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DISCLAIMER

This program and its documentation have been contributed to the Program
Information Jepartment by an IBM emplovee and are orovided bv the IBM
Corporation as part of its service to customers. The program and its
documentation arez essentially in the author's oricinal form and have not
heen subjected to any formal testing. IBM makes no warranty expressed
or implied as to the documentation, function, or performance of this
program and the user of the program is expected to make the final
evaluation as to the usefulness of the program in his own environment.
There is no committed maintenance for the program,

(uestions concerning the use of the program should he directed to the
author or other designated party. ny changes to the program will be
announced in the appropriate Catalcg of Programs; however, the changes
will not be distributed automaticaily to users. When such an announce-
ment occurs, users should order only the material (documentation, machine
readable or hoth) as indicated in the apvropriate Clatalog of Programs.
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APL\ 360 is a conversational time-sharing system based

on a mathematical oprogramming language first defined by

K. E. Iverson. The language is concise and has a simole
syntax. It has a large set of primitive operations which
work directly on arrays. The implementation provides a

simple immediate-execution mode and a convenient program
definition facility. It has fast response, and uses
succinct diagnostic messages. It provides the ability to
save work between sessions, to create programming packages,
and to exchange programs and data between users. Uses of
the system include mathematical and statistical calculation,
symbol manipulation, and general data processing. It has
been used extensively in computer-related instruction, and

in the design of hardware and software.

Minimum configuration: 256¥ storage; universal
instruction set; a 2314 or three 2311's; one 2702 or 2703;
and 2741 or 1050 terminals. Additional storage, disks, ana
transmission controls are supvorted. A typical Model 50
configuration supports 60 terminals. The system is written
in Assembly language, incornorates a modified DOSIII, and

allows standard DOS background oreration.

PREFACE

APLV 360 is a conversational terminal system that has
been operating within IBM since the Fall of 1966. Conceived
as an experimental system for exploring certain aspects of
computer science, its purpose required that it operate under
a realistic load in an environment that was not artificially
constrained. To this end, the members of the IBM Research
staff, and others, were encouraged to learn the APL language
and use the APL system. It was not anticipated that it
would have the impact that it did:

In twenty months of regularly scheduled opneration,
clocking well over 100,000 terminal-hcurs of wuse, the
availability of APL'360 has materially changed the
computing habits of the Research organization.

Heavy users of batch processing have turned to APL for
on-line development of their algorithms.

Many laboratory data reduction chores formerly done by
batch operation or desk calculator are now executed in
a timely way at local terminals, using locally written,
stored APL programs.

Automatic collection of experimental data has, in many
instances, been put onr-line to APL.

Routine correspondence and technical papers are
prepared at terminals, with the help of text-handling
programs written in APL.

Many professional staff menmbers who formerly were
indifferent to, or actively resisted, the use of
computers, have become steady users of the APL systenm.



In addition to IBM Research personnel, use of the
system was offered to other 1lccations within the IBM
Company, and it was also used experimentally in elementary
and secondary schools and in universities. The general
findings may be summarized as follows:

Although APL is easy for a beginner to learn,
non-programmers (as well as programmers) often develoo
an interest in sophisticated use of the language,
because of its analytical power and mathematical
structure.

The primitive array operations of APL make it a good
language for scientific problems, text handling, and
general data processing, because arrays are fundamental
to all of these applications.

The use of a powerful, readily accessible computational
facility can materially change the gquality and
orientation of an academic course.

Other things being equal, acceptance of time-sharing as
a general mode of operation is strongly dependant upon
its reliability and availability -- regularly scheduled
hours are essential, and the more the better, including
nights and weekends.

System features. APL 360 is based upon APL, the language
first defined by K. E. Iverson in A Programming Language
(John Wiley, 1962). It is an interpretive time-sharing

system that builds upon the array operations and structural
integrity of APL to provide a running system witih the
following salient characteristics:

Simple, uniform rules of syntax

Use of common symbols for the ordinarv arithmetic
operations

Free-form decimal innut
A large set of primitive onerators

Use of defined functions {projrams} with the same
facility and syntactic variety as primitive ovwerators

Automatic internal conversions of data representation,
with full double-precision arithmetic (16 decimal
digits) when required

Very fast response

A library structure built arouna workspaces that holad
both programs and data

An immediate-execution mode completely free of
irrelevant keywords

A comprehensive, integrated set of system commands for
managing workspaces and libraries, and for other
essential functions

Three levels of security; account numbers, workspaces,
and programs can be individually locked against use or
display

Visual fidelity between hard copy and transmitted
entries, which ensures reproducibility of results

Succinct diagnostic reports

Hardware and performance. The APL.360 system, comprising a
time-sharing supervisor and an APL internreter, runs in
concert with a modified DOS Version 3, which aovpears the
same as the standard DOS release of the correspcndina change
level. During APL operation it regquires an 5/3260 machine
with at least an H-level memory, a transmission control
vnit, and three disk drives.

The particular contiguration used 1in the original
Research experiment is a Model 50H with a 2703 Transmission
Control Unit and a 2314 Direct Access Storage Facilitv.
This system has 61 ports, and with about that number in use
seems to be a well-balanced system with regard to relativ
usage of the central oprocessor and inmut-output ertuirrent.

)

APL 360 has run (or is now running) experimentall: on
S7360 Model 40 and Model 65 machines, and will run on all
larger models. It will also run 2n an S/260 Model 44
eguipped with the Tran and Emulate R?). It supwort: I3M
2741 and 2740-1 Communications Terminals, and 1050
Teleprocessing Terminals with or without naner tane or
nunched-card ejyuipmnent.




Average reaction time of the Model 50 system (i.e.,
Lime to respond to trivial requests from a terminal) peaks
at about three-tenths of a second. With up to 40 ports in
use, most such responses are essentially instantaneous; when
fully loaded, there are occasional delays of as much as four
seconds.

The time for servirg non-trivial requests naturally
varies according to the extent to which the CPU must be
shared during the computation. Because the primitive
operations of APL are defined on arrays, relatively little
interpretive overhead is needed for many large computations,
and the actual CPU time used for a typical computation may
run from 20 to 50 times that for efficient compiled code;
but the overall efficiency is 1likely to be comparable, if
not superior, to batch processing in many applications if
the usual compiling and 1loading times for batch work are
taken into account. If debugging time is included, the
advantage of interpretive APL becomes even greater.

Applications. The workspace-centered organization of
APL\ 360 makes it very convenient to assemble application
packages, because a collection of programs and data in a
workspace moves as a coherent unit whenever the workspace
containing it is stored or activated. Some of the packages
that have been developed on the experimental systems so far
are:

A comprehensive collection of functions for statistical
calculations

A coordinate geometry package that includes a position
plotter

A management information system for controlling the
allocation of manufacturing resources

A text-editing and composing facility that has been
used for preparing this document, among others

An algebraic manipulator that simpiifies polynomials
and operates on matrices of algebraic expressions

A bookkeeping system for balancing accounts

Many collections of programs for numerical analysis of
both real and complex functions

The IBM Research Model 50 APL\36(C system serves more
than 700 active users whose work ranges over many fields:
from simple desk calculations to experimental investigations
of semi-groups, from laboratory data reduction to
theoretical physics, from the workirz out of small
programming problems to the design and modelling of major
systems, and from administering arithmetic drill to
elementary-school children to use in graduate-level
engineering courses.

Documentation. The accompanying document consists of three
volumes bound together: User's Manual, Operator's Manual,



MAGNETIC TAPE KEY

FOR 2311 BASED SYSTEM:

One (1) volume containing the listed files and three (3)
tape marks, arranged as follows:

800 bpi; 9 track; EBCDIC

IPL record 24 bytes

Disk initialization program variable length records (range
24 to 330 bytes) unblocked

T/M

IPL record 24 bytes

Disk restore program 80 byte records unblocked

APL 360 variable length records (range
15 to 2000 bytes) unblocked

T/M

T/M

This volume contains 21919 records

'

FOR 2314 BASED SYSTEM:

Two (2) volumes composed as follows:

Volume 1 -- contains the listed files and two (2) tape marks
arranged as follows:

800 bpi; 9 track; EBCDIC

IPL record 24 bytes

Disk initialization program variable length records (range
24 to 330 bytes) unblocked

T/M

IFL record 24 bytes

Disk restore program 80 byte records unblocked

APL' 360 variable length records (range
24 to 2000 bytes) unblocked

T/M

This volume contains 23549 records

Volume 2 -~ contains the listed file and two (2) tape marks
arranged as follows:

800 bpi; 9 track; EBCDIC

APL 360 system (continued) 5606 variable length reccrds
(range 15 to 175 bytes) unblocked

T/M

T/M

10



FOR BOTH SYSTEMS

One (1) volume containing the specified file and four (4)
tape marks arranged as follows:

800 bpi; 9 track; EBCDIC
Standard header label
T/M

APL 360 starter library
T/M

Trailer label

T/M

T/M

11

56 varible length records (range
24 to 3500 bytes) unblocked

Volume I

APL\360: User's Manual

A. D. Falkoff

K. E. Iverson

(:) International Business Machines Corporation, 1968
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This »age has been intentionally left blank.

PART 1

GAINING ACCESS

An APL\360 System comprises a central computer and an

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

perts 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
Electric Dataset #103A-2 or the equivalent, or a compatible
acoustic coupler. A leased telephone line connection
requires the use of a Western Electric Dataset #103F-2 or
the eguivalent. 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.

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 1in 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

Preferred features. The APL:.360 system will work with many



— "—<5=2>¢VA~%”BACK]
FEATURE OR OPTION 1050 2740-1 2741 li slel71% | slolsls: ol
Control Unit 1051-2
Voltage (115 AC), Non-lock plug | 9881 9881 9881 TaB BEBB. ; CO) | ; : ’
Dataset Attachment 9114 9114 9114 RETURN
Dial Up NR 3255 3255 v [ )
Transmit Control NR 8028 NR LOCK I D G K p|
Automatic EOB RPQ E27283 ! Do not use | NR
Typamatic Keys NA NA 8341 ci{»o 11T | \ SHET
Interrupt RPQ E27428 | RPQ F17913 | 4708 SHIFT z | x c V BlNIM /
Text Time-out Suppression 9698 NR NR -
First Printer Attachment 4408 NR NR Figure 1.2: APL\360 KEYBOARD
Automatic Ribbon Shift Select 1295 NA NA
Typing Table 9705 NR NR
Printer-Keyboard 1052-2 THE APL CHARACTER SET
APL Printing Element, PTTC/BCD 1167988 1167988 1167988
or Standard Selectric® |NA 1167987 1167987 The APL\360 keyboard is shown in Figure }.2. The
Keys, APL Keyboard RPQ M40174 | RPQ M40174 | RPQ M40174 numerals, alphabetic characters, and punctuation marks
Character Spacing, 10 per inch 9104 9104 9104 appear in their usual places, although the alphabet‘ls gsed
Line Feeding, 6 per inch 9435 9435 9435 in only a single case: letters print as upper-case italics,
Accelerated Carrier Return 1006 NA NA but are produced only when the keyboard is in lower-case
position (i.e., not shifted).
Notes. NR: feature is standard equipment, or is not required.
NA: not available (July 1968). The special characters, most of which are produced with
The numbers are IBM-domestic identifications. J the keyboard shifted, generally have some mnemonic
connection with their alphabetic or numeric correspondents.
Table 1.1: RECOMMENDED FEATURES AND OPTIONS FOR TERMINALS This may be appearance (v over #), Greek-Roman equivalence
(0 over R), sequence (< <= 2> =% over 3 4 5 &€ 7 8), or some
-- possibly far fetched -- relationship between the APL

function represented by the symbol and the letter (f over 7
for power, ' over XK for "kwote", and [ over S for ceiling).

keyboard laycut and character positions on the printing Use of other character sets. The part numbers of APL
element), specification of 10-pitch character spacing and printing elements are given in Table 1.1. Howevgr, any
Selectrice encoding will allow a greater variety of ptlntlng printing element may be used with the APL system, since the
elements to be used with the terminal. While it is not encoded characters generated by the keyboard and transmitted
essential, the convenience of having the interrupt feature to the computer are independent of the particular element

cannot be overestimated. mounted on the terminal. Subject to programmed

intervention, the transmitted information will always be

Paper tape equipment (1054-1 Reader and 1055-1 Punch) interpreted according to the APL keyboard characters.

and punched-card equipment (1056-1 Reader and 1057-1 Punch)
can be wused with 1IBM 1050 terminals. The punched-card
facilities should have Extended Character features 3861 and
3860, for reader and punch, respectively.

Non-APL printing elements are frequently usgful in
conjunction with special=-purpose AFL 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.

IBM identifications for recommended terminal features
and options are given in Table 1.l1. Complete specifications
for terminals, and information on other options, should be
obtained from local IBM representatives.



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 wusually, but
not necessarily, located at the central computer site, is
ordinarily attended by an APL Qperator 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 kina 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 1irrelevant, 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 COM 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.

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 ccntrol ON
Power ON

On 2741 and 2740 terminals,
test to see 1f the keyboard
is locked by trying the
shift key. If the key is
operable, press the carrier
return and test again.

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.

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 1is known that RPO
E27283 (see Table 1.1) 1is
installed, set the EOB
switch to AUTO.

The 1line control switch is
inside the rear door of the
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 l}t
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 ECl.

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 ceqtrgl
computer if further communication does not take place Wlthln
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, whkich
alternately locks and unlocks as each entry is made and the
computer cormpletes its work. The general procedure 1is to
type an instruction or command, strike the carrier return to
indicate the end of the message, and follow this by a
transmission signal.

differently, accordinag to the terminal type and its
equipment:

Transmission signals. The transmission signal is generated

2741. A transmission signal is automatically generated in
the proper sequence (i.e., after tre 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 autumatic EOB feature available on these
terminals.)

1050. On terminals equipped with an automatic EOB RPQ
(see Table 1.1), the transmission signal 1is produced
automatically when the RETURN ke is struck. Otherwise,
an EOB must be produced manually, by striking the
numeral-5 key, while the key marked ALTN CODING is
beld down. (Note that the automatic EOB feature available
for 1050 terminals cannot be used with APL\360.)

A transmission signal does not cause a character to te
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 peint 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 siq al: on 1050 terminals, the RESEND warning
light will go on, and on other terminals the message %~ IIND
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 usually 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 1is 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 is assigned au account number.
This number is used to effect the sign-on trat 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 tco the APL
Operator. This is accomplished by entering ) "2 follcwed 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 rep.iy. If no reply is forthcoming, {(and
the sign-cn has not been completed), the connection will
have to be broken and re-established before further
communication with the system 1is 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 1s described
followed by an account in Part 2. A new user will
aumber, with a key (i.e., a have been advised if a kev
colon and password), 1f is required for his first

required. sign-on.

A workspace
activated for the terminal.

Accur @lation
charges will begin.
A  broadcast message from
associated with

the account

identification
on another line.

A workspace can be thought
of as both a notebook and a
scratch pad. The details
are explained in Part 2.

N sREwOV T T oo

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

TR
F i

f&rm of the

means the

transmitted command was
faulty. Retry with a

properly formulated sign-on.

ALFEEATY DG NED "

means that a work session 1s
already 1in 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 beginnino of
EC3.

means just that, or a

temporary condition due to
delays in the central
com: ter. Retry from ECZ
after two minutes. If the
condition persists, -otiy

the APL Operator.

means thet authorizaticn for
use of that number has been
withdrawn.



3. S5AVED, followa?® by the
time of day and date that
the activated workspace was
last stored.

4. The keyboard will be
unlocked.

This response will be
omitted if the activated
workspace 1is g¢lear (i.e.,
not holding information).
If the respcnse 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 heas
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.

A work session is started, and the full APL system

becomes available, once the

sign-on is accomplished. Any

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

be entered for execution.

Limited Use of the System. No
sign~on given here is required

3, and the reading of Part

only casual or restricted use

For the purpouses of such
conveniently be terminated
procedures:

ACTION

EC4.  Discompnect dial-up
connection:
Set the power switch to OFF.

1. The active workspace will
be stored under the nane
CONTINIJE.,

system command other than the
in order to make use of Part
may therefore be defexred if
is to be made of the system.
use, a work session may
by one of the following

NOIES

Use this procedure for
dial-up connections only.

If the workspace 1is clear,
1t 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 wil' be
noted internally for later
accounting,

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

Response: None.

Enter )CONTINUE

and 3. The same as for

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

2. The port number, time of
day, date, and user code
will be printed.

3. Accounting information
will be printed.

The DATA light will go out.

This is command TC4,
detailec in Part 2.

Trouble reports:

NOT WITH OFEN 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.

If a dial-up connection is
being wused, the DATA light
will go out.



PART 2

SYSTEM COMMANDS

APL operations deal with transformations of abstract
objects, such as numbers and symbols, whose practical
significance, as 1is usual in mathematics, depends uyon 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 infermation 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 eoch 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 re‘er 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 1in secondary storage facilities of the central
computer and cannot be worked with directly. When reqguired,
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 in 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 ssociated 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 .) and numeric (J
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 wused 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 is 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 1local 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
wquspace names, including those in public libraries, never
lee ;he keys, and do not overtly indicate the existence of
a lock.

Account ngmbers 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 long, without blanks. Characters beyond the
eighth are ignored. In use as either a 1lock or key, a
password follows the number or name it is 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 user, by means of an Qgggnthn
signal. Since the keyboard is 1locked 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 upon the type of
connection:

with dial-up telephones, uncradle the handset, set
the pushbutton switch to TALK for two to three
seconds, and then res2t it to DATA;

with leased telephone lines, set the termina} 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 used during the
execution of a program. For these purposes APL\360 provides
appropriate system-dependent functions and library

functions, which can be wused like other API. 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
1s in the execution mode, 1in 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 grouped 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 commanas affect the state of the

4. Inguiry commands provide 1nftormation 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 JOMMAND. This means that the command
was incomplete, mis-spelled, used a wrong modifier, or was
otherwise malformed. The corrective action in every case is
to enter a properly composed command. The meanings anad
corrective actions for other trouble reports are given 1n
the notes accompanying the description of each command.

Clear workspace, There are certain transient faillures ot
the system which cause the active workspace to be destroved.

If this should occur, the message _%47 ». will be printed,
indicating that the active workspace has been replaced by a
clear workspace. {The attributes of a clear workspace are
given in the section on workspace control commands, see

WCl.) This situation rarely arises, but the probability of
its occurrence 1is slightly higher during the execution of
system commands.

Summary. The purposes, forms, responses, and trouble

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 examgle, v ,
VTUZ4, ) TLEAVER, etc., are all equivalent.

In general, the elements of a command form must ce
separated by one (or more) spaces. Spaces are not regquiraed

immediately following the right parenthesis, or on either
side of the colon used with passwords, but can be used
without harm.



[Reference and Purpose T
COMMAND FORM '-2.3 NORMAL RESPONSE TROUBLE REPORTS*
TCl Sign on designated user and start a work session.
)NUMBER [KEY] [TEXT]; PORT,TIME,DATE,USER; SYSTEM; [SAVZ/',TIME,DATE) 1 2 3 4 S
TCZ End work session.
YOFF {LOCK] PORT, TIME, DATE, USER CODE; TIME USED 16
'C3 End work session and hold dial-up connection.
JOFF mOLD [LOCK) PORT, TIME, DATE, USER CODE; TIME USED 16
TC4 End work session and store active workspace.
YCONTINUE [LOCK] [TIME, DATE,CONTIN!I'F}; PORT,TIME,DATE,USER CODE; TIME USED 6 16
TC5 End work session, store active workspace, and hold dial-up connection.
YCONTINIY HOLL [LOCK] [TIME,DATE,(ONI/NI/E]; 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.
YCOPY WSID [KEY] NAME JAVED , TIME, DATE 6 7 8 9 10 16
WC3a Copy all global objects from a stored workspace.
JCOPY WSID [KEY] JAVED, TIME, DATE 6 7 8 10 16
WC4 Copy a global object from a stored workspace, protecting active workspace.
YPCOPY WSID [KEY] NAME JAVE?,TIME,DATE; (NUT COPIED:,LIST OF OBJECTS] 6 78 9 10 16
WC4a Copy all global objects from a stored workspace, protecting active workspace.
YPCOPY WSID [KEY) UAVER ,TIME,DATE; [W0T ©0U7ED: ,LIST OF OBJECTS] 6 7 8 10 16
WC5 Gather objects into a group.
YGROUP NAME (S} NONE 11 16
WC6 Erase global objects.
YERASE NAME [S] [#o7 FRASEI': ,LIST OF OBJECTS]) 16
WC7 Set index origin for array operations.
YJORI/uIN INTEGER, 0-1 WA, FORMER ORIGIN 16
WC8 Set maximum for significant digits in output.
YDIGITS INTEGER,1-16 44, FORMER MAXIMUM 16
WC9 Set maximum width for an output line. TROUBLE REPORT FORMS
YWIDTH INTEGER,30-130 wWA.) , FORMER WIDTH 1 NWUMBER NOT IN SYSTEM 16
WCl0 Change workspace identification. 2 INCORRECT SI1GN-ON
YWS1D WSID w4l , FORMER WSID 3 ALREADY ESIGNED ON 16
LCl Re-store a copy of the active workspace. | 4 NUMEER TN USE
YSAVE TIME,DATE,WSID S NUMBER LOCKED QUT 6 12 13 14 16
LCla Store a copy of the active workspace. 6 NOT WITH OFEN DEFINITION
JSAVFE WSID [LOCK] TIME, DATE 7 W5 NOT FOUND 6 12 13 14 16
LC2 Erase a stored workspace. 8 W LOUCKED
)JDEOP WSID TIME, DATE 9 NRJECT NOT FGUND 7 14 16
I01 List names of defined functions. FULL
YFNS [LETTER] FUNCTION NAMES KD GROUIED, NAME TN USE 16
IQ2 List names of global variables. 12 NOT SAVED, WS QUOTA UsKr UF
YVARS [LETTER] VARIABLE NAMES 13 NOT SAVE!, THIS WS IS WSID 16
IQ3 List names of groups. 14 TMPRGPER LIRRARY RESFRENCE
JGRPY ([LETTER] GROUP NAMES 15 YFSSAGE LOST 16
IQ4 List membership of designated group. 16 INCORRECT COMMAND
YGRP NAME FUNCTION NAMES, VARIABLE NAMES 16
IQ5 List halted functions (state indicator).
)er SEQUENCE OF HALTED FUNCTIONS 16
IQ6 List halted functions and associated local variables (augmented state indicator).
YSIV SEQUENCE OF HALTED FUNCTIONS WITH NAMES OF LOCAL VARIABLES 16
I1Q7 Give identification of active workspace.
YWSID WSID 16
IQ8 List names of workspaces in designated library.
YLIB [NUMBER] NAMES OF STORED WORKSPACES 14 16
IQ9 List ports in use and codes of connected users.
YPORTS PORT NUMBERS AND ASSOCIATED USER CODES 16
IQl0 List port numbers associated with designated user code.
)PORTS CODE PORT NUMBERS 16
CMl Address text to designated port.
YMS%N PORT [TEXT) sLne 15 16
CM2 Address text to designated port, and lock keyboard.
)MS¢ PORT [TEXT) SET 15 16
CcM3 Address text to recording terminal ({APL Operator).
YOPRN [TEXT] SR 15 16
CM4 Address text to recording terminal (APL Operator), and lock keyboarad.
JOPR _[TEXT] CENT _ 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.

Table 2.1: SYSTEM COMMANDS



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
system's recording terminal, in an action known as a bounce.
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., If
the active workspace had a password associated with 1it,
T VIINUE will be locked with the same password.

If "OWKTINUE is automatically stored, and is not locked,
1t will be automatically activated at the next sign-on;
otherwise, a clear workspace is activated.

Since JJN¥TINUE 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 or 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 CTONTINUE 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 ii Fp47: and
LIBRARY TABLE FULL have been omitted from Table 2.1, and are
also omitted from the notes below, because their occurence
is infregquent, 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 1in 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 07/11/63 would be 22 minutes
past 10 AM on July 12, 1968.

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

described in EC3 of Part 1.



TC2. End work  session:
Enter )OFF

followed by a colon and a
password, if desired.

1. The currently active
workspace will vanish.

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

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.

Response:

1. The port number, time of
day, date, and user 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 lock 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 1is not used, the
existing leck, if any,
remains in force.

INCORKECT COMMAND

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

The DATA light on telephone
datasets will go out.

IC3. End work session and
hold dial~-up connection:
Enter )OFF HOLD

followed by a colon and a
password, if desired.

1. 2. and 3. Same as for

4. The dial-up telephone
connection will be
maintained for 60 seconds,
pending a new sign-on.

1. and 2. Same as for TC2.

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

l. A copy of the currently
active workspace will be
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 1lock will be
applied to CONTINUE.

2. 3. and 4. Same as for
TC2.

See note at TC2.

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

INCORRECT T MMAND

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 is 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, This response will be

followed by "NTINUZ. omitted if the workspace was
not saved. See note at
Effect 1.

2. and 3. Same as for TC2,

response 1 and 2. NOT ¥ITH OPEN DFIINITION ]
means that the terminal 1is
in definition mode. Close
the definition by entering
the character 7. (See
mechanics of function

definition in Part 3.)

ruzh

T COMMAND

See note at TC2.

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

Effect:

1. Same as for 1C4.
2. and 3. Same as for TC2.

4. Same as for TC3.

Response: Trouble reports:
1. 2, and 3. Same as for VOT WITH OPEN "FOT7XN.IION
TC4. See TCA.

THoERENT oVMA T

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 1in a single workspace, sharirg

common elements, but available individually by copving the
appropriate group.

Groups. The group command assigns a single name to a
collection of names, in order to provide mocre convenient
reference to selected functions and global variables. The
group name can subsequently be wused for three purposes: to
move a copy of the entire set of referenced objects between
workspaces, to incorporate the group members within annther
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.

Information trangfer between workspaces. Information
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
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 local 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 1in 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 JCLEAR. whatever is 1in 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.)

WC2. Activate a c¢opy 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.

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

WC3. Copy a global object
from a stored workspace:
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.

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

Trouble message:
INCORRFCT CIMMAND

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

WS NOT ROLND

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

W5 LOTKED

means that no key, or the
wrong key, was used when one
was required.

ITNCORRECST "OMMANT

A global object may be a
group, function, or global
variable.

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.



1. S4AVED, 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 ).JGPY

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

1. 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.

NOT WITH OPEN DEFINITION
means that the terminal is
in definition mode. Either
close the definition by
entering 7, or defer the
copy operation,

WS NOT FOUND
See WC2.

WS LOCKED
See WCZ.

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 variable
will be copied completely; a
partially copied function
will 1leave the terminal in

definition mode; some
objects may be completely
overlooked. Status may be

determined by using appro-
priate inquiry commands.

See notes at WC3.

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

1. S4VED, followed by the
time of day and the date
that the source workspace
was last storeqd.

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

Enter )PCOFY

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 exictirg global
homonym.

1. SAVED, 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.

NOT WITH OPEN DEFINITICHN
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
referent of its homonym.

Trouble messages:
NOT WITH OPEN DFE
WS NOT FCOUND

Ws LOT
OBJECT NO
WS FUL
INC EL WA
See WC3 for all meanings.

INTTIOR

e A

the



WC4a.  Copy all global
objeccts  from a stored
workspace,  protecting the
active workspace:

Enter )PCOPY

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

Effect:
1. 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. SAVED, 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.

NOT WITH OPEN DEFINTTION
WS NOI FCUND

WS LOCKED

WS FULL

INCORRECT COMMANT

See WC3 for all meanings.

WC5. Gather names into a
group:

Enter )GROUP

followed by a space and one
or more names separated by
spaces.

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 thae
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.

Trouble reports:

NOT GROUPED, NAME IN 1St
means that the first name
used in the command 1is the
name of a function or global
variable. Erase the
offending object, or use a
different name.

INCORRECT 7 MM4AND



Enter )FRASE
follow-d 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.

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

WC7. Set

array opera
characters !
followed by a space and a 0

or 1.

Effect:

1. 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.
esponse:

. oadly, followed by the
former origin.

This 1is the only way to
remove a global wvariable,
and the most convenient way
to remove a collection of
objects.

Names which do not refer to
global objects are ignored.

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

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

These matters are explained
in Part 3.

[NCOPRECT "OMMAND

nificant digits in output
Enter )DIGITS

followed by a space and an
integer between 1 and 16
inclusive.

WC8, Set maximum for sig-

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

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. 445, followed by the
former maximum width.

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.

INCORRECT COMMARD

A dynamically executable
equivalent function 1s
available (see Part 4).

This affects neither the
mechanical margin stops nor
the allowable length of
input lines.

INCORFE T “huwan



wCclo, 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 LC1 for the
as sume the specified implications of this.
identification, A lock

associated with the

workspace will be retained.

Resgponse: Trouble repert:
1. WwAS, followed by the INCORRECT COMMAND
former workspace

identification,

LIBRARY CONTROL COMMANDS

There are two basic 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
pexmits considerable flexibility in planning use of the

system. For example, lengthy 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 leong 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 library number and name may be arbitrarily
changed by the use of command WC10.

4. A clear workspace activated by a clear command, a
sign-on, or a system failure is called CLFAR 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 use of the command )SAVE,
without modification, implicitly uses 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



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 ary 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 1in his private library or
in public 1libraries. The allotment for each user is
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 gquota, a user may assign
arbitrary names to the workspaces he stores. Beyond that
point he always has available one workspace named 7“JNTIVUE
in his private library.

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 1in the
section on terminal control commands.

Use of the (0

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 Z7NV7TN"#, as 1t would any other name under
like circumstances.

Purging a workspace. The sequence of commands ,
Va/h ABCLC Y, YCLLAR, Y7TorPY A®71.3, 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 in more wusable space than can otherwise be
realized. Subsequently, the commands )77 457103  and

1PAVD may be used to store a copy of the purged workspace
under its former name.

Detailed Description. The
will be used with the same si
control commands.

ACTION

LCLr Re=-store a copy of the
active workspace:
Enter )SA4VE

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.

Respaonse:

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

term warkspace
gnificance as for the workspace

identification

NOTEES

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.

Trauble reports:

VOO WITH DPFN "ERINII. Y
means that the terminal is
in function definition mode.
Either close the definition
by entering Y, or defer the
save operation.

NOT SAVED, W& ZUr74 SR
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.
CONTINGE  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. sStore a copy @f the
active warkspace:

Enter )SAVE

followed by a space and a
workspace identification,
with a colon and password,
if desiread.

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 used in the
command.

NOT SAVED, THiC WS [
results from the fact that
CLEAR WS.cannot be the name
of a stored workspace.
Either change the name by
WC10, or use LCla.

IMPRCPEP 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

This form of the save
command allows new
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 wark=
sSpace:

Enter )DROP

followed by a space and a
workspace identification.

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

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

Trouble reports:
NOT WITH QPN TCEFEIN T 0N
means the same as for LCl.

NOT SAVED, WS JHOTA USER UT

means the same as for LCl.

NOI SAVEDP, 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 leost ca: always be
removed from the system.

This command has no effect
on the active workspace,
regardless of its
identification.

Trquble reports:

IMPROPER LIBRARY REFEKENCE
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 inguiry 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 is considered to be only partial
1dentification because it may not be unique. Therefore,
these commands should be wused 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
IQl. List names of defined
functions:
Enter S

o
followed by an alphabetic
character, if desired.

Effect: None.

Response: Trouble message:
1. The names of defined INCIRREST 2OyvgNn
functions in the active
workspace will be printed
alphabetically, starting

with the specified letter.
It a letter was not used,
all function names will be
listed.

IQ2. List names of global
variables:

Enter )VARS

followed by an alphabetic

character, if desired.

Effect: None.

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

I03. List names of groups:
Enter )GRPS
followed by an alphabetic

character, if desired.

Effect: None.

. The names of groups in
the active workspace will be
printed alphabetically,
starting with the letter
used. If a letter was not
used, all group names will
be listed.

Response:
1




104, List membership of
Enter )GRP

followed by the name of the
group.

Effect: None.

Response:
1. The names in the group
will be printed.

105, List balted functions:
Enter )SI

Effect: None.
Responge:

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

This display 1is the gstate
indicator; its significance
and use is explained in Part
3.

Trouble message:
INCORRECT COMMAND

I06. List balted functions
with names of local
variables:
Enter )SIV

Effect: None.

Regponse:

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

107, Give identificatiop of
active workspace:
Enter )WSID

Response:

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

I08. List pames of stored
Yorkspaces:

Enter )LIB

followed, if necessary, by a
library number.

Effect: ©None.

Besponse:

1. The names of workspaces
in the designated library
will be printed, If no
number wa-= used, the account
number associated with the
terminal will be taken as
the library number.

Trouble message:
INCORRECT COMMANT

Trouwble message:
TNCORRECT COMMAND

A 1library ‘number 1is not
required for listings of the
user's private library.

Trouhle messages:
TMPROPER 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



I09, List port
codes of ¢onneg
Enter )PORTS

s i us
ted user

Effect: None,

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

IQ10, List port numbers User codes are not
associated with desig- necessarily unique, ana the
nated user code: information derived from
Enter )PORIZ this command and IQ9 should

followed by the user code. be used advisedly.

Effect: None.

ouble message:

Response: T
INCORRECT TOMMAND

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

r
N

COMMUNICATION COMMANDS

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

A message can be received by a terminal only when its

keyboard is locked, and except for public address
announcements from the system recording terminal, only if it
is also not in the process of functicon 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 'F7 , and public address messages are
prefixed by i':.

If the 1interaction at

a terminal must be interrupted

for a prolonged period while the terminal is still

connected, it is good practice
This can be done by addressing a
to the terminal's own port

a message may be received.

message of the proper type

number.

to lock the keyboard so that

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

CM1l, Address text to desig-

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

1. The keyboard will lock
while the text 1s being
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 1is
completed.

= by

esponse:
ENT

. 5

A message addressed to an
unused or non-existent port
will be reflected back to
the sending terminal, which
then plays the role of both
sender and receiver.

message:
HESSAGE LO0T
means just that. It happens
when attention is signallea
before a message is
delivered, or an eguivalent
transmission disturbance

dccurs.

P R



CM2, Addregs text to desig-
nated port and lock key-
board:

Enter )MSG

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

Effect:
1. Same as CMl effect 1.

2. Same as (M1, 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.

Response:
1. SENT

CM3, Address text to system
recording terminal:

Enter )OPRN

followed by any one-line
text.

Effect:
1. 2, and 3. Same as CMl.

Responge:
1, SENT

See note at CMl.

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.

Trouble message:
MESSAGE LOST

See CM1.

INCORRECT COMMAND

CM4. Agdress text to system
recording terminal and logck
keyboazgd:

Enter )OPR

followed by any one-line
text.

Effect:
1. 2. anda 3. Same as CM2.

Besponse:
1. SENT

See note at CMl.

Trouble message:
MESSAGE [OST

See CMl.

INCORRECT COMMAND



PART 3

THE LANGUAGE

The APL\ 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
functiong {e.g. + - x ) which are provided by the system,
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 1is 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 4:0. 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 examples 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 wused 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 gpecification. A typical specification

statement 1s of the form

Keoan

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

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

3Ixy

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

Scalar and vector copstants.  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 £ followed immediately by an
integer. The integer following the % specifies the power of
ten by which the part preceding the £ is to be multiplied.
Thus 1! 44E2 1s equivalent to 14&.

Negative numbers are represented by a negative sign
immediately preceding the number, e.g., 1.4% and 1445 °
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 1is denoted, as usual, by

the minus sign -.

A constant vector is 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 seguence of characters, with no
enclosing quotes and with no separation of the successive
elements. The gquote character itself must ke typed in as a
pair of quotes. Thus, the abbreviation of RN is
entered as 'CAN''T' and prints as CAV'T,

Names and Spaces. As noted 1in 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 Z.

Spaces are not reguired between primitive functions and
constants or variables, or between a succession of primitive

functions, but they may be wused if desired. Spaces are
needed to separate names of adjacent defined functions,
constants, and variables. For example, the expressicn *+-

may be entered with no spaces, but if “ is a defined



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.

Qvegrstriking and erasuce. Backspacing serves only to
position the carriage and does not cause erasure or deletion
of characters. It can be used:

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

2. to form compound characters by overstriking (e.gq.
® .

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

3xu46:2, the functions are executed {(evaluated) from
rlght@ost to leftmost, regardless of the particular
functions appearing in the expression. (The foregoing

gxpression 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<«(3lQ):(Xx(¥Y-2)).

;n general, the rule can be expressed as follows: every
function takes as its righthand argument the entire

expression to its right, up to the right parenthesis of the
pair that encloses it.

Exror 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; CORRECTTVE ACTION

CHAWACTER

DEPTH

INDEX

LABEL

LENGTH

SYMROL
TABLE
FULL

SYSTEM

VALUE

WS FULL

Illegitimate overstrike.

Excessive depth of function execution.CLEAR STATE
INDICATOR.

Arguments not in the domain of the function.

Misuse of Vv or 0 symbols:

1. 7 is in some position other than the first.
2. The function is pendent. DISPLAY STATE
INDICATOR AND CLEAR AS REQUIRID.

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 irn functicn definition
and between label ana statement.

Shapes not conformable.
Ranks not conformable.

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

Invalid syntax; e.g., two variables juxtaposed;
function used withouvt 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 RECGRD,
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 bv temporary values
produced in evaluating a compound expression).
CLEAR STATE INDICATOR, ERASE NEEDLFESS OBJECTS, OR
REVISE CALCUIATIONS TO USE LESS SPACE.

Table 3.1 ERRCR REPORTS




Monadic form £3 f pyadic form Af:
If an invalid statement is encountered during execution L. | S
of a defined function, the error report includes the Definition Name Name Sif;:;;lig
function name and the line number of the invalid statement. or example b
The recommended procedure at this point is to enter a right 1 N
arrow (») alene, and then retry with an amended statement. X e 0B Plus + | Plus - .
The matter is treated more fully in the section on Suspended P . . 5 G e T
Function Execution. -F <+ J-B Negative - | Minus 2-5.2 > %
Names of primitive functions. The primitive functions of Yo (Fe0)-(2-5) | Signum * | Times AR
the language are summarized in Tables 3.2 and 3.8, and will . Lo e e
be discussed individually in subsequent sections. The tables A e~ 118 Reciprocal : | Divide fEd.L em e,
show one suggested name for each function. This 1is not . . i e
intended to discourage the common mathematical practice of B Ceiling [ | Maximum 37
vocalizing a function in a variety of ways (for example, 3 L g e
{:Y may be expressed as "X divided by ", or "X over /"). 3. Floor L | Minimum L7 e
Thus, the expression p# yields the dimension of the array ¥, ) . ) .
but the terms size or shape may be preferred both for their *# > (1.71828..)*BjExponential | » | Power 2x3 e o
brevity and for the fact that they avoid potential confusion ; o -
with tie dimensionality or rank oig the argay- gl Hoe wall Nitu;iithm ® | togarithe j:{ - %ng'-o?ase
og [alNhins [
The importance of such names and synonyms diminishes _ . . -
with familiarity. The usual tendency is toward the use of P T e 31l Magnitude | | Residue Fase Lu </&'
the name of the symbol itself (e.g., "rho" (o) for "size", . fff S
and "iota" (1) for "index generator"), probably to avoid f"“’:;i Domain error
unwanted connotations of any of the chosen names. T h
SCALAR FUNCTIONS Frg s Factorial ! Binomial Al < (Mot o
'R o« BxlR-} coefficient|[2!c «» 12 R
Each of the primitive functions is classified as either or 13 «» Gamma(B+1)
scalar or mixed. Scalar functions are defined on scalar . . ) : o
fi.e., individual) arguments and are extended to arrays in ?8 «- Random choice|Roll 7 | Deal A Mixed Function (See
four ways: element-by-element, reduction, inner product, and from 13 Table 3.8)
outer product, as described in the section on Functions on . ) . Tar
Arrays. Mixed functions are discussed in a later section. oF ws ¢y 314153, . | Pl times © | Circular See Table at l=ft
The scalar functions are summarized in Table 3.2. Each L~ ~eoerl Not [ i
1s defined on real numbers or, as in the case of the logical T - . L
functions and and Qr, on some subset of them. No functional — A | And f[’L’A ! Yo, mh ¥
distinction is made between "fixed point" and "floating ! L {-d)ox [4 iele vior j‘ ) ’ v
point" numbers, this being primarily a matter of the Lo maw x5 PO (1-Fx0)x ~ | Nand SRR | ‘
representation in a particular medium, and the user of the | | Arcsin & .1 Sine 5 » | Nor 1ly } L
terminal system need have no concern with such guestions ! ! Arccos * (. | Cosine & IS rol .
unless his work strains the capacity of the machine with ] Lo Arctan £ |: Tangens = . Relstions
r i K TeRx gx S - {1+Bx. ) = 4 ess 1
espect to either space or accuracy. | Arcsinh 7 |5| Sinh | | Not greater Result 1s LF the
Three different representations for numbers are used I | Arccosh = |:| Cosh ® = | Equal relation holds,
internally, and transformations among them are carried out i | Arctanh 2 l7 Tanh B > | Not less if 1% does not:
Jutomatically. Integers less than 2 to the power 52 are 5 : ] > | Greater -7
carried with full precisio:n; larger numbers and non-integers L Table of Dyadic © Functions b= Not Equal- N -

are carried to a precision of about 16 decimal digits.
Table 3.2: PRIMITIVE SCALAR FUNCTIONS



For operations such as floor and ceiling, and in
comparisons, a "“fuzz” of about 1% 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 3. Most of the symbols
employed may denote either a monadi¢ 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 ¥
and Y. Any such symbol always denotes a dyadic function if
possible, 1i.,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 pioceed. Treatments of these
functions are readily available in standard texts.

Certain of the scalar functions deserve brief comment.
The residue function 4|B has the usual definition of residue
used in number theorv. For positive integer arguments this
is equivalent to the remainder obtained on dividing 8 by 4,
and may be stated more generally as the smallest
pon-negative member of the set B-N»4, where N 1is any
integer.

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

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

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

The expression ~8x.5 (square root of ~8) yields a
domain error, but “8x1:3 has the value 2. More generally,
AxB is valid for A<0 if the right argument is (a close
approximation to) a rational number with an odd denominator
not greater than 85.

The factorial function !4 is defined in the usual way
as the prcduct of the first N positive integers. It 1is also
extended to non-integer values of the arqument <+ and 1is

equivalent to the Gamma function of W+li.

The function 4'F (pronounced 4 out of +) is defined as
('5):(!14)~'5-4. For integer values of 4 and 3, this is the
number of combinations of F things taken A at a time. (It
is related to the Complete Beta function as follows:

Beta(?,Q) «» #:@x(P-1)!P+g-1.)

The symbols < < = > > and = denote the relations
less than, less than or egual, etc., ir the wusua® manner.
However, an expression of the form A<B is treated not as an
assertion, but as a function which yields a 1 1if the
proposition is true, and 0 if it is false. For example:

3<7

7<3

When applied to legical arguments (i.e., arguments
whose values are limited to ¢ and 1), the six relations are
equivalent to six of the logical functions of two arguments.
For example, < is equivalent to material implication, and =
is equivalent to exclusive-or. These six functions together
with the and., or, nand, and nor shown in Table 3.2 exhaust
the nontrivial logical functions of two logical arguments.

Vectors. Each of the monadic functions of Table 3.2 appligs
to a vector, element by element. Each of the dyadic
functions applies element by element to a pair of vectors of
equal dimension or to one scalar and a vector of any
dimension, the scalar being used with each component of the

vector. For exarple:

12 3 u4xy 3 2 1

4 6 6 U

2+1 2 3 4
3 4L S 6

12 3 u4f2

2 2 3 4

Index generator. If ¥ is a non-negative integer, tpen TN
denotes a vector of the first N integers. The dimension of
the vector N is therefore N; in particular, 1 is a vector

of length one which has the value 1, and 0 is a vector of



dimension zero, also called an empty vector. The empty
vector prints as a blank. For example:

10
Empty vector prints as a blank
6-16
5 4 3 2 1 0
2%10 Scalar applies to all (i.e., 0) elements
of 10, resulting in an empty vector
2x 16
2 4 6 8 10 12

The index generator is one of the class of mixed
functions to be treated in detail later; it is included here
because it is useful in examples.

DEFINED FUNCTIONS

Introduction. It would be impracticable and confusing to

attempt to include as primitives in a language all of the
functions which might prove wuseful in diverse areas of

application. on the other hand, in any particular
application there are many functions of general utility
whose use should be made as convenient as possible. This

need is met by the ability to define and name new functions,
which can then be used with the convenience of primitives.

This section introduces the basic notions of functicn
definition and illustrates the use of defined functions.
Most of the detailed mechanics of function definition,
revision, and display, are deferred to the succeeding
section.

The sequence

1s called a function definition; the first (pronounced

del) marks the beginning of the definition and the second
marks the conclusion: the name following the first ¥ (in
this case ;:27)  is the name of the function defined, the
numbers in brackets are statement numbers, and the
accompanying statements form the hody of the function
definition.

The act of defining a function neither executes nor
checks for validity the statements in the body; what it does

is make the function name thereafter equivalent to the body.
For example:

VSPHERE Definition of the
SURF«u4x3 14159xRxF function SPHERE

-
— e b

(
{2 VOL+~SURFxR=3
[3 v
R2 Specification and display
R of the argument 7
SURF SURF has not been
VALUE ERROR assigned a value
SURF
A
SPHERE Execution of SFHFRE
SURF SUKF and V2L now have
50 sbb5ey values assigned by the
VoL execution of-5PHFRE
33 51029333
el Use of ZrirxE for

a new value of the
argument *

4 1838746667

Branching. Statements in a function are normally executed
ir the order indicated by the statement numbers, and
execution terminates at the end of the last statement in the
seqguence. This normal order can be modified by branches.
Branches make possible the construction of iterative
procedures.

The expression ~4 denotes a branch to statement - ana
causes statement 4 of the function to be executed next. In
general, the arrow may be followed by any expression which,
to be effective, must evaluate to an integer. This value is
ghe number of the statement to be executed next. If the
integer lies outside the range of statement numbers of the

body qf the function, the branch ends the execution ot the
function.

If the value of the expression to the right of a branch
arrow is a non-empty vector, the branch i1s determined by its
f%rst component. If the vector 1s empty (i.e., of zero
dimension) the branch is vacuous and the normal sequence 1s
followed. )



The following examples illustrate various methods of
branching used in three equivalent functions (. U%, JU¥1, and
2uUv2) for determining 5 as the sum of the first # integers:

'

w

»ux TR Branch to «x1 (i.e., &) or to uxJ (out)

-3 Unconditional branch to 3

e e
o
e e L e

+

1,

+

1

N<2
SUM
S
3
N+5
SUM
S
15
VSUM1 Equivalent to SUM
[1] S+0
[21 I«1
[31 +0xt1I>N Branch to 0O(out) or continue to next
(4] S«S+I line since 0x10 is an empty vector
[5] I+I+1
[6] +3 Unconditional branch to 3
71 v
N<5S
SUM1
S
15
ISUM?2 Equivalent to SUM
1] S+0
(21 I+0
(21 S«S+1
(4] T<I+1
[5] +3x1I<N Branch to 3 or fall through{and out)
(63 v

From the last two functions in the foregoing example,
it should be clear that the expression x: occurring in a
branch may often be read as "if". For example, -+3x1I<N may
be read as "Branch to 3 if I is less than or equal to #."

Local and global wvariables. A variable is normally global

in the sense that its name has the same significance no
matter what function or functions it may be wused in.
However, the iteration counter =~ occurring in the foregoing
function s5U¥ is of interest only during execution of the
function; it is frequently convenient to make such a
variable local to a function 1in the sense that it has
meaning only during the execution of the function and bears
no relation to any object referred to by the same name at
other times. Any number of variables can be made local to a
function by appending each (preceded by a semicolon) to the
function header. Compare the following behavior of the
function SUM3, which has a local variable 7/, with the
behavior of the function SUM2 in which I is global:

VSUM3 ;T YSUM2
{11l 5+0 1] 5+0
[2] I+0 2] I«0
[3] S«S+I (33} S+S+I
[4] IT«I+1 fu] I«T+1
[s] *>3x 1 T <N (5] +3x1 <N
(6] v [e] v
I«20 I+20
N<5 N<5
SUM3 SUM?2
S S
1% 15
I I
20 6

Since 7 is local to the function SUM3, execution of SUM3 has
no effect on the variable J/ referred to before and after the
use of SUM3.

However, if the variable K is local to a function F
then any function ¢ used within F may refer to the same
variable X, unless the name X is further localized by being
made local to ¢. For further treatment of this matter, see
the section on Homonyms.



Explicit argument. A function definition of the form

VSPH X
[1] SUE«ux3,14159x(xX
(213 7

defines SP# as a function with an explicit argument;
whenever such a function is used it must be provided with an
argument. For example:

SPH
SUR
50.265u4
SPH 1
SUR
12.56636

[N]

any explicit argument of a function is automatically
made local to the function; if 7 is any expression, then the
effect of G5PF & is to assign to the local variable X the
value of the expression & and then execute the body of the
function ."P# Except for having a value assigned initially,
the argument variable is treated as any other local variable
and, in particular, may be respecified within the function.

Explicit result. Each of the primitive functions produces a
result and may therefore appear within compound expressions.
For example, the expression :Z produces an explicit result

and may therefore appear in a compound expression such as

Z+:2 A function definition of the form
R ¢
L N N LR P R {

!

defines J5: as a function with an explicit result; the
variable [ 1is local, and the value 1t assumes at the
completion of execution of the body of the function is the
explicit result of the function. For example:

The forms of defined functions. Functions may be defined
with 2,1, or 0 explicit arguments and either with or without
an explicit result. The form of header used to define each
cf these six types is shown in Table 3.3. Each of the six
forms permits the appending of semicolons and names to
introduce local variables. The names appearing in any one
header must all be distinct; e.g., the header Z+F Z is
invalid.

Number of |Number of Results
Arguments 0 1

0 VF VZ+F

1 VF Y VZeF Y

2 VX F Y VZ+X F Y

Table 3.3: FORMS OF DEFINED
FUNCTIONS

It is not obligatory either for the arguments of a
defined function to be used within the body, or for the
result variable to be specified. A function definition
which does not assign a value to the result wvariable will
engender a value error report when it is used within a
compound expression. This behavior permits a function to ke
defined with a restricted domain, by testing the argument(s)
and branching out in certain cases without specifying a
result. For example:

7S uBRT
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X<0
7
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Use of defined functions. A defined function may be used in
the same ways that a primitive function may. In particular,
it may be used within the definition of another function.
For example, the function #YF determines the hypotenuse of a
right triangle of sides 4 and * by using the square root
function J477:

Toe5QRT X
{11 J«X%x £7

Ji<A HYP B
{13 H<«JGRT (A*2)+Bx2V

A defined function must be used with the same number of
arguments as appear in its header.

Recursive function definition, A function F may be used in
the body of its own definition, in which case the function
is said to be recursively defined. The following program
FAC shows a recursive definition of the factorial function.
The heart of the definition is statement 2, which determines
factorial ¥ as the product of ¥ and FAC N-1, except for the

case N=0 when it is determined (by statement 4) as 1:

VZ+«FAC N
[11 +4x1N=0
(21 Z«NxFAC N-1
31 +0
[u] Z+19
Trace control. A trace is an automatic type-out of

information generated by the execution of a function as it
progresses. In a complete trace of a function P, the number
of each statement executed is typed out in brackets,
preceded by the function name P and followed by the final
value produced by the statement. The trace is useful in
analyzing the behavior of a defined function, particularly
during its design.

The tracing of P is controlled by the trace vector for
P, denoted by TAP. If one types TA4P«z 3 5 then statements
2,3,and 5 will be traced in any subsequent execution of F.
More generally, the value assigned to the trace vector may
be any vector of integers. Typing 74P«0 will discontinue
tracing of ~. A complete trace of P is set up by entering
TaP«1N, where V¥ is the number of statements in P.

MECHANICS OF FUNCTION DEFINITION

When a function definition is opened (by typing a v
followed by a header), the system automatically types
successive statement numbers enclosed 1in Dbrackets and
accepts successive entries as the statements forming the
body of the definition. The system is therefore said to be
in defipition mode, as opposed to the esecutiop mode which
prevails outside of function definition.

There are several devices which may be used during
function definition to revise and display the function being
defined. After function definition has been closed, there
are convenient ways to re-open the definition so that these
same devices may be used for further revision or display.

Labels. If a statement occurring in the body of a function
definition is prefaced by a name and a colon, then at the
end of the definition the name 1is assigned a value equal to
the statement number. A variable specified in this way is
called a label. Labels are used to advantage in branches
when it is expected that a function definition may be
changed for one reason oOr another, since a label
automatically assumes the new value of the statement number
of its associated statement as statements are inserted or
deleted.

Revisiop. Any statement number (including one typed by the
system) can be overridden by typing [N]l, where N is any
positive number less than 10000, with or without a decimal
point and with at most four digits to the right of the
decimal point. If N is zero, it refers to the header line
of the function.

If any statement number is repeated, the statement
following it supersedes the earlier specification of the
statement. If any statement is empty -- that is, the
bracketed statement number was immediately followed by both
a linefeed and a carriage return (a carriage return alone is
vacuous) -- it is deleted.

When the function definition mode is ended, the
statements are reordered according to their statement
numbers and the statement numbers are replaced by the
integers 1,2,3, and so on. Labels are assigned appropriate
values.



The particular statement on which the closing V appears
is not significant, since it marks only the end of the
definition mode, not necessarily the last line of the
function. Moreover, the closing v may be entered either
alone or at the end of a statement.

Display. During function definition, statement N can be
displayed by overriding the line number with [NZ] After
the display, the system awaits replacement of statement N.
Typing (] displays the entire function, including the
header and the opening and <c¢losing ¥, and awaits entry of
the next statement; typing [[CN] displays all statements from
N onward and awaits replacement of the last statement.
Executing an attention signal will stop any display.

Line editing. During function definition, statement N can
be modified by the following mechanism:

1. Type [NOM] where M is an integer.

2. Statement N is automatically displayed and the
carriage stops under position M.

3. A letter or decimal digit or the symbol / may be
typed under any of the positions in the displayed
statement. Any other <characters typed in this mode
are 1ignored. The crdinary rules for backspace and
linefeed apply.

4. When the carriage 1is returned, statement N 1is
re-displayed. Each character understruck by a is
deleted, each character understruck by a digit K is
preceded by K added spaces, and each <character
understruck by a letter is preceded by ©5+7 spaces,
where # is the rank of the letter in the alphabet.
Finally, the carriage moves to the first injected
space and awaits the typing of modifications to the
statement ip the usual manner. The final effect is to
define the statement exactly as if the entry had been

made entirely from the keyboard; in particular, a
completely blank seguence leaves the statement
unchanged.

If the statement number itself is changed during the
editing procedure, the statement affected is determined by
the new statement number; hence statement N remains
unchanged. This permits statements to be moved, with or
without modification.

Reopening function definjtion. If a function £ is already
defined, the definition mode for that function can be
re-established by entering V? alone; the rest of the
funcricn header must not be entered. The system respon@s py
typing [#%+1], where ¥ is the number of statements 1in ~.

Function definition then proceeds in the normal manner.

Function definition may also be established with
editing or display requested on the same line. For example,
“7(3}x<X+1 initiates editing by entering a new line 3
immediately. The system responds by typing (4] and awaiting
continuation. The entire process may be accomplished on a
single line. Thus, V&(3]lX<X¥+17 opens the definition of °,
enters a new line 3, and terminates the definition mode.
Also, 9R[2!v causes the entire definition of ~ to be
displayed, after which the system returns to execution mode.

Similar expressions involving display are also
permissible, for example, VR[[1319 or 9R[0) or vAL.T10].

Locked functions. 1If the symbol ¥ (formed by a © overstruck
with a ~ and called del-tilde) is used instead of 7 to onen
or close a function definition, the function becomes locked.
A locked function cannot be revised or displayed in any wav.
Moreover, an error stop within the function will print »nly
the function name and statement number, not the statement.
Finally, the associated stop control (see next section) and
trace control vectors cannot be changed after the function
is locked.

Locked functions are used to keep a function definition
proprietary. For example, in an exercise in which a student
is reqguired to determine the behavior of a functicn by usinz
it for a variety of arguments, locking a function wnrevants
him from displaying its definition.

Deletion of functionsg and variables. A function (whether
locked or not) is deleted by the command 7 3.~ (see Table
2.1). It may also be deleted by deleting everv zne of its
statements. A variable may be deleted onl by the 2rase
command.

System command entered during functiop defipitiop. A system
command entered during function definition will not ke

accepted as a statement 1in the definition. Some commands,
such as )cory, will be rejected with the message
YoT WIDH OPEN DEFINITICY (see Table 2.1); most will be

executed immediately.



SUSPENDED FUNCTION EXECUTION

Suspension. The execution of a function 7 may be stopped
before completion in a variety of ways: by an error report,
by an attention signal, or by the stop control vector .°7°
treated below. In any case, the function is still active
and its execution can later be resumed. In this state the
function 1is said to be gsuyspended. Typing ~K will cause
execution of the suspended function to be resumed, beginning
with statement K.

Whatever the reason for suspension, the statement or
statement number displayed is the next one to have been
executed. A branch to that statement number will cause
normal continuation of the function execution, and a branch
out (-+0) will terminate execution of the function.

The function 126 (described 1in the section on System
Dependent Functions) yields the number of the statement next
to be executed. Hence the expression -»126 provides a safe
and convenient way to cause normal resumption of execution.

In the suspended state all normal activities are
possible. 1In particular, the system is in a condition to:

1. execute statements or system commands.

2, resume execution of the function at an arbitrary
peint ¥ (by entering -¥).

3. reopen the definition ot any function which is not
pendent. The term pendent 1is defined in the
discussion of the state indicator below.

If function execution is interrupted by a disconnect,
the function is suspended and the resulting active workspace
is automatically saved under the name CONTINUE, as noted in
Part 2.

State indicator. Typing )SI causes a display of the state
indicator; a typical display has the following form:

Y81
H{ 7] =
G213
FL3]

The foregoing display indicates that execution was
halted just before executing statement 7 of the function 4,

(=

that the current use of function Y was invoked in statement
2 of function %, and that the use of function & was in turn
invoked in statement 3 of 7. The * appearing to the right
of #[7] indicates that the function # is suspended; the

functions ¢ and F are said to be pendent.

Further functions can be invoked when in the suspended
state. Thus if ¢ were now invoked and a further suspension
occurred in statement 5 of «, itself invoked in statement 8
of 5, a subseguent display of the state indicator would
appear as follows:

)81
] *

<3 @ o
e

Gy G &)
— o — .
U

w N

The entire sequence from the last to the prgceding
suspension can be cleared by typing a branch with no
argument (that is, ~}. This behavior is illustrated by
continuing the foregoing example as follows:

)ST
HL71  x
GlL21]
FL3]

Repeated use of +» will clear the state indicator gompletely.
The cleared state indicator displays as a blank line.

Stop Control. The stop vector for a function P is denoted
by SaF. It is set in the same manner as the trace vector
{i.e., by SaP«I, where the vector I specifies thelnumbers of
the statements controlled), and stops execution just before
each of the specified statements. At each stop, the
function name and the line number of the statement next to
be executed are printed. After the stop the system 1s 1n
the normal suspended state; resumption of execution may
therefore be initiated by a branch.

Trace control and stop control can be used in
conjunction. Moreover, either of the control vectors may
be set within functions. In particular, they may be set by
expressions which initiate tracing or halts only for certain
values of certain variables.



HOMONYMS

Variable names. The use of local variables introduces the
possibility of having more than one object in a workspace
with the same name. Confusion is avoided by the follewing
rule: when a function 1is executed, its local variables
supersede, for the duration of the execution, other objects
of the same name. A name may, therefore, be said to have
one agctive referent and (possibly) several latent referents.

The complete set of referents of a name can be
determined with the aid of the SIV list (state inaicator
with local variables), whose display 1is initiated by the
command }S7V. The SIV 1list contains the 1information
provided by the command )5I, augmented by the names of the
variables local to each function. A sample display follows:
v

)S
*

O N
AL
sw E o
B

4

B~ IRAFIRS VI S R

N
s

If the S1V list is scanned downward, from the top, the
first occurrence of a variable is the point at which its
active referent was introduced; lower occurrences are the
points at which currently latent referents were introduced;
and if the name is not found at all, its referent is global,
and should be sought for with the commands )FY3, )VARS, or

)IRIC,

As the state indicator is cleared (by -+, or by the
continuation to completion of halted functions), latent
referents become active in the sequence summarized, for the
preceding SIV list, by the following diagram:

N I 4 =
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N |

; Yoy
Global + v «
The currently active referent of a name holds down to

and including the execution of the function listed at the
point of the first arrow, because of localization of the

name within that function. The first latent referent
becomes active when that function is completed, and holds
down to the next arrow; and so forth until the state
indicator is completely cleared, at which point there are no
longer any latent referents, and all active referents are
global objects.

Function names. All function names are global. In the
foregoing example, therefore, a function named P cannot be
used within the function ® or within any of the functions

employed by £, since the local variable name P makes the

function P inaccessible. However, even in such
circumstances, the opening of function definition for such a
function P 1is possible. (Moreover, as stated in Part 2,

system commands concern global objects only, regardless of
the current environment.)

This scheme of homonyms is easy to use and relativelv
free from pitfalls. It can, however, lead to seeming
anomalies as indicated bv the feollowing example (shown to
the authors by J.C.Shaw) of two pairs of functions which
differ only in the name used for the argument:

JI<F ¥ TR X
] Je X+ YV 1]
92+G Y VTR
[} I«F Y7 (1] Jem 5T
Y+3 73
G o4 G u
3 7

INPUT AND OUTPUT

The following function determines the value of ar
amoun: 4 invested at interest Z[1] for a period of */[!
years:

7Z«A CPI B
1] JeAax(1+ 01¥RI11)«3[217
For example:

1

CPI 5 4

~) O
IR

wn
o
(=)
>» O



. The casual user of such a function might, however, find
1t onerous to remember the positions of the wvarious
arguments and whether the interest rate is to be entered as
the actual rate (e.g., .05) or in percent (e.g., 5). An
exchange of the following form might be more palatable:

ENTER W PITAL AMUURYT IN DOLLARS

TRECT IN PERCENT

ENTER PERIOD IN YEARS
sl

=

RESHLT IS 1215.50625

It is necessary that each of the keyboard entries
(1000, 5, and 4) occurring in such an exchange be accepted
not as an ordinary entry (which would only evoke the
response 1000, etc.), but as data to be used within the
function ¢I. Facilities for this are provided in two ways,
termed evaluated input, and character ipput.

The definition of the function ¢/ is shown at the end
of this section.

Evaluated input. The guad symbol 0 appearing anywhere other
than immediately to the 1left of a specification arrow
accepts keyboard input as follows: the two symbols [: are
printed, the paper is spaced up one line, and the keyboarad
unlocks. Any valid expression entered at this point is
evaluated and the result is substituted for the quad. For
example:

TZ+F
1] Z+ux[]*2
2] v

F
7.

3
36

F
aH

3:2

An invalid entry 1in response to request for a quad
input induces an appropriate error report, after which input
is again awaited at the same point. A system command
entered will be executed, after which (except in the case of
one which replaces the active workspace) a valid expression
will again be awaited. An empty input (i.e., a carriage
return alone or spaces and a carriage return) 1is rejected
and the system again prints the symbols {I: and awaits input.

The symbols [I: are printed to alert the user to the
type of input expected; they can be changed by the library
function S7E] as described in Part 4.

Character input, The quote-quad symbol [ (i.e., a quad
overstruck with a gquote) accepts character input: the
keyboard unlocks at the 1left margin and data entered are

accepted as characters. For example:

X<
CAN'T (Quote-quad input, not indented)
X
CAN'T
Escape from input loop. If evaluated or character input

occurs within an endless loop in a function, it may be
impossible to escape by the usual device of striking the
attention button. Escape from [ input can be achieved by
entering -. Escape from [ input can be achieved by typing
the three letters CUT, in that order, but with a backspace
between each pair so that they all overstrike. The effect
is exactly as if the symbol + were entered while suspended.

Normal output. The quad symbol appearing immediately to the
left of a specification arrow indicates that the value of
the expression to the right of the arrow is to be printed.
Hence, U«X is equivalent to the statement X. The longer
form (0«X 1is useful when employing multiple specification.
For example, [J«@Q+«X+*2 assigns to @ the value X*2 and then
prints the value of X»x2.

The page width (measured in characters) may be set to
any value ¥ in the range 30-130 by entering the command
)WIDTH N. It may also be set by the library function WIDTH
which may be used within a defined function. (See Part 4.)



Heterogeneous output. A sequence of expressions separated
by semi-colons will cause the values of the expressions to
be printed, with no intervening carriage returns or spaces

except those implicit in the display of the values.

The primary use of this form is for output in which
some of the expressions yield numbers ancd some vyield
characters. For exsmple, if X<2 14 , then:

'THE VALJE OF X IS ';X
THE VALUE OF X IS 2 14
A further example of mixed output is furnished by the
definition of the function 77 which introduced the present
section:

VCT ALY

(] YENTER CAPITAL AMOUNT IN NULLARS!'
2] A0

{131 YENTER INTEREST IN PERCENT!

[ 4] 70

(] YENTEK PEKRTOD IN YEARS'

[ 70

I VEECULT TS T3 Ax(14.01x[)xYY

RECTANGULs#R ARRAYS

Introduction. A single element of a rectangular array can

be selected by specifying its indices; the number of indices
required is called the dimensionality or rank of the array.
Thus a vector is of rank 1, a matrix (in which the first
index selects a row and the second a column) is of rank 2,
and a scalar (since it permits no selection by indices) is
an array of rank 0, Rectangular arrays of higher rank may
be used, and are called 3-dimensional, 4-dimensiocnal, etc.

This section treats the reshaping and indexing of
arrays, and the form of array output. The following section
treats the four ways in which the basic scalar functions are
extended to arrays, and the next section thereafter treats
the definition of certain mixed functions on arrays.

Vectors, dimension, catenation. If ¥ is a vector, then oY
denotes its dimension. For example, if X« 3 5 7 11, then
oX is 5, and if Y+'48C' , then oY is 3. A single character
entered in quotes or in response to a I input is a scalar,
not a vector of dimension 1; this parallels the case of a
single number, which is also a scalar.

gggggggiggA chains two vectors (or scalars) together to
form a vector; it is denoted by a comma. For example:

X<2 3 5 7 11
X, X

Zo03 05 7 1123 s 111

In general, the dimension of ¥,Y is equal to the total
number of elerents in X and Y. A numeric vector cannot be
catenated with a character vector. {However, see
Heterogeneous Output.)

Matrices, dimension, ravel. The monadic function ¢ applied
to an array 4 yields the size of 4, that is, a vector whose
components are the dimensions of .. For example, if © is

the matrix

=

1
5

K
7
3 ! 1

O Ch oty
(NS V)

1 1

of three rows and four columns, then ¢4 is the vector s &

Since 54 contains one component for each coordinate of

4, the expression .1 is the rank of 1. Table 3.4
illustrates the values of o4 and c¢:4 for arrave of rank .
(scalars) up to rank 3. In particular, the functicn

applied to a scalar yields an empty vector.

Type of Arra§] oA L:oﬂtfrfiq

Scalar [ g
Vector v
Matrix

3-DimensionalLL E f 3 .
Table 3.4: DIMENSION AND
RANK VECTORS

S

R NP




.The monadic funct.on ravel is denoted by a comma; when
applied to any array 4 it produces a vector whose elements
are the elements of 4 in row order. For example, if 24 is
the matrix

- 4 o 8
10 12 14 i
18 20 22 24

and if V-,4 then V is a vector of dimension 12 whose
elements are the integers 2 4 6 3 10 12 2u. If 4
is a vector, then .4 is equivalent to 4; if A is a scalar,
then .4 is a vector of dimension 1.

Reshape. The dyadic function o reshapes its right argument
to the dimension specified by its left argument. If M«DoV,
then ¥ is an array of dimension 0 whose elements are the
elements of V. For example, 2 3p1 2 3 & 5 6 is the matrix

If ¥, the total number of elements required in the
array DoV, is egqual tu the dimension of the vector V', then
the ravel of DpV is equal to V. If N is less thanpV, then
only the first# elements of V are used; if ¥ 1is greater
than oV, then the elements of V are repeated cyclically.
For example, 2 3p1 2 is the matrix

12 1
2 1 2

and 3 351 0 0 0 is the identity matrix

1 0 0
o 1 0
o 0 1

More generally, if 4 is any array, then .4 is
equivalent to “c,4. For example, if A is the matrix

7

- e

45
then 3 ©:4 is the matrix

1
t

o e
-
MW &
w £

The expressions 0pX and 0 3:X and 3 UpX and 0 3.1 are
all valid; any one or more of the dimensions of an array may
be zero.

Uses of empty arrays. A vector of dimension zero contains
no components and is called an empty vector. Three
expressions which yield empty vectors are 10 and'' ande
applied to any scalar. An empty vector prints as a blank

line.

One important use of the empty vector has already been
1llustrated: when one occurs as the argument of a branch,
the effect is to continue the normal sequence.

The following function for determining the
representation of any positive integer # in a base B number
system shows a typical use of the empty vector in
initializing a vector 7 which is to be built up by
successive catenations:

4+B BASE N

(11} Z+10
{21} Z«{(B{N},Z
(31 N«LNzB
Lul +2x§N>0V

10 BASE 177¢
7 &
BASE 1776
0

o @

Empty arrays of higher rank can be useful in anqlogous
ways in conjunction with the expansion function described in
the section on Mixed Functions.



Indexing. If ¥ is a vector and I is a scalar, then X{I!

denotes the Ith element of X. For example, if X«2 3 5 7 11
then x[2] is 3.

If the index I is a vector, then ({./] is the vector
obtained by selecting from X the elements indicated b
successive components of I. For example, 11 3 5] i«
> 511 and x[5 4 3 2 1] is 11 7 5 3 2 and X[ 3] is 2 3 %,
If the elements of I do not belong to the set of indices of
X, then the expression ¥ 7] induces an jipndeX error repcrt.

In general, pi({I] is equal to o!. In particular, if /
is a scalar, then X{(I] is a scalar, and if 7 1is a matrix,
then ¥{ 7] is a matrix. For example:

A<'"ABCDEFG!
Moy 303 1 4 2 1 4 4 1 2 % 1 4
M

to W
[

4
4
?
y
AlMI

AN

R

Al
TAD

If ¥ is a matrix, then M is indexed by a two-part list
of the form 7;J where 7 selects the row (or rows) and ¢
selects the column (or columns). For example, if Y is the
matrix

1 2 2 n
: & 7 3
410 11 12
then ¥[>;3] is the element 7 and ¥i1 3; 2 3 4] is the matrix
K 3 4
19 11 10

In general, oM{I;J]1 is equal to (p/),0J. Hence if ~
and J are both vectors, then ¥[7;J] is a matrix; if both

and J are scalars, #[I;J]} is a scalar: if 7 is a vector and
J is a scalar {or vice versa), MY ;.71 is a vector. The
indices are not limited to vectors, hut may be of higher
rank. For example, if [ is a : by =+ matrix, and v 1s a

vector of dimension 6, then M[I1;7] is of dimension 2 -+ ~»
and M(J;I) is of dimension 6 3 4, 1In particular if 7 and
and § are matrices, and if A«7(7F;¢], then # 1is an array of
rank 4 and R[7:;J:;K;%.] is equal to I[P 7;J3;(K:L]1,

’

The form M[I;1] irdicates that all columns are selected,
and the form ¥(;J] indicates that all rows are selected.
For example, “[2;1 is 5 6 7 8 and M ;2 1] is

2 1
b 5
10 9

The following example illustrates the use of a matriyx
indexing a matrix to obtain a three-dimensional array:

Mey 3p3 1 04 2 1 4 o1 o4 1o
M

3 1 +
2 1 4
4 1 2
b1
ARCES

4 1 2
3001 4
u 1

2 N b
3 M
4 1 “
3 1 +
2 1 4
<+ 1 4
3 1 4
4 1y



Permutations are an interesting use of indexing. A
vector P whose elements are some permutation of its own

D

indices is called a permutation of oxdexr -F.  For example,
51 4 2is a permutation of order -. If ¥ is any vector of
the same dimension as F, then il ~°! produces a permutation of
X. Moreover, if pP is egual to ((¥)[ 11, then #lI;] permutes
the column vectors of ¥ (i.e., interchanges the rows of )
and is called a column permutation. Similarly, if <! equals

(eM)L 2], then M[;P] is a row permutation of "

Indexing on the 1left. An array appearing to the left of a
specification arrow may be indexed, in which case only the
selected positions are affected by the specification. For

example:

X+2 3 5 7 11
X{1 3]«6 8
X
6 3 8§ 7 11
The normal restrictions on indexing apply; in

particular, a variable which has not already been assigned a
value cannot be indexed, and an out-of-range index value
cannot be used.

Index origin. In l-origin indexing, X[ 1] is the leading
element of the wvector ¥ and X{pX] is the last element. 1In
O-origiir irdexing, X[0] is the leading element and X[ 1+pX]
is the last. 0O-origin indexing is instituted by the command
YORIGIN G. The command )ORIGIN 1 restores 1l-origin
indexing. The index origin in effect applies to all

coordinates of all rectangular arrays.

The function ORIGIN in Library 1 WSFNS may also be used
to control the index origin. It may be executed within a
function. (See Part 4.)

In certain expressions such as +/(J1¥ and K¢[JI¥ (to be
treated more fully in the two following sections), the value
of J determines the coordinate of the array ¥ along which
the function is to be applied. Since the numbering of
coordinates follows the index origin, a change of index
origin also affects the behavior of such expressions.

The index origin also affects four other functions, the
monadic and the dyadic forms of ? and 1. The expression 1#
yields a vector of the first V¥ integers beginning with the
index origin. Hence X[1¥] selects the first ¥ components of
X in either origin. Moreover, 11 is a one-element vector
having the value 0 in O-origin and ! in l-origin; 10 is an
empty vector in either origin.

The index origin remains associated with a workspace;
in particular, the index origin of an active workspace is
not affected by a copy command. A clean workspace provided
on sign-on or by the command }.”“4% is in l-origin. All
definitions and examples in this text are expressed in
l-origin.

Array output. Character arrays print with no spaces between
components in each row; other arrays print with at least one
space. If a vector or a row of a matrix requires more than
one line, succeeding lines are indented.

A matrix prints with all columns aligned and with a
blank line before the first row. A matrix of dimension V,:
prints as a single column.

FUNCTIONS ON ARRAYS

There are four ways in which the scalar functions of
Table 3.2 extend to arrays: =element-by-element, reduction,
inner product, and outer product. Reduction and outer
product are defined on any arrays, but the other two
extensions are defined only on arrays whose sizes satisfy a
certain relationship called conformability. For the
element-by-element extension, conformability requires that
the shapes of the arrays agree, unless one is a scalar. The
requirements for inner product are shown in Table 3.6.

Scalar functions. All of the scalar functions of Table 3.2
are extended to arrays element by element. Thus if ¥ and ¥
are matrices of the same size, f is a scalar function, and
p+Mf¥, then P[{7;J] equals M I;JIfN[I;J], and if Q+f¥N, then

QlI;J]) is equal to fN[T;J)

If ¥ and ¥ are not of the same size, then YfN is
undefined (and induces a length or rank error report) unless
one or other of ¥ and ¥ is a scalar or one-element array, in
which case the single element is applied to each element of
the other argument. In particular, a scalar versus an empty
array produces an empty array.

An expression or function definition which employs only
scalar functions and scalar constants extends to arrays like
a scalar function.

Reduction. The sum-reduction of a vector X is denoted by
+/X and defined as the sum of all components of X. More
generally, for any scalar dyadic function f, the expression
£/X is equivalent to X(11£X[2]f. £Xx(ox], where evaluation
is from rightmost to leftmost as usual. A user-defined
function cannot be used in reduction.



If X is a vector of dimension zero, they f/X yields the
identity element of the function £ (listed in Taple ?.5) if
it exists; if ¥ is a scalar or a vector of dimension 1!, then
f/X yields the value of the single element of X.

The result of reducing any vector or scalar 1is a
scalar.

Dyadic Identity Left-
Function Element Right

Times x
Plus +
Divide i
Minus

Power
Logarithm
Maximum
Minimum
Residue
Circle

Out of

Or

And

Nor

Nand

Equal

Not egual
Greater

Not less
Less

Not greater

SRS,
o

!
- O e

9)
5
R

T7.237
7.237

i By
o

e O @
O s

(o)

o]

6}

[e)xe)
jo 2]
o o

Apply

for

logical

arguments

only L
L

=
[l il ol ol ol ol ol o4

PRV ST 2R 2P RS

ol o e )

|
O o

Table 3.5: IDENTITY ELEMENTS OF
PRIMITIVE SCALAR
DYADIC FUNCTIONS

For a matrix ¥, reduction can proceed along the first
coordinate (denoted by £ "1} or along the second
coordinate (f ¢ ¥ The result in either case 1s a vector;
1n general, reduction applied to any non-scalar érray A
produces a result of rank one less than the ragk of 4 (hence
the term reduction). The numbering of coordinates follows
the 1index origin, and an attempt to_ {educe along a
non-existent coordinate will result in an index error.

Since +/[1]M scans over the row index of ¥ it sums each

column vector of ¥, and +/[2]M sums the row vectors of v,
For example, if ¥ is the matrix

then +/[11¥ is 5 7 3 and +/[2]M is 6 15.

In reducing along the last coordinate of an array, the
coordinate indicator may be elided -- thus +/¥ denotes
summing over each of the rows of ¥ and +/7 denotes summing
over the last (and only) coordinate of the vector V.

Reduction over the first coordinate of ¥ by a function
f may be obtained by using the expression f/M. The symbol +
is formed by overstriking the solidus with the minus sign.

Inner product. The familiar matrix product is denoted by

C«A+.xB. If 4 and = are matrices, then 7 is a matrix such

that {7,071 is equal to «/4[7;]1x8[;.7] A similar definition

applies to 4f.g2 where f and g are any of the standard
scalar dyadic functions.

1f 4 is a vector and B is a matrix, then -
sach that 7{J] is equal to +/AxBL ;7). If 5 is a vector and
A 1s a matrix, then ¢ is a vector such that 7[7] is eaqual to

/40 T; 1xB If both 4 and B are vectors, then A+.x3 is tha
scalar +/4xR

is a vector

The last dimension of the pre-multiplier
the first dimension of the post-multiplier =
either argument is a scalar, it is

way. For non-scalar arguments, the dimension of the result
1s egual to ( 1ipA),140p. (See the function drop in the
section on Mixed Functions.) In other words, the dimension

of the'resulg is equal to (o4),0” except for the two inner
dlmepszons ("1t04 and 14c2), which must agree and which are
eliminated by the reduction over them.

4 must equal
r except that 1¥
extended in the usual

Definitions for various cases are shown in Table 3.6.

Quter product. The outer

product of two arravs + and . with
respect to a standard scalar dyadic function g is denoted by
4+ gY¥ and yields an array of dimension (.. - formead b&
applying g to every pair of components of



Conformability Definition
o4 lcB |oAf.gBlrequirements 2<Af.gF
z«£/493
v z-f/4gh
u _«f/AgR
UiV G=v z+«£/AqB
VoWl ow Z[I1«<f/AgBL; T
T T z{1)«f/4071;]19B
Ulv oWl ow i=v Z[I)«f/4gBL;I1
T UV T U=V Z2i1)«f/A01;]1gB
T UV W T W uv=v I013J1<£/401; 1gRlJ]
Table 3.6: INNER PRODUCTS FOR PRIMITIVE SCALAR
DYADIC FUNCTIONS f AND g
If X and Y are vectors and Z<«Xc.gY, then Z[7;J] is
equal to X[ 7lg¥lJ]. For example:
X<13
Yer i
Xo xY
1 2 3 y
2 4 6 8
3 [ 9 12
Xo 2Y
10900
1100
11190

If ¥ is a vector and Y is a
Z{I;J3;k]1 is equal to x(7igrlJ;X].
cases are shown in Table 3.7.

matrix, and Z<X. gY, then
Definitions for various

oA |[pB

pAe gB

Definiticn
Z«Ao.gB

1%

o <

v
v

SIS SRSy

v
4
v

W

W

HHONSToSQ<
cTotacE<

ARSI

Z{11«AgBLI]
z{Il)«AlIlgB
2LI3J1«ALI1gBLJ]
20I;,71«AgB[T;J]
201;J)+A01;J19B
Z[1;d3;K1«A[11gBlJ;K]
2[1;J;K1«ALT;J1gBIK?Y
WIiZUI;Jd3K;L]«4[1;J19BIX;L)

7<AgB

Table 3.7: QUTER PRODUCTS FOR PKIMITIVE

SCALAR DYADIC

FUNCTION g

MIXED FUNCTIONS

Introduction. The scalar functions listed in Table 3.2 each
take a scalar argument (or arguments) and yield a scalar
result; each is also extended element by element to arrays.
The mixed functions of Table 3.8, on the other hand, may be
defined on vector arguments to yield a scalar result or a
vector result, or may be defined on scalar arguments to
yield a vector result. In extending these definitions to
arrays of higher rank, it may therefore be necessary to
specify which coordinate of an array the mixed functicn is
applied to. The expression [J] following a function symbol
indicates that the functicn is aleied to the Jth
coordinate. If the expression 1is elided, the function
applies to the last coordinate of the argument array. These

conventions agree with those used earlier in reduction.

The numbering of coordinates follows the index origin.

matrix M; that is, if R«2 1§M, then each element 7[7;J] is
egual to M[J;I]. For example:

M 2 1M
1 2 3 4 1 5 b
S 6 8 2 6 10
3 1¢c 11 12 3 7 11
4 8 12

If‘P. is any permutation of order ppA, then P4 is an
array similar to 4 except that the coordinates are permuted:
the 1Ith coordinate becomes the P[I]th coordinate of the

result. Hence, if R<P®4, then (pk)(P] is equal to pA. For
example:

A«2 3 5 701210

pA

2 3 5 7
P«2 3 4 1
cPRA

7 2 3 5



Name Sign'! |Definition or example?
Size oA pP <> 4 pE €+ 3 4 ¢S <+ 10
Reshape Vo4 Reshape 4 to dimension ¥ 3 b4pi L2 e~ F
12pE «» 112 Qofk «» 2
Ravel VA A > (</pA)pA JE 112 p,H = 1
Catenate Vv,V P,12 +» 2 35712 "TY L YHISY o 'THTS!
u VLA] PL2] «»3 P4 3 2 1] «»7 5 3 2
Index3 4 YlA34] EL1 3;3 2 13 «=> 3 2
11 10 2
ALA, E[1;] > 1 2 3 4
yA E(;1) <> 1 5 9 VABLUDEFZHIJRITV[E] <
Index WS First S integers U+ 12 3y
generatoxJ 10 +«»> an empty vector
Index of3 | V14 Least index of 2 P32 10 .
in v, or 1+pV PUE <> 3 S 4 7
4owiy e ] v 5 ¢85
Take Vt4 Take (drop) !Vv(/] first ] R
}elements on coordinate ~ R
Drop V4 I. (Last if v{7I]<0) StE s LT
Grade up5 |¥] The permutation which b3 5 3 > 4 1 12
}would order 4 (ascend-
Grade downd| y4 ing or descending) V3 5 3 2 «> 2 1 3 4
- 1 3
Compress® 74 10 1 0/P <> 2 % 1 2 1 e s 27
4 11 i
10 1118 «» 1 i 3 L N i
9 12 11 17 :
)
iExpand® av 10 1vi2 <> 1.0 2 10 1 1 13F -
T DCBA
Reverse® dA QX «> HIVE DL1IX «» BY <
_’(’JY ﬁ,: . s ; T/ N
-
Rotate’ 404 307 s L e T1h0 i 100 - - T
S " F
| TR Coordinate of 4 TRy - T :
; | becomes coordinate |
ITranspose viT7] of result 1oiss - - =
! ! j
i 04 Transpose last two coordinates Qo+ - e :
" T 17 1
Membership| 4+ AR s 10 : :
R R SN o L2 i
iDecode A R R ST e
EEHQOde VT JH 00 £ T3TT X et 3 Fo 3TN 8 - 2 ;,}
Deal 3 o ¥2Y <> Ranaom deal of # elements from '7
Table 3.8: PRIMITIVE MIXED FUNCTIONS (see adjacent notes)

100

vector of dimension
exhaust) the elements of 1{/¢.
to ', then 1 t 2 and ~ 1 ! and 1 1 1

Restrictions on
scalar, Vv

argument ranks are
for vector, ¥ for

indicated by: 5 for
matrix, 4 for Any. Except as

the first argument of 3514 or J(4j, a scalar may be used
instead of a vector. A one-element array may replace any

Arrays used : 4
in examples: P «~ 2 3 5 7 E «+5 6 7 8 X o+~
g 1C 11 12

t

scalar.
|
Function depends on index origin. }
|

Elision of any index selects all along that coordinate.

The function is applied along the last coordinate; ther
symbols #, %, and e are equivalent to /, ', and o,
respectively, except that the function is applied alcong the
first coordinate. If [5] appears after any of the symbols, :

the relevant coordinate is determined by the scalar 5. ;

Notes to Table 3.8

More generally, <94 1is a valid expression if

whose

is any
elements are chosen from (and
For example, if . .4 is egual
are suitable values for

-~ but 1 2 1 is not., Just as for the case ™. where is a
permutation vector, the "th coordinate becomes the .! ]th
coordinate of . ®4. However, in this case two or more of the
coordinates of 4 may map into a single coordinate of the

result,

thus producing a diagonal section of « as

illustrated below:

A<y el



Table

transposition for a variety of cases.

Monadic transpose. The expression &4 vyields the array
with the last two coordinates interchanged. For a vector
matrix *, and three dimensional array T, the following

relations hold:

[
s
o7

Rotate.
vector,
follows:

1Ef X-0

is equal

is equivalent to 1%V (and hence to V)

is equivalent to 2 18¥ (ordinary matrix transpose)
is equivalent to 1

If

3 Zef

is a scalar or one-element vector
then #$7¥ 1is a cyclic rotation of X defined
¥$¥ is equal to X[ 1+(cXj! i+K+1pX] For example,
, and

= 7 1i, then 2¢X is egqual to 5 7 11 2 3

to

7 11 2 3 5. In J-origin indexing,

definition for K¢X becomes X[ (pX)|K+1pX].

If the rank of X exceeds 1,

which rotation
form Z«k¢[J1X.
remaining dimensions of X, and each vector along

element of «.

is to be performed may be specified

Moreover, the dimension of X must equal the
the Jth
coordinate of X is rotated as specified by the corresponding
A scalar ¥ is extended 1in the usual manner.

and

3.9 shows the detailed definitions

then the coordinate J along

Case oR Definition

keiQ¥ oV R«V

Re1 2QM oM ReM

R«2 18M (oM3[2 1) RLI;JI«M[J;51]
Rl 19M L/oM R{T)eM[I51]
F«1 2 3QT|pT P

A+1 3 20T {(o7)[1 3 2] RLT;d3X1=T073550]
Re2 3 18T{(pT)[3 1 2] RLI; 4100054573
Fe3 1 297 (pT)[2 3 1] RII3J3E)<TIK; ;4]
Aol 1 20T 4(L/(e?)[1 21),(pTY(3] RlI;J1«T[T575d1]
Rel 2 1QT|(L /(o)1 31),(poT)[2] RUT,JI«7LI;J;1]
Fe2 1 187{(L/(aT)[2 31),(oT)[1] Pl 1«70 J5757])
Lﬁ«1 1 18Tl /0T RETIPIE51)

Table 3.9: TRANSPOSITION

For example, if :x is « 4 and . is then X must be of

dimension * and {7;1} 1s egua. to -[ Jeixl[7;] If . is 1,
then . must be -, and {;.] is equal to ¥[ " JoX[;7]. If  is
a three-dimensional array, tnen - must be a matrix or a

scalar. For example:

ki o1 2 3¢6l1lM 12 3¢t s
1 A 3 4 ' 6 11 L 3 .
) b i 3 5 10 3 3 7 @ E "
10 11o1° 9 - 2 12 .1t

The expression seX denotes rotation along the first
coordinate of ¥. The symbol e is formed by overstriking a o
with a minus sign.

Reverse. If X is a vector and --¢¢. then % is egual to @
except that the elements appear in reverse order. Formally,
R is equal to X[ 1+(pXk)-1pX]. In O-origin indexing, the

appropriate expressicn is X[ 1+(eX)-1:2X]).

If A is any array, J is a scalar or one-element vector,
and ?<¢{JJA. then #» is an array like 4 except that the order
of the elements 1is reversed along the .th coordinate. For
example:

A o[ 214 $l 214
12 oz 4 5 b a1
w5 L 12 3 [

The expression ¢4 denotes reversal along the last
coordinate of 4, and e4 denotes reversal along the first
coordinate. For example, if 4 1is of rank 3, then ¢4 is
equivalent to ¢[ 374, and e4 is equivalent to ¢[1]A.

If 7 is a logicdal vector (comprising elements having only
the values 5 or 1) and ¥ 1is a vector of the same dimension,
then ¢/x produces a vector result of +// elements chosen
from those elements of ¥ corresponding to non-zero elements
of u. For example, if ¥v«2 3 5 7 11 and ¢«1 ¢ 1 1 0 then
U/ is 2 5 7 and (~U)/X¥ 1is 3 11

To be conformable, the dimensions of the arguments must
agree, except that a scalar (or one-element vector) left
argument is extended to apply to all elements of the right
argument. Hence 1/X is egqual to ¥ and 0/f is an empty
vector. A scalar right argument is not extended. The
result in every case is a vector.



If M 1is a matrix, then U/[1]lM denotes compression
along the first coordinate, that is, the compression
operates on each column vector and therefore deletes certain
rows. It 1is called column compression. Similarly, /[ 2]x
(or simply ©/¥) denotes row compression. The result in
every case is a matrix. As in reduction, (/¥ denotes
compression along the last coordinate, and J#¥ denotes

compression along the first.

Expand. Expansion is the converse of compression and is
denoted by v\¥. If Y«U\X, then U/Y is equal to X and (if X
is an array of numbers) (~U)/Y¥ is an array of zeros. In
other words, 7.X expands X to the format indicated by the
cnes in / and fills in zeros elsewhere. To be conformable,

+/!0 must equal pX.

If & 1is an array of characters, then spaces are
supplied rather than zeros, i.e., if Y«U\Y then (~U)/Y 1is an
array of the space character ' '. Again, ['\[J]¥ denotes

expansion along the Jth coordinate, J/\% denotes expansion
along the last, and Ux¥ denotes expansion along the first.
See Table 3.8 for examples of expansion.

A scalar left argument is not extended.

Decode. The expression #:X denotes the value of the vector
v evaluated in a number system with radices

1, Ero, L RleR ] For example, 1if A+24 60 60  and
-« " 3 is a vector of elapsed time in hours, minutes, and
seconds, then R1X¥ has the value 37213, and is the
corresponding elapsed time in seconds. Similarly,

10 19 "2 1 1 7 7 b is equal to 177¢, and - . i1 2 1 is
egqual to . Formally, “:Y¥ is equal to +/¥-%X, where ¥ is the
welghting vector determined as follows: #l:4] 1is equal to

and ¥l "-11 1is equal to ~[ ix¥l{]). For example, if ° 1s

-3+, then ¥ 1s 3299 #~, 1.

The result is a scalar.

The arguments “ and ¥ must be of the same dimension,
except that either may be a scalar (or one-element vector).
For example, "2 ( 1 7 7 » 1s equal to 7% The arguments
are not restricted to integer wvalues. If ¥ is a scalar,

then (. 1s the value of a polynomial in ¥ with coefficients
, arranged in order of descending powers of 7.

The decode function is commonly applied in work with
fixed-base number systems and 1s often called the base
value function.

Encode. The encode function FTN denotes the representation
of the scalar # in the base-? number system. Thus, if
Z<RtN, then (x/R)iN-Ri1Z 1s equal to zero. For example,
222271 51is 010 i1 and 2 2 2 v $1is 1 0 * and 2 ° T ° is
J t. The dimension of #~71¥ is the dimension of ~. The

Index of. If V is a vector and S is a scalar, then .J<.:.
yields the position of the earliiest occurrence of . in ..
If § does not equal any element of V, then J has the value
(11)+pV. Clearly, this value depends, as does any result of
this function, on the index origin, and is one greater than
the largest permissible index of V.

If 5 is a vector, then J 1is a vector such that .[ ! is
the index in Vv of 5[] For example:

YABCDEFGH ' 1 'GAFFE!
7 1 6 6 5

If ¥ is a numerical vector, then the expression i ¥
yields the index of the (first) maximum element in Y. For
example, if ¥ is the vector % 3 5 13 - 7 %, then | + is
and ¥ /¥ is u,

] The result in every case has the same dimensions as the
righthand argument of :. For example, if <15, and . is a

matrix, then 707;J] is equal to Vi5[/7;J1.

Membership. The function ¥.v vyields a logical array of the
same dimension as 7. Any particular clement of ¢ . has the
value 1 if the corresponding element of ¥ belongs tc , that
is, 1if it occurs as some element of . For example,
(7). 3 2 is egual to TS 12 ¢ and '-- o I
eguals > ¢ 1 0 1 0 9,

o If the vector ” represents the universal set in some
flnlﬁe universe of discourse, then .1 is the cheracteristic
of the set 4, and the membership function is therefore alsc

The size of the result of the function 1s determined
by the size of the left argument, whereas the size of tne
result of the dyadic function - is determined oy the size of
the right argument. However, the 1left arguments of bocth
frequently play the role of specifying the universe of
discourse,



Take apngd drop. If V is a vector and § is a scalar between 0
and o, then S+V takes the first S components of V. For
example, if V+:7, then 34V is 1 2 3 and 0+V is 10, and 8tV
yields a domain error.

i1f S is chosen from the set -1pV, then StV takes the
last 15 elements of V. For example, 3%V is 5 6 7,

I€ A is an array, then Wt4 is valid only if ¥ has one
elemerft for each dimension of 4, and W{I] determines what is
to be itaken along the Ith coordinate of A. For example, if
A « 3 4p112, then 2 "344 is the matrix

3
2 3
6 7 .8

fhe function dxgp (+) is defined analogously, except
that *the indicated number of elements are dropped rather
than taken. For example, 1 1+4 is the same matrix as the
one displayed in the preceding paragraph.

The rank of the result of the take and drop functions
is the same as the rank of the right argument. The take and
drop functions are similar to the transpose in that the left
argument concerns the dimension vector of the right
argument.

Grade up and dowp. The function 4V produces the permutation
which would order V, that is V{4V] is in ascending order.
For example, if V is the vector 7 1 16 5 3 9, then 4V is the
vector 2 5 4 1 6 3, since 2 is the index of the first in
rank,'s is the index of the second in rank, and so on. The
symbal b is formed by overstriking | and A.

If P is a permutation vector, then 4P is the
permutation inverse to P. If a vector D contains duplicate
elements, then the ranking among any set of equal elements
ig determined by their positions in D. For example,
45 37 3 9 2 is the vector 6 2 4 1 3 5,

The right argument of 4 may be any array A of rank
greater than zero, and the coordinate J along which the
grading is to be applied may be indicated by the usual
notation 4[J]A. The form 44 applies as usual to the last
coordinate. The result of 44 is of the same dimension as A.

The grade down function ¥ is the same as the function &
except that the grading is determined in descending order.
Because of the treatment of duplicate items, the expression
A/(4V)=¢¥V has the value 1 if and only if the elements of
the vector V are all distinct.

Deal. The function M?VN produces a vector of dimension ¥
obtained by making ¥ random selections, without replacement,
from the population 1N. In particular, N?N yields a random
permutation of order ¥N. Both arguments are limited to
scalars or one-element arrays.

comments. The lamp symbol a, formed by overstriking n and
o, signifies that what follows it 1is a comment, for
illumination only and not to be executed; it may occur only
as the first character in a statement, but may be wused in
defined functions,

MULTIPLE SPECIFICATION

Specification (+«) may (like any other function) occur
repeatedly in a single statement. For example, the
execution of the statement Z<«XxA«3 will assign to 4 the
value 3, then multiply this assigned value of 4 by X and
assign the resulting value to 2.

Multiple specification 1is useful for initializing
variables. For example:

X+«Y+1+2+0
sets ¥ and Y to 1 and Zz to 0.

A branch may occur in a statement together with one or
more specifications, provided that the branch is the last
operation to be executed (i.e., the leftmost). For example,
the statement -+S5x1N>7«I+1 first augments I, and then
branches to statement S if ¥ exceeds the new value of I.

In the expression Z«(A+B)=(C+D) it is immaterial
whether the left or the right argument of the x is evaluated
first, and hence no order is specified. The principle of no
specified order in such cases is also applied when the
expressions include specification. Since the order here is
sometimes material, there is no guarantee which of two or
more possible results will be produced.

Suppose, for example, that 4 is assigned the value 5
and the expression 2+(4«3)x4 is then executed. If the left
argument of x is executed first, then 4 is assigned the
value 3, the right argument then has the new value 3 and 2
is finally assigned the value 9. If, on the other hand, the
right argument is evaluated first it has the value 5
initially assigned to 4, the value 3 is then assigned to 4
and multiplied by the 5 to yield a value of 15 to be
assigned to Z.



SYSTEM DEPENDENT FUNCTIONS

There are three main types of information about the
state of the system which are of value to the user:

1. general 1information common to all users, such as
date, time of day, and the current number of terminals
connected to the system.

2. information specific to the particular work
session, such as the time of sign-on, the central
computer time used, and the total keying time.

3. information specific to the active workspace, such
as the amount of storage available, and the condition
of the state indicator.

This information is provided by a single family of
functions denoted by I (formed by overstriking 7, and L),
and called the I-Beam functions. The individual member
function is selected by the argument as shown in Table 3.10.
Times are all in units of one-sixtieth of a second, the date
1s gaiven as a six-digit integer in which the successive
digit pairs specify the month, day, and year, and the
avallable storage is given in bytes.

The byte 1s a unit of storage egual to 8 binary digits.
A variakle requires for storage a small number of bytes of
overhead, plus a certain number of bytes per element
depending upon the form of its representation: 1 if the
elements are characters, 0.125 if the elements are logical,
4 1f the elements are integers less than +«3: in magnitude,
and 8 for other numbers.

In designing an algorithm for a particular purpcse, it
rezuently happens that one may trade time for space; that
5, an algorithm which requires 1little computer time may
£3uire more storage space for intermediate results, and an
lgorithm which requires little storage may be less
ff
v

[

1ent in terms of time. Hence, the information provided
e functions 1 . (computer time used) and 1.. (available
Jje space) may ke helpful 1in designing algorithms. For
1 the function =~ ¥7 of Appendix B can be used to
ne the computer time wused in the execution of a

PhosLoD LY (D s

Morecver, since the functions 1 . and 1.. can, like all
-f the I-beam functions, be used within a defined function,
they can bhe used to make the execution dependent upcn the
space avallable or the computer time used.

1

>

SR

SRR VEINY

X
9

o]
1
3
u
5
o
7

pefinition of X

Accumulated keying time (time during which

has been unlocked awaiting entries) during this session.

The time of day.

The central computer time used in

The amount of available space

(in

The number of terminals current}y
The time at the beginning of this

The date.

this session.
bytes) .
connected.
session.

The first element of the vector 127. ,
The vector of statement numbers in the state indicator.

the keyboard

NOTES

1.

all times in 1:60 seconds
2. Date 1is represented by a

6-digit integer;

digit pairs represent month, day, and year.
3. 127 yields a vector;

all other results are scalars.

successive

since sign-on
awaiting entry.

Table 3.10: SYSTEM DEPENDENT FUNCTIONS

Keying time is defined
during which

in conjunction with © or T

time taken

following example shows

taken (in whole minutes
gquestion:
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by a student in
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and

as the total accumulated tim
the keyboard has been urlock
The associated function (zr.) may ke us
input to determine the amcunt
responding to a guestion.

definition and use of
multiplication drill which tells the student how long he
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Such a drill could be expanded to accumulate statistics of
the student's response times or to use some function of the

respgnse times to control the difficulty of the questions
posed.

) Since times are expressed in units of 1:60 seconds, the
time 1n.hours, minutes, and seconds can be determined by an
expression of the form 3424 60 60 60TI21. Similarly, a
3-element vector representing the date can be obtained from
the expression (305100)T125.

The _expression 127 provides the vector of statement
numbe;s in the state indicator, with the first position
occupied by the number of the statement on which the
innermost function is suspended. If no functions are
suspended, the vector 127 is empty.

The expression 126 yields a scalar which is the first
element of 127. It is therefore equal to the number of the
statgment being, or about to be, executed and 1is
particularly useful in branches. For example, »N+I126 causes
a forward jump of N statements. Moreover, entering +126 is
a safe way to resume execution without having to read and
enter the statement number printed at the point of the last
suspeq31on. It is even more convenient to resume by
entering -+, after first defining the function ¢ as follows:

VZ«C
(1] Z+«(x27){2]v

PART 4
LIBRARY FUNCTIONS

A user may load or copy functions from any workspace
for which he knows the library number and workspace name
(and password, if any). Moreover a listing of the
workspaces in Library ¥ can be obtained by the command
y.'3 N for any public library, i.e., for any library whose

number is below 1000.

A public library may be wused for the casual sharing of
functions among a group of co-workers, When intended for
more general use, a library function should be thoroughly
tested and well-documented, and should incorporate messages
for the guidance of the user. It is therefore good practice
to restrict certain of the public 1libraries to such
functions as are of general interest and have passed
appropriate acceptance tests.

In the APL\360 system as distributed, Library 1 is
restricted in this manner. This section treats each of the
workspaces in this library by loading each and displaying
the descriptions contained in the workspaces themselves.
Further intormation on the functions in each workspace can
(except in the case of the locked functions in WSFAS) be
obtained by displaying the function definitions.

YLOAD 1 ADVANCEDEX
ADVANCEDEX SAVED 07/14,(8 16.53.19

YFNS
AH ASSOC BIN COMB DTH ENTER F FC
Gc GCD GCV HILB HTD 1] INV INVP
IN1 LFC LOOKUP PALL PER PERM PO POL
POLY POLYB RESET TIME TRUTH ZERO

DESCRIBE

EACH OF THE VARIABLES OF THIS WORKSPACE WHICH BEGINS WITH THE
LETTER D IS THE DESCRIPTION OF THE FUNCTION WHOSE NAME IS
OBTAINED BY REMOVING THE D. FOR FURTHER DETAILS SEE APFENDIX
B OF THE APL\360 MANUAL.



HOWFORMAT

THE FUNCTIONS DFT AND EFT WILL ARRAY NUMBERS IN DECIMAL AND

EXPONENTIAL FORM, RESPECTIVELY, FOkK TABULAR OUTPUT. THEY
MAY BE USED TO GENERATE IMMEDIATE OUTFUT, 0K TO STORE AN
JLOAD 1 PLOTFORMAT IMAGE FOR LATER PRINTING. THE TWO FORMS ARE:
PLOTFORIJT SAVED 07/20/68 31.07.27
YENS PATTERN DFT TABLE
AND DESCRIBE DFT EFT PLOT Vs PATTERN EFT TABLE
AND
DESCRIBE IMAGE<«PATTERN DFT TABLE

ITMAGE+«PATTERN EFT TABLE
THE FUNCTZONS INCLUDED IN THIS WORKSPACE ARE LISTED BELOW:

THESE FUNCTIONS WORK PROPERLY ONLY WITH 1-ORIGIN INDEXING

SYNTAX DESCRIPTION
________________ RIGHT ARGUMENT: AN ARRAY TO BL FORMED
Z+A4 AND B SSENTIALLY A COLUMN-CATENATOR, WITH SOME EXTRA
EFFECTS WHEN THE ARGUMENTS ARE NOT MATRICES. I'T MUST BE NUMERICAL, AND OF RANK < 3. THE FIRST
THIS FUNCTION IS DESIGNED TO BE USED EITHER PLANE OF A 3-DIMENSIONAL ARRAY WILL BE TREATED AS A
INDEPENDENTLY, OR IN CONJUNCTION WITH VS. IT MATRIX, AND ALL OTHEK PLANES WILL BE DISREGARDED
PROVIDES A CONVENIENT WAY OF FORMING INPUT ARRAYS OF HIGHER RANK WILL BE SIGNALLED AS A '"RANK
TO DFT AND EFT. PROBLEM.®
2«4 DFT B FORMS FIXED-POINT OUTPUT. MORE TETA!LED DIRE(- LEFT ARGUMENT: ONE OR MORE INTEGERS TO CONTECL THE FORMAT.
TIONS CAN BE FOUND IN THE VARIABLE HOWFORMAT FRACTIONAL NUMBERS WILL BE SIGNALLED A5 4 ‘DOMATN
PROBLEM .
.+4 FFT R FORMS EXPONENTIAL QUTPUT. MORE PETAILED DIREC-
TIONS CAN EE FOUND IN THE VARTABLE HOWFORMAT 4 SINGLE INTEGER.
DZT: SPECIFIES THE NUMBER OF 0IGITS5 TO THE RIGHT OF
A4 FLOT B GRAPHS ONE OR MORE FUNCTIONS SIMULITANEOUSLY. THE DECIMAL POINT IN DECIMAL FORMAT.
DIRECTIONS FOR USING PLOT CAN BE FOQUND IN THE EFT: SPECIFIES THE NUMBER OF SIGNIFITANT D
VARIABLE HOWPLOT EXPONENTIAL FORMAT ONr DIGIT ALWAYS APPEA
LEFT OF THE DECIMAL POINT. COLUMNSG WILL BE
<4 VR ESCEN'TALLY A COLUMN-TATENATOR, SIMILAR T0O AND, UNIFORMLY, WITH SPACING SUCH THAT THEFE WILL
EXCEPT THAT THE RIGHT-HAND ARGUMENT MUST BE JF SPHCES BETWEEN THE C1JSEST NUMBERS
RANK < 1 IT IS DESIGNED PRIMARILY T2 PROVIIE
CONVENTENT FORMATION OF INPUT T PLOT FUNC- A  PAIR OF INIEGERS: THE FIRKST CPF gF A
IION. WHETHER USED BY ITSELF Ok WITH AND, v NIUMBER OF SPACES TO BE ALLOCATED To
WILL CAUSE TITS RIGHT ARCUMENT TO APPEAR AS | TYE SECOND IS USED A5 ABCVE.
LEFTMOST COLUMN OF THE RESULTANT ARRAY. (7745 Fa THE F1RST NUMBER MUST BE AT
REG! THEEE, THE SECOND
ONJISTING OF A SINGLE PILANE) THE FIRST N!UMBKRE MUST
THE SECONZ Ik
ANT AND VY WORK WITH EITHEZR 1 TR Q-OFRIG'N 1IN ke

WILL BE SIGNALLEL

THAN ONE PAIR
FACH COLuw 2

NS
N LT
PR oA B o= B

RSk



LEFT

SJALESIZE  PLOT FUNCTION

ARGUMENT: CONE OR TWO NUMBERS.

THE FIRST NIUM3ER SPECIFIES THE APPRCXIMATE 512
VERTICAL AXIS AND THE SECOND NUMBER DOES
FOR THE HORIZONTAL AXIS.

IF ONLY ONE NUMBER IS SUPPLIED, IT IS APPLIED TO BOTH
AXES.

THERE IS NO BUILT-IN LIMIT TO THE DIMENSIONS, AND A
HORIZ2ONTAL AXIS LAKGER THAN THE WORXSPACE WIDTH WILL
CAUSE SOME POINTS TO BF PRINTED CN THE NEXT LOWER
LINE

ARGUMERNT: A RECTANGULAR ARRAY WITH FANK < 3.

SCALAR: WILL BE TREATED AS A VECTCR OF LENGTH ONE.

VECTOR: WILL BE PLOTTED AS ORDINATE AGAINST IS COWWN
INDICES AS ABSCISSA.

MATRIX: THE LEFTMOST COLUMN WILL BE TAKEN AS THE
ABSCISSA AND . ALL OTHER COLUMNS WILL BE PLOTTED AS
ORLINATES . A DIFFERENT PLOTTING SYMBOL UP TC THE
NUMBER OF SYMBOLS AVAILABLE WILL BE USED FOR EFACH
COLUMN. IN C(ASE TWO ORDINATES HAVE A COMMOR PO.NT,
THE SYMBOL FOR THE COLUMN FURTHRST TO THE RIGHT WILL
BE USED.

3-DIMENSIONAL ARNAY: THE FIRST PLANE WILL BE PLOTTED
AS A MATRIX, AND ALL OTHER PLANES WILL BE DISREGARDED

AUXILIARY FUNCTIONS: THE F'NJTICONS  ANC ANT VO AV RE
GSED T2 SENERATE THE - = = P 2
FOR PLOT. FOR EXAMP_X.

2) BIST I OAND Y VS X
PLOT CHARACTERS: THAE SYMEC
VARIAZLE PC IN  LTNE
SUFPLIED [: ‘'ox=9aC" 7
AND MOZIFIELD AS h
FUNCTICN-ELITING PRCCEDRY
THE FUNCTICON, CR DELETE

A VALUE FCR PC.

“I5TOGRAMS:  PLOT  CAN 3E USET
SETTING THE VARIABLE =
FUNCTION. ALTERNADIVELY,
HS CAN BE 5:T EXTERNALLY.

JLOAD 1 APLCOURSE
APLCOURSE SAVED (07/139/638 25.58.06

YFRS
B1X CHECK DESCRIBE DIM CREILL SYAD1 JYAac!
EASY EASYDRILL FORM FUNDRILL GET INPUT
INTER LOG QUES RANDOM REDSCAPATCH REPP

SETPARAMETERS TEACH TRACE
DESCRIBE
THE MAIN FUNCTIONS IN PHIS LIBRARY WORKSPACE ARE:

TEACH
EASYDRILL

ALL OTHFR FUNCTIONS ARE SUBFUNCT!ONS AND ARE NOT
SELF-CONTAIRNED.
SYNTAX DESCRIBTION

TEACH AN EXERCISE IN APL FUNCTIONS USING SCALARS
AND VECTOKS. THE FUNCTION PFINIS OUT THE
CHOICES ANl OPTIONS AVAILABLE EXAMPLES
ARE SELECTED AT RANDOM WITH A4 RANDOM
STARTING POINT.

EASYDRILL THIS IS THE SAME A5 TEACH EXCEPYT THAT TEF
PROBLEMS SELECTED ARE GENERALLY SIMPLER ¥
STRUCTURE. PROBLEMS INVOLVING VECTORS OF
LENGTH ZERC OR ONE ARE EXCLUDED.



NOTE: FOR EITHER FUNCTION, A RESPONSE OF - PLEASE - WILL
DISCLOSE THE PROPER ANSWER. A RESPONSE OF - STOP - WILL
TERMINATE THE DRILL.

TEACH
ARE YOU ALREADY FAMILIAR WITH THE INSTRUCTICNS? (TYPE
Y FOR YES AND N FOR NO.)
N

THIS IS AN EXERCISE IN SIMPLE AFL EXPRESSIONS. YOU WILL
FIRST HAVE THE OPPORTUNITY TO SELECT THE FEATURES YOU WISH
TO BE DRILLED IN. THE EXERCISE THEN BEGINS. FOR EACH
PROBLEM YOU MUST ENTER THE PROPER RESULT. ANSWERS WILL
CONSIST OF SCALAR INTEGERS IF EXERCISES WITH VECTORS ARE NOT
DESIRED; OTHERWISE ANSWERS WILL CONSIST OF SCALARS OR
VECTORS. A VECTOR OF LENGTH ZERO KREQUIRES THE RESFPONSE 10,
A VECTOR OF LENGTH ONE REQUIRES THE RESPONSE X, WHERE X IS
THE VALUE OF THE ELEMENT. YOU HAVE THREE TRIES FOR EACH
PROBLEM. TYPE STOP AT ANY TIME TO TERMINATE THE EXERCISE
AND  PRODUCE A RECORDING OF YOUR PERFORMANCE. TYPING
STOPSHORT WILL TERMINATE THE EXERCISE BUT WILL NOT PRODUCE
A RECORD OF PERFORMANCE. TYPING PLEASE FOR ANY PROBLEM
WILL LET YOU PEEK AT THE ANSWERS. TYPE Y UNDER EACH
FUNCTION FOR WHICH YOU WANT EXERCISE.

STALAR DYADIC FUNCTIONS
t-xia[{ <<=2>2! [ AVenw
Yyryyy Y
SCALAR MONADIC FUNCTIONS
tosf L]~
Yy
TYPE Y IF EXERCISES ARE TO USE VECTORS, N OTHIRWISE

M
o

6x 3
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YLOAD 1 WSFNS
WSFNS SAVED 07/20/68 31.25.23

YFNS
DELAY DESCRIBE DIGITS OKRIGIN SETLINK SFEI WIDTH

DESCRIBE

THE FUNCTIONS ORIGIN, WIDTH, AND DIGITS ARE FEACH
SIMILAR TO THE COMMAND OF THE SAME NAME, EXCEPT THAT EACH IZ
A FUNCTION RATHER THAN 4 COMMAND AND MAY TFFREFORE BE USED
WITHIN OTHER FUNCTIONS. EACH HAS AN EXPLICIT RESULT WHICH
I5 THE PREVIOUS VALUE OF TH<v EELEVANT SYSTEM PARAMETER.

FOR EXAMPLE, THE FOLLOWING FUNCTION:

VF X
(1] X«ORIGIN X
(21 G
(31 X<«OQRIGIN %
WILL EXECUTE THE FUNCTION G W1TH WHATEVER INDEX ORIGIN IS5
SPECIFIED BY THE ARGUMENT OF 7, ANV WILL RESTOKE THE INTFX
ORIGIN TO THE VALUE THAT IT HAD BEFORE THE EXECUTION 7F .

THE FOLLOWIMG FUNCTIONS ARE A. AVAILABLE:

SINTAX DESCRIETION
Z2«SETLINK X  SETS THE VALUE OF THE LINK IN THE CHAIN OF
NUMBERS GENERATED IN THE USE OF THE R0LL AJ™
DEAL FUNCTIONS THE EXPLICIT RESULT PRODUOED
BY SETLINK IS5 THE PREVIOUS VALUE OF THE LiNK

TH: RESULTS PRCGDUCED BY THE ROLL AND  [F
FUNCTIONS AKE NOT THE LINKS HEMSELVES, B
RATHER SOME FUNCTION OF THEM LENGTH
THE CHAIN (BEFORE REPETITION) IZ ~1+2x31.

DELAY X DELAYS EXECUTION #0OFR X SECONDS
SFEI X SETS THE SiGNAL
(SEE THE T -

OF THE APLN3060 CJER'5 MANUVAL).
MUST BE A LINE JF NO MIRE THAN



YLOAD 1 TYPEDRILL

TYPEDRILL SAVED 07/14/68 19.42.16

YFNS
DESCRIBE IN INSTRUCTIONS MATCH PRT QUERY
STATISTICS TIME TYPEDRILL WS

DESCRIBE

THE MAIN FUNCTION IN THIS WORKSPACE 15 TYPEDRILL; ALL
OTHERS ARE SUBFUNCTIONS. TO USE IT, SIMPLY ENTER

TYPEDRILL

TYPEDRILL IS A TIMED TYPING EXERCISE. THE SYSTEM
RESPONDS WITH THE STATEMENT ‘'YOU ARE IN CONTROL STATE'.
FOUR COMMANDS ARE AT YOUR DISPOSAL: ENTER, DRILL, STAT, AND
STOP. ENTERING ONE OF THEM BRINGS YOU INTO THAT STATE:

ENTER: You MAY ENTER ONE-LINE SENTENCES OR
EXPRESSIONS ON WHICH YOU WISH TO BE DRILLED. ENTERING
A BLANK LINE (CARRIAGE RETURN ONLY) RETURNS YOU TO THE
CONTROL STATE.

DRILL: ONE OF THE LINES ENTERED VIA THE ENTER STATE IS
SELECTED AT RANDOM AND PRINTED. YOU ARE THEN EXPECTED
T0O ENTER THE SAME LINE. IF IT IS CORRECT, THE TIME
TAKEN IS PRINTED (IN SECONDS), IF NOT YOU ARE ASKED TO
RETYPE IT. A BLANK LINE CAUSES RETURN TO THE CONTROL
STATE.

STAT: THE ACCUMULATED STATISTICS ARE PRINTED. THE
HORIZONTAL AXIS GSHOWS THE TRIAL NUMBERS AND THE
VERTICAL SHOWS THE TIME IN SECONDS. A VERTICAL ARROW
INDICATES THAT THE TIME EXCEEDED THE LIMITS OF THE
GRAPH. THE RETURN TO THE CONTROL STATE IS AUTOMATIC.

STOP: STOPS THE DRILL AND PRINTS THE STATISTICS.

TYPEDRILL
CONTROL WCRDS ARE: ENTER, DRILL,

YOU ARE IN CONTROL STATE

ENTER

NOW IS THE TIME FOR ALL GOOD MEN TO
I SING OF OLAF GLAD AND BIG

X< | PxQ+Y*R<5S

YOU ARE IN CONTROL STATE

DRILL

NOW IS THE TIME FOR ALL GOOD MEN TO

NOW IS THE TIME OFR ALL GOOD MEN TO
A

NOW IS THE TIME FCR ALL GOOD MEN TO

16.9

X< |[PxQ+Y#*R<s

X< | PxQ+Y*R<S

19.9

I SING OF OLAF CGLAD AND BIG

YOU ARE IN CONTROL STATE
STOP

STAT,

COME

COME
COME

COME

TO

TO
To

TO



Appendix A

SAMPLE TERMINAL SESSION

11778
010) 19.32.36 07/03/68 JANET

A PL\ 360

12

12

P<1 2 3 u
Pxp

1 4 39 16
PxY

s 710 T15 20
Q«'CcATS!
Q

Y25
YZ1+5
YZ+Y21

3+4x5+6
v

+5+46

X+3

Yeu

(XxY)+u
16

XxY+u
2h

FUNDAMENTALS
Entry automatically indented
Response not indented
X is assigned value of
the expression
Value of X typed out
Negative sign for negative
constants

Exponential form of constant

Four~element vector
Functions apply element by element

Scalar applies to all elements

Character constant (4-element
vector)

Multi-character names

Correction by backspace
and linefeed

Executed from right to left

XY
SYNTAX ERROR
XY
A
Xy
VALUE ERROR
Xy
A
ux3[ 5.1
20.4
(4x3)l5.1
12
ux{s.1
24
X<15
X
1 2 3 4 5
10
Ye«5-X
Y
4 3 2 1 0
Xry
4 3 3 4 5
X<Y
1 1 0 0 0
o1
3.141592654
ol 2
3.141592654 1.570796327
X«<45 390
0X:180
0.7853981634 1.570796327
io1
0.84187098u8
201 2
0.5403023059 T0.4161468365
301
1.557407725
301
0.,7853981634
3073017
1 2 3 4 5 6 7
Y«<1 2
LoY
1.414213562 2,236067977
0os:Yy
0 0.8660254038
701 2
0 761594156 0.9640275801
“70701 2

12

Entry of invalid express}on
Shows type of error commlttgd
Retypes invalid statement with

caret where execution stopped

Multi-character name (not XxY)

XY had not been assigned a value

SCALAR FUNCTIONS

Dyadic maximum

Monadic ceiling
Index generator function
Empty vector

prints as a blank line

All scalar functions extend
to vectors

Relations precduce
logical (0 1) results
Pix1

Pi:1 2

Conversion of X to radians
Sin 1

Cos 1 2

Tan 1

Arctan 1

Tan Arctan 1 2 3 4 5 6 7

(1+4Y*x2)*,5
(1-:Y%x2)*,5
Tanh 1 2

Arctanh Tanh 1 2



™
P e
[y

VALUE

[auXanEaeWanFn RenNanl
N Vv E W N
[V )

o]

120

FACL3]
FACLS]
FACL3]
Facls]
Facla]l
FAC(5])
FAC[3]

VZeX F ¥

Z«((X*2)+Y%2) %5

v
3 F 4

P+7
Q< (P+1)F P-1
Q

4x3 F 4y

VB+«G A
B+(A>0)-4A<0
v

G 4

VH A
P~(A4>0)-A<0
v

H6

P

Y«H 6
ERROR
Y«H "6

A
VZ«FAC N;I
Z+1
I+0
L1:T+«I+1
+0x1I>N
Z+ZxI
+L1
v
FAC 3

FAC S

TAFAC+3 S
X+FAC 3

FAC<«0

DEFINED FUNCTIONS

Header (2 args and result)
Function body

Close of definition

Execution of dyadic function F

Use of F with expressions
as arguments

G is the signum function
A and B are local variables

Like G but has no explicit result
P is a global variable

H has no explicit result
and hence produces a value
error when used to right
of assignment

FAC is the factorial function

L1 becomes 3 at close of def
Branch to O (out) or to next

Branch to L1 (that is, 3)

Set trace on lines 3 and 5 of FAC

Trace of FAC

Reset trace control

[ K Ean Nan Kan Wan Nan Konl
RN W RS R
[N P S W W

[aKanKan
Ew N
) et

o
o o;
—

(6]
[4.2]

[1]
[2]
{31
[u4]
(4.13
[s1

{6}

[ons ol an Non Nan Kan
DU FE W
e bt b L e bt

{71

VGeM GCU N
G+N

MeM|N

>4 xM=20
[11CGM
[4IN<C
[101

G+M

01

G+«M GCD ¥
G+M

M<M|N
+uxM=20
NG

+1
v
36 GCD uu

vGCD
(4.13M,N
[0l

G+«M GCD N
GeM

M<M|N
»>4xMx0
NG

M,N

+1

v
36 GCD uy

veeorQiv
GeM GCD N
G+M
M«M| N
+>uxM=zQ
N+G

M. N

+1

vGCD
£s]

A
v

MECHANICS OF
FUNCTION DEFINITION

Greatest common divisor
function based on the
Euclidean algorithm

Correction of line 1
Resume with line 4
Display line 1

Display entire GCD Function

Close of display, not close of def
Enter line 5

Close of definition

Use of GCD

4 is GCD of 36 and 44

Reopen def (Use Vv and name only)
Insert between 4 and 5

Display entire function

Fraction stays until close of def

End of display
Close of definition

Iterations printed by

line 5 (was line 4.1)
Final result
Reopen, display, and close GCD

Line numbers have been
reassigned as integers
Close (Even number of v's in all)
Reopen definition of GCD
Delete line 5 by linefeed

Close definition



VZ<«ABC X
] Z+(33xQ+(RAx5)-6
21 [10¢1]
1 Z+(33xQ+(Rx5)~6
/ 1 /1
[11] 2+(3xQ)+(Tx5)-6
{21 v
FAC S

YERASE FAC
FAC 5
SYNTAX ERROR
FAC 5
A
VZ«BIN N
{11 LA:2+«(Z2,0)40,2
[21] +>LAxN2p 2V
BiN 3
VAL UE ERROR
BIN(1] LA:2+(2,0)+0,2
A
2«1
>1
13 3 1
BIN 4
VALYE ERRUR
RIN[1]) L1:2«(2,0)+0,7
A
VBIN[ 1]12+1v¥
VST
BIN[1] =
»1
1% 6 4 1
JBINCOIY
7 Z«BIN N
Z+1
LA:2+(Z2,0)+0,2
+LAXN2pZ

—_—
w N
[

SABIN«2
Q+BIN 3

2INT2)

BIN[2]
+2

BIN[2]

>0

A function to show line editing
A line to be corrected
Initiate edit of line 1
Types line, stops ball under 9
Slash deletes, digit inserts spaces
Ball stops at first new
space. Then enter ) T
FAC still defined

Erase function FAC
Function FAC no longer exists

An (erroneous) function for
binomial coefficients

Suspended execution

Assign value to 2
Resume execution
Binomial coefficients of order 3

Same error (local variable Z
does not retain its value)

Insert line to initialize 2
Display state indicator

Suspended on line 1 of BIN

Resume execution (BIN now correct)

Display revised function
and close definition

Set stop on line 2
Execute BIN

Stop due to stop control
Display current value of 2

Resume execution

Stop again on next iteration
Resume

Stop again
Branch to 0 (terminate)

VMULTDRILL N;Y; X

] Ye2N

] Yy

] X«

4] >0x 1 X='S"
] 1 X=x/Y
] 'WRONG, TRY AGAIN'
] +3V

MULTDRILL 12 12

2 10

37
WRONG, TRY AGAIN
0:

20
6 7
0:
'S'
VZ+«ENTERTEXT
Zett
Depl

1]
]
] z«z,0
]
]

2

+2xD=p 7

v
J<ENTERTEXT
THIS IS ALL
CHARACTER INPUT

[
[
[3
[y
{s

Q
THIS IS ALL CHARACTER INPUT
N+5
"NOTE: 1'";N;' IS '";1 N
NOTE:5 IS 1 2 3 4 5

T«'OH MY'
oT

5

, P

7 2 3 S 7

, T

MY

P

DOMAIN ERROUR
T,P
A

2 3

O MYO

[ IS BN I B e

INPUT AND OQUTPUT

A multiplication drill

p/N random integers

Print the random factors

Keyboard input

Stop if entry is the letter S
Repeat if entry is correct product
Prints if preceding branch fails
Branch to 3 for retry

Drill for pairs in range 1 to 12

Indicates that keyboard entry
is awaited

Entry of letter S stops drill

Example of character () input

Make 2 an empty vector

D is the length of 2

Append character keyboard entry

Branch to 2 if length increased
(i.e., entry was not empty)

Keyboard

entries
Empty input to terminate
Display Q

Mixed output statement

RECTANGULAR ARRAYS

Dimension of P

Character vector

Catenation

Characters cannot be catenated
with numbers



BCE
GKM

EC
EC

M~2 3p2 3 5 7 11 13

S 7 11 13
Pe M
P[31]

pPi1 3 5]
11

P(13]

5

PlpP]
M(1;2]
M{1;:1]

5

ML1 1;3 2]

A«'ABCDEFGHIJKLMNOPQ'

ACM]

AlMO1 1;3 21]

M{1;3«15 3 12
M

3 12
11 13

Reshape to produce a 2x3 matrix
Display of an array of rank >1
is preceded by a blank line

A 2~x4 matrix of characters

A matrix reshaped to a vector

Elements in row-major order

Indexing (third element of P)

A vector index

The first three elements of P
Last element of P

Element in row 1, column 2 of M
Row 1 of M

Rows 1 and 1, columns 3 2

The alphabet to Q
A matrix index produces
a matrix result

Respecifying the first row of M

Q€3 1.5 2 4 6
PQ]

113 7 13
Qelql

4 1 2 6
P(3]

JORIGIN ©
PL3]

PLO 1 2]
5

15

2 3 4
JORIGIN 1

(8]
3 4 5

A permutation vector
Permutation of P

A new permutation
Present index origin is 1

Set index origin to 0

First three elements of P

Result of index generator
begins at origin

FUNCTIONS ON ARRAYS
Vector of 3 random integers (1-9)

Random 3 by 3 matrix
Random 3 by 3 matrix

Sum (element-by-element)



MIN
7 9 4
S 8 6
9 8 7
M<N
0 00
001
110
+/V
10
x/V
14
+/011M
13 22 12
+/L21M
20 14 13
+/M
20 14 13
[/
3 8 7
X+«1 5

+/(1 20X) %2

o/1 2,

07067822453
Y«0/0 2,X

Y
9374949866
Y=10X

PO ks
w o e

[> 2B Ea e o]
© =

(o2

Maximum

Comparison

Sum-reduction of V

Product-reduction

Sum over first coordinate of M

(down columns)

Sum over second coordinate of M

(over rows)
Sum over last coordinate

Maximum over last coordinate

Sin squared plus Cos squared
Sin Cos X

(1-(CO08 X)*2)x 5
An identity

Ordinary matrix (+ x inner)
product

An inner product

+ x inner product with vector
right argument

-

—-

14
10

49
35

~

fYe)

o un

2 U ks

28

49

@«?10p5
n
+/011Qe.

N

1eM

Outer product (times)

Outer product

An outer product of rank 3

A blank line between planes

MIXED FUNCTIONS

A random 10 element vector
(range 1 to 5)

Ith element of result is number
of occurences of the
value I in Q

Ordinary transpose of ¥

Ordinary transpose of M (monadic)



T+«2 3 4p124 An array of rank 3

T Q
1 4 3 4% 5 4 2 1 4 2
1 2 3 4 34 Rotate to left by 3 places
5 6 7 8 4 5 4 2 1 4% 2 1 4 3 ]
3 10 11 12 T36Q Rotate to right by 3 places
1t 4 2 1 & 3 4 5 4 2
13 14 15 16 0 1 2¢011M Rotate columns by
17 18 19 20 different amounts
21 22 23 24 7 8 7
5 5 4
3 1 287 i i 19 1 .
Ttansggsgegﬁlf iglgenilog) 2002 Rotation of rows all
1 13 by 2 to right
2 14 9 4 7
3 15 8 1 5
4 16 5 7 1 X
1 2 3¢éM Rotation of rows
5 17
6 18 a u 7
7 19 1 5 8
8 20 1 5 7
¢Q Reversal of Q
3 21 2 4 1 2 &% 5 & 3 & 1
10 22
11 23 ol1]1M Reversal of M along
12 24 first coordinate
1 18M Diagonal of M i 5 7
7 8 7 5 8 1
11 287 Diagonal section in first 709 & ;
s two coordinates of T oM Reversal along last coordinate
1 2 3 n
17 18 13 20 4 9 7
X«0(0,15)4¢6 1 8 5
)DIGITS Set number of output digits to 4 751

WAS 10
®1 2 3o.0X

0.000E0 1.000E0 0.000F£0C Table of sines, cosines,and
5 000F”1 8.660E 1 5.774E71 tangents in intervals
8 B60F 1 5.000E7 1 1.732E0 of 30 degrees

1.000E0 1. 744E716 5.734E15
8.660E_1 ~5.000F 1 ~1.732E0
5.000F"1 78 660£ 1 ~5.774E 1



U@ >u
4
6 0 0 1 0
v/Q
(~0)/@
o3 4 Z
+/U/4

10 1/011M

-

"o

Compression of Q by logical
vector U
Compression by not U

Compression along first
coordinate of M

Compression along last
coordinate

Mis 794581157
All elements of M which exceed 5

Expansion of iota 3

Expansion of rows of M

Expansion of literal vector
inserts spaces
Base 10 value of vector 1 7 7 6

Base 8 value of 1 7 7 ¢

4 digit base 10 representation
of number 1776

3 digit base 10 representation
of 1776

Mixed base value of 1 3 25
(time radix)

Representation of number 3805
in time radix

Base 2 value

M

7 3 4
5 8 1
1 5 7
YORIZIN O
WAS 1
M[2;01
1
(,M)[(pM)12,0]
1
YORIGIN 1
WAS 0O
P
2 3 5 7 11 13
P
y
P16
Ivuoy o on 7
7 7 i
4 1 3 2
Feduio@
4+ 3 5 1
JLF]

1 K 3 4 o
A« YABCDEFGHTJKLMED DG

A<A VRSTUTWXY !

A
AP TUERGHIJHLMNOPQRST I VwXY .
A1t

Indexing of matrix in O—origin.
Note relation to indexing of
ravel of M

Restore l-origin

Index of 7 in vector P

7 is 4th element of P

6 does not occur in P, hence
result is 1+.7

A permutation vector
R is the permutation inverse to Q

A is the alphabet

Rank of letter C in alprhabet 1s 3



Appendix B

M+<3 Sp'THREESHORTWORDS! A matrix of characters ADVANCED EXAMPLES
M
ggggi This section presents a set of examples less elementary
WORDS than those of Appendix A. These examples are all contained
o Ted M X . in Workspace ADVANCEDEX of Library 1. A user may therefore
7 ! Ranking of M produces a matrix load, use, and trace any of the functions as an aid to
20 8 18 5 5 understanding their behavior. Displays of intermediate
19 § 15 18 20 results may also be inserted. For example, the statement
23 15 18 4 19
. : P«<(P,0)+0,P
AlJ] Indexing by a matrix produces ¢ )
THREE a matrix occurring in a function could be changed (perhaps by the use
PRe of line editing) to the following form:
SHORT
WORDS
+P«(J«P,0)+0+«0,P
375 Random choice of 3 out of 5 0 9 )+0
> 1 275 without replacement Each execution of the statement will now perform as before,
POMATN ERROR except that each of the results 0,P and 2,0 and P will be
‘ 675 typed out as well (in that sequence).
X:878 . Programming technigues can be learned from a similar
Y A random permutation vector study of any well-written set of functions. All of the
6 7 2 5 1 8 3 workspaces of library ! may be used as a source of functions
. for such study.
(94 Grading of X
5 4 8 1 5 2 3 7 . s s . .
. . The inde n the workspace ADVANUEDEX is set to
Xhx] Arrange in ascending order 1 X origin 1 P
1 2 3 4 s & 7 38 ¢
X(¥x1 Arrange in descending order YLOAD 1 ADVANCEDEX
8 7 6 5 4 3 2 1
ADVA ; S 0 . .10
U«Ae'NOW IS THE TIME' Membership NC%?S; AVED 07/20/68 28.12
'01' (14013 .
of S ) } F FC
00001001100011100011001000 al ASsoc BN cows oTH BTER ey -
EHIMNOg;: IN1 LFC LOOKUP PACK PALL PER PERM PO
o (18)e3 7 5 POL POLY POLYB RESET TIME TRUTH UNPACK ZERO
- YVARS
¢ ¢ 1.0 1 0 1 0 DAH DASSOC DBIN  DCOMB  DDTH  DENTER DESCRIBE
DF DFC DGeC DGCD DGCV DHILB DRTD DIN
DINV DINVP DIN1 DLFC DLOOKUP DPACK DPALL DPER
DPERM DPO DPOL DPOLY DPOLYB DTIME DTRUTH DUNPACK

DZERO TIMER
DESCRIBE

EACH OF THE VARIABLES OF THIS WORKSPACE WHICH BEGINS WITH THE
LETTER D IS THE DESCRIPTION OF THE FUNCTION WHOSE NAME IS
OBTAINED BY REMOVING THE D. FOR FURTHER DETAILS SEE APPENDIX
B OF THE APL\360 USER'S MANUAL



DPACK

S ! L 5 USE OF

FUNCTIONS PACK AND UNPACK ILLUSTRATE THE ]

e £ FYNCTIONS IN TRANSFIRMING BETWEEN A FOL
E MOUNTH

NUMBER ENCODING OF SERIAL NUMBEKR (1 70 9999), .
AND YEAR, AND A SINGLE-NUMBER ENCODING OF THE SAME DATA.

ENCCE CAND DEC

VPACKLO1vV
¢ Z«PACK X
{11 Z« 10000 12 31 100 1X-1

JUNPACK[D]V
v Z«UNPACK X
[11 Z«<1+ 10000 12 31 100 TX

P«PACK 2314 7 17 68
p
86063867
UNPACK P
2314 7 17 68
UNPACK PACK 2311 9 21 72
2311 9 21 72
PACK UNPACK 92137142
32137142
PACK 1 1 31 1
3000
UNPACK 3000
1 1 31 1

DENTER

THE FUNCTIONS ENTER, LOOKUP, AND RESET [LLUSTKRATE A METHOD
OF CONSTRUCTING AND USING LISTS OF VARIAELE LENGTH DATA,
REPRESENTING EACH LIST BY A VECTCGR OF CHARACTERS AND A
VECTOR OF INDICES. ENTER AND LOOKUP EACH REQUEST INPUT (BY T)
UNTIL AN EMPTY VECTOR (CARRIAGF RETURN ALONE) J3 ENTERED

RESET RESETS LISTS (USE BEFCRE ENTER AND LOOKUP)
ENTER ACCEPTS SUCCESSIVE ITEMS OF NAMES AND DATA.
LOOKUP PRINTS DATA ASSOCIATED WITH EACH NAME ENTERED

VENTER[O]V YLOOKUPLO]V
Vv ENTER;X V LOOKUP;X;J
[11 "ENTER NAME' (13 v
2] X<,0 [21] X+<,0
[31 »>0%x10=pX £3] +0x10=pX
[u] NAMES<«NAMES , X [u] Je(((1+P1)-"14P1)=pX) /1 1+pP1
[5] P1«P1,pNAMES [(s] J(NAMES[P1(J 1o . +10XIn.=X)/d
[6] 'ENTER DATA' [6] +(0 1 =pJ)/ 10 8
[7] DATA<«DATA LT (7] +1,p0«"MORE THAN ONE SUCH NAME'
8l P2«P2,pDATA L8] DATALP2[J])+1-/P2[1 0 +J]]
[9] v {91l +1
[10] =1 [10) 'NO SUCH NAME'
v [11] =1
v
VRESET[(Q]V
U RESET
{11 NAMES<DATA+p P1«P2+0
v
RESET
ENTER

ENTER NAME
J. ARMSTRONG
ENTER DATA
PRESIDENT

ENTER NAME
d. LEVINE
ENTER DATA
VICE-PRESIDENT

ENTER NAME

LOOKUP
?
H. LEVINE
VICE-PRESIDENT
?

L. YAVNER
NO SUCH NAME
?



DIN

THE FUNCTIONS IN AND IN1 TAKE TWO ARGUMENTS; THE FIRST Is A
WORD (I.E., A VECTOR) WHOSE OCCURRENCES IN THE GSECOND
ARGUMENT ARE TO BE DETERMINED. THE RESULT IS A VECTOR OF
INDICES OF THE FIRST LETTER OF EACH OCCURRENCE. THE
FUNCTION IN DETERMINES ALL OCCURRENCES, WHEREAS IN1
DETERMINES ONLY ALL NON-OVERLAPPING OCCURRENCES BY FIRST
APPLYING THE FUNCTION IN AND THEN SUPPRESSING ALL OVERLAPS

VIN(O]V
V Z+«A IN B;J
[1] J«(A{11=B)/1pB
{21 Je(JS1+(pB)-pA)/J
{31 2«(B[Jo.+ 1+1p41n =4)/Jd

vINI(O1V

v T«A IN1 B

[1] T«A IN B
[2] »2xJ<pT«(~(1pT)eJ«1+((pA)>|-/[11(2,1+4pT)pT)1)/T

W<'THE!
T«'THE MEN THEN WENT HOME.'
W INT
1 9
W IN1 T
1 9

'ABA' IN 'NOWABABABABABABABA'!
4 & 8 10 12 14 16

'ABA' IN1 'NOWABABABABABABABA'
4 8 12 16

DTRUTH

THE FUNCTION TRUTH PRODUCES THE MATRIX OF ARGUMENTS OF THE
TRUTH TABLE FOR N LOGICAL VARIABLES.

VTRUTHL O]V
V Z«TRUTH N
{1] Ze2|L( 1+12%N)c. 222NN
v
TRUTHE 3

OO0 Q
PR OO MO0
= ol =~ A = g o~}

(TRUTH 3)+.x$2+ 1413
0 1t 2 3 4% 5 & 7

DGCD

THE FUNCTIONS GCD AND GC EACH EMPLOY THE EUCLIDEAN ALGORITHM
TO PRODUCE THE GREATEST COMMON DIVISOR. GCD EMPLOYS TWO
SCALAR ARGUMENTS, WHEREAS GC EMPLOYS A SINGLE ARGUMENT WHICH
IS EXPECTED TO BE A TWO-ELEMENT VECTOR.

THE FUNCTION GCV YIELDS THE GREATEST COMMON DIVISOR OF ALL
ELEMENTS OF A VECTOR OF TWO OR MORE ELEMENTS.

vGCoiOiv
V Z«M GCD N
[1] Z+M
[21 MeM | N
3] N«Z
{41 +>0=2M
v
vGernlve
v 2+GC M

1] +0=21+MOM[ 1] ,2« | /M
veevigav
U Z«GCV W;4A
{13 >12pW«Z ,(A20) /A« (Z+ /W) W
84 GCD 90
90 GCD s8u
GC 20 84
GCV 90 8u

GCY 90 84 105

DBIN

THE FUNCTION BIN PRODUCES ALL BINOMIAL COEFFICIENTS UP TO ORDER N

VBINLOIV
vV Z«BIN N
{13 2+« 8(0,1N)=. 0, 1¥
v

BIN 4

TSN
EWN MO
O wr oo
FmoOO0O
» o000

=



DPOLY

THE FUNCTIONS POLY, POL, PO, AND POLYB EACH EVALUATE A
PO LYNOMIAL (OF POLYNOMIALS), WHOSE COEFFICIENTS ARE
DETERMINED BY THE FIRST ARGUMENT, AND WHOSE POINT (0K
POINTS) OF EVALUATION IS DETERMINED BY THE SECOND ARGUMENT.
THE COEFFICIENTS ARE IN ASCENDING ORDER OF ASSOCIATED
POWERS .

POLY SCALAR RIGHT ARGUMENT ONLY.

POL SCALAK RIGHT ARGUMENT ONLY (USES INNER PRODUCT).

POLYB SCALAR RIGHT ARGUMENT ONLY (USES BASE VALUE).

PO APPLIES TO ARGUMENTS OF ANY RANK. THE VECTORS ALONG
THE FIRST COORDINATE OF THE FIRST ARGUMENT ARE THE
COEFFICIENTS OF THE POLYNOMIALS WHI1CH ARE EVALUATED
FOR EACH ELEMENT OF THE SECOND ARGUMENT.

vPOLY[OIV VPOLYBLUO1V
V 2«C POLY X V 2<C POLYB X
(1] Z¢+/CxX* 1+1p,C [1] Z«X16C
v v
VPOLLO]V veolOlv
v Z«C POL X V 2«C PO X
[1] Z«(X* 141p0,C)+.%C [11 Z«(Xo.* 1411ppC)+ xC
v v
C+1 2 3 4
C POLYB 3

142
(C POLY 3)A =(C POLYB 3),(C POL 3),C PO 3

CPO1 23 456
10 49 142 313 586 985

O«M«Q®BIN 5

1 1 1 1 1 1

0 1 2 3 " 5

0 0 1 3 6 10

0 0 0 1 410

0 0 0 0 1 5

0 0 0 0 0 1
LM PO 6
1 2 4 8 16 32
1 3 9 27 81 243
1 4 16 6 256 1024
1 5 25 125 625 3125
1 6 36 216 1296 7776
1 7 ug 343 2401 16807

DTIME

THE FUNCTION TIME YIELDS THE AMOUNT (IN MINUTES, SECOANDS,
AND 60THS OF A SECOND) OF CPU TIME USED SINCE ITS LAST
PREVIOUS EXECUTION. IT IS USEFUL IN MEASURING THE EXECUTION
TIMES OF OTHER FUNCTIONS. THE VARIABLE 'TIMER' IS ASSIGNED
THE VALUE OF THE CUMULATIVE CPU TIME AT EACH EXECUTION OF
THE FUNCT1ON TIME.
VTIMELOIV

v Z+«TIME;T
{11] Z« 60 60 60 T(T+«x21)-TIMER
[2] TIMER<T

DCOMB

THE FUNCTION COMB EMPLOYS RECURSIVE DEFINITION TO PRODUCE A
2'N BY 2 MATRIX OF ALL POSSIBLE PAIRS OF ELEMENTS FROM N

THE FUNCTION FC SHOWS AN ALTERNATE METHOD WHICH YIELDS THE
SAME PAIRS BUT IN A DIFFEKENT ORDER.

THE FUNCTION LFC EMPLOYS FC TO GENERATE LETTER PALRS.
vCoMBLO1V
vV C+«COMB N;A;B
] +0x1N<2
] +0x1N=2x1pC+ 1 2 p 1 2
3] A«COMB N-1
] Ce((pA)+(N-1),0)p(,A4),,(N=-1)> [O,¥

<

vrCLOlv
Vv C+FC N;A;B

£11 B+(1N)e.+NpO
(2] A<(1N)o +1N
3l Ce(2,NxN)p(,B),,A
[u] c+«q(Ccl2;1<N)/C
v
vLFCLOv
vV Z«LFC N
(11 2« ABCDEFGHIJKLMNOPQRSTUVWXYZ'[FC N]
v
TIME
0 0 35
TIME
0 0 2
COMB 4 FC 4 LFC 4
1 2 102 AB
13 1 3 AC
2 3 1 4 AD
1y 2 3 BC
2 4 2y BD
34 3 4 o
TIME TIME

J M3
-
<
&3]



Z+«COMB 15 Z«F(C 15

¥ 0Z
105 2 105 2
TIME TIME
0 1 u o 0 29
DDTH

THE FUNCTIONS DTH, HPD, AND AH CONCERN HEXADECIMAL NUMBERS
LIMITED TO 8 DIGITS AND EMPLOYING THE CHARACTERS

0123456783ABCDEF . NEGATIVE NUMBERS ARE REPRESENTED IN 2'S
COMPLEMENT FORM, WITH ANY OF THE CHARACTERS 8 THROUGH F IN
THE LEFTMOST POSITION (OF EIGHT). LEADING ZEROS MAY BE
OMITTED.

DTH CONVERTS DECIMAL TO HEXADECIMAL
HTD CONVERTS HEXADECIMAL TO DECIMAL.
AH ADDS HEXADECIMAL NUMBERS.

VDTH{ O]V
V R«DTH X
[1] R+,('0123456789ABCDEF*)[1+(8p16)TX]
v
VATD{OlV
9 R<HTD X
[1) Re((8-p,X)p'0%'),X
21 R+«{ (161 1+'0123456789ABCDEF'1R)-(2+32)xR(1])e'89ABCDEF"
31 +4x~A/Xc' 0123456 789ABCDEF"
fg] Ret?
{s] 'NUMBER IS NOT HEX'
v
vAH(OlV
V R+«A AH B
(11 R«DTH(HTD A)+HTD B
v
Z+«DTH 1776
Z
Q00006F0
HTD 2
1776
Z AH Z
00000DEC
HTD Z AH 2
3552
HTD '000006F0*
1776

HTD '90000000°'
T1879048192
HTD 'O0049HFG!
NUMBER IS NOT HEX

DZERO

THE FUNCTIUN ZERO EMPLOYS THE METHOD OF FALSE POSITION TO
DETERMINE TO WITHIN A TOLERANCE TOL A ROOT OF THE FUNCTION F
LYIN: BETWEEN THE BOUNDS B[1] ANDZ B[2]. IT IS ASSUMED THAT
F B[11 AND F B[2] ARE OF OFPOSITE SIGN THE FUNCTION F IS A
SPECIFIC POLYNCMIAL, BUT CAN BE CHANGED TC ANY DESIRED
FUNCTION.

VZEROLD 1V
V Z«T0L ZERU B;T

[11 +0x1TOL>|T«F Z+0.5x+/B
[21 +1,B[21(0<T)20<F Bl<2
v
vF{O1v
v Z+F X
[1] z+ 720 18 3 "5 1 PO X
v
OeX<«"4+19
3 "2 T2 0t 2 3 4 5
F X
169 12 ~29 T20 T3 & 7 36 145
TIME
0 1 19

O<«R«1E"6 ZERO ~2 "1
1 845121413

TIME

0 2 36
F R

7 14140814E77
TIME

0o 0 2
O«FO«R«1E”10 ZERO 1 2

1.26397094

1 813305062F 11
TIME

0 3 ué

O«FO«R«1E"6 ZERO 1 2
1 263970852
T8.51888359E 7

TIME
0 2 13



DHILB

THE FUNCTION HILB PRODUCES A HILBERT MATRIX OF ORDER N.

VHILBLOIV
V Z<«HILB N
£1] Z«+ 1+(1N)e +18

HILB 3

1 0.5 0 3333333333
05 0.3333333333 0 25
0 3333333333 0.25 Qo 2

DINV

THE FUNCTIONS INV AND INVP EACH PRODUCE THE INVERSE OF THE
MATRIX ARGUMENT GSUPPLIED, EMPLOYING GAUSS-JORDAN (I E ,
COMPLETE) ELIMINATION. INVP EMPLOYS PIVOTING AND INV DOES
Nor

THE FIRST LINE APPENDS THE UNIT VECTOR 121N AS THE LAST
COLUMN OF THE ARGUMENT AND THE SECOND LINE (LINE & IN INVP)
PERFORMS AT FACH ITERATION ONE OF THE N COMPLETE INVERSIONS
REQUIRED. SEE EXERCISE 1 40 OF IVERSON, A PREOGRAMMING
LANGUAGE, WILEY, 1962.
vINV{OlY
T Z<INV M;I;d

[1]  MeR(1 0 +oM)p(,0M),~J«1<1I«14pM
21 Me10(J, 1)L IM-(JIxM ;1] )0 xM[ 15 1M1 ;T2M151]
[3] +2x102l«T-1
[ 4] ZM[;114pM]
g
VINVPLOIV
V Z«INVP M;1;J;K;P
L1} M<Q(1 O +oM)o(,QM) ,~J«1<Pe1l«lto¥
2] MUK, 1510pPIeMUL K« (IMUAT 23T/ IM0T;31)500P]
L 2] P+1¢P,0pP[K,11«P[2,K]
L] Meld(J,1)001IM-(JxM{ ;13 )0 xM[1;]«M01; 1M 151 ]
{51l +2x10xf«]-1
[s] Z«M[;4P]
v
O«N«INV M«HdILB 3
9 T36 30
36 192 T180
30 T180 180
M+ xN
1 00Q0000000F0 2 842170943F 14 ~6 C3961325.F7 14
1 421085472E 14 1 000000000F0 71 0658141045 14
4 6529367 03F 15 3 197u42311F 14 1 000000000F0

CPALL

THE FUNCTION PALL PRODUCES THE MATRIX OF ALL PERMUTATIONS OF
ORDER N. THE FUNCTION PERM WHICH IT USES PRODUCES THE B-TH
PERMUTATION OF ORDER N BY A METHOD DUE TO L J WOODRUM

THE FUNCTION PER EMPLOYS RECURSIVE DEFINITION , AND PRODUCES
ALL PERMUTATIONS BY A METHOD MUCH FASTER THAN THAT USED IN
THE FUNCTION PALL. THE PERMUTATIONS ARE PRODUCED IN THE
OPPOSITE ORDER

VPALLIGIV

v Z+PALL N;I

1 Z+((!N),N)pO

] I+1

3] ZUI;])«N PERM T
H +3x(IN)2I+I+1

VPERMLO]V
V Z«A PERM B;I;Y

(1] I+pZ+«1+(d14)TB-1
[2] +>0x10=1«7-1
[3] Z[Y)«Z[Y)+Z[I]1<Z[Y«T+\A-T]
[4] »>2
97
VPER[(]V

<3

P«PER M;X;Y;2

»0x1M=P+« 1 1 p1

LZ«PER M-1

P«1X<0

>0x 1 M<XeX+1
Ye(~(1M)eX)H\Z

YO X 1M
P+((Xx'M-1),M)p(,P),,Y
n

L T e e e W)

W~ U Ww o
e e e e e e e

FALL 3

Wow NN e
R = W W N

3
2
3
1
2
1
M

I

23 7

Z+PALL 3
TIME

2 0 49
Z«PALL 5
TITME

0 st 10
-+PER C
TIME

v B 12

£



DASSOC

THE FUNCTION
TABLE M
AND YIELDS A

b0 E W

[EORT T VRN ]

ASS0C TESTS ANY PUTATIVE ;
(ASSUMING GROUP ELEMENTS 11ppM
VALUE 1 IF IT IS ASSOCIATIVE, O OTHERWISE

vassoctilv
9 Z+ASS0C M

Zen) M{M; J=M[M]

v

0

M<{15)$5 5p15
M

N W

[N

TIME

Fwoes»

o oE W N

ASSOC M

TIME

M«0 0 1 0 06M

o E W

10

w RN U E

£ W wr=m o

woEE N

ASS0C M

TI
10

ME

M« 210

oM

100190

GROUP MULTIPLICATION
FOR ASSOCIATIVITY

YLOAD 1 NEWS
SAVED 10.44.08 07/12/68

THIS WCRKSPACE PROVIDES INFORMATION ABOUT THE OPERATION AND
USE OF APL. THE FUNCTIONS OF INTEREST TO THE USER ARE
APLNOW, INDEX, PRINT, AND SCHEDULE.

APLNOW TAKES AS ITS SINGLE ARGUMENT A THREE-ELEMENT VECTOR
REPRESENTING A DATE, AS MONTH, DAY, YEAR. APLNOW PRINTS
NOTES ON THE STATUS OF THE APL SYSTEM; FOR INSTANCE,
RECENTLY ADDED FEATURES, TEMPOKARY RESTRICTIONS, OR ADI'VICE
ON PROGRAMMING OR TERMINAL OPERATION. ONLY THOSE NCTES
ENTERED INTO APLNOW ON OR AFTER THE DATE GIVEN AS AN
ARGUMENT ARE PRINTED.

INDEX TAKES NO ARGUMENT. IT PRINTS INDICES, DATES, AND THE
FIRST FEW WORDS OF EACH NOTE IN APLNOW.

PRINT TAKES AS ITS SINGLE AKRGUMENT THF INDEX (AS INDICATED

BY THE INDEX FUNCTION) OF A NOTE FROM APLNOW, AND PRINTS THE
NOTE.

SCHEDULE TAKES NO AKGUMENT, IT INDICATES THE REGULAR DAILY

APL SCHEDULFE, AND ALL ANTICIPATED DEVIATIONS FROM THE NORMAL
SCHEPULE



BIBLIOGRAPHY

Berry, P.C., APL\360 Primer, IBM Corporation, 1968.
Berry, P.C., APL\1130 Primer, IBM Corporation, 196¢€.

Breed, L.M., and R.H. Lathwell, "The Implementation
of APL\360", ACM__ Symposium on Experimental
Systems for Applied Mathematics, Academic Press,
1968.

Falkoff, A.D., and K.E. Iverson,"The APL\360 Terminal
System®™, ACM Symposium_on Experimental Systems
for Applied Mathematics, Academic Press, 1968.

Falkoff, A.D., K.E. Iverson, and E.H. Sussenguth, "A
Formal Description of System/360", IBM_Systems
Journail, Volume 3, Number 3, 1964.

Iverson, K.E., A Programming Language, Wiley, 1962.

Iverson, K.E., Elementary Functions: an algorithmic
treatment, Science Research Associates, 1966.

Iverson, K.E., "The Role of Computers in Teaching",
Queen's Papers in Pure and Applied Mathematics,
Volume 13, Queen's University, Kingston, Canada,
1976,

Lathwell, R.H., APL\360: Operator's Manual, IBM
Corporation, 1968,

Lathw.*1, R.H., APL\360: System Generation and
Library Maintenance, IBM Corporation, 1968,

Pakir, S., APL\360 Reference Manual, Science Research
Associates, 1967.

Rose, A.J., Videotaped APL Course, IBM Corporation,

1968.

Smillie, K.W., Statpack 1: An APL Statistical
Package, Publication No. 9, Department of
Computing Science, University of Alberta,

Edmonton, Canada, 1968.

Volume ||

APL\360: Operator's Manual

R. H. Lathwell

(:) International Business Machines Corporation, 1968



ACKNOWLEDGEMENTS

The basic operator procedures were
developed by the system designers listed in
the companion User's Manual. A. D. Falkoff
contributed significantly to the organization
of the present manual, which also benefitted
from critical reading by J. G. Arnold*, K. E.
Iverson, and tE. E. McDonnell.

A special note of gratitude is due to
Mrs. G. E. Barrett, operator extraordinary,
for her patience, sense of humor, and helpful
suggestions during the early trying months of
operation.

* Industry Development, [8M Corporation,
White Plains, N.Y.

OPERATOR'S MANUAL

TABLE OF CONTENTS

I NTRODUCTION

DOS OPERATION
Messages from the system, Job step CPU
accounting, Multiprogramming, Operator
commands

INITIALIZING APL\360

THE APL\360 RECORDING TERMINAL

APL\360 PRIVILEGED COMMANDS
Privileged commands, definitions,
Trouble Reports

APL\360 SYSTEM COMMANDS

APL\360 OPERATOR'S LOG

TERMINATING APL\360

APPENDIX A
SYSLOG messages during APL
initialization

LIST OF 1LLUSTRATIONS

Table 1 RECOMMENDED FEATURES AND OPTIONS FOR
TERMINALS

Table 2 NOTES AND RESTRICTIONS ON DOS OPERATING
COMMANDS

Table 3 APL\360 SYSTEM COMMANDS

Table 4 SENSE BYTE INFORMATION FOR 2311 AND
2314 DISKS

157
i5¢2
160

164
166
1€3

170

154

156

165

168



1 NTRCD'CTION

APL 360 consists of a modified DOS5S Version 3 plus the
APL. 360 Supervisor and interpreter. The modified DOS
appears essentially the same as the standard DOS release of
the corresponding change leve!l.

NDS operzating procedure is fully described in (22-5022,
DOS Operating Guide, and familiarity with that manual is
assumed. The use of APL 350 is fully described in APL 360:
User's Manual, and familiarity with parts | and 2 of rhat
publication is aisn assumed,

'f the modified D03 is used without AFL, it is uperated
as described in (22-5022, DOS Cperating Guide. When APL is
running, an additional console is required for recording APL

system jnformation. The recommended device for this console
is an {BM 2741 Communications Terminal with the interrupt
feature, See Table 1 for details of communication

termin:ls,

DOS NPERATION

Messages from the system. DOS system messages have not been
changed S and W type messages have been augmented to
display a distinctive pattern in the instruction Address
Register if a failure occurs which causes the system to
enter the WAIT state with all interrupts disabled.

When an § condition (CPU, Storage, or Channel failure)
occurs, the modified DOS Supervisor attempts an automatic
recovery. {f the recovery appears tc be successful, a
message of the form

id PROB PROG MC

is printed on SYSLOG. id identifies the partition which was
active when the machine check occurred. if the recovery
attempt is unsuccessful, DOS enters the WAIT state with all
interrupts disabled and with the pattern

X'IFFFFT’

displayed in the 1AR.

When the system stops, the SEREP should be run, and the
resulting printout given to the |IBM Customer Engineer., The
I1PL procedure is required to restart the system.

There are three types of W conditions, distinguishable
by the pattern displayed in the AR as well as by
information placed i~ low storage

X"70FOFC"

A program check occurred within the DCS or APL
supervisor. (This is a relatively rare occurrence., A
storage dump should be obtained and forwardeag with ¢ copv Of
the APL Linkage Edit map and a DOS Supervisor l.sting to the
APL orogram author.

X'555555"

An 170 error occurred on SYSRES which prevented a phase
from being loaded into storage. SYSRES not in 3 reaidy
cendition is one of the possible causes. 1f this condition

persists when SYSRES otherwise appears to be operaticnal,
regard it as a channel! or control unit failure.

x'505050"

A catastrophic channel or control unit failure occurr
~Fich was detected in channel status but did not result in
macaine check interruption. When this napoens frequenati,,
the !BM Customer Engineer shcull he notified. The tailing
channe! and unit address are placed in low storage as
Jescribed in C22-5022, DOS Operating Guide.

ed

Note: On System/360 Models 65 and larger, the value
displayed in the IAR may be 8 greater than shkown above



time
step
is the
cPu

Job Step CPU
a job

the left
The

Whenever
terminated.

Partition
00S.
step

added to
a message of the form:
CPU cputime
SYSLOG. The time printed to
which the job

has been
at

Jopb step LPU accounting.
accounting
terminates,
time jobname
is printed on
time of day

id

Vi Noal z O
M C _—
9 3 Ed
[ [e] - O
=] ¢ - o J
el - -~
W o D w0
(%] - o ou.
o]
. ™
Y - x
e T £ - =
— C - -
o ’l‘ = .
s . w =
£ w O o
W c > wi
Fel v o — X
— @ - (&)
el <L
- o - < » 5
) c 3 w <C
—n N ow o>
[ [ - = <&
[e] E o
- o o - << o
— v O a a
@ ol -— <T
— O - > o
Qa LW o Lt
E o wd
o - . —“ o ws
o oo —w ]
—Q W I = [=]
v 3 - z=Z
£ = 9 <( Q
Ed wv Z a %]
o e -
ey o w >0 —
L L0 - b
[& U] (&
© L el << 2
@ . C - ) <
a0 w3 z (&
= > 1 Z
£ ¥ O w
- C n T — a
o - .- O b= =
N C O < w
) =} z —
c®© - — o
—— [T S <
4+ b o v [@ 4
o - o
D= [ S o
o c [VRCTEE. S S
o D won - €
O Q@ S L @ Zoo ~—
°E oo < <C U W

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 325°%
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 Selectrice | NA 1167987 1167987
Keys, APL Keyboard RPQ M40174 | RPQ M40174 | RPQ M40174
Character Spacing, 10 per inch 9104 9104 3104
Line Feeding, 6 per inch 9435 9435 9435
Accelerated Carrier Return 1006 NA NA
Notes. NR: feature is standard equipment, or is not required.
NA: not available (July 1968).
The numbers arxe I3M~domestic identifications.
Table 1: RECOMMENDED FEATURES AND OPTIONS FOR TERMINALS




Operator gommands.
operator commands,

the complete specifications of DOS

see C22-5022, DOS Operating Guide. Those

commands which carry special restrictions or notes when used
with APL are given in Table 2.

COMMAND

NOTES

ALLOC id=nK

ASSGN SYSxxx,X'cuu'

HOLD id

MSG id

SET

TIMER id

Must not be given while APL s
active, since it will cause APL to
terminate with a program check.

Sharing an APL library or swapping
disk with another partition will
degrade system performance.

This version of DOS atlows
foreground units to be pre-assigned
during system generation and held.

APL does not accept messages from
SYSLOG.

For accounting reasons, the time
and date cannot be changed while
APL is running, and care should be
taken to ensure that the correct
values are set prior to APL
initiation. While APL is active,
SET CLOCK is completely ignored,
and SET DATE is ignored by APL.

The timer must be assigned to the
foreground 1 partition when APL is
initiated, otherwise APL
initialization will terminate
because of an illegal SVC.

Table 2: NOTES AND RESTRICTIONS ON DOS OPERATOR COMMANDS

INITIATING APL\ 360

APL is initiated by a series of foreground initiation
commands entered from SYSLOG or from a card_ reader. A
complete procedure is shown below. Physicgl un!t ad@ressgs
and storage allocation conform to the configuration given in
APL\ 360: System Generation and Library Maintenance, Appendix
B: Example System Generation.

If an error is encountered during ipitializatiop, APL
will print a message on SYSLOG and terminate. Details of
these messages appear in Appendix A.

ple initiation les, messages
Exampl intti i procedures. In SYSLOG examp ,

printed by DOS are upper case and those typed by the DOS
Operator are lower case.

Mount APL swapping and library disks (on 172 and 173)

SYSLOG:

BG 1100A READY FOR COMMUNICATIONS

BG alloc f1=210K see note 1
BG stop see note 2

(press 1052 REQUEST)
AR 1160A READY FOR COMMUNICATIONS
AR start f1 see note 3

a) Initiation from SYSLOG:

F1 assgn sys005,x'172' see note U4
Fl assgn sys006,x'172"'
F1l assgn sys007,x"'173"
F1l exec aplsmps see note
F1 APL S RUNNING see note

o w

b) Initiation from the card reader. Cards in reader:

ASSGN SYS005,Xx'172" see note 4
ASSGN SYS006,X'172"'
ASSGN SYS007,x'173"'

EXEC APLSMPS see note 5
SYSLOG:
F1 read x'00c' see note 7

F1 APL IS RUNNING



1. The required storage allocation may be
pre-specified. (See APL\360: System Generation and
Library Maintenance, Step 4). If this has been

correctly done, and the allocation has not been changed
by the DOS operator, the alloc command is not required.

2. If a background batch stream has been interrupted
with a pause command so that the alloc command can be
given, resume background processing by entering EOB
rather than stop.

3. This command requests initiation of the foreground
1 partition. APL always runs in foreground 1.

b, Foreground logical units may be pre-assigned (see
APL\360: System Generation and Library Maintenance,
Step 4)., If the correct units for APL have been
assigned, and the assignments have not been changed by
the DOS operator, the assgn statements are not
required.

5. The exec aplsmps statement causes APL to be loaded
into storage and APL initialization to begin.

6. Indicates that APL initialization was successful.
(See Appendix B for details of messages printed on
SYSLOG).

7. Specifies that foreground initiation commands are
to be read from card reader 00c.

After the message APL IS RUNNING, the operator should
sign on the APL recording terminal. The sign-on procedure is
described in detail in APL\360: User's Manual.

After connecting the recording terminal, the operator
signs on by entering

)314159
when this is correctly entered, APL responds with
OPR) time date CPERATOR

APL is now fully initialized, and APL users can begin
signing on.

THE APL\360 RECORDING TERMINAL

Any terminal signed on with the account number 314159,
which s the operator's number, 1is the APL recording
terminal. |t is similar to any other APL terminal with the
following exceptions:

1. Its keyboard is normally locked. The operator must
signal attention to unlock the keyboard, prior to
making an entry.

2. It is always privileged and all privileged
commands and operations can be executed from it.

3. Qutput to it cannot be cancelled by signalling
attention. Interrupted output is retransmitted.

4, It receives messages from APL.

The recording terminal must be signed on and locked to
allow other APL users to sign on.

The recommended device for the APL recording terminal
is an |IBM 2741 Communications Terminal with the Interrupt
feature. It may be connected by dial-up data set or by a
fixed connection. Other terminals may be wused, but some
means of signalling attention is required.

See Table 1 for details of terminals recommended for
APL.

APL recognizes the operator by his account number,
which is 314159, The first terminal signing on with this
number becomes the recording terminal: it is therefore
advisable to protect the operator's number with a password.



APL 360 PRIVILEGED COMMANDS

The system commands described here are privileged, and
may be used only at a privileged terminal. The recording
terminal is the only terminal which automatically becomes
privileged. Like all APL system commands, these must begin
with a right parenthesis and end with a carriage return.
| tems enclosed in brackets are optional; all others must be
given. The brackets are not typed when entering a command.
| tems are separated by spaces.

Definitions

number Account number or public library number.
Numbers 1 through 999 are reserved for public
libraries. User account numbers are numbers
1000 through 2147483647. A user's account
number is also his library number.

key or lock A password of 1 to 8 alphabetic or numeric
characters, set off from the preceding text
by a colon.

wsid Library number and workspace name, or
workspace name alone, as required.

userid ldentification which is printed with the
sign-on acknowledgement. It consists of from
1 to 11 characters, the first of which must
be alphabetic; the remainder alphabetic or
numeric.

port A number assigned to a Transmission Control
Unit 1line position by APL during system
generation.

quota One less than the maximum number of stored
workspaces a user may have at one time.

Command Definitions. Numbered responses refer to
Table 3, System Commands, and the four additional trouble
reports (17 to 20) listed in a later section.

YAZD  number userid [lock] quota-adjustment

Purpose: Enroll a user, change a wuserid or account
lock, adjust a gquota, or add a public
library.

Normal response: none.

Trouble reports: 1, 16, 17, 18, or 19.

Notes: A password may be changed by the APL operator
but may not be removed. If no lock is given,
the password remains unchanged.

The quota-adjustment is additive - an integer
increases it by the specified amount, an
integer preceded by a negative sign (upper
case 2) decreases it. A gquota-adjustment of
zero leaves the quota unchanged.

Although they must be given, the name, userid
and gquota-adjustment for a public library are

meaningless. However, each public library
must be added before it becomes available for
use.
nNCE S port
Purpose: Force an ending to a user's work session.

Normal response: A sign-off message when the forced
sign-off is complete.

Trouble reports: 16.

Notes: If no response is received after several
seconds, retry the command. There are certain
periods during execution when a user cannot
be forced off.

) ELETE number

Purpose: Remove an account number or public library
number from the system, or delete a public
library.

Norma! response: none,.

Trouble reports: 1, 9, 16, or "FOP #HIS ». . 7 =07,

Notes: A1l workspaces associated with the library
must be dropped before a ) LZ7E command will
be accepted.



|

up to 120 characters of text

Purpose: Deliver a message to users as they sign on,

Normal response: none.

Trouble reports: 16.

Notes: VH followed immediately by a carriage
return deletes the previous message.

T4
X

up to 120 characters of text.

Purpose: Broadcast a message to all signed-on users.

Normal response: none.

Trouble reports: 16.

Notes: A broadcast message will interrupt <certain
user operations, and so should be wused only
when an urgent message must be transmitted.

JEIFA up to 120 characters of text.

Purpose: Simultaneous )HI and )F4 commands.
Normal response: none.
Trouble reports: 16.

YLOCK  number

Purpose: Bar a user from using APL\360.

Normal response: none.

Trouble reports: 1, 16,

Notes: This does not affect the Jlocked wuser's
library. When the locked user attempts to

sign on he will receive the trouble report
NUMBER LOCKED 0UT .,

JPRIV port

Purpose: Privilege the terminal on the specified port.
Normal response: none.
Trouble reports: 16.

Notes: A privileged terminal has access to all
privileged system commands and operations
until signed off. The command has no effect

if there is no terminal signed on the
specified port. The privilege may be removed
only with a )BOUNCE command.

YUNLOCK number

Purpose: Reinstate a previously barred user.
Normal response: none.
Trouble reports: 1, 16.

Purpose: List ports in use.

Normal response: A list of ports in use and
corresponding account numbers and user ids.

Trouble reports: 16.

Trouble reports 1 through 16 are given in Table 3 and are
discussed in detail in APL'360: User's Manual, parts 1 and
2.

The following additional trouble reports may be
received at a privileged terminal. in all cases, the
operation requested by the system command which resulted in
the error is not performed.

17
The library disks are full. Workspaces must either
be deleted to provide rcom for new saved workspaces, or
the amount of disk space available for the APL users'
library must be increased.
18 MAN TARLE FULL
There is not enough space in the APL user
directories to enroll more wusers. Accounts must be
deleted, or the number of directories increased before
new accounts can be added.
19 LIBRARY TABLE FULL
There is not enough space in the APL library
directories to contain pointers to new saved
workspaces. Workspaces must be dropped, or the number
of directories increased before new workspaces can be
saved.
20 DIRECTORY ERROUR

This indicates that the library directories have
been damaged during APL operation. They may have to be
restored from a backup tape.



APL 360 SYSTEM COMMANDS

These commands are shown in Table 3 and described in
APL 360: User's Manual. Additional functions or
restrictions at a privileged terminal are noted below.

YJOFF
YCONTINUVE
The APL Operator signs off in the same manner as

another APL user. Users already signed on continue
unaffected, but no further users may sign on.

YLIB

JSAVE

YDROP

A privileged terminal may perform these operations
with respect to any library. A workspace stored in
another user's library comes under his full control as
if he had saved it himself,

VYT
YMOGN
There is no distinction between these commands,
since the keyboard of the recording terminal always
remains locked after the message has been delivered.
Messages from the operator are never preceded by the
character Z.

YCOFY
YPCOPY
Copy operations may abort with wunpredictable
errors when attempted from the recording terminal.

Passwords on saved workspaces are inviolate and there is
no way that even a privileged terminal can learn a password.
'f a user saves a locked workspace and then forgets the
password, his only recourse is to drop it.

Account passwords can be changed at a  oprivileged
terminal by an )427command, but cannot be removed.



COMMAND FORM'¢.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.

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

YIFE H.7. [LOCK] PORT, TIME,DATE,USER CODE; TIME USED 16
TC4 End work session and store active workspace.

YCONTIN' i [LOCK] [TIMF ,DATE, ONTI[NUF); PORT,TIME,DATE,USER CODE; TIME USED 6 16
TC5 End work session, store active workspace, and hold dial-up connection.

Y ONTINGE f#oli [LOCK] [TIME,DATE, CONTINUE]; PORT,TIME,DATE,USER CODE; TIME USED 6 16
WCl Activate a clear workspace.

YCLEA#H 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.

YCOPY WSID [KEY] NAME SAVE(, TIME , DATE 6 789 10 16
WC3a Copy all global objects from a stored workspace.

}COPY WSID [KFY] JAVED,TIME,DATE 6 7 8 10 16
WC4 Copy a global object from a stored workspace, protecting active workspace.

YPCOPY WSID [KEY] NAME . 4VF.,TIME,DATE; [N0T CUPIEU:,LIST OF OBJECTS] 6 789 10 16
WC4a Copy all global objects from a stored workspace, protecting active workspace.

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

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

JERA.E NAME([S) [#or »FavE2: ,LIST OF OBJECTS] 16
WC7 Set index origin for array operations.

YorpIGIN INTEGER,0-1 WA ,FORMER QORIGIN 16
WC8 Set maximum for significant digits in output.

Y1377 INTEGER,1-16 +A. ,FORMER MAXIMUM 16
WC9 Set maximum width for an output line, TROUBLE REPORT FORMS

JWILTH INTEGER,30-130 Wil ,FORMER WIDTH 1 NUMBER NOT IN SYSTEM 16
WC10 Change workspace identification. 2 INCORRECT S1GN-ON

)WSID WSID //_,FORMER WSID 3 ALREADY SIGNED ON 16
LC1 Re-store a copy of the active workspace. | 4 A/MBER IN USE

YIAVE TIME ,DATE,WSID 5 NIUMBER LOCKED 2UT 6 12 13 14 16
LCla Store a copy of the active workspace. 6 NIT WITH OPEN DEFINITION

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

YIEOP WSID TIME,DATE 9 t'HSECT NOT FOUND 7 14 16
IQlL List names of defined functions. 10 w0 FULL

Y. [LETTER} FUNCTION NAMES 1Y NOT GEOUPED, NAME 1IN USE 16
IQ2 List names of global variables. 12 wOT SAVED, WS QUOTA USED UP

JVARJ [LETTER] VARIABLF NAMES 13 N7 JAVED, THIS WS IS WSID 16
IQ3 List names of groups. 14 [MPROPER LIBRARY REFERENCE

)GKHPS [LETTER] GROUP NAMES 15 MESSAGE LOST 16
104 List membership of designated group. \L6 TNCORRECT COMMAND

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

)T SEQUENCE OF HALTED FUNCTIONS 1le
IQ6 List halted functions and associated local variables (augmented state indicator).

YoV SEQUFNCE OF HALTED FUNCTIONS WITH NAMES OF LOCAL VARIABLES 16
IQ7 Give identification of active workspace.

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

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

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

YPORTS CODE PORT NUMBERS 16
CM1 Address text to designated port.

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

}¥37 PORT [TEXT) SENT 15 16
CM3 Address text to recording terminal (APL Operator).

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

YOPE [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.
WSID: library number and workspace name, or workspace name alone, as required.
See insert table of trouble report forms.

3.
4.

Table 3: APL\360 SYSTEM COMMANDS



APL\ 360 OPERATOR'S LOG

There are three types of messages logged on the
recording terminal:

1. Messages in response to commands or actions by the APL
Operator. These are described in APL\360: User's Manual, and
in the section of this manual dealing with APL\360
privileged commands.

2. Messages from APL users. APL users send messages to the
operator with either the JOFPR or the 12PR¥ command. These
mes sages have the form:

217 iR WHEN I THE SYSTEM SJOING DUWNZ
p PLEASE SEND UP SOME COFFEE.

Y

The number preceding the <colon is the number of the

port from which the message was sent. |If the character *» Is
printed, the sender has used ) "7 and left his keyboard
locked so that he may receive a reply. |f not, the user has

used VY'PRL and is not awaiting a reply.

Any message to the operator from a user before he is
signed on Tlocks his keyboard, and he may not proceed witn
his sign-on until the cperator has replied.

3. Disk error log.
T tocuu,SENSE=sense, Y track
APL will attempt to re
“““““ Sens

operation 10 times. A
unsuccessful try.

over b
messag

1S
~
—y
v~
by
an

The code printed for o indicates the APL disk cperation
in progress when the error occurred:

2 Swapping works r
|f unrecoverable, the swapping tracks on which the
error occurred will be abandoned, and the
corresponding terminal will receive the message:
TLEAR WS

If insufficient swapping area remains, APL stops
as described in operation 6.

b4 Directory read.
The APL Supervisor will attempt to read the

alternate copy of the directory.

6 Write into the APL library.
If unrecoverable, the APL Supervisor stops by
entering a program loop with atl interrupts
disabled. This only happens when there s
something seriously wrong with the disk, and the
{BM Customer Engineer should be notified.

8 Alternate directory write.
If wunrecoverable, APL stops as described in
operation 6.

A Read from the APL library.
if unrecoverable, the library read operation will
be abandoned, and the initiating terminal will
receive the message
CLEAE WO

Z Second directory read.
APL will attempt to read the alternate copy.

m

Primary direcrory write.
If unrecoverahie, APL steps  as  described in
operation 6.

cuu is the channel and wunit address of the disk on
which the error occurred.

sense contains sense bytes 0 through 3, indicating the
rype o error that occurred,

track is the hexadecimal address of the cylinder ani
track on which the error occurred,

Operation: Swapping read.
Device: 172
Error: No record found.

Address: Cylinder 1, track 5.



BYTE 0 BYTE 2

Bit|Meaning Bit|Meaning

0 {Command reject 0 | Unsafe

1 |Intervention required 1 [ Not used

2 |Bus out check 2 | SERDES check

3 |Equipment check 3 |CU tag line check

4L |Data check 4 | ALU check

5 [Overrun 5 |Unselected status

6 |Track condition 6 | Not used

7 |Seek check 7 | Not used

BYTE 1 BYTE 3

Bit|Meaning Bit|Meaning

0 [Data check in count 0 |Ready

1 | Track overrun 1 |0n line

2 | End of cylinder 2 |Unsafe read

3 |invalid sequence 3 |Unsafe write

4 [No record found 4 | Not used

5 |File protected 5 | End of cylinder

6 {Missing address marker 6 | Not used

7 |Overflow incomplete 7 | Seek incomplete

Table 4: SENSE BYTE INFORMATION FOR 2311 AND 2314 DISKS

TERMINATING APL\360

The foreground 1 partition containing APL may be
cancelled whenever the DOS Operator is able to communicate
with the DOS Attention Routine. APL should be cancelled
only after all users, including the APL Operator, have
signed off.

The following seguence on SYSLOG cancels APL:

(press 1052 request)

AR 1160A READY FOR COMMUNICATIONS

AR cancel f1

AR (eob)

Fl time APLSMPS CPU cputime

F1 JOB APLSMPS CANCELLED DUE TGO OPERATOR INTERVENTION

OPFNS, THE OPERATOR'S WORKSPACE

A workspace of system functions is distributed in the
APL Operators library. Before it can be properly used, this
workspace must be initialized as follows:

YLOAD OPFNS
SAVED time date
INITIALIZE

The initialization function will request certain
information and initialize the workspace. When the
initialization has been accomplished, it should be saved
again as follows:

YSAVE OFFNS
time date

A function which describes the use of the Operator's
workspace can be executed by loading it and entering:

OPFNS

The functions in the Operator's workspace may be used
only from a privileged terminal.



APPENDIX A

SYSLOG MESSAGES DURING APL INITIALIZATION

F1 APL 1S RUNNING

Reason: The APL supervisor has taken control and the APL
Operator may now sign on.

F1 JOB APLSMPS CANCELLED DUE TO INVALID ADDRESS

Reason: The address specified in the PHASE APLSMPS
statement included in the APL Linkage Edit (System
Generation Step 9) is lower than the origin of the
foreground 1 area.

Correction: Use an alloc command from SYSLOG to allocate
the required foreground 1 storage.

F1 INSUFFICIENT SWAP AREA

Reason: The number of cylinders allocated for swapping is
too few.
Correction: Repeat as necessary, System Generation Steps

10, 11, and 12.

F1 INSUFFICIENT CORE STORAGE

Reason: The address specified in the PHASE APLSMPS
statement included in the APL Linkage Edit is too
high.

Correction: Repeat System Generation Step 9.

F1 ERROR IN DS LABEL, SYSnnn

Reason: The disk mounted on the file assigned to SYSnnn
does not contain the label expected by APL. Most
of ten, the wrong disks are mounted or the APL disks
are incorrectly assigned.

Correction: When this message is received during APL
initiation inmediately after a system generation,
check and repeat as necessary, System Generation
Steps 10, 11, and 12. In other cases, check APL
disk mounting and assignment.

F1 LIBRARY DEVICES DIFFER

Reason: APL Library disks must all be 2311's or all
2314's.

F1 INVALID DEVICE TYPE, SYSnnn

Reason: sYsmnn is not assigned to a disk.

Correction: Assign SYSnnn to the proper disk file.

F1 OVERLAPPING LIBRARY EXTENTS

Reason: Library extents contained in two labels on the
same disk overlap. . s
Correction: Repeat as necessary, System Generation Steps

10, 11, and 12.

F1 JOB APLSMPS CANCELLED DUE TO DEVICE NOT ASSIGNED

Correction: tf this message accgmpanies any of the
preceding three, it can be |gnorgd. | f pot, use a
L1STIO F1 command to determine which logical units
specified in System Generation Step 7 are not
assigned.

F1 INTERVAL TIMER NOT STEPPING
F1 PLEASE ENABLE AND SET CLOCK.

Reason: The Interval Timer is disabled. )

Correction: Enable the timer and set the correct time of
day with a set command in the background
partition.
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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 NK 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 Selectrico | NA 1167987 1167987

Keys, APL Keyboard RPQ M40174 ] RPQ M40174} RPO M40174
Character Spacing, 10 per inch 9104 9104 9104
Line Feeding, 6 per inch 9435 9435 9435
Accelerated Carrier Return 1006 NA NA

Notes. NR: feature is standard equipment, or is not required.
NA: not available (July 1968).
The numbers are IBM-domestic identifications.
Table 1: RECOMMENDED FEATURES AND OPTIONS FOR TERMINALS
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System resources used by APL\360, while active:

Approximately 200,000 bytes of main storage.
A minimum of one 2311 (or 2314) Disk Storage Drive.
A minimum of one 2702 line position.

Modifications to DOS have been confined to the DOS core
resident supervisor, program number 360N-CL-453, in such a
way as to maintain compatibility with DOS Version 3 if the
supervisor is generated as described in this manual. The
following areas are affected:

01d and new PSW areas of prefix storage.
Diagnostic scanout area.

General Cancel,.

General Exit.

Communications Region.

Genera! Entry.

Channel Scheduler.

Start 1/0 Routine.

1/0 Interrupt Routine.

Error Recovery Exits.

Fetch Subroutine.

SVC Interrupt Routines.

Program Check Interrupt Routine.
Constants and Equates.

THE APL\360 SYSTEM GENERATION PROCEDURE

The procedure required to generate anr operational
system is similar to the procedure described in C24-5033,
DOS System Generation and Maintenance. A1l of the steps
below must be completed before APL can be fully operational,
and they must be performed in the order shown.

Separate maintenance and operational SYSRES volumes may
be created as described in DOS System Generation and
Maintenance. The source and relocatable modules listed in
Appendix A may be deleted from the Relocatable and Source
Statement Libraries on the operational pack only.

Steps required to generate DOS and APL.

1. Restore the distributed system tape to a
system residence disk.

IPL the restored system.

Initialize the SYSRES label cylinder.

Assemble and catalog the D0OS supervisor.

Assemble and catalog the APL configuration.

Estimate APL swapping and storage requirements.

Assemble and catalog APL disk parameters.

Linkage edit the APL utility program.

Linkage edit APL.

10. Label APL swapping and library disks.

11. Restore the distributed APL library.

12. Initiate APL,

13. Condense all libraries.

.

WO~V £ W

A complete example system generation is shown in
Appendix 8.



Step 1: Restore the distributed system tape to a system
residence disk.

This procedure is described in C24-5033, DGS System
Generation and Maintenance, (about page 20).

The distribution tape appears as follows:

IPL

Initialize disk program
Tape mark

1PL

Restore program

File identification record
File label information

APL and DOS System

Tape mark

Tape mark

This step consists of 2 parts: initializing the SYSRES
disk or bypassing the initialization, and restoring the
system to disk. BPS error messages are summarized in
Appendix C.

BES control]l card parameters.

yy - year, 00 to 99 decimal.
ddd - day of the year, 001 to 366 decimal.

cuu - hexadecimal 1/0 channel and unit address.
Dd - D1 for 2311 disks,

- D3 for 2314 disks.
Tz - T2 for 9 track tape,

- T1,Xx'90' for 7 track tape.
Initialize the SYSRES volume.

A DOS SYSRES must have the VTOC on cylinder 199.
Either the BPS Initialize Disk program supplied on the
distributed system tape, or DASD! may be used. The

following procedure is required when the BPS program s
used:

a) Place the following cards in the card reader:

// JOB INTDSK

// DATE yyddd

// ASSGN SYSOPT,X'cuu',Dd (Disk to be initialized)
// ASSGN SYSLOG,X'cuu',Cl (1052 printer keyboard)
// ASSGN SYSLST,X'cuu',L1 (Printer)

// EXEC

/7 UID A

// VTOC STRTADR={0193000),EXTENT=(10)

VOL1APLSYS

// END

b) Set the address of the tape drive containing the
distributed system tape on the CPU load unit switches.

c) Press LOAD,

d) When the WAIT light comes on, press START and EOF
on the card reader.

e) The message "EOJ" will be printed on the 1052 when
the initialization is complete.

Alternative: Bypass SYSRES initialization.

if the disk has been previously initialized, the
Initialize Disk function on the distributed system tape can
be bypassed as follows:

a) Place the following cards in the card reader:

// JOB [NTDSK

// DATE yyddd

// ASSGN SYSLOG,X'cuu',Cl (1052 printer keybecard)
// ASSGN SYSIPT,X'cuu',Tz (Distribution tape)

// FYLES SYSIPT,1

b) Set the address of the system tape on the CPU load
unit switches.

c) Press LOAD.

d) When the WAIT light comes on, press START and EOF
on the card reader.

e) The tape will space, and the following message will
appear on SYSLOG:

0600C
4000 A
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After initializing the disk, or bypassing the
ilnitialize function:

a) Do not rewind the distribution tape.

b) Place the following cards in the card reader:

// JOB DISRST

// DATE yyddd

// ASSGN SYS000,X'cuu',Dd (lnitialized disk)

// ASSGN SYSLST,X'cuu', L1 (Printer)

// ASSGN SYSL0G,X'cuu',Cl (1052 printer keyboard)

// ASSGN SYS002,Xx'cuu',Tz (2nd reel, 2314 sysgen only)
// EXEC

c) |IPL the distributed system tape.

4) wWhen the WAIT light comes on, press START and EOF
on the card reader.

Step 2: IPL the restored system.

Since the distributed system contains no physical or
logical unit blocks, these must be added during the IPL
procedure with ADD and ASSGN statements. This procedure is
described in both C€24-5033, DOS System Generation and
Maintenance, and in C24-5022, DOS Operating Guide.

Step 3: lInitialize the SYSRES label cylinder.

The distributed system contains no standard labels, and
these must be placed on SYSRES by the procedure described in
C24-5033, DOS System Generation ana Maintenance.

Step 4: Assemble and Catalog the DOS Supervisor

This step creates a DOS supervisor which will support
APL on a particular system configuration. A program
consisting of a sequence of macro calls is assembled to
obtain a relocatable object deck. This deck is then 1ink
edited and catalogued in the Core Image Library.

DOS Superviscr Macros are described in detail in C24-5033,
DOS System Generation and Maintenance. APL requires that
the DOS supervisor have the specific parameter values shown
in Table 2. Parameter values which are not shown may be
specified as described in DOS System Generation and
Maintenance.

MACRO REQUIRED PARAMETER VALUES
SUPVR SYSTEM=0| SK,
MPS=YES,
TP=APL,
MICR=NO
CONFG SP=YES,
DEC=YES,
FP=YES,
TIMER=YES
SThJC All parameters are optional
FOPT 1T=F1,
PC=YES,
CCHAIN=YES,
DASDFP=NO,
SKSEP=NO,
CE=NO
P10CS SELCH=YES,
BMPX=NO
ALLOC See note a
I0TAB A1l parameters are optional
DVCGEN See note b
—
ASSGN See note c
HOLD See note d
SEND x'2800" required for a 10k Supervisor. (A
larger supervisor may be generated
if desired.)
Table 2: REQUIRED DCS SUPERVISOR PARAMETER VALUES




Notes tc Table 2:
a. ALLOC Fl=nk,F2=mK

Storage allocation is optional, and may be
controlled in the usual way by the machine operator.
(See C24-5022, DOS Operating Guide.) However, it will
often ease APL initiation if the foreground 1 partition
is pre-se! to the size required. The calculations to
determine the storage allocation required for APL are
describzac¢ in Step 6.

b. DVCGEN

DVCGEN calls for 2702 or 2703 1lines are not
required for APL, since these are included in the APL
configuration.

c. ASSGN

The ASSGN macro has been modified so that logical
units belonging to a foreground partition may be
pre-assigned.

Example: ASSGN SYS004,X'170',F1

The partition (Fl, F2 or B8G) is included fellowing the
physical unit designation.

APL\360 library files must not be assigned to SYSO004 or
SYS005.

d. HOLD F1 (and/or HOLD F2)

This macro sets the "HOLD bit'" in the appropriate
PIB. This is particularly useful when logical units
within foreground partitions are initially assigned,
since the assignments will be held when the partition
terminates or is cancelled. The "HOLD" can, of course,
be overridden by the Machine Operator with a RELSE
command., (See C24-5022, DOS Operating Guide.)

DOS Supervisor Assembly Diaggnostics. These diagnostics fol-
Towing the Supervisor assembly may be ignored:

1JQoue AT LEAST ONE RELOCATABLE Y-TYPE CONSTANT IN
ASSEMBLY

1JQ037 MNOTE STATEMENT

1JQ0&1 UNDECLARED VARIABLE SYMBOL

The gQﬁ supervisor link edit. The relocatable object deck
optalneq from the assembly of the DOS Supervisor must be
Tink edited as described in C24-5033, DOS System Generation
and Maintenance.

Distributed DQS supervisor. The following deck was used to
a§semble the supervisor which s contained on the
distributed system tape.

// EXEC ASSEMBLY
SUPVR SYSTEM=D!SK,MPS=YES, TP=APL
CONFG MODEL=50,SP=YES,DEC=YES,FP=YES, TIMER=YES
STDJC DUMP=NO
FOPT 0OC=YES,IT=F1,PC=YES,TEB=10, CCHAIN=YES, CE=NO
PIOCS SELCH=YES, TAPE=7
10TAB BGPGR=25,F1PGR=10,JIB=20,CHANQ=25, | 0DEV=50
SEND Xx'2800'
END

/*

Step 5: The APL\360 Configuration

A program consisting of a sequence of configuration
macros must be assembled to obtain a relocatable object
deck, which must be catalogued in the Relocatable Library.
This program tailors APL to a particular system by
determining the following:

1. The device addresses of all 2702 or 2703 lines to
be used by APL\360.

2. The amount of core storage required.

3. The size of the swap area on disk.

The APL configuration will normally assemble without
error. 1f, however, an APLDEV statement for a device
address greater than X'7F' has been included, the following

ASSEMBLER diagnostic will appear spuriously:

DATA ITEM TOO LARGE



OPERATION OPERAND COMMENT
APLSCONF DIRS=d The number d should be prime. 1t
(DIRS=11) specifies the number of user
directories in the APL library.
Each holds about 400 wusers and
requires 21 tracks (2311) or 10
tracks (2314).
INCORE=i Specifies the number of APL users
(1NCORE=3) in storage concurrently (minimum of
2). Each uses 36,864 bytes.
COPIES=c Specifies the number of concurrent
(COPIES=10) copy operations allowed; further
requests are deferred. This value
affects the amount of disk swapping
area required.

APLDEV X'uu! APLDEV must be called once for each
2702 or 2703 address, in ascending
order by device address. X'uu' is
the device address of the 2702/3
line on the multiplexor channel.

(TYPE=AMBIG) Specifies the type of device on
TYPE=1050 2702/3 address X'uu'. TYPE=AMBIG
TYPE=2741 is required for a dial-up device.
TYPE=TS4L1 For a fixed connection, the correct

type must be spescified as indicated
(TS41 denotes a 2741 with PTTC/EBCD
keyboard; 2741 denotes standard
Selectric).
SAD=SADO Specifies the terminal control
(SAD=SAD1) address wired to the corresponding
SAD=SAD2 2702 line. Field Engineers can
SAD=SAD3 supply this data. The SAD
specified for a 2703 is irreievant.
APLSEND none Must follow the last call of APLDEV

and precede the END card.

Note: A number must be

as a lowercase letter,.

alternati

ves are shown.

parentheses.

substituted for each parameter shown
In other cases, all of the possible
The default values appear in

Table 3:

APL CONFIGURATION MACROS

When a configuration deck is satisfactorily assembled,
the relocatable object deck is catalogued in the Relocatable
Library by the following job:

// JOB CATCONF
// EXEC MAINT
relocatable object deck is placed here
/*
/&

Step 6: Estimating APL Swapping and Storage Requirements.

Swapping requjrements. The disk area reserved for APL
swapping must be large enough to contain the maximum number
of active workspaces possible in a particular system

configuration. This number is equal to:

The number of APLDEV calls, plus the value specified for
COPIES, plus two, minus the value specified for INCORE. (See
the parameters to the APLSCONF macro, Table 3.)

Each active workspace requires 10 2311 tracks or 5 2314
tracks. The total number of tracks required is then the
number of workspace areas required, multiplied by the
appropriate number of tracks per workspace.

Note: It is advisable to allow one or two extra workspaces,
since a set of tracks for a workspace in the swapping area
which contains a flagged bad track will be abandoned.

Core storage requirements. The APL supervisor and
interpreter require 72000 bytes. In addition, 36864 bytes
are required for each user in core (INCORE=c), and 600 bytes
for each 2702 or 2703 line (i.e. APLDEV statement). The
total must be rounded up to the next multiple of 2048 for
storage protection block alignment. The value required in
an alloc statement (see Step U4) is then the total storage
required by APL divided by 1024k,

The corresponding value specified in the PHASE APLSMPS
statement (see Step 9) will be the machine core size in
multiples of 1024 minus the storage required by APL,



Step 7: Assemble and Catalog APL Disk Parameters

APL\360 determines the physical addresses, device
types, and extents of its swapping and library files during
initialization. Two items of information are required for
each file: the logical unit number and the text of the
Format 1 label, This information is provided by a
relocatable object deck obtained by assembling a sequence of
disk parameter macros. The object deck must be catalogued
in the Relocatable Library.

The sequence of APL disk parameter macros has the following
form:

SWAP APLDS n, 'swap fite label' (note a)

LIB APLDS o,'first library label' (note b)
APLDS p, 'second library label' (note c¢)
APLDI SK (note d)
END

Notes:

fn the above example, n, o and p denote the logical
unit numbers to which the corresponding devices will be
assigned prior to APL\360 initiation. The quoted field
corresponds to the text of the Format 1 label which will be
written in the VTOC of the corresponding disk pack. The text

of this information must contain no more than 44
characters, and must be identica to the text of the Format

1 labels written on the disk pack which will be assigned to
the specified logical unit.

a. The first call of APLDS nust have the identifier
SWAP, and the text must correspond to the label written
on the swapping pack. Only one swap file is allowed.

b. The second call of APLDS must have the identifier
LIB. The APL\360 wuser directories are written at the
beginning of this file. It is advisable to place this
file on a different physical device from the swap file.

Ster 7 Notes, cont.

c. When the APL library becomes too large for one
pack, additional calls of APLDS are inciuded following
the LIB APLDS statement to define additional files.
These additional calls must not have identifiers. The
number of files containing the APLA360 library is
limited to 20.

d. The APLDISK macro must follow the last call of
APLDS.

When the disk parameters have been successfully
assembled, the relocatable object deck is catalogued in the
Relocatable Library by the following job:

// JOB DPARS

// EXEC MAINT

relocatable object deck goes here
/*

/&

Step 8: Linkage Edit the APL Utility Program

The APL\360 Utility program can now be 1link edited as
foliows:

// JOB UTILLINK LINK EDIT APL UTILITY
// OPTION LINK,CATAL
INCLUDE APLSUTIL
// EXEC LNKEDT
/&



Step 9: Linkage Edit APL

The following job will linkage edit APL and catalogue
it in the Core Image Library:

// JOB APLLINK LINK EDIT APL
// EXEC MAINT
DELETC APLS.ALL
CONDS CL
[ *
// OPTION LINK,CATAL
INCLUDE
PHASE APLSMPS,F+xxK see note
INCLUDE APLSLINK
/*
// EXEC LNKEDT
/&

No te: The statement PHASE APLSMPS,F+xxK names the core
image phase of APL and specifies the location in storage
where it will be ioaded. The value to be substituted far xx
should have been determined in Step 6 (Estimating APL
Swapping and Storage Requirements).

APL Link Edit Messages. These diagnostics following the APL
storage map may be ignored:

* UNREFERENCED SYMBOLS
POSSIBLE INVALID ENTRY POINT DUPLICATION IN INPUT
CONTROL SECTIONS OF ZERO LENGTH IN INPUT
011 UNRESOLVED ADDRESS CONSTANTS (The number may vary)

Step 10: Label APL Swapping and Library Disks

During APL Initialization, the foregound 1 1~gi.
units specified in the disk parameter . 31~-e- 1y ro ~ogret o
for the associated Format 1 label- Trgss Pogmet
written on the oroper packs by a pro- .- PE ! .
in the Relocatable Lihr rv, «nt whi-h - '
follows:

a) 2311 3Systems

/v JOB DASY N

/. OPTION K,
INCLUDE A® 2311

/1 EXEC ONKTDT

/%

b} 2314 Systems

/1 JOB DASLILAL
/o GPTION LINK, TaTAL

INCLLDE Ar' (314
;o EXEC LNKE.T
/&
A set of control cards of the following for <

required for each label to be written:

// ASSGN SYSnnn, X'cuu'

// DLBL LBLDTF,'file identification', 99/365

// EXTENT SYSnnn,serial,l,1l,first-track,number-of-tracks
// EXEC DASDILBL

The DLBL and EXTENT statements are described in detail
in C24-5022, DOS Operating Guide.
Notes:

1. SYSnnn on an EXTENT statement must be the same as
SYSnnn on the preceding ASSGN statement.



Step 10 Notes, cont.

2. The first-track parameter of the EXTENT statement
must correspond to track zero of some cylinder.
(Tracks are counted from cylinder zero, track zero.
Cylinder 150, track 0 on a 2311 is track 1500, on a
2314 it is track 3000. In general, the track number is
computed from the track address by the formula
THe#+0x¥, where N is the track number, # is the head
part of the track address, C is the cylinder, and ¥=10
for 2311's and N=20 for 2314's,)

3. The number-of-tracks parameter of the EXTENT

statement must represent an integral number of
cylinders.

Step 11: Restore the Distributed APL Library

The APL utility program is used to <create the initial
set of library directories and to restore the distributed
library to the library disks as follows:

Mount .the distributed 1library tape and then run the
following job in the background partition:

// JOB CREATE APL LIBRARY
ALLOC F1=0K,F2=0K

// ASSGN SYSO004,X'cuu' Distributed library tape.

// ASSGN SYSnnn,X'cuu' Library disks.

//EXEC APLUTIL

CREATE

ACCTG 1

/*

ALLOC Fl=nK,F2=mK (Standard settings fron step 4)

/&

Note: The long accounting operation is not required (see

APL\360: Library Maintenance) but will list all workspaces
contained on the library disks, verifying that the
directories have been properly created and the distributed
tibrary restored.

) When this job completes successfully, the distributed
library has been restored to disk. For details of the
Eontents of this library, see APL\360: User's Manual, Part

Step 12: Initate APL.

When this point is reached, a complete APL system
generation has been performed. The riewly generated system
should now be tested by initiating APL\360 with a sequence
of SYSLOG operations of the following form:

BG alloc f1l=214K (amount determined in Step 6)
BG stop

(press 1052 request)

AR 1160A READY FOR COMMUN{CATIONS

AR start f1l

F1 assgn sysnnn,x'cuu’

Fl exec aplsmps

Note: One assgn statement is required for each logical unit
specified in the disk parameters assembly. Both the logical
unit assignments and the storage allocation can be preset
when the DOS supervisor is assembled. If this has been
correctly done and the DOS operator has not changed any of
the specifications, then the alloc and assgn commands are
not required.

nnn is the logical unit number specified in the APLDS
call, and

cuu is the channel and unit address of the disk on
which the pack bearing the associated Format 1 iabel is
mounted.

If the storage allocation and load address are correct,
APL will load into the foreground 1 partition, initialize
the swap area, and wait for the APL operator to sign on. The
significance of messages printed on SYSLOG during APL
initialization is described in APL\360: Operator's Manual,
Appendix A. Several seconds will elapse after the statement
exec aplsmps until the message APL 1S RUNNING is printed.
During this time, the swapping disk is being initialized and
checked for bad tracks.



At this point, the System/360 should appear idle except
for the interval timer (=een on the console »f some ~ndels)
which should be positive and cycling. The 2L  OInserator
should attempt to sign >n {(after establishirz 4 -~nnection
if his terminal is dial-uo) by entering:

Ysbelby
I1f the newly generatel system s nerating -
APL 360 will acknowiedge (-e .ign-s5n * the ~pe
fol lows:
i7y time date Fal R
The keyboard of the APL 360 operatu-'s te- ~a RN
locked unless attention is signalled.
The APL Operator ray now hegin ailing sers L e
sys tem, If the APL Operator can sudcces:*uliy 2 Y oo
system has probably been correctly generated,
A small test functi n contained n the workspace
2y can be executed from the onerator's te-minal 3>
follows:
) TEENC

This defined furction will give the operistyr a series
of instructions, allowing him to initialize the whrkspace
= which provides several utility functions.

The APL Operator should examine the contents o~ public
Tibrary 1, to which the distributicn library should have
been restored, He can do this with the comman.:

YoIs 1

which will cause a 1list of the workspaces in public
library 1 to be printed.

Some common problems:

The system enters a tight loop immediately after the
nessage APL S RUNNING.

- Check Step 11.

- Have 3 Customer Engineer verify that the proper

conditiosn zode  is being set after a S10
nstruction .» the Transmission Contr>! Unit.
- 1f the Transmission Control is control unit

X'80'  ar ahove, verify that the System/360 has
extenied bump storage.

The telepkn-~2s yriached to  the Transm'ssion  Control
mit will not answer .
- Ensure th ¢ the data-sets H»ave 5 ~er 3nd are in
the autc-3nswer mode.
- Veri©s that the proper SAD - mancs were
specified in Step 5.

L2741 keyshaard  repeatedly unincks - w”iately after
the AF! naperator e~ters .
nsure that the first haracter en ered is N
the APL kevboarAd.
- Verify that the Transmission I ntrol is at a

recent fngineering Change level.
- Try another 2741,

Step 13: Condense All Libraries

At this 2oint, 4 Lazkup copy of the 3:57E3 disk should
be created.

If separate maintenance and operational SYSRES pacrs
are to be maintained, the modules listed in Zopendix A may
be deleted from the operational pack. The fo!' wing joo will
delete the label writing program from the Coras image Lih-ary
and condense all libraries:

// JOB CONDENSE ALL LIBRARIES
// EXEC MAINT
DELETC DASDILBL
CONDS CL,RL,SL
/*
/&



SOME SYSTEM MAINTENANCE NOTES

DOS Maintepnapnce. DOS may be maintained in the usual fashion
except that:

DOS SYSTEM GENERATION MACROS MAY NOT BE REPLACED WITH
STANDARD DOS UPDATES. THEY MUST BE REPLACED WITH DOS/APL
UPDATES.

APL Library Disks. The number and organization of APL
library disks may be changed at any time by the following
procedure:

a) Use the APL Utility Program to DUMP all libraries
to tape.

b) Use DASDILBL to relabel the library and/or swap
packs (This must be done to change extents).
- See system generation Step 10.

c) tf the number of packs or data-sets is to be
changed, perform system generation Steps 7, 8, 9, and
10.

d) DISKFMT all library packs, and RESTORE the tape
dumped in step a) above.

The number of directories may be changed as follows:
a) DUMP a1l libraries to tape.
b) Perform system generation Steps 5, 8, and 9. Or,

If the library disks are to be reorganized as well,
perform system generation Steps 5, 7, 8, 9, and 10.

c) Restore the tapes dumped in Step a) above by using
a CREATE Utility program operation.

APL\360 LIBRARY MAINTENANCE

0ff-line maintenance of the APL library is performed by
the APL Utility Program, which provides the following
functions:

Library disk formatting.

Copying workspaces from disk to tape.
Copying workspaces from tape to disk.
Printing accounting information.
Creating APL library disks.

The major APL Utility error messages are given in
Appendix D.

Note: The APL Utility Program must not be used while APL is
running.

APL Utility 1/Q assignments. SYS004 and SYS005 must be
assigned to the unit{s) on which dump or restore tapes will
be mounted. The Utility opens SYS004U at the beginning of
each function requiring magnetic tape, and alternates
between SYS004 and SYS005 at end-of-volume.

A1l APL library disks must be assigned to the logical
unit numbers specified in the APL Disk Parameters assembly
(see system generation Steps 7 through 11.)

// ASSGN cards required by the Utility on a specific
configuration may be found in Appendix B, Step 11.

APL Utility Program control c¢ards. Utility functions are
specified by control cards (shown in Table 4) which contain
a function name and perhaps a parameter. Parameters may not
be omitted. The function name and parameter, if any, must
be separated by at least one blank, but may appear anywhere
on the card.



APL UTILITY FUNCTIONS

DY SKFMY - Fformat a library A library disk must be
formatted (after it has been labelled) before APL libraries
can be written on it. The parameter, a number, specifies
which disk is to be formatted. The library APLDS statements
in the APL Disk Parameters assembly (see system generation
Step 7), are numbered zero through k-1, beginning with the
call labelled LIB.

Note: DISKFMT will destroy all information in the extent to
be formatted.

DUMP - Dump all libraries to tape. A1l workspaces are
written on tape, preceded by the library directories. All

accounting information and information pertaining to
workspaces is retained. The tape to be written on is first
checked for unexpired 1labels, and if the file is accepted,
header labels are written. At end-of-volume and

end-of-file, the file name (APL LIBRARY DUMP), reel sequence
number, and creation date are printed on SYSLOG.

The parameter required on the DUMP control card
specifies the maximum tape record length. The recommended
value is 10000. The minimum value is 500.

SELDUMP - DQump selected workspaces to tape. The selective
dump operation writes on tape only those workspaces which
are.selected by cards which follow the SELDUMP statement and
which precede an END statement. These cards have the
following form:

account wsname

account - library number, rjight Jjustified in card
columns 1 - 10.

wsname -~ name of the workspace to be selected,
beginning in card column 16. If the
workspace name is omitted, all
workspaces from the selected library are
dumped. The last workspace selection

card must be followed by an END card.

The parameter which must be specified on the SELDUMP
control card specifies the maximum tape record length. The
recommended maximum length is 10000.

RESTORE - Restore libraries to disk. Libraries writtgn on
tape by a DUMP operation are restored to the library disks,
completely replacing their contents. If the tapes were
dumped by a system with a different library conflggratlon
that that which 1is to restore them, a CREATE operation may
be required.

Since the available storage on the library disks
becomes fragmented, it is desirable to perform a DQMP
followed by a RESTORE ocassionally to condense the active
storage and consolidate the available space.

SELREST - or workspaces from tape. Unlike a RESTORE
function, Sf{ﬁng does not completely replace the library
disks. Rather, the workspaces read from tape are stored in
libraries which already exist on the disks, in a manner
analogous to the )SAVE command, to the library numbers from
which they were dumped. A workspace restored to a library
which already contains a workspace with the same name will
replace it. The tapes restored by SELREST operations are
usually obtained by a selective dump. This pair of
functions is useful for exchanging workspaces between APL
systems and for recovering lost workspaces from backup
disks.

ACCTG - Print accounting. The parameter must be 0 (short
accounting) or 1 (long accounting).

A short accounting prints a summary of cumulative
connect time, cumulative CPU time, total workspaces saved,
tracks occupied by workspaces, and the quota for each user.
In addition to this information, the long accounting prints
the name, account number of the saver, and disk location of
all workspaces.

CREATE - Create an APL library. The CREATE function is
required when the number of directories contained on a
library dump tape does not agree with the number expected by
the system, and is normally used to restore the APL
libraries after the number of directories has been changed.

The CREATE function formats all library packs, converts
the directories on tape to a proper set on disk, and then
restores the workspaces.



VERIFY - disk gondition. The parameter
specifies a library file in the same manner as the parameter
to DISKFMT. The specified 1library file is checked, and
messages are logged on SYSLOG when tracks in error are
encountered.

FUNCTION ] PARAMETER COMMENT

D1 SKFMT lib Format the specified library.
DUMP block Dump all workspaces to tape.
SELDUMP block Dump specified workspaces to tape.
RESTORE Restore all libraries from tape.
SELREST

Restore a SELDUMP tape to disk.
END Terminate SELDUMP,

ACCTG 0orl Print user accounting information.
CREATE Create APL library disks.

VERIFY lib Verify ltibrary disk condition.

Table 4: APL UTILITY CONTROL CARDS

APPENDIX A

APL SYSTEM GENERATION MODULES

The following job will delete all APL system generation
modules from the Relocatable and Source Statement Libraries.

// JOB DELETE APL SYSGEN MODULES

// EXEC MAINT
DELETR APL.ALL
DELETS A, CDCOMP
DELETS A.APLDEV
DELETS A.ZSYMBOLS
DELETS A.TRCOMP
DELETS A.APLDEFN
DELETS A.PERTERM
DELETS A.DIRSECT
DELETS A,APLSCONF
DELETS A.MDVS
DELETS A.APLSYS
DELETS A.DEL
DELETS A.MAKFR
DELETS A.DIVTAB
DELETS A.MPUB
DELETS A,PCGEN
DELETS A.PDGEN
DELETS A.APLSEND
DELETS A, APLDS
CONDS RL,SL
/*

/&



APPENDIX B

EXAMPLE SYSTEM GENERATION

Configuration: System/360 Model 50 H

Device Address
1052 Console 009
2540 Reader 00C
2540 Punch 00D
1403 Printer 00E

2702 Transmission Control:
IBM & wire modems, SAD 0 020 to 02F

103A2 Dial up, SAD 1 030 to O03E
2314 Direct Access Storage 170 to 177
2400 9 Track Tape 282 and 283

Step 1l: Restore Distributed System Tape.

Restore Function,

/1
/!

// ASSGN
// ASSGN
// ASSGN
// ASSGN

/1

Int
and

Ste

JOB DISRST
DATE 68092

EXEC

erval Timer disabled,

EOF).

SYSLOG,X'009',C2
SYSLST,X'00€',L1
§Ys000,x'170',D3
$YS002,Xx'283"',7T2

in reader:

1PL 282,

p 2: |PL the Restored System

Car

ADD
ADD
ADD
ADD
ADD
ADD
SET

ds in reader:

X'009',1050A
X'00C', 2540R
X'00D', 2540P
X'00E', 1403
X'170',2314
X'171', 2314

DATE=04/01/68,CLOCK=00/00/00

Tapes mounted on 282 and 283,

Cards in reader:

// JOB INTDSK
// DATE 68092

disk for SYSRES on 170.

INITIALIZE DISK FUNCTION

ASSGN
ASSGN
ASSGN
ASSGN
ASSGN
ASSGN
ASSGN

SYSLOG,X'009'
SYSLST, X' 00E'
SYSIN, X'00C"'
SYSPCH, X'00D"
SYSLNK,x'171!
SYs001,x'171"'
SYS002,x'171"

// ASSGN SYSLOG,X'009',C1

// ASSGN SYSLST,X'00E', L1

// ASSGN SYSOPT,x'170',D3

// EXEC

// UID IA

// VIOC STRTADR=(0199000), EXTENT=(10)
VOLI1APLSYS

// END

Interval Timer disabled, 1Pl 282, ready reader (push START
and £0F).

ASS

tPL

Step 3:

GN SYS003,x'171"'

ready reader ( push START

170, ready reader (press START and EOF),

tnitialize the SYSRES Label Cylinder

Standard labels for work files:

//
/7

JOB STDLABEL

OPTION STDLABEL

DLBL IJSYSLN, "APLDOS LINK FILE',99/365

EXTENT SYSLNK,333333,1,0,20,240

DLBL 1JSYSO01l, "APLDOS UTILITY FILE 1',99/365
EXTENT SYS001,333333,8,0,260,500,9
DLBL 1JSYS02,"APLDOS UTILITY FILE 2',99/365
EXTENT SYS002,333333,8,0,270,500,19

DLBL

1JSYS03, "APLDOS UTILITY FILE 3',99/365

EXTENT SYS003,333333,8,0,1260,500,9



Step 4: Assemble and Catalogue a new DOS Supervisor

// JOB DOSSUP ASSEMBLE DOS SUPERVISOR Step 5: Assemble and Catalogue the APL Configuration.

// OPTION LIST,DECK, XREF

// EXEC ASSEMBLY // JOB CONFIG  ASSEMBLE APL CONFIGURATION
SUPVR SYSTEM=DISK,MPS=YES, TP=APL // EXEC ASSEMBLY
CONFG MODEL=50,SP=YES,DEC=YES,FP=YES, TIMER=YFS CONF TITLE 'APL CONFIGURATION'
STDJC DUMP=NO PRINT NOGEN
FOPT O0C=YES,!T=F1,PC=YES,TEB=10,CCHAIN=YES, CF=NO APLSCONF ,  DEFAULT OPTIONS
PIOCS SELCH=YES, TAPE=7 APLDEV X'21',TYPE=2741,SAD=SADO
ALLOC F1=210K,F2=0K APLDEV X'22',TYPE=2741,SAD=SADO
|OTAB BGPGR=25,F1PGR=10,F2PGR=5,J18=20 WANN='%, {IDEV=. APLDEV X'23',TYPE=2741,SAD=SADO
PRINT NOGEN APLDEV X'24',TYPE=2741,SAD=SADO
DVCGEN CHUN=X'009',DVCTYP=1059%4A APLDEV X'25', TYPE=2741,SAD=SADO
DVCGEN CHUN=X'00C',DVCTYP=2540% APLDEV X'26',TYPE=2741, SAD=SADO
DVCGEN CHUN=X'00D',DVCTYP=254.P APLDEV X'27',TYPE=2741,SAD=SADO
DVCGEN CHUN=X'00E',DVCTYP=1403 APLDEV X'23',TYPE=2741,SAD=SADO
DVCGEN CHUN=X'170"',DVCTYP=2314 APLDEV ¥'29',TYPE=2741,SAD=SADO
DVCGEN CHUN=X'171',DVCTYP=2314 APLDEY ('2A', TYPF=TS41,SAD=SADO
DVCGEN CHUN=X'172"',DVCTYP=2314 APLDEV x'28',TYPE=TS41,SAD=SADO
DVCGEN CHUN=X'173',0veTyran31e APLDEV X'2C',TYPE=TSU41,SAD=SADO
DVCGEN CHUN=X'"174',DylTY?=:3" APLDEV x'2D',TYPE=TS41, SAD=SADO
DVCGEN CHUN=X'175',DVCTYP:=2314 APLOEV X'2E', TYPE=TSU1,SAD=SADO
DVCGEN CHUN=X'176',DVCTYP=2314 APLDEV X'2F', TYPE=TS41,SAD=SADO
DVCGEN CHUN=X'177',0V2TYP=.314 APLDEV Xx'320° DEFAULT OPTIONS
DVCGEN CHUN=X'282',DVCTYP-2400T) APLDEV x'31'
DVCGEN CHUN=X'283',DYCTYP=2400T3 APLDEV x'32!
ASSGN SYSLOG, x'709" APLDEV X'33'
ASSGN SYSRDR, x'30¢! APLDEV X'34'
ASSGN SYSIPT,x'00C!' APLDEV Xx'35'
ASSGN SYSPCH, x'00D' APLDEV X'36'
ASSGN SYSLST, X'00E' APLDEV X'37'
ASSGN SYSLNK, X'171' APLDEV X'38'
ASSGN SYS001,x'171' APLDEV X'39'
ASSGN SYS$002,Xx'171" APLDEV X'3A°
ASSGN SYS003,Xx'171"' APLDEV Xx'3B'
ASSGN SYS006,X'172',F1  APL SWAP FILE APLDEV Xx'3C'
ASSGN SYS007,X'173',F1  APL LIB O APLDEV X'3D'
ASSGN $YS008,x'172',F1  APL LIB 1 APLDEV Xx'3f'
HOLD F1 APLSEND
PRINT GEN END
SEND Xx'2800' /*
END /&

[ *

/8 j; égBCCATC0$F CATALOGUE APL CONFIGURATION

EC MAIN
x gg?lggsi‘::k,CATEﬁTALOGUE NEW SUFERVISOR }}slocatable object from preceding assembly placed here.
INCLUDE T
55'0Catab]e object from preceding assembly placed here.

// EXEC LNKEDT
/&

o
w



Step 6: Estimate APL swapping and storage requirements
Step 9: Link Edit APL.

INCORFE« 3
COPTES«1¢
LINEG+ 30 // JOB APLLI{NK LINK EDIT APL
TORE« 7048 (720004 INCORPX3690+)+_IVESx600):2045 // EXEC MAINT
TORE DELETC APLS.ALL
00704 CONDS CL
CORE:11024 /*
1 // OPTION LINK,CATAL
LOADADDRESS+256-1396 INCLUDE

LIYADADDRESS PHASE APLSMPS,F+60K

-0 INCLUDE APLSLINK

¥ORKSPACES~LINES+COPIES+2-1INCORE /*

¥IRXSPACES // EXEC LNKEDT
RER]
E /&

TRACKS«S5xWORKSPACES

TRACKS
1% Step 10: Label APL Swap and Library Disks

Initialized disks with serials APL001 and APL002 mounted on
Required allocation: alloc f1=196k 172 and 173
Phase address: PHASE APLSMPS,F+60K
Reserve 11 2314 cylinders for swapping. 5; ég$lgﬁSE:hELCATktNK EDIT LABEL WRITING PROGRAM
Step 7: Assemble and Catalogue APL Disk Parameters. // ExégcthEDﬁpLLZSIH
// JOB DISKPARS ASSEMBLE APL DISK PARAMETERS /8
// EXEC ASSEMBLY
PARS TITLE ‘AEL D1SK PARAMETERS' ;5 iggGhAgségos k??g;.D'SK PACKS
i?ép ﬁgtgg g'vzgt i?épzzéég // DLBL LBLDTF,'APL SWAP FILE',99/365
“ 1 // EXTENT SYS006,APL0OO01,1,1,20,220
APLDS 8, 'APL LIB ONE // EXEC DASDILBL
é;éDISK // ASSGN SYS007,x'173!

/ // DLBL LBLDTF,'APL LIB ZERO',99/365
7% // EXTENT SYS007,APL002,1,1,20,3960

// EXEC DASD!LBL
// JOB CATPARS CATALOGUE DISK PARAMETERS // ASSGN SYS008,x'172'

// EXEC MAINT . // DLBL LBLDTF,'APL L'B ONE',99/365
Relocatable object deck from preceding assembly placed here. // EXTENT SYS008,APL001,1,1,240,3740

/* // EXEC DASDILBL
/&

Step 8: Link Edit the APL Utility Program

// JOB UTILLINK LINK EDIT APL UTILITY
// OPTION LINK,CATAL
INCLUDE APLSUTIL
// EXEC LNKEDT
/&



Step 11: Restore the Distributed APL Library

Distributed Library tape mounted on 283,

// JOB RESTORE DISTRIBUTION L!BRARY
// ASSGN SYSO004,x'283'
// ASSGN SYS007,Xx'173!
// ASSGN SYS008,x'172"'

ALLOC F1=0K

// EXEC APLUTIL
CREATE

/*

ALLOC F1=196K
/&

Step 13: Condense All Libraries.

An operational SYSRES volume is to be <created. A
separate maintenance pack will not be maintained. Instead,
the APL System Generation modules will be saved on tape, to
be restored when APL maintenance is required.

// JOB PUNCH APL SYSGEN MODULES

// ASSGN SYSPCH,Xx'282' TAPE FOR SYSGEN MODULES

// EXEC SSERV
PUNCH A.CDCOMP,A.APLDEV,A.ZSYMBOLS,A. TRCOMP
PUNCH A.APLDEFN,A.PERTERM,A,DIRSECT,A.APLSCONF
PUNCH A.MDVS,A,APLSYS,A.DEL
PUNCH A.MAKFR,A.DIVTAB,A ,MPUB,A.PCGEN,A.PDGEN
PUNCH A.APLSEND,A.APLDS

[~

// EXEC RSERV
PUNCH APL.ALL

/*

// CLOSE SYSPCH,X'00D'
/&

// J0B DELETE APL SYSGEN MODULES

// EXEC MAINT
DELETS A.CDCOMP,A.APLDEV,A.ZSYMBOLS, A. TRCOMP
DELETS A.APLDEFN,A.PERTERM,A.DIRSECT,A.APLSCONF
DELETS A.MDVS,A_APLSYS, A.DEL
DELETS A.MAKFR,A.DIVTAB,A.MPUB,A,PCGEN,A.PDGEN
DELETS A.APLSEND,A.APLDS
DELETR APL.ALL
DELETC DASDILBL
CONDS CL,RL,SL

/*

/&

et this pcint, the operational SYSRES pack is dumped to
tape in order to provide a backup copy.

The APL System Generation

follows:

Tape punched above

modules can be

is mounted on X'282'

JOB RESTORE APL SYSGEN MODULES.

ASSGN SYSIPT,Xx"'282"
EXEC MAINT

ASSGN SYSIPT,x'ooC'
ASSGN SYS000,x'282"'
MTC RUN,SYS000

restored as



APPENDIX C

BPS UTILITY MESSAGES

Where no reply is given, either none is required or

none is

altowed. Replies are entered by typing the reply

character twice and then pressing EXTERNAL [INTERRUFT.

0901
0701
0702A
Ocuu

1050A
1040A
1110A
1200A
12204
13xxA

1703A

3001
3002
3003
3012
3015
3016
3022A

JLCALA
3741A

3742A

Program Check

Program Check

1052 request, Reply 4 to continue

Device /G error, Followed by a line of sense
information.

Reply 5 to retry.

Reply 4 to bypass and continue.

Reply 0 or 1 to terminate.

Missing DATE card.

Missing JOB card.

Duplicate JOB card.
Unrecognizable card.

Invalid. or missing control card.
Invalid field (xx - field number)

PAUSE card, Reply character - space.

A1l disk files transferred to tape.

The job name on the JOB card is not DISCPY
Unrecoverable tape error.

SYS001 and SYS002 must be assigned to tape.

Tape convert check.

SYS000 must be assigned to a disk.

Error in // U card, Correct card ana reply 2 to
continue.

// U card missing., Correct and reply 2 to
continue
Invalid tape labei, Reply 2 to delete label and
continue,
See 3741A

BPS Utility messages, cont.

3751A

3752A
3688
3888A

3999

4304
4310A

4341
4343
LLOIA

3LC2A
3LC3A
3LCUA

3LC5A
3LC6A
3LCT7A
3LC8A
L40uA
LLbuA
43064
4311A
L400A
4409A
L4ICA
441LA

4519A
L4528

Active label found., Reply 2 to delete label ana
continue.

See 3751A

End of volume, switching to alternate.

End of volume, Mount another reel and reply 2 to
continue.

SYSLST or SYSLOG not assigned, or assigned to the
same device.

Disk pack has no VOL1l labet.
Disk error., Reply 2 to retry, other to terminate,

More than 1 format 1 label found for file.

Record size greater than 4000 bytes.

No format 1 label, Correct // U card and reply 2
to continue.

tnvalid VTOC start address or EXTENT

Assigned VTOC overfiows cylinder.

VOL1 missing, or VOL1 through VOLn out of
sequence.

VOL1 card has blanks in volume serial field.

Wrong VTOC or END card, or missing END card.

VTOC card sets and number of assigned packs are
not equal,

Comma or blank must follow parameter.

No Format 4 label, Reply 4 to ignore, 0 or 1 to
terminate.
Overlap on unexpired file -~ See 440LA,

No VOL1 1abel, Replace pack and reply 2 to
continue.
Disk error, See 4306A.

No space in VTOC

No format 1 label

Data check in output count field,
Error while reading format 4 labetl.
Read error while searching VTOC
YTOC not on cylinder 199



APPENDIX D

APL UTILITY ERROR MESSAGES

UNIT NOT ASSIGNED, SYSnnn

Reason:
Action:
Correction:

A library disk is not assigned.
The Utility program terminates.
Correct // ASSGN cards and resubmit.

WRONG DEVICE TYPE, SYSnnn

Reason:

Action:
Correction:

SYSnnn, which should be assigned to an APL
library disk, is assigned to some other type
of device.

The Utility terminates.

Correct // ASSGN cards and resubmit.

ERROR IN DS LABEL, SYSnnn

Reason:

Action:
Correction:

The disk to which SYSnnn is assigned does not
contain the label defined by the APLDS
nnn, 'label' statement.

The Utility terminates.

Check // ASSGN cards, the disks mounted, and
system generation Steps 7 through 10.

INCORRECT CONTROL CARD

Reason:

Action:

Correction:

LtOST saver
Reason:

Action:
Correction:

1ib

The card which was printed on SYSLOG
preceding this message was unrecognizable by
the Utility.

The Utility terminates.

Correct the card or card sequence and
resubmit.

name disk-location

The workspace named cannot be read from the
library disks.

The Utility continues.

None is possible.

INCORRECT NUMBER OF DIRECTORIES ON TAPE

Reason: A tape is mounted for a RESTORE function
which was not dumped by the Utility currently
operating.

Action: The RESTORE function terminates.

Correction: Check system generation Steps 5 through 8. If
the system is correct, use the CREATE
function.

FIRST WS IS NOT A DIRECTORY

Reason: The tape mounted for a RESTORE function is
not the first reel of a tape written by a
DUMP function.

Action: The RESTORE function terminates.
Correction: Mount the correct tape and resubmit.

NUMBER NOT FOUND wsid
WSNAME NOT FOUND wsid

Reason: A selection card during a SELDUMP function
did not specify an existing workspace.
Action: The selection card is bypassed.

Correction: Correct card and resubmit.

LIBRARY NOT FOUND number

Reason: There is no library with the number of a
workspace read from tape during a restore
function.

Action: The workspace is bypassed.

Correction: The APL Operator must add the library number.

NOT AN APL DUMP TAPE

Reason: A tape mounted for a restore function does
not contain an APL dump header label.
Action: The function terminates.

Correction: Mount the correct tape and resubmit.

UNEXPIRED FILE

Reason: An output tape mounted for a dump function
contains an unexpired label (which is printed
above this message).

Action: The Utility waits for an operator response

from SYSLOG.

Reptly ignore to write on the tape, or

reply cancel to terminate, or

mount a new reel and reply newtape.

Correction:



