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Internationa | Standardize d Profil e ISO/IEC ISP 15287-2:2000(E)

ISO (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 deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in fields of al interest. Other international organizations, governmental and non-governmental, in
liaison with ISO and IEC? }take part in the work.

In the field of information te%?
addition to developing Inter al Standards, ISO/IECJTC 1 has created a Special Group on Functional

%y, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. In
Standardization for the elaborati 6‘ International Standardized Profiles.

An International Standardized Pro§€eis an internationally agreed, harmonized document which identifies a
standard or group of standards, toget ith options and parameters, necessary to accomplish a function or a set
of functions.

Draft International Standardized Profiles a@ﬁculated to national bodies for voting. Publication as an International
Standardized Profile requires approval by at Ie@?S % of the national bodies casting a vote.

Attention is drawn to the possibility that some of t lements of this part of ISO/IEC ISP 15287 may be the subject
of patent rights. ISO and IEC shall not be held respo/@'ble for identifying any or all such patent rights.

International Standardized Profile ISO/IEC ISP 15287-2®Zprepared with the collaboration of
— Asia-Oceania Workshop (AOW); /é

— European Workshop for Open Systems (EWOS); é

— Open Systems Environment Implementors' Workshop (OIW). @

2

ISO/IEC ISP 15287 consists of the following parts, under the general @ Information technology — Standardized
Application Environment Profile: @

— Part 1: PSE 10-HIP — Posix Supercomputing Application Environment %ﬂe
— Part 2: Posix® Realtime Application Support (AEP) 6

Annexes A and B form a normative part of this part of ISO/IEC ISP 15287. Annex Cﬂs‘f&'\nformaﬂon only.
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| EEE Standar ds documents are developed within the |EEE Societies and the Standards Coordinating Com-
mittees of the IEEE Standards Association (IEEE-SA) Standards Board. Members of the committees serve
voluntarily and without compensation. They are not necessarily members of the Institute. The standards
developed within |EEE represent a consensus of the broad expertise on the subject within the Institute as
well as those activities outside of |EEE that have expressed an interest in participating in the development of
the standard.

Use of an IEEE Standard is wholly voluntary. The existence of an IEEE Standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to
the scope of the IEEE Standard. Furthermore, the viewpoint expressed at the time a standard is approved and
i to change brought about through developments in the state of the art and comments
received fro of the standard. Every |EEE Standard is subjected to review at least every five years for
revision or reafft ?ion. When a document is more than five years old and has not been reaffirmed, it isrea-
sonable to conclu :@ contents, although still of some value, do not whoally reflect the present state of

theart. Usersarec to check to determine that they have the latest edition of any IEEE Standard.

Comments for revision o Standards are welcome from any interested party, regardless of membership
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Interpretations. Occasionally questi may arise regarding the meaning of portions of standards as they
relate to specific applications. Wh tbe’ eed for interpretations is brought to the attention of 1EEE, the
Institute will initiate action to prepare priate responses. Since | EEE Standards represent a consensus of
al concerned interests, it isimportant to en@ that any interpretation has also received the concurrence of a
balance of interests. For this reason, |IEEE he members of its societies and Standards Coordinating
Committees are not able to provide an instan se to interpretation requests except in those cases where
the matter has previously received formal consi de@z
*
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Introduction

The purpose of this standard is to define realtime application environments based
on the ISO/IEC 9945 series of standards. It is intended for realtime systems imple-
mentors and realtime applications software developers.

This standard is designed to support building systems where not all the intercon-
necteﬁ boxes use the same profile, for example, a hierarchical system where the

bot evel device controllers use the "minimal” profile, the next level up follows
the | "control” profile, and so on. There are interfaces called out for the
smallefy§hofiles that make no sense in an isolated box; those interfaces are there

solely to s rt the construction of heterogeneous systems, and systems of com-
municatin%rs. Such systems are very common in practice.

To summarize,(bs standard is embedded in a much larger and widely supported
set of standards?)#ich yields benefits during code development, as much develop-
ment and testing ne on the larger and more comfortable systems. It also may
be used in the const jon of large and heterogenous systems.

Four profiles have beev(é fined to reflect the wide range of system requirements
presented by realtime de%hs. The intent is to provide a meaningful and coherent
set of interfaces that will prg@de software vendors and consumers with a uniform
framework for describing specifying operating system capabilities. This
allows an application writer t@truct an application that may be easily moved
to a different system that suppor@ e same profile. Similarly, it allows a vendor
to claim conformance with an estabkshed standard, even if that vendor's imple-
mentation does not support the full (@ feature set.

Initially, the focus of this standard is t ovide standardized environments sup-
porting the C language. Options are pr d for bindings to the Ada program-
ming language as well as for the C Iangu@ Bindings for other languages to

these services may be developed and this stan will be updated as appropriate.
Within this document, the term “POSIX/RT-AEP” s to this standard.
Organization of This Part of IEEE Std 1003.13-1 (POSIX.13)
This standard is divided into eight elements: 0,6

(1) General (Section 1) ‘A

(2) Normative references (Section 2) @

(3) Definitions (Section 3) %\

(4) Conventions and abbreviations (Section 4)

(5) Conformance (Section 5)

(6) The various realtime profiles (Sections 6 through 9)
(7) ISPICS requirements (C) (Annex A)

(8) ISPICS requirements (Ada) (Annex B)
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References are used to direct the reader to other related sections.

Informative annexes are not part of the standard and are provided for information
only. They are provided for guidance and to facilitate understanding.

In publishing this standard, the developers simply intend to provide a yardstick
against which various realtime application environments can be measured for con-
formance. It is not the intent of the developers to measure or rate any products,
to reward or sanction any vendors of products for conformance or lack of confor-
mance to this standard, or to attempt to enforce this standard by these or any
other means. The responsibility for determining the degree of conformance or
lack reof with this standard rests solely with the individual who is evaluating
the p@u.ct claiming to be in conformance with this standard.

Base Qﬁuments

The vario galtime application environments described herein are based on the
ISO/IEC 994 @d IEEE 1003 family of documents as well as 1SO 9899, 1539, 8652,
and 8859.

&
Scenario @

Q

This standard is bas glirectly on existing small and/or realtime (typically non-
UNIX™) kernel practic Well as the growing body of practice with POSIX confor-
mant kernels having rea?:ﬁ\e features. The general approach taken in this stan-
dard is to specify interfaces, en from POSIX, sufficient to deliver the functional-
ity typical of current realtimejétems, (see Table 1-19 through Table 1-27).

Each profile is specified with fu tures, to give users clear direction. Vendors
may provide means to configure hose parts that are not needed by specific
applications. Vendors wishing to e d on the specified profiles are strongly
encouraged to take the added interfaceggrom other POSIX.13 profiles or from the
base standards, rather than invent new Mterfaces.

For each profile, the minimum hardware @cally required is specified. This is
the hardware assumed to be present; implemeﬁ)ations may, of course, have more,
but nothing in the profile requires—either dire@)( or indirectly—more than the
specified minimum hardware model. (9/

o

The intended audience for this class of profiles is all gersgns concerned with an
industry-wide standard realtime application environme 4based on the POSIX
suite of standards. This includes at least four groups of pedp e'&

Audience

(1) Persons buying hardware and software systems.

(2) Persons managing companies that are deciding on future(&rporate com-
puting directions.

(3) Persons implementing realtime operating systems.

(4) Persons developing realtime applications where portability is a primary
objective.

Background

The developers of POSIX/RT-AEP represent a cross section of hardware

Introduction Vil



manufacturers, vendors of operating systems and other software development
tools, software designers, consultants, academics, authors, applications program-
mers, and others. In the course of their deliberations, the developers reviewed
related U.S. and international standards, both published and in progress.

Conceptually, POSIX/RT-AEP describes a set of application environment profiles
needed for the construction and execution of portable realtime application pro-
grams.

The developers of this standard have tried to capture the functionality of existing
realtime systems in a reasonable number of profiles that specify predominate
appligation environments. It is felt that these profiles, although not optimum, are
a besvﬁ 1o existing classes of applications and systems.

Featureé}f several commercial realtime kernels were considered. These included
psosOY), X3202, and VxWorksO®. Since these products were commercially
successful, @ must have addressed a significant market segment. In addition,
the uniproces{gt,subset of VITA's ORKID specification, NGCR’s "Tiny Real Time"
(TRT), and the ON specification were examined. These were proposed stan-
dard interfaces fo all realtime embedded systems.

The following is a li features that are representative of current realtime sys-
tems and highlights t Q’Fange of system requirements. While some concepts are
common to virtually all i ementations (e.g., preemptive, priority-based schedul-

ing), some only apply to sthaller systems (e.g., a single address space), and some
only to more full-featured s ms (e.g., network support, self-hosting).

Basic Realtime MultitaskingQ@/nchronizaﬂon
— Preemptive priority scheduli%lows of control
control

— Multiple flows of control

— One address space for all flows
— Direct control of location of mem @eas

— Inter-thread communications mechaniggvia message passing (queues)
— Binary and counting semaphores, Withou®iority inheritance

— Mutual exclusion, with optional priority inh nce

— Local or global event flags (one thread awaits g@: things)

— Multiple memory areas, with both fixed- and vari -sized blocks alloca-

tion policies @

— System time in units of clock ticks

— Timeouts on all blocking services in units of clock ticks @

1) pSOS is a registered trademark of Integrated Systems, Inc.
2) VRTX32 is a registered trademark of Micro Research, Inc.
3) VxWorks is a registered trademark of Wind River Systems, Inc.
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— Hardware interrupt control and support for user interrupt handlers

— Signals

— Exception handling

— Minimal synchronous 1/O interface: open(), close(), read(), write(), ioctl()
— Debugger interface

— No memory protection

— Application runs in privileged (supervisor) mode, if applicable

)\3 I?irect 1/0, rather than via kernel

—/&ystem executable size and memory requirements are major constraints

1/0
Realt r@systems supporting I/0 generally provide the following features:

— NamegA/O devices
— Support@serial 1/0 lines
— Pipes
— Installable use(;et/ice drivers
— Memory mapped 170
S

Local File System
Realtime systems suppo’r@&a file system generally provide the following
features: L

— Named files /®
— Hierarchical filesystem (direct )
— Contiguous preallocation of disk

— May provide media compatibility @h another filesystem (e.g. MS-
DosO% or RT-110) Na

— No user IDs or file protection (9

Historically, filesystems for embedded realtime %@'ﬁs typically have had a
one-level name space, contiguous allocation of t%space, and relatively
short filenames. They have not supported an arbi hierarchy of named
directories, non-contiguous allocation of disk space, ong filenames. They
may have had numbered directories (e.g. RSX-11MO® nly contiguous
allocation of disk space (e.g. RT-110).

However, recent commercial offerings have supported mmlevel named
directories and both contiguous and non-contiguous disk space allocation. In
these implementations, the support of these features with potentially non-

4) MS-DOS is a registered trademark of Microsoft Corporation.
5) RT-11 is a registered trademark of Digital Equipment Corporation.
6) RSX-11M is a registered trademark of Digital Equipment Corporation.
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deterministic performance does not preclude an application from restricting
itself to features with deterministic performance. For example, it is still pos-
sible to use contiguous files exclusively. Because it is relatively easy to
implement both, and need not interfere with deterministic performance, the
working group did not make a distinction between realtime and time-sharing
filesystems in this AEP.

Traditional implementations of POSIX.1 filesystems employ a disk buffer
cache to improve performance by reducing the number of physical media
accesses, and by reordering the accesses to take advantage of the charac-
ristics of rotating media. These implementations have not made a distinc-
%ﬂ between the buffering of data transfers [read() and write()], and direc-
)f operations [creat(), link(), unlink(), mkdir(), rmdir(), rename()]. A
re@t of this is that a system crash at an unexpected moment can leave the
filesy?m in a corrupted state. This situation is usually corrected at the
next @em reboot by a filesystem checker and recovery program, such as
fsck(). checking and correcting of a corrupted filesystem may take a
long and {able amount of time to perform, and may require a human
operator to itor its progress. Either of these characteristics would make
a filesystem ¢ unacceptable for some embedded realtime applications. It
was suggested fore, that such applications limit their use of directory
operations to safe iylés, and that implementations maintain the filesystem
in such a way that@filesystem check during reboot is avoided. This was
considered, but reject@ on the grounds that not all applications would
require the capability, ar%wat it was neither specifiable nor testable.

Network Communication 2
Realtime systems supportir%e.tworking generally provide the following
features: /®

— Compatibility with a protocol s (e.g. TCP/IP)
— May support applications such a&% TELNET, TFTP, rcp

Distributed File System
Realtime systems supporting a distribute@aon-local) file system generally
provide the following features: (9((

)

— Performance not realtime 0,6

— Remote access to a filesystem

Memory Protection
Realtime systems supporting memory protection (ty, lly requiring a
memory management unit) generally provide the followi ﬁures:

— Memory mapping and protection 0
— Ability to map to special areas of memory (1/O page, frame buffer)
— Typically do not have demand paging for realtime parts

Multiprocessor Support
Realtime systems supporting multiprocessing generally provide one of the
following methods:

— network
Non-transparent access to remote objects, RPC

Introduction



— distributed
Transparent access to objects, no load-balancing

— symmetric
Presence of a global task scheduling queue (may also have local schedul-
ing queues)

Self-Hosting
Realtime systems supporting the capability for program development, text
editing, compilation, etc. generally provide the following features:

Shell
6 Text editor
—{ﬁ)mpiler, assembler, linker, debugger

— ave user 1D protection

Related Sta rds Activities

Activities to exta@his family of POSIX standards to address additional require-
ments are in progr @and similar efforts can be anticipated in the future.

The following areas ar: MQer active consideration at this time, or are expected to
become active in the nea%&ture:”

(8] Language-independ®t service descriptions of ISO/IEC 9945-1:1996.
(2) C, Ada, and FORTRAu@mguage bindings to (1).

(3) Shell and Utility facilitie@

(4) Verification testing methodsb/‘

(5) Additional realtime facilities. @

(6) Secure/Trusted System considera{@s.

(7) Network interface facilities. O
(8) System Administration. Q/,
(9) Graphical User Interfaces. (9/

(10) Profiles describing application- or user-speci%nbinations of open sys-
tems standards for supercomputing, multipr c@?r, and batch exten-

sions; and multiuser systems based on historical els.

(11) An overall guide to POSIX-based or related open sy standards and
profiles. L

7

A Standards Status Report that lists all current IEEE Computer Society standards projects is
available from the IEEE Computer Society, 1730 Massachusetts Avenue Nw, Washington, DC
20036-1903; Telephone: +1 202 371-0101; FAX: +1 202 728-9614. Working drafts of POSIX
standards under development are available from the Institute of Electrical and Electronics
Engineers, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ  08855-1331
(http://www.standards.ieee.org/).
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Extensions are approved as “amendments” or “revisions” to a base document, fol-
lowing the IEEE and ISO/IEC Procedures. This standard will be extended to
accomodate those extensions.

Approved amendments are published separately until the full document is
reprinted and such amendments are incorporated in their proper positions.

If you have interest in participating in the PASC working groups addressing these
issues, please send your name, address, and phone number to the:

Secretary, IEEE Standards Board

nstitute of Electrical and Electronics Engineers, Inc.
é.o. Box 1331
Hoes Lane
Blataway, NJ 08855-1331
and ask t e this forwarded to the chairperson of the appropriate PASC work-
ing group. u have interest in participating in this work at the international
level, contact ISO/IEC national body.
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INTERNATIONAL STANDARD ISO/IEC ISP 15287-2: 2000

IE Information Technology — Standardized
Applgation Environment Profile — POSIXO
Real 103 Application Support (AEP)
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1.1 Overview QL

*

ISO/IEC 9945-1:1990 {3} as amended IEEE Std 1003.1b-1993 {5}, IEEE Std

This standard establishes a set o %time Environment Profiles based on
1003.5b-1996 {9}, and ISO/IEC 9945-2:19 BQE (POSIX) work and related standards

specifying foundations for realtime applic

The Application Environment Profiles speci herein are appropriate for the
development and execution of realtime applicati sing the services and utilities
provided by standards called out in this document.(?/(

1.2 Taxonomy Position 6

Editor's Note: The following taxonomy is consistent with the 8-25-@ drafRb®000-3.
P — OSE Profiles
AEP — Application Environment Profiles 0
PS — System Profiles
PSE — Generic Environment Profiles
PSE5 — Realtime Environments
PSE51 — Minimal Realtime System Profile
PSE52 — Realtime Controller System Profile

1.2 Taxonomy Position 1



ISO/IEC ISP 15287-2: 2000
IEEE Std 1003.13-1998 STANDARDIZED APPLICATION ENVIRONMENT PROFILE

PSE53 — Dedicated Realtime System Profile
PSE54 — Multi-Purpose Realtime System Profile

1.2.1 Rationale for Positioning (informative)

(This subclause is not a part of ISO/IEC ISP 15287-2: 2000)

This document contains requirements for Application Program Interfaces and
Units of Functionality necessary to support four instances of the Generic Realtime
Envirdpment class of applications. It specifies the behavior to be observed at the
inteffa€es of the Application Platform on which the class of applications can run.
This %t of an OSE profile is complete and coherent within the context of the
class of ®plications supported. As such, it is a System Profile class of Application

Environm@éProfile (AEP).
<
1.3 Realtime S @m Profiles

This document descr four realtime profiles and their minimum hardware
requirements. @

1.3.1 Minimal Realtime Sys@)‘ Profile

These systems are typically embe in systems dedicated to unattended control
of one or more special 1/0O device ./Neither user interaction nor a file system
(mass storage) is required. The prog%ng model is that of a single POSIX pro-
cess (corresponding to the processor’s ware address space) containing one or
more threads of control (POSIX.1c thread Ada tasks). Although there is only
one process, a Message Passing interface @ovided for communications among
threads of control and between PSE5X i@ntiations. Special devices are
operated and controlled either by memory-map@ I/0 or by the basic I/O inter-
face, which provides a standard way to access t antrinsically nonstandard 1/0
hardware and its nonportable control code. /

The hardware model for this profile assumes a single @tessor with its memory,
but no memory management unit (MMU) or common /O ices are required. (If
there are in fact multiple processors, typically there are r‘ruﬁiple instantiations of
the operating system, perhaps communicating via shared me@w or a backplane
channel, perhaps isolated).

These systems are an extension of the Minimal Realtime System Profile. Support
for a file system interface and asynchronous (non-blocking) 1/O interfaces has been
added.

The hardware model for this profile assumes a single processor and memory
(MMU is not required). Mass storage devices are not required; the file system
may, for instance, be implemented in memory (RAM disk).

1.3.2 Realtime Controller System Profile
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