierFeature is a structural element that is contained in a compaonent, such as ports, flow
specifications, supcomponents, or connections. If the identifier list is absent, all model-€lgments whose class is a
subclass of NamegdElement and ClassifierFeature are acceptable.

(12) Arecord type regresents a group of property associations, i.e., a collection of preperty values, where each element
of the collection ¢f property values is accessible by name. The record fieldsimust be explicitly declared by name,
each with its own|property type.

NOTES:
The classifier and reference property types support the specification of properties representing binding constraints.

Units literals are not case [sensitive. For example, mW and MW represent.the same units literal. Thereforg, it is advisable to choose
literal names such as millilfVatts and MegaWatts.

Examples

property set mine |is
Length _Unit : type units ( mm, cm =>/mm * 10,
m => cm)\* 100, km => m * 1000 );
OnOff : type aadlboolean;
-- This type dedlaration feferences a separately declared units type
Car_Length : type aadlXeal 1.5 .. 4.5 units mine::Length_Unit ;
-- This type dedlardflon defines the units in place

Speed_Range : typeyrange of aadlreal 0 .. 250 units ( kph );

Position : type record (
X: aadlinteger;
Y: aadlinteger; );

end mine;

11.1.2 Property Definitions

(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_designator

.
4

property_owner { , property_owner } )

[

=> default_property_expression ]

multi_valued_propd
list of propex
[

=>

( [ defaul

property_owner
-- AADL or Annex
named_element |

unigue_compong

All defining identi
and distinct from
contains the defin

rty ::

ty_type_designator

t_property_expression { default_property_ expression

’

meta model named element
qualified_meta_model_identif¥er

nt_type_reference

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
ing identifiers for all property definitions declared within that property set.

A property is na
definition identifi

The named_ele

an Annex meta model

ed by its¢property definition identifier or the qualified name specified by t
r pair, separated by a double colon (“:”). An unqualified property ident

distinct from each other
property set namespace

he property set/property
fier must be part of the

That is; subcla_ss of the AADL meta model class NamedElement.

ie AADL meta model or

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

this standard and

in relevant Annex standards.

the named package.

implicitly included

Legality Rules

in all applies to statements.

Classifier and reference property definition must not have a default value.

The unique_component_type_reference must identify the name of a component type in the public section of

All properties are automatically defined for components of the category abstract, i.e., the category abstract is
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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.

A property defined with the reserved word inherit indicates that if a property value cannot be determined for a

its value will be inherited from a containing component.

The detailed rules for determining

(2)
(3)
(4)
component, then
property values a
(5) A property declar

have a list of valu

e described in Section 11.3.

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:

Examples
Value_Type: type gnumeration ( estimate, benchmark, measured ) ;
Rotation_Units: type units ( rpm );
Wheel_speed [Valug_Typel aadlinteger 0 rpm .. 5000 ®pm Rotation_Units
applies to ( system );
Position type |record (

X: aadlint
Y: aadlint

GPS_Position Posg

11.1.3 Property Cons
(1)

Property constan
predeclared prop

jger;
ger;

) ;

ition applies to ( )

System

ants

s are property values that are known by a symbolic name. Property cons
brty sets-and can be defined in property sets. They can be referenced in

name wherever the value’itself is permissible.

A property declared to

ants are provided in the
property expressions by

property_constant

Oy ntany
JYyTTIAn

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_expression { , constant_property expression } 1 ) ;

unique_property_constant_identifier ::=

[

Max_Threads : congtant aadlinteger => 256;

11.2

(1)

(2)

(N1)

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 constfnt IS named by IS property constant identifier or the qualified name specified by the property
set/property congtant identifier pair, separated by double colon (“:”). An unqualified;pfoperty constant identifier
must be part of the predeclared property sets. Otherwise, the property constant ‘identifier must appear in the
property set namgspace.

Legality Rules
A property constgnt cannot be declared for the classifier property type Orithe reference prgperty 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 qonstant 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 expressiohs. This reference is expressed by referenging the unique property
constant identifie.

Examples

Predeclared Property Sets

There is a dtandard 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 AADI._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.

NOTE: References to predeclared properties, property costants, and property types may be qualified with their property set
name.
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Legality Rules

The predeclared property sets other than 2ADIL_Project cannot be modified.

Existing property type and property constant declarations in the AADI,_Project property set can be modified. New

declarations must not be added to the AADI,_Project property set, but can be introduced through a separate

Processing Requirements and Permissions

property set declarations must be used for nonstandard property definitions.

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 declarations in AADL_Project to

alues for a specific property definitions. For example, additional enume
standard may be added.

y sets may be defined. AADL tools may be defined that includeysuppo
y sets that may be suitable for a wide variety applications may be defined

support this Annex should include support for these additional property
conform to the Annex shall satisfy the requirements.associated with the g

(L2)
property set declaration.
(3)
(4)
allow additional
those listed in this
(5) Additional proper]
sets. Similarly, A
(6) Additional proper
AADL tools that
specifications tha
11.3 Property Assog¢iations
(1) A property assoq

evaluation of a p
implementations,

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

respective refinement declarations. Contained propérty associations permit property valusg

any component ir]

property_associatil
unique_property |

(=> | +=>)

]

in_bindind

[ constant

[

the system instance hierarchy.(see Section 13.1).

Syntax

on

identifier

assignment

]

°
’

ration identifiers beyond

t for additional property

ADL specifications may be define that property associations from-additional property sets.

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

contained_property_association

unique_property_identifier

=> constant

[

]

assignment

applies to contained_model_element_path

{ , contained_model_element_path }~

[

in_binding

unique_property_identifier

[ property_set_identifier

contained_model_element_path

-
’

]

]

property_name_identifier
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( contained model element { . contained model element }°
[ annex_path ] )

| annex_path

contained_model_element ::=
named_element_identifier |

named_element_array_selection_identifier

annex_path ::=

annex annex _identifier {** annex_specific_path **}

annex_specific_path ::= <defined by annex>

-- It is recommended this path follows the dot-separation syntax of the fomponent path.

assignment ::= pyhoperty_value | modal_property_value

modal_property_value ::=

({ property vdlue in modes , } property vialtie [ in _modes ] )
property_value ::4 single_property_value | property_list_wvalue
single_property_vglue ::= property\expression

property_list_valye ::=

( [ properlty_expréssion { , property_expression 1} ] )

in_binding ::=

in binding( platform classifier_ reference

{ , platform classifier_reference }” )

platform classifier_reference ::=
processor_classifier_reference

virtual_ processor_classifier_reference

| bus_classifier reference
| virtual bus_classifier_reference

memory._classifier_reference
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(N10)

(N11)

(N12)

(N13)

(N14)

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 optional property set identifier is
absent, in the namespace of any predeclared property set.

A property name may appear in the property association clause only if the respective AADL model element is listed
in the applies to list of the property definition declaration.

The contained
property value ho

For contained
implementation, 1
which the propert

For contained prg
the first identifier
model element.

Subsequent iden
identified by the p

The annex identi
annex.

detefermert pattridentifies Tramed modeteterments i thecomtaimmmeTTt
ds. The model element with the contained property association is the 100

broperty associations declared with classifiers, e.g., a componen
he first identifier in the reference term must appear in the local " names
y association belongs.

perty associations declared with model elements with,a-Elassifier referenc

must appear as a identifier within the local namespace’ of the classifier t

ifiers in a contained model element path must appear in the namespac|
receding identifier.

Identifiers in an

namespace of the model element identified By, the preceding identifier.

If the identifier

subcomponent arfay as a whole, an arrdy subset, or an individual array element.

If a property asdqociation has<an*in binding statement, then the unique platform clasg
referenceable acgording to the with and renames declarations.

If a property ass¢ciation has mode-specific values, i.e., an in modes statement for val

refer to a mode

elements that are|not’components, the modes of the containing component.

nnex-specific path must appear in the namespace of the identified ann

f a contained model element path is a subcomponent array iden

lierarchy, for which the
of a path.

t type or component
pace of the classifier to

e, e.g., subcomponents,
hat is referenced by the

e of the model element

fier named in a contained model elemént path must be that of an appifoved or project-specific

ex in the context of the

tifier, it can specify a

ifier reference must be

thesedomponent the property is associated with, or in the case of a propdrty association of model

u%s, then the mode must

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.

If a property association is declared in the properties subclause of a package, then the property value applies to all
component classifier declarations contained in the package for which the property is valid according to the applies
to of the property definition. The property value may also be associated with the package itself, if so specified by
the applies to of the property definition.

If a property expression list consists of a list of two or more property expressions, all of those property expressions
must be of the same property type.
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(2)

(3)
(4)
(5)

(6)

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 value can be a single property value, which is interpreted to be a
list of one value.

The property association operator +=> must only be used if the property declaration for the associated property
definition contains the reserved words list of.

A property association with an operator +=> must not have an in modes or in binding statement.
The property association operator +=> must not be used in contained property associations.

In a property association, the type of the evaluated property expression must match the property type of the named
property.

A property value feclared by a property association with the reserved word constant cafinpt be changed when the
rules in the semahtics section for determining a property value are followed.

The unique component type identifiers in the in binding statement must refer to;cemponent types of the categories
processor, virtuII processor, bus, virtual bus, or memory.

If a property vallle with an in modes statement is associated with_a ‘connection, flow|implementation, or call
sequence with ah in modes statement, then the set of modes for which the property|value applies must be
contained in the det of modes for which the connection, flow implementation, or call sequenge is active.

Consistency Rules

If a property asspciation has mode-specific values, i.e¢Values declared with the in modes statement, then the
modal value assignment must include a value for each mode. If the modal value assignment includes a value
without the in mpdes statement, this value becomes the default for all modes without gn explicit mode-specific
value.

Semantics
Property associations determine the\property value of the model element instances |n the system instance
hierarchy (see Sgction 13.1). The property association of a classifier, subcomponent, feature, flow, connection,
mode, or subprogram call and ‘other declarative model elements determines the property value of all instances
derived from the flespective déclaration.

A property associgtion may-be declared for a package. In this case, the property value applies to the package.

The value of a prtrperty is determined through evaluation of the property expression.

Property associations are declared 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.

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.
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(7) 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.

(8) Contained property associations can associate property values to any named model element down the system
hierarchy relative to the location of the declaration.

(9) The applies to clause of a contained property association may specify multiple contained model element paths. In
that case the property value is associated with each of the model elements. If the property association specifying
contained model elements includes an in modes statement, then the named modes must exist in the last
component of the contained element path. If the path refers to a model element that is not a component, e.g., a
feature, then the modes must exist in the containing component of that model element.

(10) A contained modgT element path may include the name of an array of components, or an
subset. In that case the property value is associated with each of the model elements(int

model elements iflentified by the remaining path for each of the array elements.

'Lndex range of the array
e array or its subset, or

(11) Contained propefty associations can be used to record system instance specific propefty values for all model
elements in a syptem instance. This permits AADL analysis tools to record*system instapce specific information
about an actual system in a single location in an extension of the top-level system impleméntation. For example, a
resource allocatidn tool can record the actual bindings of threads to praCessors and source] text to memory through
a set of contained property associations, and can keep multiple such.binding configurationss in different extensions
of the same systgm implementation.
(12) The property value is determined according to the following rules:
e If a property va
property definit
undefined.
e For classifier tyf

the default value of its
the property value is

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

es, i.e., component types and-feature group types and subclasses of Cla
meta models, the property value of a property is determined by its property assoc
subclause. If n¢t present, the property valle is determined by the first ancestor classi
hierarchy with itg property association.«Otherwise, it is considered not present.

ssifierType in Annex
ation in the properties
fier type in the extends

e For classifier i

plementation, i.e;ya component implementations and feature grou
ClassifierInplementation(in~Annex meta models, the property value of a prope
property associption in the properties subclause. If not present, the property value is
ancestor classifier implementation in the extends hierarchy with its property associati
determined by the propefty)value of the classifier implementation’s classifier type accord
rules.
For modes, connections, flow sequences, or other model elements without a classifier
value of a propefty)is determined by its property association in the element declaration

ps and subclasses of
rty is determined by its
determined by the first
pn. If not present, it is
ng to the classifier type

reference, the property
. If not present and the

model element IS Tefined, then the property value 1S 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.

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 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)

(16)

(17)

(18)

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 type, the property value is
determined by the feature according to the feature rules described above. 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 component, feature, connection, flow, mode, or other model element instances in the system instance
hierarchy, the property value of a property is determined by the contained property association highest in the
system instance hierarchy that references the component, feature, connection, flow, mode, or other model
element. If not present, then the property value is determined by the respective subcomponent, mode,
connection, feature, 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 determined by the property value
of the closest ctntaining component in the containment hierarchy of the system instance| This inherited property
value must not he mode-specific. Otherwise, it is undefined.

| Instancel

{| In=tance2 @E Instance3 ]
L i

Instanced

Figure 21 Property Value Determination

Figure 21 illustrates the order in which the value of a property is determined. Instance4 is gn element in the system
instance hierarchy. The value of one of its properties is determined by first looking for a property associated with
the instance itselff — shown as step 1. This is spécified by a contained property association| The contained property
association for th|s instance declared in a component implementation highest in the instange hierarchy determines
that value. If no jnstance value exists, the implementation (ImplA) of the instance is exanfined (step 2). If it does
not exist, ancestdr implementations are éxamined (step 3). If the property value still has npt been determined, the
component type is examined (step_4).) If not found there, its ancestor component types afe examined (step 5). If
not found and the property is inherited, for subcomponents and features, the enclgsing implementation is
examined. Othdrwise, the containing component in the component instance hierarchy is examined (step 6).
Finally, the default value is considered.

Two property asspciation“operators are supported. The property association operator => rg¢sults in a new value for
the property. Thq property association operator +=> results in the addition of a value to a pfoperty value 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.

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
contained property association that applies to a component of the component type.

If the property type is a record, then a subset of record fields may be overwritten in a property associations.

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.
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11.4 Property Expressions

(1) A property expression represents the value that is associated with a property through a property association. The
type of the property expression must match the property type declared for the property.

Syntax

property_expression ::=
boolean_term
real term

integer_term

string_term

enumeration |

unit_term

|

|

|

|

|

| real_range_4
| integer_rang
| property_teq
| component_cl
| reference_td
| record_term
|

computed_ten

boolean_term ::=
boolean_valy
boolean_proqd

not boolean |

boolean_tern

|
|
| boolean_tern
|
| ( boolean_td

boolean_value ::=

term

erm
e_term

m

assifier_ term

rm

m

e
erty_constant_term
term

and boolean\tlerm
or boolgan’ term

rm )

ttue | false

real_term ::=

signed_aadlreal_or_constant

integer_term ::=

signed_aadlinteger_or_constant

string_term ::= string_literal | string property_constant_term

enumeration_term

enumeration_identifier | enumeration_property_constant_term
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unit_term ::=

unit_identifier | unit_property_constant_term

integer_range_term ::=
integer_term .. integer_term [ delta integer_term ]

| integer range_property_constant_term

real_range_term ::=

real_term .. real_term [ delta real_term ]

| real range_property constant_term

property term ::=

[ property _set_|identifier :: ] property name_identifier

property constant_|term ::=

[ property_set_|identifier :: ] property_ constant_identifier

component_classifiler_term ::=
classifier (
( unique_component_type_reference |

unique_comgonent_implementationsxeference ) )

reference_term ::4

reference ( cqntained_model_Jelement_path )

record_term ::=

( record field (identifier => property_value ;

{ record field identifier => property value; } )

computed_term ::=

compute ( function_identifier )
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NOTES:

Boolean operators have the following decreasing precedence order: (), not, and, or.

(2)

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 pro’|yperty is associated with a core AADL model element, then the classifier i

classifier term cal

If a classifier prg
of a classifier tern

If a reference prq
reference term c3

If a reference property is associated with an AADL annex modelelement, 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

only refer to a core AADL meta model class.

perty is associated with an AADL annex model element, then.the classif
N can refer to a core AADL meta model class or an annex méta‘model clag

perty is associated with a core AADL model element, thén the contained

n only refer to a core AADL model element.

m can refer to a core AADL model element or@n annex model element of

of a record expression must exist in the-local namespace of the record ty

ifier of a compute expression must, exist as function in the source text.
Legality Rules

a property number type-or range type is integer, then the numeric literals

perty named in a_property term must be identical to the type of the prope

perty constant-named in a property constant term must match the type of

on.

es in-property_term or property_constant_term of property expressions m

eta model identifier of a
er meta model identifier
s of the same annex.
model element path of a
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

which the property association applies.

Property references in property_term or property_constant_term of property expressions cannot be circular. If a
property has a property expression that refers to a property or property constant, then that expression evaluation
cannot directly or indirectly depend on the value of the original property or property constant.

If the contained model element path of a reference term includes a subcomponent array identifier that does not
identify a single element in the array, then the expression results in a list of references.

Semantics

Every property expression can be evaluated to produce a value, a range of values, or a reference. 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.
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(3)

(4)

(5)

(6)

(7)

Boolean terms are of property type aadlboolean. The reserved words true and false evaluate to the Boolean
values true and false. The operator not logically negates the value of a Boolean term. Expressions containing the
operators or and and are of type Boolean. They evaluate to the logical disjunction and conjunction of the values of
their subexpression. Boolean operators have the following decreasing precedence order: (), not, and, or.
Because Boolean expressions can contain property terms that reference the values of other properties, and a
referenced property value could be undefined, the Boolean operators are defined to operate over the three values
true, false, and undefined.

op1 and op2 True False Undefined
True True False Undefined
False False False False
Uhdefined Undefined False Undefined
op1 or op2 True False Undefined
True True True True
False True False Undefined
Undefined True Undefined Undefined
X Not X
True False
False True
Undefined Undefined
Number terms evaluate to a'mumeric value denoted by the numeric literal, or evaluate tp a pair consisting of a
numeric value amd the specified units identifier. A number term satisfies an aadlinteger property type if the
numeric valu_g is fa nume_ric_litera_lll without decimal point or <_ax_pone.n.t. cherwise_, it sa_tisfi%s the aadlreal property
type. If specified,|the.units identifier must be one of the unit identifiers in the unit designafor 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-

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.

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 of aadlstring property type. A string literal evaluates to the string of characters denoted by that
literal.
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(8)

(9)

(10)

(11)

(12)

(13)

NOTES:

Property terms evaluate to the value of the referenced property. This allows one property value to be expressed in
terms of another. 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 property term Period as its
default property expression. If this default value is not overwritten by another property association, 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 Period value for the thread subcomponent rather
than the context of the default value declaration. The value of the referenced property may be undefined, in which
case the property term evaluates to undefined.

Property constant terms evaluate to the value of the referenced property constant. This allows one property value
to be expressed symbolically in terms of a constant identifier rather than the actual value.

Component classifier terms are of the property type classifier. They evaluate to a classifier reference.

Reference terms
a model element
feature, or an ann

are of reference property type and evaluate to a reference. This referenge may be a reference to
in the model containment hierarchy, e.g., to a contained componént; o a connection, mode,
ex model element.

Record terms evaluate to a record value, which consists of a separate valuefor each named field in the record
expression. Any record fields defined in a record type, for which there is no value in the regord expression, the field
value is determingd according to the rules for property associations (see Section 11.3).

Computed terms|allow a user-defined function to be called to calculate a property value|l This function is called
every time the vajue of the property is accessed. This function mayraccess other propertieg of the same and other
model elements tp calculate its value and it is assumed to complete its computation in finife time. A typical use of
this function is to|calculate the value of a property based on-thé‘value of a property of its subcomponents. It takes
the property assogciation and the model element it is associated with as parameters. The function is expected to be
without side effedts and to return a value that is consistent with the type of the property. The function being called
is assumed to exipt in a library that is supplied to methads of processing.

lers and model elements in

Expressions of the propert
the model. For example, t

(14) A method of prod
property, beyond
minimum set of re

If an associated ¢
permitted to rejea

(15)

y type reference or classifier dre provided to support the ability to refer to classif

Proeessing Requirements and Permissions

essing specifications may define additional rules to determine if an expre
the restrietions imposed by the declared property type. The declared pr¢
strictions.that must be enforced for every use of a property.

xpression or default value is not specified for a property, a method of pro
t that annr‘ifir'aﬁnn as erroneous._ A method of Inmr‘peqing qppr‘ifir‘aﬁnnq

hey are used to specify bindings of application components to execution platform components.

5sion value is legal for a
perty type represents a

cessing specifications is
s permitted to construct

(16)

(17)

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.

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.

A method of processing specifications may access and change field values of a record property value
programmatically.
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(18) A method of processing specifications may impose restrictions on the use of computed values in order to allow the
computed value function to compute the value once and store the result as a cached value. For example, it may
assume that the values of properties used in the computation have been declared through property associations. In
that case the computed property value are not changed programmatically by a method of processing and can be
determined at model instantiation time.

Examples

-- This is an AADL fragment inside a package
thread Producer

end Producer;

thread implementatfion Producer.Basic
properties
Compute_Execution_Time => Oms..1l0ms in binding ( powerpc.speed~350Mhfp ) ;
Compute_Execution_Time => Oms..8ms in binding ( powerpc.speéd. 450MHzZ| ) ;

end Producer.Basidqd ;

process Collect_Sgqmples

end Collect_Sampldgs;

system Software

end Software;

system implementafjion Software.Basic
subcomponents
Sampler_ A : prqcess Collect_Samples;
Sampler_ B : prqcess Collect_ “Samples

{

-- A prgpertyewith a list of values

Source_Text»=> ( “collect_samples.ads”, “collect_samples.adb” ;

Period =Z>—50—ms-
Yo

end Software.Basic;

device car
properties
mine: :Car_Length => 3.25 meter;
mine::Position => ( x => 3, y => 4);
mine: :Car_Name => ( US => “Rabbit”, Germany => “Golf” );

end car;

system Hardware
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end Hardware;

system implementation Hardware.Basic

subcomponents

Host_A: processor;

Host_B: processor;

end Hardware.Basic

7

system Total_System

end Total_System;

system implementat
subcomponents
SW : system Sof
HW : system Han
properties
-- examples of
-- in a subcomg
-— component cd

Allowed_Procesqd

Allowed_Procesd

end Total_System.d

ion Total_System.SW_HW

tware.Basic;

dware.Basic;

contained property associations
onent of SW we are setting the kinding to a
ntained in HW
or_Binding => reference (_HW.Host_A )

applies to SW.Sampler_A;
or_Binding => reference ( HW.Host_B )

applies to SW.Sampler_B;
W_HW;
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12

(1)

Modes and Mode Transitions

A configuration may be

A mode represents an operational mode state, which manifests itself as a configuration of contained components,
connections, and mode-specific property value associations.

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.

Mode transitions
changes in comp
i.e., the arrival of

(2)

itself (self). When declared for processes and systems, mode transitions model-the sw

configurations of

between different
represent applica
for the thread or @

modes_subclause

(

modes

requires_modes_suljclause =
requires modeg ( { mode }+| none_statement )
mode =
defining mode|identifier [y initial ] mode
[ { { modeg property~assocation }* } 1;

mode_transition

[

{ modHg

defining _md

moder aynarmic operational Denavior tnal represents SWILCTINg  Detw
bnents internal characteristics. Such transitions are initiated by mode:tra
events or event data on ports named in a mode transition or an gvent r

active threads. When declared for execution platforms, mode transit
execution platform configurations. When declared for threads and su
fion logic that is encoded in the source text and may result'in different ass
ata component.

Syntax

| mode_transition }* | none_statement )

]

den'transition_identifier

pen configurations and
hsition triggering events,
hised by the component
tch between alternative
ons model the change
bprograms, modes may
sociated property values

source_mode_identifier

-[ mode_transition_trigger {

destinatio

{ { mode transition_property_assocation }* }

mode_transition_trigger

unigue_port_identifier | self

| processor .

unique_port_identifier

[

subcomponent_

, mode_transition_trigger

n_mode_identifier

.
4

event_source_identifier

port_identifier

identifier ] port_identifier
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in_modes

in modes ( mode identifier { , mode_identifier }" )

component_in_modes

(A

in modes (

mode_name

in_modes_and_tran

local mode identifier

| all ) )

mode_name { , mode name } )

[

=> subcomponent_mode_identifier ]

itions

in modes ( ( nof

mode_or_ transition

mode_ident

The defining mog
classifier that co
component imple

The identifiers in
classifier that cor
modes of the sani

The unique port i
of the associated
component type 4

The mode and m
refer to modes or

the subcomponent or connecétion. The modes and mode transitions in the local name spa
lause Orrequires_modes_subclause of the component implementation or the component

the modes_subd

type.

ode_or_ transition { , mode_or transition }* )

i fier | mode_transition_identifier
Naming Rules

e and mode transition identifiers must be uniquewithin the local names
htains the mode subclause. This means ¢hat 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. In other*words, mode transitions of a comg
e component.

Hentifier must be either ansin.or in out event, data, or event data port ide
component type or an-.out or in out event, data, or event data port ir
ssociated with the named subcomponent.

bde transition identifiers named in an in modes statement of a subcompo

The subcompon

pace of the component
mponent types and in

pace of the component
onent can only refer to

ntifier in the namespace
the namespace of the

nent or connection must

mode transitions ‘declared in the local namespace of the component implémentation that contains

ce are those declared in

1) mode_identifier in @ component_in_modes must refer to 4

required mode of the

subcomponent for which the in modes is declared. If all is specified, then for each 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 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 su

bcomponent identifier.


https://saenorm.com/api/?name=15efeb3d7791062d151aab96b12ecfe1

SAE

AS5506A -217 -

Mode_Transition_R4

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 must include a component_in_modes that specifies a mapping for the inherited modes.

Standard Properties

sponse: enumeration ( emergency, planned )

Semantics

The mode sema
runtime architect
The semantics of

(3)

Mode Sensitive Archit’[cture

tics described here focus on a single mode subglause. A system instq
ire of an operational system can contain multiple components with thei
system-wide mode transitions are discussed in Section 13.6.

ts an operational state that is represenied as a runtime configuration of
mode-specific property value associations.

present a runtime configuration-of systems, processes, thread groups
given operational state. JInithis case the modes are declared in thread
modes clauses indicate, which subcomponents and connections are acti

nce that represents the
r own mode transitions.

contained components,

and threads and their
groups, processes and
ve in a given mode. In

this case, only the threads that are patt ‘of the current mode are in the suspended awaiting dispatch state —

patch requests. All@ther threads are in the suspended awaiting mode stat

represent logical execution state within a thread. In this case the mode |
hay be représented as thread modes and mode-specific thread property
nrough the Juse of the in modes clause.
behavioral states, whose state transition behavior can be specified throu
ex notation (see Annex Document D).

e or thread halted state.

pgic is embedded in the
values or mode-specific

Thread and subprogram internal modes effectively

gh annex subclauses of

(4) A mode represer]
connections, and

(5) A mode may re
connections for g
systems, and in
responding to dis

(6) A mode may alsd
source text and 1
call sequences t
represent a set o
the Behavior Ann

(7)

(8)
platform component.

(9)

(10)

System and execufion plaiform 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
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.
modes is the current mode. Initially, the initial mode is the current mode.

Exactly one of those

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.
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(11)

(12)

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 containing component.. In this case the in modes declared as part of a subcomponent defines a
mapping of the modes of the containing component to the inherited modes of the subcomponent. The modes of
both may have the same names, or they may be different. Multiple modes of the containing component may be

mapped to the sa

me subcomponent mode.

The in modes s
which these conn
of the component
ultimate source p
statement contair
of any particular

(13)

If the in modes s
in the declaration

(14)

Mode Transition

(15) The modes subcl
The states of thg
trigger a transitio)
time.

The arrival of an
called a mode tra
out of the state re
no transition out ¢
to mode transitior

(16)

A mode transition
in a planned fas
critical thread

Mode_ Transiti

(17)

atement declared as part of connection declarations specity the modes
ection declarations hold. The mode identifiers refer to mode declarations
implementation. If a connection is declared to be part of a mode transition
ort is transferred to the ultimate destination port at the actual mode switd
s only mode transitions, then the connection is part of the spegified 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.

state machine represent the different.modes and the transitions speci

pvent or event data through anevent or event data port that is named in
nsition trigger event. A mode fransition is triggered if one of the ports nan
presenting the current mode causes the trigger event. If such an trigger ¢
f the current mode naming the port with the trigger event, the trigger ever
s of the receiving modal component.

may actually-be performed immediately if it is considered an emergency
hion after €urrently executing threads complete their execution and the
are aligned (see Section 13.6 for more detail). This i
on_Résponse property on the mode transition with the default being plan

(18)

If several trigger ¢vents occur logically simultaneously and affect different mode transitions

or mode transitions for
in the modes subclause
, then the content of the
h time. If the in modes
transitions, but not part
rt of all modes.

ace the modes specified

ause declares a state machine describing the' dynamic mode transition bghavior between modes.

y the event(s) that can

h to the destination mode. Only one.jmode alternative represents the clirrent mode at any one

one of the transitions is
hed in a mode transition
vent occurs and there is
t is ignored with respect

or it may be performed
dispatches of a set of
5 indicated by the
hed.

out of the current mode,

(19)

(20)

(21)

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.

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.
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(22)

(23)

(24)

(25)

(26)

NOTES:

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 threads to respond to dispatches, and changing the pattern of connections between components.
Deactivated threads transition to the suspended awaiting mode state. Background threads that are not part of the
new mode suspend performing their execution. Activated threads transition to the suspended awaiting dispatch
state and start responding to dispatches. Previously suspended background threads that are part of the new mode
resume performing execution once the transition into the new mode is complete. Threads that are part of both the
old and new mode of a mode transition continue to respond to dispatches and perform execution. Ports that were
connected in the old mode, may not be connected in the new mode and vice versa.

Threads that are[acfive 1n bo manner; in the case of

background threads, they continue in the execute state.

At the time of th are inactive in the new

mode execute thq

actual mode switch, any threads that were active in the old mede and
ir Deactivate_Entrypoint.

At the time of the actual mode switch, any threads that were inactive in‘the’old mode arld are active in the new
mode execute thgir Activate Entrypoint.

Mode transitions can only
conditions based on the
connected to a thread wHh
through an out event port {

that makes system reconfiguration decisions based on the nature and frequency of detected faults.

The default mode transitio
use of the Behavior Annex

(27) Every method fo

pe triggered by the arrival of an event or event dataCon a named port or a self eve
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

h trigger conditions based on a setof ports is a disjunction. Other conditions cg
(see Annex Document D).

Processing Permissions and Requirements

processing specifications must parse mode transition declarations and

nt. This means that trigger
Instead, they have to be

ose source text interprets the data portion-tor identify the error type and then faise an appropriate event

of a system health monitor

n be modeled through the

check the legality rules

defined in this st@andard. However, a method of processing specifications need not defing how to build a system

from a specificati
modes of operatid

In an actual distri
must use synchrd

(28)

bn that contains mode transition declarations. That is, complex behaviors
n may be rejected by a method of building systems as an unsupported ca

nization protocols sufficient to ensure that the causal ordering of event an

that may have multiple
pability.

buted system, exact simultaneity among multiple events cannot be achieveéd. A system realization

d data transfers defined

by the logical ten
required by an ap

poral semantics o this standard are satisiied by the actual system, 10 t
plication.

e degree of assurance

(29)

(30)

(31)

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.

A method of implementation is permitted to support a subset of the described protocols to handle threads that are
in the performing 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.

A method of implementation may enforce that there is a mode-specific property value defined for each mode.
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Examples

-- This is an AADL fragment inside a package

data Position_Type

end Position_Type;

process Gps_Sender

features

Position: out data port Position_Type;

-- if connected secondary position information is used to recalibrate

SecondaryPosition: in data port Position_Type

end Gps_Sender;

{ Required_Connection => false;};

process implementdtion Gps_Sender.Basic

end Gps_Sender.

Badic;

process implementgtion Gps_Sender.Secure

end Gps_Sender.

Sedqure;

process GPS_HealtH_ Monitor

features

Backup_Stopped] out event port;

Main_Stopped: qut event port;

All_Ok: out
Run_Secure:

Run_Normal:

end GPS_Health_ |

system Gps

features

evgnt port;
oul event poxrt)
oull event (port;

Morlitor”

Position: out data port Position_Type;

Init_Done: in event port;

end Gps;

system implementation Gps.Dual

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;
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connections
port Main_Gps.Position -> Position in modes (Dualmode, Mainmode) ;
port Backup_ Gps.Position -> Position in modes (Backupmode) ;
port Backup_Gps.Position -> Main_Gps.SecondaryPosition
in modes (Dualmode) ;
modes
Initialize: initial mode;
Dualmode : mode;

Mainmode : mode;

Backupmode: mode

Started: Initidlize -[ Init_Done ]-> Dualmode;
Dualmode -[ Moritor.Backup_Stopped ]-> Mainmode;
Dualmode -[ Morlitor.Main_Stopped ]-> Backupmode;
Mainmode -[ Moritor.All_Ok ]-> Dualmode;
Backupmode -[ Monitor.All_Ok ]-> Dualmode;

end Gps.Dual;

system implementafjion Gps.Secure extends Gps.Dual

subcomponents

Secure_Gps: prqcess Gps_Sender.Secure in_modes ( Securemode ) ;
connections

port Secure_Gpd.Position -> Positionin modes ( Securemode ) ;
modes

Securemode: mode;

SingleSecuremode: mode;

Dualmode -[ Moritor.RuniSecure ]-> Securemode;

Securemode —-[ MonitorsRun_Normal ]-> Dualmode;

Securemode -[ Monitdr.Backup_ Stopped ]-> SingleSecuremode;
SingleSecuremode—tMormttorRumr—Normat— Martrmoctes
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;
Outgoing: out event data port;
requires modes
HighFidelity: initial mode;

LowFidelity: mode;
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end Calculate;
process Altitude
features
doHigh: in event port;
doLow: in event port;
Incoming: in event data port;
Outgoing: out event data port;
end Altitude;

process implementation Altitude.impl

subcomponents
calc: thread Calculate in modes (LowFid => LowFidelity, HiFid => High¥Flidelity) ;
connections
port Incoming -3 calc.Incoming;
port calc.Outgoing -> Outgoing;
modes
HiFid: initial node;
LowFid: mode;
HiFid -[ doLow J-> LowFid;
LowFid -[ doHigH ]-> HiFid;
end Altitude.impl;
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13

(1)

(2)

13.1

(1)

(2)

(3)

(4)

Operational System

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.

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.

System Instang¢es

A system instang
components and

A system instanc
and completely re

A system instanc
text making up p
source and destin
as necessary.

A set of containgd property associations can reflect property values that are specific to
5, connections, provided and required access. These properties may repilesent the actual binding

components, port
of components, &
bound system.
instance to repres

A complete syste
processes in a co

The Required_
the predeclared E

In a complete sy

Thus, multiple sets of contained property associations can be associate(

e represents the runtime architecture of a actual system that consists
bxecution platform components.

b is completely instantiable if the system implementation being ‘instantiate
solved.

b is completely instantiated and bound if all threads are*Gltimately bound t

rocess address spaces are bound to memory, cennections are bound t
ations are bound to different processors, and subprogram calls are bound

s well as results of analysis, simulation, or actual execution of the com
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 ieH property may be used to indicate that a port connection is
rror and-€omplete ports (see Section 5.4), connections are optional.

sterm instance, the required ports of all threads, devices, and processo

source or destina

of application software

l is completely specified

b a processor, all source
b buses if their ultimate
to remote subprograms

individual instances of

pletely instantiated and

| with the same system

, and subprograms. All

equired. In the case of

rs must be the ultimate

ion’of semantic connections

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

(6)

(7)

(8)

13.2

(1)

behavior of the sy
specification.

The actual system denoted by a system implementation can be built if the systemis-instar

exists for all com
specification and
images. The bin
processes.

In addition, there
processor softwa

Execution time o
different types, th
a processor type
execution time ¢
through the Refe
system level ang
execution time, if

reference processor and the target processor.

System Binding

This section defi
processor and m
topology betwee
components of a

stem allows for switching between these alternative configurations accord

bonents whose properties refer to source text. This source text.must be g
the source text language semantics. Source text is compiled and lin
hry images are loaded into memory and made accessible to threads in v

exists a kernel address space for every processoit: This address space ¢
e and device driver software bound to the processor.

threads and subprograms is specified in ‘units of time. If a system inst
en the execution time may vary from processor type to processor type. E

hn be specified with respect to_ayreference processor. The reference
rence_Processor property..This property is declared as inherit, i.e., i
apply to all threads in a-system. When a thread is bound to a spe
not explicitly defined for this) processor, will be adjusted according to a sc

nes how binary images produced by compiling source units are assign
emory resources, taking into account requirements for component shari
I processors, memories and devices.
system,to produce a actual system implementation are collectively called &

can be specified using the in bindihg statement in a property association.

ing to a mode transition

tiable and if source text
ompliant with the AADL
ked to generate binary
rtual address spaces of

bntains binary images of

ance has processors of
Xecution time specific to
Alternatively, the

processor is specified
[ can be declared at the
cific processor type, its
pling factor between the

ed to and loaded onto
ng and the interconnect

The decisions and methods required to combine the

indings.

AL : 0.
Narrirrg muics

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

(C8)

(C9)

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. [thethreadexecutes O one ProcesSoT at a time:

Multiple threads dan be bound to a single processor.

All software components for a process must be bound to memory components ¢hat are all accessible from every
processor to whi¢h any thread contained in the process is bound. That is,¢eVery thread |is able to access every
memory compongnt into which the process containing that thread is loaded.

A shared data component must be bound to memory accessible by alhprocessors to which the threads sharing the
data component are bound.

For all threads inja process, all processors to which those threads are bound must have idgntical component types
and component implementations. That is, all threads that are ‘contained in a given procegs must all be executing
on the same |ind of processor, as indicated byt the processor classifier reference value of the

Allowed_Procs
must be able to a

(C10) The complete set
that is accessible

(C11) Each thread mt
Allowed_ProcHg

(C12) The Allowed_P1
binding. It may
components, indi

(C13) Each process

ssor_Binding_Class property assegciated with the process. Furthermg
ccess the memory to which the proeess is bound.

of software components making up the functionality of the processor my
by that processor.

st be bound to asprocessor satisfying the Allowed_Processor |
ssor_Binding property values of the thread.

ocessor_Binding property may specify a single processor, thus specif
also specify a list of processor components or system component
cating thatthe thread is bindable to any of those processor components.

must™be bound to a memory satisfying the Allowed Memory._|

re, all those processors
st be bound to memory
and

Binding_Class

ing the exact processor
S containing processor

Binding Class and

Allowed_Memor

v, Binding prnpnr‘ry values of the process The 211cwed Memorys

inding property may

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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(2)

(3)

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

representing the
property associat

A method of builg
to be fixed at the
selected kinds to
to memory bindin

(4)

bindings to be fix¢d at mode changes. Other choices are possible and permitted.

(5) A method of buil

Property associafions may impose constraints on allowed, bindings. The access semant
lowed bindings for processes and threads to execution platform sysiems, and ultimately to

constraints on a
processors and N
architecture inter

threads contained in a process must execute on the same processor. Such additional re

into account by th
partitioning and b

NOTES:

If multiple processes sharé
address space of all thosg
different processes or the
different addresses used t

The AADL supports bindin
whose values are sensitivd

binding constraint or the actual binding may have 1o be declared as
on of a component that represents a common root of the componentsto

Processing Requirements and Permissions

ing systems is permitted to require bindings of selected kinds to be fixed
time of actual system construction. A method of building systems is perm
change dynamically at runtime. For example, a method of building syste
g and loading to be fixed during actual system construction, and may req

ling systems must check and enforce the. sémantics and legality rules ¢
nemories. In general, the semantic_censtraints depend on the particular

connect topologies. In particularyfor most hardware and operating s\

e method of building systems.,"A method of building systems is otherwisg
nding choices that are consistent with the semantics and legality rules of {

b processes. _This physical memory is not necessarily addressed using either th
same physical~address from different processors. An access property associati
access the same component from different processors.

g-specific property values. This allows different property values to be specified
to-binding decisions.

a component instance
e bound.

at development time, or
tted to allow bindings of
Ms may require process
uire thread to processor

lefined in this standard.
cs impose a number of

software and hardware
stem configurations all
strictions must be taken
e permitted to make any
his standard.

a component, then-the physical memory to which the shared component is bound will appear in the virtual

e same virtual address in
bn may be used to specify

for a component property

Examples

package Deployment

system smp

end smp;

system implementation smp.sl

-- a multi-processor system

subcomponents
pl:
P2:

processor cpu.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 tl.il;

tb: thread tl.i

1;

end pl.il;

thread tl
end tl;

thread implementat

end tl.il;

processor cpu

end cpu;

processor implemen

end cpu.ul;

system S

end S;

system implementat

ion tl.il

tation cpu.ul

ion»S.I

-- a system combi

-- with execution platform components

subcomponents

. 4 L —
111y adppyL1tldadltlUll CUIIPUILITIIL S

p_a: process pl.il;

p_b: process pl.il;

upl: processor

up2: processor

cpu.ul;

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 hardware configurations
Allowed_Processor_Binding => reference (ssl.p3 ) applies to p_b.ta;
Allowed_Processor_Binding => reference (ssl ) applies to p_b.tb;
end S.I;
end Deployment;
NOTES:

Binding properties are deglared in the system implementation that contains in its containment hierarchy both the components to be
bound and the execution platform components that are the target of the binding. Binding properties.can alsolbe declared separately for
each instance of such a sytem implementation, either as part of the system instantiation or as part’of a subcpmponent declaration.

13.3 System Startup

(1) On system startup the system instance transitions from system offline to system starting (see Figure 22).
Start(system) inifiates the initialization of the execution platfofm’components. In the case ¢f processors, the binary
images of the kemel address space are loaded into memory of each processor, and executjon is started to initialize
the execution platform software (see Figure 9). Loading into memory may take zero time, if the memory can be
preloaded, e.g., HROM or flash memory.

(2) Once a processor is initialized (Processor operational), each processor initiates thel initialization of virtual
processors boundl to the processor, if any-(see Figure 9). When the virtual processors have completed their
initialization they are operational (see Figure-10).

(3) When processors and virtual processors have entered their operational state (started(processor) and
started(vprocessor)), the loading of the binary images of processes bound to the specifi¢ processor or its virtual
processors into memory is initiated (see Figure 8). Process binary images are loaded in th¢ memory component to
which the procegs and its contained software components are bound. In a static procgss loading scenario, all
binary images myst be loaded before execution of the application system starts, i.e., thread initialization is initiated.
In a dynamic progess |loading scenario, binary images of all the processes that contain a thread that is part of the
current mode must be-loaded.

(4) The maximum sys

e max(Startup_Deadline) of all processors and other hardware components

e + max(Startup_Deadline) of all virtual processors

e + max(Load_Deadline) of all processes

e + max(Process_Startup_Deadline) of all processes

e +max(Initialize_Deadline) of all threads.

(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.

(6) 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—10 stopped({system)

———— ]
@smpping>
_._,_l—'

&~

almn{syslem] L ]

System starting
ST £ startup_deadline

started(system) stopdsystem)

azzert ST = statup_deadline

oystem aperational

Figure 22 System Instance States, Transitions, and Actions

13.4 Normal Systen) 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 instancg is called synchronized if all components use a globally synchronized reference time. A system
instance is called asynchronous,ifdifferent components use separate clocks with the potential 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 of{periodic 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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(2)

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-

ion Mode Transitions

A SOM transition| is initiated whenever a mode transition trigger event (see also Section. 1

component in the system instance. A single sent event or event data can trigger a mode
more components. In a synchronized system, this trigger event occurs logically simultane
and the resulting component mode transition requests are treated as a single SOMvtransitio

e.g., through a send_oOutput service call with multiple ports as paraméter; or from diffe

ay occur logically simultaneously and may originate from different ports

same time. If thgy are semantically connected to transitions in differeft)components that

nt transitions out of the same mode in one component, then events are

If multiple SOM transition initiations occurs logically simultaneotsly, one is chosen in an im

gency property is associated with each port named in mode transitions,

2) occurs in any modal
switch request in one or
busly for all components
n.

bf the same component,
rent components at the
lead out of their current
treated as independent

blementation-dependent
hen the mode transition

ort urgency takes precedence. If severalports have the same urgency then the mode transition is

of a thread internal mode, i.e:.}~a mode declared in the thread or one of
omponent itself or is triggered’by an event or data arriving ata port of th
spatch. For further detail seé Section 5.4.5.

(3)
varying way.
13.6 System Operat
(1)
(2) Several events
mode or to differ
SOM transition inftiations.
(3)
manner. If an Uy
with the highest g
chosen non-detetministically.
(4) A mode transitior]
triggered by the (¢
the next thread di
(5) A mode transitior

implementation,
immediately.
The next paragraphs ad

(6) If a mode tr
mode_transiti

of a processor, device, bus, or memory internal mode, i.e., a mode de

its subprograms, that is
e thread, takes place at

lared in the component

hat is triggered by the component itself or is triggered by an extefnal event, takes place

dress mode,transitions that involve activation and deactivation of threads and connections.

hnsition » has a Mode_Transition_Response property value
on \in_progress state is entered in zero time and the actual SOM

immediately. Int

nis-case all threads in the performing state that have to be deactivated are

bf Emergency, the
transition is performed

aborted.

(7)

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_transiti

Synchronized_Component property value of true.

is entered. A component

If the set of critical

on_in_progress State

is considered critical
components

if
is empty,

it has a
the

mode_transition_in_progress state is entered immediately. This is indicated in Figure 23.

(8)

the mode_transition_in_progress state.

(9)

by the guard of the function Hyper(Mode) on the transition from the current_system_operation_mode state to

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_transiti

on_in_progress state is entered.


https://saenorm.com/api/?name=15efeb3d7791062d151aab96b12ecfe1

SAE

AS5506A -231 -

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

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.

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 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.

At the time the mg

Continuing thre
new mode;

Activated threa
Deactivated thr
align at the hyp

Zombie threads} aperiodic, sporadic, timed, or hybrid threads as welljas’'periodic threads
mode and not aftive in the new mode and whose dispatches are not‘aligned at the hypery

be in the perfor
At the instant of t
SOM and not par

While in the modsg
be active in the
mode_transiti
becomes availabl

At the instant in {ime the mode_transition_in_progress state is exited, connections|

old SOM and are
hold for data por
data port variable
a connection acti

While in the mo
execute, but will g

de_transition_in_progress state is entered there are several kinds
hds: threads that continue to execute because they are active in ¢he’old
Is: threads that are inactive in the old mode and are active in the-hew mod

bads: threads that are active in the old mode, not active incthe new mode
rperiod;

thread computation state (see Figure 5) and may have events or event @
me the mode_transition_in_progress state is entered, connection
of the new SOM are disabled.

b_transition_in_progress state;for all connections between data p
on_in_progress state is entered, data is transferred from the out datg
e at the first dispatch of the receiving thread.

part of the new SOM.are enabled. At that time the new current SOM is ¢
connections. The'data value of the out data port of the source thread i

e in the currentimode transition.

le_transition_in_progress state, all continuing threads continue
nly uSe connections that are active in both the old and the new SOM.

of threads
mode and active in the

e,
, and whose dispatches

hat are active in the old
eriod, i.e., they may still
ata in their port queues.
5 that are part of the old

brts that are declared to

current mode transition and whose “source threads have completed execution at the time the

port such that its value

that are not part of the
htered and the following
s transferred into the in

of the newly enabled thread, unless the in data port of the destination thread is the destination of

to get dispatched and

When the mode

transition_in_progress state is entered, thread exit(Mode) is tri

pgered 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).

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).

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.

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)

(23)

(24)

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_transition_in_progress state.

Other actions are project-specific implementor provided action and may include:

Suspend the execution of the zombie thread for resumption the next time the thread is part of a new mode. This
action is only safe to use if the thread does not hold the lock to a shared resource.

Complete_ondg
entrypoint. Any
activated again
held and comm
of the zombie th
Complete_all
actual mode sw|
thread is react
execution of the
At the next
current_systg

<

permits the thread to complete the execution of its current dispatch an
remaining queued events, or event data may be flushed, or remain inthe
as specified by the Active_Thread_Queue_Handling_Protogcol
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 event data in its
tch state is entered. The output is held and communicated according to th
vated. When execution completes the deactivation“entrypoint is exeq
zombie thread competes for execution platform resources.
multiple of the SOM transition hyperperiod the  systd

m_operation_mode state and starts responding to new requests for SO

e 2
Current system operation mode
— (3 Source_Event_Port.Event_Arpival )

? 5T mod Hyper{Mode)*®

? 5T mod Hyper(Modeh=
thread exit{Mode)
thread enter{Mode)

— |

Mode transition in progress

e

Figure 23 System Mode Transition Semantics

(25) The synchronizatjon scope for enter(Mode) consists of all threads that are contained in t

(26)

were inactive and
are contained in
and exit(Mode) 3

are about to become active. The synchronization scope for exit(Mode)
he _system instance that were active and are to become inactive. The ¢

1 invoke its deactivation
queue until the thread is
property. The output is
this case the execution

queues at the time the
e connections when the

uted. In this case the
bm  instance  enters
M transition.

>

he system instance that
contains all threads that
dge labels enter(Mode)

Iso appear inthe set of concurrent semantic automata derived from thel

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.

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

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

System-wide Fault Handling, Shutdown, and Restart

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

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.

Current_Systqg

subprogram Cuf
features
ModeID: out
end Current_Sy
Set_System_ Mg
have identifying n
subprogram Sef
features
ModeID: in ¢
end Set_Systen
The following sul
is determined by

Stop_Process
executing, awaiti
entrypoint before

Abort_Process
terminated immeqd

Stop_Virtual_|

m_Mode returns a value corresponding to the active system operation mod

rent_System_Mode
parameter <implementor-specific>; -- ID of the mode
stem_Mode;

de indicates the next SOM the runtime system must switch to. System
umbers.

_System_Mode

arameter <implementor-specific>; -- ID of the SOM
_Mode;

programs take a process, virtbal processor, or processor ID as parameter
he runtime system.

s called for a coptrolled shut-down of a process, i.e., all of its cont
ng a dispatch, of not part of the current mode, are given a chance t
being halted.

is called for a shut-down of a process due to an anomaly. All of its
iately:

Processor is called to initiate a transition to the virtual processor stg

e (SOM).

modes are assumed to

. The ID representation

ained threads, whether
0 execute their finalize

contained threads are

pping state at the next

hyperperiod. This
virtual processor,

Abort_Virtual

has the effect of Initlating Stop_virtual _Processor for ait virtual
and Stop_Process for all processes bound to the virtual processor.

_Processor

processors and processes bound to the virtual processor are aborted.

rocessors bound to the

is called for a shut-down of a virtual processor due to an anomaly. All virtual

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 f

Abort_Process
processes bound

or all processes bound to the processor.

or is called for a shut-down of a processor due to an anomaly. All
to the processor are aborted.

virtual processors and

Stop_System is called to initiate a transition to the system stopping state, which will initiate a Stop_Processor for

all processorsin t

he system.
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(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

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
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.

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

A method of build

A method of buil
and legality rules

contains all procgsses and threads executed by that processor and all source’text asso

buses accessible
memory to make
processor.

A process may d
space, and define
these functions.

secondary linking

A method of build
a method of build
threads contained

If two software ¢
types and implen
this must be dete

A method of build
a processor kern
software.

This standard suy

ing systems is permitted to only support static process loading.

ling systems is permitted to create any set of loadable binary images th
of this standard. For example, a single load image may be<created

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.. Akmethod of building systems
For example, processes may be compiled.and pre-linked as separate f
to combine the process binary images toiform a load image.

ing systems is permitted to compile, link and load a process as a single s
ng systems is permitted to imposé the additional requirement that all asso
in a process form a legal program as defined in the applicable programm

bmponents that are compiled and linked within the same namespace ha
entations, or the intersection of their associated source text compilation
cted and reported.

ing systems.js-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

images of proces

at satisfy the semantics
or 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

bes-are loaded during system initialization, before a system begins operati

n.

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.

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

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Layered System Architectures

Layering of system architectures is supported in AADL in several ways:

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. Connections
between the components must follow the component hierarchy.

ract with other threads
and devices throygh directional flow of events and data, representing a pipeline architecture pattern. Threads also
may call on serviges of other threads through subprogram service calls. These thread-servjces often are organized
into service layerg in that threads of one layer call on services of the same or lower layer, but not higher layers.
Multi-tiered e-business architectures are examples of this architecture pattern. Threads angd related components of
different service Jayer can be organized into separate packages and accessdo packages can be restricted by
convention to follow the layering hierarchy. Packages or components such as threads ¢an be attributed with a
Service_Layer| property that can be used by a design rule checker to,enforce such layeripg.

Threads and dey,

casrapnrasant-activa-componante—in-a cvuctam  Thraade and davicas int
65—+ presSet—actve-compoReits—HH—a—Syfstei—rrH HIG—ESVHEE8SHAt

Execution platform components virtual processor and virtual bus can ‘represent virtual maghine abstractions. For
example, a virtual processor may represent a language runtime ‘system such as the Ada runtime system, which is

responsible for sgheduling the execution of Ada tasks. This runtime system may be implen
virtual processor| namely a real-time operating system. Virtual processors and process
service calls desg¢ribed in Runtime Support in Section 5.45and Section 8.3, as well as sef
as part of the felatures of a (virtual) processor type.~<Similarly, a virtual bus may reprs
implemented in tgrms of a lower level protocol.

AADL can be uged to represent this system dayering as follows: The implementation o
component can be described by system components. For example, a processor that reprs
operating system| can be described by an application software system to represent the

lower level execlition platform system.that includes a lower-level processor abstraction
implementation of a device, e.g., a digital camera, can be described as a system that cons
and transfer software as well as\processors, internal memory, and USB bus interface
devices. A map dlata base may-he a highly abstracted memory component type, whose im
database softwarg and data-coOmponents that represent the database content together with
level memory components.and a processor that acts as dedicated database server.

System implementations can be associated with their respective processor, virtual process

ented on top of another
prs provide the runtime
vices declared explicitly
psent a protocol that is

f an execution platform
bsents 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-

or, memory, bus, virtual

bus, and device types and implementations through the Implemented As property, whic

h 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_oOutput and Receive_Input service calls (see Runtime Support in Section 8.3) to reflect
an API-based functional service architecture.
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(9) 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

(1)

15.1
(1)

(2)

(3)

(4)

Lexical Elements

The text of an AADL description consists of a sequence of lexical elements, each composed of characters. The

rules of compositi

Character Set

on are given in this section.

The only characters allowed outside of comments are the graphic_characters and format_effectors.

character

graphic_charg

The character re
Basic Multilingua
format_effectors
characters is imp

The description o
and Row 00: Lati
(Latin-1); no grap
set of graphic syn
is not specified.
The categories of]
identifier ]
upper |

upper_case_ 1]

Any cl

Syntax

graphic_character | format_effector

| other_control_character

hcter

identifier_letter | digit | space_character

| special_character

Semantics
bertoire for the text of an AADL specification consists of the collection

and, in comments only, a set of other_conirol_functions; the coded T
ementation defined (it need not be a represéntation defined within ISO-10

the language definition in this standar@uses 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_idertifier_letter | lower_case_identifier_letter

dentifier letter

haracter of Row 00 of ISO 10646 BMP whose name begi

Letter

L

bf 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
pf the BMP. The actual
f an AADL specification

ns “Latin Capital

lower case_identifier letter

Any character of Row 00 of ISO 10646 BMP whose name begins

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".

“Latin Small
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special_character

Any character of the ISO 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

) Righlt parenthesis _ underline

+ plus| sign [ left square bracket

, Commg ] right sguare bracket

- Minuf { leftg,curly bracket
Dot } right curly bracket

Implementation Permissions

(6) In a nonstandard mode, the implementation may support a different character repertoire;| in particular, the set of
symbols that are gonsidered identifier~letters can be extended or changed to conform to logal conventions.

NOTES:

Every code position of ISQ 10646 BNPythat is not reserved for a control function is defined to be a graphic_kharacter by this standard.
This includes all code posifions otherthan 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) A delimiteris either one of the following special characters

(Hrri1r¢ty . - = 5 = *+ -
(6) orone of the following compound delimiters each composed of two or three adjacent special characters
=> +=> > <> . - * **
(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
B qualified name separator
=> association
+=> additive association
-> directional connection
<-> bidirectional connection
interval

- [ left step bracket

]1-> right step bracket
{** begin annex
*x3 end annex

Processing Requirements and Permissions

(9) An implementatign shall support lines of at least 200 characters in length, not counting |any characters used to
signify the end of|a line. Ap-implementation shall support lexical elements of at least 200 characters in length. The
maximum supported linedength and lexical element length are implementation defined.

15.3 Identifiers

(1) Identifiers are used as names. ldentifiers are case insensitive.

Syntax
identifier ::= identifier_letter {[underline] letter_or_digit}*
letter_or_digit ::= identifier_letter | digit

e An identifier shall not be a reserved word.

e 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)  An identifier 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_TItem VerrlickE
15.4 Numerical Literals
(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_litgral ::= integer_literal | real\literal
integer_1litdral ::= decimal_integer_literal | based_integer_literal
real literall ::= decimal_real_literail
15.4.1 Decimal Literals
(1) A decimal literal i$ a numeric_literal in the conventional decimal notation (that is, the base ig ten).
Syntax
decimal_intdger_literal ::= numeral [ positive_exponent ]
decimal_real literal” ::= numeral . numeral [ exponent ]
numeral ::=|digift/ {[underline] digit}”
exponent ::4 EB/[+] 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)

(2)

(3)

15.5
(1)

(2)

(3)

(4)

A based literal is a numeric_literal expressed in a form that specifies the base explicitly.

based_integer_literal

base

based_numeral

extended_digit

Syntax

digit [ digit ]

extended_digit {[underline] extended_digit}

digit | A | B|Cc | D|E|F|al|b]|c]|adl]

Legality Rules

base # based _numeral # [ positive_exponent ]

e | £

The base (the nu
The extended_d
extended_digit of

The conventional
the value of the b

exponent. The base and the exponent, if any, are in decimal notation.

The extended_dig

2#1111_1111+#
2#1110_0000#

String Literals

A string_literal is
marks used as st

string_liten

string_elems

meric value of the decimal numeral preceding the first #) shall be at least
a based_literal shall be less than the base.
Semantics
meaning of based notation is assumed. An exponent<ndicates the pow
ased literal without the exponent is to be multiplied te;obtain the value of {
its A through F can be written either in lower case or in upper case, with t
Examples

L6#FF#
16#E#EL

0l6#O0ff#
8#340#

L+ integer literals of valu

-- Integer literals of valu

formed by a sequence of graphic characters (possibly none) enclosed
ing brackets.

Syntax

al

"{string_element}*"

nE = "" | non_quotation_mark_graphic_character

gits A through F represent the digits ten through fifteen respectively.

wo and at most sixteen.
The value of each

er of the base by which
he based literal with the

e same meaning.

D

255

D

224

between two quotation

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.

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:"
"o -- a null string literal

"o "A" -—- three string literals of length 1

"Characters such as $, %, and } are allowed in string literals"
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 not|influence the meaning of a program; their sole purpose is the enlightenmgnt of the human reader.

Examples

-—- this 1is|a comment

end; -- pHocessing of Line is complete

-- a long domment may be split onto

-- two or more consecutive lines

the firdt\two hyphens start the comment

15.7 Reserved Wordls

(1) The following arefthe 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
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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 reference
refined renames requires self
set sink source subcomponents
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
specifications may be

A change bar (]) locafed in the left margin,is for the convenience of the user in locating
changes, have begn made to the previous issue of this document

revisions, not editoria
left of the document t
bars and (R) are not

string_literal used as an operator_symbol.
written in whatever typeface;is desired and available.

This is merely a

tle indicates a eomplete revision of the document, including technical revisions.
sed in originakpublications, nor in documents that contain editorial changes only.

PREPARED BY SAE COMMITTEE AS-2 EMBEDDED COMPUTING SYSTEMS

convention — AADL

breas where technical
An (R) symbol to the

Change
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_ 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_Progerties contains properties related to the AADL model itself.

(2) The property set pADL_Project is a part of every AADL specification. It defines,groperty] enumeration types and
property constanis that can be tailored for different AADL projects and site installations. THese definitions allow for
tailoring of the prg¢declared properties through changes to these predeclared property types|and property constants.

(3) The property types, property definitions, and property constants of these{predeclared property sets can be named
with or without property set name qualification.

NOTES:

All predeclared properties
category in the applies to statement of the property definition.

NOTES:

In accordance with the narning rules for references to items defified in the predeclared property sets, the de
set refer to enumeration types and property constants declared in the AADI,_Project property set withoy
name.
A.1 Predeclared Deployment Properties

the predeclared property set named Deployment_Properties record
software components to hardware components, i.e., of threads and virt

focessors; of processes and data components to memory, and of connect
lal busesto virtual buses, buses, virtual processors, and processors.

(1) The properties off
actual bindings o
processors and p

buses, and of virt

Property set Depldyment_Properties is

and user-defined properties are applicable to(ecomponents of the category abstract without listing this

larations in these property
t a qualifying property set

binding constraints and
lal processors to virtual
ons to virtual buses and

Allowed_Processor_Binding Class:

inherit list of classifier (processor, virtual processor, system)
applies to (thread, thread group, process, system, virtual processor,
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 assomahon unless overrldden If this property is specmed for a device, then the thread
associatee—w v processors for
executipn. The Allowed_ Processor_Binding property may specify a single|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 property has no associated value, then all processors declared in n AADL
acceptdble candidates.

specification are

Actual_Procgssor_Binding: inherit list of reference (processor, virtual

processor)

applies [to (thread, thread group, system, virtual

device) ;

process, processor,

A threa
The prg
more th

This allpws modeling of multi-core-processors without explicit binding to one of théd

If a dev
A virtud
executg

Threads,

d 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

1 ding property.
erty. If there is
b one at a time.
cores.
bftware.
rtual processor

hich in turn are

bound tp virtual processors or processors.

Allowed_Memqry_ Bimding Class:

inherit list ‘0f classifier (memory, system, processor)
applies [to”) (thread, thread group, process, system, device, | data, data
port, event data port, subprogram, processor);

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.

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

applies to (thread, thread group, process, device, data, data
port, event data port, subprogram, processor) ;
Code and data produced from source text can be bound to the set of memory components that is

specified by the A11owed_Memory_Binding property. The set is specified by a list of memory

system,
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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 declared in an AADL
specification are acceptable candidates.

Actual_Memory_Binding: inherit list of reference (memory)

applies Yo (Thread, ThTEad groUD, DIOCESS, SYSTam, DroCessor, dpvice,
data, data port, event data port, subprogram) ;

Code |and data from source text is bound to the memoryy-specified by the
Actual_Memory Binding property.

Allowed_Connection_Binding Class:
inherit list of classifier (processor, virtual processor, bus, vfirtual bus,
device, memdgry)

applies to (feature, connection, thread, thxead group, procgss, system,
virtual bus)|;

The Alflowed_Connection_Binding_Class property specifies a set of exg¢cution platform
classifigrs to constrain the binding of connectiohs and virtual buses. The named component
classifigrs must belong to a processor, virtual) processor, bus, virtual bus, device, or memory
category, i.e., any execution platform component that supports communication between 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 communicgtion through the
port.

Allowed_Conrection_Bindings. inherit list of reference (processor, yirtual
processor, Rus, virtual bus] device, memory)

applies to (feature\ ' connection, thread, thread group, procdss, system,
virtual bus)|;

The Allowed—=€onnection_Binding property specifies a set of exegution platform
components_torconstrain the binding of connections and virtual buses. The nanmjed components
must be¢long to a processor, virtual processor, bus, virtual bus, device, or mg¢mory category.
When spetcified-forafeature—such—asaportit-indicatesabinding—constraint-for all connections
through that feature, e.g., any protocol assumptions a component makes about its communication
through the port.

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: list of reference (subprogram)
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applies to (subprogram access) ;

A subprogram call can be bound to any member of the set of subprograms specified by the
Allowed_Subprogram_Call property. These may be remote subprograms, i.e., subprogram
instances in other threads, or local subprogram instances. In the latter case the property
identifies a specific code instance. If no value is specified, then subprogram call must be a local
call.

Actual_Subprogram Call: reference (subprogram)

applies to (subprogram access) ;

The Actual_subprogram_Call property specifies the subprogram instance whose code is
servicing the subprogram call. These may be remote subprograms, i.e., subprogram instances in
other threads, or local subprogram instances. In the latter case the property identifies a specific
local cgde instance, i.e., it can model sharing of subprogram. If no value.i$ specified, the
subprogram call is a local call.

Allowed_Subqg
inherit 1

rogram_Call_Binding:

ist of reference (bus, processor, device)

applies Yo (subprogram, thread, thread group, procéss, system);

Remote
is spec
then su
caller a

subprogram calls can be bound to the physical connection of an execution platform that
fied by the Al1lowed_Subprogram_Call_Binding property. If no value is specified,
bprogram call may be a local call or the bindingumay be inferred from thg bindings of the
nd callee.

ogram_Call_Binding: inherit\1list of reference (bus,

ce)

Actual_Subpn
memory, devi

prpcessor,

applies o (subprogram) ;

The Ac
memory
is a locd

tual_Subprogram_Call_Binding property specifies the bus, proce
to which a remote subpregram call is bound. If no value is specified, the
| call or the binding-ean be inferred from the binding of the caller and calle

5sor, device, or
subprogram call
e.

Provided_Vintual_ Bus_Glass inherit list of classifier (virtual bls)
applies o (bus, Vvirtual bus, processor, virtual processor, devfce,
memory, systfem) ;
The PrHovided_Virtual_Bus_Class property specifies the set of virtual | bus classifiers

(protocols).supported by a bus, virtual bus, virtual processor, device, or processdr. 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.

Required_Virtual_Bus_Class inherit list of classifier (virtual bus)

applies to (virtual bus, connection, port);

The Required_vVirtual_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.
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Provided_Connection_Quality_ Of_Service inherit list of

Supported_Connection_QoS

applies to (bus,
device, memory) ;

virtual bus, processor, virtual processor, system,

The Provided_Connection_Quality_Of_Service property specifies the quality of service
provided by a protocol, i.e., a virtual bus, bus, virtual processor, or processor supporting

(2)

protocols, for its transmission.

Required_Connection_Quality Of_Service
Supported_Connection_QoS

applies to

inherit list of

(port, connection, virtual bus);

The Re
virtual b

quired Connection_Quality_ Of_Service property specifies that
us expects a certain quality of service from the protocol that is used forits

A connection or
transmission.

Not_Collocatled: record (
Targets:] list of reference (data, thread, process, System, conhection);
Locatiorn: classifier ( processor, memory, bus, .System ); )
applies |to (process, system);
The No|t_Collocated property specifies that hardware resources used by deveral software
comporjents must be distinct. The components reférenced by Target must not pe bound to the
same Hardware of the type specified in the Liscation field. If the Locatipn is a system

same h
of the ty
must bdg

hrdware, (The components referenced by Target must be bound to the
pe spécified in the Location field. If the Location is a system comp
collecdted on any component contained in the system component.

comporjent, then they may not be collocated to any component contained|in the system
comporjent.
Collocated: |record (
Targets] list of reference (data, thread, process, system, conhection);
Location: classifier (~processor, memory, bus, system ); )
applies |[to (process, \gystem) ;
The Coll located groperty specifies that several software components must Qe bound to the

same hardware
bnent, then they

The next set of properties specify characteristics of the computing hardware as it relates to the deployment of

software.

applies

Allowed_Connection_Type:

supports.

list of enumeration
(Sampled_Data_Connection,
Delayed_Data_Connection,
Data_Access_Connection,
Subprogram_Access_Connection)
device) ;

Port_Connection,

to (bus,

Immediate_Data_Connection,

The Allowed_Connection_Type property specifies the categories of connections a bus
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
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can be bound to the bus.

Allowed_Dispatch_Protocol: list of Supported_Dispatch_Protocols

applies to (processor);

The Allowed_bDispatch_Protocol property specifies the thread dispatch protocols are
supported by a processor. That is, a thread may only be legally bound to the processor if the
specified thread dispatch protocol of the processor corresponds to the dispatch protocol required
by the thread.

If a list of allowed scheduling protocols is not specified for a processor, then a thread with any
dispatch protocol can be bound to and executed by the processor.

Allowed_Perij

[nn it R
TTe oS

applies o (processor, system) ;

The Alllowed_Period property specifies a set of allowed periods for periodic tasks bound to a
processor.

The petfiod of every thread bound to the processor must fall within ene of the spedified ranges.

If an allpwed period is not specified for a processor, then there\are no restrictiong on the periods
of threafds bound to that processor.

Allowed_Phydical_Access_Class: list of classifier ( device, procesgor,
memory, bus|)
applies |[to (bus) ;

The Allowed_pPhysical_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 supp]>rted by the bus.

If the property is not specified fora‘bus, then the bus may be used to connect bpth devices and
memory to the processor.

Allowed_Phydical_Access:(list of reference ( device, processor, memory, bus )
applies |to (bus);

The alllowed_Rhysical_Access property specifies the classifiers of procgssors, devices,
memory, and,buses that are allowed to be connected to the bus, i.e., whosg connection is
supported by'the bus.

If the pioperty is not specified for a bus, then the bus may be used to connect bpth devices and
memory to the processor.

Memory_Protocol: enumeration (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.

Scheduling_Protocol: inherit list of Supported_Scheduling_Protocols

applies to (virtual processor, processor) ;

The Scheduling_Protocol property specifies what scheduling protocol the thread scheduler
of the processor uses. The core standard does not prescribe a particular scheduling protocol.

Scheduling protocols may result in schedulers that coordinate scheduling of threads across
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multiple processors.

Preemptive_Scheduler : aadlboolean
applies to (processor) ;

This property specifies if the processor can preempt a thread during its execution. By default, if
this property is not specified, the processor owns a preemptive scheduler.

Thread_Limit: aadlinteger 0 .. Max Thread_ Limit
applies to (processor);

The Thread_ Limit property specifies the maximum number of threads supported by the
processor.

Priority_Mayg: list of Priority_Mapping
applies o (processor);

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 aadlintegelr pairs.

Priority Mapping: type record (
Aadl_|Priority: aadlinteger;
RTOS_|Priority: aadlinteger; )

applies o (processor);

The Priiority_Mapping property specifies a mapping of a single AADL priofity value into a
single griority value of the underlyingcreal-time operating system. This property i$ used to define
the elements of a consists of a P¥iority Map.

Priority_Rarlge: range of adadlinteger
applies o (processox);

The Priority_Range property specifies the range of thread priority values that are acceptable
to the pfocessat.

The property-type is range of aadlinteger.

end Deployment_Properties;

A.2 Predeclared Thread Properties

(1) The properties of the predeclared property set named Thread_Properties record information related to threads
and devices, i.e., active application components. They address dispatching, concurrency, and mode transition.

Property set Thread_Properties is

Dispatch_Protocol: Supported_Dispatch_Protocols

applies to (thread);
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The Dispatch_Protocol property specifies the dispatch behavior for a thread.

A method used to construct a actual system from a specification is permitted to support only a
subset of the standard scheduling protocols. A method used to construct a actual system is
permitted to support additional non-standard scheduling protocols.

Dispatch_Trigger: list of reference (port)

applies to (device, thread);

The Dispatch_Trigger property specifies the list of ports that can trigger the dispatch of a
thread or device.

POSIX_Scheduling Policy : enumeration (SCHED_FIFO, SCHED_RR, SCHED_OTHERS)
apnlies to (thread, thread group);
The POSIX_Scheduling_Policy property is used for the modeling of the scheduling. protacols defined by

POSIX 1003.1b. Such a property specifies the policy assign to a given thread. The' poligy may be either
SCHED_FIFO, $CHED_RR Or SCHED_OTHER. In a POSIX 1003.1b architecture, the pplicy allows the
scheduler to chpose the thread to run when several threads have the same®fixed priority. [If a thread does
not define the ROSIX_Scheduling_Policy property, it has by default therSCHED_FIFO policy. The policy
semantics are :

e SCHED_FIFO : this policy implements a FIFO scheduling protocol on the set ¢f equal fixed
prigrity : a thread stays on the processor until it hasiterminated or until a highgst priority
thrgad is released.

e SCH
end
thrg

e SCH
impj

ED_RR : this policy is similar to SCHED_FIEO except that the quantum is
of the quantum, the running thread is pr&=empted from the processor and
ad has to be released.

ED_OTHER : its semantic is defineghpy POSIX policy implementers. This p|
ements a timing sharing scheduling protocol.

used. At the
a equal priority

olicy usually

Priority: in
applies t

The Pr]
some s

The pro
support|

therit aadlinteger

o (thread, thread droup, process, system, device);

iority property~specifies the priority of the thread that is taken into g
theduling protocols’in scheduling the execution order of threads.

perty type.iScaadlinteger. lts value is expected to be within the range
bd by a given processor.

onsideration by

f priority values

Criticality:

aadlinteger

applies to

(thread, thread group) ;

This property 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 specific scheduling
protocols.

Time_Slot:

applies to

list of aadlinteger

(thread, thread group, process, virtual processor,

system) ;

The Time_Slot property specifies statically allocated slots on a timeline. This property is used
by scheduling protocols with a time slot allocation approach, such as the protocol for scheduling
partitions on a static timeline.

Concurrency_Control_Protocol:
applies to

Supported_Concurrency_Control_Protoc
(data) ;

ols
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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.

Dequeue_Protocol: enumeration ( OnelItem, MultipleItems, AllItems ) => Oneltem

applies to (event port, event data port);

The De¢lueue_Protocol property specifies different dequeuing options.

L] Oneltgm:

source

(default) a single frozen item is dequeued at input time and/made

all items that are frozen at input time are dequeued and made

ext unless the queue is empty. The Next_value service call hasno effegt.
e AllTtgms:

available to the

Available to the

source fext via the port variable, unless the queue is empty. Individual items begome accessible
as port|variable value through the Next_value service call. Any element in tHe frozen queue
that aref not retrieved through the Next_value service call are/discarded, i.e., ane removed from
the quepe and are not available at the next input time.

e MultigleItems: multiple items can be dequeued ang'at a time from the frgzen queue and
made ayailable to the source text via the port variable>, One item is dequeued andl its value made
available via the port variable with each Next_walue service call. Any item$ not dequeued
remain |n the queue and are available at the nextinput time.

If the Deéqueued_TItems property is set, thenit imposes a maximum on the numpber of elements
that arelmade accessible to a thread at input time when the Dequeue_Protocol property is set
toAllJtems orMultipleItems.

The default property value is OneTten.

Dequeued_1Itd
applies t

The De
to the a
time. |
Dequey

ms: aadlinteger

o (event ports\.event data port);

tueued_ T tems property specifies the maximum number of items that are
pplication via“a port variable for event or event data ports when the input i
s valuecannot exceed that of the Queue_Size property for the same
e_Pxotocol property.

made available
5 frozen at input
port. See also

Mode_ Transit

10n_Response: enumeration ( emergency, planned )

applies to

(mode transition);

The Mode_Transition_Response property specifies whether the mode transition occurs
immediately due to an emergency, or whether it is planned in that the completion of thread
execution can be coordinated before performing the mode transition. If not specified the mode
transition is considered to be planned.

Resumption_Policy: enumeration ( restart, resume )
applies to (thread, thread group, process, system, device, processor,
memory, bus, system);

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:
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inherit S
applies t

defined.

AS5506A
upported_Active_Thread_Handling_ Protocols => abort
o (thread, thread group, process, system);

The default value is abort.

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

applies to

Active_Thread_Queue_Handling Protocol:
inherit enumeration

(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 nwmﬁwmmﬂm%e queue. Hold
keeps the content in the queue of the thread being deactivated until it is reactivated. The default

protecti

bNn. If no value is specified the default is assumed to be true.

value is| £ lush.
Deactivatior_Policy: enumeration (inactive, unload) => inactive
applies o (process, virtual processor, pProcessor);
The Depctivation_Policy property specifies whether a process is to be unlgaded when it is
deactivated. If the policy is unload, then the process is unloaded on deactivatg and loaded on
activati
The defpult is that the process is loaded during startup and'is not unloaded when fleactivated.
Runtime_Profjection inherit aadlboolean
applies o (process, system);
This prpperty specifies whether a process requires runtime enforcement of [address space

Subprogram_(
=> Synch
applies t

synchrg
may be
is speci

The sStbprograml€all_Type property specifies whether the call is to

all_Type: enumeration (Synchronous, SemiSynchronous)
ronous
o (subprogram);

nous or.semi-synchronous. In case of a semi-synchronous call the uset
suspended uintil the result is available. The default is Synchronous if n
ieds

be performed
of the result is
b property value

The def

Synchronized_Component :

applies to

inherit aadlboolean => true

(thread, thread group, process, system);

The Synchronized_Component property specifies whether a periodic thread will
synchronized with transitions into and out of a mode.
hyperperiod for mode switching of the property value is true.

ault value is true.

be

In other words, the thread affects the

end Thread_Properties;

A.3 Predeclared Timing Properties

(2)

regarding threads, devices, and runtime system support for thread execution.

Property set Timing Properties is

The predeclared property set named Timing_Properties contains execution time related property definitions
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(3)

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:

The property type is Time.

type range of Time;

The Time_Range property type specifies a property type for a closed range of time, i.e., a time
span including the lower and upper bound.

The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours).

These properties

record information related to the timing of thread and device execution tinﬁing.

Activate_Des
applies t

Activa
thread’s

The prq
(micros

dline: Time

o (Thread) ;

te_Deadline specifies the maximum amount of time atiowed for the
activation sequence. The numeric value of time must be positive.

perty type is Time. The standard units are ps (picoseconds), ns (n3
bconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours).

execution of a

noseconds), us

Activate_ Exs¢
applies t
Activs

absenc

requireq
by anot
made b

cution_Time: Time_Range

o (thread);

te_Execution_Time specifies the  minimum and maximum executi
b of runtime errors, that a thread will use to execute its activation sequer

thread Ibecomes active as part of a mode switch. The specified execution time

to execute any service calls.that are executed by a thread, but excludes
her thread executing remote procedure calls in response to a remote
y this thread.

bn time, in the
ce, i.e., when a
ncludes all time
any time spent
subprogram call

Compute_Dead

applies
event data g

The Co
thread’s
data po

line: Time

to (thread,
ort) ;

device, subprogram, subprogram access,

nputesbeadline specifies the maximum amount of time allowed for thg

riCfeature, then this compute execution time applies to the dispatched t

event port,

b execution of a

compute sequence. If the property is specified for a subprogram, event port, or event

hread when the

corresp

‘H Ll L -
onding—calt—event, oreventdata—arrives:

When bpcuificu' for—= bu'upI’Ogl’am access

feature, the Compute_Deadline applies to the thread executing the remote procedure call in
response to the remote subprogram call. The Compute_Deadl ine 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
features.

The Deadline property places a limit on Compute_Deadline and Recover_Deadline:
Compute_Deadline + Recover_Deadline < Deadline.

The property type is Time. The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours).

Compute_Execution_Time: Time_Range
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applies to (thread, device, subprogram, event port, event data port);

The Compute_Execution_Time property specifies the amount of time that a thread will
execute after a thread has been dispatched, before that thread begins waiting for another
dispatch. 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 initiates a dispatch. When specified for a subprogram (access) feature, it applies to
the thread executing the remote procedure call in response to a remote subprogram call. The
Compute_Execution_Time  specified for a feature must not exceed the
Compute_Execution_Time of the associated thread.

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 the thread.

The vallies specified for this property for a thread are bounds on the values spedified for specific
featureg.

Client_Subpiogram_Execution_Time: Time_Range
applies o (subprogram) ;

The Cllient_Subprogram_Execution_Time property specifies the length of[time it takes to
executd 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 Jalue must be a
positive|number.

Deactivate IJeadline: Time

applies fo (thread);

The Dgactivate_Deadline property specifies the maximum amount of time|allowed for the
execution of a thread’s deactivation sequence. The numeric value of time must b¢ positive.

The prgperty type is Time.) The standard units are ps (picoseconds), ns (ngnoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours).

Deactivate_HxecutiomTime: Time_Range

applies Yo (thxead) ;

The Dgactivate_Execution_Time property specifies the amount of time that a thread will
execute-its-deactivation seguencs, i_o_, when the thread is deactivated as part ofla mode switch.

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.

Deadline: inherit Time => Period
applies to (thread, thread group, process, system, device);

The Deadline property specifies the maximum amount of time allowed between a thread
dispatch and the time that thread begins waiting for another dispatch. Its numeric value must be
positive.

The Deadline property places a limit on Compute_Deadline and Recover_Deadline:
Compute_Deadline + Recover_Deadline < Deadline

The Deadline property may not be specified for threads with background dispatch protocol.
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First_Dispatch_Time : inherit Time

applies to (thread, thread group);

This property specifies the time of the first dispatch request.

Dispatch_Jitter: inherit Time

applies to (thread, thread group);

The Dispatch_Jitter property specifies a maximum bound on the lateness 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

dispatc

. The Dispatch_dJitter property can be specified on any thread
ed several times (e.g.,. Periodic, Sporadic).

to specify such
which can be

Dispatch_Of{
applies t

The Di
indicate
This prq

set: inherit Time

o (thread) ;

spatch_Offset property specifies a dispatch time™ offset for a thre

perty applies only to periodic threads.

hd. The offset

s the amount of clock time by which the dispatch of+a thread is offset relafive to its period.

Execution_ Ti
applies t

The Ex
process
threads

me: Time

o (virtual processor);

ecution_Time property specifies the amount of execution time alloca
or.
or virtual processors it schedules.

ted to a virtual

This is the amount of .execution time the virtual processor can make available to

Finalize_Deddline: Time

applies t (thread);

The Flnalize/Péadline property specifies the maximum amount of time
executipn of a thread’s finalization sequence. The numeric value of time must be

o

allowed for the
positive.

The prq
(micros

perty-type is Time. The standard units are ps (picoseconds), ns (ngnoseconds), us
bconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours). 1

Finalize_ Execution_Time: Time_Range

applies to (thread);

The Finalize_Execution_Time property specifies the amount of time that a thread will
execute its finalization 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.

Initialize_Deadline: Time

applies to (thread);

The Initialize_Deadline property specifies the maximum amount of time allowed between
the time a thread executes its initialization sequence and the time that thread begins waiting for a
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dispatch. 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).

Initialize_Execution_Time: Time_Range

applies to (thread);

The Initialize_ Execution_Time property specifies the amount of time that a thread will
execute its 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

- 257 -

remote procedure calls in response to a remote subprogram call made by this thr

ad.

Load_Deadlirle: Time

applies o (process, system);

The 1Ldad_Deadline property specifies the maximum amount of elapsed time &
the timg the process begins and completes loading. Its numeric value must be po

The prgperty type is Time. The standard units are ns (nanOGseconds), us (mid
(millisegonds), sec (seconds), min (minutes) and hr (hours).

llowed between
sitive.

roseconds), ms

Load_Time: Time_Range

applies Yo (process, system);

The L¢ad_Time property specifies the amaunt of execution time that it will t
binary ilnage associated with a process. The\numeric value of time must be posit

When gpplied to a system, the property ‘specifies the amount of time it takes to
image pf data components declared,within the system implementation and
procesges (and their address spaces).

The rarge expression specifies a minimum and maximum load time in the abs

ake to load the
ve.

load the binary
shared across

ence of runtime

errors.
Period: inhgrit Time
applies |to (thxead, thread group, process, system, devi¢e, virtual
processor) ;

The periodiproperty specifies the time interval between successive dispatch
whose g$cheduling protocol is periodic, or the minimum interval between successi

es of a thread
e dispatches of

a threadwhose scheduling protocot 1S sporadic.

The property type is Time. The standard units are ns (nanoseconds), us (microseconds), ms
(milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric value must be a single
positive number.

A Period property association is only allowed if the thread scheduling protocol is either
periodic or sporadic.

Recover_Deadline: Time

applies to (thread);

Recover_Deadline specifies the maximum amount of time allowed between the time when a
detected error occurs and the time a thread begins waiting for another dispatch. Its numeric
value must be positive.

The Recover_Deadline property may not be specified for threads with background dispatch
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(4)

protocol.
The Recover_Deadline must not be greater than the specified period for the thread, if any.

The Deadline property places a limit on Compute_Deadline and Recover_Deadline:
Compute_Deadline + Recover_Deadline < Deadline.

The property type is Time. The standard units are ps (picoseconds), ns (nanoseconds), us
(microseconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours).

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 ra*ge expression specifies a minimum and maximum execution time.inythe absence of
runtime| errors. The specified execution time includes all time required to~€xedqute any service
calls that are executed by a thread, but excludes any time spent by anéther thread executing
remote procedure calls in response to a remote subprogram call made by this thrgad.

Startup_Deadline: Time
applies o (processor, virtual processor, process,)system);

The syartup_Deadline property specifies the deadline for processor, viftual processor,
procesq, and system initialization.

The prgperty type is Time. The standard units;are ps (picoseconds), ns (ngnoseconds), us
(microsgeconds), ms (milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric
value must be a single positive number.

Startup_Exedution_Time: Time_Range
applies Yo (virtual processor, (processor, process, system);

The stlartup_Execution_Time~property specifies the execution time for initialization of a
virtual grocessor or process, ‘Initialization time for threads is accounted for thrdugh its initialize
entrypojnt.

The prgperty type is Time. The standard units are ps (picoseconds), ns (ngnoseconds), us
(microsgconds), ms~y(milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric
value must be a single positive number.

The following properties specify timing information related to the computing platform executing threads.

Clock_Jitter: Time

applies to (processor, system);

The Clock_Jitter property specifies a time unit value that gives the maximum time between
the start of clock interrupt handling on any two processors in a multi-processor system.

The property type is Time. The standard units are ns (hanoseconds), us (microseconds), ms
(milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric value must be a
positive number.

Clock_Period: Time

applies to (processor, system) ;

The Clock_Period property specifies a time unit value that gives the time interval between two
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clock interrupts.

The property type is Time. The standard units are ns (hanoseconds), us (microseconds), ms
(milliseconds), sec (seconds), min (minutes) and hr (hours). The numeric value must be a
positive number.

Clock_Period_Range: Time_Range
applies to (processor, system);

The Clock_Period_Range property specifies a time range value that represents the minimum
and maximum value assignable to the Clock_Period property.

Process_Swap_Execution_Time: Time_Range

applies to (processor);

The Pfocess_Swap_Execution_Time property specifies the amount;.0f’{execution time
necessary to perform a context swap between two threads contained in different grocesses.

The rarjge expression specifies a minimum and maximum swap timécin the absence of runtime
errors.

Reference_Pirocessor: inherit classifier ( processor’ )

applies %o (subprogram, subprogram group, «hread, thread groyp, process,
device, systflem) ;

The Rgference_Processor property specifies‘the processor based on whigh the execution
time is $pecified. When code is bound to a different processor type, the Scaling| Factor of that
procesdor is used to determine the execution; unless a binding specific executipn time value is
associafed.

Scaling_Factlor : inherit aadlreal
applies to (processor, system);

This prqperty specifies the speed of a processor with respect to a reference processor.

Scheduler_Quantum .{ inherit Time

applies to (prodessor) ;

This property specifies the quantum of a given processor. The quantum is a maximum bound on
the time a thread can hold the processor without being preempted. A quantum is typically used in
time sharing scheduling and in POSIX 1003.1b scheduling (with the SCHED_RR policy). The
quantum can be used with any user-defined schedulers. If the quantum is not specified for a
given processor, the quantum has a positive infinitesimal value.

Thread_Swap_Execution_Time: Time_Range
applies to (processor, system);

The Thread_Swap_Execution_Time property specifies the amount of execution time
necessary for performing a context swap between two threads contained in the same process.

The range expression specifies a minimum and maximum swap time in the absence of runtime
errors.

Frame_Period: Time
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applies to (processor, virtual processor) ;

The Frame_Period property specifies the time period of a major frame in a static scheduling
protocol, such as a cyclic executive.

Slot_Time: Time
applies to (processor, virtual processor) ;

The slot_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.

end Timing_Propertlies;

A.4 Predeclared ommunication Properties

(1) The predeclared [property set named Communication_Properties defines communigation related properties
specify connectioh topology and queuing characteristics.

Property set Commynication_Properties is

Fan_Out_Policy: enumeration (Broadcast, RoundRébin, Selective, OnDemand)
applies o (port);

The Fap_oOut_Policy property specifies how the output is distributed to multiple recipients of a
port with multiple outgoing connections. \Broadcast sends to all recipients, RoundrRobin to one
recipient at a time in order, Selectilve sends to one recipient based on data content, and
OnDemdnd to the next recipient waiting’on a port for dispatch.
Note that Broadcast, RoundRobin, and Selective pass on data and events without queuing
it, while|onDemand requires a ‘quéeue that is serviced by the recipients.

Connection_Hattern: list ‘of Supported_Connection_Patterns
applies Yo (conn@éction) ;

The Cohnection_Pattern property specifies how an individual connection between arrays of
ports lopks like. If the property is not set the One_to_One pattern applies.

Connection_Set: list of Connection_Pair
applies to (connection) ;

The Connection_Set property specifies a list of specific source element and destination
element of a semantic connection by their array indices.

Connection_Pair: type record (
src: list of aadlinteger;

dst: list of aadlinteger;);

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
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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_Processing_Protocol: Supported_Queue_Processing_ Protocols => FIFO

applies to (event port, event data port, subprogram access) ;

The Queue_Processing_Protocol property specifies the protocol for processing elements in
the queue.

Queue_Size: aadlinteger 0 .. Max_Queue_Size => 1

applies to (event port, event data port, subprogram access) ;

The Qu
subprog
of asu

cue_Size property specifies the size of the queue for an event, event
ram access feature, and of a data component being shared via data-acce
pprogram access it represents the queue for remote subprogram<calis.

data port, of a
ss. In the case
n the case of a

data conponent it represents the queue used in resource locking.
Required_Cornection aadlboolean => true
applies flo (feature);

The Required_Connection property specifies whether the port or subprog
conneclion. If the value of this property is false, then’it is assumed that the
function without this port or subprogram access feature' being connected.

ram requires a
component can

The defpult value is that a connection is required:

Timing enymeration (sampled, immedi@te, delayed) => sampled

applies Yo (port);

The Timing property specifies the timing of port connections. By default the interaction is

samplsg

The def

d, i.e., the receiving camponent samples at dispatch or during execution.

ault value is that a-connection is required.

Transmissior]
applies t
The Ty

_Type: enumeration ( push, pull )

o (dataport, port connection, bus, virtual bus);

angmission_Type property specifies whether the transmission acrg

connect

ss a data port

ion)is initiated by the sender (push) or by the receiver (pull).

By default the

transmission is initiated by the sender. A pull transmission type results in data being transmitted
at the rate of the receiver. In the case of event data port or event ports, a pull transmission
type results in events or event data queued with the sender to be transmitted upon receiver
request.

When associated with a connection the property represents the transmission type the connection
expects. When associated with a port the property represents the transmission type expected by
the port. When associated with a bus or virtual bus the property represents the transmission type
that is provided by the bus or protocol.

(2)

The following communication properties specify input and output characteristics of port based communication.

|Input_Rate: Rate_Spec => ( Value_Range => 1.0 1.0; Rate_Unit => |
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PerDispatch; Rate_Distribution => Fixed; )
applies to (port);

The Input_Rate property specifies the number of inputs per dispatch or per second of data,
events, event data, or subprogram calls. If no Input_Rate is specified the default is one input
per thread dispatch.

If no distribution function is specified it is assumed to be Fixed.

Input_Time: list of IO _Time_Spec =>

0.0 ns;)

( Time => Dispatch; Offset => 0.0 ns

applies to (port);

The Input_Time property specifies the amount of execution time that can pass after dispatch
before {he Input IS frozen on a given port. The property value 1s a parr of Time a time range
Offsef. The default input time is Dispatch with zero Offset. A typical-prQperty value is a
time offset in terms of Start.

type record (
TimeRange;
IO_Reference_Time;

I0_Time_Sped
Offdet

Timg

)i
The I¢_Time_Spec property specifies the amount, ofexecution time Offsgt relative to a

Time gt which input or output occurs. The value consists of a reference point|and time range

pair.

IO0_Referencd_Time enumeration Deadline,

NoIO) ;

(Dispatchsyi'Start, Completion,

The IQ_Reference_Time property specifies the time reference point to be used for specifying

when in
offset),
complet

put or output is available. The reference points are dispatch time (typical
start time (zero or more: fime), completion time (amount of exec
ion), and deadline (typically with zero time offset). NoT0 indicates that no

y with zero time
ition time until
O occurs.

Output_Rate]
PerDispatch;

Rate_Spec => ((YValue_Range => 1.0 .. 1.0;
Rate_Distribution => Fixed; )

Rate_Unit =

applies Yo (port);

The odtput_Rate property specifies the number of outputs per dispatch or per[second of data,
events,|event, data, or initiations of subprogram calls. The default is one output per thread
dispatcll\ and-the default distribution is Fixed.

Output_Time: list of IO_Time_Spec => Offset => 0.0 ns

0.0 ns;)

( Time => Completion;

applies to (port);

The oOutput_Time property specifies the amount of execution time until completion at which
output becomes available. The property value is a pair of Time and Offset. The default
Output_Time is Completion with zero Offset. For data ports with a delayed connection
the default output time is Deadline.

type record (

Value_Range aadlreal ;

Rate_Unit : units (PerSecond, PerDispatch) ;
Rate_Distribution Supported_Distributions;

Rate_Spec

The Rate_Spec property specifies the number of input or output occurrences per Rate_Unit,
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i.e., per dispatch or per second. The default Rate_Distribution is Fixed.
Subprogram_Call_Rate: Rate_Spec => ( Value_Range => 1.0 1.0; Rate_Unit =>
PerDispatch; Rate_Distribution => Fixed; )
applies to (subprogram access) ;
The Subprogram_Call_Rate property specifies the number of subprogram calls per dispatch
or per second. The default is one call per thread dispatch and the default distribution is Fixed.
(3) The following are communication timing related properties.

Transmission Time:

record (

Fixed: 1

PerByte:
applies t

The T
interval
transmi
and the
queuing
perform

The asS

The tim
where H

falls in the second range specified.

ime_Range;
Time_Range; )

o (bus);

bnsmission_Time property specifies the parameters forya linear mo
between the start and end of a transmission of a sequence of N bytes g
5sion time is the time between the transmission of the)first bit of the messe
transmission of the last bit of the message onto the*bus. This time excl
, or any other times that are a function of thow bus contention and
ed for a bus.

ociated expressions must evaluate to a record of two ranges of nonnegati

e required to transmit a message of N¢Bytes over the bus is Fixed +
ixed is any number that falls in the first range specified and PerByte is

el for the time
nto a bus. The
ge onto the bus
Ides arbitration,
scheduling are

ve numbers.

N * PerByte,
hny number that

Actual_Latern
applies t

The 2
implem
positive

The pro
ms (mil

cy: Time_Range

o (flow);

~tual_Latency jproperty specifies the actual
pntation of the_end-to-end flow through semantic connections. Its numeri

perty type'is Time_Range. The standard units are ns (nanoseconds), us
seconds), sec (seconds), min (minutes) and hr (hours).

latency as detefmined by the

c value must be

microseconds),

applies to

Latency: Time_Range

(flow, connection, bus);

The Latency property specifies the minimum and maximum amount of elapsed time allowed
between the time the data or events enter the connection or flow and the time it exits. lts 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).

end Communication_Properties;


https://saenorm.com/api/?name=15efeb3d7791062d151aab96b12ecfe1

SAE AS5506A - 264 -

A.5 Predeclared Memory Properties

(1) The predeclared property set named Memory_Properties defines properties related to memory as storage,
memory and device access.

Property set Memory_ Properties is

Size: type aadlinteger 0B .. Max Memory_Size units Size_Units;

Memory size as integers with predefined size units.

Size_Range: type range of Size;

The size_Range property specifies a closed range of memory size values, i.e., a memory size
range including the lower and upper bound.

(2) These properties [record information related to memory and access of data.

Access_Rightl : Access_Rights => read_write

applies o (Data, Bus, Data Access, Bus Access);

The Acfess_Right property specifies the form of access that is permitted for 3 component. If
associated with a requires access clause it specifies.the intended access to|the component
being accessed. If associated with a provides access clause it specifies the type of access that
is permitted to the component for which access is‘provided. This access may b direct through
read gnd write access or indirect through subprograms provided with the data type. The
providged access Access_Right must not exceed the access right specified fof the component
itself. [The required access Access_Right must not exceed the access right ppecified by the
providgs access or the component itself:

Access_Rightls : type enumeration)(read_only, write_only, read_writg,
by_method) ;

The acgess_Rights property type specifies the literals used to indicate the form of access that
is permitted for a component.

Access_Time] record |
First: |IO_Time_Spec ;

Last: IQ (Pime_Spec ; )

=> ( First =>(Time => Start; Offset => 0.0 ns .. 0.0 ns;);
Last => (Time => Completion; Offset => 0.0 ns .. 0.0 ns;); )
applies to (data access);

The Access_Time property specifies the range of execution time during which the data
component is being accessed.

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
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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.

Assign_Time: record (
Fixed: Time_Range;
PerByte: Time_Range; )

applies to (processor);

The Assign_Time property specifies a time unit value used in a linear estimation of the
execution time required to move a block of bytes on a particular processor. The time required is
(Number_of_Bytes * PerByte) + Fixed

Base_Addresq: aadlinteger 0 .. Max Base_Address
applies o (memory, data, data access, port);

The Bgse_Address property specifies the address of the firsttword in the[memory. The
addresdes used to access successive words of memory are Base-Address, Bdse_Address +
Word_dpace, ...Base_Address + (Word_Count-1) * Word «Space.

In the chse of a memory component it indicates what its starting address is. In the case of a data
comporlent, data access, or port it indicates what its starting address is in the memory it is bound
to.

Device_Regidter_ Address: aadlinteger
applies o (port, feature group);

The Dejvice_Register_Address property specifies the address of a device| register that is
represepted by a port associated withra device. This property is optional. Devi¢e ports may be
represented by a source text variable'as part of the device driver software.

Read _Time: necord (
Fixed: Time_Range;
PerByted] Time_Range; )
applies o (memoxy) ;

The Repd_Tiwe property specifies a time unit value used in a linear estimation pf the execution
time required to read a block of bytes from memory. The time required is (Numbef_of_Bytes *
PerByte] + Fixed

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

applies to (data, subprogram, thread, thread group, process, system,
processor, device);
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The Source_Data_Size property specifies the size of the readable and writeable data that
results when the associated source text is compiled, linked, bound and loaded in the final system.
In the case of data types, it specifies the maximum size required to hold a value of an instance of
the data type.

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

Source_Heap_Size: Size
applies to (thread, subprogram) ;

The Source_Heap_Size property specifies the minimum and maximum heap size requirements
of a thread or subprogram.

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

Source_StacKk_Size: Size

applies o (thread, subprogram, processor, device);

The Sdqurce_Stack_Size property specifies the maximum, size of the stack used by a
procesdor executive, a device driver, a thread or a subprogram.during execution.

The prdperty type is size. The standard units are bits, Bytes (bytes), KByte (k|lobytes), MByte
(megablytes) and GByte (gigabytes).

Byte_Count: |[aadlinteger 0 .. Max_Word_Count
applies o (memory) ;

The Byte_Count property specifies the number of bytes in the memory.

Word_Size: Yize => 8 bits
applies o (memory) ;

The Word_sSize property specifies the size of the smallest independently readabje and writeable
unit of gtorage in the memory.

The prgperty type is«Size. The standard units are bits, Bytes (bytes), KByte (kilobyte), MByte
(megabyte) and GByte (gigabyte).

Word_Space: |aadlinteger 1 .. Max Word_Space => 1

applies Yo~ (memory) ;

The Word_sSpace 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.

Write_Time: record (
Fixed: Time_Range;
PerByte: Time_Range; )

applies to (memory) ;

The write_Time property specifies a time unit value used in a linear estimation of the execution
time required to write a block of bytes to memory. The time required is (Number_of_Bytes *
PerByte) + Fixed
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