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Foreword 

IS0 (the International Organization for Standardization) and IEC (the International 
Electrotechnical Commission) form the specialized system for worldwide standardiz- 
ation. National bodies that are members of IS0 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. IS0 and IEC technical 
committees collaborate in fields of mutual interest. Other international organizations, 
governmental and non-governmental, in liaison with IS0 and IEC, also take part in the 
work. 

In the field of information technology, IS0 and IEC have established a joint technical 
committee, ISO/IEC JTC 1. 

The main task of technical committees is to prepare International Standards, but in 
exceptional circumstances a technical committee may propose the publication of a 
Technical Report of one of the following types: 

- type 1, when the required support cannot be obtained for the publication of an 
International Standard, despite repeated efforts; 

- type 2, when the subject is still under technical development or where for 
any other reason there is the future but not immediate possibility of an agreement 
on an International Standard; 

- type 3, when a technical committee has collected data of a different kind 
from that which is normally published as an International Standard (“state of the 
art”, for example). 

Technical Reports of types 1 and 2 are subject to review within three years of 
publication, to decide whether they can be transformed into International Standards. 
Technical Reports of type 3 do not necessarily have to be reviewed until the data they 
provide are considered to be no longer valid or useful. 

ISO/IEC TR 11735, which is a Technical Report of type 2, was prepared by Joint 
Technical Committee ISO/IEC JTC 1, Znfomzution technology. 

Annexes A to E of this Technical Report are for information only. 
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Avant-propos 

L’ISO (Organisation intemationale de normalisation) et la CEI (Commission 
electrotechnique intemationale) forment le systeme speciali& de normalisation 
mondiale. Les organismes nationaux membres de 1’ISO ou de la CEI participent au 
developpement de Normes intemationales par l’intermediaire des comites techniques 
cr& par l’organisation concemee afin de s’occuper des differents domaines particuliers 
de l’activite technique. Les comites techniques de I’ISO et de la CEI collaborent dans 
des domaines d’interet commun. D’autres organisations intemationales, gouveme- 
mentales ou non gouvemementales, en liaison avec 1’ISO et la CEI participent 
egalement aux travaux. 

Dans le domaine des technologies de l’information, I’ISO et la CEI ont cn% un comite 
technique mixte, l’ISO/CEI JTC 1. 

La t&he principale des comites techniques est d’elaborer les Normes intemationales, 
mais exceptionnellement, un comite technique .peut proposer la publication d’un 
rapport technique de l’un des types suivants: 

- type 1, lorsque, en depit de maints efforts, l’accord requis ne peut etre realise en 
faveur de la publication d’une Nor-me intemationale; 

- type 2, lorsque le sujet en question est encore en tours de developpement 
technique ou lorsque, pout toute autre raison, la possibilite d’un accord pour la 
publication d’une Norme intemationale peut etre envisagee pour l’avenir mais pas 
dans l’imnkliat; 

- type 3, lorsqu’un comite technique a reuni des don&es de nature differente de 
celles qui sont normalement publiees comme Normes intemationales (ceci 
pouvant comprendre des informations sur Mat de la technique, par exemple). 

Les rapports techniques des types 1 et 2 font l’objet d’un nouvel examen trois ans au 
plus tard apres leur publication afin de decider eventuellement de leur transformation 
en Normes intemationales. Les rapports techniques du type 3 ne doivent pas 
necessairement etre revises avant que les don&es fournies ne soient plus jugees 
valables ou utiles. 

L’ISOKEI TR 11735, rapport technique du type 2, a ete elabore par le comite 
technique mixte ISOICEI JTC 1, Technologies de l’infomtion. 

Les annexes A a E du 
d’information. 

present Rapport technique sont donnees uniquement i titre 
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Introduction 

The purpose of this Technical Report is to define a standard Ada library for hard real time (HRT) to support application 
portability at the source level. This is intended for application software developers as well as for Ada real time executive 
developers. 

Organization of this Technical Report 

This Technical Report is divided into three elements: 

1) Statement of scope, normative references and conformance (Section 1) 

2) Definitions and global concepts (Section 2) 

3) Various interface facilities (Sections 3 to 8) 

Base Documents 

The library unit interfaces described in this Technical Report are based on the following documents: 

EXTRA (Extensions Temps-R&z1 Ada) proposals. 

CIFO 3.0 (Catalogue of Interface Features and Options) developed by the ACM/SIGAda/ARTEWG (Ada 
RunTime Environment Working Group). 

The differences between these documents and this Technical Report are justified by the fact that the editing team has 
tried to increase as much as possible the global uniformity of this Technical Report and its consistency with other 
incoming standards, especially Ada9X which aims to provide a revised standard for ISO/IEC 8652: 1987. 

Background 

The developers of this Technical Report represent the major actors of the worldwide hard real time community involved 
in avionics, aerospace, military, transport and nuclear applicatrion areas. In the course of their work, they reviewed 
related standards and reports. They have focused on the existing practice in the targeted domains to provide uniform 
solutions for common requirements. 

Audience 

The intended audience for this Technical Report is all persons concerned with hard real time systems programmed in the 
Ada language. This includes at least four groups of people: 

(1) Persons buying hard real time systems, 

(2) Persons managing companies involved in the hard real time market, 

(3) Persons implementing real time executives for hard real time systems, and finally 

(4) Persons designing and writing hard real time applications where portability is an objective. 

. . . 
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Introduction 

Le but du present Rapport Technique est de definir une bibliotheque A& normative pour le temps r&l h fortes 
contra&es @RI’) pour supporter la portabilite des applications au niveau du texte source. Elk est d&in& au& bien aux 
d6veloppeurs de logiciels d’application qu’aux developpeurs d’executifs temps reel Ada. 

Organisation du p&sent Rapport Technique 

Le p&ent Rapport Technique se divise en trois elements: 

1) Delimitation du domaine d’application, references nonnatives and conformiti (Section 1) 

2) Definitions et concepts generaux (Section 2) 

3) Interfaces des divers services (Sections 3 to 8) 

Documents de base 

Les interfaces des unites de’bibliotheque de&es dans le present Rapport Technique sont fond&s sur les documents 
suivants: 

Propositions EXTRA (Extensions temps-reel Ada). 

CIFO 3.0 (Catalogue of Interface Features and Options) developpe par ACM/SIGAda/ARTEWG (Ada 
RunTime Environment Working Group). 

Les differences entre ces documents et le present Rapport Technique sont dues au fait que l’equipe d&l&ion a essay6 
d’augmenter le plus possible l’uniformite globale du p&sent Rapport Technique et sa coherence avec d’autres normes en 
tours de developpement, en particulier avec Ada9X dont le but est de produire une norme r&i&e a ISO/CEI 8652: 1987. 

Origine et sources 

Les developpeurs du present Rapport Technique representent les acteurs majeurs de la communaute mondiale du temps 
reel a fortes contraintes dans les domaines de I’aeronautique, de l&pace, de la defense, du transport et du nucl&re. Au 
tours de leurs travaux, ils ont examine les normes et les documents ayant un rapport avec le sujet. Ils se sont concentres 
sur la pratique courante dans les domaines vises pour foumir des solutions uniformes a des besoins communs. 

Public 

Le public vise par le present Rapport Technique comprend toutes les personnes concemees par les systemes temps reel a 
fortes contra&es programmes dans le langage Ada. Cela inclut au minimum les quatre groupes suivants: 

(1) Les personnes qui achetent des syskmes temps reel a fortes contraintes, 

(2) Les personnes qui g&rent des so&es impliquees dans le marche du temps reel a fortes contraintes, 

(3) Les personnes qui implementent des executifs temps reel pour des systemes temps reel a fortes 
contraintes, et enfin 

Les personnes qui conCoivent et &ivent des applications temps reel a fortes contraintes, oii la portabilite 
est un objectif. 
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The principles which have guided the development of this Technical Report are: 

The Ada programming language 
The Ada programming language was designed in order to build large and complex systems requiring safety, in 
particular real time embedded systems. This Technical Report is an Ada secondary standard that has been 
developed to improve economic trade-offs in software for hard real time systems. Some features may be 
considered for withdrawal in future revisions due to revision of ISOLIEC 8652. These features are retained in 
this version because of their widespread use or because they are required to define other features. 

Within the Ada model 
One of the main objectives during the development of this Technical Report was the conformance to the Ada 
“virtual machine” model keeping the “sprit” of Ada. Special care has been taken to define library units that can 
be implemented using the Ada programming language. 

No interaction with the Ada compiler 
One of the main principles that has guided the development of this Technical Report was the necessity to avoid 
any burden to Ada compiler vendors. Hence, this Technical Report defines only Ada library units and no 
pragmas or attributes have been added. All the library units can be implemented without any modification to a 
conformant Ada compiler. 

Used and proven, rather than too innovative mechanisms 
The developers of this Technical Report have focused on existing practice in the area of hard real time and 
have tried not to introduce too innovative solutions. Hence, the solutions are to uniformize widely used and 
proven mechanisms. 

Interface, not implementation 
This Technical Report defines an interface and not an implementation. No implementation details are given in 
the normative part of this standard. However, implementation has been constantly present in the minds of the 
developers in order to make sure that performance requirements can be met and that the library units are 
implementable across a wide range of existing and future systems and hardware platforms. Some Ada 
prototypes have been developed for this purpose. A future informative annex will present lessons learned from 
these prototypes. 

Performance 
Because hard real time systems are targeted by this Technical Report, performance has always been one of the 
most important criteria underlying the development of this Technical Report. Simple solutions have been 
preferred in order to be implemented efficiently. In particular, implementations with static data space 
configurations can be constructed. 

Safety 
Safety is one the most important requirement of hard real time systems. Special care has been taken in building 
this Technical Report to meet this requirement; in particular, whenever possible, mechanisms enabling error 
recovery and fault tolerance have been included; the semantic models adopted are very simple. 

Application oriented 
The basic goal was to promote portability of real time applications written in Ada by developing a clear, 
consistent and unambiguous standard for the interface specifications of a library of real time functionalities. 
This library can be implemented either in hardware (at least partially) or in portable Ada. 

Minimal fully defined interface 
The set of library units defined in this Technical Report provides sufficient services, while keeping this 
standard as small as possible. In particular, redundancy has been avoided. The semantic specifications are 
precisely and fully defined reducing interpretation ambiguities and implementation dependent behaviors. 
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Objectif et principes ghCraux 
La principes qui ont guide le developpement du present Rapport Technique sontz 

Le langage Ada 
Le langage de programmation Ada a 6t6 conGu pour construire des grands syst6mes complexes qui nkessitent 
un haut degr6 de &et& en particulier dans les systkmes temps r&l embarquCs. Le present Rapport Technique 
est une norme secondaire Ada qui a ete developpee pour ameliorer le bilan economique des logiciels de 
syst&mes temps r&l a fortes contraintes. Certaines fonctionnalites de la presente norme pourront etre retirees 
dans les revisions futures, a cause d’une revision de la norme ISO/CEI 8652. Ces fonctionnalitis sont gardees 
dans cette version pour leur large utilisation ou parce qu’elles sont rkessaires pour d6fini.r d’autres 
fonctionnalit&. 

Dans le mod&le Ada 
L’un des objectifs principaux pendant le developpement de la presente norme a ete la conformite au modele de 
la “machine virtuelle” Ada, gardant ainsi 1”‘esprit” Ada. Un soin particulier a ete pris pour defmir des unites de 
bibliotheques qui peuvent etre implement&s en utilisant le langage de programmation Ada. 

Pas d’interaction avec le compilateur Ada 
L’un des objectifs principaux qui a guide le developpement de la presente norme a ete la necessite d’eviter de 
mettre une charge supplementaire aux foumisseurs de compilateurs Ada. En consequence, cette norme ne 
d&nit que des unites de bibliotheques et ni pragma ni attribut n’ont ete ajoutk Toutes les unites de librairies 
peuvent etre implement& sans aucune modification d’un compilateur Ada conforme a la norme. 

Des mkanismes utilisbs et 6prouv&, plut6t que des solutions trop innovatives 
Les developpeurs de cette norme se sont concentres sur la pratique courante dans le domaine du temps reel a 
fortes contra&es et ont cherch6 a ne pas introduire des solutions trop novatrices. En consequence, les solutions 
reprkntent une uniformisation de mecanismes deja largement utilisk et eprouves. 

L’interface, pas I’impl6mentation 
Cette norme d&nit des interfaces et non des implementations. Aucun detail d’implementation n’est don& dans 
la partie normative de la presente norme. Cependant, l’implementation est rest& constamment dans les esprits 
des developpeurs afin de s’assurer que les besoins en performance pouvaient &re respect& et que les unitis de 
bibliotheque pouvaient etre implcmentkes sur une gamme &endue de systemes et de plates-formes materielles 
presents et futurs. Pour cet objectif, quelques prototypes en Ada ont etk developpk Une annexe informative 
future presentera l’exp&ience acquise lors de ce prototypage. 

Les performances 
Parce que les systkmes temps reel & fortes contraintes sont la cible de la presente norme, les performances ont 
toujours ete l’un des criteres les plus importants qui ont sous-tendus la construction de cette norme. On a 
souvent p&f&Z des solutions simples afm qu’elles puissent &i-e implement&s efficacement. En particulier, des 
implementations statiques en mcmoire peuvent We construites. 

La &et6 de fonctionnement 
La surete de fonctionnement est l’un des besoins les plus importants dans les systemes temps reel a fortes 
contraintes. Un soin par&her a ete pris dans la construction de la pr&ente norme pour satisfaire ce besoin: en 
particulier, lorsque cela est possible, il existe des moyens permettant la r&.@ration sur erreur et la tolerance 
aux fautes; les modeles semantiques sont des plus simples. 

Une orientation vers les applications 
A la base, le but a ete de promouvoir la portabilite des applications temps reel &rites en Ada en developpant 
une norme Claire, coherente et non ambigui! specifiant les interfaces d’une bibliotheque de fonctionnalites 
temps reel. Cette bibliotheque peut &re implement& en mat&iel (au moins en partie) ou en Ada portable. 

Une interface minimale, complhtement dkfinie 
L’ensemble des unites de bibliotheque qui ont cte dcfinies dans la presente norme fournit des services 
suffisants, tout en gardant la norme la plus minimale possible. En particulier, la redondance a ett5 evitee. Les 
specifications semantiques sont definies precisement et completement, reduisant ainsi les ambiguMs 
d’interpretation et les comportements dependant des implementations. 
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Information technology - EXTensions for real-time Ada 

Section 1: General 

11 l Scope 

1 This Technical Report defines standard Ada library units to support application portability at the source level. It is 
intended to be used both by application software developers as well as Ada real time executive developers. 

2 This Technical Report is aimed to support development of hard real time embedded applications requiring tight 
constraints in terms of external environment, time, reliability and safety and that are developed using the Ada 
programming language standard { 1 }. The main areas of concerns targeted by this Technical Report are avionics, 
aerospace, military, nuclear and transport. 

3 This Technical Report is divided into the following components: 

(1) Conventions, terminology, general concepts and defmitions 

(2) Definitions of library unit interfaces and specifications of semantics 

4 The following areas are outside the scope of this Technical Report: 

(1) Interface between the Ada compiler and the Ada run-time system, 

(2) Interface between the Ada run-time system and a potential underlying operating system, and 

(3) Interface of internals of the Ada compiler or run-time system in order to build ancillary tools. 

5 This Technical Report describes the external characteristics and facilities that are important to applications c&dopers, 

rather than the internal techniques employed to achieve these capabilities. This Technical Report has been defined at the 
source-code level, in the Ada programming language. 

6 It is outside the scope of this Technical Report to support applications which would use anything other than the Ada 
programming language together with a conformant implementation of this Technical Report. 

12 . Nonnatives references 

1 The following standards contain provisions which, through references in this text, constitute provisions of this Technical 
Report. At the time of publication, the editions indicated were valid. All standards are subject to revision, and parties to 
agreements based on this Technical Report are encouraged to investigate the possibility of applying the most recent 
editions of the standards indicated below. Members of IEC and IS0 maintain registers of currently valid International 
Standards. 

ISO/IEC 8652: 1995, Information technology--Programming lang~ges--Ada. 
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