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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of document should be noted. This document was drafted in accordance with the editorial rules of the 1ISO/
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Introduction

0.1 General

There is an increasing recognition that the software components of critical real-time applications can be
demonstrated as predictable. This is particularly the case for a hard real-time system, in which the failure
of a component of the system to meet its timing deadline can result in an unacceptable degradation of the
whole system. The choice of a suitable design and development method, in conjunction with supporting tools
that enable the real-time performance of a system to be analysed and simulated, can lead to a high level of
confidence that the final system meets its real-time constraints.

Traditional methods used for the design and development of complex applications, which concentrate

primarily jon functionality, are increasingly inadequate for hard real-time systems. This 1S be
functional| requirements such as dependability (e.g. safety and reliability), timeliness, memory
dynamic change management are left until too late in the development cycle.

The traditjional approach to formal verification and certification of critical real-time 'systems h
dispense gntirely with separate processes, each with their own independent thread. of control,

a cyclic executive that calls a series of procedures in a fully deterministic manner!,Such a syster
easy to anglyse but is difficult to design for systems of more than moderate coniplexity, inflexible
and not wgll suited to applications where sporadic activity can occur and where error recovery is

Moreover, it can lead to poor software engineering if small procedures mystbe artificially constr
the cyclic §chedule.

The use of the Ada programming language has proven to be of great'value within high-integrit;

Fause non-
usage and

Qs been to
hnd to use
h becomes
to change,
mportant.
icted to fit

y and real-

time applications, albeit via language subsets of deterministic constructs, to ensure full analy
the code. Puch subsets have been defined for ISO/IEC 8652:1987 (conventionally known as “A
language Yisers), but these have excluded tasking on the grounds of its non-determinism and ir
Subsequer]t advances in the area of schedulability analysis have allowed hard deadlines to be che
in the predence of a run-time system that enforces pre<emptive task scheduling based on multiple
This valugble research work has been mapped ont¢’a number of new Ada constructs and rules
been incoiporated into the Real-Time Annex of the Ada language Standard (ISO/IEC 8652:2023,
ion has opened the way for these tasking constructs to be used in high integrity suh

sability of
da 83” by
efficiency.
cked, even
priorities.
that have
Annex D).
sets while

car profile is a subset of the tasking model as defined in ISO/IEC 8652:2023. Itis restrictled to meet

e community requirements-for determinism, schedulability analysis and memory-boyndedness,
and is alsd suitable for mapping td ajsmall and efficient run-time system that supports task synchjronization
and commnjunication, and which can be certifiable to the highest integrity levels. The concurrepcy model
promoted |by the Ravenscarprofile is consistent with the use of tools that allow the static properties of
programs fo be verified. Applicable verification techniques include information flow analysis, schedulability
analysis, gxecution-order.analysis and model checking. These techniques allow analyses of a syftem to be
performed throughoutiits development life cycle, thus avoiding the common problem of discoviering only
during sygtem inteégration and testing that the design fails to meet its non-functional requirements.

It is important.to note that the Ravenscar profile is silent on the non-tasking (i.e. sequential) aspects of the
language. Forlexample, it does not dictate how exceptions should, or should not, be used. For any gpplication
in the intended domain, it is [ikely that constraints on the sequential part of the language will be required.
These can be due to other forms of static analysis to be applied to the code, or to enable worst-case execution
time information to be derived for the sequential code. See ISO/IEC TR 15942 for a detailed discussion on all
aspects of static analysis of sequential Ada.

The Ravenscar profile has been designed such that the restricted form of tasking that it defines can be used
even for software that should be verified to the very highest integrity levels. The Ravenscar profile has
already been included in ISO/IEC TR 15942.

0.2 Structure

The document is organized as follows. The motivation for the development of the Ravenscar profile is given
in Clause 4. Clause 4 also includes the definition of the profile as specified by ISO/IEC 8652:2023 (the Ada

© ISO/IEC 2025 - All rights reserved
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Standard); the definition is included here for convenience, but this document is not the definitive statement
of the profile. In Clause 6, the rationale for each aspect of the profile is described. Examples of usage are then
provided in Clause 7. The need for verification is an important design goal for the Ravenscar profile: Clause 8
reviews the verification approach appropriate to Ravenscar programs. Finally, in Clause 9 an extended
example is given.

0.3 Conventions

For all Ada-related terms, this document follows the style of the ISO/IEC 8652:2023 (the Ada standard): it
uses a distinct font where there is a reference to defined syntax entities (e.g. delay relative statement).

© ISO/IEC 2025 - All rights reserved
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Information technology — Programming languages —
Guidance for the use of the Ada Ravenscar Profile in high
integrity systems

1 Scope

This documment provides guidance on the use of the Ravenscar profile for concurrent Ada softwarg intended
for verification up to, and including, the very highest levels of integrity.

To this end, this document provides a complete description of the motivations behind the’Ravens¢ar profile,
to show hgw conformant programs can be analysed, and to give examples of usage.

This document is aimed at a broad audience, including application programmerys, implementers df run-time
systems, those responsible for defining company or project guidelines, and académics. Familiariffy with the
Ada langugge is assumed.

2 Normative references

There are ho normative references in this document.

3 Terns and definitions
For the pufposes of this document, the following terms'and definitions apply.
[SO and IEC maintain terminology databases for:use in standardization at the following addresses:

— IS0 Online browsing platform: available‘at https://www.iso.org/obp

— IEC Elgctropedia: available at https://www.electropedia.org/

31

atomic
type of opleration performediby a task that is guaranteed to always produce the same effect a§ if it were
executed ip total isolationand without interruption

3.2
blocked
waiting fol mutually exclusive access to a shared resource that is currently held by a lower priority task

3.3
bounded erTor
implementation- or language-defined error in the application program whose effect is predictable and
documented

3.4
ceiling priority
static default priority of a shared resource greater than or equal to the highest priority of any accessing task

3.5
context switch
replacement of one task by another as the executing task on a processor

© ISO/IEC 2025 - All rights reserved
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critical region
sequence of statements that appear to be executed indivisibly

3.7
critical ta

sk

task whose deadline (3.10) is significant and whose failure to meet its deadline can cause system failure

3.8

cyclic executive
system scheduler that uses procedure calls to execute each periodic process in a predetermined sequence at
a predetermined rate

3.9

cyclic tas
periodic t3
task whos

3.10
deadline
maximum

3.11
deadlock
situation i

3.12
dynamic {
analysis m

|

sk
e execution is repeated based on a fixed period of time

time allowed to a task to produce a response following its invocation

h which a group of tasks (possibly the whole system) block-each other permanently

esting
ethod that determines properties of the software'by observing its execution

Note 1 to entry: See static analysis (3.28).

3.13
epilogue
code execl

3.14
event-trig
task whos
stimulus s

3.15

ited by the Ada run-time system to finish service to protected calls

gered task
e invocation is triggered €ither by an asynchronous action by another task, or by a
lich as an interrupt

finalization

operation

which occursifor’controlled objects at the point of their destruction

Note 1 to entry: See dSO/IEC 8652:2023, 7.6 for further information.

3.16
jitter

h external

variation i

3.17
livelock

T tinre betweer the occurrence of a periodic event amd a period of thesame frequency

situation in which several tasks (possibly comprising the whole system) remain ready to run, and execute,
but fail to make progress

3.18
liveness

system property implying that a set of tasks will reach all desirable states

© ISO/IEC 2025 - All rights reserved
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3.19

mode change

change in operating characteristics of a system that requires a co-ordinated change in the operation of
several different processes in the system

3.20

monitor

module containing one or more critical regions (3.6) such that all variables potentially accessed under
mutual exclusion are hidden and all procedure calls are guaranteed to execute with mutual exclusion

3.21
mutex
locking mechanism used to ensure mutually exclusive access to a shared resource

3.22
overhead
execution fime within the Ada run-time system which is included in the schedulability analysis

3.23
priority inversion
situation ih which a high-priority task is blocked (3.2) waiting for a shared resgutee (including the processor
itself) currently in use by a low-priority task

3.24
race condjition
timing condition that causes processes to operate in an unpredictable sequence so that operation of the
system caf be incorrect

3.25

ready
state of a fask when it is no longer suspended (3.29) (but'not necessarily executing, depending op available
processor [resources)

3.26
safety
system property implying that a set of taskscannot reach any undesirable state from any desirable state

3.27
sporadic fask
event-trigdered task (3.14) with defined minimum inter-arrival time

3.28
static anallysis
group of apalysis techniques that determine properties of the system from analysis of the program spurce code

Note 1 to entry: See(dyriamic testing (3.12).

3.29
suspende
state of a task when its execution is stopped due to execution of a [anguage-defined construct that waits for
a given time (e.g. a delay statement) or an event

3.30

suspending operation

operation which causes the current task to be suspended (3.29) until released by another task, a timer event
or an interrupt handler

3.31

suspension object

Ada construct which is used for basic task synchronization, i.e. suspend and resume, which does not involve
data transfer

© ISO/IEC 2025 - All rights reserved
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Note 1 to entry: See ISO/IEC 8652:2023, D.10.

3.32

time-triggered task
task whose invocation is triggered by the expiry of a delay set by that task

3.33

worst-case execution time

maximum

bound on the time required to execute some sequential code

4 Motivation for the Ravenscar profile

4.1 Genleral

Before de;j
features.
have these

This claus
of the Ray
technique

4.2 Sch

4.2.1 Ge

State-of-th
possible g
the intera
scheduling

cribing the Ravenscar profile in detail, this clause explains some of the reasoning
'hese primarily come from the need to be able to verify concurrent real-tintéyprogra
programs implemented reliably and efficiently.

e examines mainly scheduling theory, as this is the main driver for the definition of the r
renscar profile. In addition, there is a subclause that summarize$_other program v
that can be used with the profile.

pduling theory

neral

e-art research in scheduling theory has found that accurate analysis of real-time b
ven a careful choice of scheduling or dispatching method together with suitable resti
‘tions allowed between tasks. An examplewfa scheduling method is fixed priority pi
, in which each process has a static priority and the scheduler ensures that the current

process is
analysis (

the ready process with the highest priority. Examples of analysis schemes are rate
MA)[2] and response time analysis (RTA).[0]

Fixed-priofrity pre-emptive scheduling is.normally used with a Priority Ceiling Protocol (PCH
unboundefl priority inversion and the risk of circular deadlock on access to shared resources. Aldoption of
the PCP prjovides a model suitable forthe analysis of concurrent real-time systems. The approac
cyclic and| sporadic activities, th€e jnotions of hard, soft, firm, and non-critical application components,
and contrglled communication and synchronization among application components. It is also
programs for distributed andsmultiprocessor systems.

Tool suppgrt exists for RMA and RTA, and for the static simulation of concurrent real-time prog
primary a]lm of analysing the real-time behaviour of a system is to determine whether it can be

in such a

ay that.itis guaranteed to meet its timing constraints. Whether the timing const

appropriafe for meeting the requirements of the application is not an issue for scheduling ana
verificatiop requires a more formal model of the program and the application of techniques suc}
checking, $ee4.5.

behind its
ms, and to

pstrictions
erification

haviour is
rictions on
e-emptive
ly selected
monotonic

) to avoid
h supports

tcalable to

rams. The
scheduled
raints are
lysis. Such
h as model

4.2.2 Tasks characteristics

The various tasks in an application will each have timing constraints, which correspond to deadlines.

Each task is classified into one of the following four basic levels of criticality according to the importance of
meeting its deadline.

its deadline can result in an unacceptable failure at the system level.

Hard: a hard deadline task is one that is required to meet its deadline. The failure of such a task to meet

Firm: a firm deadline task is one that is required to meet its deadline under “average” or “normal”

conditions. An occasional missed deadline can be tolerated without causing system failure (but can

© ISO/IEC 2025 - All rights reserved
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result in degraded system performance). There is no value, and thus there is a system-level degradation
of service, in completing a firm task after its deadline.

Soft: a soft deadline task is also one that is required to meet its deadline under “average” or “normal”

conditions. An occasional missed deadline can be tolerated without causing system failure (but can
result in degraded system performance). There is value in completing a soft task even if it has missed its

deadli

ne.

Non-critical: a non-critical task has no strict deadline. Such a task is typically a background task

that performs activities such as system logging. Failure of a non-critical task does not endanger the

perfor

4.2.3 Sc

mance of the system.

pdnling model

At any mo

if process¢r time is made available. Others are suspended, meaning that they cannot execute

event occy
owned by
by a curre

timeout, that is not directly stimulated by the current task).

With priox
scheduler

than the clirrently running task becomes ready, the scheduler performs-a context switch, as soon g

enable the
occur beca

Tasks will
and the ne
problems:

Unbod

ment in time, some tasks can be ready to run, meaning that they are able to execute in

rs, or blocked, meaning that they await access to a shared resource that is ctunrently ¢
another task. Suspended tasks can become ready synchronously (as a result of an ad
ntly running task) or asynchronously (as a result of an external event; stch as an in

ity-based pre-emptive scheduling on a mono-processor, a priority is assigned to each t3
ensures that the highest priority ready task is always executing If a task with a prio

higher-priority task to begin or resume execution. The tefm “pre-emptive” indicates th
use of an asynchronous event (i.e. one that is not caused.by the running task).

normally be required to interact as a result of conténtion for shared resources, exchan
ed to synchronize their activities. Uncontrolled ise of such interactions can lead to a

nded priority inversion (also known as _blocking): where a high-priority task is blocke

areso
high
taskt

Deadl
circul

Livelo
but fa

Misse
such 4

The restr
upper bou
processing

lirce in use by a low-priority task. As a result, ready tasks of intermediate priority can I
iority task for an unbounded amountof time since they will run in preference to the Id
at has locked the resource.

pck: where a group of tasks, (possibly the whole system) block each other permaner
hrities in the ownership of.and the contention for shared resources.

ck: where several tasks (possibly the whole system) remain ready to run, and do indeg
| to make progressidue to circular data dependencies between the tasks that can never

l deadline: where'a task fails to complete its response before its deadline has expired dug
s system oyverload, excessive pre-emption, excessive blocking, deadlocks, livelocks or o

d on blocking time, to prevent deadlocks and (via tool support) to verify that there is
power available to ensure that all critical tasks meet their deadlines.

structions
intil some
exclusively
tion taken
terrupt or

sk and the
Fity higher
sitcan, to
at this can

ge of data,
number of

d awaiting
1old up the
w priority

tly due to

d execute,
be broken.

b to factors
rerruns.

cted scheduling model that is defined by the Ravenscar profile is designed to mipimize the

sufficient

In this model, tasks do not interact directly, but instead interact via shared resources known as protected
objects. Each protected object typically provides either a resource access control function (including a
repository for the private data to manage and implement the resource), or a synchronization function, or a
combination of both.

A protected object that is used for resource access control requires a mutual exclusion facility, commonly
known as a monitor or critical region, where a maximum of one task at a time can have access to the object.
During the period that a task has access to the object, the task is not allowed to perform any operation
that can result in it becoming suspended. Ada directly supports protected objects and disallows internal
suspension within these objects.

© ISO/IEC 2025 - All rights reserved
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A protected object that is used for synchronization provides a signalling facility, whereby tasks can signal
and/or wait on events. In the Ravenscar profile definition, the use of protected objects for synchronization
by the critical tasks is constrained so that at most one task can wait on each protected object. A simplified
version of wait/signal is also provided in the Ravenscar profile via the Ada real-time annex functionality
known as suspension objects (see ISO/IEC 8652:2023, D.10). These can be used in preference to the protected
object approach for simple resumption of a suspended task, whereas the protected object approach should
be used when more complex resumption semantics are required, for example, including deterministic (race-
condition-free) exchange of data between signaller and waiter tasks.

The Ravenscar profile definition ensures the absence of deadlocks by requiring use of an appropriate locking
policy. This policy requires a ceiling priority to be assigned to each protected object that is no lower than
the highest priority of all its calling tasks, and results in the raising of the priority of the task that is using
the protected object to this ceiling priority value In addition to the absence of deadlocks, this policy also
allows an plmost optimal time bound on the worst-case blocking time to be computed for useywithin the
schedulabllity analysis, thereby eliminating the unbounded priority inversion problem. This.time bound is
calculated| as the maximum time that the object is in use by lower-priority tasks. Therefore, the smaller
the worst{case time bound for this blocking period, the greater the likelihood that)the task get will be
schedulable.

The use of priority-based pre-emptive dispatching defines a mechanism forschéduling. The $cheduling
policy is defined by the mapping of tasks to priority values. Many differefit.schemes exist for different
temporal tharacteristics of the tasks and other factors such as criticality.)What most of these schemes

require is pn adequate range of distinct priority values. Ada and the Ravetiscar profile ensure thig.
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The Ada grogramming language also provides another facility to help control object sharing:
aspect. All reads and updates applied to an object marked with the atomic aspect are indivisible.
all tasks of the program (on all processors) that read or update an object marked atomic will se
order of ypdates, as that marking also makes the object«olatile. The language defines such
updates ag interactions of the program with the external‘environment (memory in this case). H¢
safe sharing of atomic objects, static assurance of a proper read/write protocol is highly recom
order to map Ada to the scheduling model being discussed here, however, protected objects are t}
and preferjable abstraction as they are inherently safe.

4.3 Mapping Ada to the scheduling medel

The analysis of an Ada application that makes unrestricted use of Ada run-time features includi
rendezvous, select statements and .abort is not currently feasible. In addition, the non-determ

ng tasking
nistic and
ossible to
bcheduling
at all code
n terms of

ol, with all
» tasks are
-triggered

oered task

1S termed periodic or CYClIC.

Protected objects are introduced to provide mutually exclusive access to shared resources (e.g. for
concurrent access to writable global data) and to implement task synchronization (e.g. via some event
signalling mechanism). This decomposition is normally the result of applying a design methodology suitable
to describe real-time systems.

In order to be suitable for schedulability analysis, the task set to be analysed should be static in composition
with all its dependencies between tasks set via protected objects. Tasks nested inside other Ada structures
incur unwanted visibility dependencies and termination dependencies. Therefore, this model only permits
tasks to be created at the library level, at system initialization time.

Hence, in the Ravenscar profile, all tasks in the program are created at the library level.
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Another consequence of requiring a static task set for schedulability analysis purposes is that the Ravenscar
profile prohibits the dynamic creation of tasks and protected objects via allocators. This implies that
the memory requirements for the execution of the task set (e.g. the task stacks) are resolved prior to, or
during, the elaboration of the program. In addition, the Ravenscar profile prohibits the implementation
from implicitly acquiring dynamic memory from the standard storage pool (see ISO/IEC 8652:2023, 13.11.
The data structures that are required by the run-time system should either be declared globally, so that
the memory requirements can be determined at link time, or in such a way as to cause the storage to be
allocated on the stack (of the environment task) during elaboration of the run-time system.

The Ravenscar profile places no restrictions on the declaration of large or dynamic-sized Ada objects in the
application other than prohibiting the implementation from implicitly using the standard storage pool to
acquire the storage for these objects. The storage that holds such objects can be allocated on the task stack.

4.4 Non-preemptive scheduling and Ravenscar
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to ease of
In commo
need to an
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Static anal

fion of the Ravenscar profile requires a pre-emptive scheduling of tasks. Howeyer,a sim
ined that specifies non-pre-emptive execution. Much of the material and guidelines cg
nent would also apply to the non-pre-emptive case. Non-pre-emptive implementation fi
is in between the cyclic executive approach and the pre-emptive tasking approach w
timing analysis, flexibility with regard to change, and responsiveness to asynchrond
n with the cyclic executive approach, there is no contention for shared resources, and

using voluntary suspension points (e.g. a delay until stagement with a wakeup time
es a time in the past) to obtain reasonable responsivenessto-asynchronous events.

pr program verification techniques

neral

N to the provision of support for schedulability analysis, the rationale behind the
inition is also to support other static program verification techniques, and to simplify
n process. The following clause discusses these other techniques briefly.

htic analysis

ysis is recognized as a valuable mechanism for verifying software. For example, it is
Critical applications that are certified to the UK Defence Standard 00-55.14] Industrial ¢
the use of static analysis during development eliminates classes of errors that can be h
[ing. Moreover, these\errors can be eliminated by the developer before the code has beel
into the project's.configuration management system, saving the cost of repeated code 1
ich ensues from-faults that are discovered during testing.

ysis as a-technology has a fundamental advantage over dynamic testing. If a program [

shown to
hand, can
program

that the te

lar profile
ntained in
br 2 mono-
ith regard
us events.
here is no

alyse the impact from asynchronous events. There is still, however /the need to break up long code

argument

Ravenscar
the formal

mandated
bxperience
ard to find
h compiled
eview and

roperty is

old using’static analysis, then the property is guaranteed for all scenarios. Testing, on the other

demlonstrate the presence of an error, but the correct execution of a test only indicat

bs that the

b ehaves correctly for the spec1f1c set of inputs prov1ded by the test, and w1th1n the spec1 ic context

of input values and program contexts is infeasible. Typlcally, test cases are devised to represent broad
classes of inputs, so that tests can be created that use a representative value from each possible input class.
However, complex program state contexts are usually only creatable during integration and system testing,
when it can be very difficult to simulate all possible operational states. Further, the impact of correcting
errors that are found only at this stage of the lifecycle is generally large in comparison to errors found during
development.

There are many methods of static analysis. By using combinations of these methods, a variety of properties
can be guaranteed for a program. The following list of forms of analysis is drawn from a study of a variety of
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standards presented in ISO/IEC TR 15942. 8.3.1 discusses how these analyses can be applied in the context
of a concurrent Ravenscar profile program.

4.5.3

Control flow

Control flow analysis ensures that code is well structured and does not contain any syntactically or
semantically unreachable code.

Data flow

Data flow analysis ensures that there is no executable path through the program that would result in
access to a variable that does not have a defined value. Data flow analysis is only feasible on code that

has valid control flow properties.

Information flow

Information flow analysis is concerned with the dependencies between inputs and) outp
the cgde. It checks the specified dependencies against the implemented dependencies
consigtency. To be effective, information flow analysis should be performed with knowle
requirements. It can be a powerful tool for demonstrating properties-such as non-interference
betwelen critical and non-critical data.
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Symbglic execution

Symbolic execution generates a model of the function of the software in terms of parallel ag
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essions to outputs for each possible path through the cade:"This can be used to verif
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I code verification

1 code verification is the process of proving the code is correct against a formal specific
ements. Each operation is specified in terms.0f the pre-conditions that should be satisf
ion to be callable, and the post-conditions,that hold following a successful call to the
rification process demonstrates that, given the pre-conditions, execution of the operat
ise to the post-conditions. The level.of proof depends on the information provided in

cation. This can vary depending an‘the aspects of the code that should be verified; thi
he proof of a single invariant right up to full functional behaviour.

of absence of run-time errotsis a special form of formal code verification. This does 1
ovision of a formal specification of the program. Instead, formal code verification f{

ions on execution efthat code and the current set of data values in the expression guar
h-time error cannot occur. This is a very valuable property to be able to demonstrate, eq
s where the oceurrence of an unexpected run-time exception is generally unrecoverah
pad of dynaimic defensive mechanisms for preventing all such faults is unacceptable.

1ts within
to ensure
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on always
the formal
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ed to demonstrate that, at every point in the code where a run-time error can occuf, the pre-
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FTmal analysis

The formal andlysis of concurrent programs has been a fruitful research topic for a number of yea
standard techniques allow many important properties of programs to be statically checked.

rs. Current

Concurrent programs, while more expressive than their sequential counterparts, have a number of distinct
error conditions to address during program development. The most common of these is deadlock, where
all processes are blocked on a synchronization primitive with no processes left to undertake the necessary
unblocking actions. In general, a concurrent program should possess two important properties:

1.

Safety: the system of tasks should not get into an unsafe (undesirable) state (for example, deadlock or
livelock).

Liveness: all desirable states of the task are reached eventually (that is, useful progress should always
be made).
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In a real-time concurrent system, "liveness" becomes "bounded liveness" as desirable states should be
reached by known deadlines.

Ada, like all other engineering languages, does not have its semantics defined in a formal mathematical way.
Hence, it is recommended to link a model of the program with the program itself. This link cannot be formal
but can be precise. The use of standard patterns for Ada tasks helps this linkage. The formal model can be
derived from the code or, more likely in an engineering process, the model is derived from requirements,
and the code is obtained via a series of refinements from the model.

There are two general forms for these models and two methods of extracting properties (behaviours)
from these descriptions. First, an algebraic form can be used in one of the concurrency languages that does
have formally defined semantics, such as Communicating Sequential Processes (CSP)[L2] and Calculus of
Communicating Systems (CCS).[16] The other more common approach is to view the program as a collection

of state-tr

hnsition systems.

Verification comes either from a proof theoretic approach or via model checking. An algebraic description

can be pr
transition
program d
reached.

The disad
search. Ho
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pved to be deadlock-free, for example, by the use of a theorem prover. Alternatively, a state-
description (or an algebraic one) can be exercised by an exhaustive search/of'the set of states the
an enter. This 'checking of the model' can deduce that all safe states, and no unsafe stafes, can be

Fantage of model checking is that an explosion of states can make it impossible to ter]
wever, there have been considerable (and continuing) advancés in the tools for mode
bizeable systems can be verified in a respectably small numiber of hours of proceg
proving does not have this problem, but it is a more skilled-activity and theorem prq
ple to use (i.e. the verification process is not automatic)."A proof theoretic approach a
that it can show that a property is true "for any numbériof tasks", whereas model check
in this way. For example, it can show that it is true-for six client tasks, say, but this clail
natically for seven or more tasks. Combinationséf proof and model checking are possil
f of current research.

For real-ti

e systems, it is possible to add time to®he concurrency model and to then validate

aspects ofl program. Timed versions of formalisis such as CSP exist and state-transition sys

clocks all

timing requirements to be expressed and subsequently verified by model checking.

formalism| for this type of state-transition system is called timed automata. Again, tool support

checking

ts of timed automata is well advanced. One of the very useful features of model check

that they dll produce a well-defined counter example for any failed check.

4.5.4 Fdrmal certification

In order t
recommer
as for the
semantics
by its dyn
produce cq

p achieve formaleertification of a software architecture and of its Ada implement
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hpplication-specific components. The run-time system that is needed to implement the dynamic

of the fulllAda concurrency model is complex, and the number of states that can be r¢
hmic data/structures is large. As a result, it is very challenging for a commercial Ada
rtification evidence to the highest integrity levels for an entire Ada run-time system.

presented
vendor to

The Rave

scar profile definition greatly reduces the size and complexity of the run-time system,

fo simplify

the process of providing evidence of its safety and reliability. Ada concurrency features that have major
impact on the run-time system semantics, such as abort, asynchronous transfer of control, multiple entry
queues each with a list of waiting tasks, requeue statements, task hierarchy and dependency, and finalization
actions of local protected objects, are eliminated. As a result, it is possible to create not only a small and
highly efficient run-time system implementation, but also one that is amenable to the forms of verification
applicable to sequential code as described in ISO/IEC TR 15942, which can then be used as evidence to
support the formal certification of an entire software system to the highest integrity levels.

© ISO/IEC 2025 - All rights reserved
9


https://iecnorm.com/api/?name=850feadd25799370b24ac90dffc829c2

ISO/IEC TS 24718:2025(en)

5 The Ravenscar profile definition

5.1 Background

The 8th International Real-Time Ada Workshop (IRTAW) was held in April 1997 in Ravenscar, UK. Two
position papers!Z-8] led to an extended discussion on tasking profiles. By the end of the workshop, the
Ravenscar profile had been defined[1% in a form that is almost identical to its current specification.

At the 9th IRTAWILL (March 1999), the Ravenscar profile was again discussed at length. The definition was
reaffirmed and clarified. The most significant change was the incorporation of Suspension Objects. An Ada
Letters paper(19 became the de facto defining statement of the Ravenscar profile.

the restrig

At the 11t}
Group (AR
Within_Pr
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5.2 Defi

The defin
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ion identifiers was undertaken.

) IRTAWLL3] (April 2002), the formal definition of the profile as formulated by the Ada R
G) was agreed. It was confirmed that the Ravenscar profile requires task dispatching p
jorities and locking policy Ceiling_Locking.

, the Ravenscar profile has been a formal part of the definition of*‘Ada. Each time th

d, the profile is revisited to make sure that it continues to have the right set of restrig

L' TAW workshops continues to review the Ravenscar profile’s definition. The last review
IRTAW, in April 2018.

nition

tion of the Ravenscar profile is now included, in ISO/IEC 8652:2023 (the Ada Stan
is reported here for information only.

An applicdtion requests the use of the Ravenscar profile by means of the configuration pragma P
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bcar identifier:

b Profile (Ravenscar);

in general, two distinct ways of-defining the details of a profile: either by defining wha
1g those parts of Ada that are not. The official definition specifies the restrictions that g
the full tasking model to;Ravenscar. However, this gives a rather negative definition.

use introduces the profile by focusing on the features it does contain.

from the discussienion verification in 4.5, an adequate set of tasking features is de
profile allows programs to contain:

ypes and objects, defined at the library level.

ted types’and objects, defined at the library level, with a maximum of one entry per
maximum of one task queued at any time on that entry. The entry barrier can only
\n‘variable (or a Boolean literal).
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Atomic and Volatile aspects.

until statements.

Ceiling_Locking policy and FIFO_Within_Priorities dispatching policy.

Count attribute for protected entries except within entry barriers.

The Ada.Task_Identification package plus task attributes T'ldentity and E'Caller.
Synchronous task control.

Task type and protected type discriminants.
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— The Ada.Real_Time package.
— Protected procedures as statically bound interrupt handlers.

— Static allocation of task to cores on a multicore (or multiprocessor) platform so that each core hosts a
separate set of tasks, to which the Ravenscar profile’s scheduling and locking policies apply locally.

Together, these form a coherent set of features that define an adequate language for expressing the
programming needs of statically defined real-time systems.

5.3 Summary of implications of pragma Profile (Ravenscar)

The following restrictions apply to the alternative mode of operation defined by the Ravenscar profile.
Some restfictions require language features to be omitted, others can be achieved by simply reqpiring that
certain defined (standard) library packages are not incorporated into the program that is conforthing to the
Ravenscar|profile (i.e. there is no semantic dependency on the specified package).

The profil¢ is defined as follows (see ISO/IEC 8652:2023, D.13):

pragpha Task Dispatching Policy(FIFO Within Priorities);

pragpa Locking Policy(Ceiling Locking);

pragma Detect Blocking;

pragpa Restrictions (

No Abort Statements,

No Dynamic Attachment,

No Dynamic CPU Assignment,

No Dynamic Priorities,

No Implicit Heap Allocations,

No Local Protected Objects,

No Local Timing Events,

No Protected Type Allocatorsy

No Relative Delay,

No Requeue Statements,

No Select Statements,

No_Specific Terminatien“Handlers,

No Task Allocators,

No Task Hierarchy,

No Task Terminatién,

Simple Barriers,

Max Entry Qu&ue Length => 1,

Max Protected Entries => 1,

Max TasksEwntries => 0,

No Depeéndence => Ada.Asynchronous Task Control,
No Dependence => Ada.Calendar,

No ¢De€pendence => Ada.Execution Time.Group Budgets,
No Dependence => Ada.Execution Time.Timers,

Np Dependence => Ada.Synchronous Barriers,

No Dependence => Ada.Task Attributes,

No Dependence => System.Multiprocessors.Dispatching Domains) ;

6 Ratignale

6.1 General

This clause provides a description of each restriction, a detailed rationale for the imposition of each
restriction and some general discussion about how to work within the restrictions while still retaining
flexibility in the design and coding processes.

6.2 Ravenscar profile restrictions

6.2.1 Static existence model
The restrictions listed below ensure that the set of tasks and interrupts to be analysed is fixed and has static

properties (in particular, base priority) after program elaboration. If a variable task set were to exist, then it
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would be impractical to perform static timing analysis of the program because of the dynamic nature of the
requirements for execution time and the meeting of deadlines.

No_Task_Hierarchy

(see ISO/IEC 8652:2023, D.7) No task depends on a master other than the library-level master.

The restriction No_Task_Hierarchy prevents the declaration of tasks local to procedures or to other
tasks. Thus, tasks may only be created at the library level, i.e. within the declarative part of library
level package specifications and bodies, including child packages and package subunits.

No_Tg
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(s¢e ISO/IEC 8652:2023, D.7) There are no allocators for task types or types containingtas

pd

TH
al

No_T4
(s
if
w

Th
Re

No_Specific_Termination_Handlers

(s

cif

TH
fo

No_A

(s¢
Ta

Th
st
te

be ISO/IEC 8652:2023, D.7) All tasks are non-terminating. It isimplementation-defined wh
h task attempts to terminate. If there is a fall-back handlerSet for the partition it shoul
nen the first task attempts to terminate.

nents.

e restriction No_Task_Allocators prevents the dynamic creation of tasks via the execut
ocators (see ISO/IEC 8652:2023, 4.8)

sk_Termination

al-time tasks normally have an infinite loop as their last outermost statement.

pe [SO/IEC 8652:2023, D.7) There is-o use of a name denoting the Set_Specific_Handlg
ic_Handler subprograms in Task~Teérmination.

e restriction No_Specific_Termination_Handlers ensures that the only termination hand
" the program is a fall-backWandler (see ISO/IEC 8652:2023, C.7.3).

bort_Statements

be [SO/IEC 8652:2023, D.7) There are no abort_statements, and there is no use of a nam|
sk_Identification.Abort_Task.

k subcom-

ion of Ada

At happens
[ be called

e restriction attempts to mitigate the hazard thatean be caused by tasks terminating silently.

r and Spe-

er defined

e denoting

e restrietion No_Abort_Statements ensures that tasks cannot be aborted. The remov

Mt also reduces non-determinacy.

al of abort

htements (and select then abort) significantly reduces the size and complexity of the rulll-time Sys-

No_Dynamic_Attachment

(see ISO/IEC 8652:2023, D.7) There is no use of a name denoting any of the operations defined in
package Interrupts (Is_Reserved, Is_Attached, Current_Handler, Attach_Handler, Exchange_Handler,
Detach_Handler, and Reference).
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The restriction No_Dynamic_Attachment excludes use of the operations in predefined package Ada.
Interrupts, which contains primitives to attach and detach handlers dynamically during program
execution. In conjunction with restriction No_Local_Protected_Objects (see below) this implies that
interrupt handlers can only be attached statically using Attach_Handler applying to protected pro-
cedures within library-level protected objects. Note the types and names defined in Ada.Interrupts
can be used.

No_Dynamic_Priorities

(see ISO/IEC 8652:2023, D.7) There are no semantic dependencies on the package Ada.Dynamic_Pri-
orities, and no occurrences of the attribute Priority.

THe restriction No_Dynamic_Priorities disallows the use of the predefined package Aja.Dynam-
ic|Priorities, thereby ensuring that the priority assigned at task creation is unchagged during task
execution, except when the task is executing a protected operation, during whichtime|it inherits
the ceiling priority. Protected objects also have unchanging ceiling priorities,:this follows from the
reftriction to not use the Priority attribute (see ISO/IEC 8652:2023, 4.1.4).
No_L¢cal_Timing_Events
(s¢e ISO/IEC 8652:2023, D.7) Timing events are declared only at\library level.
The restriction No_Local_Timing_Events prevents the declaration of timing events local to procedures
or|tasks. Thus, Timing_Events may only be created at thelibrary level.
6.2.2 Static synchronization and communication model
The restrigtions listed below are a natural consequence-of the static existence model, since a locally declared
protected |object is meaningless for mutual exclusien and task synchronization purposes if it chn only be
accessed iy one task. Furthermore, a static set of\protected objects should be used to render the program
amenable to schedulability analysis.
No_L¢cal_Protected_Objects
(see ISO/IEC 8652:2023, D.7)Protected objects are declared only at library-level.
The restriction No_Local. Protected_Objects prevents the declaration of protected objeqts local to
subprograms, tasks,0r'other protected objects.
No_Protected_Type_Allocators
(s¢e ISOAEC8652:2023, D.7) There are no allocators for protected types or types containing protected
typesubcomponents.

The restriction No_Protected_Type_Allocators prevents the dynamic creation of protected objects
via Ada allocators (see ISO/IEC 8652:2023, 4.8).

No_Select_Statements

(see ISO/IEC 8652:2023, D.7) There are no select statements.
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Max_Task_Entries= >N

(see ISO/IEC 8652:2023, D.7) Specifies the maximum number of entries per task.

For the Ravenscar profile, the value of Max_Task_Entries is zero.

The restrictions Max_Task_Entries = > 0 and No_Select_Statements prohibit the use of Ada rendezvous for
task synchronization and communication. This ensures that these operations are achieved using only the
two supported task synchronization primitives: protected object entries and suspension objects, both of

which exh

hit the time-deterministic execution properties needed for static timing ;m;llyciq
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Max_Protected_Entries= >N

(see ISO/IEC 8652:2023, D.7) Specifies the maximum number of entries per protected type. The bounds
of every entry family of a protected unit are static or defined by a discriminant of a subtype whose

co

Fo

rresponding bound is static.

r the Ravenscar profile, the value of Max_Protected_Entries is 1.
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Max_Entry_Queue_Length = >N

(see ISO/IEC 8652:2023, D.7) Defines the maximum number of calls that are queued on an entry.
Violation of this restriction results in the raising of Program_Error exception at the point of the call.

For the Ravenscar profile, the value of Max_Entry_Queue_Length is 1, and a call can only be queued
on a protected entry, since Max_Task_Entries is 0.

Restrictions Max_Protected_Entries = > 1 and Max_Entry_Queue_Length = > 1 ensure that at most
one task can be suspended waiting on a closed entry barrier for each protected object which is used
as ming on an
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en be provided, but this goes beyond what the Ravenscar prefile defines.

a task synchronization primitive. This avoids the possibility of queues of task calls for
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oids two or more barriers becoming open simultaneously as the result of a protecteda
e associated non-determinism of selecting which entry should be serviced first. The restr
ables a tight time bound on the epilogue code to be determined.

e Max_Entry_Queue_Length restriction can only be checkable at run time, in which

n would result in the raising of the Program_Error exception at the péint of the entry
consistent with the Ada rule that states that Program_Error exceptiomis raised upon d
nd_Until_True if another task is waiting on that suspension object(when pragma Detec
enabled as it is in the Ravenscar profile) (see ISO/IEC 8652:2023, B-10). An application g
strict a Ravenscar program so that only one task is able to call oné specific entry. A statig

hen the restriction Max_Entry_Queue_Length = > 1 is in force, Queuing_Policy (see ISO/IEC
1) has no effect, since there are no queues.

be [SO/IEC 8652:2023, D.7) The Boolean exXpression in an entry barrier is either a static
a name that statically denotes a compgonent of the enclosing protected object.

e restriction Simple_Barriers, coupled with Max_Protected_Entries = > 1, ensures a def
ecution time and absence of side\effects for the evaluation of entry barriers at the epilo
Cted actions within a protected-object that is used for task synchronization. There is als
ditional optimization by thesimplementation since the barrier value is either static or ¢
Fectly from one of the protected object components, without needing to be computed

the application requires composite entry barrier expressions, this can be achieved by

henever its evaluation result can change. The Boolean variable used for the barrier ex
clared withinthe protected object (or type).

bquede_Statements

rue. It also
ction, with
iction also

rase viola-
 call. This
alling Sus-
t_Blocking
an further
check can

B652:2023,

bXpression

erministic
bue of pro-
b scope for
an be read
separately.
declaring

additional Booleatrin the protected data and assigning the composite expression to the Boolean

bression is

(s

P ISO/IEC 8652:2023, D.7] There are no requeue statements.

The restriction No_Requeue_Statements ensures deterministic task release from protected entry
barriers used for task synchronization. The requeue statement in Ada causes the current caller of a
protected entry to be requeued to a different entry dynamically, thereby making it difficult to perform
static analysis of task release.

No dependence on Ada.Asynchronous_Task_Control

(see ISO/IEC 8652:2023, D.13) There are no semantic dependencies on the package Ada.Asynchro-
nous_Task_Control.
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The restriction No_Asynchronous_Control excludes the use of asynchronous suspension of execution.
This ensures that task execution is temporally deterministic. See also the comments made on restric-
tion No_Abort_Statements in 6.2.1.

No_Relative_Delay

(see ISO/IEC 8652:2023,D.7) There areno delay relative statements,and thereisno use ofaname
that denotes the Timing_Events.Set_Handler subprogram that has a Time_Span parameter.

The restriction No_Relative_Delay prohibits use of the delay relative statement based on type
Duratlon ThlS statement exhlblts non- determlnlsm w1th respect to the absolute time at which the

No de

(s

The restri
time type
type. The
device on
much coar
backward
resultin le

6.2.5 Si

To reduce
Ravenscar

No de

(s
G

A Ravensd
execution-
executes b
but makes

lay, but before actual suspension occurs. In contrast, the delay until statement is-d@
d should be used for accurate release of time-triggered tasks.

pendency on Ada.Calendar

be [SO/IEC 8652:2023, D.13) There are no semantic dependencies onthe package Ada.C

Ction No_Calendar ensures that all timing is performed using thie high precision affor
in package Ada.Real_Time (see ISO/IEC 8652:2023, D.8),-0r-by an implementation-de|
Ada.Real_Time time type has a precision of the same order of magnitude as the real
the underlying processor board. In contrast, the time)type in package Calendar ger

hlendar.

Hed by the
fined time
time clock
erally has

ser precision than the real-time clock, due to the nééd to support a 200-year range andl can jump

or forward in the event of calendar adjustments (e.g., leap years, leap seconds). Its ug
ss accuracy in task release times.

mple run-time behaviour

[he overheads associated with supperting the full Ada model, some features are remove
profile, in particular, time-triggered tasks.

pendency on Ada.Execution\Time.Group_Budgets

pe [SO/IEC 8652:2023, D.13) There are no semantic dependencies on the package Ada.Execy
oup_Budgets.

ar runtime_can monitor the execution time of tasks, but it does not support the shg
time budget'within a group of tasks. Neither does it require a handler to be execute
eyond d defined level of execution time (hence the next restriction). This simplifies th
it harder to construct programs that can recover from timing errors.

e can thus

d from the

tion_Time.

ring of an
d if a task
le runtime

No depe

nandancvon-AdaExacution T1mn'|'lmr\vr‘
ERteCy— Oyt Ececarer O e e

(see ISO/IEC 8652:2023, D.13) There are no semantic dependencies on the package Ada.Execution_Time.
Timers.

6.2.6 Parallel semantics

More recent definitions of the Ada language have included features that provide more control over the
execution of multi-tasking programs on parallel hardware. Such hardware includes multiprocessors (with
various memory configurations), multi-core processor and various forms of heterogeneous architectures.
The definition of the Ravenscar profile has been extended to deal with these forms of truly parallel (rather
than just concurrent) execution. The basic approach chosen for the Ravenscar profile has been to support the
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static allocation of tasks to processors. Conformance with this choice is achieved by applying the following
restrictions:

No_Dynamic_CPU_assignment

The abbreviation CPU stands for Central Processing Unit, and can be understood as “processor”. All of
the tasks in the partition will execute on the same processor, unless the programmer explicitly uses
aspect CPU to specify the task-to-processor assignment (see ISO/IEC 8652:2023, D.13).

This results in tasks being statically assigned to processors.

Nod pnnr]nnr‘y on Ada Qynr‘hrnnnnc Barriers

(see ISO/IEC 8652:2023, D.13) There are no semantic dependencies on the package Ada.Synchro-
ndus_Barriers.

Syinchronous barriers (see ISO/IEC 8652:2023, D.10.1) are used on some forms§ of parallel hardware.
Aqthey can be programmed by the user in a Ravenscar application, the useofithe predefin¢d package
isnot explicitly supported by the Ravenscar profile.

No ddpendency on System.Multiprocessors.Dispatching_Domains

(s¢e ISO/IEC 8652:2023, D.13) There are no semantic dependencies on the package System.Multi-
processors.Dispatching_Domains.

Dispatching domains allow more structured approaches to parallel execution to be supp¢rted. Cur-
reptly, this leads to programs that are deemed to'be beyond what can be easily analysegl; they are
therefore not included in the Ravenscar profile.

6.2.7 Implicit restrictions

The set of restriction identifiers for Ada does not represent an orthogonal set of restriction$ with the
result that some restrictions are implied-by others. For example, restriction No_Select_Statements implies
restrictior] Max_Select_Alternatives will be set to zero.

6.3 Ravpnscar profile dynamic semantics

6.3.1 Task dispatching policy

The task fispatchidg-policy that is associated with pragma Profile(Ravenscar) is set to FIHO_Within_
Priorities (see ISQ/IEC 8652:2023, D.2).

6.3.2 Ldcking policy

Thelockingpolicy thatgoeswith pragmaProfile(Ravenscar)issetto Ceiling_Locking (see ISO/IEC8652:2023,D.3).
This policy provides one of the lowest worst-case blocking times for contention for shared resources, and
therefore maximizes the schedulability of the task set when pre-emptive scheduling is used

6.3.3 Queuing policy

The queuing policy is not meaningful for pragma Profile(Ravenscar) since no entry queues can form. Thus,
queuing policy identifiers FIFO_Queuing and Priority_Queuing have no effect.
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6.3.4 Additional run-time errors defined by the Ravenscar profile

ISO/IEC 8652:2023 (the Ada Standard) defines a number of concurrency-related run-time checks that can
lead to the raising of an exception. The Ravenscar profile restrictions greatly reduce the quantity of these
checks, and thus the number of exception cases that can occur. The two concurrency-related run-time checks

that apply

a) detect

to Ravenscar programs are:

ion of priority ceiling violation as defined by Ceiling_Locking policy;

b) detection of violation of not more than one task waiting concurrently on a suspension object (via the
Suspend_Until_True operation).

The Ravenscar profile introduces some additional concurrency-related checks that are potentially detectable

only at exgrutiomtinTe:

¢) the maximum number of calls that are queued concurrently on an entry is not allowed|to exceed
one. Frogram_Error exception is raised if the error occurs [pragma Restrictions(Max_Enfry_Queue_
Length = > 1)];

d) all tasks are non-terminating [pragma Restrictions(No_Task_Termination)].

A conformfing implementation documents the effect of a task that attempts to terminate. Possible gffects can

include:

e) allowing the task to terminate silently;

f) holdin
g) execu

Whatever
actions (in
6.3.5 Pd

The Raven
Program_]

execu

The Raven
that can o
eliminated

as
an

at

g the task in a permanent pre-terminated state;
ing a task termination handler.

action is taken by the implementation, the application cannot assume that full task tg
cluding finalization) have been executed.

tentially-blocking operations in protected actions

scar profile requires detection of the following bounded error with the consequentia
Error exception:

ion of a potentially-blockingoperation during a protected action (pragma Detect_Blocl

scar profile definition does however significantly reduce the list of potentially-blocking
ccur during a protected action. In particular, the following potentially-blocking oper
by the Ravenscar profile definition:

elect _statgment
accept (sBatement

hsk entry call

rmination

raising of

King).

bperations
ations are

ad

an

elay relatlvVe Statelent

abort statement

task creation or activation

an external requeue_statement with the same target object as that of the protected action.

The Ravenscar profile definition does not require detection, at compile time, of other potentially blocking
operations defined by the language standard (see ISO/IEC 8652:2023, 9.5.1). In this case, the detection may
occur at the point of execution of the potentially blocking operation within the called subprogram body.

The rationale for requiring detection of potentially-blocking operations in protected actions is to allow
a highly efficient and temporally deterministic implementation of Ceiling_Locking policy on a mono-
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processor. In effect, the ceiling priority alone is sufficient to provide mutual exclusion without the need to
use locks such as mutexes once it is guaranteed that the task cannot suspend co-operatively while inside
the protected operation. This form of locking is also non-queuing on a mono-processor, with the associated
benefit of removing the need to compute the worst-case duration that a task call can wait in the queue.

6.3.6 Exceptions and the No_Exceptions restriction

The general concern within high-integrity systems of the occurrence of unhandled exceptions is not
addressed directly by the Ravenscar profile since exceptions relate to the sequential, rather than the
concurrent, part of the language. Consequently, whereas an unhandled exception will cause a sequential
program to terminate, and hence offer an immediate opportunity for some program level control to invoke
recovery actions, an unhandled exception during the execution phase of a concurrent program can go
undetecte

1 o 1 1 1. ] 4o £1 £.11 : Vo SR
U 11T pdlitituldl, 4l UIIdITUITU TACTPLIVIT LAIT CAUST dlly UL LHC TUILTIOWIITE TITTULS.

silent

hbandonment of the execution of an interrupt handler;

silent fermination of a task;

premdture exit from a protected action.

The Raver]scar profile statically avoids the possibility that an exception can/bé-raised by an ent
via the reptriction Simple_Barriers. In addition, the Ravenscar profile imposes the restriction
Terminati¢pn that requires the implementation to document the effect 6f a"task attempting to

Neverthelgss, this is inadequate for most high integrity applications that require static demon
absence off exceptions due to run-time check failure. Some techniqués;are presented in 8.3.3 to a
topic of prjoof of absence of the concurrency-related run-time ertors that can occur in a Ravens
program, yising static analysis.

ry barrier

No_Task_
terminate.
stration of
ddress the
car profile

ISO/IEC 8
should be
- it merelj
generation
to be raise
document

b52 includes the identifier No_Exceptions as a‘valid argument for the Restrictions

I guarantees that the application code doesinot contain any explicit raise statement
for language-defined checks, nor any exception handlers. However, it is possible for an

d automatically by the underlying hardware, or by built-in code in the run-time system

htion requirement on the implementation to define such cases (see ISO/IEC 8652:2023,

In additior

, the language standard defines-execution of a program to become erroneous if alangua

check is suppressed via restriction No,_ExXeeptions and the conditions arise that would have causeq
to fail (seelISO/IEC 8652:2023, H.4). This is consistent with the suppression of checks using pragm
(see ISO/IEC 8652:2023, 11.15). Since erroneous execution results in the behaviour of a program

pragma. It

hoted that the inclusion of this pragma does net provide a static guarantee of exception freedom

, hor code
exception
There is a
H.4).

be-defined
| the check
h Suppress
becoming

undefined| the recommendation for high integrity systems is that restriction No_Exceptions shoyld only be

safeguard

6.3.7 A

The Rave
handlers

junction with verification and analysis techniques that can statically prove that no
-time check faiture can occur. In this case, restriction No_Exceptions is providing the
hat exception raising via explicit raise statements will be prohibited at compile time.

cess to shared variables

s¢ar-profile requires all synchronization and communication between tasks and

bxceptions
additional

interrupt

erroneous

execution that can arise if concurrent access (that includes a write operation) to the same unprotected
shared variable is permitted. Such access control is provided in Ada using one of the following constructs:

— aprotected object;

— asuspension object;

— anato

mic object (to which the Atomic aspect applies).

This access control model applies to the operational phase of the application, after program initialization via
elaboration of library-level packages is complete. For each class of object above, it is possible to ensure that
its initialization is completed as part of program elaboration.
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There is an issue however, in that the semantics of Ada define task activation and interrupt handler
attachment to occur during library-level elaboration code for objects that are declared within library-level
packages. Consequently, it is the case that tasks will execute their declarative part and can proceed into
their sequence of statements, and that interrupt handlers can execute, prior to the elaboration code for

program initialization being completed. This scenario can give rise to the following undesirable effects:

atask

a task

body or interrupt handler can suffer an access-before-elaboration exception;

body or interrupt handler can access uninitialized data;

thread of control that is performing the data initialization.

a task body or interrupt handler can access unprotected data concurrently that it shares only with the

[t is possi
but this is

pte—toprogranreachtasksuchthat it suspends-itsetfatthe—startof itssequenceof s
not possible for interrupt handlers (although an application can inhibit interrupts‘if

allows). Furthermore, the code executed as part of task activation (prior to the suspedsion

suffer the
ISO/IEC 84

6.3.8 El

effects listed above. In order to address this issue, the Partition_Elaboration Policy is
52:2023 (see 6.3.8).

hboration control

The new pragma Partition_Elaboration_Policy (see ISO/IEC 8652:2023, H¢6) is not part of the

profile, bu
behaviour
environme
It is only 4
and all tas
by the Ray
during prd

7 Exan

[ it is closely related to it. If given the argument Sequential, this{defines an alternative ¢
in which all tasks declared at the library level proceed\to their activation onlyj]
nt task has completed all its elaborations and the main program is leaving its declara
t that point that interrupt handlers are attached (so thatno interrupt can be deliverg
ks eventually start their concurrent execution. This prdgma complements those that g
enscar profile and helps achieve the goal that contrblled access to global shared varia
gram initialization.

Iples of use

7.1 Genleral

This claus

The Raven
analysis, fi
recommer
7.9, exam
7.13, exa
of its scop

To confor

correspon

b illustrates some simple patterns of use of the Ravenscar profile.

scar profile can be used-with a variety of coding styles. However, if the user perform
pbr example to check the.schedulability of the tasks, then the adoption of certain codir
ded. Indeed, a smallknumber of templates can cater for a large class of application need
es are given to ilustrate the straightforward use of the Ravenscar profile. Thereaftey

les show how(the'Ravenscar profile can deal with requirements that would appear to

h

atements,
the device
point) can
defined in

Ravenscar
laboration

after the
Cive part.
bd earlier),
re defined
bles is met

S program
g styles is
s.In 7.2 to

in 7.10 to
lie outside

m with the Ada language specification as per ISO/IEC 8652:2023, aspects should bhe used in
place of most pragmas. Accordingly, all occurrences of the obsolete pragmas have been replace

Hing aspect.

d with the

7.2 Cyclic task

The task body for a cyclic (or periodic) task typically has, as its last statement, an outermost infinite loop
containing one or more delay until statements. The basic form of a cyclic task has just a single delay
statement either at the start or at the end of the statements within the loop. The Ravenscar profile supports
only one “time” type for use as the argument - Ada.Real_Time.Time, although a user-defined time type can
be used.

Task termination is considered an error condition in Ravenscar-compliant code since there is no dynamic
task creation (and hence the thread of control would be permanently lost). Hence, the loop that is presented
in the template below is infinite.
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A cyclic task will not usually contain any other form of voluntary-suspension statement in the infinite loop,
since this would undermine the schedulability analysis.

The Ravenscar profile supports the use of discriminants for task types and protected types. One use of a
discriminant is to set differing priorities for task objects or protected objects that are of the same type by

using it as

the argument of the Priority aspect.

Discriminants can also be used to indicate the period of a cyclic task or other task parameters, including the
assigned priority.

EXAMPLE

task
wi

Cyclic Template

type Cyclic(Pri: System.Priority; Cycle Time: Positive)
th Priority => Pri;

task
Ne
Pe

begin

Ne
lo

en
end C

-— De
Cl: C
Cc2: C

Cyclic tas]
protected
involves a
objects ca
free of rac

body Cyclic is
Kkt Period: Ada.Real Time.Time;
riod: constant Ada.Real Time.Time Span:=
Ada.Real Time.Microseconds (Cycle Time);
Other declarations as needed

Initialization code

<t Period:= Ada.Real Time.Clock + Period;

PP

delay until Next Period; -- Wait one whole period befope\executing
-- Non-suspending periodic response code

-- May include calls to protected procedures

Next Period:= Next Period + Period;

H loop;

yclic;

~lare two task objects of this type
yclic (20,200) ;
yclic (15,100) ;

ks normally exchange data through profected operations. In this coding style, thg
entries since the only activation event iS.on delay until. Conformance with the Raveng
| shared data being placed in protected objects to avoid corruption. As noted in 4.3
n also be used to help share objects-safely, together with a read/write protocol staticg
e conditions.

7.3 Coo

The simpl
duration
start time

To achievelthis, a protected object is used, which reads the clock on creation and then makes this
available tp all cycli¢ tasks.

EXAMPLE

proteft&d Epoch

dinated release of cyclic tasks

example illustratediin 7.2 has two cyclic tasks that read the clock and then suspend f¢
ecific in the constant "Period". It can however by useful for all such tasks to coord
so that they share a common epoch. This can help to enforce precedence relations ac

Protected object implementing an Epoch

re are no
car profile
.3, atomic
lly proven

r the time
nate their
ross tasks.
lock value

W1TIT FrITorrc

is

OYSLEIl. FLITOLILY "Ldst

function Start Time return Ada.Real Time.Time;

private

Start: Ada.Real Time.Time:= Ada.Real Time.Clock;
end Epoch;
protected body Epoch is

function Start Time return Ada.Real Time.Time is
begin

return Start;

end Start Time;
end Epoch;

© ISO/IEC 2025 - All rights reserved
21


https://iecnorm.com/api/?name=850feadd25799370b24ac90dffc829c2

ISO/IEC TS 24718:2025(en)

A protected object is not strictly needed to this end, since a shared variable appropriately initialized will
suffice. A more robust scheme, which only reads the epoch time once a task actually needs it, is as follows.

EXAMPLE 2

Caller initialized Epoch

protected Epoch
with Priority => System.Priority'Last

is

procedure Get Start Time (T:

out Ada.Real Time.Time);

private
Start: Ada.Real Time.Time;

First:

end E

Boolean:

True;
Nnoch :

prote
pr
be

en
end E

This 14
EXAMPLE ]

task
wi

task
Ne
Pe

begin

Ep
Ne
lo

en
end C

7.4 Cycl

The use of

cted body Epoch is
bcedure Get Start Time (T:
bin
if First then

First:= False;

Start:= Ada.Real Time.Clock;
end 1if;
T:= Start;
0 Get Start Time;
pboch;

out Ada.Real Time.Time) is

ads to the following further example.
Cyclic task with Offsets

Fype Cyclic(Pri: System.Priority; Cycle Times Positive)
h Priority => Pri;

body Cyclic is
ikt Period: Ada.Real Time.Time;
riod: constant Ada.Real Time.Time_ Spat):=
Ada.Real Time.Microseconds (Cycle Time);
Other declarations as needed

Initialization code

bch.Get Start Time (Next Pexiod);

<t Period:= Next Period %[(Period;

b

delay until Next Pexiaqd; -- Wait until next period after epoch
-- Non-suspending periodic response code

-- May include calNls to protected procedures

Next Period:= Next Period + Period;

0 loop;

yclic;

ic tasks.with precedence relations

period, giv

pfiorities and a shared epoch can be used to enforce precedence between tasks wit
BN ] licati ] ctad ] ] ke d hlock duri lt

the same

ution. An

alternative scheme is to use an offset in time. Here, scheduling analysis is used to ensure that each task has
been completed before the next task is released.

EXAMPLE

task type Cyclic(Pri:

Cyclic task using Epoch

System.Priority;

Cycle Time, Offset: Natural)

with Priority => Pri;

task body Cyclic is
Next Period: Ada.Real Time.Time;
Period: constant Ada.Real Time.Time Span:=

Ada.Real Time.Microseconds (Cycle Time);
Other declarations
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Initialization code

Next Period:= Epoch.Start Time + Ada.Real Time.Microseconds (Offset);
loop

delay until Next Period; -- Wait until next period after offset
-- Non-suspending periodic response code

-- May include calls to protected procedures

Next Period:= Next Period + Period;

end loog;
end Cyclic;

First

Second: Cyclic(20,200,70);

: Cyclic(20,200,0);
-- Required to complete with deadline 70

tricocoarad facl

7.5 Eve

The task K
statement
to Ada.Syr
used wher
from signa
additional

An event-t

i b2
T IS SCTCUO TasSIsy

operations accompany the resumption of the event-triggered task.

infinite logp.

EXAMPLE

-— A
-—— Sse

task
wi

task

begin

lo
en
end S

Sp: S

7.6 Sha

A protectd
typically ¢
used only
be used w|

An event-triggered task

suspension object, SO, is declared in a visible (Igbrary unit and is
I to True in another (releasing) task

L ype Sporadic(Pri: System.Priority)
th Priority => Pri;

body Sporadic is
Declarations

Initialization code

PP
Ada.Synchronous Task Contr¢d.Suspend Until True (SO);
-- Non-suspending sporadic“response code

0 loop;

boradic;

boradic (17) ;

red resource ‘control using protected objects

d objectused to ensure mutually exclusive access to a shared resource, such as g
pntains.enly protected subprograms as operations, i.e. no protected entries. Protected
for task synchronization purposes where data exchange is involved. A protected proced
héi the internal state of the protected data are intended to be altered, and a protecte]

ody for an event-triggered task that conforms to the Ravenscar profile typically~has)as its last
an outermost infinite loop whose first statement is either a call to a protected ent
chronous_Task_Control.Suspend_Until_True using a Suspension Object. Thersuspension object is
no other effect is required in the signalling operation; for example, no data.are to be tfansferred
ller to waiter. In contrast, the protected entry is used for more elaborate event signalling, when

or a call

riggered task will not usually contain any other form of voluntary-suspension statenjent in the

obal data,
bntries are
ure should
d function

should be

h s - £ - . 1L 1 1 1 1 1 hl . 1
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ISO/IEC 8652:2023, 9.5.1, states that the use of any form of voluntary-suspension statement during the
execution of a protected operation is a bounded error. The Ravenscar profile requires, via pragma Detect_
Blocking, an implementation to detect this error (and hence to raise the Program_Error exception), other
than in the case when suspension is due to execution outside of the Ada environment, for example within an

underlying operating system call or within imported code that is written in another language.

Itis essential to choose the correct value for the ceiling priority of the protected object. By default, the value is
System.Priority’Last, unless the protected object contains interrupt handlers (see below). The chosen value
is recommended to be at least as high as the highest priority task that calls one of the protected operations.
If this is not the case, the Ada Reference Manual requires the Program_Error exception to be raised when a
task with a priority higher than the ceiling priority makes a call to one of the protected operations. However,
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if the ceiling value is higher than necessary, there can be an increase in the blocking time that high priority
tasks will suffer, and consequently a decrease in the overall schedulability of the system. Tool support can
be available to determine the optimal ceiling value when the calling sequences can be statically analysed.

EXAMPLE

protec
with Priority => 10

is

Use of protected object for mutual exclusion

ted Shared Data
-—- All callers will have priority no greater than 10

function Get return Data; -- For some global type, Data
procedure Put(D: in Data);

private
Current: Data; -- Shared data declaration

end Shared Data;

prote
fu
be

en

pr
be

en
end S

7.7 Task synchronization primitives

Task sync
using eithg

The susps
Synchrond
primitives

The use o
The prote
be a simpl
maximum
provide th
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e value that is either a Boolean literal or a Boolean variable that is part of the protect

Cted body Shared Data is
hction Get return Data is
in

return Current;

0 Get;

bcedure Put (D:
yin
Current:=
0 Put;
hared Data;

in Data) 1is

D;

\ronization, in the form of a wait/signal event model,‘can be achieved in the Ravens
br a protected entry or a suspension object, as described above for event-triggered task

nsion object is the optimized form for a simple suspend/resume operation. The pa(
us_Task_Control (see ISO/IEC 8652:2023, D.10) is used to declare a suspension obje

protected objects with entries for task.synchronization is restricted by the Ravensc
'ted object can have a maximum of one entry declaration. The entry barrier is recom

of one task is allowed to wait on the protected entry at any time (see 6.2.4). These r
e necessary determinism ing knowing which waiting task is serviced first when ent
lie, since there can be at most one such task call enqueued at it. This model is very sin
1 object approach except that:

an be transferred.from signaller to waiter atomically (i.e. without risk of a race condit
hmeters to the pratected operations and additional protected data.

code can.bevexecuted atomically as part of signalling by use of the bodies of the

Event-Triggered Tasks Suspending on a Protected Entry

car profile

D.

kage Ada.
t, and the

Suspend_Until_True and Set_True are used for the suspend and resume operations respectively.

ar profile.
mended to
pd state. A
pstrictions
y barriers
ilar to the

on) by use

protected

prote
wi
is

Cted type Event (Ceiling: System.Priority)

th Priority => Ceiling -- Ceiling priority defined for each object

entry Wait (D: out Data);
procedure Signal (D: in Data);
private
Current: Data; -- Event data declaration
Signalled: Boolean:= False;
end Event;
protected body Event is

entry Wait (D: out Data) when Signalled is
begin

D:= Current;

Signalled:= False;
end Wait;
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7.8 Minimum separation between event-triggered tasks

To ensure
sporadic t
with a de]
the task’s

ISO/IEC TS 24718:2025(en)

ocedure Signal (D: is
gin
Current:=
Signalled:
d Signal;
vent;

in Data)

D;

_Object: Event (15);

Event Handler
th Priority => 14;

I.e. this must be not greater than 15
body Event Handler is

Declarations, including D of type Data

ITTtiattzat o Coag

PP

Fvent Object.Wait (D) ;

-- Non-suspending event handling code
H loop;

vent Handler;

the timely execution of all tasks in a system, it can be necessary fo,enforce a separatio
hsks so that they cannot execute more frequently than some agreed value. This is easil
ay until statement. Doing so however, introduces a second activation event into t
puter loop. In general, this can make the task more difficult to analyse. In the followin

h between
y achieved
he code of
g example

however, it actually facilitates the analysis by ensuring a mininmium separation between task activations.

This happéns because the two activation events are in effect subsequent.
EXAMPLE Event-triggered task with minimum separation
task Event Handler
wikh Priority(14);
task pody Event Handler is
--| Declarations, including D of type Data
Mipimum Separation: constant AdasReal Time.Time Span:=
-- some appropriate value
Nekt: Ada.Real Time.Time;
begin
--| Initialization code
lopp
Event Object.Wait(D);
Next:= Ada.Real&Fime.Clock + Minimum Separation;
-- Non-suspending event handling code
delay until Nekt; -- this ensures minimum temporal separation
enp loop;
end Epent Handler;
7.9 Intdrrupthandlers
The code ofaninterrupthandlerwill often be used to initiate a response inanevent-triggered t<

sk. This is

because the code in the handler itself executes at the hardware interrupt level, and typically the major part
of the processing of the response to the interrupt is moved into an event response task, which executes at a
software priority level with interrupts fully enabled.

In the previous example, if signalling is intended to be achieved via an interrupt, then the procedure Signal
should be defined as parameterless, and be identified as an interrupt handler by the aspect Attach_Handler.
This aspect includes an argument of type Ada.Interrupts.Interrupt_ID that identifies the interrupt to which
the handler applies.

The ceiling priority of a protected object that contains an interrupt handler is recommended to be in the
range of System.Interrupt_Priority.
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Interrupt handling via a protected entry

cted Interrupt Event
th Interrupt Priority => System.Interrupt Priority'Last

try Wait (D: out Data);
ocedure Signal

-- Must be parameterless

with Attach Handler => Some Interrupt Id;

Wait and Signal will execute with full interrupt lockout

te
rrent: Data; -- Event data declaration
gnalled: Boolean:= False;

hterrupt Event;

Cted body Interrupt Event is -- Similar to the code in the previous examplée
except that the setting of Current is obtained via a register during
the execution of Signal rather than as an in parameter

B illustrate how to cater for situations that appear to need more_functionality than p
scar profile. It should not be assumed that the Ravenscar subset is-able to deal with all
Ha covers. The tasking features of Ada represent a powerful set'of abstractions for pro|
[ and real-time systems. To gain predictability and efficiency, the Ravenscar profile
of these features, and it is not appropriate to reintroducé\them via a combination of pro
conventions. However, situations can arise when a requirement in just part of a progi
the Ravenscar profile’s definition. These can oftenye catered for by straightforward {
t from the other restrictions of the Ravenscar profile.

huse focuses on the requirement for two (or thore) tasks to call the same entry of some

hem. For example, if more than 10 outstanding items ever accumulate, then the tw
rered tasks are released. An atomicity‘\requirement is that the two tasks are only relea

fovided by
situations
sramming
has had to
sramming
am seems
echniques

protected

an illustration, consider a situation in which a series of tasks create work items, while others

h separate
sed if both

EXAMPLE 1 A non Ravenscar Example
protefpted Controller is
enfry Overload; -- called by two tasks
prpcedure Create;
prpcedure Consume;
privale
Wofrk Items: Integer:= 0;
Relleased: Boolean:= False;
end Cpntrollers
protefted body Controller is
enfkry (Overload when Released is
bepif
If¥Overload’Count = 0 then —- barrier is closed when both tasks have left
Released:= False;
end if;
end Overload;

pr
be

ocedure Create is
gin
Work Items:

Work Items + 1;

Released:= (Work Items > 10 and Overload’Count = 2);

-- barrier is opened when more than 10 items and both tasks are waiting
end Create;
procedure Consume is
begin

Work Items:= Work Items - 1;

end Consume;
end Controller;
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To conform with the Ravenscar profile restrictions, two Controller protected objects are needed, one for

each task.

To obtain the required atomicity, the second Controller is called from the first.

EXAMPLE 2  Using multiple protected objects to mimic an entry queue

protected First Controller is
entry Overload; -- called by one task
procedure Check Called(OK: out Boolean);
private
Released: Boolean:= False;
end First Controller;
protected body First Controller is
entry Overload when Released is
begin
Released:= False; -- barrier set to False once task has been released
enp Overload;
prpcedure Check Called(OK: out Boolean) is
bepin
Released:= (Overload’Count = 1);
OK:= Released; -- returns True 1if task waiting
enfd Check Called;
end Fjirst Controller;
protefpted Second Controller is
enftry Overload; -- called by the other task
prpcedure Create;
prpcedure Consume;
privafe
Wolrk Items: Integer:= 0;
Relleased: Boolean:= False;
end Spcond Controller;
protefpted body Second Controller is
enfry Overload when Released is
bepin
Released:= False; -- barrier set to (False once task has been released
enfd Overload;
prpcedure Create is
bepin

en

pr
be

en
end S

It should b
above algg

Work_Items:: Work_Items + 1;

if Work Items > 10 and Overdoad’Count = 1 then
First_Controller.Check_Called(Released);

end 1if; -- if Released s true then the first task has been released

-- and the gsec¢ond one must also be released

0 Create;

bcedure Consume 18

bin

Work Items:= Aerk Items - 1;

0 Consume;

econd_ContkelMer;

e noted that in the Ravenscar profile, once a task calls an entry, it cannot cancel the call

not guararrteed to work.

7.11 Catering for protected objects with more than one entry

hence the

rithm is safe. In the full language, task calls can be cancelled and therefore the above approach is

To illustrate the way a two-entry protected object can be transformed, consider the standard buffer with
one task calling the buffer to extract an item and another task calling it to place items into the buffer. Usually,
both of these calls are made via entries in a protected object as the extract call is required to block if the
buffer is empty, and the place call is required to block if the buffer is full. To comply with the Ravenscar
profile restriction of only one entry in any protected object, a protected object is used for mutual exclusion
only and two suspension objects are introduced for the necessary conditional synchronization.

EXAMPLE

A bounded buffer example in Ravenscar
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package Buffer is
procedure Place Item(Item: Some Type);
procedure Extract Item(Item: out Some Type);
end Buffer;

package body Buffer is
protected Buff is

procedure Place (Item : in Some Type;
Success: out Boolean);
procedure Extract (Item : out Some Type;

Success: out Boolean);
private
Buffer Full: Boolean:= False;
Buffer Empty: Boolean:= True;
-- other declarations

enpr DuLt;
Noh Full, Non Empty: Ada.Synchronous Task Control.Suspension Object;

prpcedure Place Item(Item: Some Type) is

OK: Boolean;

bepin

Buff.Place (Item, OK);

if not OK then
Ada.Synchronous Task Control.Suspend Until True (Non Fully;
-- note this is a task activation event
Buff.Place(Item, OK); -- OK must be true

end if;

Ada.Synchronous Task Control.Set True (Non Empty);

enfd Place Item;

prpcedure Extract Item(Item: out Some Type) is
OK: Boolean;
bepin
Buff.Extract (Item, OK);
if not OK then
Ada.Synchronous_Task Control.Suspend Until True (Non_ Empty) ;
-- note this is a task activatien®event
Buff.Extract (Item, OK); -- OK must be true
end if;
Ada.Synchronous Task Control.Set True (Non Full);
enfl Extract Item;

prptected body Buff is
procedure Place (Item < in Some Type;
Sucdess: out Boolean) is
begin
Success:= no&g. Buffer Full;
if not Bufffer)'Full then
-- put(Ifem into Buffer
Buffex .Empty:= False;
-vset Buffer Full if appropriate
ends R,
end Place;

plocedure Extract (Item : out Some Type;
Success: out Boolean)) is
begin
Success:= not Buffer Empty;

if not Buffer Empty then
-—- extract Item from Buffer
Buffer Full:= False;
-- set Buffer Empty if appropriate
end if;
end Extract;
end Buff;
end Buffer;
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7.12 Programming timeouts

There can be situations where a call to a protected object's entry should be retracted after a period of time if
the event that should release it has not occurred. In full Ada, this would be:

select
PO.Call;
Timeout:= False;
or
delay until Some Time;
Timeout:= True;

end select;

Identical functionality can be achieved in Ravenscar using an extra task that is event-triggered and a
protected pbject that iS uSed to pass the timeout value to this task. 1115 15 {llustrated in the examnple below;
it is imporjtant to note the expansion in code needed to accommodate this effect. The full language clearly
has signififant superior expressive power in this area as well as others.

EXAMPLE Programming timeouts in Ravenscar

protefted PO is
enfry Call (Timeout: out Boolean);
prpcedure Used To Release Call;
prpcedure Too Late;

privale
Timed Out: Boolean:= False;
Rellease: Boolean:= False;
end Pp;

protefpted body PO is
prpcedure Too Late is
bepin
if Call’Count = 1 then
Timed Out:= True;
Release:= True;
end if;
enfd Too Late;
prpcedure Used To Release Call is

bepin
Timed Out:= False;
Release:= True;

enf Used To Release Call;

enfry Call (Timeout: out Bdosfean) when Release is

bepin

Timeout:= Timed Out;

Release:= False;

-- further non~suspending code if necessary
end Call;

end Pp;

protefted Timex Control is
enfry Wadit (Wait Time: out Ada.Real Time.Time);
prpcedurg’Set Time (Wait Time: Ada.Real Time.Time) ;

privalfe
Tijpeduwt: Ada.Real Time.Time;
ReIgased: Boolean:= ralse;

end Timer Control;

protected body Timer Control is
entry Wait (Wait Time: out Ada.Real Time.Time) when Released is
begin
Wait Time:= Timeout;
Released:= False;
end Wait;
procedure Set Time (Wait Time: Ada.Real Time.Time) is
begin
Timeout:= Wait Time;
Released:= True;
end Set Time;
end Timer Control;
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task Timer; -- note this task has more than one activation event
task body Timer is
T: Ada.Real Time.Time;
begin
loop
Timer Control.Wait (T);
delay until T;
PO.Too Late;
end loop;
end Timer;

-- application calls the following
-- Timer Control.Set Time (Some Time);

-- PO

7.13 Fur
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and interr

definition.

level of expressive power is needed.
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program sftart-up, each containing an infinite loop which has a suspending operation as its first
such that its execution can be invoked dynamically by one of the task'synchronization primitive

changing 1
execution

Dynamic €
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required),
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her expansions to the expressive power of the Ravenscar profile
ing analysis is not of interest to the application program and a more general mod

upts is required, this can still be achieved with reasonable expressive power within
However, as noted earlier, the Ravenscar profile is not a substitute forthefull language

reation and termination of tasks can be simulated by declaring a;pool of event-trigger

he settings of suspension objects and entry barriers, it.is\possible for certain tasks to
disabled while others have execution enabled.

by embodying all the different handling codexfor a particular interrupt in one interrul
procedure, with each of the different actions:being coded as case alternatives in a case

fferent response actions at various times during program execution.

] of tasks
the subset
when that

bd tasks at
statement,
5. Thus, by
have their

xchange of interrupt handlers, often required for.applications performing mode charlge, can be

jpt handler
statement,

on a mode selector. By changing the valué of the mode selector, the same handler pro¢edure can

sk priority change is also generally’associated with mode change. This can be simulated using a
vent response task for each mode of operation (and assigning a different priority to edch task as
such that the execution of each-task that belongs to a dormant mode is suspended until signalled
when its mpode becomes active.

ffect to requeue can beachieved by completing the protected entry body and returning a status

result to the caller, which canithen emit a subsequent protected entry call to the intended destindtion of the

requeue sf
does not i

Similarly, {
achieved v
entries forn

atement. If each(protected entry is called only by a single task, then this alternative
itroduce any raee conditions.

f static titning analysis is not of interest, the classic non-timed rendezvous operations
Fithin the-subset definition by use of suspension objects for synchronization and prote
confmunication.

technique

fan still be
'ted object

No conditleg

lated if a

suspension objec is uedb ollg th ta f the uspension obect (i the Currnt_Stte unction in the
package Ada.Synchronous_Task_Control), or if a protected entry is used by polling the value of the protected

data which controls the synchronization (i.e. the barrier Boolean).

8 Verification of Ravenscar programs

8.1 General

The Introduction described the motivation for the Ravenscar profile in terms of the need to verify the
temporal behaviour of concurrent real-time programs. This clause provides an introduction to the forms of

verification that can applied to Ravenscar applications to deliver dependable systems.
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The approach to verification in the presence of Ada tasking is similar in many ways to that traditionally
used for cyclic executives. Each thread of control is independently verified for conformance with its precise/
formal specification, for example by performing requirements-based testing or by use of static analysis
tools on its sequential behaviour. Then, the program as a whole is verified against all its timing constraints.
This latter stage differs from the cyclic executive approach in the presence of priority-based pre-emptive
task scheduling, in that it can be automated by the use of, for example, a response time analysis (RTA) tool
to verify that a given task set meets its deadlines. The tool-based approach greatly simplifies the process of
verification of timing constraints during development, and of re-verification after the system has undergone
modification during maintenance.

The effects of arbitrary dynamic pre-emption can be statically analysed by considering all accesses to the
global state of the program as being volatile, e.g. two successive reads to the same global state variable can
deliver differentvalues (;m for reads of values delivered hy an external dpvir‘p)

The core sgt of Ravenscar profile run-time system packages can be developed to the most stringént software
developmgnt standards so that these packages are suitable for inclusion in an application’ thdt requires
certificatipn against an applicable standard such as RTCA D0O-178C.[3]

This clause looks at four levels of verification:
— static pnalysis of sequential code (8.2)

— static pnalysis of concurrent code (8.3)
— schedtiling analysis (8.4)

— forma| analysis (8.5)

8.2 Statlic analysis of sequential code

As discusged in the introduction, the Ravenscar profile is silent about those features of the [sequential
language that should be used with the profile (apart from requiring no implicit use of the heap)f Similarly,
it is not appropriate here to discuss the forms of static analysis that should be used to verify the[functional
behaviour|of each task. See ISO/IEC TR 15942 for further information.

8.3 Statjic analysis of concurrent code

8.3.1 Gdneral
The two main goals of applyingstatic analysis techniques to Ravenscar programs are:

— to obtain the same level of proof and data/information flow analysis for concurrent progframs as is
currently achievable for a sequential program;

— toobtain proofofabsence of the concurrency-related run-time errors, to supplement the prooflof absence
of runttimeerrors that is currently achievable for sequential code.

The concufrebcy-related run-time errors that apply to Ravenscar programs are described in 6.3.4 and 6.3.5.

In addition, it is highly desirable to eliminate the implementation-defined effect of task termination in the
presence of the No_Task_Termination restriction.

8.3.3 to 8.3.10 address various techniques for producing static analysis evidence to meet the above goals.
These verification processes are made possible by the following assertions about the behaviour of a valid
Ravenscar program:

— Each task and interrupt handler execution is deferred until after program elaboration is complete.
— Tasks do not terminate.

All task communication is made via protected shared variables preferably using protected objects, or atomic
objects accompanied by a read/write protocol statically proven free of race conditions.
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All protected shared variables are initialized during library-level elaboration code.

8.3.2 Program-wide information flow analysis

Current technology supports data flow analysis, information flow analysis, and proof based on pre- and
post-conditions and invariants, for sequential code only. The goal is to extend this to Ravenscar programs
that include tasks, protected objects and interrupt handlers.

The data dependency information that is currently used to analyse sequential programs can be applied to
each task and each interrupt handler in the concurrent program as an independent entity. Thus, the existing
tools and techniques can verify each thread of control in isolation, including its use of privately accessed
global data. This then leaves only the issue of the verification of the interactions between the threads of

control as
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8.3.3 Al

ted shared variables present in the program should be initialized by library-level elabor

ensure that no shared data are uninitialized at the point of use. If initialization was
operation phase instead, a race condition can be introduced. For a suspension @bject, in
n ISO/IEC 8652 as occurring at the point of declaration. For a protected objéctor an ato
hould be initialized either as part of object elaboration, or using library+tevel package ¢
njunction with the use of pragma Partition_Elaboration_Policy(Sequéntial), this ensui
ontrol can access any shared state that has not been fully initialized:

nitialization phase is complete, the protected shared variablé€s can be modelled fol
n flow analysis purposes, assuming that their data are volatife. Since the data can be
ue to the effects of pre-emption and interrupt occurrence;any specific task necessaril
lue of a protected shared variable can change at any time. For example, two successiVy
protected shared variable can deliver different results and similarly, the value read
h write by the same task cannot be assumed to lie)the written value. This volatility i
h as that used to model access to external program data, such as that which has an addj
ported variable (via the Import aspect). Thugs, assuming that the static analysis techniqu|
olatile external data, concurrent access to,protected data can be modelled in the samg¢
h thread of control can now be describéd both in terms of its sequential data and iy
h terms of its interactions with volatile protected shared variables.

ained the analysis of each thread-of control that includes its interactions with the protg
pssible to combine the analyses'to form the overall data and information flow for the pr
pss the task and interrupt handler boundaries. This allows the designer to make assert]
htire program should behave in terms of the effect that it has on its external inputs

to produce its external'eutputs. These assertions can then be verified by the analysis t
onfidence as is currently achievable in a sequential program.

of static analy§isdoes not address the timing or ordering properties of the program
s these topics.by describing the use of RTA and other forms of formal analysis, such
which can{prove statically the timing properties of the program.
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exceptions within sequential code. The corresponding guidance on the sequential code constructs that
can be used to achieve this goal is contained in ISO/IEC TR 15942. These techniques can be independently
applied to each individual thread of control (i.e. task, main program or interrupt handler) of a Ravenscar
program.

In order to extend these existing techniques to a full Ravenscar program, the various forms of run-time
check failure that relate directly to the concurrency features should be addressed. These can be broken
down into the following groups:

Errors during program elaboration, such as access-before-elaboration or use of uninitialized data.
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particular the exceptions that are cited in 6.3.4 and 6.3.5.

variables (see 6.3.7).

Errors after program elaboration is complete, during the normal operation phase of the application, in

Erroneous behaviour during normal operation, in particular concurrent access to unprotected shared

Implementation-defined behaviour as a result of violation of the No_Task_Termination restriction.

8.3.4 to 8.3.10 discuss various techniques that can be applied to verify statically that these forms of error
cannot occur.

8.3.4 Elaboration errors
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bf checking code, differences in interpretation of priority,-scheduling variations etc. ]
are more likely to be present because of the Ada rule that a library-level task is activ
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oration code of later library units in the overall program elaboration order. Another cg
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8.3.5 Execution errors causing exceptions

just prior

6.3.4 and 6.3.5 identify the concurrency-related run-time checks that are required of a conformant

implementation of the Ravenscar profile. 8.3.6 to 8.3.10 examine techniques for static elimination of these
error conditions.

8.3.6 Max_Entry_Queue_Length and suspension object check

The static detection of absence of entry queue length violation can be achieved by applying further
constraints on the application code, namely that a maximum of one task object can call each protected entry.
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This also implies that the task objects, protected objects and protected entries are statically identified. Static
identification of an object excludes its name being determined dynamically such as via a function result, a
dynamic array index, the dereferencing of an access value etc. More extensive analysis would be required for
a less restrictive scheme showing that there is no program state in which more than one task can be calling
the same protected object. Such analysis includes the use of model checking (see 4.5). The same approach
can be applied to the static detection of absence of more than one task waiting on each suspension object at
any time.

8.3.7 Priority ceiling violation check

The static detection of absence of priority ceiling violation can be achieved assuming the following further
constraints:

all tas
of a ty]

k objects and protected objects have a static priority (this can be supplied via a static
pe discriminant for example);
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— thepr|
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ptected object call chain (including nested protected object calls) that is madéby each {
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rram body in the call tree that is rooted in a protected operation body would then bg

bcted entry_call_statement;
_statement;
0 Ada.Synchronous_Task_Control.Suspend_Until_True;

to any other language-defined stibprogram that is defined to be potentially blo
C 8652:2023,9.5.1).

1, the determination of the call trees would enable static detection of an external su

fected object is always statically identified.

less restrictive_§cheme is possible using formal verification methods such as mode]
0 determine if\a/program state exists such that a protected action would cause exe
r blocking operation (which may be within conditionally-executed code, although this §
ded).

possible to support detection of potentially blocking operations in the presence
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cking (see

bprogram

he same target protected object as that of the protected action, assuming the restrictign that the
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f indirect

procedure] th indirect
call, and t invoked by
that call. Similarly, the check for circularity in the protected object call chain is possible even in the case
of non-statically identified protected objects, by imposing a pre-condition whereby none of the potentially
called protected objects invoke operations of any protected objects that are higher in the call chain.

calls7if a pre-condition that specifies a non-blocking property is asserted prior to ea
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8.3.9 Task termination

The Ravenscar profile defines a static task set and prohibits dynamic task creation. The intent is that all
tasks are created during program start-up, but in any mode of operation, some of them can be dormant,
waiting on a synchronization event. A task that is no longer required to be executed would wait on its event
indefinitely. In this model, task termination is considered to be an error case and hence the restriction No_
Task_Termination is required by the Ravenscar profile. The effect of violation of the No_Task_Termination
restriction is implementation-defined.
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Task termination within the restrictions of the Ravenscar profile can occur only as a result of normal exit
from the task body, or as a result of an unhandled exception.

The case of avoidance of normal exit can be statically analysed if a coding restriction is placed on the task
body code. The final statement is either an infinite loop or else a compound statement (such as a conditional
or case statement) that can only cause an infinite loop to be executed.

The case of showing absence of exceptions by static analysis has already been covered in 6.3.6 and 8.3.3 to 8.3.8.

The combination of these two techniques can be used to ensure statically that task termination cannot
occur, and hence also that no implementation-defined behaviour that results from task termination can be

invoked.
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is not appropriateswithin this document to give a full tutorial on this material; such m
h text books (e.gl References [13] and [14]). Ravenscar facilitates the use of these tec
b priority-based-dispatching and ceiling locking on protected objects. To apply these t
irther constraints on application code are recommended. All tasks should have a single
hllow othef parameters to be analysed or measured.

B.4.5, priority assignment is considered, then two forms of analysis are introduced: rate
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8.4.2 Priority assignment

The use of priority-based pre-emptive dispatching defines a mechanism for scheduling. The scheduling
policy is defined by the mapping of tasks to priority values. Many different schemes exist depending on the
temporal characteristics of the task and other factors such as criticality. For hard deadline tasks, whose
failure to meet a deadline can cause a failure of the application program, it is usually assumed that the
following three parameters are known:

T - Period; time interval between consecutive arrivals of the task

D - Deadline; required latest completion time for the task (relative to its arrival)
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C - Computation time; worst-case execution time needed for the task to complete one activation.

For periodic tasks, T is the time interval between releases. For sporadic tasks, T is the minimum inter-arrival
time for the event that releases the task. The three parameters (T, D, C) are always given in the same time
units. Therefore (30 ms, 20 ms, 2.73 ms) defines a task that (at maximum) is released every 30 ms; completes
within 20 ms; and has a maximum computation time of 2.73 ms. These latter values are obtained either by
measurement or by some form of static timing analysis (or a combination of the two).

If all tasks are hard and criticality itself is not taken into account (because all tasks are required to always
meet their deadlines) then there is an optimal algorithm for assigning priority if D < =T for all tasks. The
term “optimal” means that the algorithm is as good as any other fixed priority scheme. The optimal algorithm
is called deadline monotonic and simply assigns priority based on deadline - the shorter the deadline the

higher the priority. In the special case when D =T for all tasks, this scheme is known as rate monotonic.
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the number of tasks;
arunning index across all individual tasks;
the worst-case computation time of task i;

the period of the task i.

As n gets arbitrarily large, this expression converges on a single value. This is the famous rate monotonic
result, which states that a utilization of less than 0.69 will always furnish a schedulable system.
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the worst-case blocking time of task i.

city of the utilization-based test makes it a very attractive one to use. Yet, it only apy
d set of task characteristics. Moreover, it is a-sufficient but not necessary test. If the ¢

test, all timing constraints will be met.x[f’it fails the test, instead, the system c
e. A better test is needed in these circumstances. 8.4.4 shows one such example.

sponse time analysis

time analysis is a general techhique, whose stipulations are both necessary and sy
lity of a given task. Response time analysis will deal with any priority assignment s
nship, between D, the task“deadline, and T, the task period, (although its simple forr
and T, (although its simple form requires D < = T). Moreover, it is a necessary and
" most situations. Like the utilization-based method, it is easily incorporated into tools
ady exist.

of the analySis is quite straightforward. Firstly, the worst-case (longest) completio
s calculatéd.'This is known as the task response time, R. Secondly, these R values are
rith the deadlines to make sure that R is less than D for all tasks. The response time ¢
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where R;is the value to be computed by the fixed-point equation, which denotes the response time of task i.

As ceiling functions are used, the unit for time is chosen so that all parameters are represented as integers.

Formula (4) shows a solution by forming a recurrence relation.
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(4)

k+1 of
+1._ i
w; = Ci +Bi + Z T_ Cj
jeh(i)l ]
where a),-k+1 is the solution of the fixed point equation for task i at the k-th iteration of the calculation.

The initial value of the iteration variable is the task’s computation time. Iteration continues until either the
same value is obtained on two successive iterations (in which case the response time has been calculated) or
the value rises higher than the task’s deadline (in which case the task is not schedulable).

The above description represents the textbook version of the analysis. The engineering version requires
extra terms to capture the overhead of actual implementation. Firstly, overheads such as context switches
can be assigned to the task that caused them (by incorporating them into the C parameter). Next, the kernel

overheads
tasks, is f3
necessaril
in ISO/IEC

NOTE

Finally, th
arrival of
values tog

associated with manipulating the delay queue, handling clock interrupts and the r¢
ctored in. The specific form this takes will depend on the structure of the kernel,‘but

8652:2023, Annex D, which is discussed further in 8.4.5.
For an example on how to include this term in the analysis, see References [13] and {14].

b overheads incurred by the application’s interrupts are accounted‘“for. A known boy
such interrupts, and the execution time of each attached handler,‘is important. Put
bther allows a set of interrupt overhead terms to be included in€he’response time analy

The appro

riate use of the Ravenscar profile and the scheduling results outlined in 8.4.1 to 8.4.3

sound englineering basis for constructing high integrity real-time‘systems. The theory is matur
support isfavailable.

845 D

There are

cumentation requirement on run-time overhead parameters

required df an implementation. Those of most relevance to Ravenscar are:

1SO/IE
1SO/IE
1SO/IE
1SO/IE
1SO/IE

1SO/IH

C 8652:2023, C.3 concerning the inteskupt model;

C 8652:2023, D.2.3 concerning maximum duration of priority inversion;
€ 8652:2023, D.8 concerning-clock accuracy;

€ 8652:2023, D.9 concerning the precision of delay until;

€ 8652:2023, D.125concerning interrupt blocking;

C 8652:2023, D:12 concerning overhead involved with the use of protected objects.

Unfortun
run-time

ely, this.isarot a comprehensive list of the data needed to fully model the overheads cay
stem.Typically, it is also important to have:

the copt©f context switches between tasks;

bleasing of
the kernel

7 provides the data needed to model this overhead. This is a documentation requiremenit specified

nd on the
ting these
sis.

| provide a
e and tool

a number of places in ISO/IEC 8652:2023 where documentation requirements and netrics are

sed by the

the cost of handling delay queue operations.

Both of these factors can, contingent on the implementation of queues with the run-time system, depend
on the number of tasks in the application's program. Nevertheless, if timing analysis is used on a Ravenscar

program, i

t is recommended to have one of the following:

— evidence of all necessary parameters;

— ameans by which the programmer can measure these parameters;

— formu

lae by which these parameters can be calculated.
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8.5 Formal analysis of Ravenscar programs

The Ravenscar profile supports only a simple concurrency model with the error conditions being relatively
easy to avoid. For example, the use of shared resources (via projected objects with ceiling priorities) cannot
lead to deadlock. Nevertheless, to gain a very high level of assurance, it can be necessary to formally analyse
a Ravenscar program. As outlined in 4.5, such analysis takes the form of either mechanized proof (via a
theorem prover) or model checking.

There is already experience of using model checking to validate Ravenscar programs. It is possible to add
worst-case and best-case execution times for state transitions and to then check that deadlines are never
missed. Alternatively, model checking can be used to validate the top-level description of the timing
constraints, leavmg schedulmg analysis to check deadline satisfaction once execution times from the

the use of
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This demonstrates that formal approach can be applied effectively to Raveénscar programs, but th

imply that
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9 Extended example

here are no problems with mutual exclusion in these formal models.

a itself, there can never be a formal map between a Ravenscar program and its model,.
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hch task is

However,
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all high integrity Ravenscar programs need this level of verification. For many syst
each task is sufficient to generate the appropriate level of confidence.
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The example presented in this clause is designed to.illustrate the expressive power of the Ravens

sociated coding paradigms (discussedvin Clause 7), which aim to facilitate off-line
the form outlined in 8.4.

ded application example uses all of the concurrency components permitted by the

e structure of the example models the operation of real-world embedded real-time sy
d simplified scale. The presentation of the example also outlines the information requir
Fom, the execution of déadline monotonic priority assignment and off-line scheduling a

pnscar application example

ble system includes a periodic process that handles orders for a variable amount of
the request-level exceeds a certain threshold, the periodic process farms the excess |

a supporti

from an ep

condition
activation

ng sporadic process. While such orders are executed, the system can receive interrug
ternal Source. Each interrupt treatment records an entry in an activation log. Whe
hold the perlodlc process releases a further sporadlc process to perform a check on the

s does not
bms, static

car profile
tcheduling

Ravenscar
stems on a
ed for, and
halysis.

workload.
oad out to
t requests
bn specific
b interrupt

the system

allows the perlodlc process to ensure the constant dlscharge ofa guaranteed level of workload. The correct
implementation of this policy also requires assigning the periodic process a higher priority than those
assigned to the sporadic processes, so that guaranteed work can be performed in preference to subsidiary
activities.

Figure 1 shows an HRT-HOOD-like representation of the system,[12] while the legend recalls the meaning of
the symbols and notations used in the diagram.

In HRT-HOOD terms, the system comprises:

— 4 active (i.e. threaded) objects respectively called Regular_Producer, On_Call_Producer, Activation_Log_
Reader and External_Event_Server;
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— 1 passive (i.e. unthreaded) object called Production_Workload;

— 3 protected objects respectively called Request_Buffer, Event_Queue and Activation_Log.

(C| Regular_Producer (‘S| On_Call Producer ) m Request_Buffer

Deposit
[ Regular._Producer_Operation J

_
ﬁ ‘ EXternal_Event_Serveh

External interrupt

[On,CulI,Pmducer,Operation ]

Signal

T |
(External_Event_Server Operation] vafion Log
J
P |Production_Workload (S ‘ ActivationfLogFRead(Q
Small |Whetstone|
[Activation Log Reader Operatior}
|
Key
C cyclic object (threaded object incorporating a periodic task)
S sporadic object (threaded object incorporating a sporadic task)
Pr protected object (unthreaded object providing protectéd operations)
[ interrupt sporadic object (threaded object incorporating sporadic task with release event delivered by an
interrupt)
P passive object (unthreaded object providing‘unprotected operations)

operation exported by the object for users to invoke
— | objectinvocation of exported operation
AAA internal operation of threaded object

Figure 1 — Schematic architecture of the example Ravenscar application

The operation of the system-proceeds as follows:

Regular_Producer, which Figure 1 tags as Cyclic, embeds a fixed-rate periodic task that carries gut a given
amount of|lworkload,"The example represents the execution of this workload by the invocation df the well-

known Smjall_Whetstone procedure exported by the shared Passive object Production_Workload,

When RegularzProducer determines that the required amount of workload exceeds its ceiling

Capacity, it

delegates the excess worktoad out to On_Call_Producer. ON_Call_PToducer, which FIgure t tags as Sporadic,
embeds a sporadic task whose activation is specifically invoked to take over the excess workload of Regular_

Producer.

The sporadic activation and the associated workload transfer occur by means of a typical Ravenscar data-
oriented synchronization: Regular_Producer invokes the Start operation exported by On_Call_Producer
with a parameter characterizing the service request. The Start operation enqueues the request in a private
queue embedded within the Protected object Request_Buffer. The buffer is protected because new service
requests are allowed to come in while the sporadic task is busy executing old ones. This follows from the
decision to assign Regular_Producer a higher base priority than that of On_Call_Producer, which ensures the
discharge of a guaranteed level of workload in preference to the execution of subsidiary activities.
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A successful enqueueing releases the On_Call_Producer sporadic task, which indefinitely waits on an
empty queue. The sporadic task fetches the request parameter from the top of the queue and performs the
requested amount of workload in the same way as Regular_Producer. An invocation of Start fails when the
queue held within Request_Buffer is full; for example, as a result of a (transient) rate of requests faster than
service execution. Static analysis of the relationship between the maximum frequency of activation requests
and the longest service time incurred by the sporadic task of On_Call_Producer should be used to prevent
failure events of this kind.

While the system carries out the required level of workload (whether regular or excess), an external
device can occasionally raise an interrupt to signal its call for attention. In keeping with the Ravenscar
programming model, the example application maps the arrival of the external interrupt to the invocation of
a protected procedure. Object Event_Queue exports the procedure in question, called Signal.

bedded in
e example,
[ interrupt
protected
ation_Log.
serve data

The servide associated with the raising of the interrupt is carried out by the sporadic task em
External_Event_Server, which is tagged Interrupt-activated sporadic. To simplify the coding-of th
and in keeping with the programming model that minimizes the amount of activity perfofimed a
priority, the extent of this interrupt service is limited to the storing of an activation zécord in a
buffer. The recording occurs by invocation of procedure Write exported by Protected’object Actiy
The use of a protected buffer to hold the activation record offers the natural mechanism to pre
integrity in the face of independent read and write activities.

In order for the system to monitor the arrival of service requests from the external device, whlen certain
conditiong hold, the periodic process embedded in Regular_Producer réduests the task embedded in the

Sporadic opject Activation_Log_Reader to examine the latest activationtecord stored by the interr
carried oyt by External_Event_Server. Activation_Log_Reader doeS-this by invoking the Read
of Activation_Log. This style of work partitioning between Regilar_Producer and Activation_L

Ipt service
procedure
og_Reader
ortance to

uses the Ravenscar concurrency mechanisms to allocate actiyities with differing degrees of imp
distinct tajsks. This approach aids system modelling. It alsg favours the specialization of tasks,
way of usihg the Ravenscar profile definition to facilitate Static analysis of the system.

which is a

The activa
permitted
Procedure

ion request issued by Regular_Producer for.this purpose uses the other form of synchjronization
by the Ravenscar profile: the data-less’ synchronization supported by suspensidn objects.
Signal exported by Activation_Log.Reader performs this synchronization on a quspension
rnally held by the object. As HRT-HOOD provides no specific object representation for quspension
bjects are
he object.
rocation of

as implemented by invocation of a private suspension object embedded within {
¥, procedures by the name Start exported by Sporadic objects are implemented by iny

P activation

ding style
ver, if the
application is requlred to pass schedulablhty analy51s certain task templates (patterns or stereotypes)
and corresponding coding styles are useful in defining the activities that are to be analysed. These task
templates are described in Clause 7 and are used to code the example application outlined in 9.2.

In order to emphasize the stereotypical nature of the task templates in the example, parametric components
of the application code have been relegated into support packages named with “_Parameters” trailer added

to the name of the corresponding base package.
NOTE The code of these support packages is provided in 9.3.4 to 9.3.6.

The Ravenscar-compliant HRT-HOOD coding convention has individual terminal objects in the system
implemented as distinct library-level packages that carry the name of the corresponding object. An HRT-
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