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Introduction

When a large or frequently-updated program must be importexported to and from Plan 9, the
ANSI/POSIX environment known as APE can be useAPE combines the setf headers and object code
libraries specified by the ANSI C standard (ANSI X3.159-1989) with the POSIX opesgtitgm interface
standard (IEEE 1003.1-1990, ISO 9945-1)sing APE will cause slower compilation and marginally
slower execution speeds, sotlife importing or exporting happens only infrequently, due consideration
should be given to using the usual Plan 9 compilation environment insd@atherfactor to consider is
that the Plan 9 header organization is much simpler to remember and use.

There are some aspectes of required POSIX behavior that are impossible lnardety simulate in
Plan 9. Theyaredescribed belowExperiencehas shown, however, that the simulation is adequate for the
vast majority of programsThe much more common problem is that many prograsgsfunctions or head-
ers not defined by POSIXAPE has some extensions to POSIX to help in this regard.

Pcc

The pcc command acts as a front end to the Plan 9 C compilers and loddanssan ANSI C
preprecessor over source files, using the APE headers to #atisliyde <  file> directives; therit runs
a Plan 9 C compiler; finally, it may load with APE librartesproduce an executable prografrhe docu-
ment How to Use the Plan 9 C Compiler explains how environment variables are used by convention to
handle compilation for differing architecture$he environment variabl&objtype  controls which Plan
9 compiler and loader are usedic , aswell as the location of header and library filésor example, if
$objtype is mips, thenpcc hascpp look for headers inmips/include/ape followed by
/syslinclude/ape ; thenpcc usesvc to createv obiject files; finally,vl is used to create an exe-
cutable using libraries imips/lib/ape

Symbols

The C and POSIX standards require that certain symbols be defined in heBueyslso require
that certain other classes of symbols not be defined in the headers, and specifypttetagmbols that
may bedefined in headers at the discretion of the implementatRDSIX definesfeature test macros,
which are preprocessor symbols beginning with an underscore and then a capitalfl¢terprogram
#define s a feature test macro befdre inclusion of any headers, then it is requesting that certain sym-
bols be visible in the header3he most important feature test macro BOSIX_SOURCEwhen it is
defined, exactly the symbols required by POSdke visible in the appropriate header€onsider
<signal.h>  for example: ANSI defines some names that must be definesignal.h> , but POSIX
defines others, such agset t , which are not allowedccording to ANSIL.Thesolution is to make the
additional symbols visible only wherPOSIX_ SOURCEHs defined.

When you export a program,helps to know whether the program fits in one of the following cate-
gories:

1. Strictly conforming ANSIC program. It only uses features of the language, libraries, and headers
explicitly required by the C standardit does notdepend on unspecified, undefined, or
implementation-dependent behavior, and does not exceed any minimum implementation limit.

2. Strictly conforming POSIX program. Similar, but for the POSIX standard.



3. Somesuperset of POSIX, with extensionSachextension is selected by a feature test macro, so it is
clear which extensions are being used.

With APE, if headers are always included to declare any library functionstbeaedhe set of feature
test macroglefined by a program will show which of the above categories the programi® iccom-
plish this, no symbol is defined in a headeitifhot required by the C or POSIX standard, and those
required by the POSIX standard are protected #ifdef _POSIX_SOURCE . For example,
<errno.h> definesEDOMERANGEanderrno , as required by the C standartlhe C standard allows
more names beginning witg, but our header defines only those unleBOSIX_ SOURCEs defined, in
which case the 35 more symbols requibsdPOSIX are definedThis means that a program which uses
ENAMETOOLONGNNnot masquerade as a strictly conforming ANSI C program.

Pcc does not predefine any preprocessor symbols esxtbept required by the ANSI C standard:
__STDC_, LINE__ , FILE__, DATE_, and__TIME__ . Any others must be defined in the
program itself or usingD on the command line.

Extensions

The pedagogy enforced by only puttirgquired names in the headers is useful for exporting pro-
grams, but it gets in the way when importing prograifise compromise is to allow additionaymbols in
headers, additional headers, and additional library functimignly under control of extension feature test
macros. Thdollowing extensions are providednless otherwise specified, the additional library functions
are in the default APE library.

— _LIBG_EXTENSION This allows the use of the Plan @aphics library. The functions are as
described in the Plan 9 manual (geaphics(2)) except thatliv had to be renamaqatdiv . Include
the<libg.h> header taleclare the needed types and functions, andgiseon thepcc command
line to load the graphics functions.

— _LIMITS_EXTENSION. POSIXdoes not require that names suciPAIH_MAXand OPEN_MAX

be defined in <limits.h> |, but many programs assume they are defined thdfe.
_LIMITS_EXTENSION is defined, those names will all be defined whelimits.h> is
included.

— _BSDTIME_EXTENSION Theheaderxsys/time.h> is not defined by POSIXThis extension
allows the inclusion of that header, with its definitions oftiimeval andtimezone structures.

— _SELECT_EXTENSION This extension allows the inclusion of tkselect.h> header, which
defines the Berkelegelect function and associated typaad macros for dealing with multiple
input sources. The <sys/time.h> header must be included beforselect.h> | so the
_BSDTIME_EXTENSIONSs needed too.

— _PCONS_EXTENSION This defines a “pseudo-tty” capability.If _PCONS_EXTENSIONSs
defined, <pcons.h> may be included; it definesthe functions pcons(void) and
pushtty(void). Pcons arranges for a Plan 9 file server to provithe /dev/cons  and
/dev/consctl files. It also providegdev/imcons , which is the “master end” of thpseudo-
tty: characters written tldev/imcons can be readrom /dev/icons  (or /devi/tty , a synonym)
and vice versaPOSIXtty line processing is supporteitie contents of s&ermios  structure can be
written to or read from thiev/pttyctl file in the format

"stty %08ux %8ux %8ux %8ux "

(the numbers are the iflag , c_oflag ,c _cflag , andc_Iflag ), followed byNCCShytes of
c_cc data. Thepushtty function usepcons to arrange thate standard input, output, and error
files behave as ttys are supposed to according to PO3Ms should not have to bdone explicitly,
but the cost of supportinggetattr andtcputattr is sufficiently high that it seemed better to
not make it the default.)

— _NET_EXTENSION Thisextension allows inclusion eflibnet.h> |, which defines the network-
ing functions described in the Plan 9 mamededial(2). Programaising them must be loaded with
-Inet

— _REGEXP_EXTENSIONThis extension allows inclusion &flibregexp.h> |, which defines the



regular expressiomatching functions described in the Plan 9 manual peggxp(2X). Programs
using them must be loaded wihegexp

— _RESEARCH_SOURCHhis extension enables a small library of functions fromThath Edition
Unix Research System (V10 hesefunctions and the types needed to use them are all defined in
the<libv.h>  header, and programs using them must be loadedwith The provided functions
are:popen andpclose (common extensions to ANSI C stdibe<stdio.h>  header must have
been included)telldir and seekdir (common extensions to the ANSI @addir  suite;
<dirent.h> must have been included§tat , symlink , andreadlink  (dummy functions
for Plan9, since there are no symbolic linksjand , rand , nrand , Irand , andfrand (better
random number generatorg)etopt (program argument handleryjetpass , tty_echoon
tty _echooff (for dealing with the common needs for mucking with termateracteristics)nin

andmax; nap; setfields , getfields , andgetmfields (for parsing a line into fields); and
ftw (for walking a file tree).Seethe Research Unix Programmer’s Manual for a description of these
functions.

Common Problems

Some large systems, including X11, have bperied successfully to Plan 9 using APEhe prob-
lems encountered fall into three categories: (1) non- ANSI C/POSIX features used; (2) inadequate simula-
tion of POSIX functions; and (3) compiler/loader bu@y. far the majority of problems are in the ficsit-
egory.

POSIX is just starting to betarget for programmersMost existing code is written to work with one
or both of a BSD or a System V UnixgystemV is fairly close to POSIX, but there are some differences.
Also, many System V systems have imporsethe BSD features that are not part of POSHére are
some common non-POSIX things used in current programs, and what to do about them.

— sys_errlist andsys_nerr globals. Usestrerror instead.

— Third (environment) argument toain . Usetheenviron global instead.

— OPEN_MAXPATH_MAXetc., assumed irlimits.h> . Rewrite to call sysconf or define
_LIMITS_EXTENSION.

— isascii  assumed irkctype.h> . Letthe dead codeset go: leave the test out, or bettercstill,
vert to use multibyte characters (c.f. runes in Plan)define your ownisascii  macro.

— <strings.h> ,index , andrindex . Use<string.h> ,strchr ,andstrrchr instead.

— mktemp. Rewriteto use ANSI Gempnam or tmpfile
— <varargs.h> . Rewriteto use<stdarg.h>
— popen assumed ircstdio.h> . Use RESEARCH_SOURGEtension, includelibv.h> | and

load with -lv . Similarly for telldir , seekdir , Istat , srand , rand , nrand , Irand ,
frand , andgetopt

— select . Define _BSDTIME EXTENSION and _SELECT EXTENSION and include
<sys/times.h> and<select.h>

— Socket or stream stuffRewriteto use the Plan 9 networking functions, defiNET_EXTENSION
include<libnet.h> and load withInet

The second class of problems has to do with inadequiactes Plan 9 simulation of POSIX func-
tions. Aslong as this list is, these shortcomings have rarely gotten iwadlge(except, perhaps for the
link problem).

— Functions for setting the userid, groupid, effective userid and effective groupid dio aotything
useful. Theconcept is impossible to simulate in PlanCGhown also does nothing.

— execlp and the related functions do not look at B¥€THenvironment variableTheyjust try the
current directory antbin if the pathname is not absolute.

— Advisory locking viafcntl  is not implemented.
— isatty is hardto do correctly. The approximation used is to see if the file is the same as



/dev/icons . Sometimeshis cannot be determined, and sometimes this is not the right test.

With kill , the behavior mandated for negative arguments (killing process groups) imphet
mented.

link always fails.

With open, theO_NOCTTYoption has no effectThe concept of a “controlling” tty is foreign to
Plan 9.

setsid does dorkpgrp , which is only approximately the right behavior.

The functions dealing with stacking signagpending , sigprocmask andsigsuspend , do
not work.

system usesrc instead ofsh to interpret the argumentJseof system is discouraged for secu-
rity reasons anyway.

tcgetattr andtcsetattr only work if pcons or pushtty has been executed (see the discus-
sion about the PCONS_EXTENSIOMNabove ).

umask has no effect, as there is no such concept in Plan 9.
utime has no effect, because the time can’t be changed in Plan 9.



