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FOREWORD

PLAN OF THE MULTICS PROGRAMMERS' MANUAL
November 30, 1972

The Multics Programmers' Manual (MPM) is the primary
reference manual for user and subsystem programming on the
Multics system. It is divided into three major parts:

Part l: Introduction to Multics
Part 1l: Reference Guide to Multics

Part I11: Subsystem Writers' Guide to Multics

Part 1| is an introduction to the properties, concepts, and
usage of the Multics system. |ts four chapters are designed for
reading continuity rather than for reference or completeness.
Chapter 1 provides a broad overview. Chapter 2 goes into the
concepts underlying Multics. Chapter 3 is a tutorial guide to
the mechanics of using the system, with illustrative examples of
terminal sessions. Chapter 4 provides a series of examples of
programming in the Multics environment.

Part Il is a self-contained comprehensive reference guide to
the use of the Multics system for most users. In contrast to

Part |, the Reference Guide is intended to document every detail
and to permit rapid location of desired information, rather than
to facilitate cover-to-cover reading.

Part Il is organized into ten sections, of which the first
eight systematically document the overall mechanics, conventions,
and wusage of the system. The last two sections of the Reference
Guide are alphabetically organized 1lists of standard Multics
commands and subroutines, respectively, giving details of the
calling sequence and the usage of each.
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Several cross-reference facilities help 1locate information
in the Reference Guide:

. The table of contents, at the front of the manual,
provides the name of each section and subsection and an
alphabetically ordered 1list .of command and subroutine
names.

. A comprehensive index (of Part Il only) lists items by
subject.

. Reference Guide sections 1.1 and 2.1 provide lists of
commands and subroutines, respectively, by functional

category.
Part 11l is a reference guide for subsystem writers. It is
of interest to compiler writers and writers of sophisticated
subsystems. |t documents user-accessible modules which allow a

user to bypass standard Multics facilities. The interfaces thus
documented are a level deeper into the system than those required
by the casual user.

Examples of specialized subsystems for which construction
would require reference to Part |11l are:

1) a subsystem which precisely imitates the command environment

of some system other than Multics (e.g., an imitation of the
Dar tmouth Time-Sharing System);

2) a subsystem which is intended to enforce restrictions on the
services available to a set of users (e.g., an APL-only
subsystem for use in an academic class);

3) a subsystem which is protecting some kind of information in
a way not easily expressible with ordinary access control
lists (e.g., a proprietary linear programming system, or an
administrative data base system which permits access only to
program-defined aggregated information such as averages and
correlations).

Each of the three parts of the MPM has its own table of contents
and is updated separately, by adding and replacing individual
sections. Each section is separately dated, both on the section
itself, and in the appropriate table of contents. The title page
and table of contents are replaced as part of each update, so one
can quickly determine if his manual is properly up-to-date. The
Multics on-line "message of the day" or local installation
bulletins should provide notice of availability of new updates.
In addition, the Multics command "help mpm" provides on-line
information about known errors and the latest MPM update level.
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In addition to this manual, users who will write programs
for Multics will need a manual giving specific details of the
language they will use; such manuals are currently available for
PL/1, FORTRAN, and BASIC. A separate, specialized supplement to
the MPM is also provided for users of graphic displays. The
bibliography at the end of Part I, Chapter 1, describes these and
other references in more detail.

Multics provides the ability for a 1local installation to
develop an installation-maintained or author-maintained library
of commands and subroutines which are tailored to 1local needs.
The installation may also document these facilities in the same
format as used in the MPM; the user can then interfile these
locally provided write-ups in the command and subroutine sections
of his MPM,

Finally, access to Multics requires authorization. The
prospective user must negotiate with the administration of his
local installation for permission to use the system. The
installation may find it useful to provide the new user with a
documentation kit describing available documents, telephone
numbers, operational schedules, consulting services, and other
local conventions.
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Commands (03/7/206/72)

abbrev

addname
adjust_bit_count
alm

alm_abs

and: see Logical Active Functions
answer

apl

archive
archive_sort
basic

.basic_run

basic_system
bind
calc
cancel_abs_request
cancel_daemon_request
change_default_wdir
change_error_mode
change_wdir
check_info_segs
close_file
code
compare
compare_asci i
console_output:
copy
create
createdir
date: see Date and Time Active Functions
date_time: see Date and Time Active Functions
day: see Date and Time Active Functions
day_name: see Date and Time Active Functions
debug
decam
decode:
delete
delete_dir
delete_iacl_dir
delete_iacl_seg
deleteacl
deletecacl:
deleteforce
deletename
directories: see Segment Name Active Functions
directory: see Segment Name Active Functions
display_component_name

continued on next page
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see deleteacl
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print_motd
print_search_rules
print_wdir
profile
program_interrupt
continued on next page
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hcs_$status_long: see hcs_$status_
hcs_$status_minf: see hcs_$status__
hcs_$status_mins: see hcs_$status_
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Section 10 Subroutines (continued)
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Command Language Environment
11/30/73

JHE MULTICS COMMAND REPERTOIRE

The following facilities are the ones considered to be part
of Multics and are described in this manual. Detailed

specifications on each of the commands mentioned below can be
found, filed in alphabetical order by command name, in the MPM
Reference Guide section, Commands. 1In addition, many commands

have on-line descriptions that can be obtained with the help
command,

The active functions available on Multics are described
separately, by functional grouping, in several MPM Reference
Guide write-ups: Alphabetical List of Active Functions, Logical
Active Functions, Arithmatic Active Functions, Character String
Active Functions, Segment Name Active Functions, Data and Time
Active Functions, Question Asking Active Functions, and User
Paremeter Active Functions. Active functions can be used in a
command 1line in the manner described in the MPM Reference Guide
section, The Command Language, under the heading Active Strings.

The user should also consult the list of items in the Author
Maintained and/or Installation Maintained Library at his
installation, since local language translators and other commands
can substantially extend the standard command repertoire.
Documentation of the Author Maintained and/or Installation
Maintained Library is supplied by the local installation.

The command repertoire |is organized by function into the
following groups:

Storage System, Creation and Editing of Segments
Storage System, Segment Manipulation

Storage Segment, Directory Manipulation

Storage System, Access Control

Storage System, Formatted Output Facilities
Storage System, Address Space Control

Language Translators, Compilers, Assemblers and Interpreters
Object Segment Manipulation

Debugging and Performance Monitoring

1/0 System Control

Command Typing and Control

Communication Among Users

Accounting

Control of Absentee Computations

Miscellaneous Tools
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1) Storage System,

2) Storage System,

Creation

adjust_bit_count

basic_system

compare_ascili

create
edm
indent

gedx
sort_file

addname

MULTICS PROGRAMMERS' MANUAL

and Editing of Segments

sets bit count of a segment to last
nonzero character

editor and runner of BASIC programs
compares supposedly identical ASCI|
segments, reporting differences
creates an empty segment
inexpensive, easy to learn editor
indents a PL/| source segment to
make it more readable

more sophisticated editor

sorts ASCIl segments line by line

Segment Manipulation

adjust_bit_count

archive
archive_sort

compare

compare_ascil

copy
Create

delete

deleteforce
deletename

file_output

fs_chname
link

list
1istnames

listotals
move
names

rename

Mace
VI o o

and Honeywell

achusetts

adds a name to a segment, directory,
or link

sets bit count of a segment to last
nonzero character

packs segments together to save
physical storage breakage

sorts the contents of an archive
segment by component segment name
compares segments word by word,
reporting differences

compares supposedly identical ASCII
segments, reporting differences
copies a segment

creates an empty segment

deletes a segmgnt, but questions if
segment Is read only .
deletes a segment without question

removes a name from a segment,
directory, or link

directs typewriter output to a
segment

an extra powerful rename command
creates a directory link to another
segment

prints directory contents

moves segment to another directory
moves or copies names from one
storage system entry to another
renames a segment, link, or
directory

Incti
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reorder_archive
safetv_sw_off

safety_sw_on

set_bit_count
status

truncate

unlink

1.1

Command Repertoire

Command Language Environment
Page 3

11/30/73

rearrages order of an archive
segment

turns safety switch off for a
segment or directory

turns safety switch on for a
segment or directory

sets a given bit count in a segment
prints everything known about an
entry in a directory

used to truncate a segment to a
specified length

removes a directory link

3) Storage System, Directory Manipulation

change_default_wdir
change_wdir
createdir
delete_dir

list

listnames

listotals
print_default_wdir

print_wdir

sets the default working directory

changes to a new working directory

creates a directory
destroys a directory

prints directory contents

prints default working directory
name
prints current working directory
name

4) Storage System, Access Control

delete_iacl_dir
delete_iacl_seg
deleteacl
deletecacl
list_iacl_dir
list_iacl_seg
listacl
listcacl
set_iacl_dir

set_iacl_seg

removes an Initial ACL for new
directories

removes an Initial ACL for new
segments

removes an access control list
(ACL) entry

removes a common access control
list (CACL) entry

prints an Initial ACL for new
directories

prints an Initial ACL for new
segments

prints an ACL entry

prints a CACL entry

adds (or changes) an Initial ACL
for new directories

adds (or changes) an Initial ACL
for new segments

C) Copyright, 1973, Massachusetts Institute of Technology
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setacl
setcacl

MULTICS PROGRAMMFRS' MANUAL

adds (or changes) an ACL entry
adds (or changes) a CACL entry

5) Storage System, Formatted Output Facilities

dprint
dpunch
dump_segment

mail
memo

print
print_motd

runoff

runoff_abs

adds segment to the high speed line
printer queue

adds a segment to the card punch
queue

selective octal dump of segment
contents

prints or sends mail

allows users to set reminders

for later printout

prints any ASCIl segment

prints the system's message of the
day

formats a text segment according
to internal control words

invokes the runoff command as an
absentee job

6) Storage System, Address Space Control

change_wdir
initiate

list_ref_names

print_search_rules

print_wdir
set_search_dirs
set_search_rules
terminate

where

7) Language Translators,

alm
alm_abs

apl
basic

}

controls directory assumed when
relative path names are given

adds a segment to the address space
of a process

prints all names by which segment
is known to a process

prints path of search for missing
segments )
prints name of current working

directory

controls path of search for missing
segments

removes a segment from process
address space

prints full path name of a segment

Compilers, Assemblers, and Interpreters

assembly language for Multics
invokes the ALM assembler as an
absentee job

invokes the APL interpreter
translates and optionally runs
Version 6 BASIC programs
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8)

9)

C) Copyright,

basic_run
basic_system
fortran
fortran_abs

lisp
lisp_compiler
pll

pll_abs

gedx
v2pll_abs

vSbhasic

bind

display_component_name

print_bind_map

print_link_info

change_error_mode

debug
dump_segment

hold

how_many_users
page_trace

print_linkage_usage
profile

progress

1.1

Command Repertoire

Command Language Environment
Page 5
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runs BASIC programs
editor and runner of BASIC programs

standard FORTRAN |V compiler
invokes the FORTRAN compiler as an
absentee job

a LISP 1,5 interpreter and compiler
invokes a LISP compiler

the Multics PL/I compiler

invokes the PL/! compiler as an
absentee job

sophisticated editor, with macro
facilities (a minor interpreter)
invokes the Version Il PL/I
compiler as an absentee job
translates and optionally runs
Version 5 BASIC programs

Object Segment Manipulation

packs two or more object segments
into a single segment

prints name of bound component,
gives offset

prints information about a bound
segment

prints 1ist of entries and outbound
links of an object segment

Debugging and Performance Monitoring

adjusts length and contents of status
messages

symbolic source language debugger
selective octal dump of segment
contents

saves the stack for debugging or
later restart

tells how many users are logged in
prints list of pages recently
demanded

prints map of all current linkage
prints information about execution

of individual statement within a
program

prints information about the progress
of a command as it is being executed

1973, Massachusetts Institute of Technology
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10)

11)

ready
ready_off

ready_on
reprint_error

trace_stack
where

1/0 System Control

cancel_daemon_request

close_file
console_output

dprint
dpunch
file_output
iocall
iomode

line_length
list_daemon_requests

print_attach_table

abbrev

answer
do

enter
exec_com

get_com_line }

.
set_com_line |

123

MULTICS PROGRAMMERS' MAMNUAL

prints a summary line of CPU time
and paging usage

suppresses the ready line
following commands

restores the ready line

allows retyping of earlier status
messages

prints stack history

prints full path name of a segment

cancels a previosuly submitted
daemon request

closes open FORTRAN and PL/! files
restores typewriter output to the
typewriter

adds a segment to the high speed
printer queue

adds a segment to the card punch
queue

directs typewriter output to a
segment

allows direct calls to
entries

sets typewriter character conversion
modes

sets typewriter carriage length
prints list of daemon requests
currently queued

prints list of current
stream attachments

1/0 system

1/0 system

Command Typing and Control

allows user-specified abbreviations
for command lines or parts of
command lines

answers questions normally asked

of the user

executes a command line with
arguments inserted
enters an anonymous user
system

allows a segment to be treated as
a list of commands to be executed
adjusts size of command line
buffers

into the

f Technology
Systems Inc.
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hold

login

logout

new_proc
program_interrupt

release
start

walk_subtree

Communication Among Users

change_wdir
check_info_segs

help
link

mail
make_peruse_text
peruse_text
set_search_dirs
unlink

where
who

Accounting

getquota
movequota

resource_usage

1.1
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saves the stack for debugging
following an accident

enters user into the system
exits user from the system
creates a new process with a
fresh address space

signals a condition following an
accident

releases a saved stack

restarts a computation following
a quit or unexpected signal
repeats a command in all directories
below a given directory

changes base of operation to
another directory
checks information (and other)

segments for changes .
prints special information segments

inserts a directory link to
another segment

sends an ASC!! message to another
user

prepares segments for use by
peruse_text

selectively prints structurai
information segments

sets path of search for missing
segments

removes a directory link

prints full path name of a segment
prints list of users currently
logged In

prints secondary storage quota
and usage

moves secondary storage quota to
another directory

prints resource consumption for
the month

C) Copyright, 1973, Massachusetts Institute of Technology
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14) Control of Absentee Computations

15)

(c) Copyright, 1973,
N 4

alm_abs

cancel_abs_request

enter_abs_request
fortran_abs
list_abs_request
pll_abs
runoff_abs

who

Miscellaneous Tools

archive

archive_sort

invokes the ALM assembler as an
absentee job

cancels a previously submitted
absentee job request

adds a request to the absentee

job queue

invokes the FORTRAN compiler as an
absentee job

prints list of absentee job
requests currently queued

invokes the Version | PL/| compiler
as an absentee job

invokes the runoff command as an
absentee job

prints list of absentee jobs
currently logged in

packs several segments together

to save physical storage breakage
sorts the contents of an archive
segment by component segment name

calc a desk calculator
code enciphers a segment, given a coding
key
decam another desk calculator
decode deciphers a segment, given the proper
. coding key
print_motd pr?nts the system's message of the

reorder_archive

who

day

rearranges order of an archive
segment

prints list of users currently

logged in

- -
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PROTOCOL FOR LOGGING IN

The first step in using Multics is to establish a cornection
between the user's terminal and the system, as described in the
MPM Introduction, Chapter 3, under The Mechanigs of Terminal
Usage. After the user has established that connection, Multics
responds:

Multics 20.6; MIT, Cambridge, Mass.
Load = 16.0 out of 40,0 units; users = 15

where the system, the site, the number of units and users
currently logged in, and the maximum number of units currently
permitted are, of course, variable.

ogging In

Once the user has obtained the ''Load ="

still wishes to log in), he should type:

message (and if he

login person -project- -control_arguments-

If the project is omitted, the user's default project ID is used.
(See the write-up of the login command for more information.)
Multics responds:

Password:

The terminal prepares for the user's typing of his password by
x'ing out the line following the password request. The user then
types his password (eight characters or less); e.g.,

qwertvyui

At this point, Multics prints one of the following messages:

1) person project logged in: date time from type terminal "x
There is a short interval during which the process is
created for the user, followed by the printing of the
message of the day, followed by a ready message (see Ready
Messages below). If the wuser's password has been given
incorrectly since its last correct use, a message to that
effect is also printed.

C) Copyright, 1973, Massachusetts Institute of Technology
and Honeywell Information Systems Inc.
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2)

3)

4)

5)

6)

7)

8)

System full. Please try again later.

Acceding to the user's login request would cause the number
of logged in users to exceed the current maximum. (Note
that certain users have privileges such that they can log in
despite the current maximum setting.)

Load control group full, Please try again later.

The user's load control group has its maximum number of
users already logged in.

Incorrect login word.
The user has not specified a recognizable login request.
login: illegal argument "xxx".

The user has specified an illegal parameter in his login
request line.

Home directory missing.

The user's home directory does not exist and cannot be
created.

You are subject to preemption,

This message is printed in conjunction with message 1
(above). It indicates that the user has been assigned

secondary status and can be preempted if the system becomes
full and a primary user from any load control group logs in.

You are protected from preemption until hhmm,

This message is printed in conjunction with message 1
(above). It indicates that the user has been assigned
primary status and cannot be preempted until the time given.
Once this time arrives, the user retains primary status
until another user from his load control group attempts to
log in and finds the load control group full, The first
user can then be demoted to secondary status or preempted,
depending on whether or not the system is full.

k4 P - Y. -~
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9) Special session in progress,

A new version of Multics is being tested, or certain repair
or administrative work 1is in progress which requires that
users be temporarily restricted from accessing the system.

10) Login incorrect.

Some item in the system's verification of the user's attempt
to access Multics was incorrect. l.e., the user's name
or project was not registered (or was mistyped) or the
password was incorrectly typed.

11) person.project already logged in from type terminal "x"

The user-project combination is already using Multics. A
message notifying the already logged in user of the current
login attempt is printed at his terminal.

If a user does not complete his login within a few minutes,
his terminal hangs up.

User's Process Param rs

Several attributes of the user's process can be controlled
by the user's project administrator. The project administrator
can, in turn, allow the user to override some of these attributes
by specifying control arguments in his login or enter line. (See
the 1login and enter command write-ups.) The variable attributes
and their values for most users are:

1) home directory

The project administrator can specify the path name of the
user's home directory. The project administrator can also
permit the user to override this specification by use of the
-home_dir control argument to the login or enter commands.
The usual value for a user's home directory path name is:

>user_dir_dir>project>person
and if the path name has this form, and the directory does

not exist, the login or enter commands attempt to create the
directory.

C) Copyright, 1973, Massachusetts Institute of Technology
and Honeywell Information Systems Inc.
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2)

3)

L)

5)

6)

(© Copyright, 1973, Massachuset

process overseer

The user's process overseer is the procedure which is called
to initialize the user environment when a process is
created. The project administrator can specify the path
name of this procedure. The project administrator can also
allow the user to override this specification by use of the
-process_overseer control argument to the login or enter
commands. The usual value for a user's process overseer is:

process_overseer_

If the user's process overseer cannot be located, the user
process cannot be initialized.

ipnitial and maximum ring number

The project administrator can specify the initial protection
ring in which the user process begins execution, and the
maximum ring in which the user process can execute, within
limits set by the system administration. This specification
cannot be overridden by the user. The usual values for
these parameters are:

initial ring: L
maximum ring: 7

preemption protection time

The project administrator can specify the minimum amount of
time that a user can hold primary status, within limits set
by the system administration. The user cannot override this
specification, The usual value for most users for this
parameter is 48 hours,

password

The user can change his password by use of the
-change_password control argument to the login command. The
command asks first for the current password to verify the
identity of the user, then for the new password. On
subsequent logins, the new password is required.

default ojec

The user can change his default project (for subsequent
logins) to the project specified in the current login
command line.

urte
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7) attributes

A number of one-bit flags which determine user privileges
are referred to as the user attributes. The system
administrator can allow project administrators to set
certain of them for users on a project, and some of them
can be overridden by the user. The attribute flags include:

a) brief

If on, the user does not receive messages associated with
a successful login. |If the user is using the standard
process overseer, the message of the day is not printed.
The project administrator can force this attribute to be
on, or the user can set it to on by use of the -brief
control argument to the login or enter commands.

b) nostartup

If on, the user can specify the -no_start_up control
argument to the 1login or enter commands, and cause his
start_up.ec to be bypassed. (See Start Up below.) Most
users have this attribute set to on.

Cc) v_process_overseer

If on, the user can override the process overseer
specification by use of the -process_overseer control
argument to the login or enter commands. |If off, the
control argument has no effect. Most wusers have this

attribute set to on.
d) v_home_dir

| f on, the user can override the home directory
specification by use of the -home_dir control argument to

the 1login or enter commands. If off, the control
argument has no effect. Most users have this attribute
set to on.

e) preempting

If on, the user can preempt other primary users in his
load control group whose grace has expired. The user can
cause this attribute to be set to off by use of the
-no_preempt control argument to the login or enter
commands.

() Copyright, 1973, Massachusetts Institute of Technology
and Honeywell Information Systems Inc.



1,2 MULTICS PROGRAMMERS' MANUAL

Logging In Protocol
Command Language Environment
Page 6

f) guaranteed_login

If on, the user is logged in, if at all possible, if he
also specifies the -force control argument to the login
or enter commands. This attribute flag is set to on only
for system users for emergency repair applications.

g) multip

If on, the user can be 1logged in more than once
simultaneously, Only system daemon users have this
attribute.

h) nobump

If on, the user cannot be bumped by name by the system
operator. Only system daemon users have this attribute.

i) nolist

I1f on, the user is not listed on the output of the who
command. This attribute is not normally given to any
user.

j) no_primary
If on, the user cannot have primary status.

k) no_secondary

If opn, the user cannot have secondary status.
Start Up

Upon beginning execution in a new process, a user might
desire his process to perform certain actions before coming to
command level, In order to do this, the user can create an
exec_com segment (see the MPM write-up of the exec_com command)
that contains commands which are to be executed before his
process attempts to read from his terminal. This segment must be
named start_up.ec and must reside in the user's initial working
directory.

nstitute of Technology

(© Copyright, 1973, Massachusetts | :
11 information Systems inc.

and Honeywe



MULTICS PROGRAMMERS' MANUAL 1.2

Logging In Protocol

Command Language Environment
Page 7

7/12/73

If the segment start_up.ec exists in the wuser's initial
working directory, the printing of the message of the day is
suppressed, In addition, the command "exec_com start_up
creationtype processtype” is executed as a command during process
initialization. |f the process is being created because the user
has 1logged 1in, creationtype is the string "login". If the
process is being created because of a new_proc command or a
process termination, creationtype is the string "new_proc". |If
the process being created is interactive, then processtype is the
string "interactive". If the process being created is an
absentee process, processtype is the string "absentee".

This feature allows users to initialize their processes as
they see fit. Some uses of this feature might be to suppress
ready messages or change the search rules.

Ready Messages

The ready message is a printed response designed to provide
timing information for the user. It is of the form

r time cpu mu pf

and is printed after every command or sequence of commands, and
after a quit condition. time is the current time of day (24-hour
notation), cpu is the amount of processor time charged to the
process (in seconds, to the nearest millisecond), mu 1is the
memory wusage and pf is the number of page faults. The cpu, mu
and pf figures are the values since the last calculation or, in

the case of the first readg message for a, new, process, the time,
memory usage, and page faults required to initialize the process.

Special Subsystem Use

Some projects may wish to arrange for a special process
overseer procedure to be called when a user logs in, instead of
the standard Multics procedure, in order to modify the system's
appearance to the terminal user. A project administrator can
specify a special process overseer for any user on his project.
The MPM Subsystem Writers' Guide write-up for the
process_overseer_ subroutine contains further information.

C) Copyright, 1973, Massachusetts Institute of Technology
and Honeywell Information Systems Inc.
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nonymous Users

For some applications (like short courses), it is desirable
to allow unregistered persons to log in as users of a particular
project. Multics allows a project to register a special,
anonymous user. Users who log in under this identity are given
the access name anonymous.project.a, and any number of these
users can log in at once. When used in conjunction with the
special process overseer control argument described above, this
facility allows a subsystem to simulate other time-sharing
systems under Multics.

There are two varieties of anonymous user registrations and
two corresponding login procedures. For anonymous users who have
a password, the user types

enterp person project -control_arguments-

instead of the login line described above. No default project ID
is possible. The system then asks

Password:

and continues with the normal login sequence. For anonymous
users with no password (usually those with a special process
overseer which checks for a password), the user types

enter person project -control_arguments=-
The system skips requesting a password and goes directiy to the
logged in message. For both cases, the user's name as given on
the login line is available to a special process overseer for any

checks it wishes to make. (See the MPM command write-up for
enter.)

Logeging Out

When the user has finished his current terminal activity, he
issues the command

logout
Multics disconnects the user's telephone line after printing
person project logged out date time

CPU usage ss sec, memory usage uu units
hangup

ssachusetts Institute of Technology
nd Honeywell Information Systems inc.
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Emergency Logout

When a scheduled shutdown or system emergency occurs, the
user may see the following message appear on his terminal:

Automatic logout

person project logged out date time

CPU usage ss sec, memory usage uu units
hangup

followed by the telephone 1line disconnection as for a normal
logout command, |If possible, a warning message is printed a few
minutes before the automatic logout message appears.

Unscheduled Disconnections

1f, for some reason, the user's telephone connection to
Multics is broken, the Multics system recognizes this event and
issues an automatic logout for the user (without printing on the
user's terminal, needless to say). If he has more work to
accomplish, he should dial into Multics again and attempt the
standard login sequence.

Logout for lnactivity

If a user is inactive (that is, his process remains blocked)
for more than the installation~-specified maximum time 1limit,
Multics logs the user out with the following message:

Maximum inactive time exceeded |
person project logged out date time
CPU usage ss sec, memory usage uu units

hangup
Terminal Switch Settings

Switches must be set as indicated below for interaction with
the computer.

2741 LCL-COM switch on COM.
INHIBIT AUTO EOT switch (if present) on.
Power switch on.
The quit button is marked ATTN,
The end of line key is marked RETURN,

() Copyright, 1973, Massachusetts Institute of Technology
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Datel: LOCAL-REMOTE switch on REMOTE.
EOT-INH switch on 1NH.
Power switch on.
The quit button is marked ATTN,
The end of line key is marked RETURM,

1050 System switch on Attend.
Printer 1 switch on SendRec.
Keyboard switch on.
System switch up.
Test switch off.
Power switch on.
Line Control Switch (located inside rear
pedestal door) on.
The quit button is marked RESET LINE.
The end of line key is marked RETURN.

37: No switches are accessible. Power is turned on
by the DATA button.
The quit button is marked INTERRUPT,
The end of line key is marked LINE SPACE.

38: Line button on

Both the CR and LF buttons must be pressed
sequentially to generate the equivalent of a
Multics new line (carriage return_line freed).
Carriage return should be typed first, then
line feed.

The quit button may be unmarked -- it is the
second button from the bottom in the right hand
colomn of five buttons,

35: ON-LINE/OFF=-LINE switch on ON-LINE.
HALF DUPLEX/FULL DUPLEX switch on EULL DUPLEX.
The quit button is marked BREAK,
The end of line key is marked LINE FEED.

33: ON-LINE/OFF~-LINE switch on ON-LINE.
HALF DUPLEX/FULL DUPLEX switch on FUL]L DUPLEX,
The quit button is marked BREAK.
The end of line key is marked LINE FEED.

ARDS: Power switch (on back) ¢gn.
Press RESET button before dialing.
The quit button is marked:
a) when in read mode, the CONT and Q buttons
pressed at the same time;
b) when in write mode, the WAIT button.

(© Copyright, 1973, Massachusetts |
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The end of line key is marked LF,
Terminet 300: The ON LINE and READY buttons should be 1lit.

The INTERRUPT button should light up when
the quit button is hit.

Transparency switch off.

Inhibit switch on Norm.

Rate switch set to 15.

Line Feed switch on 1.

Auto L.F. switch on.

The quit button is marked INTERRUPT,

The end of line key is marked RETURN,

Execuport 300: The PWR switch (on back panel) should be on.
Mode switch on LINE.
DUPLEX switch on HALF., (Can be set to
FULL )to suppress printing of the password
only.
CHAR/SEC switch on 15. (Should be set to
10 if dialed into a 110 baud line.)
PARITY switch on EVEN.
QSL switch on LOWER.,
The quit button is marked BRK.
Both the LF and CR buttons must be pressed
sequentially to generate the equivalent of a
Multics "new line" (carriage return-line feed).
Either button can be pressed first.

Trendata 1000: Power switch gn (POWER indicator light turns

88&& button lighted (press switch to enter or
leave communication mode).

LOCAL button unlighted (press switch to enter
or leave local mode).

The quit button is marked ATTN.

The PROCEED light indicates that the keyboard
is unlocked.

The ERROR CHECK light indicates that a
character cannot be printed.

The UNLOCK button can be depressed to free the
keyboard and turn on the PROCEED light,

The end of line key is marked RETURMN.

© Copyright, 1973, Massachusetts Institute of Technology
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Tektronix 4013: Power switch (under the keyboard) opn (POWER
indicator light turn on).
LINE/LOCAL switch to the LINE position.

- TRANSMIT AND RECEIVE baud rates (on back of

pedestal) set to 1200,
FULL DUPLEX/HALF DUPLEX switch (on back of
pedestal) set to HALF DUPLEX, SUPERVISOR.
CARRIAGE RETURN switch (on back of pedestal)
set to CR/LF,
The quit button is marked BREAK.
The end of line key is marked LF,.

Teleterm 1030: Power switch on.

(Multics version) Duplex switch on haif,
Parity switches set to on and gven.
SPEED set to 10, 15, or 30 depending on whether
a 110 baud, 150 baud, or 300 baud telephone
number was dialed.

Note that when using Multics via a data network, the above switch
settings may be superseded by local host conventions.

Note

See also the MPM Reference Guide section, Typing
Conventions, for information on keyboard input and output
conventions. In general, the conventions described there apply
to logging in and out as well as all other typing.

@D Copyright, 1973, Massachusett?
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TYPING CONVENTIONS

Three categories of typing conventions are dealt with in
this secticn: canonical form, erase and kill characters, and
escape characters, Quits, which might reasonably be considered a
typing convention, are discussed elsewhere. The button that can
be pressed to <cause a quit condition to ke signalled is listed
for each terminal type under Terminal Switch Settings in the MPM
Reference Guide section, Protocol for Logging In. Handlirng of
the condition is discussed under the quit condition ir the MPM
Reference Guide section, List of System Conditions and Default
Handlers.

Canonical Form

The concept of a canonical representation of a printed line
image described here has been used in at least two character
oriented systems: in TYPSET on the IBM 7094 (as suggested by Earl
Van Horn), and in the TITAN operating system onr the ATLAS
computer.

Characters are intended ultimately for human communication,
and conventions about a printed line must be made with this in
mind. A character stream is a representation of printed lines.
In general, there are many possible character streams that
represent the same line. |In particular, on input, a typist can
produce the same printed line twice with different sets of key
strokes. For example, the line

start 1da alpha,hl get first result.

could have been ed with eith spaces.or horjzontal, tab
separating the ?.elﬁg? one cannot te?q byp?ooﬁlng at tﬁe printea

image. Since it is not possible for the individual to
distinguish between several ways of typing a printed
representation, no program should deliberately attempt to do so
either.

For example, a program should be able to compare easily two
character streams to see if they are the same, in the sense that
they produce the same printed image, It follows that all
character input to Multics must be converted into a standard
(canonical) form., Similarly, all programs producing character
output, including editors, must produce the canonical form of
output stream.

Effectively, of all possible ASCI| character strings, only
certain of those strings are ever found within Multics. All of
those strings that produce the equivalent prirted effect on a

() Copyright, 1973, Massachusetts Institute of Technology
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typewriter terminal are represented within Multics as one string,
the canonical form for the printed image.

No restriction has been placed on the individual at his
terminal; he is free to type a noncanonical character stream.
This stream is automatically converted to the canonical form
before it reaches his program, For the user who wants his
program to receive raw or partially processed input from his
terminal, the following escape mechanism is provided. The tw_
outer module (see the MPM write-up for the tw_ subroutine)
supports the following applicable modes below through the
changemode call:

—can no canonicalization of overstrikes.

—esc no canonicalization of escape characters.

—erkl no erase and kill processing.

rawi the specified data is read from the terminal without

any conversion or processing. This includes shift
characters and undifferentiated upper and lower
case characters.

Similarly, an 1/0 System Interface Module (I0SIM) is free to
rework a canonical stream on output into a different form if, for
example, the different form happens to print more rapidly or
reliably on the device.

We assume that every 10SIM is able to determine

unambiguously what precise physical motion of the device
corresponds to the actual character stream coming from or going
to it. In particular, the 10SIM must know the location of

physical tab settings. This requirement places a constraint on
devices with movable tab stops. When the tab stops are moved,
the 10SIM must be informed of the new settings. Standard Multics
software assumes that tab stops are at character positions 11,
21, 31, 41, etc.

The current Multics canonical form does not meet all of the
objectives of the above discussion: it represents a compromise
between whose objectives and that of convenience of typing
aligned tabular information, which requires an ambi guous
interpretation of the tab character. The following three
statements describe the current Multics canonical form,

1) A message consists of strings of character positions
separated by carriage motion,

@9 Copyright, 1973, Massachusetts Institute of Technology
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2) Carriage motion consists of new 1line, tab, or space
characters.

3) Character positions consist of a single graphic or an
overstruck graphic. A character position with overstrikes
contains the numerically {in ASCIli sequence) smallest
graphic, a backspace character, the next larger graphic, etc.

Thus, for the most part, the canonical stream differs little from
the raw input stream it was derived from.

Fxamples of Canonical Form

Several illustrations of canonical form are shown below.
The examples do not attempt to cover every conceivable variation
or combination of characters, but, rather, illustrate the intent
and the method. (In the examples, assume that the typist's
terminal has horizontal tab stops set at 11, 21, 31, etc.)

Typist: This is ordinary text.<NL>
Printed line: This is ordinary text.
Canonical form: This is ordinary text. <NL>

For the case of simple, straight line input, the canonical form
reduces to the original key strokes of the typist. Most 1input
probably falls into this category.

Typist: Here full<BS><BS><BS><BS> means that<NL>
Printed line: Here full means that

Canonical form: Here _<BS>f_<BS>u_<BS>1_<BS>1 means that<NL>

This is probably the most common example of canonical conversion,
to insure that overstruck graphics are stored in a standard
pattern,

Typist: We see no prob <(BS>1em<CR>__<NL>
Printed line: We see no problem
Canonical form: _<bs>W_<bs>e see no problem

(Recall that the carriage return (CR) does not produce a line
feed.) The most important property of the canonical form is that
meanderings of the typist within a line are irrelevant. The
typist need merely concern himself with the printed image.
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Erase and Kill Characters

Experience has shown that even with sophisticated editor
programs available, two minimal editing conventions at the
earliest possible level are very useful for human input to a
computer system, These two conventions give the typist two
editing capabilities at the instant he is typing:

1) Ability to delete the last character or characters typed.

2) Ability to delete all of the current line typed up to this
point.

(More complex editing capabilities are also available, but they
fall in the domain of editing programs that can work with lines
previously typed as well as the current input stream.) By
framing these two editing conventions in the 1language of the
canonical form, it is possible to preserve the ability to
interpret unambiguously a typed line image despite the fact that
editing was required.

The first editing convention is that one graphic, the number
sign (#), is reserved as the erase character. When this
character appears as the only graphic in a print position, it
erases itself and the contents of the previous print position.
When it is not the only graphic in a print position, it erases
the print position in which it appears. |If the erase character
follows simple carriage motion, the carriage motion is erased.
Several successive erase characters erase an equal number of
print positions or simple carriage motions. Since erase
processing occurs after the transformation to canonical form,
there is no ambiguity as to which print position has been erased;
the printed line image is always the guide. Whenever a print
position is erased, any carriage motion on the two sides of the
erased print position is combined into a single carriage motion.

The second editing convention reserves another graphic, the
commercial at sign (@), as the kill character. When this
character appears as the only graphic in a print position, the
contents of that line up to and including the kill character are
discarded. Again, since the kill processing occurs after the
conversion to canonical form, there can be no ambiguity about
which characters have been discarded. By convention, an
overstruck erase character is processed before a kill character,
and a kill character is processed before a non-overstruck erase
character. Therefore, a kill character can only be erased by an
overstruck erase character,
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Examples of Erase and Kill Processing

Typist: abcx#de<SP><BS>fzz##g<NL>
Printed line: abex#defzz##g

Canonical form: abcx#defzz##g<{NL>

Final input: abcdefgdNL>

This represents the primary use of the erase character,
correcting typing errors the moment they are noted. Note that
the erroneous space between e and f was not erased, it was
undone.

Typist: This@The off<BS><BS><{BS>__##n<BS>_<SP>state<NL>
Printed line: This@The off##n state

Canonical form: This@The _<BS>0_<BS>f_<(BS>f##_<BS>n state<NL>
Final irput: The _<BS>0_<BS>n statedNL>

Printed appearance of final form: The on state

Escape Characters

Contemporary terminal equipment often 1is not capable of
representing all 128 of the ASCil code values. To keep full
generality and flexibility in the future, standard software
escape conventions are used for all terminal devices. On devices
that have the revised ASCI| set, the use of the escape mechanism
is normally unnecessary. Fach class of terminal device has a
particular character assigned as the software escape character,
When this character occurs in an input (or output) string to (or
from) a terminal it always gives a special interpretation to the

next. one _or mo characters The standard escape character is
the left slant; tF?s means tﬁat to ?nput tEe coag ?or ?%, an

escape convention has to be used. Therefore, the left slant
should be avoided in all Multics software. (It should be noted
that the two standard erase characters, # and @, should also be
avoided in all software.)

For simplicity, universal escape conventions have been
established that are uniform over several terminal classes. For
full flexibility, there 1is a mechanism for representing any
arbitrary octal code in a character string. The universal escape
conventions are:

\dl1d2d3 for the octal code dl d2 d3 where d1, d2, d3 are
from zero to seven. \d2d3 is equivalent to 1\dld2d3 if dl1 s
zero. \d3 is equivalent to 1\dl1d2d3 if dl1 and d2 are zero,
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\<NL> for a 1local (i.e., concealed) use of the new line
character that does not go into the computer-stored string on
input and that is not in the computer-stored string on output,

\# for placing an erase character into the input string.

\@ for placing a kill character into the input string.

\\ for placing a left slant character into the input string.
One additional stylistic convention holds for all termuna]s.

the solid vertical bar (]) and the broken vertical bar (,) are
equivalent representations of the graphic for ASCII code 17h

IBM 1050 and 2741 Terminals

Each type ball used requires a different set of escape
conventions.

EBCDIC Type Ball (963) and EBCDIC Kevpunches

The following non-ASCl1 EBCDIC graphics are considered to be
stylized versions of ASCII| characters:

¢ (cent sign) for \ (left slant, software escape)
! (apostrophe) for s (acute accent)
- (negation) for ~ (circumflex)

In addition to the four universal escape conventions, the
following are available for convenience.

¢! for ‘' (grave accent)
&< for [ (left bracket)
&> for J (right bracket)
¢( for { (left brace)

¢) for t (right brace)
¢t for ~ (tilde)

There are no currently implemented escapes for |IBM 029
keypunches with EBCDIC codes.

In the case of keypunches, an end-of-card automatically
generates a new line character. It is also convenient for input
to have:

c* for "skip reading the remainder of this card without
the new line character”
¢/ for "new line and skip reading the remainder of this
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card"
&+ for "new line and keep reading this card"
¢H for horizontal tab

Note that one can use the multiple punch codes described in the
MPM Reference Guide section, Punched Card Codes, when at an 029
keypunch instead of the above escape conventions. The two sets
of conventions (escape and multiple punch) are interchangeable,
even in the same card deck.

Model 33 and 35 Jeletypes

Because these models do not have both upper and lower case,
the following typing conventions are necessary to enable users to
input the full ASCII character set:

1) The keys for letters A through Z input lower case letters a
through 2z, unless preceded by the escape character \ (left
slant). The left slant is shift-L on the keyboard, although
it does not show on all keyboards. For example to input
"Smith.ABC", type "\Smith,\A\B\C",

2) Numbers and punctuation map into themselves when possible.
The underscore (_) is represented by the back arrow (<), The
circumflex (~) is represented by the up arrow (t). The acute
accent (’) is represented by the apostrophe (').

3) The following other correspondences exist:

Character type in octal
backspace \- 010
grave accent (‘) \1 140
left brace ({) \( 173
vertical line (}) \! 174
right brace (}) \) 175
tilde (~) \= 176

In normal 1/0 mode, characters are output according to these same
rules, In edited 1/0 mode, the output drops the left slant and
becomes much tidier, but ambiguous.

Model 37 and 38 Jeletypes

There are no additional escape conventions for the model 37
and 38 teletypes since they use the full ASCI| character set.
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The following non-ASClIl characters on the keyboard are

considered to be stylized versions of ASCII characters:

« (back arrow) for  _ (underscore)
¢+ (up arrow) for N (circumflex)
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ANGUAGE

THE COMMAND

A system command is a program furnished by the system that
performs some general, canned function for a user. Such programs
are called commands because they carry out users' orders to the
system (renaming a segment, compiling a program, etc.). In
Multics, system commands are not a special class of program. Any
user program that takes character strings as arguments can be
invoked as a command. (See the MPM Reference Guide section, The
Multics Programming Environment.) The command processor can be
viewed as simply a mechanism for invoking programs by name.

It is clearly necessary to establish some conventions for
the syntax of a command line. (A command line is defined as the
sum of a command name plus any arguments to be passed on to the
command when it is invoked. Note that, in Multics, the general
rule is for system commands to accept arguments at invocation and
not to acquire them by interrogation of the user during
execution,) It should also be clear that it is not usually
desirable to declare that the syntax be identical to the
subroutine call of some particular programming language, since
the engineering of human interfaces is different from that of
subroutines. The conventions developed here are chosen for
simplicity in the basic case, and for functional flexibility in
the nonbasic cases. That is, various services such as nesting
and iteration of commands are furnished, and the command language
syntax allows these features to be specified by means of certain
special delimiters in the command line; but if the services are
not desired, the user need only type his commands according to
the format discussed below under Simple Commands. For that
matter, the command system is avoidable; some subsystems under

Multics may choose to interact with their users in their own
fashion, with their own conventions. Most users, however, deal

with Multics directly through the command system.
Context

After successfully logging in to the system, the user is
said to be at command level. Then and thereafter, from the point
of view of the user, command level is the time after a ready
message, at which point the system is available for new commands.
That is, when a command has finished executing, it returns to the
command processor (which called it in the first place), and the
command processor prints a message on the user's terminal
informing him that the system is ready for further orders. When
the user is at command level, he issues commands in the syntax of
the command language described herein, Note that because Multics
typewriter input allows read-ahead, the user does not have to
wait for a ready message before typing another command line. He
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can, however, be interrupted in the middle of typing a 1line by
the ready message. |If this occurs, that line is lost and must be
retyped. The typing of ready messages can be turned off and on
using the commands ready_off and ready_on (see the MPM command
write-ups).

Simple Commands

A command 1line specifies a function to perform plus, if
appropriate, the arguments with which the function is to operate.
Each command line element is currently treated as a character
string. That is, individual commands are called with character
string arguments, there currently being no conversion by the
system of, say, numeric characters to binary representation.

There are two basic elements of a command line., The first
is the command name. This is essentially a reference name, i.e.,
a (procedure) segment name, and, if appropriate, an entry point
name. The command processor uses the user's search rules (see
the MPM Reference Guide section, The System Libraries and Search
Rules) to find the program whose name 1is the command name.
However, the reference name can be preceded by a storage system
hierarchy location specification; that is, it can be a path
name. In this case, the search rules are superseded and the path
name is used to find the program. Subsequent unqualified
references to the same reference name are treated as if the path
name were present (see example below). The second basic element
is the argument. This is simply a character string designating,
for instance, a segment. Depending on the particular command in
question, there can be from zero to an arbitrary number of
arguments. The element delimiter (or separator) in a command
line is the space (or blank). The terminator of a command line
can be either the semicolon (;) or the new line character. Note
that more than one command can be issued on the same line of
console input by using the semicolon between commands.

The general form of the simple command is
command_name argl ... argn
with each element separated from the preceding one by one or more

spaces., For example, the rename command takes arguments in
pairs; the first 1is the current path name of the segment to be

renamed and the second is the desired new entry name. Thus,

rename square_root sqrt
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causes the command processor to search for and invoke a procedure
named rename at entry point rename with the character strings
"square_root" and "sqgrt" as arguments. There is no difference
between invoking a command from the console and calling it in a
procedure. For example, typing the command 1line 'rename
square_root sqrt" is equivalent to executing the following PL/I
program:

X: proc;
call rename ("square_root", "saqrt");
end x;

As another example, suppose that one knows that an
experimental version of the rename command resides in the
directory >Smith_dir. If one types:

>Smith_dir>rename square_root sqrt

then the experimental version is invoked. That is, the program
rename in the directory >Smith_dir is invoked with the character
string arguments "square_root" and "sgrt", Subsequent
unqualified references to rename invoke the one in >Smith_dir.
In like manner, any program in the storage system hierarchy can
be invoked.

teration

Sometimes the user wishes to repeat a command with one or
more elements changed. The 1iteration facility of the command

language is Frovided for economy of typing. Tge iteration set
consists o one or more elements enclose by parentheses

(parentheses are reserved characters). Each element of the set,
in turn, replaces the entire set ir the command line. For

example,

print (a b c).pll
is equivalent to the three commands

print a.pll; print b.pll; print c.pll

More than one iteration set can appear in a command. The
corresponding element from each set is taken. For instance, the

compound command

rename >Smith_dir>(Jones Doe Brown) (Day White Green)
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would expand into the commands
rename >Smith_dir>Jones Day
rename >Smith_dir>Doe VWhite
rename >Smith_dir>Brown Green

Nested iteration sets are also allowed. Evaluation of
parentheses occurs from the outside in. The principal use of
nested iteration sets is to reduce typing when subsets of an
element are repeated. For example,

createdir >Smith_dir>(new>(first second) old>third)
would create three directories
>Smith_dir>new>first

>Smith_dir>new>second

>Smith_dir>old>third

Active Stri

The following hypothetical situation introduces the next
feature of the command language. Suppose one wants to
periodically delete the 1least recently used segment in a
directory. After rejecting the notion of listing the directory
and picking out the appropriate segment by hand, one would
probably write a small program (say, oldest_segment) to perform
the same task, have it print the name of the segment, and then
delete the segment. Further thought leads one to the realization
that it should be possible to give the results of oldest_segment
directly to the delete command. The desire generalizes into the
notion of active strings where an ggtive string is defined to be
an element of a command 1line which is immediately evaluated
(executed) and the resultant value placed back into the command
line. A program explicitly designed to be used in an active
string is called an active function. An active function must
return a varying character string as its value.

Since they are called from the user's terminal, active
functions do not follow the standard library subroutine practice
of returning a status code. Instead, upon detecting an error,
they call the subroutine active_fnc_err_ which signals an error
condition (see the MPM subroutine write-up for active_fnc_err_).
Also, they are inherently more expensive than library subroutines

@D Copyright, 1973, Massachusetts Institute of Technology
and Honeywell information Systems Inc.



MULTICS PROGRAMMERS' MANUAL 1.4

Command Language

Command Language Environment
Page 5

7/11/773

since they are designed to interact directly with a human user.
For these reasons, they should not be called from a program,

The delimiters of an active string are the left bracket ([)
and the right bracket (1). Thus, in terms of the hypothetical
situation sketched above:

delete [oldest_segment]

performs the desired task where oldest_segment has been changed
to return its value as a varying character string rather than
printing its value on the terminal. The command processor scans
the command line, discovers the active string, evaluates |it,
places the obtained value into the command line, discovers the
terminator, evalutes what is left (which is "delete" as a command
name and some character string as arguments), and then returns.

To afford fuller generality, active functions can have
arguments and active strings can be nested. Suppose one had a
random name generating routine called namer which took an
arbitrary two-character string as a 'seed" and returned a
32-character (or shorter) varying character string, then:

rename [oldest_segment] [namer xz]

would cause the least recently used segment to be renamed to
whatever random name emerged from namer when the latter was
invoked with xz as an argument. Now supposing one also had a
random number generator called random for priming namer,

rename [oldest_segment] [namer [random]l

is also valid (provided random returns a varying character string
value).

An implication of the use of active strings which deserves
further emphasis is the fact that after being evaluated, the
value 1is actually rescanned for active strings before being
inserted into the command line. For example, if procedure alpha
returned [(beta] as its value, and x were some appropriate
command, then

X {alphal

would invoke x with whatever value procedure beta in turn
returned.
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In some cases, the user may not want the string returned by
the active string to be rescanned for further active strings. To

suppress this rescanning, one immediately precedes the active
string with a vertical bar (]). Continuing the immediately

preceding example,
x | [alpha]

would result in the invocation of x with [betal] as an argument.
Note that all other scanning (e.g., for spaces) is performed on
the returned string.

lteration can, of course, be combined with the above
features. For example, suppose the program "bil1" returned the
character string "arthur robert fred". Then the command line

print ([bil1])
would expand into
print (arthur robert fred)

The command 1line finally obtained when all active strings
have been processed is called the expanded command lire. For
example, in the case "print ([bil1])" above, the expanded command
line is "print (arthur robert fred)".

The maximum 1length of the expanded command line is, by
default, 128 characters. This size can be changed using the
set_com_line command (see the MPM command write-up). For the
sake of efficiency, it is recommended that the size be left at
128 characters except when a larger size is temporarily needed
(to accommodate a large returned string from some active
function, for example).

For simplicity, all of the above examples have used active
strings consisting of a single command line. In its most general
form, an active string can consist of any number of legal command
lines separated by semicolons. The value of the active string is
the concatenation of the values of the command lines. For
example, if the active string

[act_fncl x]
returns the value TURN and the active string

[act_fnc2 y z]
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returns the value STYLE then the active string
fact_fncl x; act_fnc2 v z]

returns the value TURNSTYLE.

Note

The 1idea of active strings is taken from the TRACGDlanguage
designed by Calvin N. Mooers.

oncat ion

Another desirable feature of a command language is the
ability to form basic elements (i.e., character strings) by
concatenation with nonbasic elements (e.g., the values of active
strings). For example, suppose one has written an active
function called work which returns the character string
representation of the path name of one's working directory. It
should then be possible to perform a command (presumably from
some other directory) such as

rename [work]>square_root sqrt

and have the first argument to rename be the concatenation of the
value of the work active function with the string ">square_root".
In the Multics command language, this facility is furnished in
precisely the manner shown, That is, the value of a delimited
element of a command is concatenated with the string or delimited
element adjacent to it when there is no space between the two.

Note that more than one delimited element can be
concatenated. For example,

delete [workl>([bil1])

deletes the segments arthur, robert, and fred in the wuser's
working directory where the active function "bill1" is defined as
above.

Note also that concatenation is permissible in either
direction with regard to the delimited string and the
non-delimited string. For example,

delete >project_dir>Doe>([bill1])
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deletes the segments arthur, robert, and fred in the directory
>project_dir>Doe.

Concatenation was implicitly assumed in our description of
iteration.

Reserved Characters and Quoted Strings

Note that in the context of the Multics command language,
the following characters are reserved: space, quotation mark
("), semicolon (;), the new 1line character, left and right
brackets ([ and 1), left and right parentheses ("(" and ")"), and
the vertical bar (]) when adjacent to the 1left bracket.
Occasionally, however, 1t is necessary to use a reserved
character without 1its special meaning. For example, we might
want to pass a semicolon as an argument to a command. The
character quotation mark (") 1is reserved for this purpose.
Reserved characters within a quoted string (i.e., a string of
characters surrounded by quotation marks) are treated as ordinary
characters. Thus,

rename ";" foo

causes a semicolon to be passed as an argument to the rename
command. Also, since a quotation mark is a reserved character,
it may be desirable to suppress its special meaning. For this
purpose, two adjacent quotation marks within a quoted string are
interpreted as a single quotation mark. For example,

de" ete IIAIHIBII
causes the argument A"B to be passed to the delete command.
Notes

The command processor can be called from a program by using
the procedure cu_$cp. See the write-up of the subroutine cu_ in
the MPM, See also the MPM Reference Guide section, The Multics
Programming Environment.
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CONSTRUCTING AND INTERPRETING NAMES

The various types of names used on Multics are constructed
and interpreted according to certain conventions. The names in
question are user names, segment names, command names, subroutine
names, |/0 stream names and condition names.

User names are discussed in the MPM Reference Guide section,
Access Control, since they are primarily used to specify access
control information.

A segment can be named in two ways. Its location in the
storage system hierarchy is specified by its path name. The name
by which it is known in a process is its reference name. The
star convention and equal convention provide shorthand methods of
specifying segment names. Offset names allow specification of
externally known locations in a segment.

Path Names

As described in the MPM Introduction Chapter 3, Beginner's
Guide to The Use of Multics, each segment (or directory or link)
in the Multics storage system has an entry in a superior
directory. Any segment (or directory or link) can be found by
following the appropriate entries from a designated directory
through inferior directories until the desired segment (or
directory or link) entry is reached. An absolute path name is
just such a sequence of entry names starting from the root
directory. A relative path name is a sequence relative to the
current working directory. Path names, whether relative or
absolute, are typically used as arguments to commands and
subroutines.

An entry name is a string of 32 or fewer ASCI| characters.
Only the greater-than (>) and less-than (<) characters are
prohibited in entry names, since they are used to form path names
as described below. Several other characters are not recommended
for entry names -- asterisk (*), question mark (?), percent sign
(%), equals (=) and dollar sign ($) -- because standard commands
attach special meanings to them. Each is explained below.

In general, entry names consist of the upper- and
lower-case alphabetic characters, the digits, the underscore (_)
and the period (.), and must have at 1least one nonblank
character. The underscore is wused to simulate a space for
readability; e.g., a segment might be named new_seg. (Including
a space in an entry name is permitted, but 1is cumbersome since
the command language uses spaces to delimit command names and
arguments.) The period is used to separate components of an
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entry name, where a component is a logical part of the name.
Several system conventions depend on components. For example,
compilers on Multics expect the 1language name to be the last
component of the name of a source segment to be compiled; e.g.,
square_root.pll for a PL/|l source segment.

An absolute path name is formed from a sequence of entry
names, each preceded by a greater-than character. The initial
greater=-than indicates that the entry name following it
designates an entry in the root directory. Thus, an absolute
path name has the form >first_dir>second_dir>third_dir>my_seg.

The directory first_dir is immediately inferior to the root,
second_dir is an entry in first_dir, etc. A maximum of 16 levels
of directories is allowed from the root to the final entry name.
The number of characters in the path name cannot exceed 168.
Each intermediate entry in the chain can be either a directory or
a link to a directory. The final entry can be a directory, a
segment or a ltink.

A relative path name looks like an absolute path name except
that it does not contain a leading greater~-than character, and
can begin with 1less-than characters as explained below. It is
interpreted by various commands to be a path name relative to the
user's working directory. The simplest form of relative path
name is the single name of an entry in the user's working
directory. For example, the relative path name alpha refers to
the entry alpha in the user's working directory. On a slightly
more complex level, the relative path name sub_dir>beta refers to
the entry beta in the directory sub_dir which is immediately
inferior to the user's working directory.

The less-than character can be used at the front (left end)
of a relative path name to indicate that the directory
immediately superior to the working directory is where the
following entry name is to be found. This principle can be
extended so that several less-than characters cause the superior
directory several levels higher than the working directory to be
searched for the first entry name in the relative path name.

In the following examples, the user's working directory is
>dirl>dir2>dir3>dirh
A relative path name of

new_seg
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would designate the segment with the absolute path name
>dirl>dir2>dir3>dirk>new_seg
A relative path name of

dir5>o0ld_seg
would designate the segment

>dirl>dir2>dir3>dird>dir5>0ld_seg
A relative path name of

{dir0>newer
would designate the segment

>dirl>dir2>dir3>dir0>newer
A relative path name of

<{<sample_dir>game_dir>chess
would designate the segment

>dirl>sample_dir>game_dir>chess
Ihe Star Convention

Many commands that accept path names as input allow the
final entry name in the path to be a star name. A star pame is
an entry name that identifies a group of entries in a single
directory. Commands that accept star names perform their
function for each directory entry identified by the star name.

A star name identifies all entries in a directory having an
entry name that matches the star name. A special type of
matching is performed in which some character strings of the star
name are compared with corresponding strings of the entry name,
while other character strings of the entry name are ignored. 1 f
the star name strings match the entry name strings, then the

entry name matches the star name. Therefore, the entries
identified by a star name all have similar names.
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Under the star convention, the matching is performed
according to the rules for constructing and interpreting star
names listed below:

1) A star name is an entry name. Therefore, it is composed of
a string of 32 or fewer ASCIl| printing graphics or spaces,
none of which may be the less-than (K<) or greater-than (>)
character. Note that, unlike an entry name, a star name
cannot contain control characters such as backspace, tab, or
new line.

2) A star name is composed of one or more nonnull components.
This means that a star name cannot begin or end with a
period (.), and cannot contain two or more consecutive
periods.

3) Each question mark (?) character appearing in a star name
component 1is treated as a special character. The question
mark matches any character that appears in the corresponding
component and letter positions of the entry name.

L) Each asterisk (*) character (loosely referred to as a star)
appearing in a star name component is treated as a special
character. The asterisk matches any number of characters
(including none) appearing in the corresponding component
and letter positions of the entry name. Only one asterisk
can appear in each star name component, except for a double
star component as noted in the next rule.

5) A star name component consisting only of a double star (#%)

is treated as a special component. The double star
component matches any number of components (including none)

in the corresponding component position of the entry name.
Only one double star component can appear in a star name.

Note that the rules above do not require that star names contain
asterisks or question marks. Therefore, an entry name that does
not contain either of these special characters can be used as a
star name, as long as it does not contain any null components.
Note too that the rules above impose no restrictions on the form
of the entry names to be matched with the star name. Such names
can contain null components that match only star name components
of * or **,

The following examples illustrate some common forms for star
names. The entry name

@D Copyright, 1973, Massachusetts institute of Technology
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*.pll

identifies all two-component entries in the wuser's working
directory that have pll as their second component; the path name

sub_dir>my_prog.new.*
identifies all three-component entries in the directory sub_dir
(which is immediately inferior to the user's working directory)
that have my_prog.new as their first and second components; and

*

and

* %

.

identify, respectively, all one-component and two-component
entries in the working directory. The entry name

my_prog.#**

identifies all entries with my_prog as the first (and possibly
only) component;

* %% my_seg

identifies all entries with two or more components of which the
last is my_seg;

*% pll

identifies all entries with pll as the last (and possibly only)
component; and

2

identifies all entries in the user's working directory. The
entry name

prog*.pll
identifies all two-component entries whose first component begins

with prog and has four or more characters, and whose second
component is pll;

C) Copyright, 1973, Massachusetts Institute of Technology
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*_data

identifies all one-component entries whose first component ends
with _data and has five or more characters; and

interest_*_data.*.*

identifies all three-component entries whose first component
begins with interest_, ends with _data, and has fourteen or more
characters. Finally, the entry name

ad?

identifies all three-character one-component entries in the
user's working directory which begin with ad;

------------

identifies all fifteen character one-component entries beginning
with ! <(called unique names because such names are generated by
the unique_chars_ subroutine and the unique active function); and

sub_dir>prog?.**,pll

identifies all entries in the directory sub_dir (which is
immediately inferior to the user's working directory) with two or
more components, the first of which has five characters and
begins with prog, and the last of which is pll.

Ihe Equal Convention

Some commands that accept pairs of path names as their
arguments (e.g., the rename command) allow the final entry name
of the first path to be a star name, and the final name of the
second path to be an equal name. An egqual pame is an entry name
containing special characters that represent one or more
characters from the entry names identified by the star name.
Commands that accept equal names provide a powerful mechanism for
mapping certain character strings from the first path name into
the second path name of a pair. Such a mechanism helps to reduce
the typing required for the second path name, and it can be
essential for mapping character strings from the entry names
identified by the star name into the equal name, because these
characters strings are not known when the command is issued.

Under the equal convention, the mapping of character
strings from the star name into the equal name is performed
according to the rules for constructing and interpreting equal

C) Copyright, 1973, Massachusetts Institute of Technology
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names given below:

1) An equal name is an entry name. Therefore, it is composed
of a string of 32 or fewer ASCI!| printing graphics or
spaces, none of which may be the 1less-than (<) or the
greater-than (>) character. Note that, unlike an entry
name, and equal name cannot contain control characters such
as backspace, tab, or new line.

2) An equal name is composed of one or more nonnull components.
This means that an equal name cannot begin or end with a
period (.), and cannot contain two or more consecutive
periods.

3) Each percent (%) character appearing in an equal name
component is treated as a special character. The percent
represents the character in the corresponding component and
letter position of the entry name identified by the star
name. An error occurs if the corresponding character does
not exist.

4) Each equal sign (=) appearing in an equal name component is
treated as a special character. The equal sign represents
the corresponding component of the entry name identified by
the star name. An error occurs if the corresponding
component does not exist. An error also occurs if an equal
sign appears in a component that also contains a percent
character. Only one equal sign can appear in each equal
name component, except for a double equal sign component, as
noted in the next rule.

5) An equal name component consisting only of a double equal
sign == is treated as a special component. The double
equal sign component represents all components of the entry
names identified by the star name that have no other
corresponding components in the equal name. From this
definition, it follows that if the double equal sign
component represents (i.e., corresponds to) any components
of the entry name identified by the star name, then the
equal name necessarily has the same number of components as
the entry name. Only one double equal sign component can
appear in an equal name.

Note that the rules above do not require that equal names
contain equal signs or percent characters. Therefore, an entry
name that does not contain either of these special characters can
be used as an equal name, as long as it does not contain any null

C) Copyright, 1973, Massachusetts Institute of Technology
and Honeywell Information Systems Inc.



1.5 MULTICS PROGRAMMERS' MANUAL

Constructing and Interpreting Names
Command Language Environment
Page 8

components. Note too that the rules above impose no restrictions
on the form of the entry names identified by the star name.
These names can contain null components. However, the rename and
addname commands cannot be <called with an entry name that
contains null components, because these commands treat their
arguments as either star names or equal names. The fs_chname
command can be used to rename entries if names containing null
components are accidentally created.

The following examples illustrate how equal names might be
used in rename and addname commands. The command

rename random.data_base order.=
is equivalent to
rename random.data_base ordered.data_base
addname world.data =.statistics =.census
is equivalent to
addname world.data world.statistics world.census
The command
rename random.data.base =.=
is equivalent to
rename random.data.base random.data
The star convention is used in the command
rename *.data_base =.data
to rename all two-component entry names with data_base as their
second component to have, instead, a second component of data.
The command
rename alpha beta.=.gamma
is in error because the first name of the pair does not contain a
component corresponding to the equal sign in the second name.

The command

rename program.pll old_=.=

(© Copyright, 1973, Massachusetts Institute of Technology
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is equivalent to
rename program.pll old_program.pll
and
addname data first_=_set
is equivalent to

addname data first_data_set

The next rename command, which contains a double equal sign
component,

rename one.two.three ==
is equivalent to
rename one.two.three 1l.two.three
and
addname one.two.three.four 1l.==.4
is equivalent to
addname one.two.three.four 1l.two.three.b

Note that, in the two examples above, the first name has
components that are represented by the double equal sign in the
second name of each pair. As a result, the number of components
represented by the equal name is the same as the number of
components in the first name. On the other hand, in the command

addname able ==.baker.charlie
which is equivalent to
addname able baker.charlie

the double equal sign does not represent any component of the
first name. Component able of the first name is represented in
the equal name by baker. As a result, the equal name represents
a greater number of components than there are in the first. The
command

C) Copyright, 1973, Massachusetts Institute of Technology
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addname **.ec ==.absin

uses the star convention to add a name to each entry with a name
whose last component is ec. The last component of this new name
is absin, and the first components (if any) are the same as those
of the name ending in ec. Finally, the command

rename ???*.data %%%.=

renames all two-component entry names that have a last component
of data and a first component containing three or more characters
to have a first component that has been truncated to the first
three characters and the same 1last component. Note that the
command

rename *.data %%%.=

may result in an error if the first component of any name
matching *.data has fewer than three characters.

Reference Names

Procedures executing in a process need to refer by name to
other segments known in that process. Such a name is a reference
name. A reference name may be the same as an entry name of the
segment, or may be different. For example, when a dynamic
linkage fault occurs for a reference name, the linker searches
(using search rules) for a segment which has an entry name
identical to that reference name. A procedure call, an
invocation of a command through the command processor, or a
reference to an external data segment is of this type, as is a
segment made known by the hcs_$make_ptr subroutine. Search rules
(telling which directories to search for the entry name) may be
specified by the user or may be system defaults. The default
search rules are described in the MPM Reference Guide section,
The System Libraries and Search Rules. Alternatively, the user
may explicitly designate the reference name to be associated with
a specified segment. The initiate command and the hcs_$initiate
and hcs_$initiate_count subroutines perform this function. In
this case, the reference name need not have any similarity to any
entry name of the segment.

Since a reference name is associated only with segments made
known in a process, the same reference name may be used in two
different processes to refer to two different segments. Also, a
reference name/segment binding exists only for the duration of
the process in which it is specified. It is possible to break
that binding by terminating the segment, thus causing all 1links

C) Copyright, 1973, Massachusetts Institute of Technology
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to that segment to be unsnapped and causing the segment to no
longer be known in the process (by any reference name). Any
reference name of a terminated segment can be used again in the
process to refer to a different segment. (See the write-ups for
the terminate and terminate_refname commands and the term_,
hcs_$terminate_file, and hcs_$terminate_seg subroutines.)

Individual reference names can be wunbound in a process
without terminating the segment unless the reference name removed
was the only one on the segment. (See the write-ups for the
terminate_single_refname command and for the term_,
hcs_$terminate_name, and hcs_$terminate_noname subroutines.) A
user wishing to replace a system routine with one of this own by
the same reference name might terminate that one reference name
and initiate his routine by that same reference name:

terminate_single_refname sys_prog
initiate >my_dir>my_prog sys_prog

Thereafter, references to sys_prog would invoke his routine,
my_prog, with one exception. Other system routines bound to
sys_prog would continue to invoke the system routine since those
links had been presnapped when the routines were bound together.

Note that the commands and the term_ subroutine unsnap
dynamic links to any segment that has a linkage section, whereas
the hcs_ entry points do not unsnap links.

Offset Names

Procedures frequently have more than one entry point, and
data segments frequently have internal locations which are known
externally by symbolic name. The names of the entry points and
the internal locations are called offset names. Both designate
symbolically an offset within the segment. The Tlocation
specified may be refered to by the construction
ref_name$offset_name where the dollar sign separates the
reference name and offset name.

In many cases the entry point to a procedure has the same
name as the segment itself (or the segment has several entry
names corresponding to the names of (its entry points). A
shorthand notation allows the offset name to be assumed to be the
same as the reference name. For example,

call square_root (n);

C) Copyright, 1973, Massachusetts Institute of Technology
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is interpreted to mean

call square_root$square_root (n);
and the command line

rename a b
is equivalent to

rename$renahe ab

It is worthwhile to remember that if the user has renamed
one of his procedure segments (perhaps to preserve an old copy)
or created a storage system link to a segment using a different
name, he must thereafter use the full reference name/offset name
construction when referring to that segment as a procedure
external data segment. For example, a PL/|l subroutine compiled
with subr_name as the label of its procedure statement, and then
renamed new_name must be referred to as new_name$subr_name. It
is also important to not that if a reference name/segment binding
has been established in a process, then merely renaming the
segment does not break the association in that process. To do
this, the segment must be terminated.

Command, Subroutine, Condition and 1/0 Stream Names

These types of names all have some conventions in common.

1) Each is permitted to be not more than 32 characters in
length.

2) A1l ASCII characters are legal in any position except as
noted in points 3 and 4 below.

3) System subroutine names end in an underscore to prevent
conflicts with subroutine names given by users. (l.e., the
user may easily avoid conflicts by refraining from having an
underscore as the last character of his subroutine names.)

L) Condition and 1/0 stream names which are part of the system
should end in an underscore to help prevent conflicts with
names given by users. A glance at the MPM Reference Guide
sections, List of System Conditions and Default Handlers,

and gi§t of Names with Special Meanings, reveals many system
condition and 1/0 stream names which do not observe this

convention. These names were incorporated into the system
before this convention was established.

C) Copyright, 1973, Massachusetts |
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COMMAND AND ACTIVE FUNCTION NAME ABBREVIATIONS

The following i

active functions.

after the command or

ist of abbreviations for commands and

s al
The abbreviations are also listed
active function name

write-ups. For example,

Name: abbrev, ab

Abbreviation

aa
ab
abc
ac
an
as
bd
br

dl
dn
dp
dpn
ds
e
ear
ec

(© Copyright, 1973,

Command Name

alm_abs

abbrev
adjust_bit_count
archive

addname
archive_sort

bind

basic_run
basic_system
cancel_abs_request
createdir
cancel_daemon_request
change_default_wdir
change_error_mode
check_info_segs
console_output

copy
compare_asci i
create
change_wdir
deleteacl
debug
deletecacl
decam

display_component_name

delete_dir
deleteforce
delete_iacl_dir
directories
delete_iacl_seg
delete
deletename
dprint

dpunch
dump_segment
enter
enter_abs_request
exec_com

Massachusetts Institute of Technology
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ep
fa
f1
fo
ft
gcl
gpn
gq
hd
hmu
in
ind
1
la
lar
1c
lcp
1dr
lid
lis
1k
i1
In
1rn
Is
1t
ml
mpt
mq
mv
nondirs
nonsegs
pa
pat
pbm
pdl
pdwd
Pg
Dgt
pi
pli
plu
pmotd
pr
psr
pt
pwd
ax

(© Copyright, 1973, Massachusetts In
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fortran_abs
format_line
file_output
fortran
get_com_line
get_pathname
getquota

hold
how_many_users
initiate

indent

login

listacl
list_abs_requests
listcacl
lisp_compiler
list_daemon_requests
list_iacl_dir
list_iacl_seg

1ink

line_length
listnames
list_ref_names
list

listotals

mail
make_peruse_text
movequota

move
nondirectories
nonsegments
pl1l_abs
print_attach_table
print_bind_map
print_dartmouth_library
print_default_wdir
progress
page_trace
program_interrupt
print_link_info
print_linkage_usage
print_motd

print
print_search_rules
peruse_text
print_wdir

gedx
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ra reorder_archive
rq reorder_archive
rdf ready_off
rfa runoff_abs
rf runoff
rdn ready_on
rdy ready
re reprint_error
rl release
rn rename
ru resource_usage
sa setacl
sbc set_bit_count
scC setcacl
scl set_com_line
sdl set_dartmouth_library
segs segments
sf sort_file
sid set_iacl_dir
sis set_iacl_seg
sr start
ssd set_search_directories
ssf set_safety_sw_off
ssn set_safety_sw_on
Ssr set_search_rules
st status
tc truncate
tm terminate
tmr terminate_refname
tms terminate_segno
ts trace_stack
ul unlink
v2pa v2pll_abs
wh where
ws walk_subtree

C) Copyright, 1973, Massachusetts Institute of Technology
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ALPHABETICAL LiST OF ACTIiVE FUNCTiONS

The active functions of interest to most Multics users are
documented in this and seven other MPM Reference Guide Sections:
Logical Active Functions, Arithmetic Active Functions, Character
String Active Functions, Segment Name Active Functions, Date and
Time Active Functions, Question Asking Active Functions, and User
Parameter Active Functions. The MPM Reference Guide section, The
Command Language, describes the purpose of active functions and
illustrates their use.

The following alphabetical 1list of the active functions
available to Multics users includes the grouping to which each
active function belongs; i.e., indicates which write-up contains
its description.

Active Function Group

and logical

date - date and time
date_time date and time
day date and time
day_name date and time
directories segment name
directory » segment name
divide arithmetic

entry segment name
equal logical

exists logical

files segment name
format_line character string
get_pathname segment name
greater logical

home_dir segment name
hour date and time
index character string
index_set character string
length character string
less logical

1inks segment name
long_date date and time
minus arithmetic
minute date and time
mod arithmetic

month date and time
month_name date and time
nondirectories segment name
nonlinks segment name
nonsegments segment name

© Copyright, 1973, Massachusetts Institute of Technology
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not

or

path

pd

plus
query
response
segments
string
strip
strip_entry
substr
suffix
time
times
unique
user

wd

year

C) Copyright, 1973, Massachusetts
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segment name
segment name
arithmetic
question asking
question asking
segment name
character string
segment name
segment name
character string
segment name
date and time
arithmetic
segment name
user parameter
segment name
date and time
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LOGICAL ACTIVE FUNCTIONS

The active functions of interest to most Multics users are
documented in this and seven other MPM Reference Guide sections:
Alphabetical List of Active Functions, Arithmetic Active
Functions, Character String Active Functions, Segment Name Active
Functions, Date and Time Active Functions, Question Asking Active
Functions, and User Parameter Active Functions, The MPM
Reference Guide section, The Command Language, describes the
purpose of active functions and illustrates their use. Note that
in a command line an active function must be enclosed in square
brackets. However, those brackets have been omitted from usage
descriptions in this wirte-up. They are included in examples.

The following active functions return a character string
value of either "true" or "false'". They are intended to be used
with the &if control statement of the exec_com command. (See the
MPM write-up for exec_com.)

Name: and

This active function returns the value "true" if both of its
arguments are true. Otherwise, it returns the value "false".

Usage
and argl arg?2

1) argi are character strings that must have one of
the values '"true" or 'false"; if not, an
error diagnostic is issued and the value s
undefined.

Name: or

This active function returns the value "true'" if either or
both of its arguments are true. Otherwise, it returns the value

"false".

Usage
or argl arg?

1) argl are character strings that must have one of
the values "true" or '"false'"; if not, an
error diagnostic is issued and the value is
undefined.

C) Copyright, 1973, Massachusetts Institute of Technology
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Name: not

This active function returns either "true" or "false",
whichever is the opposite of the value of its argument.

Usage
not arg
1) arg is a character string. |If arg = "true", then
"false" is returned. |If arg = "false", then
"true" is returned. Otherwise an error
diagnostic is issued.
Name: equal

This active function returns the value "true" if its two

arguments are equal (i.e., identical). Otherwise, it returns the
value "false".

Usaze

equal argl arg2
1) argi are any character strings.
Name: greater

This active function returns the value "true'" if the value
of the first argument is greater than the value of the second

argument. Otherwise, it returns the value '"false".
Usage
greater argl arg?2

1) argi are character strings. |If both argl and arg?
are character string representations of
single-precision fixed binary integers, then
a numeric comparison is made. Otherwise, the
comparison is made a character at a time,
starting from the 1left, using the ASCIlI
collating sequence.

C) Copyright, 1973, Massachusett
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Name: less

This active function returns the value "true" if the value
of the first argument is less than the value of the second
argument. Otherwise, it returns the value '"false".

Usasge

less argl arg2

1) argi are character strings. The comparison is
made as described above in the greater active
function.

Name: exists

This active function checks for the existence of various
types of items, depending on the value of a key.

Usage
exists key arg
1) key can have any of the following values:

entry returns "true'" if an entry with path name arg
exists; otherwise it returns "false".

branch returns "true" if a branch with path name arg
exists; otherwise it returns "false".

segment : returns "true" if a segment with path name
arg exists; otherwise it returns "false".

directory returns "true" if a directory with path name
arg exists; otherwise it returns "“false".

link returns "true" if a link with path name arg
exists; otherwise it returns "false".

non_null_link returns "true" if a link with path name arg
exists and points to an existing segment or
directory; otherwise it returns '"false".

has been passed an
returns "false".

argument returns "true" if

it
argument; otherwise it

C) Copyright, 1973, Massachusetts Institute of Technology
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2) arg is the argument described for each possible
value of key.

Example

The following example illustrates the use of one of the
active functions described in this write-up., It involves the use
of the &if control statement of the exec_com command. (See the
MPM write-up for exec_com.)

&if [equal [wd]l [home_dirll

&then &goto elsewhere

&else change_wdir [home_dir]

This example compares the path name of the working directory

with the path name of the home directory, and if they are not the
same changes the working directory to be the home directory.

(© Copyright, 1973, Massachusetts Institute of Technology
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ARITHMETIC ACTIiVE FUNCTiONS

The active functions of interest to most Multics users are
documented in this and seven other MPM Reference Guide sections:
Alphabetical List of Active Functions, Logical Active Functions,
Character String Active Functions, Segment Name Active Functions,
Date and Time Active Functions, Question Asking Active Functions,
and User Parameter Active Functions, The MPM Reference Guide
section, The Command Language, describes the purpose of active
functions and illustrates their use. Note that in a command line
an active function must be enclosed in square brackets. However,
those brackets have been omitted from usage descriptions in this
write-up. They are included in examples.

The following active functions all perform some arithmetic

operation on their arguments and return the character string
representation of the result,

Name: plus

This active function returns a value that is the character
string representation of the sum of its arguments.

Usage
plus argl ... argn

1) argi are character string representations of
single-precision fixed binary integers.

Name: minus

This active function returns a value that is the characater
string representation of the difference of its two arguments;
i.e., its first argument minus its second argument.

Usage
minus argl arg2

1) argl are character string representations of
single-precision fixed binary integers.

Name: times

This active function returns a value that is the character
string representation of the product of its arguments.

(© Copyright, 1973, Massachusetts Institute of Technology
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Usage
times argl ... argn

1) argi are character string representations of
single-precision fixed binary integers.

Name: divide

This active function returns a value that is the character
string representation of the result of dividing its first
argument by its second. :

Usage
divide argl arg2

1) argi are character string representations of
single-precision fixed binary integers.

Name: mod
This active function returns a value that is the character

string representation of its first argument taken modulus |its
second argument,

Usage

mod argl arg?

1) argi are _character s;r
single-precision fi

n .representations of
eg blna?y ?ntegers.
Name: min

This active function returns a value that is the character
string representation of the numerical minimum of its arguments,

Usage
min argl ... argn

1) argli are character string representations of
single-prevision fixed binary numbers.

© Copyright, 1973, Massachusetts lInstitute of Technology
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Neme: max

This active function returns a value that is the character
string representation of the numerical maximum of its arguments.

Usage
max argl ... argn

1) argn are character string representations of
single prevision fixed binary numbers.

EXQI’HQ!Q

The following example 1illustrates the use of one of the
active functions described in this write-up.

set_bit_count my_seg [times 672 36]
This example sets the bit count of my_seg (assumed to

contain 672 words of information) to 24,192 which is the product
of 672 and 36,

C) Copyright, 1973, Massachusetts Institute of Technology
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The active functions of interest to most Multics wusers are
documented in this and seven other MPM Reference Guide sections:
Alphabetical List of Active Functions, Logical Active Functions,
Arithmetic Active Functions, Segment Name Active Functions, Date
and Time Active Functions, Question Asking Active Functions, and
User Parameter Active Functions, The MPM Reference Guide
section, The Command Language, describes the purpose of active
functions and illustrates their use. Note that in a command line
an active function must be enclosed in square brackets. However,
those brackets have been omitted from usage descriptions in this
write~-up. They are included in examples.

The following active functions return the results of various
operations on one or more character strings.

Name: 1length

This active function returns a value that is the character
string representation of the number of characters in a specified
string
Usage

length arg

1) arg is a character string.

Name: index

This active fupction returns a value that is the character
string representation of the character position in the first
argument where a substring matching the second argument begins.

Usoge

index argl arg?
1) argl are character strings.
Name: substr

This active function returns a value that is the character

string representation of a substring of the first argument
beginning at the character position specified by the second
argument and having a length as specified by the third argument.

CD Copyright, 1973, Massachusetts Inst
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Usage

substr argl arg2 arg3
1) argl ' is a character string.

2) arg2, arg3 are character string representations of
single-precision fixed binary integers. |If
arg3 is omitted, it is assumed to be the
length of argl minus arg2, so that the value
returned is the rest of argl beginning with
the arg2-th character.

Name: index_set

This active function returns a value that is the character
string representation of the numbers from 1 to the number
specified, with a space between successive numbers. This active
function is useful within an iteration in a command line.

Usage

index_set arg

1) arg is a character string representation of a
single-precision fixed binary integer.

Name: string

This active function returns its input arguments, separated

from one another by a single space, as a quoted character string.
By us?ng str?ng, tKe usergcan greaf tﬁe rgsu¥gs o one ofF moge

active functions as a single character string.
Usaze
string argl ... argn

1) argl are the optional input arguments that are to
be returned as a single character string. |If
no input arguments are present, then string
returns a null character string. |If one or
more arguments are present, then any quotes
in these are doubled when the argument s
placed in the quoted return strirg, as
required by the Multics command language
convention for quoted strings.

© Copyright, 1973, Massachusetts Institute of Technology
and Honeywell Information Systems Inc.
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Name: format_line, fI

This active function returns a formatted character string
that is constructed from a control string and other optional
input arguments. Quotes are placed around the return value so
that the command processor treats it as a single argument, Any
quotes contained in the return value itself are doubied when the
value is placed in quotes, as required by the Multics command
language convention for quoted strings.

sage
format_line control_string argl ... argh

1) control_string is an ioa_ control string that 1is used to
format the return value of the active
function. It can contain control characters
within it. If no control characters occur,
the string itself is returned as the value of
the active function. If control characters
exist, they govern the conversion of
successive additional arguments which are
expanded 1into the appropriate characters and
inserted into the return value, The MPM
write-up of the ioa_ subroutine describes the
control characters that can be wused with
ioa_. Of these, °d, 7o, 7f, e, P, "w, and
“A cannot be used with the format_iine active
function, because they control the conversion
of argument types that cannot be processed by
the command processor, and hence, cannot be
input to an active function,

2) argl are optional Iinput arguments that are
substituted in the formatted return value,
according to the ioa_ control string.

Name: search

This active function returns a value that is the character
string representation of the character position in the first
argument that contains a character matching any character in the

second argument,

© Copyright, 1973, Massachusetts Institute of Technology
and Honeywell Information Systems Inc.
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Usarge
search argl ... arg2
1) argl : is the character string to be searched.
2) arg2 is the set of characters searched for.

Name: verify
This active function returns a value that is the character
string representation of the character position in the first

argument that contains a character not matching any character in
the second argument.

Usage

verify argl ... arg2

1) argl is the character string to be verified.
2) arg2 is the set of characters searched for.
Examples

The following examples illustrate the use of two of the
active functions described in this write-up. One of the examples
involves the use of the &if control statement of the exec_com
command. (See the MPM write-up for exec_com.)

delete seg ([index_set 15])

This example is equivalent to the command line

delete seg(l 2 3 4 56 7 8 9 10 11 12 13 14 15)

to delete the 15 segments segl, seg2, ..., segl5,

&if [query [format_line "Is "a a good date? " [long_date]]]
&then &print Beginning execution.,
&else &quit

This example might result in the following dialogue. Note

that the user's response has been underlined for the sake of
clarity.

Is November 22, 1972 a good date? yes
Beginning execution,

(© Copyright, 1973, Massachusetts Institute of Technology
and Honeywelil information Systems inc.
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The active functions of interest to most Multics users are
documented in this and seven other MPM Reference Guide sections:
Alphabetical List of Active Functions, Logical Active Functions,
Arithmetic Active Functions, Character String Active Functions,
Date and Time Active Functions, Cuestion Asking Active Functions,
and User Parameter Active Functions. The MPM Reference Guide
section, The Command Language, describes the purpose of active
functions and illustrates their use. Note that in a command lire
an active function must be enclosed in square brackets. However,
those brackets have been omitted from usage descriptions in this
write-up. They are included in examples.

The following active functions return a segment path name or
entry name or some<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>