






















































































































































































































































































































































































































































































4.2 for the IBM RT PC Remote Virtual Disk System 

This operation is used as part of an update procedure, in which two copies of a 
library virtual disk pack are maintained. One copy is normally spun up by 
clients in read-only mode; the other is the "maintenance" copy, to which the 
owner makes changes. Once a consistent set of changes are ready for release, the 
owner exchanges the names of the packs. Other users can then spin the pack 
down and back up again by name to get the new copy. If the server shuts down 
and restarts, clients that have temporarily cached the packid can respin up the 
old pack by packid, to complete their session without being forced prematurely 
to switch to the new library. 

Exchange_ names is normally invoked as part of updating the permanent data 
base that describes the server configuration. If exchange_ names is invoked 
without a data base update, the next time the server is shut down 
exchange_ names will be forgotten. 

(9) Force a virtual disk pack to be spun down. 

operation= spindown _virtual 

Required operands: 

name 

password 

The name of the virtual disk pack to be forced 
down. 
The exclusive mode password of the virtual 
disk pack to be forced down. 

This operation is normally used by the owner of a virtual disk pack that was 
spun up on a machine that crashed. It forces the specified virtual disk pack to be 
spun down from all the machines that have it spun up. 

( 10) Force all virtual disk packs of a given client at this server to be spun down. 

operation= spindown _host 

Required operands: 

name 

Optional operands: 

password 

This operation has two uses: 

The Internet address of the client whose disk 
packs arc to be forced down. 

If the spindown _host request was not sent from 
the client whose disks are to be spun down, 
the operations password must be supplied. 

a) It should appear in a 4.2/RT client's /etc/re file, or a DOS client"s 
autoexec.bat ftie, so that when a host recovers from a crash, all its previous­
ly spunup virtual disk packs are spun down. This spindown insures that 
the server state agrees with the client state. 

b) An operator can use this operation to force down the virtual disks of a 
client which has crashed and that may be down for some time. 

( 11) Display all spin ups involving a virtual disk pack, or a client. 

operation = display_ virtual 
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Required operands (exactly one of the following must be present): 

name 

host 

Optional operand: 

start= <value> 

password 

The name of a virtual disk pack. If present, 
display _virtual returns a list of all the spinups 
of this disk pack. These are the spinups that 
would be forced down if a spindown_virtual operation 
naming this pack were performed. 

The IP address of a client. If present, 
di.rplay _virtual returns a list of all the spinups 
of this client. These are the spinups that 
would be forced down if a spindown _host operation 
naming this client were performed. 

An ASCII decimal integer giving the offset 
of the first spinup description wanted. 
This operand is normally supplied if 
a previous invocation of display_ virtual 
contained the response "more= true". 

If the display_ virtual operation requests 
information about a client different from the 
one making the request, the operations 
password must be supplied. 

This operation returns a success packet containing an ASCII text string describ­
ing the spinups (host/drive number pairs) of this virtual disk. The response 
packet contains: 

success = display_ virtual 
number= < value l > 
connections= < value2 > 
more=true 

< valuel > 

(optional respon sc) 

The number of currently active spinups for this virtuai disk pack or client. 

< value2 > 
A canonicalized string, with one line per spinup, containing as many spinup 
descriptions as will fit in one UDP packet. Each line is a collection of space­
separated tokens, as follows: 

pack= library host= 18.72.0.5 drive= 9 mode= 4 

Since the string is canonicalized, all spaces and CR LP sequences are quoted. 

If there were more spinup descriptions than would fit in a single packet, the response 
operand "more= true" will appear. 

( 1) Log statistics of external interactions. 

operation= log_ external_ statistics 

Required operand: 

password The operations password 
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Dump into the log file all statistics kept by the R VD server concerning interac­
tions with clients--number of packets exchanged, disk operations, etc.) 

(2) Log all statistics 

operation = log_ all_ statistics 

Required operand: 

password The operations password 

Dump into the log file all statistics kept by the rvd server. 

(3) Shut down server 

operation= shutdown 

Required operands: 

password The operations password 

Log all statistics, then perform a clean shutdown of the server. 

( 4) Change log level 

operation= log_Ievel 

Required operands: 

password The operations password 

level New log level as a hex number (N.B., not decimal.) 

Change which events are logged; see specification of the R VD protocol for 
definition of log levels. 

(5) Truncate log 

operation = log_ truncate 

Required operands: 

password The operations password 

Truncate the log file to keep it from growing too large. [In the BSD 4.3 UNIX 
implementation of RVD, logging is done with the UNIX logging system (sys­
logd), so this operation has no effect.] 

( 6) Allow spinups 

operation = allow_ spin ups 

Required operands: 

password 

mode 

Optional operands: 

The operations password, for a physical 
device, or the exclusive mode pack 
password, for a sh1gle virtual pack. 

The mode of allowed spinups. 

physical Path name of the device partition to which 
this mode setting applies. (If absent, 
the mode applies to all partitions managed by 
this server.) 
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name 

Response operand: 

oldmode 

Remote Virtual Disk System 

The name of a virtual disk pack to 
which this mode setting applies. 

The spinup mode that was formerly a1lowed for 
this partition or virtual pack. 

This operation is used to prevent or allow further spinups of a single virtual 
pack, or all the virtual packs on a given device partition of this RVD server; it 
has no effect on spinups already in force. When a server first comes up it allows 
no spinups (mode= 0), so an invocation of allow _spinups is required as part of 
starting a server. 

A separate allowed spinup mode value is maintained for each pack and for each 
partition; the actual modes permitted for a pack are given by the logical AND of 
the mode value for the pack and the mode value for the partition on which it is 
located. 

The server rejects spinups that would be allowed by the static pack description 
but that are prevented by the current setting of allow _spinups with a distinct error 
code indicating temporary unavailability. 

Usage scenarios: If a server is to be dumped, one might allow only read spinups 
during the dump; if a server is to be taken down one might sometime earlier al­
low no new spinups. The maintainer of a library disk pack that needs to be up­
dated might first allow no spinups, then after a period of time adequate for most 
clients to finish their sessions, do a spindown _virtual to get rid of any remaining 
spin ups. 

(7) Post an operations message. 

operation = set_ message 

Required operands 

password 

message = < string > 

The operations password 

The (canonicalized) message < string > replaces 
any previous operations message. If < string> 
is null, any previous message is cleared. The 
content of the message is limited to 400 bytes, 
and is network ASCII (lines terminated with 
canonicalized CRLF"s). 

This operation, together with the next one, allows an operator to post a message 
(e.g., "server going down at 5:00 p.m. for preventive maintenance") for clients of 
an RVD server. 

(8) Get the operations message. 

operation= get_message (no required or optional operands) 

Response operands: 

success = get_ message 
message = < string > < string > is a canonicalized string of network 

ascii to be displayed as an operations message. 
If there is no current operations message, 
<string> is null. (Note that in either case 
<string> is terminated by an operand separator.) 
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+ 

This operation would normally be invoked by a client as part of bringing up a 
system that uses R VD and also whenever spinning up a virtual disk pack. 

(9) Change a user password. 

operation = change _password 

Required operands 

pack.name 

mode 

old _password 

new _password 

The name of the virtual disk pack whose password 
is to be changed. 

The spinup modes for which a new password is being 
supplied. If more than one mode is specified, 
the operation will be rejected unless the old 
passwords for the several modes are all the same 
as the old _password operand. 

The current password for this pack and mode; 
a null string if there is no current password. 

The new password; a null string if there is to be 
no password. 

Note that this function is not intended for direct use by a client, but rather for 
use by the database update system; if used by a client without also updating the 
database, the password will be restored to its old value the next time the R VD 
server is restarted. 

(I 0) Return a list of active virtual packs 

operation= display _active 

Optional operands: 

filename 

start = < value > 

Response operand: 

number= < vaiuel > 
activity= < value2 > 
more=true 

<value I> 

Path name of device partition for which a 
list of active virtual packs is wanted. If omitted, 
a list of all active virtual packs is returned. 

A number giving the offset of the first information 
line wanted. This operand is normally supplied if 
the previous invocation of display_ active 
included the response operand "more= true". 

(optional response) 

The number of currently active packs on this partition or, if no partition was 
specified, on this server. 

<value2> 
A single canonicalized netascii string containing one line of information for each 
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+ 

active virtual pack. A typical line looks like: 

partition= /dev /raOg pack= library mode = 1 connections= 5 idle= 1721 

If there were more activity descriptions than would fit in a single packet, the 
response operand "more= true" wi11 appear. 

Idle time is measured in seconds since most recent access. Note that the idle 
time is purely an activity hint, to determine whether or not a pack that appears 
to be spun up is actively in use. It is maintained by the server only to a rough 
approximation. 

( 11) Obtain server load statistics 

operation = get _load 

Required operands: 

password The operations password for the RVD server. 

Response: 

load = < string > < string > is a canonicalized netascii string 
containing load statistics ready for display. 

( 12) Change authorization for operations and administrative operations. 

operation= require_ authorization (no required or optional operands) 

When an RVD server begins operation, it accepts RVD control protocol requests 
only from the same host on which it is operating, and it does not require opera­
tions or administrative passwords. (Starting without passwords allows automat­
ing initialization without the need to store those passwords in clear form.) The 
require_ authorization operation causes the server to read operations and adminis­
trative passwords from a file in the file system of the server's host. After 
require_ authorization is executed all operations listed above as requiring either an 
administrative or operations password do actually require them. Whenever 
require_ authorization is invoked, the R VD server reinitializes its copy of the 
operations and administrative passwords from /etc/rvdauthor. 

There are two scenarios of use of require_ authorization. The first is at system in­
itialization time: 

- start server 
- send initializing control sequences, if any 
- send require_ authorization 
- await success of require_ authorization 
- declare initialization successful. 

The second scenario is to change the operations or administrative passwords. 

- modify file containing operations and maintenance passwords. 
- send require_ authorization 
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APPENDICES 

The following appendices are provided: 

• Appendix A. Software Description 

contains a list of functions supported in this distribution. 

• Appendix B. Graphics Manual Pages 

contains manual pages for the graphics routines used by the C subroutine interface 
described in Volume II. 

• Appendix C. High C Programmer's Guide 

contains a guide for programming in C, using the High C compiler from Meta Ware 
Incorporated. 
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Appendix A. Software Description 

This appendix contains listings of supported and unsupported functions found in 4.2/RT. 

J. SUPPORTED FUNCTIONS 

The following sections list the functions supported in this distribution. Items marked with an 
asterisk (*) are 4.2/RT functions not found in 4.2BSD. Items marked with a dagger (t) were 
developed or revised at the University of California at Berkeley after the release of 4.2BSD. 

1.1. Section 1: Commands and Application Programs. 

Man Page Name Section and Description 

adb adb (1) debugger 
add bib add bib (I) create or extend bibliographic database 

* acdjournal aedjoumal (1) display commands in a log file 

* aedrunner aedrunner (1) execute graphics commands in a log file 
apply apply (1) apply a command to a set of arguments 
apropos apropos (I) locate commands by keyword lookup 
ar ar (I) archive and library maintainer 
as as (I) assembler 

t at at (1) execute commands at a later time 
t atq atq (1) print the queue of jobs waiting to be run 
t at rm at rm (1) remove the jobs spooled by at 

awk awk (1) pattern scanning and processing language 
basename basename (I) strip filename affixes 
be be (I) arbitrary-precision arithmetic language 
bi ff biff (l) be notified if mail arrives and sender 
binmail bi nm ail (1) send or receive mail among users 

* bitprt bitprt ( 1) capture the image on a bitmap display and print 
it on an IBM printer 

cal cal ( l) print calendar 
calendar calendar ( 1) reminder service 

t cat cat ( 1) concatenate and print 
cb cb ( 1) C program beautifier 
cc cc (I) default C compiler 
cd cd (I) change working directory 
checknr checknr (I) check nroff/troff files 
chfn chfn ( 1) change finger entry 

t chgrp chgrp ( 1) change group 
t ch mod ch mod ( 1) change mode 

ch sh ch sh ( 1) change default login shell 
clear clear (I) clear terminal screen 
cmp cmp /1\ compare two files \1) 

col col (1) filter reverse line feeds 
colcrt colcrt (1) filter nroff output for CRT previewing 

* col pro col pro (1) column filter for IBM 4201 Proprinter 
col rm colrm (1) remove columns from a file 
comm comm (1) select or reject lines common to two sorted files 
compact ccat (1) compress and uncompress files and cat them 
compact compact (I) compress and uncompress files and cat them 
compact uncompact (1) compress and uncompress files and cat them 
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t compress uncompress (I) compress and expand data 
t compress zcat (I) compress and expand data 
t cp cp (I) copy 

crypt crypt (I) encode/decode 
csh csh (l) a shell (command interpreter) with C-like syntax 

t ctags ct a gs (I) create a tagsfile 
date date (l) print and set the date 
dbx dbx (1) debugger 
de de (1) desk calculator 

t dd dd (I) convert and copy a file 
deroff deroff (I) remove nroff,troff, tbl and eqn constructs 
df df (1) disk free 
diction diction (I) print wordy sentences; thesaurus for diction 
diction explain (I) print wordy sentences; thesaurus for diction 
di ff cliff (I) differential file and directory comparator 
diff3 diiD (I) 3-way differential file comparison 

+ dosread dosread (I) read, write, dir, delete on PC-DOS diskette 
du du (I) summarize disk usage 

+ dumpaed dumpaed (I) dump aed display memory as a binary file 
+ dumpapal6 dumpapal6 (I) dump apa 16 display memory as a binary file 
+ dumpapa8 dumpapa8 (I) dump apa8 display memory as a binary file 
+ dumpapa8c dumpapa8c (1) dump apa8c display memory as a binary file 

echo echo (I) echo arguments 
ed ed (I) text editor 
efl efl (1) Extended PORTRAN I ,anguage 
eqn checkeq (I) typeset mathematics 
eqn eqn (I) typeset mathematics 
eqn neqn (1) typeset mathematics 

t error error (I) analyze and disperse compiler error messages 
ex edit (I) text editor 
ex ex (I) text editor 
expand expand (I) expand tabs to spaces and vice versa 
expand unexpand (1) expand tabs to spaces and vice versa 
expr ex pr (I) evaluate arguments as expressions 
eyacc eyacc (1) modified yacc al1owing much improved error recovery 
f77 f77 (I) PORTRAN 77 compiler 
false false (I) provide truth values 
false true (I) provide truth values 
file file (I) determine file type 
find find (1) find files 
finger finger (I) user information lookup program 
fmt fmt (I) simple text formatter 
fold fold (i) fold long Jines for finite width output device 
fpr fpr (I) print FORTRAN file 

t from from (I) from whom is my mail? 
fsplit fsplit ( 1) split a multi-routine FORTRAN file into individual files 
ftp ftp ( 1 C) file transfer program 
gcore gcore ( 1) get core images of running processes 
gprof gprof (I) display call graph profile data 
graph graph (IG) draw a graph 
grep egrep ( I) search a file for a pattern 
grep fgrep ( 1) search a file for a pattern 
grep grep ( 1) search a file for a pattern 
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groups groups (1) show group memberships 
+ he he (1) High C compiler 

head head (1) give first few lines 
t hostid hostid (I) set or print identifier of current host system 

hostname hostnaiue /1\ set or print name of current host system \l) 

indent indent (1) indent and format C program source 
install install (1) install binaries 
intro intro (1) introduction to commands 
iostat iostat (1) report 1/0 statistics 
join join (1) relational database operator 

* kbdlock kbdlock (1) lock the keyboard of the IBM RT PC 
kill kill (1) terminate a process with extreme prejudice 
last last (I) indicate last logins of users and teletypes 
lastcomm lastcomm (I) show last commands executed in reverse order 
ld ld (I) link editor 

t learn learn (I) computer-aided instruction about UNIX 
t leave leave (1) remind you when you have to leave 

lex lex (I) generator of lexical analysis programs 
lint lint (1) a C program verifier 

t ln 1n (I) make links 
t lock lock (I) reserve a terminal 

login login (1) sign on 
look look (1) find lines in a sorted list 
look bib indxbib (1) build inverted index for a bibliography 
look bib look bib (1) find references in a bibliography 
larder larder ( 1) find ordering relation for an object library 
lpq lpq (1) spool queue examination program 
lpr lpr (1) off-line print 
lprm lprm (I) remove jobs from the line printer spooling queue 
ls ls (1) list contents of directory 
m4 m4 (I) macro processor 

t mail mail (I) send and receive mail 
t make make (1) maintain program groups 
t man man ( 1) find manual information by keywords; print out the 

manual 
mesg mesg (1) permit or deny messages 
mkdir mkdir (1) make a directory 
mkstr mkstr (I) create an error message file by massaging C source 

t more more (1) file perusal filter for CRT viewing 
t more page (I) file perusal filter for CRT viewing 

ms gs ms gs (1) system messages and junk mail program 
t mset mset (1) ASCII to IBM 3270 keyboard map 

mt mt (1) magnetic tape manipulating program 
mv mv (1) move or rename files 
net stat netstat (1) show network status 
newaliases new aliases ( 1) rebuild the data base for the mail aliases file 
nice ruce (1) run a command at low priority (sh only) 
ruce nohup (1) run a command at low priority (sh only) 
nm nm (I) print name list 
nroff nroff (1) text formatting 
od od (1) octal, decimal, hex, ASCII dump 
page size page size (1) print system page size 
passwd passwd (1) change login password 
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"' pee pee (1) pee-based C compiler 

"' pf pf (I) set keyboard program-function keys 

"' pie pie ( 1) troff preprocessor for drawing simple pictures 
(part of optional ditroff feature) 

plot plot ( 1 G) graphics filters 

"' pp pp (I) Professional Pascal compiler (part of optional Professional 
Pascal feature) 

pr pr ( I) print file 

"' prfl prfl (1) IBM 4201 Proprinter/IBM 5152 Graphics Printer nroff 
post-processing filter 

print print ( 1) pr to the line printer 
printenv printenv ( 1) print out the environment 
prmail prmail ( 1) print out mail in the post office 
prof prof ( 1) display profile data 

"' pro ff pro ff (1) nroff for the IBM 5152 Graphics Printer 
and IBM 4201 Proprinter 

ps ps ( 1) process status 
pti pti (I) phototypesetter interpreter 

"' ptroff ptroff ( 1) print troff files on IBM 3812 Pageprinter 
(part of optional ditroff feature) 

ptx ptx (I) permuted index 
pwd pwd ( 1) working directory name 
quota quota ( 1) display disc usage and limits 
ran lib ranlib ( 1) convert archives to random libraries 
rat for ratfor (1) Rational FORTRAN dialect 
rep rep ( IC) remote file copy 
refer refer (I) find and insert literature references in documents 
reset reset ( j) reset the teletype bits to a sensible state 
rev rev ( 1) reverse lines of a file 
rlogin rlogin ( 1 C) remote login 
rm rm ( 1) remove (unlink) files or directories 
rm rmdir ( 1) remove (unlink) fi1es or directories 
rm ail rm ail (I) handle remote mail received via uucp 
rmdir rm ( 1) remove (unlink) directories or files 
rmdir 1' rmmr (i) remove (unlink) directories or files 
roflbib roflbib (I) run off bibliographic database 
rsh rsh ( 1 C) remote shell 
ruptime ruptime ( 1 C) show host status of local machines 
rwho rwho ( 1 C) who is logged in on local machines 

+ scale scale ( 1) resize a bit image 
script script ( 1) make typescript of terminal session 
sed sed ( 1) stream editor 
send bug send bug (I) mail a system bug report to 4bsd-bugs 
sh sh ( I) command language 
size size ( 1) size of an object file 
sleep sleep ( 1) suspend execution for an interval 
soelim soelim (1) eliminate .so's from nroff input 
sort sort (I) sort or merge files 
sort bib sort bib ( 1) sort bibliographic database 
spell spell ( 1) find spelling errors 
spell spellin (I) find spelling errors 
spell spellout (I) find spelling errors 
spline spline (I G) interpolate smooth curve 
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split split ( 1) split a file into pieces 
strings strings ( 1) find the printable strings in an object or other 

binary file 
strip strip ( 1) remove symbols and relocation bits 
struct struct (1) structure FORTRAN programs 
stty stty ( 1) set terminal options 
style style ( 1) analyze surface characteristics of a document 
SU SU ( 1) substitute user id temporarily 
sum sum ( 1) sum and count blocks in a file 
symorder symorder (1) rearrange name list 
sysline sysline (1) display system status on status line of a terminal 
tabs tabs (1) set terminal tabs 

t tail tail (1) deliver the last part of a file 
talk talk (l) talk to another user 
tar tar (l) tape archiver 
tbl tbl (1) format tables for nroff or troff 
tee tee (I) pipe fitting 

t telnet telnet ( 1 C) user interface to the TELNET protocol 
test test (I) condition command 

t tftp tftp (IC) trivial file transfer program 
time time ( 1) time a command 

t tip cu ( 1 C) connect to a remote system 
t tip tip ( 1 C) connect to a remote system 
t tn3270 tn3270 ( 1) full-screen remote login to IBM VM/CMS 

touch touch ( 1) update file date last modified 
tr tr ( 1) translate characters 
trman trman (l) translate version 6 manual macros to version 7 macros 
troff nroff (l) text formatting and typesetting 
troff troff (l) text formatting and typesetting 
true false (l) provide truth values 
true true (1) provide truth values 
tset tset (I) terminal dependent initialization 
tsort tsort (1) topological sort 
tty tty (1) get terminal name 
ul ul (1) do underlining 

t unifdef unifdef (1) remove ifdef ed lines 
uniq uniq (1) report repeated lines in a file 
units units (1) conversion program 

+ up down (l) client Remote Virtual Disk ( R VD) utilities 
+ up up (1) client Remote Virtual Disk (RVD) utilities 

uptime uptime (1) show how long system has been up 
users users (1) compact list of users who are on the system 
uucp uucp (IC) UNIX to UNIX copy 
uucp uulog (1 C) UNIX to UNIX copy 
uuencode uudecode ( 1 C) encode/decode a binary file for transmission via mail 
uuencode uuencode ( 1 C) encode/decode a binary file for transmission via mail 
uusend uusend ( l C) send a file to a remote host 
uux uux ( 1 C) UNIX to UNIX command execution 

t vacation vacation (I) return "I am on vacation" indication 
t vgrind vgrind ( 1) grind nice listings of programs for the 

IBM 3812 Pageprinter 
Vl Vl (1) screen oriented (visual) display editor based on ex 
vmstat vmstat ( 1) report virtual memory statistics 
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w w (I) who is on and what they are doing 
wait wait (1) await completion of process 
wall wall (1) write to all users 
WC WC (I) word count 
what what (I) show what versions of object modules were used to con-

struct a file 
whatis whatis (I) describe what a command is 
whereis whereis (I) locate source, binary, and/or manual for program 
which which ( 1) locate a program file including aliases and paths ( csh 

only) 
who who ( 1) who is on the system 
whoami whoami (I) print effective current user id 

t write write (I) write to another user 
xsend enroll (I) secret mail 
xsend xget (I) secret mail 
xsend xsend (I) secret mail 
xstr xstr (I) extract strings from C programs to implement shared 

strings 
yacc yacc ( 1) yet another compiler-compiler 
yes yes ( 1) be repetitively affirmative 

1.2. Section 2: System Calls 

Man Page Name Section and Description 

accept accept (2) accept a connection on a socket 
access access (2) determine accessibility of file 
acct acct (2) turn accounting on or off 
bind bind (2) bind a name to a socket 
brk brk (2) change data segment size 
brk sbrk (2) change data segment size 
chdir chdir (2) change current working directory 
chmod ch mod (2) change mode of file 
chmod fchmod (2) change mode of file 
chown ch own (2) change owner and group of a file 
ch own fchown (2) change owner and group of a file 
chroot ch root (2) change root directory 
close close (2) delete a descriptor 
connect connect (2) initiate a connection on a socket 
creat creat (2) create a new file 
dup dup (2) duplicate a descriptor 
dup dup2 (2) duplicate a descriptor 
execve execve (2) execute a file 
exit exit (2) terminate a process 
fcntl fcntl (2) fi1e control 
flock flock (2) apply or remove an advisory lock on an open file 
fork fork (2) create a new process 
fsync fsync (2) synchronize a file's in-core state with that on disk 
getdtablesize getdtablesize (2) get descriptor table size 

+ getfpemulator getfpemu]ator (2) return address of the floating point 
emulator if no FP A hardware is present 

getgid getegid (2) get group identity 
getgid getgid (2) get group identity 
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get groups get groups (2) get group access list 
gethostid gethostid (2) get/set unique identifier of current host 
gethostid sethostid (2) get/set unique identifier of current host 
gethostname gethostname (2) get/set name of current host 
gethostname sethostname (2) get/set name of current host 
getitimer getitimer (2) get/set value of interval timer 
getitimer setitimer (2) get/set value of interval timer 
get page size get page size (2) get system page size 
getpeemame getpeemame (2) get name of connected peer 
getpgrp getpgrp (2) get process group 
getpid getpid (2) get process identification 
getpid getppid (2) get process identification 
getpriority getpriority (2) get/set program scheduling priority 
getpriority setpriority (2) get/set program scheduling priority 
getrlimit getrlimit (2) contro 1 maximum system resource consumption 
getrlimit setrlimit (2) control maximum system resource consumption 
getrusage getrusage (2) get information about resource utilization 
getsockname getsockname (2) get socket name 
getsockopt getsockopt (2) get and set options on sockets 
getsockopt setsockopt (2) get and set options on sockets 
gettimeofday gettimeofday (2) get/set date and time 
gettimeof day settimeofday (2) get/set date and time 
getuid geteuid (2) get user identity 
getuid getuid (2) get user identity 
intro intro (2) introduction to system calls and error numbers 
ioctl ioctl (2) control device 
kill kill (2) send signal to a process 
kill pg kill pg (2) send signal to a process group 
link link (2) make a hard link to a file 
listen listen (2) listen for connections on a socket 
lseek lseek (2) move read/write pointer 
mkdir mkdir (2) make a directory file 
mknod mknod (2) make a special file 
mount mount (2) mount or remove file system 
mount umount (2) mount or remove file system 
open open (2) open a file for reading or writing, or create a new file 
pipe ptpe (2) create an interprocess communication channel 
profil profit (2) execution time profile 

t pt race ptrace (2) process trace 
quota quota (2) manipulate disk quotas 
read read (2) read input 
read readv (2) read input 
read link readlink (2) read value of a symbolic link 
reboot reboot {2) reboot system or halt processor 
recv recv (2) receive a message from a socket 
recv recvfrom (2) receive a message from a socket 
recv recvmsg (2) receive a message from a socket 
rename rename (2) change the name of a file 
rmdir rmdir (2) remove a directory file 
select select (2) synchronous 1/0 multiplexing 
send send (2) send a message from a socket 
send sendmsg (2) send a message from a socket 
send send to (2) send a message from a socket 
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set groups set groups 
setpgrp setpgrp 
setquota setquota 
setregid setregid 
setreuid setreuid 
shutdown shutdown 
sigblock sigblock 
sigpause sigpause 

sigsetmask sigsetmask 
sigstack sigstack 
sigvec sigvec 
socket socket 
socket pair socket pair 
stat fstat 
stat I stat 
stat stat 
swapon swapon 
symlink symlink 
sync sync 
syscall syscalt 
truncate ftruncate 
truncate truncate 
umask umask 
unlink unlink 
utimes utimes 

+ vdspin vdspin 
+ vdspin vdspind 
+ vdstats vdstats 

vf ork vf ork 
vhangup vhangup 
wait wait 
wait wait3 
write write 
write writev 

1.3. Section 3: C Library Subroutines 

Man Page Name 

abort abort 
abs abs 
at of atof 
at of atoi 
at of atol 
bstring hemp 
bstring bcopy 
bstring bzero 
bstring ffs 
crypt crypt 
crypt encrypt 
crypt set key 
ctime asctime 

Software Description 

(2) set group access list 
(2) set process group 
(2) enable/disable quotas on a file system 
(2) set real and effective group ID 
(2) set real and effective user ID 
(2) shut down part of a full-duplex connection 
(2) block signals 
(2) automatically release blocked signals and wait for 

interrupt 
( 2) set current signal mask 
(2) set and/or get signal stack context 
(2) software signal facilities 
(2) create an endpoint for communication 
(2) create a pair of connected sockets 
( 2) get file status 
(2) get file status 
(2) get file status 
(2) add a swap device for interleaved paging/swapping 
(2) make symbolic link to a file 
(2) update super-block 
(2) indirect system call 
(2) truncate a file to a specified length 
(2) truncate a file to a specified length 
(2) set file creation mode mask 
(2) remove directory entry 
(2) set file times 
(2) spin up or spin down a Remote Virtual Disk (RVD) 
(2) spin up or spin down a Remote Virtual Disk (RVD) 
(2) acquire client Remote Virtual Disk (RVD) statistics 
(2) spawn new process in a virtual memory efficient way 
(2) virtually "hangup" the current control terminal 
(2) wait for process to terminate 
(2) wait for process to terminate 
(2) write on a file 
(2) write on a file 

Section and Description 

(3) generate a fault 
(3) integer absolute value 
(3) convert ASCII to numbers 
(3) convert ASCII to numbers 
(3) convert ASCII to numbers 
(3) bit and byte string operations 
(3) bit and byte string operations 
(3) bit and byte string operations 
(3) bit and byte string operations 
(3) DES encryption 
(3) DES encryption 
(3) DES encryption 
(3) convert date and time to ASCII 
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ctime ctime (3) convert date and time to ASCII 
ctime gmtime (3) convert date and time to ASCII 
ctime localtime (3) convert date and time to ASCII 
ctime timezone (3) convert date and time to ASCII 

t ctype isalnum (3) character classification macros 

t ctype isalpha (3) character classification macros 

t ctype 1sasc11 (3) character classification macros 

t ctype iscntrl (3) character classification macros 

t ctype isdigit (3) character classification macros 

t ctype isgraph (3) character classification macros 

t ctype islower (3) character classification macros 

t ctype isprint (3) character classification macros 

t ctype ispunct (3) character classification macros 

t ctype isspace (3) character classification macros 

t ctype isupper (3) character classification macros 

t ctype isxdigit (3) character classification macros 

t ctype toascii (3) character classification macros 

t ctype to lower (3) character classification macros 

t ctype toupperisupper (3) character classification macros 
directory closedir (3) directory operations 
directory opendir (3) directory operations 
directory readdir (3) directory operations 
directory rewinddir (3) directory operations 
directory seekdir (3) directory operations 
directory telldir (3) directory operations 
ecvt ecvt (3) output conversion 
ecvt fcvt (3) output conversion 
ecvt gcvt (3) output conversion 
end edata (3) last locations in program 
end end (3) last locations in program 
end etext (3) last locations in program 
excel ex eel (3) execute a file 
ex eel execle (3) execute a file 
excel exect (3) execute a file 
ex eel execv (3) execute a file 
exit exit (3) terminate a process after flushing any pending output 

+ frexp frexp (3) split into mantissa and exponent 
+ frexp ldexp (3) split into mantissa and exponent 
+ frexp modf (3) split into mantissa and exponent 

getenv getenv (3) value for environment name 
getgrent endgrent (3) get group file entry 
getgrent getgrent (3) get group file entry 
gctgrent getgrgid (3) get group file entry 
getgrent get~111am (3) get group file entrf 
getgrent setgrent (3) get group file entry 
getlogin getlogin (3) get a login name 
get pass get pass (3) read a password 
getpwent endpwent (3) get password file entry 
getpwent getpwent (3) get password file entry 
getpwent getpwnam (3) get password file entry 
getpwent getpwuid (3) get password file entry 
getpwent setpwent (3) get password file entry 

t getwd getwd (3) get current working directory path name 
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+ teee classdoublc (3) IEEE arithmetic support functions 
+ 1eee classfloat (3) IEEE arithmetic support functions 
+ ieee copysign (3) IEEE arithmetic support functions 
+ 1eee drem (3) IEEE arithmetic support functions 
+ teee finite (3) IEEE arithmetic support functions 
+ 1cce 1snan (3) IEEE arithmetic support functions 
+ teee logb (3) IEEE arithmetic support functions 
+ 1eee nextdouble (3) IEEE arithmetic support functions 
+ 1eee nextfloat (3) IEEE arithmetic support functions 
+ 1eee scalb (3) IEEE arithmetic support functions 
+ 1eee swapfpflag (3) IEEE arithmetic support functions 
+ 1eee swapfptrap (3) IEEE arithmetic support functions 

* 1eee swapround (3) IEEE arithmetic support functions 
+ 1eee unordered (3) IEEE arithmetic support functions 

insque msque (3) insert/remove clement from a queue 
insque remque (3) insert/remove clement from a queue 
intro intro (3) introduction to library functions 

t malloc calloc (3) memory allocator 
t malloc free (3) memory allocator 
t malloc malloc (3) memory allocator 
t malloc realloc (3) memory allocator 
t mktemp mktemp (3) make a unique file name 

monitor moncontrol (3) prepare execution profile 
monitor monitor (3) prepare execution profile 
monitor monstartup (3) prepare execution profile 

t nlist nlist (3) get entries from namelist 
perror perror (3) system error messages 
po pen pclose (3) initiate I/O to/from a process 
po pen po pen (3) initiate I/O to/from a process 
psignal psignal (3) system signal messages 
qsort qsort (3) quicker sort 
random initstate (3) better random number generator; routines for changing 

generators 
random random (3) better random number generator; routines for changing 

generators 
random set state (3) better random number generator; routines for changing 

generators 
random srandom (3) better random number generator; routines for changing 

generators 
regex re_comp (3) regular expression handler 
regex re exec ( 3) regular expression handler 
scandir alphasort (3) scan a directory 
scandir scandir (3) scan a directory 
setjmp _longjmp (3) non-local goto 
setjmp _setjmp (3) non-local goto 
setjmp longjmp (3) non-local goto 
setjmp setjmp (3) non-local goto 
setuid setegid (3) set user and group ID 
setuid seteuid (3) set user and group ID 
setuid setgid (3) set user and group ID 
setuid setrgid (3) set user and group ID 
setuid setruid (3) set user and group ID 
setuid setuid (3) set user and group ID 

246 15 Dec 1986 



4.2 for the IBM RT PC Software Description 

sleep sleep (3) suspend execution for interval 
string index (3) string operations 
string rindex (3) string operations 
string strcat (3) string operations 
string strcmp (3) string operations 
string strcpy (3) string operations 
string strlen (3) string operations 
string strncat (3) string operations 
string strncmp (3) string operations 
string strncpy (3) string operations 
swab swab (3) swap bytes 
syslog closelog (3) control system log 
syslog openlog (3) control system log 
syslog syslog (3) control system log 
system system (3) issue a shell command 
ttyname isatty (3) find name of a terminal 
tty name ttyname (3) find name of a terminal 
ttyname ttyslot (3) find name of a terminal 
valloc valloc (3) aligned memory allocator 
varargs va_arg (3) variable argument list 
varargs va end (3) variable argument list 
varargs va start (3) variable argument list 

1.4. Section 3F: FORTRAN Ubrary 

Man Page Name Section and Description 

access access (3F) determine accessibility of a file 
alarm alarm (3F) execute a subroutine after a specified time 
bessel besjO (3F) functions of two kinds for integer orders 
bessel besjl (3F) functions of two kinds for integer orders 
bessel besjn (3F) functions of two kinds for integer orders 
bessel besyO (3F) functions of two kinds for integer orders 
bessel besyl (3F) functions of two kinds for integer orders 
bessel be syn (3F) functions of two kinds for integer orders 
bit bit (3F) and, or, xor, not, rshift, lshift, bitwise functions 
chdir chdir (3F) change default directory 
chmod chmod (3F) change mode of file 
etime dtime (3F) return elapsed execution time 
etime etime (3F) return elapsed execution time 
exit exit (3F) terminate process with status 
fdate fdate (3F) return date and time in an ASCII string 
flmin dflmax (3F) return date and time in an ASCII string 
flmin dflmin (3F) return date and time in an ASCII string 
flmjn dffrac (3F) return date and time in an ASCII string 
flmin ffrac (3F) return date and time in an ASCII string 
flmin flmax (3F) return date and time in an ASCII string 
flmin flmin (3F) return extreme values 
flmin inmax (3F) return extreme values 
flush flush (3F) flush output to a logical unit 
fork fork (3F) create a copy of this process 
fseek fseek (3F) reposition a file on a logical unit 
fseek ftell (3F) reposition a file on a logical unit 
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getarg getarg (3P) return command Jine arguments 
getarg iargc (3P) return command line arguments 
getc getc (3F) get a character from a logical unit 
getc fgetc (3F) get a character from a logical unit 
getcwd getcwd (3P) get pathname of current working directory 
getenv getenv (3F) get value of environmental variables 
get log getlog (3F) get user's login name 
getlog getlogO (3F) get user's login name 
getpid getpid (3F) get process id 
getuid getuid (3F) get user or group ID of the caller 
getuid getgid (3F) get user or group ID of the ca11er 
hostnm hostnm (3F) get name of current host 
idate id ate (3F) return date or time in numerical form 
idate itime (3F) return date or time in numerical form 
index index (3F) tell about character objects 
index len (3F) tell about character objects 
index lnblnk (3F) tell about character objects 
index rindex (3P) tc11 about character objects 
intro intro (3F) introduction to FORTRAN library functions 
ioinit ioinit (3P) change f77 1/0 initialization 
kill kill (3F) send a signal to a process 
link link (3F) make a link to an existing file 
link symlnk (3F) make a link to an existing file 
loc loc (3F) return the address of an object 
long long (3F) integer object conversion 
Jong short (3F) integer object conversion 
perror gerror (3F) get system error messages 
perror ierror (3F) get system error messages 
perror perrno (3F) get system error messages 
putc putc (3F) write a character to a FORTRAN logical unit 
putc fputc (3P) write a character to a FORTRAN logical unit 
qsort qsort (3P) quick sort 
rand drand (3P) return random values 
rand irand (3P) return random values 
rand irand (3P) return random values 
range dftmax (3P) return extreme values 
range dftmin (3F) return extreme values 
range flmax (3F) return extreme values 
range flmin (3F) return extreme values 
range mmax (3P) return extreme values 
rename rename (3F) rename a file 
signal signal (3F) change the action for a signal 
sleep sleep (3F) suspend execution for an interval 
stat fstat (3F) get file status 
stat lstat (3F) get file status 
stat stat (3F) get file status 
system system (3F) execute a UNIX command 
time ctime (3F) return system time 
time gm time (3F) return system time 
time ltime (3F) return system time 
time time (3F) return system time 
to pen tclose (3F) f77 tape 1/0 
topem to pen (3F) f77 tape 1/0 
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to pen tread (3P) fl7 tape 1/0 
to pen trewin (3F) f77 tape 1/0 
to pen tskipf (3F) f77 tape 1/0 
to pen tstate (3F) fl7 tape 1/0 
to pen twrite (3F) fi7 tape I/O 
traper traper (3F) trap arithmetic errors 
trapov trapov (3F) trap and repair floating point overflow 
trpfpe fpecnt (3F) trap and repair floating point faults 
trpfpe trpfpe (3F) trap and repair floating point faults 
ttynam isaty (3F) find name of a terminal port 
ttynam ttynam (3F) fine name of a terminal port 
unlink unlink (3F) remove a directory entry 
wait wait (3F) wait for a process to terminate 

1.5. Section 3M: Math Library 

Man Page Name Section and Description 

t asinh acosh (3M) inverse hyperbolic functions 
t asinh asinh (3M) inverse hyperbolic functions 
t asinh atanh (3M) inverse hyperbolic functions 
t erf erf (3M) error functions 
t erf erfc (3M) error functions 

exp exp (3M) exponential, logarithm, power 
exp expml (3M) exponential, logarithm, power 
exp log (3M) exponential, logarithm, power 
exp loglO (3M) exponential, logarithm, power 
exp loglp (3M) exponential, logarithm, power 
exp pow (3M) exponential, logarithm, power 
exp sqrt (3M) exponential, logarithm, power 
floor ceil (3M) absolute value, floor, ceiling functions 
floor fabs (3M) absolute value, floor, ceiling functions 
floor floor (3M) absolute value, floor, ceiling functions 
gamma lgamma (3M) name changed to lgamma 
hypot hypot (3M) Euclidean distance 
hypot cabs (3M) Euclidean distance 
intro intro (3M) introduction to mathematical library functions 
jO jO (3M) Bessel functions 
jO jl (3M) Bessel functions 
jO jn (3M) Bessel functions 
jO yO (3M) Bessel functions 
jO yl (3M) Bessel functions 
jO yn (3M) Bessel functions 

+ lgamma lgamma (3M) log gamma function I 

sm acos (3M) trigonometric functions 
sm asm (3M) trigonometric functions 
sm atan (3M) trigonometric functions 
sm atan2 (3M) trigonometric functions 
sin cos (3M) trigonometric functions 
sm sin (3M) trigonometric functions 
sm tan (3M) trigonometric functions 

t sinh co sh (3M) hyperbolic functions 
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t sinh sinh 
t sinh tanh 
t sqrt cbrt 
t sqrt sqrt 

1.6. Section 3N: Internet Network Library 

Man Page Name 

byteordcr htonl 
byteorder htons 
byteorder ntohl 
byteorder ntohs 
gethostent endhostent 
gethostent gethostbyaddr 
gethostent gethostbyname 
gethostent gethostent 
gethostent sethostent 
getnetent endnetent 
getnetent getnetbyaddr 
getnctent getnetbyname 
getnetcnt getnetcnt 
getnctent setnetent 
getprotoent endprotoent 
getprotoent get pro byname 
getprotoent getprobynumber 
getprotoent getprotoent 
getprotoent setprotoent 
getscrvent endservent 
getservent getservbyname 
getservent getservbyport 
getservcnt getservent 
getservent sctservent 
in et inet addr 
inet inet lnaof 
in et inet makeaddr 
inet inet netof 
in et inet network -
in et inet ntoa 
intro intro 

(3M) hyperbolic functions 
(3M) hyperbolic functions 
(3M) cube root, square root 
(3M) cube root, square root 

Section and Description 

Software Description 

(3N) convert values between host and network byte order 
(3N) convert values between host and network byte order 
(3N) convert values between host and network byte order 
(3N) convert values between host and network byte order 
(3N) get network host entry 
( 3 N) get network host entry 
( 3 N) get network host entry 
( 3 N) get network host entry 
(3N) get network host entry 
( 3 N) get network entry 
( 3 N) get network entry 
(3N) get network entry 
(3N) get network entry 
(3N) get network entry 
( 3 N) get protocol entry 
(3N) get protocol entry 
( 3 N) get protocol entry 
( 3 N) get protocol entry 
( 3 N) get protocol entry 
( 3 N) get service entry 
( 3 N) get service entry 
(3N) get service entry 
(3N) get service entry 
( 3 N) get service entry 
( 3 N) internet address manipulation routines 
(3N) internet address manipulation routines 
(JN) internet address manipulation routines 
(3N) internet address manipulation routines 
(3N) internet address manipulation routines 
(3N) internet address manipulation routines 
(3N) introduction to network library functions 

1.7. Section 3S: C Standard 1/0 Library Subroutines 

Man Page Name Section and Description 

fclose fclose ( 3S) close or flush a stream 
fclose ffiush (3S) close or flush a stream 

t ferror clearerr ( 3S) stream status inquiries 
t ferror feof (3S) stream status inquiries 
t ferror ferror (3S) stream status inquiries 
t ferror fileno (3S) stream status inquiries 
t fopen fdopen ( 3S) open a stream 
t fopen fopen (3S) open a stream 
t fopen freopen (3S) open a stream 
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fread fread (3S) buffered binary input/output 
fread fwrite (3S) buffered binary input/output 

t fseek fseek (3S) reposition a stream 
t fseek ftell (3S) reposition a stream 
t fseek rewind (3S) reposition a stream 
t getc fgetc ( 3S) get character or word from stream 
t getc getc (3S) get character or word from stream 
t getc getchar ( 3S) get character or word from stream 
t getc getw (3S) get character or word from stream 
t gets fgets ( 3S) get a string from a stream 
t gets gets ( 3S) get a string from a stream 
t intro stdio (3S) standard buffered 1/0 package 

printf fprintf (3S) formatted output conversion 
printf printf ( 3S) formatted output conversion 
printf sprintf ( 3S) formatted output conversion 
putc fputc (3S) put character or word on a stream 
putc putc (3S) put character or word on a stream 
putc putchar ( 3S) put character or word on a stream 
putc putw (3S) put character or word on a stream 
puts fputs ( 3S) put a string on a stream 
puts puts (3S) put a string on a stream 
scanf fscanf (3S) formatted input conversion 
scanf scanf (3S) formatted input conversion 
scanf sscanf ( 3S) formatted input conversion 

t setbuf setbuf (3S) assign buffering to a stream 
t setbuf set buffer ( 3S) assign buffering to a stream 
t setbuf setlinebuf (3S) assign buffering to a stream 

stdio stdio (3S) standard buffered input/output package 
ungetc ungetc ( 3S) push character back into input stream 

1.8. Section 3X: Other Libraries 

Man Page Name Section and Description 

assert assert ( 3X) program verification 
curses curses (3X) screen functions with optimal cursor motion 
dbm dbminit (3X) data base subroutines 
dbm delete (3X) data base subroutines 
dbm fetch (3X) data base subroutines 
dbm firstkey (3X) data base subroutines 
dbm next key (3X) data base subroutines 
dbm store (3X) data base subroutines 

... fpa fpa (3X) direct interface to floating point accelerator 
getdiskbyname getdiskbyname ( 3X) get disk description by its name 
getfsent endfsent ( 3X) get file system descriptor file entry 
getfsent getfsent ( 3X) get file system descriptor file entry 
getfsent getfsfile (3X) get file system descriptor file entry 
getfsent getfsspec (3X) get file system descriptor file entry 
getfsent getfstype (3X) get file system descriptor file entry 
getfsent setfsent (3X) get file system descriptor file entry 
initgroups initgroups (3X) initialize group access list 
intro intro (3X) introduction to miscellaneous library functions 
plot arc (3X) graphics interface 
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plot 
plot 
plot 
plot 
plot 
plot 
plot 
plot 
plot 
plot 
plot 
rcmd 
rcmd 
rcmd 
rexec 
termcap 
termcap 
termcap 
termcap 
termcap 
termcap 

cont 
circle 
closepl 
erase 
label 
line 
linemod 
move 
open pl 
point 
space 
rcmd 
rresvport 
ruserok 
rexec 
tgetent 
tgetflag 
tgetnum 
tgetstr 
tgoto 
tputs 

( 3X) graphics interface 
(3X) graphics interface 
(3X) graphics interface 
(3X) graphics interface 
(3X) graphics interface 
(3X) graphics interface 
(3X) graphics interface 
(3X) graphics interface 
(3X) graphics interface 
( 3X) graphics interface 
(3X) graphics interface 

Software Description 

(3X) routines for returning a stream to a remote command 
(3X) routines for returning a stream to a remote command 
(3X) routines for returning a stream to a remote command 
(3X) return stream to a remote command 
(3X) terminal independent operation routines 
(3X) terminal independent operation routines 
(3X) terminal independent operation routines 
(3X) terminal independent operation routines 
(3X) terminal independent operation routines 
(3X) terminal independent operation routines 

1.9. Section 3C: Compatibility Ubrary Subroutines 

Man Page Name Section and Description 

alarm alarm ( 3C) schedule signal after specified time 
getpw getpw ( 3C) get name from uid 
intro intro (3C) introduction to compatibility library functions 
mce nice ( 3C) set program priority 
pause pause ( 3C) stop until signal 
rand rand (3C) random number generator 
rand srand ( 3C) random number generator 
signal signal ( 3C) simplified software signal facilities 
stty gtty ( 3C) set and get terminal state (defunct) 
stty stty (JC) set and get terminal state (defunct) 
time ftime ( 3C) get date and time 
time time ( 3C) get date and time 
times times ( 3C) get process times 
utime utime ( 3C) set file times 
vlimit vlimit ( 3C) control maximum system resource consumption 
vtimes vtimes (3C) get information about resource utilization 

1.10. Section 3G: Graphics Subroutines (located in Appendix C) 

Man Page Name Section and Description 

+ circle VI Circle (3G) draw a circle 
+ clip VI_ Clip ( 3G) set clipping window 
+ color VI Color (3G) change screen color 
+ copy VI_ Copy (3G) copy an area 
+ cursor VI DisCur (3G) control the display cursor 
+ cursor VI EnCur (3G) control the display cursor 
+ cursor VI FDefnCur (3G) control the display cursor 
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* cursor VI MDefnCur ( 3G) control the display cursor 
+ cursor VI PosnCur (3G) control the display cursor 
+ dash VI Dash (3G) set line dash pattern 
+ font VI_DropFont (3G) select and manipulate fonts 

* font VI Font (3G) select and manipulate fonts 
+ font VI GetFont ( 3G) select and manipulate fonts 

* force VI Force (3G) force output of graphics orders 
+ image VI_Fimage (3G) draw an image 
+ image VI_Mimage (3G) draw an image 

* init VI Init (3G) initialize and terminate the subroutine interface 
+ init VI Term (3G) initialize and terminate the subroutine interface 
+ intro intro (3G) introduction to display graphics subroutines 
+ log VI_Login (3G) begin logging subroutine calls and close a log file 

* log Vl_Logout (3G) begin logging subroutine calls and close a log file 

* line VI ALine (3G) draw a line 

* line VI RLine (3G) draw a line -
+ move VI AMove (3G) move the current point 
+ move VI RMove (3G) move the current point 
+ merge VI_Merge ( 3G) set merge mode 
+ query Vl_QClip (3G) query graphics parameters 
+ query VI_QColor (3G) query graphics parameters 

* query VI_QDash (3G) query graphics parameters 
+ query VI_QFont (3G) query graphics parameters 
+ query VI_QMerge (3G) query graphics parameters 
+ query VI_QPoint (3G) query graphics parameters 
+ query VI_QWidth (3G) query graphics parameters 
+ read VI FRead (3G) read display data 
+ read VI MRead (3G) read display data 
+ run VI Run (3G) process a log file 
+ string VI_String (3G) draw a string 
+ tile VI Tile (3G) tile a rectangle 
+ width VI Width (3G) set line width 

1.11. Section 4: Special Files 

Man Page Name Section and Description 

+ aedemul aedemul (4) graphics interfaces for the IBM Academic 
Information Systems experimental display 

* ap ap ( 4) asychronous data mode protocol line discipline 
arp arp ( 4P) Address Resolution Protocol 

+ asy asy ( 4) multi-port asynchronous communications RS232C 
interface 

autoconf autoconf ( 4) diagnostics from the autoconfiguration code 
bk bk IA\ \...,.) line discipline for machine~machine cmrunupJcation 

+ bufemul bufemu (4) kernel buffering emulator 
+ bus bus (4) control of access to the system 1/0 bus 

cons cons (4) keyboard and monochrome screen console interface 
+ disk disk (4) format of reserved areas of the hard disk 

drum drum (4) paging device 
+ f d f d (4) diskette interface 
+ hd hd (4) PC/ AT hard disk controller interface 
+ ibm5151 ibm5151 (4) IBM 5151 Monochrome Display interface 
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+ ibm5151 mono ( 4) IBM 5151 Monochrome Display interface 
+ ibm6153 apa8 (4) IBM 6153 Advanced Monochrome Graphics Display 

interface 
+ ibm6153 ibm6153 ( 4) IBM 6153 Advanced Monochrome Graphics Display 

interface 
+ ibm6154 apa8c ( 4) IBM 6154 Advanced Color Graphics Display 

interface 
+ ibm6154 ibm6154 ( 4) IBM 6154 Advanced Color Graphics Display 

interface 
+ ibm6155 apal6 ( 4) IBM 6155 Extended Monochrome Graphics Display 

interface 
+ ibm6155 ibm6155 (4) IBM 6155 Extended Monochrome Graphics Display 

interface 
+ ibmaed ibmaed ( 4) IBM Academic Information Systems experimental display 
+ ibmemul ibmemul (4) IBM 3101 emulator 

imp imp ( 4P) IMP raw socket interface 
inet inet ( 4P) Internet protocol family 
intro intro ( 4) introduction to special files and hardware support 
intro networking ( 4 N) introduction to networking facilities 
tp ip ( 4P) Internet Protocol 

+ kbdemul kbdemul (4) default keyboard emulator 
+ Ian Ian (4) IBM 6100 Token-Ring Network Adapter 

lo lo ( 4) software loopback network interface 
lp lp ( 4) line printer 
mem km em (4) main memory 
mem mem (4) main memory 

+ mouse mouse (4) mouse interface 
mtio mtio (4) UNIX magtape interface 
null null (4) data sink 

+ psp psp (4) planar serial port RS232C interface 
pty pty ( 4) pseudo terminal driver 
pup pup ( 4F) Xerox PUP- I protocol family 
pup pup (4P) raw PUP socket interface 

+ rvd rvd ( 4P) Remote Virtual Disk protocol 
+ speaker speaker (4) console speaker interlace 
+ st st ( 4) streaming-tape interface 
+ stdemul stdemul ( 4) standard output emulator 
t tb tb ( 4) line discipline for digitizing devices 

tcp tcp (4P) Internet Transmission Control Protocol 
tty tty ( 4) general terminal interface 
udp udp ( 4 P) Internet User Datagram Protocol 
un un ( 4) IBM RT PC Baseband Adapter for use with Ethernet 

+ xemul xemul ( 4) X input emulator for queuing keyboard and 
mouse events 

1.12. Section 5: File Formats 

Man Page Name Section and Description 

a.out a.out (5) assembler and link editor output 
acct acct (5) execution accounting file 
aliases aliases (5) aliases file for sendmail 
ar ar (5) archive (library) file format 
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* 

* 

+ 

t 

+ 

* 
+ 

consoles 
core 
dir 
disktab 
dump 
dump 
font3812 
fs 
fs 
fstab 
gettytab 
group 
hosts 
keyboard_ codes 
map3270 

mtab 
networks 
passwd 
phones 
plot 
printcap 
printer38 l 2 
protocols 
remote 
rvddb 
rvdtab 
services 
stab 
tar 
termcap 
ttys 
ttytype 
types 
utmp 
utmp 
uuencode 
vfont 

1.13. Section 6: Games 

NONE 

consoles 
core 
dir 
disktab 
dump 
dumpdates 
font3812 
fs 
in ode 
fstab 
gettytab 
group 
hosts 
keyboard_ codes 
map3270 

mtab 
networks 
passwd 
phones 
plot 
printcap 
printer38 l 2 
protocols 
remote 
rvddb 
rvdtab 
services 
stab 
tar 
termcap 
ttys 
ttytype 
types 
utmp 
wtmp 
uuencode 
vfont 

1.14. Section 7: Miscellaneous 

Man Page Name 

as cu ascii 
environ environ 
eqnchar eqnchar 
hi er hi er 
intro miscellaneous 
mailaddr mailaddr 
man man 

Software Description 

(5) utility data base of display screens 
(5) format of memory image file 
(5) format of directories 
(5) disk description file 
(5) incremental dump format 
(5) incremental dump format 
(5) font structures for the 3812 fonts 
(5) format of file system volume 
(5) format of file system volume 
(5) static information about the file systems 
(5) ierminal configuration data base 
(5) group file 
(5) host name data base 
(5) keyboard scancode table 
(5) data base for mapping ASCII keystrokes into 

IBM 3270 displays 
( 5) mounted file system table 
( 5) network name data base 
( 5) password file 
( 5) remote host phone number data base 
( 5) graphics interface 
( 5) printer capability data base 
( 5) IBM 3812 Pageprinter status information 
( 5) protocol name data base 
( 5) remote host description file 
(5) Remote Virtual Disk (RVD) server configuration table 
(5) information about client Remote Virtual Disks (RVDs) 
( 5) service name data base 
( 5) symbol table types 
( 5) tape archive file format 
( 5) terminal capability data base 
( 5) terminal initialization data 
( 5) data base of term.in.al types by port 
( 5) primitive system data types 
( 5) login records 
( 5) login records 
( 5) format of an encoded uuencode file 
(5) font formats for the Benson-Varian or Versatec 

Section and Description 

(7) map of ASCII character set 
(7) user environment 
(7) special character definitions for eqn 
(7) file system hierarchy 
(7) miscellaneous useful information pages 
(7) mail addressing description 
(7) macros to typeset manual 
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me me (7) macros for formatting papers 
ms ms (7) text formatting macros 
term term (7) conventional names for terminals 

1.15. Section 8: System Maintenance 

Man Page Name Section and Description 

ac ac (8) login accounting 
add user add user (8) procedure for adding new users 

+ aedtest aedtest (8) IBM Academic Information Systems experimental 
display self-tests 

analyze analyze (8) virtual UNIX postmortem crash analyzer 
arcv arcv (8) convert archives to new format 
bad sect bad sect (8) create files to contain bad sectors 
bugfiler bugfiler (8) file bug reports in folders automatically 
cat man cat man (8) create the cat files for the manual 
ch own ch own (8) change owner 
clri clri (8) clear i-node 
com sat com sat (8C) biff server 
con fig config ( 8) build system configuration files 
crash crash (8R) what happens when the system crashes 
cron cron (8) clock daemon 

+ cvt3812 cvt3812 (8) convert IBM 3820 and IBM 3800 fonts for 
use with the IBM 3812 Pageprinter 

+ cvt3812 cvt20tol2 (8) convert IBM 3820 and IBM 3800 fonts for 
use with the IBM 3812 Pageprinter 

+ cvt3812 cvt00tol2 (8) convert IBM 3820 and IBM 3800 fonts for 
use with the IBM 3812 Pageprinter 

+ cvtsym cvtsym (8) convert symbol table 
dcheck de heck ( 8) file system directory consistency check 

+ debug debug (8) debugger for the IBM RT PC 
+ diskpart diskpart (8) calculate default disk partition sizes 

dmesg dmesg (8) coltect system diagnostic messages to form error log 
drtest drtest ( 8) standalone disk test program 
dump dump (8) incremental file system dump 
dumpfs dumpfs (8) dump file system information 
edquota edquota (8) edit user quotas 
fast boot fast boot (8) reboot/halt the system without checking the disks 
fast boot fasthalt (8) reboot/halt the system without checking the disks 

+ fdformat fdformat (8R) format diskettes 
+ fl copy fl copy (8R) copier for diskettes 

format format (8R) format hard disks 
fsck fsck (8) file system consistency check and interactive repair 
ft pd ft pd (8C) DARPA Internet File Transfer Protocol daemon 
gettable gettable (8C) get NIC-format host tables from a host 
getty getty (8) set terminal mode 
halt halt (8) stop the processor 
htable htable (8) get NIC-fonnat host tables from a host 

+ ibm3812pp ibm3812pp (8) IBM 3812 Pageprinter server 
icheck icheck (8) file system storage consistency check 
ifconfig ifconfig (8C) configure network interface parameters 
in it init (8) process control initialization 
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intro intro ( 8) introduction to system maintenance and operation 
commands 

kgmon kgmon (8) generate a dump of the operating system's profile buffers 
+ land ump land ump (8R) dump IBM Token-Ring Personal Computer Adapter 

lpc lpc (8) line printer control program 
lpd lpd (8) line printer daemon 

+ Ip filter ibmbit (8R) output filters for the IBM 4201 Proprinter 
and IBM 5152 Graphics Printer 

+ lpfilter ibmgra (8R) output filters for the IBM 4201 Proprinter 
and IBM 5152 Graphics Printer 

+ lpftlter ibmpro (8R) output filters for the IBM 4201 Proprinter 
and IBM 5152 Graphics Printer 

makedev makedev (8) make system special files 
make key makekey ( 8) generate encryption key 

+ makesym makesym (8) make debugger symbol table 
+ minidisk miPJdsk (8R) minidisk maintenance utility 

mkfs mkfs ( 8) construct a file system 
mklost +found mklost + found ( 8) make a lost + found directory for f sck 
mknod mknod ( 8) build special file 
mkproto mkproto (8) construct a prototype file system 
mount mount ( 8) mount and dismount file system 
mount umount (8) mount and dismount file system 
ncheck ncheck (8) generate names from i-numbers 
newfs newfs ( 8) construct a new file system 

+ omerge omerge ( 8) merge object files 
pac pac (8) printer/plotter accounting information 

+ ppt ppt ( 8) text filter for the IBM 3812 Pageprinter 
pstat pstat ( 8) print system facts 
quot quot ( 8) summarize file system ownership 
quotacheck quotacheck (8) file system quota consistency checker 
quotaon quotaoff (8) tum file system quotas on and off 
quotaon quotaon (8) tum file system quotas on and off 
re re (8) command script for auto-reboot and daemons 
rd ump rd ump ( 8C) file system dump across the network 
reboot reboot (8) UNIX bootstrapping procedures 
remce remce (8) alter priority of running processes 
repquota repquota (8) summarize quotas for a file system 
restore restore (8) incremental file system restore 
rexecd rexecd ( 8C) remote execution daemon 
rlogind rlogind ( 8C) remote login daemon 
rmt rmt (8C) remote magtape protocol module 
route route (8C) manually manipulate the routing tables 
routed routed ( 8C) network routing daemon 
rrestorc rrestore ( 8C) restore a flJe system dump across the network 
rshd rshd (8C) remote shell daemon 

+ rvdchlog rvdchlog (8) change logging level of Remote Virtual Disk 
(RVD) server 

+ rvddown rvddown (8) force spindown of a Remote Virtual Disk 
(RVD) pack 

+ rvdexch rvdexch (8) exchange names of two Remote Virtual Disk 
(RVD) packs 

* rvdflush rvdflush (8) spindown client's Remote Virtual Disk 
(RVD) packs 

257 15 Dec 1986 



4.2 for the IBM RT PC Software Description 

"' rvdgctm rvdgetm (8) get operations message from Remote Virtual Disk 
(RVD) server 

+ rvdlog rvdlog (8) cause Remote Virtual Disk (RVD) server to log statistics 
+ rvdsend rvdsend (8) send control stream to Remote Virtual Disk (RVD) server 
+ rvdsetm rvdsetm (8) set operations message on Remote Virtual Disk 

(RVD) server 
+ rvdshow rvdshow (8) show connections to Remote Virtual Disk (RVD) server 

* rvdshut rvdshut (8) force shutdown of Remote Virtual Disk (RVD) server 
+ rvdsrv rvdsrv (8) Remote Virtual Disk (RVD) server daemon 

rwhod rwhod (8C) system status daemon 
sa accton ( 8) system accounting 
sa sa (8) system accounting 

+ sautil sautil (8R) standalone utility package 
savecore savecore (8) save a core dump of the operating system 

+ savervd savephys (8) back up and restore Remote Virtual Disk (RVD) packs 
to and from tape 

+ savervd savervd (8) back up and restore Remote Virtual Disk (RVD) packs 
to and from tape 

+ savervd zaprvd (8) back up and restore Remote Virtual Disk (RVD) packs 
to and from tape 

sendmail sendmail (8) send mail over the Internet 
+ set screen set screen (8) control display screen access 

shutdown shutdown (8) close down the system at a given time 

* spin up spin down (8) spin up/down Remote Virtual Disk (RVD) pack 

* spin up spin up (8) spin up/down Remote Virtual Disk (R VD) pack 
sticky sticky (8) executable files with persistent text 
swapon swapon (8) specify additional device for paging and swapping 
sync sync (8) update the super block 
sys log syslog ( 8) log systems messages 
telnetd telnetd (8C) DARPA TELNET protocol daemon 
tftpd tftpd (8C) DARPA Trivial File Transfer Protocol server 
trpt trpt (8C) transliterate protocol trace 
tunefs tunefs (8) tune up an existing file system 
update update (8) periodically update the superblock 
uuclean uuclean (8C) uucp spool directory clean-up 
uusnap uusnap (8C) show snapshot of the lJUCP system 

* vddh vddb (8) Remote Virtual Disk (RVD) data base manager 
+ vdstats vdstats (8) list client Remote Virtual Disk (RVD) statistics 

vipw vipw (8) edit the password fi.Je 
+ width3812 width3812 (8) build width tables for the IBM 3812 

Pageprinter 
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2. UNSUPPORTED FUNCTIONS 

The following sections list the functions of 4.2BSD for the VAX which are not supported by 
4.2/RT. 

2.1. Section t: Commands and Application Programs. 

Man Page Name Section and Description 

fed fed (1) font editor 
f p f p (1) functional programming language compiler/interpreter 
lisp lisp (1) Lisp interpreter 
liszt liszt (1) compile a Franz Lisp programx 
lxref lxref (1) Lisp cross reference program 
pc pc (1) Pascal compiler 
pdx pdx ( 1) Pascal debugger 
pi pi (1) Pascal interpreter code translator 
pix pix (1) Pascal interpreter and executor 
pmerge pmerge ( 1) Pascal file merger 
px px (1) Pascal interpreter 
pxp pxp (1) Pascal execution profiler 
pxref pxref ( 1) Pascal cross-reference program 
tc tc (1) phototypesetter simulator 
tp tp (1) manipulate tape archive 
tk tk ( 1) paginator for the Tektronix 4014 
vfontinfo vfontinfo ( 1) inspect and print out information about UNIX fonts 
vlp vlp ( 1) format Lisp programs to be printed with nroff, vtroff, or 

vpr vpq 
vpr vpr 
vpr vprint 
vpr vprm 
vtroff vtroff 
vwidth vwidth 

2.2. Section 2: System Calls 

NONE 

2.3. Section 3: C Library Subroutines 

NONE 

2.4. Section 3F: FORTRAN Library 

NONE 

(1) 
(1) 
(1) 
(1) 
(1) 
(1) 

2.5. Section 3G: AED Graphics Subroutines 

NONE 

2.6. Section 3M: Math Library 

NONE 
2.7. Section 3N: Internet Network Library 

NONE 

troff 
raster printer/plotter spooler 
raster printer/plotter spooler 
raster printer/plotter spooler 
raster printer/plotter spooler 
troff to a raster plotter 
make troff width table for a font 

2.8. Section 3S: C Standard 1/0 Library Subroutines 

NONE 
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2.9. Section 3X: Other Libraries 

Man Page Name Section and Description 

lib2648 lib2648 (3X) subroutines for the HP 2648 graphics terminal 

2.10. Section 3C: Compatibility I ,ibrary Subroutines 

NONE 

2.11. Section 4: Special Files 

Man Page Name Section and Description 

ace ace (4) ACC LI-I/DH IMP interface 
ad ad (4) Data Translation A/D converter 
css css (4) DEC IMP- I IA Lii/DH IMP interface 
ct ct (4) phototypesetter interface 
dh dh (4) DH-11/DM-l l communications multiplexer 
dmc dmc (4) DEC DMC-11/DMR-11 point-to-point communications 

device 
dmf dmf (4) DMF-32, terminal multiplexer 
dn dn (4) DN-11 autocall unit interface 
dz dz ( 4) DZ-11 communications multiplexer 
ec ec (4) 3Com IO Mb/s Ethernet interface 
en en ( 4) Xerox 3 Mb/s Ethernet interface 
ft ft ( 4) console diskette interface 
hk hk (4) RK6-l l/RK06 and RK07 moving head disk 
hp hp (4) MASSBUS disk interface 
ht ht (4) TM-03/TE-16,TU-45,TU-77 MASSBUS magtape interface 
hy hy ( 4) Network Systems Hyperchannel interface 
ik ik (4) Ikonas frame buffer, graphics device interface 
il il ( 4) lnterlan I 0 Mb/s Ethernet interface 
imp imp (4) 1822 network interface 
kg kg (4) KL-11/DL-1 lW line clock 
mt mt ( 4) TM78/TU-78 MASS BUS magtape interface 
pcl pd ( 4) DEC CSS PCL-11 B Network Interface 
ps ps ( 4) Evans and Sutherland Picture System 2 graphics device 

interface 
rx rx ( 4) DEC RX02 diskette interface 
tm tm ( 4) TM-11/TE-I0 magtape interface 
ts ts ( 4) TS-11 magtape interface 
tu tu (4) /730 and VAX-11/750 TU58 console cassette interface 
uda uda (4) UDA-50 disk controller interface 
up up (4) unibus storage module controller/drives 
ut ut (4) UNIBUS TU45 tri-density tape drive interface 
uu uu (4) TlJ58/DECtape II UNIBUS cassette interface 
va va (4) Benson-Varian interface 
vp vp (4) Versatec interface 
vv vv (4) Proteon pro NET 10 Megabit ring 

2.12. Section 5: File Formats 

Man Page Name Section and Description 

tp tp ( 5) DEC/mag tape formats 
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vfont vfont 
vgrindefs vgrindefs 

2.13. Section 6: Games 

Man Page Name 

aardvark aardvark 
adventure adventure 
arithmetic arithmetic 
backgammon backgammon 
banner banner 
bed bed 
boggle boggle 
canfield canfield 
can field cf scores 
chess chess 
ching ching 
cribbage cribbage 
doctor doctor 
fish fish 
fortune fortune 
hangman hangman 
mille mille 
monop monop 
number number 
quiz quiz 
ram rain 
rogue rogue 
snake snake 
snake snscore 
trek trek 
worm worm 
worms worms 
wump wump 

2.14. Section 7: Miscellaneous 

NONE 

2.15. Section 8: System Maintenance 

Man Page Name 

arff 
arff 
badl44 
imp log 
implogd 
rxformat 

arff 
fl.copy 
badl44 
imp log 
implogd 
rxformat 

Software Description 

(5) font formats for the Benson-Varian or Versatec 
(5) vgrind's language definition data base 

Section and Description 

(6) yet another exploration game 
(6) an exploration game 
(6) provide drill in number facts 
(6) the game of backgammon 
(6) print large banner on printer 
(6) convert to antique media 
(6) the game of boggle 
(6) the solitaire card game Canfield 
(6) the solitaire card game Canfield 
(6) the game of chess 
(6) the book of changes and other cookies 
(6) the card game cribbage 
(6) interact with a psychoanalyst 
(6) play Go Fish 
(6) print a random, hopefully interesting, adage 
(6) computer version of the game hangman 
(6) play Mille Bournes 
(6) the game of Monopoly 
(6) convert Arabic numerals to English 
(6) test your knowledge 
(6) animated raindrops display 
(6) exploring the dungeons of doom 
(6) display chase game 
(6) display chase game 
(6) trekkie game 
(6) the growing worm game 
(6) animate worms on a display terminal 
(6) the game of hunt-the-wumpus 

Section and Description 

(8R) archiver and copier for diskette 
( 8) archiver and copier for diskette 
(8) read/write DEC standard 144 bad sector information 
(8C) IMP log interpreter 
(8C) IMP logger process 
( 8V) format diskettes 

261 15 Dec 1986 



4.2 for the IBM RT PC Software Description 

This page intentionally left blank. 

262 15 Dec 1986 



4.2 on the IBM RT PC Graphics Manual Pages 

Appendix B. Graphics Manual Pages for the 
IBM Academic Information Systems Experimental Display 

This section contains the manual pages for section 3G; they describe the display graphics subrou­
tines. You may want to file these manual pages in Volume I. 

• intro (3G) • line (3G) 

• circle (3G) • log (3G) 

• clip (3G) • merge (3G) 

• color (3G) • move (3G) 

• copy (3G) • query (3G) 

• cursor (3G) • read (3G) 

• dash (3G) • run (3G) 

• font (3G) • string (3G) 

• force (3G) • tile (3G) 

• image (3G) • width (3G) 

• init (3G) 
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NAME 
VI Circle - draw a circle 

SYNOPSIS 
VI_ Circle(radius) 

int radius; /* circle radius * / 
DESCRIPTION 

NOTE 

VI_ Circle draws a circle with the specified radius and the current point as its center. The current 
point is unchanged. 

VI_ Circle applies only to the IBM Academic Information Systems experimental display. The line 
attributes VI_Dash and Vl_Width do not apply to VI_ Circle. 

Nothing is drawn if the radius is less than or equal to zero. You cannot use concentric circles to 
do a solid area fill. 
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CLIP(3G) 

NAME 
VI_ Clip - set clipping window 

SYNOPSIS 
VI_ Clip(lx,ly ,hx,hy) 

int lx,ly; 
int hx,hy; 

DESCRIPTION 

/* top left corner of clipping area * / 
/* bottom right corner of clipping area * / 

CLIP(3G) 

VI_ Clip specifies that subsequent primitives drawn on the screen are to be clipped to the specified 
area. It is the user's responsibility to ensure the sensibility of the window definition. The clipping 
window is initially set to the whole screen. 

NOTE 
VI_Clip applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
query(3G) 
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COLOR(3G) 

NAME 
VI_ Color - change screen color 

SYNOPSIS 
VI_ Color( color) 

int color; 

DESCRIPTION 

/* new color, true for white * / 

COLOR(3G) 

VI_ Color sets the color of the screen to the specified value: 0 means that bits having the binary 
value "O" will be black on the screen; 1 means that bits having the binary value "l" will be black 
on the screen. If this value is different from the previous value, the screen will be inverted, so as 
to make the change transparent to the application. The screen color is initially white 1 's on black 
O's, color 0. 

NOTE 
VJ_ Color applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
query(3G) 
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NAME 
VI_ Copy - copy an area 

SYNOPSIS 
VI Copy(sx,sy ,tx,ty ,wd,ht,merge) 

- int sx,sy; /* source top-left * / 
int tx,ty; /* target top-left * / 
int wd,ht; /* rectangle dimensions * / 
int merge; /* merge mode * / 

DESCRIPTION 

NOTE 

V/_Copy duplicates the rectangle at sx,sy with the dimensions wd,ht to the point tx,ty. The copied 
bits are merged with the target area using the specified merge mode, not the merge mode set by 
merge(3G). See merge(3G) for a description of merge modes. 

Both the source and destination rectangles must be completely oil the screen. The current setting 
of the clipping window is ignored. 

VI_ Copy applies only to the IBM Academic Information Systems experimental display. 

VI_ Copy cannot copy an area onto itself with a mode change, e.g. for highlighting. A fast way to 
highlight is to use VI_Merge with XOR mode and VI_Tile. 

SEE ALSO 
merge (3G) 
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NAME 
VI_MDefnCur, VI_FDefnCur, VI_EnCur, VI_DisCur, VI_PosnCur - control the display cursor 

SYNOPSIS 
VI_MDefnCur(xoff,yoff,black,white) 

int xoff; /* x offset of cursor center * / 
int yoff; /* y offset of cursor center * / 
unsigned short *black; /* first byte of black mask * / 
unsigned short *white; /* first byte of white mask * / 

VI_ FDefnCur(filename) 
char *filename; 

VI_EnCur() 

Vl_DisCur() 

VI_PosnCur(x,y) 
int x,y; 

/* name of cursor definition file * / 

/* new cursor position * / 

DESCRIPTION 

NOTE 

These subroutines allow programs to control the display cursor by defining it, enabling and disa­
bling it, and changing its position. Disabling and reenabling the cursor do not affect its pattern or 
position. Because the display maintains the cursor separately from the display buffer, the cursor 
does not have to be removed when a graphics primitive intersects its position. Initially the cursor 
is transparent and disabled, and is positioned at the center of the screen. 

VI_MDcfnCur Sets the cursor as specified. xoff,yoff is the displacement of the cursor pattern 
from the current position of the cursor. For example, a value of (32,32) would 
center the cursor pattern around the current point. The cursor pattern itself is a 
64-by-64 bit image, with two planes. A 1 in the black plane indicates that that bit 
of the cursor should be black. A 1 in the white plane indicates that the cursor 
should be white in that position. If a bit has a 0 in both planes, the cursor is 
transparent in that position. If a bit is I in both planes, the cursor is white. The 
two planes are images in the same format as accepted by Mlmage, and must be 
64-by-64, or 512 bytes each. 

VI FDefnCur Sets the cursor to the definition in the specified file. The file has the format 
shown below; the fields are explained under M Def nCur. 
Offset (bytes) Description 

0 XOFF 
2 YOFF 
4 BLACK bit pattern 
516 WHITE bit pattern 

See the description of M DefnCur for a description of the fields. 

VI En Cur Enables the cursor and displays it if it is not already present. 

VI DisCur Disables the cursor and removes it from the screen if it is present. 

VI PosnCur Moves the cursor to the specified position. It cannot be moved off the screen. 

VI_ Cursor applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
image(3G) 
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NAME 
VI_ Dash - set line dash pattern 

SYNOPSIS 
VI _Dash( dash,dashlen) 

unsigned short dash; 
short dashlen; 

/* dash pattern * / 
/*dash pattern length */ 

DESCRIPTION 
If no dash pattern has been set, lines drawn with the Vl_RLine and VI_ALine subroutines 
described under line(3G) are solid lines of l's. If a pattern has been set, the bits of the pattern 
word are used in sequence whenever the vector generator would normally output a 1. Setting a 
pattern of Ox5555 produces a very acceptable dotted line. Other patterns may be used to vary the 
size of dashes in the line. The length of the pattern can range from 1 to 16 bits. The pattern bits 
should be left-justified. Setting the pattern length to 0 specifies a return to solid lines. The line 
dash pattern is initially set to solid l's. 

SEE ALSO 

NOTE 

line(3G), merge(3G), query(3G), width(3G) 

VI_ Dash applies only to the IBM Academic Information Systems experimental display. VI Dash 
does not support VI_ Circle. 
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NAME 
VI_Font, VI_GetFont, VI_DropFont - select and manipulate fonts 

SYNOPSIS 
VI_Font(fontid) 

int fontid; 

VI_ GetFont(name,fontid) 
char *name; 
short *fontid; 

VI_ DropF ont(fontid) 
int fontid; 

/*font ID */ 

/* font name * / 
/*font ID*/ 

/* ID of font to release * / 

DESCRIPTION 

NOTE 

Fonts are stored in files, which are loaded into the workstation memory when requested by appli­
cations using VI_ GetFont. Once a font is loaded, it is kept in memory until the program ends, 
unless explicitly dropped with Vl_DropFont. 

VI GetFont Loads the specified font into memory, if it is not already present. If the font is 
successfully loaded, the font ID is returned. Setting the current font to this ID 
with VI_Font causes subsequent strings to be displayed in the font. 

VI Font Selects the font with the specified font ID. Font IDs range from 0 to 255 and are 
returned by calls to VI_ GetFont. 

VI_DropFont Drops the specified font from memory. The application should not attempt to 
use the font ID again. If the font is required, a new font ID should be generated 
by a request to VI_ GetFont. 

VI_Font applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
string(3G) 

DIAGNOSTICS 
If VI GetFont returns a font ID of 0, either the font could not be found, or it did not fit in 
mem;ry. If the font did not fit in memory, a message will be sent to stderr. 
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FORCE(3G) 

NAME 
VI_ Force - force output of graphics orders 

SYNOPSIS 
VI_Force() 

DESCRIPTION 

FORCE(3G) 

Commands built with subroutines described in "Setting Graphics Parameters" and "Issuing 
Graphics Primitives'' in ''The C Subroutine Interface for the IBM Academic Information Systems 
Experimental Display" generally do not send their output to the screen immediately. Instead the 
output remains in a buffer until the buffer is full, when its output is sent to the screen. Use 
VI_ Force to force output in the current buffer to be transmitted before the buff er is full. 

NOTE 
VI_Force applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
init(3G) 
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NAME 
VI_ Mlmage, VI_ Flmage - draw an image 

SYNOPSIS 
VI_Mlmage(wd,ht,data) 

int wd,ht; 
unsigned short *data; 

VI_ Flmage(filename) 
char *filename; 

/* dimensions of image * / 
/* first byte of image * / 

/* file name of image to draw * / 

DESCRIPTION 

NOTE 

These functions draw an image from memory or from a file. The current point is unchanged. 
The image data should be in scanline order, from top to bottom, with each scanline padded to the 
next 16-bit word. For example, for a width of WD and height of HT, there should be 
2 * HT(WD + 15) / 16 bytes of image data. 

VI_Mlmage Draws an image of the specified dimensions whose top left comer is at the current 
point. data must be the first byte of an image large enough to fill the rectangle 
specified by wd and ht, or an addressing error may result. 

VI_Flmage Draws the image contained in the specified file, placing its top left comer at the 
current point. The image file must have the following format: 

Offset (bytes) 
0 
2 
4 

Description 
The width of the image 
The height of the image 
Image data 

VI_lmage applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
read(3G) 
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INIT(3G) 

NAME 
VI_ Init, VI_ Term - initialize and terminate the subroutine interface 

SYNOPSIS 
VI Init(wd,ht) 

short *wd, *ht; 

VI_Term() 

DESCRIPTION 

/* screen dimensions * / 

These functions initialize and terminate the subroutine intetface. 

INIT(3G) 

VI Init Initializes the display and returns the dimensions of the screen. The display currently 
has a width of 1024 bits and a height of 800 bits. VI_Init must be the first call. The 
top left point is (0,0); the bottom right point is (1023,799). 

FILES 

NOTE 

VI Term Completes processing, closes any log files, and forces transmission of the graphics 
buffer to the display. 

/dev/aed 
/usr/lib/aed/whim.aed 
/usr /lib/ aed/pcfont.fnt 

Vl_Init applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
force(3G), log(3G) 
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NAME 
intro - introduction to display graphics subroutines 

DESCRIPTION 
This section describes the subroutines that are part of the interface for the IBM Academic Infor­
mation Systems experimental display (herein after called "the experimental display"). The sub­
routines are graphics routines for controlling the experimental display in all-points addressable 
mode. 

The interface described in this section provides access to a set of functions designed to support a 
window manager, and is composed primarily of subroutines, as distinguished from functions. A 
typical subroutine uses parameters to receive input and return output. C passes parameters by 
value; to call a subroutine which returns information, you must supply an address for the return­
ing value as the parameter. 

Calls that supply an address for return in this package should usually supply the address of a short 
(16-bit) integer. Calls that pass integer values can usually get by with either short or int. See the 
individual routines. 

Many of the subroutines do return a value as a function would, generally for error return codes 
and special case handling. It is strongly recommended that applications monitor return codes to 
prevent bizarre events and possibly more severe errors. When linking, specify -laed to pick up the 
experimental-display library. 

All subroutines use screen coordinates with the origin in the upper left corner of the experimental 
display. 

LIST OF FlJNCTIONS 
Name Appears on Page 

VI ALine 
VI AMove 
VI Circle 
VI_Clip 
VI Color 
VI_ Copy 
VI Dash 
VI DisCur 
VI_DropFont 
VI EnCur 
VI PDefnCur 
VI_Fimage 
VI Font 
VI Force 
VI Fread 
VI GetFont 
VI lnit 
VI_Login 
VI_Logout 
VI MDefnCur 
VI_Merge 
VI_Mlmage 
VI MRead 
VI PosnCur 
VI_QClip 
VI_QColor 
VI_QDash 

line.3g 
move.3g 
circle.3g 
clip.3g 
color.3g 
copy.3g 
dash.3g 
cursor.3g 
font.3g 
cursor.3g 
cursor.3g 
image.3g 
font.3g 
force.3g 
read.3g 
font.3g 
init.3g 
log.3g 
log.3g 
cursor.3g 
merge.3 
image.3g 
read.3g 
cursor.3g 
query.3 
query.3g 
query.3g 
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Description 

draw a line to an absolute location 
move the current point to an absolute location 
draw a circle 
set clipping window 
change screen color 
copy an area 
set line dash pattern 
disable cursor 
release font 
enable cursor 
set cursor pattern from file 
draw an image from a file 
select font 
force output of graphics orders 
read experimental-display data into a file 
load a font into memory 
initialize the subroutine interface 
begin logging subroutine calls 
close a log file 
set cursor pattern from memory 
set merge mode 
draw an image from memory 
read experimental-display data into memory 
set cursor position 
query clipping rectangle 
query current color 
query dash pattern 
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INTR0(3G) 

FILES 

NOTE 

Vl_QFont 
VI_QMerge 
VI_QPoint 
VI_QWidth 
VI RLine 
VI RMove 
VI Run 
VI_String 
VI Term 
VI Tile 
VI Width 

query.3g 
query.3g 
query.3g 
query.3g 
line.3g 
move.3g 
run.3g 
string.3g 
init.3g 
tile.3g 
width.3g 

/usr/Jib/aed/whim.aed 
/usr/lib/aed/pcfont.fnt 
/usr/lib/libaed.a 
/usr/src/usr.lib/libaed/examples 
/dev/aed 

query font 
query merge mode 
query current point 
query line width 
draw a Jine to a relative location 
move the current point to a relative location 
process a log file 
draw a string 
terminate the subroutine interface 
tile a rectangle 
set line width 

INTR0(3G) 

These subroutines apply only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
"The C Subroutine Interface for the IBM Academic Information Systems Experimental Display" 
in Volume II, Supplementary Documents. 
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NAME 
VI_ALine, Vl_RLine - draw a line 

SYNOPSIS 
VI_ALlne(x,y) 

int x,y; 

VI_ RLine( dx,dy) 
int dx,dy; 

/* end point of line * / 

/* displacement to end point * / 
DESCRIPTION 

NOTE 

These functions draw a line to an absolute or a relative location. A line is normally of 1 's, and is 
merged with the window data according to the current merge mode. 

VI_ALine Draws a line from the current point to the specified point (the line's end point) 
according to the current values of the merge, width, and dash pattern parameters. The 
specified point becomes the current point. 

VI_ RLine Draws a line from the current point to the current point displaced by the specified 
values, according to the current values of the merge, width, and dash pattern parame­
ters. The current point is incremented by the displacement. 

VI_Line applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
clip(3G), dash(3G), merge(3G), width(3G) 
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NAME 
VI_ Login, VI_ Logout - begin logging subroutine calls and close a log file 

SYNOPSIS 
int VI_Login(filename) 

char *filename; /* file to log to * / 
int VI _IA>gout() 

DESCRIPTION 

NOTE 

These subroutines begin logging subroutine calls and close the log file. 

VI_Login Specifies that subsequent subroutine calls are to be echoed into the specified file. If 
a log file is already open, VI_Login closes it before opening the new file; VI_Login 
overwrites an existing file. All orders to the display are logged until a logout call 
(VI_ Logout) is issued. The log file may later be executed from within a program 
using VI_Run or on its own using aedrunner(l). It may also be examined with 
aedjournal( 1 ). 

VI_ Logout Closes the log file. 

VI_Log applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
aedjournal(I), aedrunner(l), init(3G), run(3G) 

"The C Subroutine Interface for the IBM Academic Information Systems Experimental Display" 
in Volume II. 

DIAGNOSTICS 
VI_Login returns a negative value if there is an error, and a nonnegative value if the call is suc­
cessful. 

VI_ Logout returns one of three values: 
Value Meaning 
0 Normal completion 
-1 Error in closing file 
-2 No file found to close 
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NAME 
VI_ Merge - set merge mode 

SYNOPSIS 
VI _Merge( merge) 

int merge; / * merge mode * / 
DESCRIPTION 

NOTE 

The merge mode is a number from 0 to 15 that specifies how the bits generated by primitives are 
to be combined with bits already on the screen, as shown in the following table: 

Merge Mode Meaning 

0 OFF 
l NOR 
2 NOT DATA AND SCREEN 
3 NOT DATA 
4 DATA AND NOT SCREEN 
5 NOT SCREEN 
6 XOR (NEQ) 
7 NAND 
8 AND 
9 EQ 

10 SCREEN (ignore) 
11 NOT DATA OR SCREEN 
12 DATA (replace) 
13 DATA OR NOT SCREEN 
14 OR 
15 ON 

The merge mode is initially set to 12, for replace mode. Data bits replace screen bits. The merge 
mode is simply an encoding of the logical function used to combine screen bits and data bits. 
Encoding the desired result of each of the combinations in the table below generates the merge 
mode that should be used to get that effect. For example, to or the data you are adding with the 
data already present on the screen, you would use a merge mode of 14: 

Data Bit 
Screen Bit 
Example: OR mode 

l l 0 0 
l 0 l 0 
1 1 1 0 = 14 

VI_Merge applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
circle(3G), color(3G), line(3G), query(3G) 
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NAME 
VI_AMove, VI_RMove - move the current point 

SYNOPSIS 
VI_AMove(x,y) 

int x,y; 

VI_ RMovc( dx,dy) 
int dx,dy; 

DESCRIPTION 

/*new point */ 

/* displacement from old point * / 

MOVE(3G) 

These functions move the current point; they do not change the screen. The current point is ini­
tially set to (0,0). 

VI AMove Moves the current point to the specified coordinates. 

VI_RMove Moves the current point by the specified displacement. 

NOTE 
VI_Move applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
query(3G) 
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NAME 
VI_QClip, VI_QColor, Vl_QDash, VI_QFont, VI_QMerge, VI_QPoint, VI_QWidth - query 
graphics parameters 

SYNOPSIS 
VI_ QClip(lx,ly ,hx,hy) 

short *Ix, *ly; 
short *hx, *hy; 

VI_ QColor( color) 
short *color; 

VI_ Q Dash( dash ,dashlen) 
unsigned short *dash; 
short *dashlen; 

/* top left corner of clipping area * / 
/* bottom right corner * / 

/* current color, true for white * / 

/* dash pattern * / 
/* length of dash pattern * / 

VI QFont(fontid,fontname) 
- short *fontid; /* current font ID * / 

char *fontname;/* current font name * / 

VI_ QMerge(merge) 
short *merge; 

VI_ QPoint(x,y) 
short *x,*y 

VI_ QWidth(width) 
short *width; 

/* current merge mode * / 

/* current point * / 

/* line width * / 

DESCRIPTION 

NOTE 

These subroutines return the current values of the graphics parameters. Each subroutine requires 
an address in which to store the value to be returned. All of these subroutines force transmission 
of graphics data in the current buff er. 

VI_ QClip Returns the the current clipping rectangle. 

VI_ QColor Returns the current color of the screen: 0 means that bits having the binary value 
"O" will be black on the screen; 1 means that bits having the binary value "l" will 
be black on the screen. 

VI_ Q Dash Returns the current line dash pattern in the format described for dash ( 3G). If 
dash/en is 0, the lines are currently solid. 

VI_ QFont Returns the ID and name of the current font. The font ID is 0 if no font has been 
set. The pointer fontname should point to a block of characters large enough to 
hold a file name along with a string-termination byte. If you know beforehand the 
size of your file name, you may allow only as many bytes as required. Be aware of 
the string-terminator byte; there must be room for it. 

VI_ QMerge Returns the current merge mode in the format described for merge(3G). 

VI_ QPoint Returns the location of the current point. This command is especially usefui after 
string(3G) has been issued, since character definitions can change the current point 
in unpredictable ways. 

VI_ QWidth Returns the current line width as a number between 1 and 16. 

VI_Query applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
clip(3G), color(3G), dash(3G), merge(3G), move(3G), string(3G), width(3G) 
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NAME 
VI_MRead, VI_FRead - read display data 

SYNOPSIS 
VI_MRead(x,y ,wd,ht,data) 

int x,y; 
int wd,ht; 
unsigned short *data; 

VI_FRead(x,y,wd,ht,filename) 
int x,y; 
int wd,ht; 
char *filename; 

/ * top left corner of area * / 
/* dimensions of area * / 
/* first byte of data * / 

/* top left corner of area * / 
/* dimensions of area * / 

/* name of file to place image in * / 

DESCRIPTION 

NOTE 

These functions read display data into memory or into a file. The area to be read must be com­
pletely on the screen. The current setting of the clipping window is ignored. 

VI MRead Reads the specified area of the screen into the array passed as data. Image bytes are 
in the same format as expected by Mlmage. If the screen color is white, the bits are 
inverted on readback to make the data read back independent of screen color. The 
area to be read must be completely on the screen. 

VI FRead Reads the specified area of the screen and places it in the specified file. The file has 
the same format as expected by Flmage. If the window color is white, data bits are 
inverted to make the data independent of the screen color. 

VI_Read applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
image(3G) 
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NAME 
VI_Run - process a log file 

SYNOPSIS 
int VI_Run(filename) 

char *filename; 

DESCRIPTION 

RUN(3G) 

/* log file name * / 

VI_Run executes the commands logged in the specified file; filename is the name of a log file that 
was created by VI_Login. Using VI_Run with a log file has the same effect as executing 
aedrunner( 1) from within a program, allowing a series of orders which require much calculation to 
be figured only once, logged, then quickly retrieved when needed. 

NOTE 
VI_Run applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
aedjoumal( 1 )1 aedrunner( 1 )j log(3G) 

DIAGNOSTICS 
VI_ Run returns 0 for normal completion, and -1 if it detects any kind of inconsistency or unex­
plained results in the file. 
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NAME 
VI_ String - draw a string 

SYNOPSIS 
VI_ String( s) 

char *s; 

DESCRIPTION 

/* string to draw * / 

STRING(3G) 

VI_String draws the specified string at the current point. Since a character definition is really a 
sequence of other graphics commands (usually VI_Mlmage and VI_RMove), the way in which 
characters are positioned, stepped, and drawn depends on the font definition. Character 
definitions typically modify the current point. 

NOTE 
VI_ String applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
font(3G) 

"Defining Fonts" in "The C Subroutine Interface for the IBM Academic Information Systems 
Experimental Display" 
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NAME 
VI Tile - tile a rectangle 

SYNOPSIS 
VI_ Tile(wd,ht,twd,tht,tile) 

int wd,ht; 
int twd,tht; 
unsigned short *tile; 

/* dimensions of rectangle * / 
/* dimensions of tile * / 
/* first byte of pattern * / 

DESCRIPTION 

NOTE 

VI_ Tile fills a rectangle of the specified dimensions with the specified pattern. The rectangle's top 
left comer will be at the current point. The tile pattern must follow the rules for images as 
explained in image(3G), and can be of any size. The tile pattern is aligned to multiples of twd 
and tht, not to the bounds of the tiled rectangle, so that rectangular subareas of larger figures can 
be tiled without regard to their bounds, and the tile patterns will match. The current point is 
unchanged. 

A full rectangle black or white fill can be most quickly drawn by requesting a one-by-one tile. 
Clearly, only all ON or all OFF may be drawn with this method, but any merge mode may be 
used. 

VI_Tile applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
image(3G) 
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NAME 
VI Width - set line width 

SYNOPSIS 
VI_ Width(width) 

int width; 

DESCRIPTION 

/* line width * / 

WIDTH(3G) 

VI_ Width specifies a value between 1 and 16 that is to be the line width. Line width is initially 
set to 1. 

NOTE 
VI_ Width applies only to the IBM Academic Information Systems experimental display. 

SEE ALSO 
line(3G), query(3G) 
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ABSTRACT 

This is a guide to the operation of the High C compiler as implemented for Academic Information 
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1. INTRODUCTION 

This is a guide to the operation of the High C compiler as implemented for Academic Information 
Systems 4.2 for the IBM RT PC (" 4.2/RT'). 

The Compiler generates relocatable object modules directly, in contrast to most UNIX C compilers, 
which generate assembly files. 

High C was designed to facilitate serious professional programming. It supports the draft ANSI 
Standard (ANSI document X3Jll/85-102, August, 1985) and a few extensions. 

C is a mixed-level systems language designed by Dennis Ritchie at AT&T's Bell Laboratories. It 
grew in popularity because of its use in implementing the UNIX operating system, its elegant (and 
deceptive) simplicity, and its close-to-the-machine features. As its popularity grew, many software 
developers have used it for real-world applications as well as systems software. 

Later implementations of C were extended to add enumeration types and a few other features. More 
recently many extensions have been proposed to make C a safer language while still being consistent 
with the philosophy of the original language. Today there is a core language being standardized by 
the American National Standards Institute (ANSI). 

High C includes what most likely will be ANSI Standard C and also provides extensions that were 
carefully designed to be consistent with the philosophy of C. Some of the best features of such other 
languages as Pascal, MetaWare's Professional Pascal, and Ada were incorporated as extensions. 
Incompatibilities were minimized by introducing a minimum of new key words and by retaining the 
original syntax. Yet the extensions are such that they will be flagged by any Standard-conforming 
compiler. 

Portability. Standard C programs can be compiled with an ANSI option that turns off the extensions 
and reduces the language to the Standard core. Alternatively, such programs can be gradually 
upgraded by not choosing the ANSI option and using more and more extensions. 

Safety, efficiency. While the close-to-the-machine features of C are available, High C supplies the 
new strong type-checking specified in ANSI C. In addition, the compiler provides many checking 
features usually available only in a separate "lint" program. Thus one gets both efficiency and 
reliability. It is an excellent language for both applications and systems programming. 

Other important features and extensions include: 

- three integer ranges and two floating-point precisions 

- many compiler controls and options, including one for strict ANSI Standard checking 

- nested functions complete with up-level references, as in Pascal 

- nested functions passable as parameters to other functions, as in Pascal 

- intrinsic functions, such as _abs, _min, _max, _fill_char, for efficiency 

- many optimizations, some of which are normally found only in mainframe compilers, including: 

common subexpression elimination 
retention and reuse of register contents 
dead-code elimination 
cross jumping (tail merging) 
jump-instruction size minimization 
constant folding 
numerous strength reductions 
automatic allocation of variables to registers 

This guide contains all system-specific information necessary for using the compiler effectively. 
Readers new to the product should scan the Table of Contents for an overview of the guide. Briefly, 
the next few chapters describe how to compile, link, and run, and how to use the compiler controls and 
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options. There follow chapters on machine specifics, such as storage mapping and run-time 
organization. Next are chapters on communicating with programs written in other languages, listings, 
cross-references, defaults and limits, and error messages. An extensive index provides for quick 
reference to all sections that discuss or significantly relate to each topic. 

This guide does not explain the High C language or its extensions. They are treated in the Meta Ware 
High C Language Reference Manual. Neither this guide nor the manual attempt to teach C 
programming; consult the manual for references to several C textbooks. 
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2. INVOKING THE COMPILER 

The he command invokes the High C compiler, which translates C programs into executable load 
modules or into relocatable binary object modules suitable for linking with ld. The syntax of the 
command is: 

he [options] ... files ... 

Any number of options and one or more files may be specified. Each option specified in the 
command applies to all the specified files for which it makes sense, except as noted below. 

Several types of arguments are allowed. An argument ending with ". c" is taken to be a C source 
module. It is compiled and an object module is produced with the same name as the source except 
with". o" substituted for". c". The". o" file is normally deleted after linking when a single-module 
C program is compiled and linked. 

An argument whose name ends with". s" is taken to be an assembly source module and is assembled, 
producing a". o" file. Any other file specification is assumed to be an object module or archive 
library to be linked via ld. 

All". o" files are placed in the current working directory. 

In general, ld is invoked if no compilation errors were detected and the -e option was not specified. 
The resultant load module is named "a. out" unless specified otherwise with the -o option (described 
below). Any argument beginning with a dash("-") is taken as an option specification. 

Example. The following command compiles the program in file sort. c, links it, and generates a 
load module named sort. 

he -o sort sort.c 

2.1. Invoking the C Macro Preprocessor 

The High C compiler has an integrated uinboard" macro preprocessor, documented in the High C 
Language Reference Manual. The preprocessor conforms to the proposed ANSI C Standard. 
However the "outboard" C macro preprocessor on most UNIX operating systems does not conform to 
the proposed Standard in some ways. 

Since many C programs written for UNIX operating systems depend on minor idiosyncrasies of the 
outboard C preprocessor, the -Hepp/-Hnoepp options are provided. The -Hepp option causes the 
outboard preprocessor to be invoked on the source file sending the output to a temporary file, which 
then serves as input to the compiler. -Hnoepp suppresses this action. The compiler is provided with 
the -Hepp option on by default. 

2.2. Command Options 

Below is a description of each compiler option. Any option that is not recognized by he is assumed to 
be a linker option and is passed on to ld. Options applicable only to High C are prefixed with an H. 

-Hansi 

-Hasm 

Causes the compiler to accept only those programs conforming to tl-ie proposed ANSI 
Standard C language. 
Note: Since the proposed ANSI Standard is under revision at the time of this writing, 
this option's primary function is to tum off the High C language extensions. 

Directs the compiler to produce an assembly listing of the generated code on standard 
output, by initializing the Asm toggle to On. The assembly listing is annotated with lines 
from the main source file but not with lines from any included files, for technical 
reasons. These lines appear as comments immediately preceding the corresponding 
assembly instructions. If the -s option (described below) is also specified, the generated 
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. s file is annotated with lines from the source file, and no listing is written on standard 
output. 

-Bstring Finds substitute compiler executables in the files named string with the suffixes "cpp" 

and "hccom". If no string is given, the default /usr/c/o is used, i.e. the default is 
/usr/c/ocpp and /usr/c/ohccom. 

-c Suppresses the invocation of lei, and forces an object file to be produced even if only 
one module is compiled. 

-Hepp Specifies that the outboard C macro preprocessor (/ 1 ib I cpp) is to be used, rather than 
the inboard preprocessor. -Hepp is the default. 

-Hnocpp Suppresses the use of the outboard C macro preprocessor in favor of the inboard 
preprocessor. See §2.1 for details. 

-Hdebug Directs the compiler to emit additional symbol table information for the debugger dbx. 

-Dname 
-Dname=def 

This option is synonymous with -g. 

Defines the name name to the preprocessor as if by "#define". Ifno def is given, the 
name is defined to be 1 (one). Note: There is no space between -D and name. 

-E Specifies that the outboard C macro preprocessor is to be invoked and no compilation 
done. The preprocessor output is sent to standard output (-E renders -Hnocpp 
irrelevant.) 

-f Specifies that single-precision arithmetic is to be used in computations involving only 
float numbers. That is, floating-point operations are not to be performed in double 
precision, which is the default. Note that float arguments to non-prototyped functions 
are still converted to double, -and functionTesults declared to return float are returned 
as double. Some programs run much faster with this option, but beware of loss of 
significance due to lower-precision intermediate computations. (Also see toggle 
Double_math_only in §4 COMPILER TOGGLES.) 

-g Directs the compiler to emit additional symbol table information for the debugger dbx. 
This option is synonymous with -Hdebug. 

-Idir Specifies an alternate directory to be searched to locate an include file. This option may 
be specified several times to indicate several directories to be searched. If a particular 
file is not located after searching the specified directories, one or more standard 
directories are searched. See §3 COMPILER PRAGMAS. Note: There is no space 
between -I and the directory name dir. 

-Hlines=n Causes a page eject to occur after every n lines written to standard output. The default 
of 60 is appropriate for most 6-lines-per-inch printers, which have a total of 66 lines per 
page. The setting of lines is intended to allow some blank· space at page boundaries. 
When using 8-lines-per-inch, typically there are' 88 lines per page, so -Hlinas should 
be set to 80 or 82. This option is used in conjunction with the -Hlist and -Hasm 

options. If n is o, no page ejects are emitted. 

-Hlist Causes the compiler to generate a source listing on standard output. It works by 
initializing the List toggle to on. See §4 COMPILER TOGGLES. 

-M Specifies that the outboard C macro preprocessor is to be invoked and Makefile 

dependencies are to be generated. The output is sent to standard output. No compilation 
occurs. 
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-mx Specifies a machine-dependent option. Currently available options are: 

-ma Specifies that the C library function alloca may be called from within the source 
file(s). alloca must extend the stack frame of alloca's caller and needs certain 
information about the size of the caller's stack frame. This option makes the 
information available in the caller's data area. If alloca is called from a function 
that was not compiled with the -ma option, an error diagnostic is generated at run­
time. 

-o output Is passed on to the ld command and names the final executable output file output. 
When this option is used, any existing a. out file is left undisturbed. Note: White 
space is required after the -o. 

-o Specifies that all optimizations supported by the compiler are to be performed on the 
generated code. This is the default unless -q is specified. Therefore, this option has 
meaning only when used in conjunction with -q. 

-Hon= toggle 
-Ho££= toggle 

Turns a toggle on or Off. See §4 COMPILER TOGGLES. 

-p Produces code that counts the number of times each function is called during execution. 
If ld is invoked, the profiling library I us r I lib I libc _p . a is searched in lieu of the 
standard C library I 1ib/1 ibc. a. Also replaces the standard start-up function with one 
that automatically calls monitor ( 3) at the start and writes out a men. out file. An 
execution profile can then be generated by use of prof ( 1 >. 

-pg Invokes a run-time recording mechanism as does -p, but keeps more extensive statistics 
and produces a gmon. out file. An execution profile can then be generated by use of 
gprof (1). 

-Hppo 
-Hppo=filename 

-R 

-s 

-Una me 

-v 

Specifies that the compiler is to invoke its inboard preprocessor only and send the results 
to "filename". If -Hppo alone is given, the preprocessor output is printed to the 
standard output No object module is generated, nor is ld invoked. "ppo" can be read 
"pre-process only" or "print preprocessor output". The preprocessor output is suitable 
for input to the compiler. 

With -Hppo, any Include pragmas are not processed, since -Bppo turns off all 
processing past the preprocessor, and a later phase of the compiler handles the Include 
pragma. 

Makes all initialized static variables shared and read-only. This option is implemented 
by the assembler and therefore requires the compiler to emit an assembly source file. As 
a consequence, the -Hasm option is ignored. 

Produces an assembly source file instead of an object file (for each source file). The 
assembly source is written into a file with the same name as the C source with ". c" 
replaced by". s". The file is always placed in the current working directory. No object 
file is written, nor is ld invoked. Note: Unlike other compilers for UNIX operating 
systems, the High C compiler normally generates an object module directly, without 
producing an assembly file. The -s option essentially directs the last phase of the 
compiler to produce assembly source as the object code is generated. If the -Hasm 

option is also specified, the " . s" file is annotated with interlisted source file lines. 

Removes any initial definition of macro name. See -D above. 

Causes the name of each subprocess to be printed as it begins to execute. {To get 
announcements of compiler-phase execution also, set -Hoff=Quiet.) 
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-w Causes all warning messages from the compiler to be suppressed. 

-H+w Issues ALL warnings. The default is to issue only warnings that pee would issue. This 
option comes highly recommended. 
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3. COMPILER PRAGMAS 

The High C compiler provides "pragmas" (the term comes from Ada) that direct compiler operations. 
Pragmas control the inclusion and listing of source text, the production of object code files, the 
generation of optional additional program and debugging information, and so on. 

3.1. Syntax of Pragmas 

Compiler pragmas take one of the following general forms: 

pragma <Pragma_name>; /* or */ 
pragma <Pragma_name>(<Pragma_parameters>); 

where <Pragma_parameters> is a list of constant expressions separated by commas. The number 
and types of the expressions are dependent upon the particular <P ragma _name>. A pragma can 
appear anywhere a statement or declaration can appear. See the High C Language Reference Manual 
for a specification of the precise placement of pragmas. 

<Pragma_name>S are case insensitive. 

3.2. Compiler Pragma Summaries 

The following pragmas are available: 

Purpose 

Toggles - see §4 COMPILER TOGGLES: 
On, Off ,Pop 

Turns On or Off, or reinstates a prior status of a compiler switch or "toggle". 

Externals - see §7 EXTERNALS: 
Alias Specifies the external name to be associated with a global identifier. 

Data Specifies the use of named blocks for data storage allocation. This is primarily 
intended for communicating with other languages. 

Including Source Files - see §3.3 below: 
Include Includes the source of another file in the compilation unit. 

c include ~onditional form of Include. 

R include Includes the source of another file in the compilation unit treating the path name as 
Relative to the directory of the file containing the pragma. This pragma has the same 
inclusion effect as the #include preprocessor directive. 

RC include ~onditional form of R _include. 

3.3. Include Pragmas: Including Source Files 

The #include preprocessor directive normally includes source text from an alternate file. The High 
C compiler supports pragmas with alternate search strategies for including files. This section 
describes the various strategies used to search for include files. 

Include pragmas are processed by the compiler itself, not the macro preprocessor. Thus, we 
recommend using the #include directive rather than the Include pragma. 

The Inc 1 u de pragma is used to include source from other files while the compilation unit is being 
compiled. The pragma operates slightly differently from the standard C #include directive. There 
are four forms of the Include pragma: 
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pragma Include(<File_name>); 
pragma C_include(<File_name>); 
pragma R_include(<File_name>); 
pragma RC include(<File_name>); 

where <Fi le_ name> is a string constant denoting the name of a file. Examples: 

pragma Include("a_lot"); 
pragma R_include("dclns"); 
pragma C_include ("math.h"); 

The Include pragma directs the compiler to include a file unconditionally. The c_include pragma 
causes the file to be included only if it has not been included before - "conditionally included". 
R _include has exactly the same effect as the standard C #include directive, i.e. it is a "relative 
include" (defined below). RC_include does a "conditional relative include". 

The term relative include refers to an include in which the file is first sought in the directory of the file 
where the include pragma appears. If the file is not found in that directory, then any directories 
specified in any -I command line options are searched in order of appearance. See §2 INVOKING 
THE COMPILER for a description of the -I option. If the file is still not found, then one or more 
standard directories are searched. 

A non-relative include refers to an include in which the current working directory is searched first 
irrespective of the location of the file in which the Include pragma appears. If the file is not found in 
that directory, then any directories specified in any -I command line options are searched in order of 
appearance. See §2 INVOKING THE COMPILER for a description of the -I option. If the file is still 
not found, then one or more standard directories are searched. 

A file name specification that begins with "f' is assumed to be an absolute file reference and no 
directories are searched. 

Preprocessor directive "#include "filename"" specifies a relative include. 

Directive "#include <filename>" specifies that only the -I and standard directories are searched. 

Warning. There should be nothing to the right of an Include pragma. After the Included file is 
processed, processing resumes on the line immediately following the one containing the Include 
pragma. In effect the rest of the line is a comment. 

Identity of file names. For the C_include and RC_include pragmas, file names, including path, 
are considered the same only if they are textually identical. Thus, the following two pragmas may 
cause two includes to occur: 

pragma C include( "strings.h"); 
pragma C_include("/usr/include/strings.h"); 

even though both includes may refer to the same file. 

Methodology. The primary use for conditional includes is to support modularity. 

Assume file "trees .h" is merely a collection of declarations defining the interface to a trees 
module. Suppose further that trees. h makes reference to a type Symbol in another module defined 
in "symbols.h". If a standard "#include "symbols.h"" were placed within trees.h, a 
duplicate declaration of Symbol would occur in any compilation unit that Included both trees. h 
and symbols.h. If, instead, a conditionai Include were used in both trees.hand in any 
compilation unit including symbols. h, at most one copy of symbols. h would be included. 

With conditional includes, each interface file F can conditionally include all other interface files that 
are necessary for the definition of the resources in F. Therefore any user of F can simply Include F 

and will automatically get other resources that are needed, without duplication. 
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4. COMPILER TOGGLES 

Pragmas can be used to turn On and Off various compiler switches or "toggles". In such cases, the 
pragma syntax is simply: 

pragma <Pragma_name>(<Pragma_parameter>); 

The <Pragma _name> is either On, Off, or Pop, and the single <Pragma_parameter> is the name 
of the toggle to be affected. All compiler toggles are described in sections below. 

on turns the toggle on; Off turns it off; and Pop reinstates it to a prior value. Toggles operate in a 
stack-like fashion, where each On or Off is a "push" of on or off, and a Pop "pops" the stack. The 
stack for each toggle is at least 16 elements deep, but no diagnostic is given if the stack overflows or 
underflows. Examples: 

pragma On (List); -- Turns on the source listing. 
pragma Off(Check_stack); Turns off the run-time 
pragma Off(List); stack overflow checks. 
pragma On (List); Turns on the source listing. 
pragma Pop{List); Back to off for the listing. 
pragma Pop{List); Back to on for the listing. 

Recall that toggles can also be initialized on the command line, with -Hon and -Hoff. See §2 
INVOKING THE COMPILER. 

The default values, names, and meanings of the compiler toggles are described below. 

Asm -- Default: Off 

When On, causes a (pseudo-) assembly listing to be generated, annotated with source code as 
assembly comments. If the Asm toggle is to be turned On and Off over sections of a module, the 
pragma should appear among executable statements rather than declarations for best results; 
otherwise, the point at which the pragma takes effect may not be obvious. 

Auto_reg_alloc -- Default: On 

When on, causes the compiler to automatically allocate auto variables to registers. The compiler 
weights variables used within loops more heavily than those not so used in making its decision 
which variables to allocate to registers; furthermore it will not allocate to registers variables that 
are used too infrequently. See §5 STORAGE MAPPING. 

Char_default_unsigned -- Default: On 

When On, causes type char to be unsigned by default. 

The ANSI Standard allows the type char by itself, i.e. without the adjectives unsigned or 
signed, to be either signed or unsigned. Of course, the types unsigned char and signed 
char can be used to explicitly control signedness. 

Double_math_only -- Default: On unless the -f option is specified. 

When on, causes floating-point operations to be performed in double precision. 

When two operands of certain arithmetic operations are both of type float, the ANSI Standard 
permits an implementation to do one of two things: perform the operation using float 
arithmetic, in which case the result of the operation is of type float, or convert both operands to 
type double and use double arithmetic, in which case the result of the operation is of type 
double. When toggle Double_math_only is turned Off, the first option is used. When it is 
turned On, the second is used instead. 
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Downshift file names -- Default: Off - -
When On, causes the file name specification of any subsequent Include pragma to be interpreted 
as if it were in all lower case. This toggle is useful when moving source code to a UNIX 
operating system from others in which file name casing is not significant. 

Emit line table -- Default: Off - -
When On, causes the compiler to add entries to the symbol table that associate source line 
numbers with object code addresses. Debuggers use this information to associate object code 
with source lines. 

The -g (-Hdebug) command line option turns this toggle On. 

Note: This toggle does not affect the size of the generated code, but it does add about eight bytes 
per statement to the object module's name list. 

Int_function_warnings -- Default: Off 

When off, suppresses the warning message normally generated when a function returning int 
has no "return exp rn;" statement within it, or a function returning int contains a "return;" 

within it. 

This is to remove frequent warnings for old C source that did not use the reserved word void to 
indicate a function returning no result, since such functions return int by default. 

List -- Default: Off 

When On, causes the compiler to produce a listing on standard output. It is typically given when 
starting the compilation but may appear in the source file to turn the listing on or Off around a 
particular section of source. 

Literals in code -- Default: On 

When On, causes lengthy literals in a program to be placed in the code-space rather than in the 
data space. 

Note: Not all C literals can be placed in code. A string literal is a writable data item and hence 
cannot be placed in code; for such a literal Literals in code has no effect. See 
Read_ only_ strings below. 

Make_externs_global -- Default: On 

When On, any local declaration of an object with storage class extern is made global if there is 
not already a global declaration of the object. Early C compilers improperly promoted an 
extern declaration within a function to the global scope. This toggle supports programs 
depending upon that "feature". 

Optimize_for_space -- Default: Off 

When On, causes the generation of more space-efficient but potentially less time-efficient code. 

Optimize_xjmp -- Default:On 

When On, enables the cross-jumping optimization. While an effective space-saving optimization 
that leaves execution time invariant, it slows the code generator a little and can produce code that 
is difficult to debug. See Appendix A CROSS-JUA1PING OPTIMIZ4.TIONS of d1is guide for 
more information on the specifics of this optimization. See also the Optimize_ xjmp _space 

toggle below. 

Optimize_xjmp_space -- Default: On 

When on, enables a cross-jumping optimization that saves space but always at the expense of 
time. This toggle takes effect only if Optimize_xjrnp is also On. This optimization slows the 
code generator a little and can produce code that is difficult to debug. See Appendix A CROSS-
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JUMPING OPTIMIZATIONS of this guide for more information on the specifics of this 
optimization. Soo also the Optimize_xjmp toggle above. 

Parm_warnings -- Default: On 

When on, causes the compiler to produce warnings whenever arguments are passed to a non­
prototype (old-style) function F do not match in type with the declared formal parameters of F. 
Frequently this inconsistency is a source of disastrous or difficult-to-find bugs. Example: 

double square(x) double x; {return x*x;} 
( ... ) 
printf("%d\n",square(3)); 

The call to square passes the integer 3, not the double 3. o, and the compiler issues a warning. 
The C language definition prohibits the compiler from casting 3 to a double before passing it. 

To eliminate the compiler warnings, turn Off the toggle Parm_warnings. We recommend, 
however, that the program text be repaired to eliminate the offending function calls rather than 
eliminating the potentially useful feedback from the compiler. 

PCC_mags -- Default: On 

When on, the diagnostic capabilities of the compiler are reduced to the pee level in that the 
following warnings are not emitted: 

Function called but not defined. 
Function return value never specified within function. 
This "return" should return a value of type ttt 

since the enclosing function returns this type. 
"=" used where "==" may have been intended. 
Only fields of type "unsigned int" or 

"unsigned long int" are supported. 
External function is never referenced. 
Declared type is never referenced. 

The next four messages are suppressed for global variables when PCC _ msgs is On: 

Variable is never used. 
Variable is referenced before it is set. 
Variable is referenced but is never set. 
Variable is set but is never referenced. 

When all warnings are enabled in High C, code must be "squeaky clean" to get through the 
compiler without a warning. Some users have code that was designed with a compiler that is not 
so demanding, and would prefer fewer prods from the compiler. Hence the PCC _msgs toggle is 
supplied. 

Pointers_eompatible -- Default: Off 

When On, allows pointers of any type to be compatible with each other. Although this is in 
violation of the ANSI Standard and High C specifications, many old C programs improperly 
assign pointers of different types to each other. This toggle allows such programs to be compiled 
without modification. 

Pointers_eompatible_with_ints -- Default: Off 

When on, allows pointers of any type to be compatible with ints. Although this is in violation of 
the ANSI Standard and High C specifications, many old C programs improperly assign pointers 
and ints back and forth. This toggle allows such programs to be compiled without modification. 

ANSI and High C disallow this dangerous practice because pointers are not necessarily the same 
size as ints on all machines. The programmer should ensure that intermixed pointer and int 
values have the same size; otherwise a pointer stored in an int may not be retrieved as expected 
later. 
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Print_ppo -- Default: Off 

When On, causes preprocessed input to be written to standard output. With this toggle, it is 
possible to print what the compiler proper receives over a local area of source code. A use would 
be to turn the toggle On prior to a complex macro invocation and Off after it, to verify that the 
macro expands as expected. Note: This toggle is ignored unless -Hnocpp is specified or is the 
default. 

Print_protos -- Default: Off 

When On, causes the compiler to write to standard output a new, prototype-style function header 
for each function definition. This toggle aids in the conversion of C programs to use the new 
ANSI prototype syntax derived from the C++ language. For example, for the function definition 

int f (x, y, z) int *x, z []; double ( *y) (); { ... } 

the compiler produces 

int f(int *x, double (*y) (), int *z); 

The old function header can then be replaced with the generated one. 

There are some minor pitfalls in having the compiler automatically generate prototype headers. 
One is illustrated above: array parameters, according to the semantics of C, are converted to 
pointer parameters. Second, en um types are converted to their representation type (one of the int 
types). Finally, the compiler does not distinguish the type specifier char from the signed- or 
unsigned-char that char alone stands for. This means that for High C, both char and 
unsigned char are printed as unsigned char. The enum and char problems can be avoided 
by using typedefs, and using a typedef name for the parameter's type. 

Print_reg_vars -- Default: Off 

When On, causes the compiler to write to standard output the mapping of variables to registers. 
This saves the programmer the trouble of looking at the generated code to discover such 
information. 

Public_var_warnings -- Default: On 

When off, suppresses the warning messages: 

Variable is never used. 
Variable is referenced before it is 
Variable is referenced but is never 

set. 
set. 

Variable is set but is never referenced. 

for all variables exported, i.e. non-automatic variables not declared static or extern. 

These warning messages occur only for such variables that are not declared within a #include-d 
file. If one adheres to the discipline that all imported variables are defined in included files, the 
message will not occur. 

Quiet -- Default: On 

When Off, causes each compilation phase to be announced in turn as the compilation progresses. 
(This toggle is not turned Off by -v.) 

Read_only_strings -- Default: Off 

When on, string literals are considered true literals. Identical string literals appear in the object 
code only once and the Literals_in_code toggle (see above) takes effect for string literals, 
causing them to be placed in code. 

C string literals are not true literals since they are writable data items. This means that they 
cannot normally be placed in code space. Furthermore, two identical C string literals must 
normally be duplicated in a program's object code, since one might be modified and the other not. 
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To avoid this, use Read_only strings and Literals in code. These two toggles cause C 
string literals to be placed in code. 

The -R option turns Read_ only_ strings On initially. 

Summarize -- Default: Off 

When on, causes the production of summaries of compilation activities. The summaries are 
produced at various stages of compilation. 

Warn -- Default: On 

When Off, causes warning messages to be suppressed. The -w option turns Warn Off initially. 
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5. STORAGE MAPPING 

5.1. Data Types in Storage 

The table below summarizes the size and alignment of various C data types, and whether a variable of 
the type can be allocated to a register. 

Data Type 
char 
short int 
int 
long int 
float 
double 
long double 
en um 
Pointer 
Full-functionl 
T[n] 
struct{ ... } 
union { ... } 

Size 
1 (bytes) 
2 
4 
4 
4 
8 
8 
See Note 3. 
4 
8 
n*sizeof (T} 
See Note 1. 
See Note 1. 

Alignment Allocable 
1 (bytes) Y 
2 y 
4 y 
4 y 
4 y 

4 y 
4 y 

See Note 3. 
4 y 
4 N 
Same as T N 
See Note 2. N 
See Note 2. N 

Note 1: The size of a struct is the sum of the sizes of its fields, including alignment padding 
between fields. It is padded so that its size is evenly divisible by its alignment. The size of a union is 
the size of the biggest field, padded so that its size is evenly divisible by its alignment. 

Note 2: A struct or union is aligned according to the requirements of the most stringent member. 

Note 3: An enum type is the same as char, short, int, or long int. The smallest of these 
types is chosen such that all values of the enum type can be represented. 

Bit fields. Only unsigned bit fields are supported. A bit field may not exceed 32 bits and is packed in 
each consecutive byte from left to right. A bit field must fit within a four-byte word that is aligned to 
a four-byte boundary. Padding is added where appropriate to make this true. 

A bit field of length zero causes alignment to occur at the next full-word boundary, i.e. where an int 
would be aligned. 

A bit field that is byte-aligned and one byte long is treated as if it were type unsigned char. One 
that is two-byte-aligned and one-to-two bytes long is treated as if it were an unsigned short. 
Finally, a three-to-four byte field is treated as an int. These treatments afford efficient access. 

5.2. Storage Classes 

Each static variable is placed in either the BSS section or the DATA section - the latter if it is 
initialized. 

Each global variable with no extern specifier that is not initialized is defined as a common block; if 
it is initialized, it is mapped into the DATA section and given the global attribute. Each extern 
variable is given the global and undefined attributes. 

Each auto variable is assigned either to a machine register or to storage in the routine's "stack 
frame". See §6 RUN-TIME ORGANIZATION. The compiler chooses which of the auto-classed 

1. A full-function value is a High C extension. It consists of a function address and a static link. See the High C Language 
Reference Manual for details. 
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variables to place in registers based upon the variable's type, frequency of reference, and whether or 
not the " & " operator is ever applied to it. 

Each register variable is treated as an auto variable except that it is given extra weight in 
assignment to a machine register. 

Be warned that use of library functions setjmp and longjmp can produce unpredictable results in the 
context of register variables. 
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6. RUN-TIME ORGANIZATION 

High C adheres to the standard linkage convention established by 4.2/RT2• This chapter presumes 
knowledge of the RT architecture and assembly language. Throughout this chapter the term "word" 
denotes a four-byte storage unit. 

6.1. Register Usage 

Certain registers, such as r 1, have specific uses throughout execution; others, such as r 15, are used 
during a function call and are free at other times. The following table defines register usage at the call 
interface. 

Saved 
Reg- over 
ister call Use 

rO no called-function data area pointer 
rl yes stack pointer (caller's frame pointer) 
r2 no argument word 1 and returned value 
r3 no argument word 2 and lower half of 

a returned double value 
r4 no argument word 3 
r5 no argument word 4 
r6-rl2 yes register variables, etc. 
rl3 yes frame pointer 
rl4 yes data area pointer 
rl5 no return address 
mq no multiply/divide register 

In addition, floating-point registers 0, 1, and 6 are not saved over a call; registers 2-5 are preserved. 

6.2. The Data Area 

Each C function has an "entry point" and a "data area". Both must be referenced at the point of a call. 

The entry point is where the code of the function begins. The data area (also called a "constant pool", 
which is a misnomer,) contains strings, function addresses, and other literals. 

A function foo normally has an entry point named_. foo and a data area named_ foo. 

The call instruction sequence sets ro to the address of the called-function's data area. The first word 
in the data area is the entry point of the called function. The word following supports the code 
profiling option (-p), and if present must be initialized to zero; the third word, also optional, supports 
"alloca" storage allocation. 

In the function prologue code, r o is copied to r 14; thus, r 14 is used to address the associated data 
area from within a function. 

The data area is placed in the DATA section so that rl4 may be used as a base for referencing local 
static variables. Static variables are usually mapped before the various data areas; therefore, static 
variable references employ negative offsets from r 14. 

When a pointer to a function is assigned the "value" of a function, it is actually assigned the address of 
the function's data area. The first word of the data area always contains the entry point, i.e. the 
address of the first instruction of the function. 

2. Portions of this chapter copyright International Business Machines Corporation, 1986. Excerpts by permission, from the 
manual Academic Information Systems 4.2 for the IBM RT. More information may be found in "4.2/RT Linkage 
Convention" in Part II, Supplemental)' Docwnents. 
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6.3. Stack Frame Layout 

The stack holds frames for currently active functions. It is word-aligned and grows downward. rl, 
the "stack pointer", indicates the low address of the stack frame of the currently executing function. 

A stack frame is divided into the following areas, highest address first: 

a) space for incoming argument list (4 words) 
b) linkage area ( 4 words; reserved) 
c) static link (1 word) 
d) general register save area (16 words maximum) 
e) floating-point register save area (8 words maximum) 
t) local variables and temporary storage 
g) words 5 through n of out-going argument lists 

The static link applies to a function that is nested within another function; it is the address of the 
enclosing function's stack frame. (Nested function definitions, as in Pascal, are a High C extension to 
Standard C.) The static link is used to do "up-level addressing", i.e. referencing local variables of 
containing functions. While executing level-one functions, the static link field is uninitialized. 

The caller's return address (rl5) is saved at a fixed offset of 10 words below the top of the stack 
frame, at the top of the general register save area. 

The floating-point register save area holds up to 4 double-word registers ending with register 5. It is 
empty if no such registers need preserving. 

The compiler uses rl3 to reference the top of the stack frame. Since it is more efficient to access 
variables with small positive displacements, the compiler often biases the value of r 13 to improve the 
code for local variable accesses - see §6.7 Prologue below for more information. 

6.4. Argument Passing 

Arguments are word-aligned and allocated to consecutive words on the stack. The list lies across 
frame boundaries: words 1-4 are allocated in the top of the callee's frame, and the remainder are in 
the bottom of the caller's frame, which is adjacent. In a call, words 1-4 are actually passed in registers 
r2-r5. 

Arguments are passed as follows, based on argument type: 

- An int is passed in a single word. 

- A long, short, pointer, or char is treated as an int and passed in a word. 

- A double is passed in two consecutive words. 

- A float is converted to double and passed in two consecutive words, unless it is being passed 
to a prototyped function that was declared to receive a float, in which case it is passed in a 
word. 

- A structure is aligned to a word and left justified, except for a structure of 1, 2, or 3 bytes, which 
is right justified. 

- A pointer to a function is passed as a pointer to the function's data area. 

- A full-function value3 is passed as two words. The first contains the address of the data area; the 
second contains the static link. 

If a function is declared as returning a structure, the caller passes the address of a result area in r2. 
The first word of the explicit argument list is passed in r 3. Subsequent arguments are shifted 
accordingly. 

3. A full-function value is a High C extension. It consists of a function address and a static link. See the High C Language 
Reference Manual for details. 
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6.5. Function Results 

A result is returned from a function in one of three ways, depending on the function's return type: 

- An int, long, short, pointer or char is returned in r2. 

- A double is returned in r 2 and r 3. 

- Afloat is widened and returned as a double. 

- A structure result or full-function value is returned by moving it into the area pointed to by the 
first word in the argument list (in r2 on entry). 

6.6. Calling Sequences 

A call of a known function foo first prepares the argument list, then executes the following: 

balix r15, .foo # Call. 
1 rO,$.long(_foo) # Get its data area 

# pointer, r14 relative. 

If the function being called is nested within another function (High C, not plain C), the caller stores 
the static link, i.e. the frame pointer of the enclosing function, into -3 6 ( r 1 ) before executing the 
balix. 

Note that the address of the data area of the function being called is in the data area of the caller and is 
referenced off of r 14. 

A call to a function via a function pointer is done as follows. Recall that a function pointer addresses 
the function's data area. If the pointer is in r 8, typical code is: 

ls rt,O(r8) # Get address of entry point. 
balrx r15,rt # Call. 
mr r0,r8 # Load rO with data area address. 

6.7. Prologue 

Prologue code saves the caller's registers, establishes the frame pointer ( r 13 ) , and obtains stack 
space for the stack frame. Typical code is: 

.foo: stm rn,-76+(n-6)*4(rl)# Save caller's 
# registers. 

mr r14,r0 # Set up addressability 
# to data area. 

mr r13,rl # Set up frame pointer. 
cal rl, frame_ size(rl) # Allocate stack frame. 

Here n ( 6::;n::;13) is the register number of the first general register to be saved, and frame_ size is 
the size of the stack frame (word-aligned) including the space required for the caller's save area. 
Other instruction sequences are needed for frame sizes larger than 32,767 bytes. 

If floating-point registers need saving, the following code is inserted before the allocation of the stack 
frame: 

cal rl2, -fsave (rl} # Load r12 with address 
# of save area. 

bali r15,fpstmn # Call routine to 
# save registers n-5. 

where fsave is the offset of the floating-point register save area that resides immediately below the 
general register save area. n ( 2::;n::;s) is the first of the floating-point registers 2 through 5 needing 
to be saved. 

Because the fpstmn functions modify general registers rlO and rll, the registers must be saved by 
the previous stm instruction. 
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As noted earlier, rl 3 may be biased by some negative amount so as to improve code references to 
stack frame variables. For example, "mr r 13, r l" may be replaced with "cal r 13 , -8 o { r 1) ". 

6.8. Epilogue 

The epilogue restores the caller's environment and returns control. Typical code is: 

mr rl,rl3 # Restore stack pointer. 
lm rn,-76+(n-6) (rl) # Restore general reg. 
br rl5 # Return to caller. 

where n is the same value as in the stm instruction of the corresponding prologue. 

If floating-point registers are involved, these instructions appear before the lm instruction: 

cal rl2,fsave(rl) #Load rl2 with address 
# if save area. 

bali rl5,fplmn # Restore floating 
# registers n thru 5. 

6.9. Assembler Issues 

Temporarily, all modules linked by ld must have the global symbol . oVncs defined as an absolute 
with value o. This distinguishes modules using an earlier linkage convention that is now obsolete. 
From assembly language, the symbol can be defined via: 

.globl .oVncs 

.set .oVncs,O 
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7. EXTERNALS 

The names of variables and functions that are communicated across module boundaries are normally 
made global in the resultant object module. In large programs there may be hundreds or even 
thousands of such names, so name conflicts are likely to occur. 

Unfortunately neither C nor most linkers provide for a structured name space - for named packages 
of resources, for example. Thus the well-chosen "internal" names in a program may not also be 
usable as "external" names (those known to the linker) as they should be. Thus some method of 
aliasing internal names to externals is needed, and High C provides it. 

It is important to be able to alias such names to avoid conflicts in the linker's external symbol 
dictionary, rather than being forced to pervert the internal names themselves. It is the internal names 
that are most important to be well-chosen "containers of meaning", for program maintainability.4 

7.1. The Alias Pragma 

This pragma specifies, for a specific internal name, another name for external or public purposes. It is 
the alternate name that appears in the object module. The form of the Alias pragma is as follows: 

pragma Alias(<Internal_name>,<External_name>); 

where <Internal_ name> is the function or variable identifier being aliased and <External_ name> 

is a constant string expression whose value denotes the alternate or external name. 

The Alias pragma must appear in the scope of the declaration of the internal name. Example: 

void Initialize(); 

pragma Alias (Initialize, "x_initialize"); 
/* The function Initialize is referenced in the */ 
/* object-module name list as "x initialize". */ 

int A; 
pragma Alias(A,"A"); 
/* "A" is referenced in the name list as "A" */ 

/* instead of " A". */ 

7.2. Data Segmentation: the Data Pragma 

Audience. This section may be skipped unless there is an interest in either (a) communicating with 
programs written in Professional Pascal or (b) using a data communication convention different from 
that of standard C. 

Communication between separately-compiled modules is achieved by using the extern storage 
class in C. Multiple defining declarations of a variable x are allowed, as long as at most one of them 
initializes x (thus the extern storage class is not required). 

The Data pragma provides an alternative method of sharing data, using named blocks. Its general 
usage is illustrated by: 

pragma Data(class,"blockname"); 
int X , Y, Z : • • • ; 

/* Other normal C declarations may appear here. */ 
pragma Data; 

/* "Turns off" the prior Data pragma. */ 

4. The external names are also important in that respect, but we believe that the proper solution is a "module interconnection 
language" and associated linker with a structured dictionary to match the overall structure of the program. 
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where class is one of Common, Import, or Export, and "bloclrname" is a constant string 
expression. The ending Data pragma has no parameters. 

Only the given block name is made known to the linker as a global symbol: each variable is 
addressed at a fixed offset within the block. When the Import class is specified, the symbol is given 
the undefined global attributes and a value of o; when Export, the symbol is defined in the module's 
BSS or DATA segment and given the global attribute. When Common, the symbol is flagged as a 
named common block, i.e. given the undefined global attributes and a value that is equal to its length. 

Scope. Each Data pragma must be terminated or "turned off' as illustrated above in the same scope 
in which it is turned on. The storage class specification applies only to variable declarations between 
the specification and its termination, not to any variable declared within embedded function 
definitions (a High C extension). That is, variables declared at lower levels - local to surrounded 
(nested) function declarations - are not affected: at a function declaration, any active Data pragma 
temporarily becomes inactive and the default applies through the end of the function. 

A compile-time warning is issued if a Data pragma is specified when a prior Data pragma is still 
active (in which case the subsequent pragma applies), or if a Data pragma is active at the end of a 
function declaration or at the end of a compilation unit. Thus Data pragmas cannot be nested within a 
single function, though they can be nested if they apply to the local variables of distinct functions. 

Example: 

pragma Data(Common,"BLOCK"); 
int Tables are loaded: Boolean; 
atruct { ... }Tables; 
pragma Data; 

Here, the names, Tables and Tables_are_loaded, are mapped at consecutive displacements 
(subject to boundary alignment) within the common block "BLOCK". 
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8. ASSEMBLY LANGUAGE COMMUNICATION 

8.1. Assembly Routines 

The Sections Prologue and Epilogue in §6 RUN-TIME ORGANIZATION describe the code that an 
assembly routine must execute in order to be callable from C. In short, an assembly routine should be 
coded according to the following guidelines. Symbols in italics are to be filled in appropriately . 

. text 

.globl .name 

.globl name 
.name: stm rn,-76+(n-6}*4(rl} 

mr rl4, rO 
mr r13,rl 
cal rl,frame_ size(rl} 

# The body of the routine goes here. 
mr rl,r13 
lm rn,-76+(n-6}*4(rl) 
lr rlS 
.align 2 

name: 
.long .name 

where name is the function's name as referenced from C; n (6~n~13) is the register number of the 
first general register to be saved; frame_ size is the size of the stack frame (word-aligned) including 
the space required for the caller's save area. 

For a description of how arguments are passed and how function results are returned, see §6 RUN­
TIME ORGANIZATION. 

8.2. Function Naming Conventions 

An identifier that is global, i.e. accessible across module boundaries, must have information provided 
to the linker that associates its name with its address. This is done by placing a corresponding name in 
the name list of the object module and giving it the "global" attribute. 

There are two names associated with every function: one referencing the entry point and one 
referencing the associated data area. The name that references the data area of a C function f oo is 
_ f oo; the entry point is referenced by_. f oo. 
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8.3. Examples: Calling Assembly from C 

Example#l: 

High C: 

extern void and(int *dest, int *src, int lenj; 
void main() 

{ 

int a[256],b[256]; 

and(a,b,256); 

Assembly: 

and: 
.and: 

L: 

exit: 

.text 

.glob! and 

.glob! .and 

.align 2 

.long .and 

stm rl3,-48(rl) 
mr rl4,r0 
mr rl3,rl 
cal rl,-48(rl) 
cis r4,0 
jle exit 
ls r0,0(r2) 
ls r5,0(r3) 
n r0,r5 
sis r4,l 
b:x: L 
sts r0,0(r2) 
mr rl,rl3 
lm rl3,-48(rl) 
br rl5 

High C Programmer's Guide 

Since the assembly routine does not modify non-volatile registers and has a zero-length stack frame 
(except for the caller's save area), it can be optimized to the following: 

.text 

.glob! and 

.glob! .and 

.align 2 
and: .long .and 
.and: 

L: cis r4,0 
bler rl5 
ls r0,0(r2) 
ls r5,0(r3) 
n r0,r5 
sis r4,l 
b:x: L 
sts r0,0(r2) 

However, if an exception should occur in the optimized routine, e.g. an invalid address passed in, the 
debugger may be hampered in identifying the context. 
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Example#2: 

High C: 

extern char peek(char *adr); 
void main() { 

char b; 

b = peek(Ox8000); 

Assembly: 

_peek: 
.peek: 

.text 

.globl 

.globl 

.align 

.long 
le 
br 

_peek 
.peek 

2 
.peek 

r2,0(r2) 
r15 

8.4. Example: Calling C from Assembly 

# Return the byte. 

To call a C function f oo from assembly language, first store the arguments in r2 through r 5 (and on 
the stack at o off of rl if applicable) and then execute the following two instructions. 

balix r15,_.foo 
1 r0,x(r14) 

where x ( r 14 > references a memory location containing the address of_ foo. 

Example: 

High C: 

void write string(char *s) 

printf("%s\n",s); 
} 

Assembly: 
.text 
.globl 
.globl 

name: .long 
.long 

.name: stm 
mr 

_write_string 
.write_string 
.name 

_write_string 
r13,-48(rl) 

mr 
r13,rl 
r14,r0 # Set up reference 

# to data area. 
get 
balix 
1 

r2,msg 
r15,_.write_string 
r0,4(r14) 

msg: . asciz "This is a message." 

8.5. Data Communication 

+ 4 

A global variable "x" appears in the name list as "_x", unless specified otherwise with an Alias 

pragma - see §7 EXTERNALS. 
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§5 STORAGE MAPPING explains how the various C data types are mapped into storage. Note that 
uninitialized global variables without the extern qualifier are actually defined as individual common 
blocks. The following examples illustrate the sharing of variables across C and assembly modules: 

High C: 

int alpha,beta; 
char hextable[J = "0123456789ABCDEF"; 
extern char *names[]; /*A read-only table of names.*/ 
extern short status; 

Assembly: 
.comm alpha,4 
.comm beta,4 -
.globl hextable # Imported from c . 
. text 
.globl names # Read-only; 

names: .long LOl # in text segment. 
.long L02 
.long L03 
.long 0 

LOl: .asciz "alfred" 
L02: .asciz "bonny" 
L03: .asciz "char lie" 

.data 

.globl status 
status: 

.short 0 

High C provides the ability to map more than one variable into a named block, e.g. a common block 
as in FOR1RAN. This facility is provided by the Data pragma and is documented in §7 
EXTERNALS. The following illustrates how such a common block may be accessed from assembly 
language. 

C Common Block Definition: 

pragma Data(Common,"BLOCK_NAME"); 
int a,b; 
char c,d; 
short e; 
pragma Data; 

Assembly Language Equivalent: 

.comm BLOCK _NAME,12 

.set a,O 

.set b, 4 

.set c,8 

.set d,9 

.set e,10 

Usage: 
get r2,BLOCK_NAME 
l r3,a(r2) # Load 
l r4,b(r2) # Load 
le r5,c(r2) # Load 

value of a. 
value of b. 
value of c, etc. 

Note that variables a, b, c, d, and e are not global; that is, they do not appear in the name list with 
the "global" attribute. The only name that appears in the name list is BLOCK_ NAME. 
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9. LISTINGS 

9.1. Pragmas Page, Skip, Title 

To cause n page ejects at some point in the listing, insert: 

pragma Page(n); /*where n is the number of ejects. */ 

To cause n lines to be blank at some point in the listing, insert: 

pragma Skip(n); /*where n is the number of blanks. */ 

To cause a title T to appear at the top of each successive page, place the following pragma in the 
source: 

pragma Title(T); /*where Tis a string constant. */ 

Each successive Title pragma changes the title for the next pages; therefore the title does not appear 
on the first page. 

9.2. Format of Listings 

Ruler. The first line after any header and title lines on each page is a "ruler" that defines three fields 
for each line. The fields are for: (1) three level numbers, (2) the line number, and (3) the line 
contents. The ruler is as follows: 

Levels LINE#l----+----1----+----2----+----3----+----4----+----5---

LeveJ-numberS can be used to find a missing } or comment terminator when a message such as 
"unexpected end-of-file." is produced by the compiler. All three level-numbers are initially 
zero, but they are printed as blank rather than "o". 

The first level-number indicates the scope nesting level for struct or union declarations. 

The second level-number indicates the statement nesting level. It is incremented at the beginning of 
each { and is decremented at the corresponding } . 

The third level-number indicates the structure initialization nesting level. It is incremented at the 
beginning of each { and decremented at the corresponding } . 

Include files. A first-level Include file named File_name is indicated as starting after a line 
containing "+ (File_name" in the line number field, and ending just before a matching 
"+>File_ name" line. The included lines have"+" in the leftmost column of the line-number field, 
and those lines are numbered independently of the main source file. 

An Included file inside an Include file has an extra"+" on each of its lines for each level of 
inclusion, except that line numbers take precedence over "+"sin the line-number field if and when the 
"+''s would otherwise intrude into the field. 

The listing facility should be used in conjunction with the -Hnocpp option. Otherwise the output of 
the outboard C preprocessor will be listed; each Include file specified with the #include 
preprocessor statement is back substituted with no indication on the listing. 

Example. Since a picture is worth a thousand words, a sample program listing appears on the next 
two pages, enhanced with boldface reserved words and followed by the optional assembly listing 
requested by -Hasm on the following compile command line: 

he queens.c -Hlist -Hasm -Hnocpp 
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MetaWare High C Compiler 1.3 07-Jul-86 17:13:14 
Copyrig~t (C) ~983-86 MetaWare Incorporated. 

queens.c Page 1 

Target: 
Levels 

1 
1 
2 
2 
3 
3 
3 
3 
3 
4 
4 
5 
5 
5 
5 
4 
3 
3 
2 
1 
1 

4.2/RT 
LINE # 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

(Code generator 1.3) 
l----+----l----+----2----+----3----+----4----+----5----+ 
II* From Wirth's Alqorithms+Data Structures= Programs.*/ 
I/* This program is suitable for a code-generation */ 
I/* benchmark, especially given common sub-expressions*/ 
!/* in array indexing. See the Programmer's Guide for*/ 
I/* how to get a machine code interlisting. */ 
I 
lpragma Title("Eight Queens problem."); 
I 
typedef enum {False,True} Boolean; 
typedef int Integer; 

#define Asub(I) A[ (I)-1] I* C's restriction that array*/ 
#define Bsub(I) B [(I) -2] /* indices start at zero *I 
#define Csub (I) C [(I) +7] I* prompts definition of *I 
#define Xsub(I) X [(I) -1] I* macros to do subscripting.*/ 

/* Pascal equivalents: 
static Boolean A[ 8 J; /* A:array[ 1.. 8) 
static Boolean B[lS]; /* B:array[ 2 .. 16] 
static Boolean c [15]; I* C:array[-7 .. 7] 
static Integer X[ 8]; I* X:array[ 

void Try(Integer I, Boolean *Q) { 
Integer J = O; 
do { 

J++; *Q = False; 

1.. 8] 

of Boolean 
of Boolean 
of Boolean 
of Integer 

if (Asub(J) && Bsub(I+J) && Csub(I-J)) { 
Xsub(I) = J; 
Asub(J) =False; 
Bsub(I+J) = False; 
Csub(I-J) =False; 
if (I < 8) { 

Try(I+l,Q); 
if ( !*Q) { 

Asub(J) = True; 
Bsub(I+J) True; 
Csub(I-J) = True; 
} 

else *Q 

} 
True; 

while ( ! (*Q I I J==8)); 
} 

lpragma Page(l); /*Page eject requested. */ 

C-28 

*/ 
*/ 
*I 
*I 
*/ 
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Eight Queens problem. 
Levels LINE i l----+----1----+----2----+----3----+----4----+----5----+ 

45 !void main () { 

1 46 I Integer I; Boolean Q; 
1 47 I printf("%s\n","go"); 
1 48 I for (I 1; I <= 8; Asub (I++) True); 
1 49 I for (I = 2; I <= 16; Bsub (I++) True); 
1 50 I for (I = -7; I <= 7· Csub(I++) True); , 
1 51 I Try (1, &Q); 
1 52 lpragma Skip(3); /* Skip 3 lines. */ 

1 53 if (Q) 
1 54 for (I = 1; I <= 8;) { 

2 55 printf("%4d",Xsub(I++)); 
2 56 } 

1 57 printf("\n"); 
1 58 } 
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Eight Quee~s problem. 
Addr Object Source Program and Assembly Listing 

.glob! .oVncs 

0000 
0000 

0001 
0008 

0009 
0018 

0019 
0028 

0000 
0000 

0000 
0004 
0006 
0008 
oooc 
DODE 

0010 

0012 
0012 
0014 
0016 

0018 
OOlC 
OOlE 
0022 
0024 
0026 
0028 
002A 

.set 

.glob! 

.glob! 

.oVncs,O 
_printf 

.printf 
#/*From Wirth's Algoritr-~s+Data Stri~ctures = Progra.~s */ 
#/* This program is suitable for a code-generation */ 
#/* benchmark, especially given common sub-expressions */ 
#/* in array indexing. See the Programmer's Guide for*/ 
#/* how to get a machine code interlisting. 
#pragma Title("Eight Queens problem."); 

*/ 

#typedef enum {False,True} Boolean; 
#typedef int Integer; 
##define Asub(I) A[(I)-1] 
##define Bsub(I) B[(I)-2] 
##define Csub(I) C[(I)+7] 
##define Xsub(I) X[(I)-1] 
# 

/* 
/* 
I* 
/* 
/* 

C's restriction that array*/ 
indices start at zero */ 
prompts definition of */ 
macros to do subscripting.*/ 
Pascal equivalents: */ 

00 

00 

00 

00 

D961 FFB4 
6EOO 
6010 
C811 FFB4 
6C20 
6B30 

A4AO 

90Al 
A490 
109B 

C82E FFA8 
682A 
CE38 FFFF 
B439 
0A2D 
63AC 
6723 
4637 

#static Boolean 
.data 

LOO DATA: 
.byte 
.set 

#static Boolean 
.space 
.byte 
.set 

#static Boolean 
.space 
.byte 
.set 

#static Integer 
.space 
.byte 
.set 

A[ 8]; /* A:array[ 1 .. 8] of Boolean*/ 

0 

_A,LOO DATA+O 
B[15]; /* B:array[ 2 .. 16] of Boolean*/ 
7 
0 
_B,LOO DATA+8 
C[15]; /* C:array[-7 .. 7] of Boolean*/ 
15 
0 

_C,LOO DATA+24 
X[ 8]; /* X:array[ 1.. 8] of Integer*/ 
15 
0 

_X,LOO DATA+40 
#void Try(Integer I, Boolean *Q) 

.text 

.align 1 
LOOO: 

.glob! .Try 
.Try: 

stm r6,-76(rl) 
mr r14,r0 
mr r13,rl 
cal rl,-76(rl) 
mr r12,r2 
mr rll,r3 

# Integer J O; 
lis rlO,O 

# do { 

# J++; *Q = False; 
1012: 

ais rl0,1 
lis r9,0 
st cs r9,0(rll) 

# if (Asub (J) && Bsub (I+J) && Csub (I-J)) { 

cal r2,-88(r14) 
cas r8,r2,r10 
le r3,-l(r8) 
c r3,r9 
je L07E 
cas r3,r10,r12 
cas r7,r2,r3 
lcs r3,6(r7) 
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Addr Object 
002C B439 
002E OA28 
0030 63CO 
0032 E23A 
0034 6623 
0036 CE36 OOlF 
003A B439 
003C OA21 

003E 63CO 
0040 AA32 
0042 El23 
0044 39A2 

0046 DE98 FFFF 

004A 1697 

004C 94C8 

004E 89900016 
0052 DE96 OOlF 

0056 62CO 
0058 9021 
005A 63BO 
005C 8DFFFFD2 
0060 C80E 0000 

0064 402B 
0066 B429 
0068 020B 

006A A491 
006C DE98 FFFF 

0070 1697 

0072 89800006 
0076 DE96 OOlF 

007A 
007A A421 
007C 102B 

007E 
007E 402B 
0080 9420 
0082 0203 
0084 94A8 
0086 02C6 
0088 
0088 61DO 
008A C961 FFB4 
008E E88F 
0090 DF07DF68 

0094 2DOO 

Eight Queens problem. 
Source Program and Assembly Listing 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 

# 
# 
# 
L07A: 

# 
# 

c r3,r9 
je L07E 
mr r3,r12 
s r3,r10 
cas r6,r2,r3 
le r3,31(r6) 
c r3,r9 
je L07E 
Xsub(I) = J; 

mr r3,r12 
sli r3,2 
a r2,r3 
sts r10,36(r2) 
Asub(J) =False; 

stc r9,-l(r8) 
Bsub(I+J) = False; 

stcs r9,6(r7) 
Csub(I-J) =False; 

cis r12,8 
if (I < 8) { 

bhex L07A 
stc r9,31(r6) 

Try (I+ 1 , Q) ; 
mr r2, r12 
ais r2,1 
mr r3,rll 
balix rl5, .Try 
cal r0,0(r14) 

if (!*Q) { 
lcs r2,0(rll) 
c 
jne 

r2,r9 
L07E 

Asub(J) = True; 
lis r9,1 
stc r9,-l(r8) 

Bsub(I+J) True; 
stcs r9,6(r7) 

Csub(I-J) True; 
bx L07E 
stc r9,31(r6) 

} 

else *Q = True; 

lis 
st cs 

r2,1 
r2, 0 (rll) 

# Try 

# while (!(*Q II J==8)); 
L07E: 

L088: 

lcs 
cis 
jne 
cis 
jne 

r2,0(rll) 
r2,0 
L088 
rl0,8 
L012 

mr rl, r13 
lm r6,-76(rl) 
br r15 
.long OxDF07DF68 

# First gpr=r6 
.short Ox2D00 # npars=2, off=O 
.data 1 
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Addr Object 

0058 
0058 00000000' 
005C 

Eight Queens problem. 
Source Program and Assembly Listing 

.globl _Try 
Try: 

# 

.long LOOO 

.align 2 

#pragma Page(l); /* Page eject requested. */ 
#void main () { 

.text 
0096 
0096 

.align 1 

0096 D9Bl FFC8 
009A 6EOO 
009C 6D10 
009E C811 FFC4 

L096: 

.main: 
.globl 

stm 
mr 
mr 
cal 

.main 

rll, -56 (rl) 
r14,r0 
r13,rl 
rl,-60(rl) 

# 
# 

Integer I; Boolean Q; 
printf("%s\n","go"); 

00A2 C82E FFEC 
00A6 C83E FFFO 
OOAA 8DF00000' 
OOAE CDOE 0004 

cal r2,-20(r14) 
cal r3,-16(r14) 
balix r15, .printf 
1 r0,4(r14) 

# for (I = 1; I <= 8; Asub(I++) 
0082 A4Cl 
0084 

lis r12,1 

0084 94C8 
0086 OB09 
0088 A421 
OOBA 6BCO 
OOBC E1C2 
OOBE 63BE 
OOCO 898FFFFA 

LOB4: 
cis 
jh 
lis 
mr 
a 
cas 
bx 

OOC4 DE23 FFA3 stc 
# for (I = 

OOC8 LOC8: 
OOC8 A4C2 
OOCA LOCA: 
OOCA D40C0010 
OOCE 0809 
ODDO A421 
00D2 6BC0 
OOD4 E1C2 
OOD6 63BE 
00D8 898FFFF9 

lis 

ci 
jh 
lis 
mr 
a 
cas 
bx 

r12,8 
LOC8 
r2,1 
rll,r12 
r12,r2 
r3,rll,r14 
LOB4 
r2, -93 (r3) 

2; I <= 16; Bsub(I++) 

r12,2 

r12,16 
LOEO 
r2,1 
rll,rl2 
r12,r2 
r3,rll,r14 
LOCA 

OODC DE23 FFAA stc r2,-86(r3) 
# for (I = -7; I <= 7; Csub(I++) 

OOEO LOEO: 
OOEO C8CO FFF9 
OOE4 
OOE4 94C7 
OOE6 OB09 
OOE8 A421 
OOEA 6BC0 
OOEC E1C2 

LOE4: 
cal 

cis 
jh 
lis 
mr 
a 

ODEE 63BE cas 
OOFO 898FFFFA bx 
00F4 DE23 FFC3 stc 

# Try(l,&Q); 
00F8 LOF8: 
00F8 A421 lis 
OOFA C8BD FFC7 cal 
OOFE 6380 mr 

r12,-7(r0) 

r12,7 
LOF8 
r2,1 
rll,r12 
r12,r2 
r3,rll,r14 
LOE4 
r2,-61(r3) 

r2,1 
rll, -57 (r13) 
r3,rll 
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Addr 
0100 
0104 

Object 
8DFFFF80 
CDOE 0008 

0108 402B 
OlOA 9420 
OlOC 0All 

OlOE A4Cl 
0110 
0110 
0112 

0114 
0118 
OllA 
OllC 

94C8 
OBOE 

C82E FFF4 
6BC0 
90Cl 
AAB2 

OllE 63BE 
0120 CD33 FFC8 
0124 
0128 
012C 

012E 

8DF00000' 
CDOE 0004 
OOF2 

012E C82E FFF8 
0132 8DF00000' 
0136 CDOE 0004 
013A 61DO 
013C C9Bl FFC8 
0140 E88F 
0142 DF07DFB8 

0146 ODDO 

005C 
005C 
0060 

0064 
0068 

0029 
0048 
0048 
004B 
004C 
004E 
004F 
0050 
0053 
0054 
0055 

00000096' 
00000000' 

00000058' 

25730A 
00 
676F 
00 

253464 
00 
DA 
00 

Eight Queens problem. 
Source Program and Assembly Listing 

balix r15, .Try # Try 
1 

r0,8(r14) 
#pragma Skip(3i; /*Skip 3 lines. */ 
# if (Q) 

# 

L00110: 

# 

# 

lcs 
cis 
je 

for (I 
lis 

r2,0(rll) 
r2,0 
L0012E 
1; I <= 8;) { 
r12,1 

cis r12,8 
jh L0012E 
printf("%4d",Xsub(I++)); 

cal r2,-12(r14) 
mr rll,r12 
ais r12,1 
sli rll,2 
oas 
1 
balix 
1 
j 

} 

r3,rll,r14 
r3, -56 (r3) 
r15, .printf 
r0,4(rl4) 
LOOllO 

# printf("\n"); 
L0012E: 

main: 

cal 
balix 
1 
mr 
lm 
br 
.long 

.short 

.data 

.globl 

.long 

.long-

.long 

.align 

.data 

.space 

r2,-8(r14) 
r15, .printf 
r0,4(r14) 
rl,rl3 
rll, -56 (rl) 
r15 
OxDF07DFB8 

# First gpr=rll 
OxODOO # npars=O, off=O 
1 

main 

L096 

_printf 
Try 

2 

31 
.LITERALS.: 

.ascii 

.byte 

.ascii 

.byte 

.space 

.ascii 

.byte 

.ascii 

.byte 

.data 

"%s\012" 
a 
"go" 
0 
1 
"%4d" 
0 
"\012" 
0 

0056 .space 2 
No user errors 4 unprinted warnings 
End of processing, 07-Jul-86 17:13:19 
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10. MAKING CROSS REFERENCES 

This chapter explains how to use the hcxref command to generate a cross-reference listing of one or 
more High C modules. 

10.1. Features of the Cross Reference 

Cross references have the following features: 

- References to source files. All cross-reference information refers to line numbers within files 
compiled, as opposed to line numbers within a listing. Therefore no listing is necessary to use the 
cross reference. 

- Include files. Included source files are handled properly. That is, they do not interfere with the 
process, and their names are included correctly in the results. 

- Assignments versus uses. References that assign values into variables are distinguished from 
references that use values of variables. 

- Annotated listing. It is possible to generate an annotated source listing of one or more program 
files. The listing contains cross-reference information to the right of the source text listed. 

- Multi-module cross references. A cross reference can span multiple compilation units by cross­
referencing many modules at once and showing references from one module into the other. Thus, 
a single cross reference can be produced for a program that is broken up into separately compiled 
modules. 

- Inter-module usage summaries. A list of the names that one module uses that are located in other 
files can be produced, organized by file. This helps one understand the module interconnectivity 
of a large program. 

10.2. Using the hcxref Command 

The hcxref command processes one or more High C source files and produces a cross-reference 
listing on standard output. The listing consists of up to four components as described in § 10.3 below. 

The command has the following form: 

hcxref [-ilmpus] [preprocessor_options] ... files ... 

where files denotes one or more High C source files, and preprocessor_ options denotes zero 
or more preprocessor options (e.g. -I dir or -Dname) that are required when compiling the files. 

The -1 option causes a listing of the source files to be generated, annotated with cross-reference 
information. Include files are not expanded in the listing unless -i is also specified. 

The -m option causes a listing to be produced, for each module M, of the names referenced in M that 
were defined elsewhere. 

Names that are declared but not referenced do not appear in the cross reference unless the -u option is 
specified. 

The -p option causes the outboard C preprocessor to be invoked on each source file. The output of 
the preprocessor is then processed by the cross referencer instead of the source files themselves. If 
this option is not specified, the inboard preprocessor is used. This option is analogous to the -Hepp 
option of the he command. The -1 and -i options are ignored when used in conjunction with -p. 

The -s option specifies that various statistics relating to the cross reference are to be printed. 
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The hcxref command invokes the High C compiler in a special mode to generate the cross-reference 
information. Therefore, if any of the source files contains errors, appropriate diagnostics are 
generated. 

10.3. Cross-Reference Format 

Components. Each cross reference is self-documenting and consists of four components: 

(1) An alphabetized list of all names declared in the program, together with an ordered list of all the 
references to each name. 

(2) An alphabetized table of all files used in the program and a file reference number for each. 

(3) A list for each module M of all the names used by M that are declared in other files - if requested. 

( 4) An annotated cross reference for each module - if requested. 

When the components are produced: 

Item (1) is always produced. 

Item (2) is produced if the cross reference involves more than one file; this happens if more than one 
module is cross-referenced, or if any compiled include files were involved in the modules being cross­
referenced. 

Item (3) is produced if the -m option is specified. 

Item (4) is produced if the -1 option is specified. 

What each component consists of: 

Item (1) presents the following information for each distinct name in the program: 

- The line and column number of the declaration of the name. If the name occurs in a compiled 
include file, or if several modules are being cross-referenced, the file number is also given. 

- The declared name N, and its owner: the name of the function that contains N's declaration. 

- Information about the named object, such as its storage class (static, extern, typedef, 
register, etc.) and in some cases, the object's type. 

- The numbers of any lines containing references to the name. If the references are not in the 
module being cross-referenced, such as in an include file, or if several modules are being cross­
referenced, the line numbers are presented in the format "fn<I>" where n is the number of the 
file containing the references and "r" is the list of line numbers. Occasionally the entry in this 
field is of the form "resolved at ref'' where ref is a line number or fn< ... >reference as 
just described. This means that the name was introduced by an extern declaration whose actual 
definition was given at ref. 

- References that assign, or may assign, a value to a variable are marked with the character "*". 

Item (2) presents the correspondence between file numbers and file names. References in items (1) 
and (3) use the file number rather than file names, to keep the listing brief. Use item (2) to determine 
the corresponding file name. 

Item (3) is optional. It is requested by the -m option. The output produced is a listing for each module 
M of the names used by M that are declared in other files. The list is organized by file. This is useful 
for determining the interconnectivity between modules. 

In Items (1) and (3) a reference to a name N declared at reference point Pis changed to a reference to a 
point P', if the definition at P' resolves the declaration at P. Typically this will happen when N is 
declared in an interface file F, is used from a module M, and is defined at P' in a module M' . The 
module usage in Item (3) will show that M refers to P' in module M' , not P in interface file F. That is, 
one gets references to the implementations rather than the interfaces through which they were 
supplied. 
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Item (4) is optional and is is generated by the -1 option. The result is a line-numbered listing of the 
source of the program compiled, with each line annotated on the right with the line numbers where the 
names used on the line were defined. 

If n names are used on the line, n line numbers appear to the right of the line, corresponding 
positionally. A line number alone is a reference into the file being listed. If the letter "i" appears 
instead, the name referenced is an intrinsic, such as"_ find_ char" or "_abs". Finally, a line number 
followed by "f" a.'1d anotJier number means tJ1at the name was declarnd in a file other than ti'Ie one 
being listed; the file number can be used to discover that file's name in Item(2). "Line#fF ile#" 

was used instead of "File #<Line # >" as in Item ( 1) for brevity. 

10.4. Distinction of File Names 

In a multi-module cross reference, a particular interface file may have been included by several 
modules because each of the modules being cross-referenced needs the resources in that file. The 
cross-referencer assumes that a repeated declaration of a name in a compiled include file is the same 
declaration if it appears at the same line and column number of the same include file. 

For purposes of determining "sameness of include files" the cross referencer uses the text of the file 
name including the path. Therefore to cross-reference several modules successfully, do not use 
different names for the same include file. 

For example, if module Ml includes " .. /utils/trees. h" and M2 includes 
"/prog/utils/trees .h" and if these two references denote the same file, the cross referencer will 
not recognize them as the same. 
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11. SYSTEM SPECIFICS 

This section contains some system-specific aspects of the High C compiler on 4.2/RT. 

11.1. Floating-Point Arithmetic 

High C uses the IEEE Standard 754 formats to represent floating-point data. 

Each float is a 32-bit value with an 8-bit exponent and a 23-bit mantissa. The absolute values of the 
representable numbers lie in the range 8.43xIQ-37 to 3.37x1Q+38. 

Each double and long double is a 64-bit value with an 11-bit exponent and a 52-bit mantissa. The 
absolute values of the representable numbers lie in the range 4.19x10-307 to 1.67x10+308. 

11.2. Input Line Length 

The default maximum input line length for the compiler is 2,000 characters. 

11.3. Some ANSI-Required Specifics 

Here are some additional system specifics that the ANSI document X3Jl 1/86-102 requests each C 
implementation provide. 

Identifiers. The number of significant characters in an identifier is 2,000, since that is the longest 
input line acceptable to the compiler. Identifiers that are global appear in the object-module name list 
with an underscore prefix. Casing is preserved. 

Characters. The characters in the source and the execution character set are the standard ASCII 
characters. Each character in the source character set maps into the identical character in the 
execution character set. Without exception, all character constants map into some value in the 
execution character set. 

A character is stored in a byte and there are four bytes in an int. 

High C does not permit a character constant that contains more than one character. Such a 
construction is usually machine-dependent 

The type specifier char, when not accompanied by an adjective, denotes type unsigned char. 
However, this can be changed by turning Off the toggle Char_default_unsigned. 

Integers. Integers are represented in twos-complement binary form. The following table illustrates 
the ranges of values to which the various integer types are restricted: 

~ Range 

signed char -128 to 127 
unsigned char 0 to 255 
short -32,768 to 32,767 
unsigned short 0 to 65,535 
int -2,147,483,648 to 2,147,483,647 
unsigned int 0 to 4,294,967,296 
long -2,147,483,648 to 2,147,483,647 
unsigned long 0 to 4,294,967,296 

Conversion of an integer to a shorter signed integer or int bit field is done by bit truncation; i.e. 
when storing an X-bit value into a Y-bit receptacle, where X > Y, the rightmost Y bits of the first 
value are stored. Conversion of an unsigned integer U to a signed integer I where si zeof { u > = 

sizeof ( r) consists in transferring the bits of U into I, whether or not the value of U is representable 
in I. For example, (short int) (short unsigned) 6 5 5 3 5 is the short int value -1. 
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The results of bitwise operations on signed integers are the same as if the integers were treated as 
unsigned. 

The sign of the remainder on integer division is the same as the sign of the dividend. 

The right shift of a signed integral type is arithmetic; i.e. the sign bit is propagated to the right. 

Floating point. Floating-point representation is IEEE Standard 754. The default rounding mode is 
"round to nearest". See §5 STORAGE MAPPING for the length required for each floating-point type. 

When a negative floating-point number is truncated to an integral type, the truncation is toward zero. 
Thus -2. 7 is truncated to -2 and -1. 2 to -1. 

Registers. register class variables of the following types are considered eligible for assignment to 
registers: signed or unsigned integer of any size, float, double, and pointer. 

A double can be mapped only to a floating-point register. A float can be mapped to either a 
floating-point or a general register. All others can be mapped only to general registers. 

Potentially, as many variables can be placed in registers as there are "non-volatile" registers. See §6 
RUN-TIME ORGANIZATION for a list of the non-volatile registers. 

Structures, unions, and bit fields. Only unsigned bit fields are currently supported. A bit field 
declared as int is treated as unsigned int. For more information on structures, unions, and bit 
fields, see §5 STORAGE MAPPING. 

Declarators. There may be at most 65 ,000 declarators modifying a basic type. 

Statements. There may be at most 65,535 cases in a switch statement. 

Preprocessing directives. A single-character constant in a constant expression controlling 
conditional inclusion is always positive in value, ranging from 0 to 255. 

#pragma directives are neither recognized nor permitted. 

For the method of locating includable source files, see §2 INVOKING THE COMPILER. 

C-38 29 Oct 86 



4.2 for the IBM RT PC High C Programmer's Guide 

12. DIAGNOSTIC MESSAGES 

Messages from the High C compiler report: (a) file I/0 errors, (b) system errors, and (c) user errors 
and warnings. 

12.1. F'iie I/O Errors 

File I/0 errors are fatal. They can occur in attempting to open a non-existent file or in writing a 
compiler output file when not enough file space is available. The errors likely to be seen are: 

Unable to open file fff: file not found. 

This message is produced when any input source file, such as that specified on the command line 
or in an Include pragma, cannot be found. 

This message is produced twice: it is written once to standard output and once to standard error. 
If standard output is not redirected, the message appears on the screen twice. 

***Error occurred on writing instruction file: 
***Error occurred on writing object file: write failed. 
***Write error occurred during tree paging. 

Usually caused by too little space on disk. Remove unnecessary disk files and try again. 

Note: Fatal errors may result in compiler temporary files being left in the "/tmp" directory. They 
should be removed. 

12.2. System Errors 

System errors are fatal and should rarely occur. They take the following form: 

>>>>> S Y S T E M E R R O R n <<<<<, in Module:Function 

Error message text. 

where n numbers the occurrences of system errors, Module is the module name, and Function is the 
function name. The only system error messages that the user should be concerned with are: 

Dynamic array allocation/reallocation failed. 
Out of memory. 

This error indicates that either a dynamic array in the compiler exceeded 65,535 elements or the 
user's virtual memory quota was exceeded. The former case should not occur unless the source 
program is pathologically large. 

Exceeded Card char limit. - -
An input line was encountered that exceeded the limit of 2,000 characters. 

Recover: Exceeded the following limit: Limit. 

In repairing a syntax error, a table overflowed. The table limit is fixed, so no increase in memory 
can improve the situation. Repair the syntax error. 

There are many other system error messages that the compiler could produce, but they are associated 
with internal compiler errors or inconsistencies that should not occur. 

Note: Fatal errors may result in compiler temporary files being left in the "/tmp" directory. They 
should be removed. 

Stack dump. Compiler system errors are always accompanied by a call-stack dump. The dump can 
usually be ignored, but when reporting a problem to the support staff, the history of called functions 
can be helpful; include a listing of the dump in any written correspondence. The following is a 
sample dump. 
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>>>>> S Y S T E M E R R 0 R 1 <<<<<, in Scanner:Read_scan_tables 
No scan tables found. 

Line 
Routine File /Off Addr Parms ••• 

SY SERR syserr.p 66 54d3a c098,c080,0,66290,66320 
READ_SCAN_TABLES stread.p 69 bef2 2004a4c,fffa60,44ed,663c4 
GET_SCAN_TABLES.STREAD stread.p 39 c005 663c4,66290,fffadc,14e8,1 
ANALDRVR analdrvr.p 19 44ed 1,663c4,66416,0,l,186dc 
INITIALIZE PREFIX.SK skelinit .p 2dc 14e8 fffaec,115a,fffaf4,59645 
DOIT skeldrvr.p e lllf fffaf4,59645,fffb04,4d,3 
pp_MAIN skeldrvr.p 6 115a fffb04,4d,3,fffb08,fffb18 

- main ppinit ld 59645 3,fffb08,fffb18,ufffb38 
start 3d 4d fffb3d,fffb45,0,fffb4b 

Error was severe. Program terminated. 

The Routine and File columns are usually sufficient alone when reporting a problem to support 
personnel. 

System errors due to a bug in the compiler's code generator are accompanied by a line "code was 
being generated for program text near Ln/Cm." following the call-stack dump. This helps 
isolate the program text causing the problem and may facilitate reducing the problem program to a 
few lines, which then can be easily sent to compiler support personnel. 

NOTE: When code generator e"ors occur, they can frequently be "cured" by inserting a label 
be/ ore the line causing the problem. Even if this cures the problem, please report the problem to 
support personnel. 

12.3. User Errors and Warnings 

User error messages are grouped in the three categories: (1) lexical, (2) syntactic, and (3) constraint. 
Warnings do not suppress object file generation; errors always do. Also, some diagnostics that are 
warnings become errors when the compiler is run in ANSI mode. 

Messages that report errors terminate compilation after the phase issuing the diagnostic, so errors that 
would otherwise have been detected by later phases are not reported until the earlier error is repaired 
and the compiler is re-invoked. 

All user diagnostics are accompanied by the file name, a line number n, and column number m, where 
the error was detected, in the form "filename", Ln/Cm. In addition when -Hlist is specified on 
the command line as assumed in the examples below, lexical and syntactic errors are generally 
accompanied by the erroneous line with a caret " beneath it at the point of error detection. (Errors 
begin with "E" and warnings with "w", and usually occupy a single line.) 

Lexical error messages are produced when an improperly formed word is detected, such as a string 
with a missing closing quote. Example: 

Levels LINE # l----+----l----+----2----+----3----+----4----+----5 
1 I void main() { 

1 1 2 I char *S; 
1 1 3 I S = "Hello; 

Cl5 ------------- -
E "file", L3/Cl5: (lexical) Unexpected end-of-line encountered. 
1 1 4 I } 

Syntactic error messages are produced for programs that are ill-formed on the phrase level, such as a 
missing";" or inserted spurious symbol. The message is accompanied by a statement of the REP AIR 

that the compiler effected so it could keep processing input. Example: 
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Levels LINE# l----+----1----+----2----+----3----+----4----+----5 
1 I void main() { 

1 1 2 I printf "Hello"); 
Cll ----------" 

1 1 3 I } 
E "file", L2/Cll: (syntactic) unexpected symbol:' <STRING>': "Hello" 
REPAIR: '(' was inserted before '<STRING>':"Hello"@L2/Cll 

Constraint error and warning messages diagnose more subtle problems, such as an undeclared 
identifier or type mismatch. There are nearly 200 such diagnostics, each of which is meant to be self­
explanatory. Most of them prevent the generation of object code, but some are merely warnings and 
are intended to assist the programmer. Example: 

Levels LINE # l----+----1----+----2----+----3----+----4----+----5 
1 I void main() { 

1 1 2 I int i; 
1 1 3 I i = Undeclared_identifier; 
1 1 4 I } 
E "file", L3/C8: Undeclared identifier: This is undeclared. 
1 user error No warnings 453K of memory unused. 

Levels LINE # l----+----1----+----2----+----3----+----4----+----5 

1 1 
1 1 
1 1 
w "file", 
w "file", 

1 I void main() { 
2 I int i, Unused; 
3 I i /= O; 
4 I } 

L2/C8: i: Variable is set but is never referenced. 
L2/Cll: Unused: Variable is never used. 

E "file", L3/C6: Division by zero. 
1 user error 2 warnings 457K of memory unused. 

12.4. Error and Warning Messages 

This section presents all compiler diagnostic messages, except automatically generated lexical and 
syntactic messages, in alphabetical order, with explanations where appropriate. 

"=" used where "==" may have been intended. 
"="was detected as an operator in a Boolean expression, such as "if (x 

this is a mistake, as "if (x == y) ( ••• ) "was intended. 

"auto" must appear within a function. 

y) < ••• ) ". Often 

Storage class auto cannot be given for declarations that do not appear within a function. 

"break" must appear within while, do, for, or switch. 

"case" must appear within a "switch". 

"continue" must appear within while, do, or for. 

"default" must appear within a "switch". 

"pragma Data" active at end of module. 

"pragma Data" active at end of function. 
A "pragma Data ( ... ) ; " was given in a module or function, with no terminating "pragma 
Data;". This is permitted but the programmer may have forgotten to supply the terminating 
pragma, thus perhaps including more data declarations in a data segment than intended. 

"register" is the only allowable storage class for a parameter. Ignored. 
In a function definition or declaration, a storage class other than register was given, such as in 
"int f (i) static i; { ... }''. 

"register" must appear within a function. 
Storage class register cannot be given for declarations that do not appear within a function 
definition. 

"void" is illegal here. 
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A bit field is not valid as an argument to &. 
One cannot take the address of a bit field, since such a field is not necessarily on a byte boundary. 

A bit field is not valid as an argument to sizeof. 
Since bit fields need not occupy an integral number of bytes, taking their sizeof is prohibited. 

A function may not return a function (but may return a pointer thereto) . 

A function may not return an array (but may return a pointer thereto) . 

A function may not return an incomplete type. 
A function cannot return a struct or union type whose fields have not yet been specified. For 
example, "struct s; struct s * f () { ..• } " is legal since f returns a pointer to an 
incomplete struct type, but "struct s; struct s g {) { ... } "is illegal. 

A functionality typedef cannot be used in a function definition. 
"typedef int f () ; f g {return 3; } " is illegal: the type definition for f cannot be used 
to specify that g is a function. 

A parameter may not be a function (but may be a pointer thereto) . 

A parameter name must be given here. 
For function definitions, parameter names must be supplied. Thus, for example, "void f (int, 
float g) { ••• } "is illegal because the first parameter lacks a name. 

A register-class function makes no sense. 
For example, "register f ( ) { ... } " is illegal. 

An array may not contain functions (but may contain pointers thereto) . 

An array must have a positive number of elements. 

An array of objects of an incomplete type is illegal. 
An array cannot contain a struct or union type whose fields have not yet been specified. For 
example, "struct s; struct s *a[lOJ ;" is legal since "a" contains pointers to an 
incomplete struct type, but "struct s; struct s b [ 1 o J ; " is illegal. 

An object of type ttt cannot be initialized. 

Argument to "#include" must be a string. 

Argument type ttt is not compatible with formal parameter type ttt'. 
An attempt was made to pass an argument of a wrong type to a function, such as passing afloat 
for a parameter that is a struct. When using standard C function definitions, this is a warning 
only, since C permits such mismatches; but when using prototype syntax, it is an error. This 
warning provides the security of Pascal function call semantics. 

Array size exceeds addressability limits. 

Bit fields must fit in a register or register pair. 

Cannot dereference a pointer to void. 
Type *void was introduced as a means of defining a "generic pointer" compatible with other 
pointers. But there is no such thing as an object of type void. Therefore, dereferencing a pointer 
to void is illegal. 

Cannot initialize a typedef. 
Something like "typedef int T = 1;" was attempted. 

Cannot initialize an imported variable. 
Something like "extern int T = 1;" was attempted. A variable may be initialized only by its 
definition. 

Cannot take sizeof a function type. 
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Cannot take sizeof an incomplete type. 
The sizeof a struct or union type whose fields have not yet been specified is not known. For 
example, what follows is illegal since the size of the structure is unknown: "struct s; ( ... ) 

sizeof (struct s) ( ••. ) ". 

Cannot take sizeof type void. 
There are no objects of type void, therefore taking sizeof void makes no sense. 

Cannot take the address of a register variable. 

Declared type is never referenced. 

Divide by zero. 
This was detected in a constant expression at compile time. 

Enclosing function's return type is "void"; therefore nothing may be 
returned. 

"return E;" for some expression E was found in a function whose return type is void. 

End of file encountered within #if construct. 

End of file encountered within arguments to a macro. Probably a missing 
right parenthesis. 

End of file encountered within macro definition. 

End of file encountered within macro formal parameter list. 

Expression has no side effect and has been deleted. 
An expression used in a statement context has no side effect; therefore the expression is useless. 
For example, "2 + 3 ; ". 

External function is never referenced. 

Fewer arguments given than function has parameters. 

for loop will never execute. 

Function called but not defined. 
Any function that was called but not defined is noted as a warning. Although such practice is 
permissible in C, especially useful when calling library functions, a common error is to misspell a 
function name. The error goes undetected until link-time without this warning. Furthermore, 
errors in parameter linkage can occur when a call is made to an undefined function. We 
recommend that the library". h" header files always be included to get parameter checking, and 
that function prototypes be used for external function declarations, rather than making use of the 
"feature" of C for calling undefined functions. 

Function expected. 
The expression f preceding the arguments in a function call f ( ... ) must denote a function. 

Function parameter names are allowed only on function definitions, not 
declarations. 

"int f (a, b, c) ; " is a function declaration that names the parameters (a, b, c) • This is illegal 
unless function prototype syntax is used, as in "int f (int a, int b, int c); ". 

Function return value never specified within function. 
A function with a non-void return type contains no return statement This typically happens 
with "old" C programs that did not use void to indicate that a function returns nothing. 

Functions may not be nested. 
In ANSI-Standard C, functions cannot be declared within functions. In High C they can. This 
message is produced when the compiler is doing ANSI checking. 

Identifier required after #ifdef or #ifndef. 

Identifier required. Pragma ignored. 
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Incompatible tag reference: The ttt tag class does not match the tag class 
ttt' defined at Ln/Cm. 

Something like "struct s; union s {int x; } ; " was encountered. The tag s cannot 
simultaneously be the tag for a struct, union, and/or anum. 

Incomplete type: the struct/union type at Ln/Cm must be completed before it 
can be used here. 

A reference has been dete.cted to a field of a et~.iot or u.."lion type whose fields have not yet 
been specified. 

Incorrect number of parameters to macro. Macro invocation ignored. 
The number of arguments to a macro must agree exactly with the number of parameters in its 
#define. 

Integer constant exceeds largest unsigned number. 

Invalid digit in non-decimal number: X. 

Local function is never referenced; no code will be generated for it. 
A function of storage class static is not called anywhere in the compilation unit. Since it is not 
exported, there can be no reference to the function and it is essentially deleted. 

Lower bound of range is greater than upper bound. 
This can only happen in High C case statements where range expressions are allowed as labels 
(an extension). Macro name must be an identifier. 

Macro parameter must be an identifier. 

Members cannot be of an incomplete type. 
A struct or union cannot contain a struct or union type whose fields have not yet been 
specified. For example, "struct s; struct t { struct s *p; } " is legal since p is a point­
er to an incomplete struct type, but "struct s; struct t { struct s p; } " is illegal. 

Mismatched lif-#elif-#else-#endif. 

More arguments given than function has parameters. 

Must be a compile- or load-time computable expression. 
The initializers for a static variable must be determinable when a program is loaded. 

Must be a compile-time computable constant. 

Must be a pointer. 

Must be a scalar (int, char, floating, or pointer) type. 

Must be a static variable reference. 

Must be a string. 

Must be a struct or union. 

Must be a type. 

Must be an identifier. 

Must be an integral int or char type. 

Must be of a pointer type. 

Must be of an extended-function type. 

Named parameter association is prohibited for this function since its 
declaration near Ln/Cm does not name all parameters. 

An attempt was made to call a function F using named parameter association, but F's declaration 
did not name all of its parameters. For example, 

void F(int a,float); ( ... )F(a=>37, 3.3);/*Illegal.*/ 
void F(int a,float b); ( ... )F(a=>37,b=>3.3); /*Fine.*/ 
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No "pragma Data" is active. 
"pragma Data; " was encountered without a preceding, and matching, "pragma Data ( ... ) ; ". 

No member is declared here. 

A declaration with no declared object was found within a struct or union. For example, 
struct s {int; float; struct t {int y};} 

contains three declarations, none of which declare an object. However, this construct is not 
entirely vacuous because the declaration of struct t is visible outside of struct s and 
therefore can be used to declare objects of type struct t. 

No object may be of type void. 

No parameter declarations may be given here. 
In defining a function using prototype syntax, where the parameter types were specified in the 
parameter list, an attempt was made to re-declare the parameters following the parameter list. For 
example, "int x, y;" is illegal in "void f (int x, int y) int x, y; { . . . } ". 

Non-decimal constant exceeds largest unsigned number. 

Only a parameter may be declared here. 
Preceding a function definition's {, only the function's parameters may be declared. 

Only fields of type "unsigned int" or "unsigned long int" are supported. 
Bit fields may be of only these two types. Any bit field of another type is coerced to one of them, 
depending upon the size of the bit field. 

Only one "default" is permitted in a "switch". 

Operand type inappropriate for operator. 
An inappropriate operand was detected for a built-in operator such as & , I, - , etc. For 
example, "float fl, f2; ( ... } fl = fl & f 2;" is illegal: & requires integral operands. 

Parameter not found or specified more than once. 
In a function call using named parameter association, a parameter was named twice, or a non­
existent parameter was referenced. 

Parameter ppp not supplied. 
In a function call using named parameter association, parameter ppp was not given an argument 
value. 

Parameter separator must be a comma. 
In a #define of a macro with parameters, parameter names must be separated by commas. For 
example, "#define M (a b) c" is illegal; "a,b" is required. 

Pointer dereferencing disallowed in static context. 

Pragma has too few parameters. 

Pragma has too many parameters. 

Previous "pragma Data" is still active. 
"pragma Data ( ... };"was given in the context of an already active "pragma Data ( ... >; ". 
Insert "pragma Data ();"preceding the offending pragma to "tum off' the active pragma. 

Real constant has too many digits. 

Result of comparison never varies. 
An expression was found whose operands, while they are not all constants, are such that the value 
of the expression is always the same. For example, an expression of type unsigned int is 
always less than zero. 

Right operand of shift operator is negative. 
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Since the first parameter was specified by the type "void", there may be no 
other parameters. 

The special syntax exemplified by "int f (void); u denotes a function f taking no parameters. 
Because of this, no parameter can be specified after "void": "int f (void, £lo at, int) ; " 
is illegal. 

Size change in cast involving pointer type: 
same size as casted-from type ttt' . 

casted-to type ttt is not the 

Specified storage class for this declaration is unnecessary and was ignored. 
In a declaration such as "static struct s {int x;}; ",the storage class "static" is useless 
since no object was declared. 

Static initialization of bit fields is not supported. 

Storage-class nonsensical for function definition. 

String too long for initialized array. 

Structure has no contents (is of size zero) . 

Subscripted expression must be an array or pointer. 

The 2nd and 3rd operands of a conditional expression must be both 
arithmetic, or of the same type, or one a pointer and the other zero. 

The declarator must be a function. This declaration has been discarded. 
A declaration such as "int f { ... } ; " was encountered, where a function body { ... } was 
given for a non-function. 

The rest of this line is extraneous. 

The sign (signed/unsigned) has been specified more than once. 

The storage-class (auto, extern, etc.) has been specified more than once. 

The width (lonq/short) has been specified more than once. 

This "return" should return a value of type ttt since the enclosing function 
returns this type. 

This can be of an incomplete type only if it is "extern" or has an 
initializer supplying its size. 

This code will never be executed. 

This construct would have been deleted as an optimization had it contained 
no labels. 

A construct such as "while ( o) { ••• } " was detected but cannot be deleted due to the presence 
of one or more labels within { ... } . This is questionable programming practice at best. 

This function declaration is inconsistent with the "int"-returning function 
declaration imputed at Ln/Cm. 

A function called before it is declared is assumed to be a function returning int, and any 
subsequent declaration of the function must declare it to be so. For example, "main () { 
( . . . ) f ( 3 ) ; ( . . . ) } void f ( ) { . . . } " is illegal since f was called before being defined 
and therefore assumed to return int. 

This function declaration is inconsistent with the declaration at Ln/Cm. 

This is already defined as a macro. Redefinition ignored. 
A redefinition of a macro is permitted only if the redefinition agrees exactly· with the previous 
definition. To otherwise redefine a macro, use #undef to explicitly undefine the macro before 
re-defining it. 

This is multiply declared. 

This is permissible only in conjunction with "int" or "char". 

!his is permissible only in conjunction with "int" or "double". 
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This is permissible only in conjunction with "int". 

This is undeclared. 

This may not be a pointer to a function (but may be a pointer to an object). 

This tag name is more than 80 characters long. 

This type lacks a tag and hence cannot be used. 
A declaration such as "struct {int x;};" was encountered. Without a tag the struct cannot 
be referenced and hence is useless. 

Toggle name required. Pragma ignored. 

Too many initializers here. 

Type ttt is not assignment compatible with type ttt' . 
(a) In an assignment expression, the right operand of type ttt may not be assigned to the left 
operand of type ttt'. 

(b) In a function call, an argument of the type ttt may not be passed to a function that expects a 
parameter of type ttt'. 

Type ttt is not compatible with type ttt'. 
In a comparison, the left operand of type ttt may not be compared with the right operand, of type 
ttt'. 

Unexpected symbol in expression. Line ignored. 

Unknown preprocessing directive. 

Unrecognizable Data class. Static assumed. 

Unrecognizable field name. 

Unrecognizable pragma name. Pragma ignored. 

Unrecognizable toggle name. Pragma ignored. 

Up-level reference to a register-class variable is not allowed. 

Variable is never used. 

Variable is referenced but is never set. 

Variable is set but is never referenced. 

Variable is referenced before it is set. 

Variable required. 
In this context a so-called "lvalue" is required but was not found. An lvalue is something whose 
address can be taken, and is required on the left side of an assignment expression and as an 
operand to &, ++,and--. The rules of C require the automatic conversion of some objects into 
non-lvalues. For example, an lvalue of type array-of-T is always converted to a (non-l)value of 
type pointer-to-T, so it is never allowable to take the address of an array. So, "int a [ 1 o J ; 
( ... ) f (&a);" produces the "Variable required." diagnostic due to the application of & to 
"a", which has been converted to the address of the first element. Remove the & • 

Zero-length bit fields may not be named. 
A declaration such as "struct { int i : o , j : 2 } ; " was encountered. "i" must be omitted. As 
is,. ii is possible to refer to the field. Such a reference would be illegal. 

{ ... } inappropriate here for initializing a scalar. 
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Appendix A. CROSS-JUMPING OPTIMIZATIONS 

MetaWare compilers support a major optimization that usually obtains a 2-5% reduction in code size 
and is often accompanied by a decrease in execution time. The optimization is known as "cross­
jumping". It, along with the two toggles that control it, is explained here. 

Consider the following source code: 

if (!eof) readbytes(&buf,&cnt,512); i* Code C. *i 
/* L: */ while (cnt > 0) { 

writebytes(&buf,cnt); 
if (!eof) readbytes(&buf,&cnt,512); /*Code C' .*/ 
} /* Implicit jump back to the implicit label.*/ 

The compiler can improve the code size of this program without any loss in execution speed by 
effectively re-writing the code as: 

Top: if (!eof) readbytes(&buf,&cnt,512); 

I* L: *I if ( cnt > o) { 

writebytes(&buf,cnt); 
goto Top; 
} 

/* Code C C'. */ 

The optimization involves the recognition of some code c immediately preceding a jump j to some 
label L, where some code c' identical to c immediately precedes L. The transformation consists in 
deleting c and replacing j with a jump to c' instead: 

L: 

some code C 
jmp L 

some code C' 

=> 
jmp L' 

L': some code C = C' 
L: 

This optimization is called "cross jumping" or "tail merging" in the compiler literature, since it was 
first invented to handle common code at the ends of the arms of conditional statements, and was 
effected by jumping across from one arm to the other, i.e. by merging the tails of the two arms. It is 
surprisingly effective and always saves code space while never giving up execution speed. 

Here we include another optimization under that name as well. The second optimization is even more 
effective but gains (sometimes considerable) code space in trade for a small loss of speed. Consider 
the program fragment 

if (buf[cnt]==O) g(&buf); 
else if (buf[cnt]== '\n') {buf[cnt] O; g ( &buf) ; } 
else ... 

The compiler effectively transforms this into 

if (buf[cnt]==O) goto L'; 
else if (buf[cnt]=='\n') {buf[cnt] 0; L': g{&buf);} 

else 

Here, both occurrences of "g ( &buf > ; " precede a jump to the statement following the entire 
conditional. One of the instances of "g ( &buf > ; "is replaced with a jump to the other, saving the code 
space for the call to g at the expense of inserting an additional jump. Opportunities for this kind of 
optimization are even more frequent than the standard cross-jumping optimization. In general the 
optimization can be depicted as follows: 
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T • .u; 

some code C 
jmp L 

some code C' 
jmp L 

=> L': 

L: 

High C Programmer's Guide 

jmp L' 

some code c C' 
jmp L 

Both optimizations are turned on by default. Both may be disabled by turning off the toggle 
Optimize _xjmp, with either "-Hoff=Optimize _ xjmp" on the compiler execution line, or including 
"pragma off (Optimize_ x jmp} ; " in the program. The second of the two optimizations can be 
disabled by turning Off the toggle Optimize_xjmp_space, so named because the second 
optimization saves space but always increases execution time. 

During the development phase of a project it may be desirable to tum Optimize_xjmp Off. The 
reason is that the optimization can cause such a contortion of code that using debuggers, whether 
assembly-language level or line-oriented symbolic, is difficult As a case in point consider the 
following program, which compares the fields of two different structures to see if they are the same: 

union { 

struct {int x,y;} fl; 
struct {int a,b,c;} f2; 
struct {int e, f;} f3; 
struct {int g,h; int i[lO];} f4; 
} ul,u2; 

int f(i) int i; 
switch(i) { /* What kind of structure to compare? */ 

case 1: return ul. fl .x == u2. fl .x && 

ul.fl.y == u2.fl.y; 
case 2: return ul. f2. c == u2. f2. c & & 

ul.f2.a == u2.f2.a && 

ul.f2.b == u2.f2.b; 
case 3: return ul.f3.e == u2.f3.e && 

ul.f3.f == u2.f3.f; 
case 4: return ul. f 4. g == u2. f 4. g & & 

memcmp(ul.f4.i,u2.f4.i, 
sizeof(ul.f4.i)) !=0; 

case 5 : return ul . f 4 . h == u2 . f 4 . h & & 

memcmp(ul.f4.i,u2.f4.i, 
sizeof(ul.f4.i)) !=0; 

Here cases 1 and 3 are recognized as being identical, and matching the tail end of case 2. Furthermore 
cases 4 and 5 share a common tail. Compiling the code produces the following tightly-coded result 
that surpasses the usual patience of even a skilled assembly-language programmer in optimizing: 

.globl .oVncs 

.set .oVncs,O 

.globl _memcmp 

.globl .memcmp 

.comm _ul,48 

.comm _u2,48 
#union 

struct {int x,y;} # 
# 
# 
# 

struct {int a,b,c;} 
struct {int 
struct {int 

# } ul,u2; 
#int f (i) int i; 

- . ~ .. \ 
ct .J...1 I 

g,h; int 

fl; 
f2; 
f3; 

i[lO];} f4; 

# switch(i) { /* What kind of structure to compare? */ 
.text 
.aliqn 1 

LOOO: 
.globl .f 

. f: 
stm rl2,-52(rl) 
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mr r14,r0 
mr r13,rl 
cal rl,-52(rll 
mr r12,r2 
mr r15,r12 
sis rlS,1 
cli rlS,4 
jh LOCO 
a rlS,rlS 
get r2,$L02A 
a r15,r2 
lhas r15,0(r15) 
a r15,r2 
br rlS 

L02A: 
.short L052-L02A 
.short L034-L02A 
.short L052-L02A 
.short L074-L02A 
.short L08C-L02A 

# case 1: return ul. fl. x u2. fl.x && 
# ul. fl.y u2. fl .y; 
# case 2: return ul.f2.c u2.f2.c && 
L034: 

get r2,$_ul 
ls r3,8(r2) 
get r4,$_u2 
ls r5,8(r4) 
c r3,r5 
jne LOBE 
bx L064 
ls r3,0(r2) 

# ul. f2. a u2.f2.a && 
# ul.f2.b u2.f2.b; 
# case 3: return ul.f3.e u2.f3.e && 
L052: 

get r2,$_u1 
ls r3,0(r2) 
get r4,$_u2 

L064: 
ls r5,0(r4) 
c r3,r5 
jne LOBE 
ls r2,4(r2) 
ls r3,4(r4) 
c r2,r3 
jne LOBE 
j LOBA 

# ul. f3. f u2. f3. f; 
# case 4: return ul.f4.g u2.f4.g && 
L074: 

get r2,$_ul 
ls r3,0(r2) 
get r4,$_u2 
bx LOAO 
ls r5,0(r4i 

# memcmp(ul.f4.i,u2.f4.i,sizeof(u1.f4.i)) !=0; 
# case 5: return ul.f4.h == u2.f4.h && 
L08C: 

get r2,$_ul 
ls r3,4(r2) 
get r4,$_u2 
ls r5,4(r4) 

LOAO: 
c r3,r5 
jne LOBE 
inc r2,8 
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cal r3,8(r4) 
cal r4,40(r0) 
balix rlS, .memcmp 
1 r0,4(rl4) 
cis r2,0 
je LOBE 

LOBA: 
lis r2,l 
j LOCO 

LOBE: 
lis r2,0 

LOCO: 
mr rl,rl3 
lm rl2,-52(rl) 
br rlS 
.long OxDF07DFC8 # First gpr=rl2 
.short OxlDOO # npars=l, off=O 
.data 1 
.globl f 

f: 
.long LOOO 
.long _memcmp 
.align 2 
.data 

In summary: 

1. Cross-jumping is an amazingly effective optimization. 
2. Toggle "optimize_ xjmp" is set On by default and turning it Off disables all cross-jumping. 
3. Toggle "Optimize_xjmp_space" is On by default and turning it Off disables cross-jumping 
optimization that decreases space at the expense of time. 

The cross-jumping optimization adds perhaps 20% to the execution time of the code generator phase 
of the compiler, thus perhaps 3% overall. 
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