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1 Introduction

Note: Thisis a draft document that is being distributed to gather public
comments. Comments should be sent to the EL/I X discussion list at

http://sourceware.cygnus.com/elix.

Thiswebsite also provides access to the latest versions of this API specifi-
cation together with other documents about EL /I X and archives of the mailing
lists.

This document describes the proposed API for EL/IX . The goalsfor this APl are:

1. Support development of embedded applications using the Linux desktop environ-
ment as both host and target platforms.

2. Provide scalability of that functionality according to the requirements of the embed-
ded application.

3. Provide portability of applications between operating systems that provide the same
levels of API functionality.

4. Providereal time functionality on real time operating systems.

5. Respect existing standards by adopting their APIs and functionality where appropri-
ate.

EL/IX achievesthese goals by identifying a subset of the POSIX.1 and | SO C99 standards,
together with some extensions gleaned from Linux/GNU, BSD and SY SV, that are applice-
ble to embedded applications. The result isan API that is somewhat smaller than the union
of those standards that eliminates unnecessary or duplicated functionality fairly ruthlessly.

2 Levelsand Options

Thefollowing API levelsare defined and each function in the API isassigned to aminimum
level. Functions are present in that level and all higher levels.

Level 1 RTOS compatible layer. Functions available in both Linux and a typical deeply
embedded operating system (eCos, RTEMS, VxWorks, pSOS, VRTX32 etc.). Some
functions may have reduced or modified semantics.

Level 2 Linux single process only. Includes level 1 plus any functions from Linux that
are not easily implemented on an RTOS. Also "full” implementations of reduced
functionsin Level 1.



Level 3 Linux multiprocess for embedded applications. This is basically POSIX.1 with
some of the functions that are obviously not for embedded applications (such as job
control) removed.

Level 4 Full POSIX or Linux compliance. Essentially these are functions that are present
inastandard Linux kernel but are irrel evant to an embedded system. These functions
do not form part of the EL/IX API.

The following option letters are added to the level numbers for some API functions when
the presence of that function is also controlled by some other component (such as the
presence of afile system), or is a user-selectable option (such as signal handling).

0 Optional at the given level. Probably standard part of higher levels.

m Modified (or modifiable) semantics. May omit certain parts of the behaviour. In general
behaviour is only modified by omitting functionality rather than by changing the
behaviour in non-compatible ways.

s Signal handling. Optional support for signals.

f File system support. Only present if there is support for a file system (whether ROM,
RAM, FLASH, floppy, HD, NFS etc.). Level 1 file systems will not have all the
features. Level 2 and above are assumed to have at least a RAM file system with the
full feature set.

In some places this option is additionally annotated with sub-options (in square
brackets) that indicate the properties that the file system must support for the giv-
en function.

d Directory support, including listing, as part of file system names and as settable
working directories.

m Modifiable file system, this would not be necessary, for example, for a ROM file
system.

p Permission support, including user and group ids on files and permission masks
for managing access.

I Link support, including both hard and symbolic links.

t Terminal support. Only present if thereis support for terminal devices. Thismay include
the provision of stdin/stdout for single and multiprocess applications. Even though
we will not support the full terminal functionality from POSIX.1, we will till have
serial devices whose baud rate and other properties we need to control.

n Network support. Only present when networking support in the form of a TCP/IP stack
is configured.

M Memory management support. Only present if support for memory locking, mapping
and protection are required. While some of these interfaces are present at level 1,
their full functionality will normally only be available at higher levels. This option
is divided into a number of sub-options:

I Memory locking functions. At level 1 these are essentially no-ops and are present
only for upward compatibility and POSIX.13 compatibility.

p Memory protection functions.
f Memory mapped files.

o Memory mapped objects. At level 1 these are present to support the definition of
shared memory objects that represent memory mapped 1O device registers.



r Real Time Support. This does not really constitute an option, but rather marks the subset
of the EL/IX functions that can be expected to have real time characteristics. Func-
tions that are not marked in this way cannot be expected to be real time, athough
they may have such properties on some platforms.

| Library-only functions. These are functions that depend on no external services. mainly
C library math, char, string and array utility functions. Supplying these functions has
no effect on an RTOS or Linux kernels, and they will only affect an application if
they are actually used. Hence the presence of these functionsis (mostly) benign and
thereislittle to be gained by removing any of them.

¢ Compatibility function. These are functions that are typically present in POSIX or 1SO
C but which are either not applicable to an embedded application, or whose function-
ality isaready covered by some other part of the API. Such functionswill optionally
be provided as stubs that return an error, are minimally functional implementations,
or implemented in terms of functions that are part of EL/IX .

3 POSIX Profiles

In September 1999 the IEEE published standard 1003.13 “ Standardized Application En-
vironment Profile - POSIX Realtime Application Support (AEP)”. Thisis a collection of
four subsets of the POSIX.1 standard aimed at real time systems. This section examines
the relationship between EL /I X and POSIX.13.

POSIX.13 presents four real time system profiles. The Minima Realtime System Profile
provides the basic set of functionality for a single process deeply embedded system. The
Realtime Controller System Profile extends the minimal profile with support for afile sys-
tem and asynchronous I/O. The Dedicated Realtime System Profile extends the minimal
profile with support for multiple processes, but has more primitive support for file sys-
tems than the controller profile. Finaly the Multi-Purpose Realtime System Profile is a
superset of the other profiles and essentially consists of the entire POSIX.1, POSIX.1b and
POSIX.1c standards.

These four profiles are superficialy similar to our four levels although the controller and
dedicated profiles are mutually exclusivein some areas. To ensure maximum compatibility,
the EL/IX levelshave been adjusted to allow each of the POSIX.13 profilesto beacomplete
subset of the closest matching level.

Each of the POSIX.13 profiles may be manufactured out of the matching EL/IX level by
enabling certain options:

Minimal Profile This is essentially just EL/IX level 1 with the signal and some of the
memory management options enabled.

Controller Profile Thisis level 2 with the signal, memory management, and file system
options enabled.

Dedicated Profile Thisislevel 3 with the signal, and some memory management options
enabled.

Multi-Purpose Profile Thisisessentially exactly equivalent tolevel 4 withthe GNU, BSD
and SY SV compatibility functions removed.

4 POSIX.1 Compatibility

The base of EL/IX functionality isthe POSIX.1 Specification (ISO/IEC 9945-1).
This document follows the sections of the POSIX.1 specification. The reader isreferred to
that document for details of the syntax and semantics of the functions described here.



4.1 Process Primitives

4.1.1 Creation and Execution

Function Level Options Notes

fork() 3

execl ()

execv()

execl e(
(
(

execve
execl p
execvp()

pt hread_at f or k()

3

3
) 3
) 3
) 3
3
3

4.1.2 Process Termination
Function Level Options Notes

wai t () 3
wai t pi d() 3
exit() 3

4.1.3 Signals

These first few entries describe functionality that is orthogonal to the actual functions.

Function Level Options Notes
Signal masks 1 smo
EINTR wakeup 1 smo
Notification mechanisms 1 smo
Real time signals 1 SO
Translate exceptions to signals 1 smo
kill() 1 smr
si genptyset () 1 smr
sigfillset() 1 smr
si gaddset () 1 smr
si gdel set () 1 smr
si gi snenber () 1 smr
sigaction() 1 smr
pt hr ead_si gmask() 1 sm
si gprocmask() 1 smr
si gpendi ng() 1 smr
si gsuspend() 1 smr
sigwait() 1 sm
si gwai tinfo() 1 sm
sigtinmedwait() 1 sm
si gqueue() 1 sm
pthread_kill () 1 sm

4.1.4 Timer Operations

Function Level Options Notes

alarm) 1 smr
pause() 1 smr
sl eep() 1



4.2 Process Environment

Some of these may be useful to aid porting of existing code, hence they are not al just
marked level 3 or 4.

4.2.1 Process|dentification
Function Level Options Notes
get pi d() 1 c 1
get ppi d() 1 o 1

Note 1. At level 1 these functions simply return a constant value.

4.2.2 User ldentification

Function Level Options Notes
getui d() c 1
geteui d()
getgi d()
(
)

c 1

c 1
getegi d() c 1
set ui d(
setgid()
get groups()
get | ogin()
getlogin_r()
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Note 1: At level 1 these functions simply return a constant value.

4.2.3 ProcessGroups

Function Level Options Notes
get pgrp() 4
setsid() 4
set pgi d() 4

424 System ldentification
Function Level Options Notes

unane() 1
425 Time
Function Level Options Notes
time() 1 r
tinmes() 1 m 1

Note 1: At level 1 only some of the return valuesin the struct tms buffer will be filled
in. At level 2 there will never be any child processes to be reported inthet ns_cut i me and
tms_csti ne fields.

4.2.6 Environment Variables

Possibly have a configuration-time defined static environment to support this.

Function Level Options Notes
getenv() 1




4.2.7 Terminal |dentification
Function

Level Options Notes

ctermd()
ttyname()
ttyname.r()
isatty()

2 t
2 t
2 t
1 ftn

4.2.8 Configurable System Variables

Under an RTOS only some of these variables will be implemented.

Function

Level Options Notes

sysconf ()

4.3 Filesand Directories
43.1 Directories

1 mr

Only limited information is returned at level 1, and is only present if we have afile system

installed.
Function

Level Options Notes

opendir ()
readdir ()
readdir_r()
rew nddir ()
closedir()

4.3.2 Working Directory

Function

1 fldm
1 f[dm
1 f[dm
1 fldm
1 fldm

Level Options Notes

chdir()
get cwd()

4.3.3 General FileCreation
Function

1 fdl
1 fld]

Level Options Notes

open()
creat ()
unask()
l'ink()

1 ftm 1
1 f[m]
2 f[mp]
2 f[ml]

Note 1: At level 1 only a subset of the flags may be supported, and then only if the under-
lying file system or device provides support.

4.3.4 Special File Creation

Function

Level Options Notes

mkdi r ()
mkf i fo()

435 FileRemoval
Function

1 flmd]
3 o f[m]

Level Options Notes

unlink()
rndir()
rename()

1 f[m]
1 flmd]
1 f[m]



4.3.6 FileCharacteristics

Function Level Options Notes
stat() 1 fm 1
fstat() 1 fm 1
access() 1 f

chmod() 2 flmp]
fchmod() 2 flmp]
chown() 2 flmp]
utime() 2 f
ftruncate() 4

pat hconf () 2 m

f pat hconf () 2 m

Note 1: At level 1 somefieldsinthestruct stat structure may not befilled in, this may
also depend on the supporting file system.

4.4 Input and Output Primitives
441 Pipes

Function Level Options Notes
pi pe() 3

4.4.2 FileDescriptor Manipulation
Function Level Options Notes

dup() 1 ftn
dup2() 1 ftn
cl ose() 1 ftn

4.4.3 Input and Output

Function Level Options Notes
read() 1 ftn
wite() 1 ftn

44.4 Control Operationson Files

Function Level Options Notes
fentl () 2
| seek() 1 f

445 File Synchronization

Function Level Options Notes
fsync() 1 f
fdatasync() 1 f

4.4.6 Asynchronous|nput and Output

Completion of asynchronous IO operations is notified by invoking asi gevent object. In
certain configurations this may be restricted to only specifying SIGEV_THREAD as the
notification type.



Function Level Options Notes

ai o_read() 1 oftn
aiowite() 1 oftn
liolistio() 1 oftn
aio_error() 1 oftn
aio_return() 1 oftn
ai o_cancel () 1 oftn
ai o_suspend() 1 oftn
ai o_fsync() 1 oftn

45 Device- and Class-Specific Functions

These are only present if we want to control the behaviour of aserial line. Even then, most
of the"trandation” stuff will be omitted (at level 1 at least ) and all job control functionality
is bannished to level 4.

Function Level Options Notes
tcgetattr() t
tcsetattr()
cf get ospeed()
cfgetispeed()
cf set ospeed()
()
()

cfsetispeed
t csendbr eak
tcdrain()
tcflush()
tcflow)
tcget pgrp()
tcset pgrp()
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4.6 C Language Services
M odifications and enhancements to the ISO C API.

Function Level Options Notes
setlocal e() 1 I

fileno() ftn

f dopen() ftn
flockfile()
ftrylockfile()
funlockfile()

get c_unl ocked()
get char _unl ocked()
put c_unl ocked()
put char _unl ocked()
si gsetj np()

si gl ongj mp()
tzset()

strtok.r()
asctine_r()
ctiner()
gntinmer()

local time.r()
rand.r ()

Sr
Sr
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Note1: Atlevel 1, and maybe others, we only provide avery reduced timezone implemen-
tation, probably relying on external information (such as user input) to determine the UTC
offset, DST change dates and timezone abbreviations.

4.7 System Databases

Access to group and password databases.

Function Level Options Notes
get grgi d()
getgrgidr()
get grnam)
get grnamr ()
get pwui d()
get pwui d_r ()
get pwnang( )
get pwnamr ()

AP DdD

4.8 Data Interchange Format

This section of POSIX.1 describes thet ar and cpi o formats for data archives. These are
irrelevant for embedded applications.

4.9 Synchronization
4.9.1 SemaphoreFunctions

Function Level Options Notes
seminit() r
semdestroy() r

semopen()
semcl ose()
semunl i nk()
semwai t ()
semtrywait()
sempost ()
semget val ue()
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492 Mutexes

Function Level Options Notes
pthread_nutexattr_init() 1 r

pt hr ead_nut exat tr _destroy()

pt hr ead_nut exat t r _get pshar ed()
pt hr ead_nut exat t r _set pshar ed()
pt hread_nut ex_i ni t ()

pt hr ead_nut ex_dest roy()

pt hr ead_nut ex_l ock()

pt hr ead_nut ex_t ryl ock()

pt hr ead_nut ex_unl ock()

PRRPRRPRRLRRER
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4.9.3 Condition Variables

Function Level Options Notes
pt hread_condattr_init() 1 r
pt hr ead_condat t r _destroy() 1 r
pt hr ead_condat t r _get pshar ed() 1 r
pt hr ead_condat t r _set pshar ed() 1 r
pt hread_cond_i nit() 1 r
pt hread_cond_dest roy() 1 r
pt hread_cond_si gnal () 1 r
pt hread_cond_br oadcast () 1 r
pt hr ead_cond_wai t () 1 r
pt hread_cond_t i medwai t () 1 r
4.10 Memory Management
4,10.1 Memory Mapping Functions
Function Level Options Notes
m ockal | () 1 M[I]
munl ockal | () 1 MII]
m ock() 1 M[1]
munl ock() 1 M[1]
mrap( ) 1 MIfo]
munmap() 1 M[fo]
npr ot ect () 2 M[p]
msync() 2 MIf]
4,10.2 Shared Memory Functions
Function Level Options Notes
shmopen() 1 M|[op]

shmunl i nk() 1 MJo]

411 Execution Scheduling

At level 1 we define SCHED_OTHER to equal SCHED_RR. This equality is allowed by
POSIX.1.

4.11.1 Process Scheduling Functions

Function Level Options Notes
sched_set param() 3 r

sched_get param()
sched_set schedul er ()
sched_get schedul er ()
sched_yi el d()

sched_get _priority_max()
sched_get priority_mn()
sched_rr _get _interval ()

P RPPRPFPWWOWW
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4.11.2 Thread Scheduling

Function Level Options Notes
pthread_attr _setscope() 1 r
pt hread_attr _get scope() 1 r
pthread_attr _setinheritsched() 1 r
pthread_attr _getinheritsched() 1 r
pt hread_attr _set schedpol i cy() 1 r
pt hread_attr _get schedpol i cy() 1 r
pt hread_attr _set schedparam() 1 r
pt hread_at tr get schedpar am() 1 r
pt hr ead_get schedpar an{() 1 r
pt hr ead_set schedpar an() 1 r
4.11.3 Synchronization Scheduling
Function Level Options Notes
pt hread_nut exat t r _set prot ocol () 1 r
pt hread_nut exat t r _get prot ocol () 1 r
pt hread_nut exat tr _set pri ocei l i ng() 1 r
pt hr ead_nut exat t r _get pri ocei ling() 1 r
pt hr ead_nut ex_set pri ocei | i ng() 1 r
pt hr ead_nut ex_get pri ocei | i ng() 1 r

412 Clocksand Timers

Note that timers indicate that they have expired by raising a signal. Thisimplies that we
must have some form of signal support present all the time, or that timers are dependent
on the presence of signal handling. Alternatively we must insist that the sigevent structure
suppliedtoti mer _creat e() only specify SIGEV_THREAD as the notification type.

Thereis also some question over the presence of these functionsin current Linux releases.

Function Level Options Notes
clock_settime() 1 r
clock_gettime() 1 r
cl ock_getres() 1 r
tinmer_create() 1 Sr
tiner_del ete() 1 Sr
timer_settime() 1 Sr
timer_gettime() 1 Sr
timer _getoverrun() 1 Sr
1

nanosl eep() r

4.13 Message Passing

These are more oriented towards inter-process communications rather than intra-process,
where the program should be using semaphores, mutexes etc. At level 1 we may need to
provide afake name space for the mg_open(), and ng-unl i nk() towork within. The same
considerations apply to semopen(), semcl ose() and semunl i nk().
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Function Level Options Notes

mg_open() 1 r
my_cl ose() 1 r
my_unl i nk() 1 r
my_send() 1 r
my_r ecei ve() 1 r
mg_not i fy() 1 r
my_setattr() 1 r
my_getattr() 1 r

4.14 Thread Management

Function Level Options Notes
pthread_attr_init() 1 r
pthread_attr_destroy() 1 r
pthread_attr_set st acksi ze() 1 r
pt hread_at tr _get st acksi ze() 1 r
pt hread_at tr _set st ackaddr () 1 r
pt hread_at tr _get st ackaddr () 1 r
pthread_attr _set detachstate() 1 r
pt hread_at tr _get det achst at e() 1 r
pt hread_creat e() 1 r
pt hread_j oi n() 1 r
pt hread_det ach() 1 r
pt hread_exit () 1 r
pt hr ead_sel f () 1 r
pt hr ead_equal () 1 r
pt hr ead_once() 1 r
4.15 Thread Specific Data
Function Level Options Notes
pt hr ead_key_creat e() 1 r
pt hread_set speci fic() 1 r
pt hr ead_get speci fi c() 1 r
pt hr ead_key_del et e() 1 r
4.16 Thread Cancellation
Function Level Options Notes
pt hread_cancel () 1 or

pt hread_set cancel st at () 1 or
pt hread_set cancel t ype() 1 or
pt hr ead_t est cancel () 1 or
pt hread_cl eanup_push() 1 or
pt hread_cl eanup_pop() 1 or

5 C Library Compatibility

The list of functions here is based the documentation for Glibc V2.1, cross checked with
the headers and the |SO C 1999 standard. Some things may have been missed, and thereis
obviously alot more here and in Glibc than just 1ISO C.

A dlight difficulty with non-1SO C-standard functionality here is that while on Linux we
can use glibc, we may not be able to useit on an RTOS due to the viral nature of GPL. Not
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all the glibc functionality will be available in existing RTOS libraries and would have to be
implemented from scratch. The distribution of functionality between levels 1 and 2 takes
this into account.

Note: 1SO C should usually be read as SO C99 plus any POSIX defined extensions such
as the reentrant variants of some functions.

5.1 Error Reporting

Conversion of error codesto strings: strerror () andperror (). strerror_r() isaGNU
extension.

The main problem with these functions is the memory needed to store the array of strings,
hence these must be optional.

Function Level Options Notes
strerror() 1 ol
strerror_r() 1 ol
perror() 1 ol

5.2 Memory Allocation
Only thefirst four of these are 1SO C, the rest are GNU extensions.

Function Level Options Notes
mal | oc() 1

free()
real | oc()
cal | oc(
menal i gn()
val | oc(

(
)
n
)
pval | oc()
(
)
)

mal | opt ()
mcheck(

mpr obe(
mal ['i nfo()

P NNNMNNMNNNRE PR

5.3 Character Handling
5.3.1 Classification of Characters

ISO C character classification functions, plus GNU extension i shl ank() and BSD/SVID
extensioni sascii ().

Function Level Options Notes
SO C functions 1 I
Extensions 2 I

5.3.2 CaseConversion

SO C case conversion functions plus BSD/SVID t oasci i () and SVID _t ol ower () and
_toupper().

Function Level Options Notes
SO C functions 1 I
Extensions 2 I
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5.3.3 Classification of Wide Char acters

SO C wide character classification functions, plus some GNU extensions.

Function Level Options Notes
SO C functions 1 I
Extensions 2 I

5.3.4 WideCharacter Case Conversion

ISO C wide character case conversion functions.

Function Level Options Notes
ISO C functions 1 I
Extensions 2 I

54 String and Array Utilities
54.1 StringLength
ISOCstrlen() plusGNU strnl en() extension.

Function Level Options Notes
strlen() 1 I
strnlen() 1 I

5.4.2 Copying and Concatenation

ISO C mem* and str* copy functions plus some GNU extensions and some BSD compati-
bility functions such ashcopy() .

Function Level Options Notes
SO C functions 1 I
Extensions 2 I

5.4.3 String/Array Comparison

ISO C mem* and str* copy functions plus some GNU extensions and some BSD compati-
bility functions.

Function Level Options Notes
SO C functions 1 I
Extensions 2 I

5.4.4 Collation Functions

ISO C collation functionsstrcol | () andstrxfrn().

Function Level Options Notes
strcol I () 1 I
strxfrm) 1 I

5.45 Search Functions

SO C mem* and str* search functions together with some GNU extensions and BSD com-
patibility functions.

Function Level Options Notes
SO C functions 1 I
Extensions 2 I
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5.4.6 Finding Tokensin a String

ISO Cstrtok(), POSIX extensionstrtok_r() and BSD extension st rsep().
Level 1.

5.4.7 EncodeBinary Data

SVID/XPG1 64a() and a64l () functions.

Level 2I.

5.4.8 Argzand Envz Vectors

Various functions for manipulating ar gv[ ][] style arrays and derived environment string
arrays. These will presumably be needed if we want to support get env() and especialy
putenv().

Level 2I.

5.5 Character Set Handling

Various I SO C and other mechanisms for handling multibyte character sets and other stuff.
Level 1l.

5.6 Locales

SO C and X/Open functions for setting and querying the locale.

We will only support the”C” locale, and maybe the ”POSIX” one, if that ever differsfrom
"C".

Level 1l.

5.7 Message Trandation

X/Open and GNU get t ext () and related facilities for translating messages into different
languages.
Level 1l.

5.8 Searching and Sorting

ISOChsearch() andgsort () functionsplus GNU extensionsfor hash and tree sort/search.

Function Level Options Notes
SO C functions 1 I
Extensions 2 I

5.9 Pattern matching

Various GNU-only extensions for wildcards, globbing and regular expression matching.
Level 2I.

510 Stream IO

These are mostly the | SO C set plus some GNU, BSD and SY SV extensions. None of these
are necessary if we don’'t have any devices, file systems or network stacks to use them with.
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5.10.1 Openingand Closing

Function Level Options Notes
fopen() 1
f open64() 1
freopen() 1
freopen64() 1
1
1

fclose()
fcloseall ()

5.10.2 Character and Linel/O

Function Level Options Notes
fputc() 1

putc()

put char ()
fputs()
puts()

put w()
fgetc()
getc()

get char ()
get w()
getline()
getdelim)
fgets()

gets()
unget c()
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5.10.3 Block 10

Function Level Options Notes
fread() 1
fwrite() 1

5.10.4 Formatted Output

The main option on all of these would be to drop the floating point formats to produce an
integer only implementation.

Function Level Options Notes
printf() 1
fprintf()
sprintf()
snprintf()
asprintf()
obstack_printf()
vprintf()

viprintf()
vsprintf()
vsnprintf()
vasprintf()
obstack_vprintf()
parse_printf_format()

33333333333
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5.10.5 Formatted Input

Aswith the output functions, we can drop the floating point formats in these functions.

Function Level Options Notes
scanf () 1
fscanf ()
sscanf ()
vscanf ()

(

(

vf scanf ()
vsscanf ()

333333

1
1
1
1
1

5.10.6 EOF and Errors

Function Level Options Notes
clearerr() 1
feof () 1
ferror() 1

5.10.7 FilePositioning

Function Level Options Notes
ftell() 1

ftello()
ftello64()
fseek()
fseeko()
fseeko64()
rew nd()
fgetpos()
fget pos64()
fsetpos()
fsetpos64()
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5.10.8 Stream Buffering

Function Level Options Notes
fflush() 1
setvbuf ()

set buf ()
setbuffer()
setlinebuf ()

[ N N

5.10.9 Other Kindsof Streams

Function Level Options Notes
f menmopen() 4

open_nmenst r ean()
open_obst ack_strean()
f opencooki e()

fmt nsg()
addseverity()

ArDBASMDS
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511 LowLeve I/O

Most of these functions are also covered by POSIX. Listed here are just those that are
extensionsto POSIX.

5.11.1 Genera 10

Function Level Options Notes
open64()
truncate()
truncat e64()
ftruncate64()
pread()
pread64()
pwite()
pwrite64()
| seek64()
fclean()
readv()
witev()
(
(

nr enmap()
sel ect ()
pol | ()
sync()
ioctl()
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5.11.2 Asynchronous|O

Function Level Options Notes
ai 0_readé4()
aiowitebd()
liolistiob4()
aio_error64()
(
)

ai o_returné4()
ai 0_f sync64(

ai 0_suspend64()
ai o_cancel 64()
aiolinit()
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5.12 File System Interface
Again, some of these are already defined by POSIX.
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5.12.1 Directories

Function Level Options Notes
getwd() 1 fld]
telldir() 1 f[d]
seekdir () 1 fld]
scandir () 1 f[d]
al phasort () 1 f[d]
versionsort() 1 f[d]
scandi r64() 1 f[d]
al phasort 64() 1 f[d]
versionsort 64() 1 f[d]
ftw) 1 f[d]
ftwe4() 1 f[d]
nftw() 1 f[d]
nf t we4() 1 f[d]
5.12.2 Linksand Special Files
Function Level Options Notes
sym i nk() 2 f{mi]
readl i nk() 2 f[l]
renove() 1 flm]
mknod() 4 flm]
5.12.3 FileAttributes
Function Level Options Notes
stat 64() 1 f
fstat64() 1 f
I stat() 2 f[l]
| stat 64() 2 f[1]
fchown() 2 f[mp]
get umask() 2 f[p]
utinmes() 2 f
5.12.4 Temporary Files
Function Level Options Notes
tpfile() 1 f[m]
tpfil e64() 1 f[m]
t npnan() 1 flm]
t mpnamr () 1 f[m]
t empnan() 1 f[m]
mkt enp() 1 f[m]
kst emp() 1 f[m]

5.13 Pipesand FIFOs

Function Level Options Notes

popen() 4
pcl ose() 4
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5.14 Sockets

The database access functions here should probably have configurations that allow them to
work from memory based tables or "string files’ rather than real files.

5141 BasicAPI

Function Level Options Notes
socket () 1 n

bi nd()

get socknarme()
shut down()
socket pair ()
connect ()
listen()
accept ()

get peer name()
send()

recv()

sendt o()
recvfrom)

get sockopt ()
set sockopt ()

RPRRPRRPRRPRRPRRRRRRRERRERE
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5.14.2 Internet Addresses

Function Level Options Notes
i net _aton() 1 n

i net _addr ()

i net _net wor k()
i net _ntoa()

i net _nmakeaddr ()
i net _| naof ()

i net _net of ()

i net _pton()

i net _nt op()
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5.14.3 Hosts Database

Function Level Options Notes
get host byname() 1 n
get host bynane2() 1 n
get host byaddr () 1 n
set host ent () 1 n
get host ent () 1 n
endhost ent () 1 n

5.14.4 Protocols Database

Function Level Options Notes
get pr ot obynane() 1 n
get pr ot obynunber () 1 n
set protoent () 1 n
get protoent () 1 n
endpr ot oent () 1 n
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5.145 Services Database

Function Level Options Notes
get servhyname() 1 n
get servbyport () 1 n
setservent () 1 n
get servent () 1 n
endservent () 1 n

5.14.6 Networks Database

Function Level Options Notes
get net bynane() 1 n
get net byaddr () 1 n
setnetent () 1 n
getnetent () 1 n
endnet ent () 1 n

5.14.7 ByteOrder Conversion

Function Level Options Notes

ht ons() 1 n
nt ohs() 1 n
htonl () 1 n
nt ohl () 1 n

5.14.8 Interface Naming

Function Level Options Notes
i f _nanet oi ndex() 4
i f _i ndext onane() 4
i f _nanei ndex() 4
i f_freenamei ndex() 4

5.15 Low Level Terminal Interface

Function Level Options Notes
cf maker aw() 4
pseudo-terminal functions 4

5.16 Mathematics

The usual collection of trig, exponent, hyperbolic and random number functions, too many
to list here, look at the 1SO C standard for afull list.

Function Level Options Notes
ISO C functions 1 |
GNU extensions 1 o]

5.17 Arithmetic

ISO C floating point arithmetic and FPU control functions plus some extensions.

Function Level Options Notes
SO C functions 1 I
GNU extensions 2
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5.18 Dateand Time

Full timezone support can be very large in code and data sizes. At levels 1 and 2 we may
provide a considerably reduced implementation.

Function Level Options Notes
cl ock()
difftime()
get tineof day()
settimeof day()
adj time()

[ ocal time()
gnt i me()

mkt i me()
asctinme()
ctinme()
stritime()
strptime()
getdate()
getdate_r()
ntp_gettime()
ntp_adj time()
setitimer()
getitimer()

mo
mo
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5.19 Resource Usageand Limits

Function Level Options Notes
getrusage() 1
getrlimt() 1
getrlimt64() 1
setrlimt() 2
setrlimté4() 2

33333

5.20 Non-Local Exits

Function Level Options Notes
setj mp() 1
I ongj mp() 1

5.21 Signal Handling

Many of these are obsolete or aternative interfacesto the basic POSIX signal functionality.
Use of these should be replaced where necessary by the POSIX functions.

strsignal () and psi gnal () share the same problemsasstrerror() andperror() in
needing RAM to store the strings table.
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Function Level Options Notes
strsignal () om

psi gnal () om

signal () c 1
raise() c 2
sysv_si gnal ()
ssignal ()
gsignal ()
Ki'l1pg()

si gal tstack()
si gstack()

si gvec()
siginterrupt()
si gbl ock()

si gset mask()
si gpause()

ARRMADRNDNAADNRDNARPRR

Note 1. Thisismerely awrapper for si gaction().
Note 2: Thisismerely awrapper forki |l ().

5.22 Program Startup and Termination
5221 Program Arguments

Function Level Options Notes
getopt () 2 I
getopt _l ong() 2 I
argp_parse() 2 I
argp_hel p() 2 I
get subopt () 2 I

5.22.2 Environment Variables

The only real use for changing the environment is to prepare it for passing on to a sub-
process. Hence these functions are only necessary at level 3.

Function Level Options Notes
put env() 3
setenv() 3

5.22.3 Program Termination

Function Level Options Notes

exit() 1
atexit() 1
on_exit() 1
abort () 1
Exit() 1
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5.23 Processes

Function Level Options Notes
system()
viork()

wai t 3()

wai t4()
getpriority()
setpriority()
ni ce()

A DDA DMMMD

5.24 Usersand Groups

Function Level Options Notes
setreuid()
setregid()
set groups()
i nitgroups()
cuserid()

A DDA MDN

Also functionsfrom GNU, BSD and X/Open for accessing the user, group, utmp and wtmp
databases. All level 4.

5.25 System Information

Function Level Options Notes

get host name() 1 n

set host name() 1

get hosti d() 1

sethosti d() 1

unane() 1
2
2

fstab access functions
mtab access functions

=~ —+~ 35 35 35 5

5.26 System Configuration

Function Level Options Notes
confstr() 1 o]

5.27 Cryptographic Functions

Some embedded applications will need cryptographic security. However the DES based
encryption provided by these functions is probably inadequate and has various legal prob-
lems. Those applications that need it will probably pick up a stronger, legal, encryption
package elsewhere. Hence these functions are entirely optional.
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Function Level Options Notes

get pass() 4
crypt() 1 lo
crypt_r() 1 lo
set key() 1 lo
encrypt () 1 o
setkey_r() 1 o
encrypt _r() 1 o
ech_crypt () 1 lo
che_crypt () 1 lo
des_set parity() 1 lo
5.28 POSIX Threads
The following are LinuxThreads extensions.
Function Level Options Notes
pt hr ead_cl eanup_push_def er _np() 2
pt hr ead_cl eanup_pop.r est ore_np() 2
pt hr ead_nut exat t r _set ki nd_np() 2
pt hr ead_nut exat t r _get ki nd_np() 2
pt hread_ki | | _ot her _t hr eads_np() 2
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