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PART 1

GAINING ACCESS

indefinite number of typewriter-like terminals. A certain
number of these terminals may be simultaneously 1linked to
the computer, according to the number and type of access

ports on the computer.

This part of the manual describes the terminal
equipment required for interacting with the system, tells
how to establish a connection between a terminal and the
central computer, and gives, in simplest form, the
procedures for starting and ending a work session.

PHYSICAL EQUIPMENT

A remote terminal for use with the system must be
either an IBM 2741 Communications Terminal, an IBM 2740-1
Communications Terminal equipped with the Transmit Control
feature, or an IBM 1050 Teleprocessing Terminal. It may
connect to the central computer through the dial-up
telephone network, by a leased telephone line, or by private
wire.

Dial-up connections are effected by means of a Western
‘BElectric Dataset #1032-2 or the equivalent, or a compatible
-acoustic coupler. A leased telephone 1line connection
requires the use of a Western Electric Dataset #103F-2 or
the equivalent. A direct-wired connection is effected by
means of an appropriate IBM line adapter (modem). In the
last case, two-wire connections should be avoided, if
possible, since their use rules out an interrupt facility.

Preferred features. The APL\360 system will work with many
variations of the terminal types given above, but certain
features and options are desirable. Dial-up connections
provide the greatest .flexibility, both in overall system
configuration, and ‘in certain details of operation.
Similarly, although the APL printing element is based on a
12-pitch font, and is available in both Selectrice and
PTTC/BCD keyboard encoding (i.e., the correspondence between



FEATURE OR OPTION 1050 2740-1 2741
Control Unit 1051-2
Voltage (115 AC), Non-lock plug | 9881 9881 9881
Dataset Attachment 9114 9114 9114
Dial Up NR 3255 3255
Transmit Control NR 8028 NR
Automatic EOB RPQ E27283 | Do not use | NR
Typamatic Keys NA NA 8341
Interrupt RPQ E27428 | RPQ F17913 | 4708
Text Time-out Suppression 9698 NR NR
First Printer Attachment 4408 NR NR
Automatic Ribbon Shift Select 1295 NA NA
Typing Table 9705 NR NR
Printer-Keyboard 1052-2
APL Printing Element, PTTC/BCD 1167988 1167988 1167988
or Standard Selectric® |NA 1167987 1167987
Keys, APL Keyboard RPQ M40174 | RPQ M40174 | RPQ M40174
Character Spacing, 10 per inch 9104 9104 9104
Line Feeding, 6 per inch 9435 9435 9435
Accelerated Carrier Return 1006 NA NA

NR:
NA:
The

Notes.

feature is standard equipment, or is not required.
not available (July 1968).
numbers are IBM-domestic identifications.

Table 1.1:

keyboard laycut and
element),

character positions
specification of 10-pitch character

on the

RECOMMENDED FEATURES AND OPTIONS FOR TERMINALS

printing
spacing and

Selectric® encoding will allow a greater variety of printing

elements to
essential, the
cannot be overestimated.

Paper tape

be used with the
convenience of having the

terminal.

While it

is not

interrupt feature

equipment (1054-1 Reader and 1055-1 Punch)

and punched-card equipment (1056-1 Reader and 1057-1 Punch)
The punched-card
facilities should have Extended Character features 3861 and

can be used with

3860, for reader and punch, respectively.

IBM identifications

and options are given in Table 1.1.
and information on other
obtained from local IBM representatives.

for terminals,

IBM 1050

1.2

terminals.

options,

for recommended terminal features
Complete specifications
should be
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Figure 1.2: APL\360 KEYBOARD

THE APL CHARACTER SET

The APL\360 keyboard is shown in Figure 1.2. The
numerals, alphabetic characters, and punctuation marks
appear in their usual places, although the alphabet is used
in only a single case: letters print as upper-case italics,
but are produced only when the keyboard is in lower-case
position (i.e., not shifted).

The special characters, most of which are produced with
the keyboard shifted, generally have some mnemonic
connection with their alphabetic or numeric correspondents.
This may be appearance (¢ over ¥), Greek-Roman equivalence
(p over R), sequence (< < = 2 > 2z over 3 4 5 6 7 8), or some
-- possibly far fetched -~ relationship between the APL
function represented by the symbol and the letter (* over P
for power, ' over K for "kwote", and [ over S for geiling).

Use of other character sets. The part numbers of APL
printing elements are given in Table 1.1. However, any
printing element may be used with the APL system, since the
encoded characters generated by the keyboard and transmitted
to the computer are independent of the particular element
mounted on the terminal. Subject to programmed
intervention, the transmitted information will always be

interpreted according to the APL keyboard characters.

Non-APL printing elements are frequently useful in
conjunction with special-purpose APL programs designed to
exploit their character sets. Also, any element that
matches the keyboard encoding (Selectric® or PTTC/BCD) of
the terminal can be used for straightforward numerical work,
since letters and digits print properly with such elements.
The visual interpretation of complex APL expressions is, of
course, awkward with any but an APL printing element.

1.3



THE RECORDING TERMINAL

As connections with remote terminals are established
and broken, and users start and end work sessions, a printed
record of this traffic is generated at the system's
recording terminal. This terminal, which is usually, but
not necessarily, located at the central computer site, is
ordinarily attended by an APL Operator who monitors the
operation of the system, and provides a common point of
contact for users.

There are certain supervisory functions, essential to
the operation of APL\360, which can be effected only from
the recording terminal. Thus, this terminal holds a
privileged position relative to others. The enrollment of
new users, and the allocation of library space, are examples
of this kind of function.

ESTABLISHING A CONNECTION

The directions that follow assume the use of a dial-up
connection with a dataset. Instructions for the use of
acoustic couplers should be obtained from their suppliers.
Where terminals are connected to the computer by leased
lines or private wires, instructions on dialing procedure
(EC2) are irrelevant, but local sources of information
should be consulted for equivalent procedures.

ACTION NOTES

Insert paper, mount an APL
printing element, connect
terminal to power source,
and set switches as follows:

IBM 2741 or 2740 Terminal

LCL/COM CcoM The power switch is at the

Power ON right of the keyboard. On
2741's, the LCL/COM switch
is on the left side of the
terminal stand, toward the
rear; on 2740's, it is to
the right of the power
switch.

1.4



IBM 1050 Terminal

ATTEND/UNATTEND ATTEND
Keyboard SEND
Printer SEND-RECEIVE
Reader 1 OFF
Punch 1 OFF
EOB MANUAL
Line test OFF
Single step OFF
Line control ON
Power ON
On 2741 and 2740 terminals,
test to see if the keyboard
is locked by trying the
shift key. If the key is

operable, press the carrier
return and test again.

EC2. Dial computer:

Set the telephone pushbutton
switch to TALK and follow
ordinary dialing procedure.
After two rings, at most,

the telephone will respond
with a steady, high-pitched
tone.

1.5

Not all 1050's have all
switches; those present must
be set as indicated. The
states of switches not

listed here are immaterial.

If it 1s known that RPO
E27283 (see Table 1.1) is
installed, set the EOB

switch to AUTO.

switch is
door of the

The line control
inside the rear
1051 Control Unit. The
power switch is on the left
side of the control unit,
toward the front.

If the keyboard does not
lock after a carrier return,
check the switches and try
once more. If the switches
are set properly and the
keyboard remains unlocked,
the terminal is faulty.

Telephone numbers are given

in Table 1.3. If the line
is busy, try a different
number or call the APL

Operator to ingquire about an
open line.

123 456-7890 123 456-7890
Insert a table of access
telephone numbers here.
An assistance number
should be included.

APL Operator: 123 456~-7890

Table 1.3: TELEPHONE NUMBERS




Promptly set the pushbutton The DATA button should

switch to DATA by holding light, and will remain 1lit
the DATA button down firmly as long as the terminal is
for a moment and then connected to the computer.
releasing. If it does not light, check

the power connection to the
Cradle the handset. dataset., If it lights, but

quickly goes out, check the
power connection to the
terminal, the cable
connection to the dataset,
and the switch settings on
the terminal. Then retry
from EC1.

Response: The keyboard will
unlock, indicating that the
computer is ready to accept

an entry from the terminal.

The connection established by the foregoing procedure
is only tentative, and will be broken by the central
computer if further communication does not take place within
60 seconds. Therefore, the next step =-- the sign-on
procedure (EC3) given below -- should be executed promptly.

ENTRIES FROM THE KEYBOARD

After a connection is established, normal communication
between a terminal and the central computer is carried on by
means of entries from the typewriter keyboard, which
alternately locks and unlocks as each entry is made and the
computer completes its work. The general procedure is to
type an instruction or command, strike the carrier return to
indicate the end of the message, and follow this by a
transmission signal.

Transmission signals. The transmission signal is generated
differently, according to the terminal type and its
equipment:

2741. A transmission signal is automatically generated in
the proper sequence (i.e., after tte carrier return
signal) when the RETURN key is struck.

2740. The transmission signal is produced by striking the
EOT key after the RETURN key. (Do not use the the EOB
key, or the automatic EOB feature available on these
terminals.)

1.6



1050. On terminals equipped with an automatic EOB RPQ
{see Table 1.1), the transmission signal is produced
automatically when the RETURN kev is struck. Otherwise,
an EOB must be produced manually, by striking the
numeral-5 key, while the key marked ALTN CODING is
held down. (Note that the automatic EOB feature available
for 1650 terminals cannot be used with APL\360.)

A transmission signal does not cause a character to be
printed, and its omission will therefore be evidenced only
by the state of the terminal: the keyboard will remain
unlocked, and no response will be forthcoming from the
system. '

In the remainder of this manual the need for carrier
return and transmission signal will not be explicitly
mentioned, since they are required for every entry.

Mistakes. Before the carrier return (and transmission
signal) that completes an entry, errors in typing can be
corrected as follows: backspace to the pecint of error and
then depress the linefeed button (marked ATTN on 2741
terminals). This will have the effect of erasing everything
to the right of, and including, the position of the carrier.
The corrected text can be continued from that point, on the
new line.

This procedure can be used at any time once the sign-on
(EC3) has been accomplished. In case of error in the
sign-on itself, the entry should be made as is. The system
will provide an appropriate trouble report, following which,
a correct entry may be made.

Transmission errors. There are occasional transient
failures in the communication between a terminal and the
central computer. If the failure occurs during the
transmission from the terminal, the system will respond with
a resend sigral: on 1050 terminals, the RESEND warning
light will go on, and on other texminals the message RESEND
will be printed. In any case, the last entry from the
keyboard must be repeated. The warning light on the 1050
should first be extinguished by pressing the adjacent
button.

Failures in the other direction are wusually evidenced
by the appearance of a spurious character, whose presence in
the printed output is obvious in most contexts. However,
there 1is no absolutely certain way of detecting such a
failure.



Special features of IBM 1050 terminals. The keyboard of a
terminal equipped with a REQUEST button will not unlock,
when it otherwise should, until the button is depressed. On
terminals equipped with a timer, the keyboard will lock
before an entry is completed if approximately 18 seconds
have elapsed since the last keyboard action. Locking can be
forestalled by occasionally striking the shift key, but if
it does happen, the keyboard can be forced to unlock by
flipping the line-control switch inside the 1051 Control
Unit to OFF, and back to ON.

If a terminal 1is to be used exclusively with APL\360,
the Keyboard Request feature should be removed, and the Text
Time-out Suppression feature should be added.

STARTING AND ENDING A WORK SESSION

Each user of the system 1is assigned an acggount number.
This number is sed to effect the sign-on that initiates a
work session; serves to partially identify any work that the
user may store in the system between sessions; and is used
for accounting or billing purposes.

If the account number is nct known, or if one of the
trouble reports given below is encountered and not
understood, a message of inquiry can be sent tc the APL
Operator. This is accomplished by entering )OPR follcowed by
a space and one line (not exceeding 120 characters) of an
appropriate text.

Such a message can be sent at any time after a
connection has been established. It causes the keyboard to
lock, awaiting a reply. If no reply is forthcoming, (and
the sign-on has not been completed), the connection will
have to be broken and re-established before further
communication with the system is possible. (After the
sign-on, the keyboard may be unlocked by an attention
signal, described in Part 2.)

ACTION NOTES
EC3. Sign on: The use of passwords as
Enter ) locks and keys is described
followed by an account in Part 2. A new user will
number, with a key (i.e., a have been advised if a key
colon and password), if is required for his first
required. sign-on.



Effect:

1. A workspace will Dbe
activated for the terminal.
2, Accumulation of time
charges will begin.
Response:

1. A Dbroadcast message from
the APL Operator may be
printed.

2. The port number, time of
day, date, and user name
associated with the account

number will be printed on
one line. The system
identification will be

printed on another line.

1.9

A workspace can be thought
of as both a notebook and a
scratch pad. The details

are explained in Part 2.

NUMBER NOT IN SYSTEM
means either exactly what it

says, or that the number has
a lock associated with it
and the wrong key was used.
The APL Operator should be
consulted if help is
required.

INCORRECT SIGN-ON

means the form of the
transmitted command was
faulty. Retry with a

properly formulated sign-on.

ALREADY SIGNED ON
means that a work session is

already in progress at the
terminal. To start a
session with a different

account number, use command
TC5 (see Part 2), which ends
the current session but
holds the connection, and
retry from the beginning of
EC3.

NUMBER IN USE

means just that, or a
temporary condition due to
delays in the central
computer. Retry from EC2
after two minutes. If the
condition persists, notify

the APL Operator.

NUMBER LOCKED OUT

means that authorization for
use of that number has been
withdrawn.



3. GSAVED, followed by the
time of day and date that
the activated workspace was
last stored.

4, The
unlocked.

keyboard will be

A work session

becomes available, once the

is started,
sign-on is accomplished.

This response will be
omitted if the activataed
workspace 1is ¢lear (i.e.,
not holding information).
If the response is given,
the workspace is named
CONTINUE. The use of
workspace names is explained
in Part 2.

If this is the only reponse,
a transmission error hes
occurred, or the entry did
not start with an APL right
parenthesis. In either
case, the entry should be
repeated in correct form.
If the condition persists,
retry from EC2, possibly
dialing a different number.

and the full APL system

Any

system command of Part 2 or APL operation of Part 3 may now

be entered for execution.

Limited Use of the System.

3, and the reading of Part
only casual or

No
sign-on given here is required

restricted use

S

2

in
may therefore be
is to be made

ystem command other than the
order to make use of Part
deferred if
of the system.

For the purposes of such use, a work session may
conveniently be terminated by one of the following
procedures:

ACTION NOTES
EC4. Disconnect dial-up Use  this  procedure  for

connection:
Set the power switch to OFF,

Effect:
1. The active workspace will
be stored under the name

CONTINUE.

dial-up connections only.

If the workspace 1is clear,

it will not be stored at
this time. If it is stored,
it will be automatically
re-activated when the same
account number is next used
to sign on. See note for

EC3, Response 3.



2. The duration of the work

session and the amount of
computer time used will be
noted internally for later
accounting.

3. The connection to the
central computer will Dbe
broken.

Response: None.

Enter )CONTINUE

Effect:

1. 2. and 3. The same as for
EC4.

1. Time of day
followed by CONTINUE

2. The port number, time of

day, date, and user code
will be printed.
3. Accounting information

will be printed.

and date,

The DATA light will go out.

This is command
detailed in Part 2.

TC4,

NOT WITH OPEN DEFINITION
INCORRECT COMMAND

The meanings of these
reports, and corrective
actions for them, are given
in Part 2.

User codes comprise three
characters which partially
identify |wusers. Their use

is explained in Part 2.

connection is
DATA light

If a dial-up
being used, the
will go out.



PART 2

SYSTEM COMMANDS

APIL, operations deal with transformations of abstract
objects, such as numbers and symbols, whose practical
significance, as 1is usual in mathematics, depends upon the
(arbitrary) interpretation placed wupon them. System

commands in the APL\360 System, on the other hand, have as
their subject the structures which comprise the system, and
control functions and information relating to the state of
the system, and therefore have an immediate practical

significance independent of any interpretation by the user.

In this Part the structure of the APL\360 system is
described, and various notions essential to the
understanding of system commands are introduced. Finally,
the complete set of system commands is described in detail.

WORKSPACES AND LIBRARIES

Workspaces. The common organizational unit in the APL\360

system is the workspace. When in use, a workspace is said

to be active, and it occupies a block of working storage in
the central computer. The size of the block, which 1is
preset at a fixed value for a given system, determines the
combined working and storage capacity of each workspace in
that system. Part of each workspace is set aside to serve
the internal workings of the system, and the remainder is
used, as required, for storing items of information and for
containing transient information generated in the course of
a computation.

An active workspace is always associated with a
terminal during a work session, and all transactions with
the system are mediated by it. In particular, the names of
variables (data items)! and defined functions (programs) used
in calculations always refer to objects known by those names
in the active workspace; information on the progress of
program execution is maintained in the state indicator of

the active workspace; and control information affecting the
form of output is held within the active workspace.



Libraries. Inactive workspaces are stored in libraries,
where they are identified by arbitrary names. They occupy
space in secondary storage facilities of the central
computer and cannot be worked with directly. When required,
copies of stored workspaces can be made active, or selected
information may be copied from them into an active

workspace.

Libraries in APL\360 are either private or public.
Private libraries are associated with individual wusers of
the system, and are identified by the user's account number.
Access to them by other users is restricted in that one user
may not store workspaces 1in another person's library, nor
can he obtain a 1listing of the workspaces already stored
there. However, one user may activate a copy of another
user's (unlocked) workspace if he knows the library number
and workspace name.

Public libraries are identified by numbers below 1000.
They are not associated with individual users, although
certain ones may be reserved by general agreement for groups
of people working cooperatively. Anyone may store
workspaces in a public library, and a listing of workspace
names is available upon request if the library number is
known. However, a workspace stored in a public library
remains under the control of the user who put it there, and
cannot be altered by others.

NAMES

Names of workspaces, functions, variables, and groups
(see workspace control commands) may be formed of any
sequence of alphabetic (4 to Z, and 4 to Z) and numeric (0
to 9) characters that starts with an alphabetic and contains
no blank. Only the first 11 characters of workspace names,
and the first 77 characters of other names are significant.
Longer names may be used, but additional characters beyond
these limits are ignored.

The environment in which APL operations take place is
bounded by the active workspace. Hence, the same name may
be used to designate different objects (i.e., groups,
functions, or variables) in different workspaces, without
interference. Also, since workspaces themselves are never
the subject of APL operations, but only of system commands,
it is possible for a workspace to have the same name as an
object it holds. However, the objects within a workspace
must have distinct names, except as explained below.



Local and global significance. In the execution of defined
functions it 1is often necessary to work with intermediate
results which have no significance either before or after
the function is used. To avoid cluttering the workspace
with a multitude of variables introduced for such transient
purposes, and to allow greater freedom in the choice of
names, the function definition process (see Part 3) provides
a facility for designating certain variables as local to the
function being defined. Variables not so designated, and
all functions and groups, are said to be global.

A local variable may have the same name as a global
object, and any number of variables local to different
functions may have the same name.

During the execution of a defined function, a local
variable will supersede a function or global variable of the
same name, temporarily excluding it from use. If the
execution of a function is interrupted (leaving it either
suspended, or pendent, see Part 3), the local variables
retain their dominant position, during the execution of
subsequent APL operations, until such time as the halted
function is completed. System commands, however, continue
to reference the global homonyms of local variables under

these circumstances.

LOCKS AND KEYS

Stored workspaces and the information they hold can be
protected against unauthorized use by associating a lock,
comprising a colon and a password of the user's choice, with
the name of the workspace, when the workspace is stored. 1In
order to activate a locked workspace or copy any information
it contains, a colon and the password must again be used, as
a key, in conjunction with the workspace name. Listings of
workspace names, including those in public libraries, never
give the keys, and do not overtly indicate the existence of
a lock.

Account numbers can be similarly protected by locks and
keys, thus maintaining the security of a user's private
library and avoiding unauthorized charges against his
account.

Passwords for locks and keys may be formed of any
sequence of alphabetic and numeric characters up to eight
characters 1long, without blanks. Characters beyond the
eighth are ignored. In use as either a 1lock or key, a
password follows the number or name it 1is protecting, from
which it is set off by a colon.



ATTENTION

Printed output at a terminal can be cut off, or the
execution of an APL operation can be interrupted, and
control returned to the wuser, by means of an attention

signal. Since the keyboard is locked during printing or

computing, the signal must be generated by means other than
one of the standard keys.

On terminals equipped with an interrupt feature, the
attention signal is generated by depressing the appropriate
key once, firmly. On IBM 2741 terminals this key is usually
of a distinctive color, and is marked ATTN. (The same key
is used for linefeed when the keyboard is not locked.)

For terminals not so equipped, the attention signal is
generated by momentarily interrupting the connection to the
central computer, The method depends wupon the type of
connection:

with dial-up telephones, uncradle the handset, set
the pushbutton switch to TALK for two to three
seconds, and then reset it to DATA;

with leased telephone lines, set the terminal power
switch to OFF and then back to ON, with deliberate
speed.

If the connection is broken, in either case, for more than
five seconds, the central computer will interpret this as a
signal to end the work session and will execute action EC4
of Part 1.

Following an attention signal the keyboard will unlock,
and the type carrier will return to the normal position for

input (six spaces from the left margin). If the carrier
does not do this, enter blank lines repeatedly until it
does. In some cases a line will be printed before the

keyboard unlocks, telling where a function in progress was
interrupted.

Except for communication commands (and then only if the
delivery of a message is delayed), the execution of system
commands, once entered, cannot be interrupted. However, the
printed responses or trouble reports following a system
command can be suppressed by a properly timed attention
signal.



USE OF SYSTEM COMMANDS

System commands and APL operations are distinguished
functionally by the fact that system commands can be called
for only by individual entries from the keyboard, and cannot
be executed dynamically as part of a defined function. They
are distinguished in form by the requirement that system
commands be prefixed by a right parenthesis, which is a

syntactically invalid construction in APL.

There is some system control which it may be desirable
to exert dynamically, and there are some items of system
information which can be profitably wused during the
execution of a program. For these purposes APL\360 provides
appropriate system-dependent functions and library

functions, which can be used like other APIL operations.
These functions are described in Part 3 and Part 4,
respectively. Where a system command duplicates the action
of one of them, this fact will be noted in the description

of the system command in this Part.

All system commands can be executed when the terminal
is in the execution mode, in which APL operations are

executed forthwith upon entry. However, in definition mode,
in which sequences of operations are being composed into
functions for later execution, commands which call for
storing a copy of the workspace, or which might otherwise
interfere with the definition process itself, are forbidden.

(The two terminal modes are treated more fully in Part 3.)

Classification of commands. System  commands  are

conveniently group;d into five <classes with regard to their
effect upon the state of the system:

1. Terminal control commands affect the relation of a

2. Workspace control commands affect the state of the

3. Library control commands affect the state of the

libraries.

4, Inguiry commands provide information without
affecting the state of the system.

5. Communication commands effect the transmission of

messages among terminals.



The text that follows is based upon this
classification, although it will be seen that certain of the
terminal control commands also affect the libraries, and one
of the library control commands may sometimes affect the
state of the active workspace.

Normal responses and trouble reports. Any entry starting
with a right parenthesis will be interpreted by the system
as an attempt to execute a system command. When the command

is successfully executed, the normal response, if any, will

be printed. The expected reponse 1is given with the
description of each command.

If, for any reason, a command cannot be executed, an
appropriate trouble report will be printed. The most common
report is INCORRECT COMMAND. This means that the command
was incomplete, mis-spelled, used a wrong modifier, or was
otherwise malformed. The corrective action in every case 1is
to enter a properly composed command. The meanings and
corrective actions for other trouble reports are given in

the notes accompanying the description of each command.

Clear workspace. There are certain transient failures of
the system which cause the active workspace to be destroyed.
If this should occur, the message CLEAR WS will be printed,
indicating that the active workspace has been replaced by a
clear workspace. (The attributes of a clear workspace are
given 1in the section on workspace control commands, see
WCl.) This situation rarely arises, but the probability of
its occurrence is slightly higher during the execution of

system commands.

reports for all system commands are summarized in Table 2.1.
Where the first word of a command form is more than four
characters long, only the first four are significant. The
others are included only for mnemonic reasons, and may be
dropped or replaced, as desired. For example, )CLEAR,
JCLEA, )CLEAVER, etc., are all equivalent.

Summary. The purposes, forms, responses, and trouble

In general, the elements of a command form must be
separated by one (or more) spaces. Spaces are not required
immediately following the right parenthesis, or on either
side of the colon wused with passwords, but can be used
without harm.



Reference and Purpose

COMMAND FORM '.2.3 NORMAL RESPONSE TROUBLE REPORTS*
TCl Sign on designated user and start a work session.

JNUMBER [KEY] [TEXT]; PORT,TIME,DATE,USER; SYSTEM; [SAVED,TIME,DATE] 1 2 3 4 5
TC2 End work session.

YOFF [LOCK] PORT, TIME,DATE,USER CODE; TIME USED 16
TC3 End work session and hold dial-up connection.

JOFF HOLD [LOCK] PORT, TIME,DATE, USER CODE; TIME USED 16
TC4 End work session and store active workspace.

JCONTINUE [LOCK] [TIME,DATE,CONTINUE]; PORT,TIME,DATE,USER CODE; TIME USED 6 16
TC5 End work session, store active workspace, and hold dial-up connection.

YCONTINUE HOLD [LOCK] [TIME,DATE,CONTINUE]; PORT,TIME,DATE,USER CODE; TIME USED 6 16
WCl Activate a clear workspace.

YCLEAR CLEAR WS 16
WC2 Activate a copy of a stored workspace.

YLOAD WSID [KEY] SAVED ,TIME ,DATE 7 8 16
WC3 Copy a global object from a stored workspace.

)COPY WSID [KEY] NAME SAVED ,TIME,DATE 6 78 9 10 16
WC3a Copy all global objects from a stored workspace.

)COPY WSID [KEY] SAVED ,TIME,DATE 6 7 8 10 16
WC4 Copy a global object from a stored workspace, protecting active workspace.

YPCOPY WSID [KEY] NAME SAVED,TIME,DATE; [NOT COPIED:,LIST OF OBJECTS] 6 7 8 910 16
WC4a Copy all global objects from a stored workspace, protecting active workspace.

YPCOPY WSID [KEY] SAVED ,TIME,DATE; [NOT COPIED:,LIST OF OBJECTS] 6 7 8 10 16
WC5 Gather objects into a group.

JGROUP NAME [S] NONE 11 16
WC6 Erase global objects.

YJERASE NAME [S] [NOT ERASED:,LIST OF OBJECTS] 16
WC7 Set index origin for array operations.

JORIGIN INTEGER,O0-1 WAS ,FORMER ORIGIN 16
WC8 Set maximum for significant digits in output.

YDIGITS INTEGER,1-16 WAS ,FORMER MAXIMUM 16
WC9 Set maximum width for an output line. TROUBLE REPORT FORMS

JWIDTH INTEGER,30-130 WAS ,FORMER WIDTH 1l NUMBER NOT IN SYSTEM 16
WCLl0 Change workspace identification. 2 INCORRECT SIGN-ON

YWSID WSID WAS ,FORMER WSID 3 ALREADY SIGNED ON 16
LC1I Re-store a copy of the active workspace. | 4 NUMBER IN USE

)SAVE TIME ,DATE,WSID 5 NUMBER LOCKED 0OUT 6 12°13 14 16
LCla Store a copy of the active workspace. 6 NOT WITH OPEN DEFINITION

)SAVE WSID [LOCK] TIME, DATE 7 WS NOT FOUND 6 12 13 14 16
LC2 Erase a stored workspace. 8 WS LOCKED

)DROP WSID TIME, DATE 9 OBJECT NOT FOUND 7 14 16
I01 List names of defined functions. 10 WS FULL

JFNS [LETTER] FUNCTION NAMES 11 NOT GROUPED, NAME IN USE 16
IQ2 List names of global variables. 12 NOT SAVED, WS QUOTA USED UP

YVARS [LETTER] VARIABLE NAMES 13 NOT SAVED, THIS WS IS WSID 16
IQ3 List names of groups. 14 IMPROPER LIBRARY REFERENCE

)GRPS [LETTER] GROUP NAMES 15 MESSAGE LOST 16
IQ4 List membership of designated group. 16 INCORRECT COMMAND

YGRP NAME FUNCTION NAMES,VARIABLE NAMES 16
IQ5 List halted functions (state indicator).

)ST SEQUENCE OF HALTED FUNCTIONS 16
IQ6 List halted functions and associated local variables (augmented state indicator).

)SIV SEQUENCE OF HALTED FUNCTIONS WITH NAMES OF LOCAL VARIABLES 16
IQ7 Give identification of active workspace.

YWSID WSID 16
IQ8 List names of workspaces in designated library.

)JLIB [NUMBER] NAMES OF STORED WORKSPACES 14 16
IQ9 List ports in use and codes of connected users.

YPOETS PORT NUMBERS AND ASSOCIATED USER CODES 16
IQl0 List port numbers associated with designated user code.

)PORTS CODE PORT NUMBERS 16
CM1 Address text to designated port.

JMSGN PORT [TEXT] SENT 15 16
CM2 Address text to designated port, and lock keyboard.

JMSG PORT [TEXT] SENT 15 16
CM3 Address text to recording terminal (APL Operator).

JOPRN [TEXT] SENT 15 16
CM4 Address text to recording terminal (APL Operator), and lock keyboard.

JOPR [TEXT] SENT 15 16

Notes: 1. Items in brackets are optional.
2. KEY or LOCK: a password set off from preceding text by a colon.
3. WSID: library number and workspace name, or workspace name alone, as required
4., See insert table of trouble report forms.

I—

Table 2.1: SYSTEM COMMANDS

2.7



TERMINAL CONTROL COMMANDS

There is one command for starting a work session, and
there are four commands for ending one. The variations in
ending allow for automatically storing a copy of the active
workspace, and for holding a dial-up telephone connection to
the central computer for an immediate start of another work
session. The starting command has been described in Part 1
(EC3).

Forced endings. Any action that interrupts a telephone
connection for more than five seconds will cause the work
session to end, and usually cause a copy of the active
workspace to be stored. This provides a safeguard against
loss of work in case of failure in the telephone circuits,
or accidental loss of power at the terminal. It is also the

basis of the disconnect action described in EC4 of Part 1.

A work session can also be stopped remotely, from the
As in a disconnect, a copy of the active workspace is
usually stored automatically. The bounce may be used when a
port 1is required for a special purpose, or to clear the
system of all users before stopping the APL\360 operation
completely.

If a work session is ended because of failure of the
central computer, the active workspace is not stored.

The CONTINUE workspace. When the active workspace is stored
automatically, as a result of a disconnect, bounce, or one
of the continue commands described below, it goes into the
user's private library and is given the name CONTINUE. 1If
the active workspace had a password associated with it,

CONTINUE will be locked with the same password.

If CONTINUE is automatically stored, and is not locked,
it will be automatically activated at the next sign-on;
otherwise, a clear workspace is activated.

Since CONTINUE will replace any workspace that may have
been previously stored under that name, there is a danger
that repeated line failures, while working with a locked
workspace, could lead to a complete loss of information. To
protect against this possibility, a clear workspace is never
stored automatically.



Interrupted activities. An APL operation in progress at the
moment of occurrence of a bounce or disconnect may oOr may
not be carried to its normal conclusion. A defined function
in progress at such a moment will be suspended, but its
progress can be resumed at a later work session in
accordance with the procedures given in Part 3. A system
command, once begun, will continue to completion regardless
of the state of the terminal.

If a bounce or disconnect occurs when the terminal is
in definition mode, the definition process is arbitrarily
terminated by the system. To proceed with the definition
when CONTINUE is next activated, the definition mode can be
re-established according to the procedures given in Part 3.
The continue commands will be rejected in definition mode.

Detailed description. The trouble reports NO SPACE and
TTBRARY TABLE FULL have been omitted from Table 2.1, and are
also omitted from the notes below, because their occurence
is infrequent, and no corrective action can be taken from a
remote terminal. They can arise in response to a continue
command or a save command (see section on library control),
and signify that certain of the physical resources of the

system have been exhausted.

Elapsed time or time of day, given as a system
response, 1is always in hours, minutes,  and seconds; two
digits for each, separated by periods. A date response is
given as month, day and year; two digits for each, separated
by slashes. Clock hours are counted continuously from
midnight of the indicated day, and if the system runs past
midnight it is possible to have time readings well above 24
hours. For example, 34.22.00 07/11/68 would be 22 minutes
past 10 AM on July 12, 1968.

ACTION NOTES
TCl. Start a work session: See Part 1, EC3.
This is the sign-on,

described in EC3 of Part 1.



TC2. End
Enter )OFF

session:

work

followed by a colon and a
password, if desired.
Effect:

1. The currently active

workspace will wvanish.

of the work
and the amount of
computer time used will be
noted internally for later
accounting.

2. The duration
session

3. The password, if used,
will become a new lock on
the account number.

4, A dial-up connection to
the central computer will be
broken.

1. The port number, time of
day, date, and wuser code
will be printed on one line.
2. Accounting information
will be printed on two
lines, giving terminal
connection time and central
computer time.

Passwords longer than eight
characters are accepted, but

only the first eight are
meaningful. Spaces around
the colon are neutral.

There 1is no effect on any
stored workspace.

Once applied, a 1lock stays
in effect until explicitly

changed by an ending command
that contains a colon.

An existing lock is removed
if no password follows the
colon.

If a colon is not used, the

existing lcck, if any,
remains in force.

Trouble report:

INCORRECT COMMAND

The time used in this
session and cumulative time
since the 1last accounting
are given in the standard
format, for both terminal

time and computer time.

The DATA 1light on telephone
datasets will go out.



TC3. End work session and
hold dial-up  connection:
Enter )OFF HOLD

followed by a colon and a
password, if desired.

Effect:

1. 2. and 3. Same as for
TCZ .

4, The dial-up telephone

connection will be
maintained for 60 seconds,
pending a new sign-on.

l. and 2. Same as for TC2.

TC4. End work session and

store  active works
Enter )CONTINUE
followed by a colon and a

password, if desired.

1. A copy of the currently
active workspace will Dbe
stored in the user's private
library with the name
CONTINUE. If the workspace
had been activated from a
stored workspace with a
lock, the same lock will be
applied to CONTINUE.

2. 3. and 4.
TC2 *

Same as for

See note at TC2.

An attention signal at this
time may cause the
connection to be broken.

INCORRECT COMMAND

See note at TC2.

A bounce has the same effect
and response as this

command. A disconnect has
the same effect, but no
response.

This effect will not take

place if the active
workspace 1is not holding
information.

When the workspace is saved

it replaces any workspace
previously stored with the
name CONTINUE.



Response:
1. Time of day and date,
followed by CONTINUE.

2. and 3. Same as
response 1 and 2.

for TC2,

IC5. End work

store active
hold dial-up

Enter )CONTINUE HOLD
followed by a colon and a
password, if desired.

Effect:

l. Same as for TC4.
2. and 3. Same as for TC2.
4, Same as for TC3.

Response:

1. 2. and 3.
TC4 -

Same as for

This response will be
omitted if the workspace was
not saved. See note at
Effect 1.

NOT WITH OPEN DEFINITION
means that the terminal is
in definition mode. Close
the definition by entering
the character V. (See
mechanics of function
definition in Part 3.)

INCORRECT COMMAND

See note at TC2.

NOT WITH OPEN DEFINITION
See TCA4.

INCORRECT COMMAND



WORKSPACE CONTROL COMMANDS

The commands in this class can replace the active
workspace with a clear one, or with a copy of a stored
workspace; bring together in the active workspace
information from many stored workspaces; form groups within
the active workspace; remove unwanted objects from the
active workspace; and set controls governing certain
operations. No command in this class affects any but the
active workspace.

Application packages. The usefulness of a terminal system
is enhanced by the availability of many different
collections of functions and variables, each of which is
organized to satisfy the computational needs of some area of
work; for example, standard statistical calculations,
exercises for teaching a scholastic subject, complex
arithmetic, business accounting, text editing, etc. The
workspace-centered organization of APL\360 lends itself to
such packaging, because each collection moves as a coherent
unit when the workspace containing it is stored or
activated.

The copy commands provide a convenient way to assemble
packages from components in different workspaces. The
group command makes it convenient to have a multiplicity of
more specialized packages in a single workspace, sharing
common elements, but available individually by copying the
appropriate group.

Groups. The group command assigns a single name to a
collection of names, in order to provide more convenient
reference to selected functions and global variables. The
group name can subsequently be used for three purposes: to
move a copy of the entire set of referenced objects between
workspaces, to incorporate the group members within another
group, and to erase, in a single operation, all objects
referenced by the group. Each of these is further explained
below, in connection with the relevant operation.

entered or developed within one workspace can be made
available within another by means of the copy and
protecting-copy commands, which reproduce within the active

Information transfer between workspaces. Information

workspace objects from a stored workspace. These are two



sets of parallel commands which differ only in their
treatment of an object in the active workspace which has the
same name as an object being reproduced: the copy commands
will replace the existing object, whereas the
protecting-copy commands will not make the replacement.

A copy command of either type can be applied to an
entire workspace or to a single object (i.e., a function,
variable, or group). When an entire workspace 1is copied,
all the functions and global variables within it are subject
to the operation, but its index origin and output control
settings, state indicator, and 1local variables are left
behind.

When a group 1is copied without protection, both its
definition (i.e., the group name and the collection of names
composing the group), and the objects referenced by the
names within it, are reproduced in the active workspace.
When copied with protection, the group itself, or any of the
objects referenced by its members, will be omitted in order
to protect an object in the active workspace. If the group
definition is successfully copied under these circumstances,
the names composing it will refer to the global objects by
those names in the active workspace, regardless of whether
they were copied with the group or present before.

Detailed Description. The term workspace identification is
used here to mean either a library number followed by a
workspace name, or a workspace name alone. When a name is
used alone, the reference is to the user's private library.

A key is a colon followed by a password.

ACTION NOTES
WCl. Activate a clear This command is used to make
workspace: a fresh start, discarding
Enter )CLEAR. whatever 1is in the active

workspace.

Effect:
1. A clear workspace will be A clear workspace has no
activated, replacing the variables, groups, or
presently active workspace. defined functions.

Its control settings are:
index origin, 1; significant
digits, 10; line width, 120.

Its workspace identification
does not match that of any
stored workspace. (See
section on library control.)



1. CLEAR WS

WC2. Activate a copy of

I

Enter )LOAD

followed by a space and a
workspace identification
(with the key, if required).

Effect:

1. A copy of the designated
workspace will be activated,
replacing the presently
active workspace.

Response:

1. S54VED, followed by the
time of day and the date
that the source workspace
was last stored.

WC3. Copy a global object

Enter )COPY

followed by a space and a
workspace identification
(with the key, if required),
followed by a space and the
name of the object to be
copied.

Effect:

1. A copy of the designated
object will appear in the
active workspace with global
significance, replacing
existing global homonyms.

INCORRECT COMMAND

This command may be used to
obtain the use of any
workspace in the system
whose identification (and
password) is known.

WS NOT FOUND

means there 1is no stored
workspace with the given
identification.

WS LOCKED

means that no key, or the

wrong key, was used when one
was required.

INCORRECT COMMAND

A global
group, function, or
variable.

object may be a
global

When applied to a group, all
copy commands operate both
on the group definition and
on objects referenced by the
group members.

Members of a group do not
necessarily have referents;
but a group member without a
referent in the source
workspace may find one in
the active workspace.



Response:

1. SAVED, followed by the
time of day and the date
that the source workspace
was last stored.

WC3a.  Copy all  global
objects  from a  stored
workspace:

Enter )coPY

followed by a space and a
workspace identification
(with the key, if required).

l. A copy of all functions,
groups, and global variables
in the source workspace will

appear in the active
workspace with global
significance, replacing

existing global homonyms.

2.16

NOT WITH OPEN DEFINITION

means that the terminal is
in definition mode. Either
close the definition by
entering V, or defer the
copy operation.

WS NOT FOUND

See WC2,

WS LOCKED

See WC2.

OBJECT NOT FOUND

means that the designated

workspace does not contain a
global object with the given
name.

WS FULL

means that the active
workspace could not contain
all the material requested:
if copied at all, a wvariable
will be copied completely; a
partially copied function
will leave the terminal in
definition mode; some
objects may be completely
overlooked. Status may be
determined by using appro-
priate inquiry commands.

INCORRECT COMMAND

See notes at WC3.

Local wvariables, the state
indicator, and settings for
origin, significant digits,
and width are not copied.



Response:

1. SAVED, followed by the
time of day and the date
that' the source workspace
was last stored.

WC4. Copy a global object
from a stored workspace,
protecting the active

workspace:

Enter )PCOPY

followed by a space and a
workspace identification
(with the key, if required),
followed by a space and the
name of the object to be
copied.

Effect:

1. A copy of the designated
object will appear in the

active workspace unless
there is an existirg global
homonym.

Response:

1. S4VED, followed by the

time of day and the date
that the source workspace
was last stcored.

2. NOT COPIED:,
the names of
copied, will be
appropriate.

followed by
objects not
printed if

Trouble messages:

NOT WITH OPEN DEFINITION
WS NOT FOUND

WS LOCKED

WS FULL

INCORRECT COMMAND

See WC3 for all meanings.

See notes at WC3.

When a group definition is
copied, any member whose
referent was blocked will,
perforce, refer to the
referent of its homonym.

Trouble messages:

NOT WITH OPEN DEFINITION
WS NOT FOUND

WS LOCKED

OBJECT NOT FOUND

WS FULL

INCORRECT COMMAND

See WC3 for all meanings.



active workspace:

Enter )PCOPY

followed by a space and a
workspace identification
(with the key, if required).

Effect:
l. A copy of all global
objects in the source

workspace which do not have
global homonyms in the
active workspace will appear
in the active workspace.

1. SA4VED, followed by the
time of day and the date
that the source workspace
was last stored.

2, NOT COPIED:, followed by
the names of objects not
copied, will be printed if
appropriate.

See notes at WC3.

See note at WC3a, Effect 1.

See note at WC4, Effect 1.

Trouble messages:

NOT WITH OPEN DEFINITION
WS NOT FOUND

WS LOCKED

WS FULL

INCORRECT COMMAND

See WC3 for all meanings.



WC5. Gather names into a
group:

Enter )GROUP
followed by a
or more names

spaces.

space and one
separated by

Effect:

1. The first name will be
the name of a group having
the other names as members,
subject to the rules given
in the adjacent notes. An
existing group with the same
name will be superseded.

2. If only one name is used
in the command, no group is
formed, and an existing
group by that name is
dispersed.

Response: None.

The first name used 1in the
command must not be the name
of a function or global
variable.

Any name may be a member of
a group; names of groups,
functions, and global
variables, and names without
current global referents are
all acceptable.

Members may be added to an
existing group by using the
group name twice in the
command: as the first name
and as another.

When a group is dispersed
the group definition is
destroyed, but the referents
of the group members are
unaffected.

NOT GROUPED, NAME IN USE
means that the first name
used in the command is the
name of a function or global
variable. Erase the
offending object, or use a
different name.

INCORRECT COMMAND



Enter )ERASE
followed by a space and the
names of objects to be

deleted, separated by
spaces.
Effect:
1. Named objects having
global significance, other

than pendent functions, will
be expunged.

Response:

NOT ERASED:, followed by the
names of functions not
erased will be printed, if
appropriate.

WC7. Set index origin for
array operations: Enter the
characters )ORIGIN

followed by a space and a 0

or 1.

Effect:

l. First elements of arrays
in the workspace will be
numbered =zero or one, as

indicated, and subsequent
use of index-dependent APL
operations will be
appropriately affected.

Response:
1. was, followed by the
former origin.

This is the only way to
remove a global variable,

and the most convenient way
to remove a collection of
objects.

Names which do not refer to
global objects are ignored.

When a group is erased, both
the group and the referents
of its members are expunged.

INCORRECT COMMAND

A dynamically executable
equivalent function is
available (see Part 4).

These matters
in Part 3.

are explained

Trouble report:

INCORRECT COMMAND
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Effect:

1. Subsequent output of
numbers will show no greater
number of significant digits

than indicated.

Response:
1. WAS, followed by the
former maximum.

WC9. Set maximum width for
an output line:

Enter )WIDTH

followed by a space and an
integer between 30 and 130
inclusive.

Effect:

1. Subsequent output of all
kinds, except messages
between terminals, will be

limited to a line width no
greater than the number of
spaces indicated.

1. WAS, followed by the
former maximum width.

2.21

A dynamically executable
equivalent function is
available (see Part 4).

This command has no effect
on the precision of internal
calculations, which is

approximately 16 decimal
digits.

Trouble report:

INCORRECT COMMAND

A dynamically executable
equivalent function is

available (see Part 4).

This affects
mechanical margin
the allowable
input lines.

neither the
stops nor
length of

INCORRECT COMMAND



WC1l0. Change workspace This command can be used to

identification: guard against inadvertently
Enter )WSID changing a stored workspace
followed by a space and a that has just been loaded;
workspace identification. and conversely, to enable
the replacement of a stored
workspace without first

using the drop command, when
the active workspace came
from a different source.
(See section on library
control commands.)

Effect:

1. The active workspace will See command LCl1 for the
assume the specified implications of this.
identification. A lock

associated with the

workspace will be retained.

Response: Trouble report:
1. WAS, followed by the INCORRECT COMMAND
former workspace

identification.

LIBRARY CONTROL COMMANDS

There are two Dbasic operations performed by the
commands in this class. The save commands cause a copy of
an active workspace to be stored in a library, and the drop
command causes such a stored copy to be destroyed.

The save commands and the load command are symmetric,
in the sense that a load command destroys an active
workspace by replacing it with a copy of a stored workspace,
while a save command may destroy a stored workspace by
replacing it with a copy of the active workspace.

Continuity of work. When a workspace is stored, an exact
copy of the active workspace is made, including the state
indicator and intermediate results from the partial
execution of halted functions. These functions can be
restarted without loss of continuity (see Part 3), which

permits considerable flexibility in planning use of the

2'22



system. For example, 1lengthy calculations do not have to
be completed at one terminal session; student work can be
conducted over a series of short work periods, to suit class
schedules; and mathematical experimentation or the
exploration of system models can be done over lcong periods
of time, at the investigator's convenience.

Workspace identification. A library number and a name,
together, uniquely identify each stored workspace in the
system. An active workspace is also identified by a library
number and a name, and as copies of stored workspaces are
activated, or copies of the active workspace are stored, the
identification of the active workspace may change according

to the following rules:

1. A workspace activated from a library assumes the
identification of its source.

2. When a copy of the active workspace is stored, the
active workspace assumes the identification assigned to
the stored copy.

3. The 1library number and name may be arbitrarily
changed by the use of command WC1lO0.

4. A clear workspace activated by a clear command, a
sign-on, or a system failure is called CLEAR WS, which
cannot be the name of a stored workspace.

The identification of active workspaces is used in two
ways. First, as a safeguard against the inadvertent
replacement of a stored workspace by an unrelated one: an
attempt to replace, by a copy of the active workspace, any
stored workspace other than the one with the same
identification (or the one named CONTINUE), will be stopped.
Second, as a convenience when the active workspace is to be
re-stored with changes: the wuse of the command )SAVE,
without modification, implicitly wuses the identification of
the active workspace. '

Library and account numbers. A user's account number is
also the number of his private library. The numbers of
public libraries range from 1 to 999, and do not correspond

to any account number.

Each stored workspace has implicitly associated with it
the account number signed on at the terminal from which the
save command was entered, and may not be either replaced or
erased, except from a terminal signed on with the same
account number. Thus, a user is prevented from affecting
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the state of another wuser's private library, or tampering
with public library workspaces which he did not store. He
may, of course, activate a copy of any workspace stored in
the system, if he knows the library number and name (and
password, if required).

Storage allotment. A user of APL\360 is assigned library
space in terms of the maximum number of stored workspaces he
may have at one time. This quota applies to the combined
total of workspaces stored either in his private library or
in public libraries. The allotment for each user 1is
determined by those responsible for the general management
of a particular system, and can be changed from the
recording terminal, as required, within the bounds of the
physical resources of the system.

Up to the number in his quota, a wuser may assign
arbitrary names to the workspaces he stores. Beyond that
point he always has available one workspace named CONTINUE
in his private library.

Use of the (ONTINUE  workspace. This workspace has the
property that it may be freely replaced by an active
workspace having any identification whatsoever. It is thus
always available as temporary storage, but carries with it
the danger of being easily replaced, as described in the

section on terminal control commands.

The attributes of the CONTINUE workspace are the same
whether stored as a result of a continue command,
disconnect, or bounce, or stored by virtue of a save command
using that name. In the last case, the active workspace
assumes the name CONTINUE, as it would any other name under
like circumstances.

Purging a workspace. The sequence of commands,
JSAVE ABC123, )CLEAR, )COPY ABC123, will purge the active
workspace, clearing it of all but its functions, groups, and
global variables, and reset its controls (see WCl). This
often results 1in more usable space than can otherwise be
realized. Subsequently, the commands )WSID ABC123 and
JSAVE may be used to store a copy of the purged workspace

under its former name.



Detailed Description. The

will be used with the same sign

control commands.
ACTION

LCl. Re-store a c¢opy of the

active workspace:
Enter )SAVE

Effect:

1. A copy of the active
workspace will replace the
stored workspace with the
same identification.

2. A password associated
with the active workspace
will continue in effect, and
the stored workspace will be
locked with this password.

Response:

1. The time of day, date,
and workspace identification
will be printed.

term workspace identification
ificance as for the workspace

NOTES

New workspaces can be stored
by this command only if the
identification of the active
workspace has been changed
by WC10.

This forestalls inadvertent
omission of a lock while
actively engaged with a
confidential workspace.

Trouble reports:

NOT WITH OPEN DEFINITION
means that the terminal is
in function definition mode.
Either close the definition
by entering V, or defer the
save operation.

NOT SAVED, WS QUOTA USED UP

means that the allotted
number of stored workspaces
has previously been reached.
Unless this 1is increased,
the workspace can be stored
only by replacing a
workspace already stored.
CONTINUE may be replaced
directly; any other must be
erased first, or the
identification of the active
workspace must be made to
match by WC10.



LCla. Store a copy of the
active workspace:
Enter )SAVE

followed by a space and a

workspace identification,
with a colon and password,
if desired.

Effect:

1. A copy of the active
workspace will be stored
with the designated

identification, and with the
assigned lock, if a password
was used.

2. The active workspace will

assume the workspace
identification wused in the
command.

NOT SAVED, THIS WS IS

CLEAR WS
results from the fact that
CLEAR WS.cannot be the name
of a stored workspace.
Either change the name by

WC1l0, or use LCla.

IMPROPER LIBRARY REFERENCE
means that an attempt was
made either to replace a
stored workspace that is not
under control of the account
number signed on at the
terminal, or to store into a
non-existent library.

INCORRECT COMMAND

of the save
allows new

This form
command

workspaces to be added to a
library more conveniently,
and permits locks to be

added or removed from
workspaces already present.

A stored workspace with the
same identification will be
replaced.

A lock on a stored workspace
will not be retained if the
command does not include a
lock explicitly.

To this extent only, this
command may affect the state
of the active workspace.



Respanse:
1. The time of day and date
will be printed.

LC2. Erase a stored work=
space:

Enter J)DROP

followed by a space and a

workspace identification.

Effect:
1. The designated stored
workspace will be expunged.

Respaonse:
1. The time of day and date
will be printed.

Trouble reports:
NOT WITH OPEN DEFINITION

means the same as for LCl.

NOT SAVED, WS QUOTA USED UP
means the same as for LCl.

NOT SAVED, THIS WS IS

followed by identification
of the active workspace,
means a stored workspace

with the identification used
in the command exists, but
this identification does not
match that of the active
workspace.

IMPROPER LIBRARY REFERENCE
means the same as for LCl.

INCORRECT COMMAND

Since a key is not wused, a
locked workspace whose key
has been lost can always be
removed from the system.

This command has no effect

on the active workspace,
regardless of its
identification.

Trouble reports:
IMPROPER LIBRARY REFERENCE

means that an attempt was
made to drop a workspace
stored by another user.

WS NOT FOUND

means that there is no
stored workspace with the
identification used in the
command.

INCORRECT COMMAND



INQUIRY COMMANDS

Most of the commands in this class concern the state of
the active workspace. Of the others, one command lists the
names of workspaces in libraries, and two commands are
useful for locating another user at a connected terminal, in
order to communicate with him.

User codes. The communication commands described in the
next section require that the port number of the person to
be addressed be known. The inquiry commands that provide

this information operate through the device of user codes,
which serve within the system as partial identification of
users. (The user account numbers, which completely identify
users within the system, are not used for this purpose, and
are treated as private information.) A user code comprises
the first three characters of his name, as it appears in the
sign-on response (Part 1, EC3, Response 2).

A user code 1is considered to be only partial
identification because it may not be unique. Therefore,
these commands should be used advisedly: before addressing
substantive messages to a terminal which has been identified
by a wuser code, further confirmation of the receiver's
identity should be sought.

ACTION NOTES

I01. List names of defined

Enter )FNS
followed by an alphabetic
character, if desired.

Effect: None.

1. The names of defined INCORRECT COMMAND
functions in the active

workspace will be printed

alphabetically, starting

with the specified letter.

If a letter was not used,

all function names will be

listed.



IQ2. List names of global
Enter )VARS

followed by an alphabetic
character, if desired.

Effect: None.

Response:

1. The names of global
variables in the active
workspace will be printed
alphabetically, starting
with the specified 1letter.
If a letter was not wused,
all names of global
variables will be listed.

I03. List names of groups:
Enter )GRPS

followed by an alphabetic
character, if desired.

Effect: None.

Response:

l. The names of groups in
the active workspace will be

printed alphabetically,
starting with the 1letter
used. If a letter was not

used, all group names will
be listed.

Trouble message:
INCORRECT COMMAND

INCORRECT COMMAND



3
¢
D
R
0
oy
H.
1o
10
i-h

Enter )GRP
followed by the
group.

name of the

Effect:

None.

1l. The names in the
will be printed.

group

Enter )SI

Effect:

None.

Response:

1. The names of halted
functions will be 1listed,
most recent ones first.
With each name will be given
the 1line number on which
execution stopped. Suspend-
ed functions will be
distinguished from pendent
functions by an asterisk.

There will be no response if
there is no group with the
designated name in the
active workspace.

INCORRECT COMMAND

The 1line numbers on which
halted functions have
stopped are available for
dynamic use through the
system-dependent functions
I26 and 127. (See Part 3.)

This display is the state
_________ its significance
and use is explained in Part

3.

INCORRECT COMMAND



IQ6. List halted <functions
with names of local
variables:

Enter )SIV

Effect: None.

Response:

1. The response will be the
same as for IQ5, except that
with each function 1listed
there will appear a listing
of its local variables,

IQ7. Give identification of

1. The identification of the
active workspace will Dbe
printed. The library number
will be included only if it
differs from the account

number associated with the
terminal,

I08. List names of stored
workspaces:

Enter )LIB

followed, if necessary, by a
library number.

Effect: None.

Response:

1. The names of workspaces
in the designated library

will Dbe printed. If no
number was used, the account
number associated with the
terminal will be taken as
the library number.

INCORRECT COMMARND

INCORRECT COMMAND

A library number is not
required for listings of the
user's private library.

IMPROPER LIBRARY REFERENCE
means that an attempt was
made to obtain a listing of
another user's private
library, or of a
non-existent library.

INCORRECT COMMAND



IQ9, List ports in use and

Enter )PORTS

Effect: None.

l. Port numbers in use will INCORRECT COMMAND
be printed with the
associated user code.

IQ10. List port  numbers User codes are not
associated with desig- necessarily unique, and the
nated user code: information derived from
Enter )PORTS this command and IQ9 should
followed by the user code. be used advisedly.

Effect: None.

Response: Trouble message:

1. The port numbers of INCORRECT COMMAND
connected users 1identified
by the code will be printed.

COMMUNICATION COMMANDS

There are two pairs of commands in this class. One
pair addresses any connected terminal, and one pair
addresses only the system recording terminal.

A message can be received by a terminal only when its
keyboard is 1locked, and except for public address
announcements from the system recording terminal, only if it
is also not in the process of function execution. Hence, to
facilitate two-way communication, one of each pair of
communication commands results in locking the keyboard of
the sending terminal, pending the receipt of a reply. A
keyboard so locked can be unlocked by an attention signal.

Incoming messages from the system recording terminal

are prefixed by OPR:, and public address messages are
prefixed by PA!:.
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If the interaction at a terminal must be interrupted
for a prolonged period while the terminal is still
connected, it is good practice to lock the keyboard so that
a message may be received. This can be done by addressing a
message - of the proper type to the terminal's own port
number.

Detailed description. The length of a message is restricted
to a single line, not exceeding 120 characters in length.
However, messages are not subject to the width settings of

either the sending or receiving terminal.

ACTION NOTES
CM1l. Address text to desig- A message addressed to an
nated port: unused or non-existent port
Enter )MSGN will be reflected back to
followed by a port number the sending terminal, which
and any one-line text. then plays the role of both

sender and receiver.

l. The keyboard will 1lock
while the text 1is Dbeing
transmitted.

2. The text will be printed
at the receiving terminal,
prefixed by the port number
of the sending terminal.

3. The keyboard will unlock
when the transmission is

completed.
Response: Trouble message:
1. SENT MESSAGE LOST

means just that. It happens
when attention is signalled

before a message is
delivered, or an equivalent
transmission disturbance .
occurs.

INCORRECT COMMAND



text to desig-

nated port and lock key-
board:
Enter )MSG

followed by a port number
and any one-line text.

l. Same as CM1 effect 1.

2, Same as (CM1l, Effect 2,

except for a prefix R, to
indicate that a reply is
awaited.

3. The keyboard will remain

locked after the response is
printed.

CM3. Address
Enter )OPRN
followed by any
text.

text to system

one-line

Effect:

1. 2. and 3. Same as CMl.

See note at CM1l.

The keyboard can be
unlocked, before receiving a
reply, by means of an
attention signal.

Trouble message:
MESSAGE LOST
See CMl.

INCORRECT COMMAND

See note at CMl.

MESSAGE LOST
See CMl.

INCORRECT COMMAND



CM4., Address t

e
recording termin
keyboard:
Enter )OPR
followed by

text.

X
a

= et

any

Effect:
and 3.

1. SENT

Same as CM2.

See note at CMl.

MESSAGE LOST
See CMl.

INCORRECT COMMAND



PART 3

THE LANGUAGE

The API\ 360 Terminal System executes system commands or
mathematical statements entered on a terminal typewriter.
The system commands were treated in Part 2; the mathematical
statements will be treated here.

Acceptable statements may employ either primitive
functions (e.g. + - x #) which are provided by the systen,

or defined functions, which the user provides by entering

their definitions on the terminal.

If system commands are not used, the worst that can
possibly result from erroneous use of the keyboard is the
printing of an error report. It is therefore advantageous

to experiment freely and to wuse the system itself for

settling any doubts about its behavior. For example, to
find what happens in an attemped division by =zero, simply
enter the expression 430, If ever the system seems

unusually slow to respond, execute an attention signal to
interrupt execution and unlock the keyboard.

The Sample Terminal Session of Appendix A shows actual
intercourse with the system which may be used as a model in
gaining facility with the terminal. The ekamples follow the
text and may well be studied concurrently. More advanced
programming examples appear in Appendix B.

The primitive functions and the defined functions
available in libraries can be used without knowledge of the
means of defining functions. These means are treated in the
four contiguous sections beginning with Defined Functions
and ending with Homonyms. These sections may be skipped
without loss of continuity.

FUNDAMENTALS

Statements. Statements are of two main types, the branch
(denoted by ~+ and treated in the section on Defined
Functions), and the specification. A typical specification

statement is of the form
X<3xY4

This statement assigns to the variable X the value resulting
from the expression to the right of the specification arrow.



If the wvariable name and arrow are omitted, the resulting
value is printed. For example:

3Ixb
12

Results typed by the system begin at the 1left margin
whereas entries from the keyboard are automatically
indented. The keyboard arrangement is shown in Figure 1.2.

Scalar and vector constants.  All numbers entered via the
keyboard or typed out by the system are in decimal, either
in conventional form (including a decimal point if
appropriate) or in exponential form. The exponential form
consists of an integer or decimal fraction followed
immediately by the symbol E followed immediately by an
integer. The integer following the E specifies the power of
ten by which the part preceding the F is to be multiplied.
Thus 1.u44E2 is equivalent to 1uu,

Negative numbers are represented by a negative sign
immediately preceding the number, e.g., 1.44% and 144E 2
are equivalent negative numbers. The negative sign can be
used only as part of a constant and is to be distinguished
from the negation function which is denoted, as usual, by

the minus sign -.

A constant vector 1is entered by typing the constant
components in order, separated by one or more spaces. A
character constant is entered by typing the character
between quotation marks, and a sequence of characters
entered in quotes represents a vector whose successive
components are the characters themselves. Such a vector is
printed by the system as the sequence of characters, with no
enclosing quotes and with no separation of the successive
elements. The quote character itself must be typed in as a
pair of quotes. Thus, the abbreviation of CANNOT is
entered as 'CAN''T' and prints as CAN'T,

Names and Spaces. As noted in Part 2, the name of a
variable or defined function may be any sequence of letters
or digits beginning with a letter and not containing a
space. A letter may be any of the characters 4 to %, or any
one of these characters underscored, e.g., 4 or B.

Spaces are not required between primitive functions and
constants or variables, or between a succession of primitive
functions, but they may be used if desired. Spaces are
needed to separate names of adjacent defined functions,
constants, and variables. For example, the expression 3+4
may be entered with no spaces, but if F 1is a defined
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function, then the expression 3 F 4 must be entered with the
indicated spaces. The exact number of spaces used in
succession is of no importance and extra spaces may be used
freely.

Overstriking and erasure. Backspacing serves only to

position the carriage and does not cause erasure or deletion
of characters. It can be used:

1. to insert missing characters (such as parentheses)
if space has previously been left for them,

2, to form compound characters by overstriking (e.g.

¢ and ! ), and
3. to position the carriage for erasure, which is
effected by striking the linefeed (marked ATTN on IBM
2741 terminals). The 1linefeed has the effect of

erasing the character at the position of the carriage,
and all characters to the right.

End of Statement. The end of a statement is indicated by
striking the carriage return (followed, on some terminals,
by an explicit transmission signal as described in Part 1).
The typed entry is then interpreted exactly as it appears on
the page, regardless of the time sequence in which the

characters were typed.

Order of execution. In a compound expression such as
3xu+632, the functions are executed (evaluated) from
rightmost to leftmost, regardless of the particular
functions appearing in the expression. (The foregoing
expression evaluates to 21.) When parentheses are used, as
in the expression W<«(3[Q):XxY-Z, the same rule applies, but,
as usual, an enclosed expression must be completely
evaluated before its results can be used. Thus, the

foregoing expression is equivalent to W< (3[Q)+(Xx(Y-Z)).

In general, the rule can be expressed as follows: every
function takes as 1its righthand argument the entire
expression to its right, up to the right parenthesis of the
pair that encloses it.

Error reports. The attempt to execute an invalid statement
will cause one of the error reports of Table 3.1 to be typed
out. The error report will be followed by the offending
statement with a caret typed under the point in the
statement where the error was detected. If the caret lies
to the right of a specification arrow, the specification has
not yet been performed.



TYPE

Cause; CORRECTIVE ACTION

71

CHARACTER

DEPTH

DOMAIN

DEFN

INDEX

LABFEL

LENGTH
RANK

RESEND

SYNTAX

SYMBOL
TABLE
FULL

SYSTEM

VALUFE

WS FULL

Illegitimate overstrike.

Excessive depth of function execution.CLEAR STATE
INDICATOR.

Arguments not in the domain of the function.

Misuse of Vv or [1 symbols:

l. V¥V is in some position other than the first.
2. The function is pendent. DISPLAY STATE
INDICATOR AND CLEAR AS REQUIRED.

3. Use of other than the function name alone in
reopening a definition.

4. Improper request for a line edit or display.

Index value out of range.

Name of already defined function used as a label,
or colon used other than in functicn definition
and between label anad statement.

Shapes not conformable.
Ranks not conformable.

Transmission failure. RE-ENTER. IF CHRONIC,
REDIAL OR HAVE TERMINAL OR PHONE REPAIRED.

Invalid syntax; e.g., two variables juxtaposed;
function wused without appropriate arguments as
dictated by its header; unmatched parentheses.

Too many names used. ERASE SOME FUNCTIONS
OR VARIABLES, THEN SAVE, CLEAR, AND COPY.

Fault in internal operation of APL\ 360. RELOAD
OR SAVE, CLEAR, AND COPY. SEND TYPED RECORD,
INCLUDING ALL WORK LEADING TO THE ERROR, TO THE
SYSTEM MANAGER,

Use of name which has not been assigned a value.
ASSIGN A VALUE TO THE VARIABLE, OR DEFINE THE
FUNCTION.

Workspace is filled (perhaps by temporary values
produced in evaluating a compound expression).
CLEAR STATE INDICATOR, ERASE NEEDLESS OBJECTS, OR
REVISE CALCUIATIONS TO USE LESS SPACE.

Table 3.1 ERRCR REPORTS
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If an invalid statement is encountered during execution
of a defined function, the error report includes the
function name and the line number of the invalid statement.
The recommended procedure at this point is to enter a right
arrow (») alone, and then retry with an amended statement.
The matter is treated more fully in the section on Suspended
Function Execution. ’

Names of primitive functions. The primitive functions of
the language are summarized in Tables 3.2 and 3.8, and will
be discussed individually in subsequent sections. The tables
show one suggested name for each function. This is not
intended to discourage the common mathematical practice of
vocalizing a function in a variety of ways (for example,
X+Y may be expressed as "X divided by Y", or "X over Y").
Thus, the expression pM yields the dimension of the array ¥,

but the terms size or shape may be preferred both for their
brevity and for the fact that they avoid potential confusion

The importance of such names and synonyms diminishes
with familiarity. The usual tendency is toward the use of
the name of the symbol itself (e.g., "rho" (p) for "size",
and "iota" (1) for "index generator"), probably to avoid
unwanted connotations of any of the chosen names.

SCALAR FUNCTIONS

Each of the primitive functions is classified as either
scalar or mixed. Scalar functions ‘are defined on scalar
(i.e., individual) arguments and are extended to arrays in
four ways: element-~by-element, reduction, inner product, and
outer product, as described in the section on Functions on

Arrays. Mixed functions are discussed in a later section.

The scalar functions are summarized in Table 3.2. Each
is defined on real numbers or, as in the case of the logical
functions and and or, on some subset of them. No functional
distinction is made between "fixed point" and "floating
point" numbers, this being primarily a matter of the
representation in a particular medium, and the user of the
terminal system need have no concern with such questions
unless his work strains the capacity of the machine with
respect to either space or accuracy.

Three different representations for numbers are used
internally, and transformations among them are carried out
automatically. Integers less  than 2 to the power 52 are
carried with full precision; larger numbers and non-integers
are carried to a precision of about 16 decimal digits.
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Monadic form £B f Dyadic form AfB
Definition Name Name Definition
or example or example
+B <= 0+4B Plus + { Plus 2+3.2 <> 5,2
-B <> 0-B Negative - | Minus 2-3.2 <> 1.2
XB <> (B>0)-(B<0) Signum x | Times 2x3.2 <> 6.4
+B <> 1:B Reciprocal + | Divide 213.2 <> 0.625
B FBI LB Ceiling [ | Maximum 3[7 <> 7
3.14] 4 3
T3.14173 |y Floor [ | Minimum 3L7 <> 3
*B <> (2,71828..)*B|Exponential | * | Power 2%3 <> 8
@xl <> N <> @l Natural @ | Logarithm A®B <-> Log B base 4
logarithm A@B <» (®B):e4
| 73.14 <> 3,14 Magnitude | | Residue Case | A|B
A=0 B-(|4)x|LB:|4A
A=0,B>0|B
A=0,B<0|Domain error
10 <> 1 Factorial ! I Binomial A'B <> (!B):(1A)x!'B-4A
'B <> Bx!'B-1 coefficient {215 <» 10 3!'5 <> 10
or !B <«—» Gamma(B+1)
?B <+-»> Random choice|Roll ? | Deal A Mixed Function (See
from 1B Table 3.8)
OB <= Bx3,14159,.. |Pi times o | Circular See Table at left
~1 <> 0 ~0 <=1 Not ~
A | And A|BlanB|ave| anB|anB
(-4)0B A AOB v | Or o]0 O 0 1 1
(1-B*2)%.5 |0 (1-B*2)*,5 ~ | Nand 0l1] O 1 1 0
Arcsin B |1 | Sine B v | Nor 1(0] O 1 1 0
Arccos B |2 | Cosine B 111) 1 1 0 0
Arctan B |3 | Tangent B
(T1+B*2)%.5 |4 | (14B*x2)%.5 < | Less Relations
Arcsinh B |5| Sinh B < | Not greater| Result is 1 if the
Arccosh B |6 | Cosh B = | Equal relation holds, 0
Arctanh B |7} Tanh B > | Not less if it does not:
> | Greater 357 «» 1
Table of Dyadic o Functions z | Not Equal 7<3 <> 0

Table 3.2:

PRIMITIVE SCALAR FUNCTIONS




For operations such as floor and ceiling, and in
comparisons, a "fuzz" of about 1F 13 is applied in order to
avoid.anomalous results that might otherwise be engendered
by doing decimal arithmetic on a binary machine.

Two of the functions of Table 3.2, the relations # and
=, are defined on characters as well as on numbers.

Monadic and dyadic functions. Each of the functions defined
in Table 3.2 may be used in the same manner as the familiar
arithmetic functions + - x and =+. Most of the symbols
employed may denote either a monadic function (which takes
one argument) or a dyadic function (which takes two
arguments). For example, [Y denotes the monadic function
ceiling applied to the single argument Y, and X[Y denotes

the dyadic function maximum applied to the two arguments X
and Y. Any such symbol always denotes a dyadic function if
possible, i.e., it will take a left argument if one is

present.

At this point it may be helpful to scrutinize each of
the functions of Table 3.2 and to work out some examples of
each, either by hand or on a terminal. However, it is not
essential to grasp all of the more advanced mathematical
functions (such as the hyperbolic functions sinh, cosh, and
tanh, or the extension of the factorial to non-integer
arguments) in order to proceed. Treatments of these
functions are readily available in standard texts.

Certain of the scalar functions deserve brief comment.
The residue function A|B has the usual definition of residue
used in number theory. For positive integer arguments this
is equivalent to the remainder obtained on dividing B by 4,
and may be stated more generally as the smallest
non-negative member of the set B-Nx4, where N 1is any
integer.

This formulation covers the case of a zero left
arqgument as shown in Table 3.2. The conventional definition
is extended in two further respects:

1. The left argument A need not be positive; however,
the value of the result depends only on the magnitude
of 4.

2. The arguments need not be integral. For example,
1/2.6 is 0.6 and 1.5|8 is 0.5.

The expression 8x.5 (square root of ~8) yields a
domain error, but 8%1:3 has the value 2. More generally,
A*B is valid for A<0 if the right argument 1is (a close
approximation to) a rational number with an odd denominator
not greater than 85.
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The factorial function !N is defined in the usual way
as the prcduct of the first N positive integers. It is also
extended to non-integer values of the argument /V and is
equivalent to the Gamma function of N+1.

The function A!'B (pronounced A out of B) is defined as
(1B):(!'4)x'B-4. For integer values of A and B, this is the
number of combinations of B things taken 4 at a time. (It
is related to the Complete Beta function as follows:
Beta