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PART I
1: INTRODUCTION

Why an APL Primer?

The APL\360 System puts an advanced computing system
within the reach of a wide range of wusers. APL\360 is
distinguished from earlier systems of this type by its speed
and power, and by the radical simplicity of the instructions
which control it. This combination makes APL well suited not
only to the advanced scientific or technical user, but also
to the occasional user and to the wuser with little or no
previous experience with computers.

This primer is intended to provide an introduction to
the APL\360 System and to the APL programming language. It
will show you the mechanics of wusing the system, and how to
write effective programs to cover a wide range of
applications. It explains in detail many points which the
experienced user will find obvious--and you may therefore
prefer to skip some portions.

Because this is a primer, little use will be made of a
number of the more advanced features of the system; the
primer doesn't describe all of the operations available, and
mentions only a few of the specialized applications that are
possible using APL. However, even at this rather elementary
level, you will already have at your command all you will
need for a wide range of uses--and frequently more than was
available even to the experienced users of earlier systems.
If you subsequently go on to more advanced material, you
will learn ways in which the programs included in this
primer could have been made neater or simpler or more
general. But that is beyond the scope of a primer. Complete
definitions of all of the operations in the APL language and
all of the features of the APL\360 System may be found in
the APL\360 Manual. Here we are concerned with providing you
with a basic orientation to the way the system is used, and
arming you with the fundamental skills needed to make
APL\360 work effectively for you.

What is a Remote-Terminal Time-Sharing System?

APL\360 is a time-sharing system with remote terminals.
Let's consider each of those terms in turn.

"Remote terminal” means that you don't come to the
computer in order to use it. Instead, you use a special kind



of electric typewriter installed wherever it is convenient.
This typewriter is equipped for tele-processing: in addition
to serving as a regular office typewriter, it can be
connected by telephone to a large computer located miles
away. When you type something on the typewriter, what you
type is transmitted to the computer. Within seconds you can
receive the response transmitted over the telephone lines
from a computer you have never seen. The computer is able to
take control of the typewriter and cause it to type the
computer's reply. A typewriter that is connected to a
computer in this fashion is called a "terminal" of the
computer, It is "remote" because the connection is by way of
the public telephone lines, so that the typewriter can be
located anywhere that a telephone line can reach.

"Time sharing" means that the central computer is
capable of serving many customers at once. Actually it
serves them in rotation; each one gets a tiny fraction of
the computer's time, but the computer's operating speed is
so high that often there is no appreciable delay between the
time you type your request and the time the computer types
its response. Even for problems of moderate size, a response
may be received within a few seconds. Time sharing permits
you to have apparently continuous use of a large computer,
while paying a charge based on the far smaller amount of
time that the computer is actually working on your problem.
APL\360 has a conversational style, which permits you to
make a request, get an immediate answer, then make another
request, and so on. This would be prohibitively expensive if
you had to tie up an entire computer to do it. Time sharing
serves both to keep the computer in efficient use and to
share its cost among many customers.

The letters APL designate the programming language that
is the outgrowth of the work of K. E. Iverson, first at
Harvard and then at IBM. The name comes from the initials of
his book A Programming Language (New York: Wiley, 1962).
APL\360 1is the computing system which uses this language
with IBM System/360 computers.

What Is a Computer Program?

A program is a set of instructions that tell a computer
how to do something. A computer has to work from coded
instructions which are usually stored inside it. When you
want a job done, you must tell the computer precisely what
you want it to do; no instructions, no work. The word



"program" has been used in this sense only since the advent
of the computer. But the underlying idea of a set of precise
instructions that are to be carried out literally and in
sequence is older and more familiar. A cook book is an
obvious example of an attempt to summarize, in order, those
things that the cook must do in order to produce an
unfamiliar dish, What is different about a computer program
is the speed with which the computer can carry out its
instructions, and the literal faithfulness with which the
computer follows what it is told.

Sometimes the literalness of the computer requires you
to be more precise than you would be if you were simply
giving directions to a friend. If the instruction you give a
computer can be carried out, the computer will carry it out,
regardless of whether it is what you really had in mind. So
you have to be careful to state your instructions in a way
that correctly describes what you want. If the instruction
is wrongly spelled, or otherwise impossible to accept as
stated, the computer will stop and report what you
instructed it and why it cannot proceed. Human beings might
hazard a guess at what vyou meant by an incorrect
instruction, but the computer doesn't.

The computer has to be able to understand the
instructions you give it. Computers do not understand
English; although they may be programmed to recognize a
handful of English words, the natural language is too rich,
too complex, and too ambiguous for them. Moreover, English
is ill-suited to describe many of the things that you might
want to ask a computer to do. Calculations can be described
far more neatly, clearly, and briefly by the symbols of
arithmetic., That is why we describe a calculation by a
formula rather than in English words.

The designers of the traditional notations of
arithmetic and algebra did not foresee all of the things you
might want to ask a computer to do, and hence arithmetic and
algebra do not contain all the symbols that are needed. This
makes it necessary to have a special language for writing
programs of computer instructions. That language is more
extensive than conventional arithmetic, but much more
restricted and precise than natural English. The language in
which the computer is prepared to accept its instructions is
its programming language.




what Is a Programming Language?

A programming language 1is the language in which you
(the user) tell the computer what it must do. Most of this
primer is concerned with APL, the programming language of
the APL\360 System. A set of instructions written in APL can
also be carried out by any person who knows the language:
they don't have to be executed by a machine. A programming
language is thus a way of stating a procedure, regardless of
who or what actually executes the procedure.

Inside the hardware of the computer, all of its
instructions and all of the data it works with are encoded
as patterns of electronic pulses. This is the electronic
language internal to the machine. You don't need to know
anything about this language in order to use the computer.
All of your communication with the computer will be in APL.
The computer will then translate that into instructions in
its ownn internal language, and then execute them.
Internally, the machine works by carrying out only one very
small and very simple step at a time. One APL instruction
that you type may easily start a sequence of hundreds or
even thousands of machine instructions before the work is
completec. But these are executed so rapidly that the
machine completes several thousand a second. The machine
sets up its internal instructions in response to the brief
instructions that you type in APL; you need never be
concerned with the internal operation of the computer.

Power, Relevance, and Simplicity
In _a Programming Language

A programming language should be relevant. That is, you
should have +to write only what is logically necessary to
specify the job you want done. This may seem an obvious
point, but many of the earlier programming languages forced
the user to be concerned as much with the internal
requirements of the machine as with his own statement of his
problem. APL\360 takes care of those internal considerations
automatically.

A programming language needs both power and simplicity.
By power, we mean the ability to handle large or complicated
tasks. By simplicity, we mean the ability to state what must
be done briefly and neatly, in a way that is easy to read
and easy to write. You might think that power and simplicity
are competing requirements, so that if you have one you



can't have the other, but that is not so. Simplicity does
not mean that the computer is confined to doing simple
tasks, but that the user has a simple way to write his
instructions to the computer. The power of APL as a
programming language comes in part from its simplicity; it
is this simplicity that makes it simultaneously well suited
to the beginner and to the advanced user.

How to Read This Primer

If this is your first introduction to the use of
APL\360, after you've glanced through the primer to get a
general impression of its contents, it would probably be
wise to sit down at an APL\360 terminal with the book beside
you. Then you should try out the calculations and programs
in the text. Add variations or explorations of your own;
that's one of the advantages of a conversational system:
it's so easy to experiment. See for yourself how the system
responds to your instructions.

After this early stage, you will probably find it more
useful to come back to various passages as the need for them
arises; the table of contents and the index should help you
find what you need. You should also have a copy of the
APL\ 360 Manual, which gives complete but concise
descriptions of the APL operators and the features of the
APL\ 360 System. The manual includes coverage of a number of
advanced points which, for simplicity, are omitted from this
primer.

The two most distinctive and valuable characteristics
of the APL language are the way it treats arrays, and the
way it permits you to use a program as you would use a
mathematical function. Neither of these topics is mentioned
at all in Part I of the primer, since it seemed desirable to
lay a foundation of familiarity with other matters before
getting to them., But if you already feel familiar with these
topics and with their treatment in programming systems, you
may wish to look ahead to Chapter 16, where the treatment
of arrays is introduced, and to Chapter 25, where we take up
programs that can be used as functions. The examples in all
the earlier chapters may then be understood as applying also
to arrays of data, and could be written so that they behave
like functions.
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- 2: COMMUNICATING WITH THE COMPUTER

This chapter deals with some practical aspects of
getting your terminal connected to the APL\360 Systen,
communicating with the computer, and other such mundane but
essential matters. If you are about to try a terminal for
yourself, this chapter 1logically precedes the ones that
describe the APL language and the way in which you carry out
calculations in it. But if your interest is primarily in the
APL language, you may wish to skip this chapter now, and
return to it when you are ready to use an APL\ 360
terminal.

What Equipment Do You Need?

You need:
a communications terminal with an APL typeball
a data telephone or telephone coupler
an APL\360 account number,

The typewriter may be either an IBM 2741 or an IBM
1050. The 1050 permits the attachment of certain extra
equipment, such as card readers and punches, but is slower
in operation and more expensive., Thus unless you have
special needs for the extra equipment, the 2741 is
preferable, and that is the terminal to which this primer
usually refers. A complete discussion of the alternative
models and features usable with the APL\360 System may be
found in Appendix E.

A data telephone may be rented from the telephone
company. The system uses the Western Electric Dataset, Model
103-A2, or equivalent equipment.

The APL Typeface

The APL typing element provides both a full upper-case
alphabet and the special symbols used in the APL programming
language but not found on an ordinary office typewriter. The
APL typeface was chosen so as to end confusion between the
letter O and the number 0, or between the letter I and the
number 1, or between the letter X and the sign that means
multiplication. Three different styles of lettering



distinguish 1letters, numerals, a..d operation signs, as
follows:

Alphabetics: always capitalized

*
* always italic

* always condensed (higher than wide)

* always with serifs

A BCDUEVFGHIJKLMNOPQRSTUVWIXYZ

Numerals: * always upright
: * always condensed

1 23 4567890

Operators: * not condensed
* upright (except for Greek letters)

+ - x +x [ L TLAVY =2 <> | ++«1p€aw
This typeface makes it quite clear whether any character is
a letter, a numeral, or an operator sign. For instance, the
phrase that indicates "the letter O times the letter X plus
the letter I minus ten" can be typed

OxX+I-10

which leaves no doubt about which are the letters, which the
numerals, and which the operator signs.

Establishing the Telephone Link

When you are ready to use APL\360 (assuming that you
are using a 2741 terminal) you proceed as follows:

1. Turn on the typewriter power. Set the switch on
the left side of the 2741 typewriter to COM (for
"communicate") rather than to LCL (which stands
for "local").

2. Depress the TALK button on the data telephone, and
dial the number of the APL\360 computer.

3. When you hear a high-pitched tone, press the DATA
button firmly and release it, Once DATA is
pressed, you may cradle the telephone.



4, Type your sign-on.

When you first set the typewriter switch to COM, the
 keyboard is locked. When the connection to the computer is
established, the keyboard will be unlocked, and you may type
your sign-on. This is a right parenthesis followed by your
user number and password (if any). When the computer
receives your sign-on command, it acknowledges by typing
these things: your port number (which of the computer's
telephone extensions you reached), your name, the date and
time, and the system identification. Sometimes you will also
receive a broadcast message from the APL operator sent to
all users who are signing on. Until your sign-on is
accepted, you cannot do any other work. However, if you need
to, you can type a message to the APL operator even before
you're signed on (see p. 103). Here is a sample sign-on:

Y4 000000
OPR: MERRY CHRISTMAS, HAPPY CHANUKKAH, OR SEASON'S GREETINGS.
009) PCBERRY 12/23/67 39,12,37

A PL\360

Once your sign-on has been acknowledged, you are ready to
begin work. Most of the rest of the primer is devoted to
explaining the kinds of calculations you can perform and
programs you can write. The balance of this chapter deals
with the mechanics of typing your instructions to the
computer.

Whose Turn to Type?

You and the computer can't both type on the same
typewriter at the same time. You have to take turns. You can
type only when the keyboard is unlocked, whereas the
computer can type only when the keyboard is locked. While it
is the computer's turn to type, the keyboard remains locked,
and you can't type anything.

When you complete the typing of an instruction, you
have to 1let the computer know that you have finished. The
carrier-return key serves to enter the instruction: that is,
to signal the computer that you have finished typing, and
that it should start interpreting and executing the
instruction you have typed. When you hit the carrier-return
key, three things happen:
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1. The carrier returns to the 1left margin and the
paper is moved up by one line.

2. The keyboard is locked.

3. The computer receives the signal that your message
is complete.

Locking the keyboard serves two purposes: it keeps you
from typing any more until the computer is ready for you,
and it keeps the typewriter available for the computer's
response to you. The computer never starts work on your
instruction until it receives the signal that you have
finished typing. Since that signal is the carrier return,
each message you type must fit on a single 1line. But
instructions in APL are so concise that you will rarely need
as much as a whole line for an instruction.

As soon as the computer completes work on the
instruction you typed, it does these three things:

1., Prints the result (if called for) and moves the
paper up one line;

2, Indents by six spaces;

3. Unlocks the keyboard to await your next
instruction.

Distinguishing Who Typed What

The paper in your typewriter will contain a complete
record of your dialogue with the computer. When you read it,
it is important to be able to tell who typed what. Because
the computer makes the carrier space over by six spaces
before the keyboard is unlocked, everything you type will
ordinarily appear indented by six spaces, whereas what the
computer types will ordinarily start at the 1left margin.
(1050 terminals with two-color ribbon go a step further, by
typing your part in red and the computer's part in black.)

Fixing Typing Errors as You Go

If before you press the carrier return you notice a
nistake in what you have typed, you have a chance to correct
it before the computer starts to execute your instruction.
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You can do that in the following way:

1. Backspace to the position of the leftmost
character that is in error.

2. Press the ATTN key (this key is sometimes marked
INDEX or LINEFEED).

When you do this, the computer types an inverted caret
under the character in error, and spaces the paper up an
additional line. Now that character and everything appearing
to the right of it are considered "erased." You may resume
typing the balance of your instruction. Suppose you type
A-BxC, and then you realize that the multiplication should
have been a division. The "erasure" and correction would
look like this:

A-Bx(C

v
+C

Overstrikes Not Allowed

Don't overstrike or X out any part of what you type.
Except for certain APL characters which are always formed by
overstriking, APL\360 cannot read overstruck characters. If
you enter a statement which contains an illegal overstrike
(i.e. if you type an illegal overstrike but don't erase it
before you hit carrier return), the computer responds with
an error message and a reproduction of your instruction up
to the point that the illegal overstrike occurred. Like
this:

A-B+W
CHARACTER ERROR
A-B+*
A
You will have to retype the line in which an overstrike
occurs.

Visual Fidelity

While you are typing, you don't have to type each of
the characters in order. For instance, you could leave extra
spaces near the beginning of a line and then backspace over
to that point and fill in the blanks. Your message is
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interpreted by the computer the way it looks on the paper at
the moment you press the carrier return. Within the line,
the time sequence in which you hit the various keys doesn't
matter. This principle can be summed up by the rule, "What
you see goes in.,"

Interrupting the Computer

It may happen that you cause the computer to start
typing a very long result, or working on a very lengthy (or
even interminable) calculation, If you decide that you want
to cut short what the computer is doing, there are two ways
of stopping it. The easiest way is to use the "interrupt"
feature supplied with some 2741 typewriters. If you have a
2741 thus equipped, pressing the ATTN key while your
keyboard is locked will bring whatever the computer is doing
for you to a halt.

If you have a 1050 terminal, or a 2741 that doesn't
have the "interrupt" feature, you can produce the same
effect as follows:

1. Uncradle the telephone,

2. Press the TALK button for a few seconds (you'll
hear the high-pitched tone again).

3. Press the DATA button again.

If you have a 1050, that's all. If you have a 2741, the
following additional step may be necessary:

4, If the carrier does not space over 6 spaces before
unlocking, strike the carrier return repeatedly
until it does.



13

3: BASIC OPERATIONS IN ARITHMETIC

The Workspace

As soon as your sign-on is completed, the computer puts
at your disposal a block of its internal storage (or
"memory"). This block of storage is called your workspace,
since it is where all of your calculations take place. In it
will be stored the definitions of programs that you enter,
and the names and values of wvariables used in your
calculations. Your workspace also includes locations used by
the computer for the temporary storage of partial results
while a calculation is in process, and specifications of a
number of other items that affect the way your calculation
is carried out or the way its result is printed. As you will
see in Chapter 15, it is possible for a single user to have
several different workspaces within the computer. However,
only one of these is ever available for calculation at any
one time. The one workspace which is currently available is
called your active workspace.

The Two Modes of Operation: Execution vs. Definition

The computer has two modes of operation, called
execution mode and definition mode. When the computer is in-
execution mode, it carries out any instruction immediately,
as soon as you enter it. If you enter an arithmetic expres-
sion, the computer immediately responds with the result:

. 12x13
156

Ordinarily, the computer is in execution mode; it is in
execution mode when you first sign on, and it stays 1in
execution mode unless you specifically direct it to switch
to definition mode. When the computer is in definition mode,
it does not execute the instruction that you enter, but
stores it as part of the definition of a program. The
instructions that make up the program are not executed until
(at some later time, when you're back in execution mode) you
call for execution of this program. How you enter the
definition of a program is taken up 1in Chapter 6. The
remainder of this chapter discusses the instructions you can
use to get the computer to carry out some basic operations
in arithmetic. These instructions could just as well be
included as parts of a program, but the illustrations in
this chapter show them being used in immediate execution.
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Addition, Subtraction, Multiplication, and Division

These operations are familiar from everyday arithmetic.
APL uses the familiar signs to indicate them:

+ - X %

The operation sign is typed between the numbers that
are to be operated on, just as in arithmetic. For instance,
if you want to multiply 1345.2 by 873.21, you simply type

1345.2%x873,21

The computer executes that instruction immediately, and
replies with the answer:

1174642.,092

Here are some more examples of simple instructions.
Because the computer always indents by six spaces before
unlocking the keyboard, the instructions you type always
appear indented by six spaces, while the responses from the
computer are typed starting at the left margin.

176+14,2
12.39435662

17228.1-14,2

17213.9
2+2
y
5+0
5
5
5
4bx1,25
5
3+32

0.09375
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The Idea of a Variable:
Associating a Name with a Value, and Storing Them

You can store data, or the results of calculations, in
your active workspace. A stored item of data 1is called a
variable. Every variable has a name and'a value; the computer
associates the value with the name, and preserves that
association in your active workspace. Whenever you refer to
a variable by its name, the computer automatically supplies
the value that has been associated with that name.

The symbol for assigning a value to a variable is the
left-pointing arrow. If you enter the instruction

SPEED+1088,5

you cause the value 1088.5 to be associated with the name
SPEED,

The left-pointing arrow causes the wvalue of the
expression to the right of the arrow to be stored under the
name which appears immediately to the 1left of the arrow.
This instruction may be read in several ways. You can read
it as "SPEED is specified as 1088.5," or "SPEED is assigned
the value 1088.5," or even "SPEED is 1088.5."

The variable SPEED 1is now stored in your active
workspace. The computer doesn't type any specific
acknowledgment that it has stored SPEED, but as soon as the
variable's name and value have been stored in the workspace,
the computer again indents and unlocks the keyboard.

A variable must always have both a name and a value;
you can't create a variable which has a name but no value,
and you can't store a value unless you assign it to a
name,

Storing or Printing the Result of a Calculation

When you enter an instruction that calls for a
calculation, as soon as the instruction is executed, the
computer needs to know what to do with the result. There are

three possibilities. All three are listed at the top of the
next page, but the third one will not be discussed until the
next chapter, where we take up compound expressions in a
single instruction.
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l. You can have the result printed. If you don't
indicate that something else 1is to be done with
the result of a calculation, the computer always
assumes that you want to see it, and prints it.

2. You can have the result associated with a name,
and stored in the workspace as a variable.

3. You can have the result of that operation used in
another operation in the same instruction.

Using the Stored Value of a Variable

Once you have assigned a value to a variable, from then
on whenever you refer to that variable's name, the computer
supplies the associated value. If you simply type the name
of a wvariable, the computer responds by printing its
value:

SPEED
1088.5

If you use the name of a variable in an instruction,
the computer carries out the instruction, substituting the
associated value wherever the name appears in the
instruction. For instance, the value of SPEED is the speed
of sound in air at 0 degrees Centigrade, expressed in feet
per second. If you need to know how far sound travels in
15.5 seconds under those conditions, you can find out by the
following instruction:

15.5xSPEED
16871,75

Or, since multiplication is commutative (i.e. order doesn't
matter), you could just as well enter:

SPEEDx15.5
16871.75

If you'd prefer to have that result stored, the
following instruction assigns the result as the value of a
variable called DISTANCE:

DISTANCE<SPEEDx15,5

And you could display the value of DISTANCE like this:
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DISTANCE
16871.75

Possible Names for Variables

The name of a variable must begin with a letter of the
alphabet. After that it may have any combination of letters
or numerals, and any length. A name may not contain a space,
or any punctuation, or any of the symbols used for
operations. You may often find it helpful to select names
that have some mnemonic significance to you...but of course
the computer is unaffected by what names may or may not mean
in English. When naming a new variable, don't give it a name
that you want to keep in use for some other purpose in the
same workspace.

Storing a Result Under a Name
That Has Already Been Used

Suppose that at one point you type:
X+SPEEDx8

and then later on you type:
X«SPEED+8

Each of these instructions calls for a result to be stored
under the name X. What happens? The first time you use the
name X to the left of a specification arrow, a variable is
introduced, with the name X, and whatever value results when
the value of SPEED is multiplied by 8.

The next time you specify a value for X, that new value
replaces the former one. The value of SPEED is divided by 8,
and the result of that division becomes the value of X. The
old value is erased.

Clearly this would be the wrong way to write the
instructions if you really wanted to preserve both of those
results. To keep both, you must give them distinct names.
However, there are many situations in which it is convenient
to be able to replace one value of a variable by another
value stored under the same name. Suppose you want to count
how many times a task has been done. If, for example, you
have a variable called COUNT, you might have use for an
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instruction which serves to update the counter, perhaps
something like this:

COUNT«COUNT+1

Each time this instruction is executed, the computer adds 1
to whatever value it finds already associated with the name
COUNT, and then stores the resulting value back under the
name COUNT. (It should be noted that COUNT must have
received its very first value in some other instruction: it
can't always have been specified by referring to its own
earlier value.)

Referring to a Variable Which Has No Value

You can assign a value to almost any name you like. But
if you attempt to display or make use of the value of a
variable before any value has been assigned to it, the
computer is unable to supply an associated value, and can't
proceed with the execution of your instruction. It reports
the trouble by sending you an error message. For instance,
suppose you have assigned a value to SPEED but not to
INTERVAL, and then you enter an instruction which refers to
INTERVAL. Your dialogue with the machine looks like this:

INTERVALxSPEED

VALUE ERROR
INTERVAL*xSPEED
A

The first of those typed lines is your instruction. On the
second line, the computer types its error message,
indicating the kind of error it has found. On the third line
the computer repeats the instruction as received. Then the
computer types a caret under the point in the instruction at
which it ran into trouble.

Examples of Arithmetic with Variables

The instruction

AxB

means that the operation of multiplication is to be
performed on the value of A and the value of B. When the
computer executes that instruction, it finds in the
workspace the values of the variables A and B, and then
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performs the operation, using those values. (The values
associated with A and B in the workspace memory are not
changed unless you specify that they should be.)

Suppose that A and B have been assigned the following
values:

A+6.25
Be1lh

Then you can use those values in simple instructions, and
the computer types results, like this:

A+B
150,25

A+l
7.25

B34
23.04

B-A
137.75

AxB
300

900+B
6.25

Z+«1%A

122
6.25

A-4
0

B+B
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4: MORE ARITHMETIC OPERATIONS

Negation

If you place a minus sign in front of a number or
variable, but nothing to the left of the minus sign, you get
a result which has the same magnitude but opposite sign. For
instance, if B has the value =17, then you get the negation
of B like this:

-B
17

Reciprocals

When you use a division sign in the same manner, it
means that the reciprocal is to be found. If A still has the
value 6.25, you can find the reciprocal of A like this:

4
0.16 4

Monadic and Dyadic Operators

Negation and the reciprocal are examples of monadic
operators, It is easy to distinguish them from dyadic
operators such as subtraction or division: the monadic
operators have no value appearing to the left of them. That
is, monadic operations such as negation and reciprocal each
take only one argument, whereas subtraction and division
take two arguments. The arguments of an operator are the
values it works on; an argument may be a variable, a number,
or the value that results when an expression in parentheses
is evaluated.

A dyadic operator is always written with the values on
which it works (i.e. its arguments) on either side of it, as
for instance in 4A-B., A nmonadic operator is always written
with its argument to the right of the operator symbol, as in
_B.

APL often uses the same symbol in two senses, one
monadic and the other dyadic. You (and the computer) can
always tell which sense is intended. If there is an argument
immediately to the left of the operator sign, the operator
is dyadic. Otherwise it is monadic.
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Raising to a Power (Exponentiation)

In conventional arithmetic, exponentiation is indicated
by writing the power to which a number is to be raised in a
smaller typeface and placing it above the 1line. For
instance, 2 raised to the 3rd power is written:

23
This 1is hard to type. Moreover, it seems odd that
exponentiation has no symbol of its own, although addition,
multiplication, division, etc., all have theirs. So APL uses
a special symbol for exponentiation, placed between the
number (or variable, expression, etc.) and the power to

which it must be raised. The sign is x and is located on the
keyboard above the P (P for Power). For example:

2%3

Here's an example of a calculation that uses
exponentiation, It 1is based wupon the familiar rules of
compound interest. The names chosen for the variables should
be self explanatory.

PRINCIPAL+1045, 28
INTEREST+,.03
YEARS+17
RATE<1+4INTEREST
MULTIPLIER+RATE*YEARS
TOTAL«PRINCIPALxMULTIPLIER
TOTAL

1727.688573

This sequence of instructions estimates the total to which
$1045.28 would grow if invested for 17 years at 3 per cent,
compounded annually. The calculation could also be obtained
in a single instruction, but that must wait wuntil the next
chapter.

Taking a Root

APL doesn't have any special sign for the extraction of
a root. It doesn't need one. Taking the square root of a
number is exactly the same thing as raising it to the
one-half power. That's the way you write it in APL., If A has
the value 144, you find the square root of A like this:

A*0,5
12
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Or you might get it this way:

POWER<%2
A% POWER
12

This procedure isn't confined to taking square roots.
Any root can be extracted; for instance, you can find the
fifth root of A by the following instruction:

A*x0,2
2.701920077

The designers of musical instruments that are tuned to
the "even tempered" scale (such as pianos) are faced with
the problem of dividing an octave into 12 equal parts. The
frequency of any note must be in a constant ratio to the
note one semitone below it. Since it takes twelve semitones
to make an octave, the ratio between one semitone and the
next must be picked so that the product of all twelve of
them will just make an octave. The semitone ratio is
therefore the twelfth root of the octave ratio. Knowing that
the octave ratio is exactly 2, you could find the size of an
even-tempered semitone by the following two instructions.
(Here again, this could also be done in a single
instruction, as will be seen in the next chapter.)

POWER<«%12
2%*POWER
1.059463094

Maximum: Taking the Larger of Two Numbers

It is often convenient to be able to pick whichever is
the larger of two numbers. APL includes an operation which
does this. When the sign [ is typed between two numbers (or
variables that have numerical values) the computer selects
whichever value is greater, If you type

ATB

the computer examines what has been stored under those
names. Then it takes whichever value is greater. (Recall
that the values associated with A and B in the workspace
remain unchanged.)

Suppose that earlier «calculations resulted in the
following values for the variables ABC and XYZ:
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ABC has the value 12345679, and
XYZ has the value 12345678

Then your dialogue with the computer might look like
this:

ABClXYZ
12345679

Consider an illustration in which this operation might
be useful. Suppose you work for a department store. Each
month, the store calculates for each of its customers how
rmuch he charged and how much he paid that month. You have a
program which handles the billing. You calculate for each
customer the value of a variable you call BALDUE, which is
the difference between the total of the accumulated charges
and the total of the accumulated payments for that customer.

The store charges each customer a service charge of
1.5% of the wunpaid balance each month. You might find this
charge by the following instruction:

CHARGE«BALDUEx,015

However, for one reason or another, some of the customers
have overpaid their bills. For them, BALDUE is a negative
number, and shows as a credit on their monthly statements.
If you calculate the service charge by the instruction just
shown, you'll be paying them interest at 1.5% per month
whenever they overpay. Instead, the store prefers to
calculate the service charge as 1.5% either of the balance
due or of zero, whichever is greater. You can do this by
using the following instructions:

CHARGEABLE<«O[BALDUE
CHARGE+CHARGEABLEx,.015

Minimum: Taking the Smaller of Two Numbers

In similar fashion, another primitive APL operator
selects whichever is the smaller of the two values on either
side of it. If ABC and XYZ have the same values as before,
the lesser is selected by this instruction:

ABCLXYZ
12345678
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The annual amount a wage-earner pays for FICA (social
security) tax is based upon how much he earns. However, any
income he has beyond $7800 a year doesn't count for social
security purposes. The FICA tax rate is currently 4.4%. If a
man's yearly gross income is called YEARGROSS, and has a
value of $8320, then his annual FICA tax might be found this
way s

YEARGROSS5+8320
FICAINCOME«7800LYFARGROSS
LO4UxFICAINCOME

343.2

The Floor and the Ceiling of a Number

You can disregard the fractional portion of a number
and just consider the integer portion. You have a choice of
two ways of doing this: by rounding down to the next smaller
integer than the fraction, or by rounding up to the next
larger integer. The operators which do this are called the
floor and the ceiling. If A has the value 3.14159, then you
get the floor of A as follows:

LA
and the ceiling of A like this:

A

You will notice that ceiling is the meaning of the [
symbol when it is used monadically; when it is |used
dyadically (i.e. with a value on either side of it) it means
maximum. In the same way, | means floor when it is used
monadically, but minimum when it is used dyadically.

fx¥z

means the ceiling of XYZ. If XYZ is already an integer, then
the ceiling of XY2 has the same value as XYZ. But if XYZ has
a fractional part, the ceiling is the next (algebraically)
larger integer than XYZ.

LXxYZ

means the floor of XYZ. If XYZ is already an integer, its
floor has the same value. But if XYZ has a fractional part,
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the floor of XYZ 1is the next (algebraically) smaller
integer. In the case where XYZ has the value 3:

[XYZ
3

LXYZ
3

Rounding to the Nearest Integer

It is common practice to round numbers to the nearest
integer. This means that when the fractional part is less
than .5, the number is rounded down, but if the fraction is
.5 or greater, the number is rounded wup. This effect is
produced if you first add .5 and then take the floor.
Suppose A has the value 3.,14159, and B has the value 3.5:

X<«.5+4
LX

3
X<.5+B
LX.

n

Summary of Arithmetic Operators Mentioned Thus Far

A+B8 means A plus B

A-B means A minus B
-B means the negation of B (i.e. 0 minus B)

AxB means A times B

A:B means A divided by B
*B means the reciprocal of B (i.e. 1 divided by B)

AlB means the maximum of A and B
[B means the ceiling of B

AlB means the minimum of A and B
|3 means the floor of B

A*xB means A raised to the Bth power.

Note: in conventional algebra, the expression ab means the
product axb. The multiplication sign is elided. But in APL,
the multiplication sign must be explicitly entered wherever
you want multiplication to occur.
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5: SEVERAL OPERATIONS IN THE SAME INSTRUCTION

The preceding examples of APL instructions were all
written so that only one arithmetic operator occurred on
each 1line. APL\360 does not, of course, restrict you to
writing only instructions with but a single operator. The
examples were written that way so as to postpone for a
moment the discussion of some issues that arise when there
are several operations in the same instruction.

APL permits you to write any number of operators in the
same instruction. But as soon as you write more than one
operator, you have to be clear about the order in which they
get executed. It makes a difference.

Conventional arithmetic has a number of rules for this.
First of all, there 1is a hierarchy of operators. Some
operators are always executed ahead of others, regardless of
their position in the instruction. Exponentiation gets
highest priority. Then multiplication and division are
performed. Addition and subtraction are done last. There is
also a rule to apply if the instruction contains several
instances of the same operator. If those rules aren't
appropriate to indicate the order in which you want to
execute several operations, you can use parentheses to show
that what falls within them gets priority.

APL employs not only the operators + - x + but a great
many others as well. You have made the acquaintance of * and
[« There are several more. Moreover, in more advanced uses
of APL, programs that you write yourself can be made to act
like operators. You can see that attempting to have a
hierarchical rule to determine which of all those operations
should get. done first could get very complicated.

Order in Which Operations Get Executed in APL

APL solves this problem by abolishing the hierarchy of
operators altogether. Instead, the order of execution
depends upon only two things:

1. Parentheses (in the usual way);

2. The order in which the operators appear in
the instruction.
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This is the rule: An operator operates on everything to the
right of it. Stating it more formally, any operator takes as
its right argument everything to the right of it.

This order is the same as the usual order of English
speech. You may not have thought of English speech in that
way, but it will be obvious in a brief example. Take the
following English sentence:

"They oppose a rise in the price of products from farms."

To examine the meaning of this sentence, let's pose
some questions about what applies to what.

Oppose what? A_rise_in_the price of products_ from farms.
What rise? One in the price of products from_ farms.
Rise in what price? The one of products_from_farms,
Price of what products? The ones from_farms.

Here each of the key elements in the sentence refers to
all the rest of the sentence after it.

The same structure occurs in APL. Consider this
exanmple:

A+Bx(C=-DiE
What is A added to? Bx(C-D%E
What is B multiplied by? C-D:E
What is subtracted from C? D:E
What is D divided by? E

Suppose you have to explain that English sentence to
someone who knows about English grammar but doesn't know
what the particular nouns in that sentence apply to. You'll
find that your answer to each of the questions still
involves everything that comes later in the sentence. If the
questions are asked in the order we just used (starting at
the left), the answer to the first one isn't immediately
usable because the answer still refers to the rest of the
sentence, and that hasn't been defined yet. To build up the
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explanation in a logical way, you have to start with the
last word, "farms." Then, using that, you can work back to
"products," and that will permit you to get the meaning of
"products from farms." And so on, working from right to left
until the meaning of the whole sentence is established.

Similarly, when the computer executes an instruction
such as

A+BxC-D*FE

it starts by looking for the value associated with the name
E. Then it looks up the value of D. That gives it enough
information to evaluate D divided by E. Next it looks up the
value of C, which gives it enough information to evaluate
the difference between C and D-divided-by-E.

Thus although an APL instruction reads aloud easily
from left to right, when the computer comes to execute the
instruction, it executes the various operations in
right-to-left order. This has become known as the "right to
left rule." Notice that this doesn't mean that the computer
reads the line backwards, only that when it executes the
various operations within an instruction it does the
rightmost one first, then the next rightmost one, and so on.

Use of Parentheses

In APL, you use parentheses in the usual way. That is,
the operations inside the parenthesis are to be executed
before operations outside. When the expression inside a
parenthesis has been evaluated, the result must always be a
value: you can't just put an operator symbol alone inside
the parenthesis.

Consider the following expression in conventional
arithmetic:

(a+b) x (c+d)

The hierarchy of operators in conventional arithmetic would
ordinarily cause the multiplication to be executed before
the addition. But this order 1is overridden by the
parentheses, which cause the two additions to be done first.
In APL, you could write the instruction in exactly the same
way
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(A+B)x(C+D)
or you could also write it like this:
(A+B)xC+D

Since 1in APL the rightmost operation is executed first
anyway, Yyou don't really need to wuse the right pair of
parentheses--although it's all right to include them if you
want to. If you enter the following instruction:

(A+B)xC+D

here's how the computer will proceed. The rightmost
operation is the addition of C and D, so it does that first.
Moving leftwards, it finds that the next operation is the
multiplication. But the left argument of the multiplication
is a parenthesis. The computer suspends work on the
multiplication until it has evaluated the expression in the
parenthesis. When that is done, it comes back to the
multiplication, and multiplies the sum-of-A-and-B by the
sum-of-C-and-D.

Because of the order of execution of operations in APL,
many instructions that would otherwise require parentheses
no longer need them. When you enter an APL instruction, you
can often arrange it so that the operators that you want
executed first appear furthest to the right in your
instruction. For instance, consider the instruction that in
conventional arithmetic would have to be written as either

(a+b) xc or cx (a+b)
In APL, that can be written without any parentheses:
CxA+B

Where rearrangement doesn't eliminate the need for
parentheses, you can still use them in the wusual way.
Parentheses within parentheses (sometimes called "nested"
parentheses) are all right too. The computer starts first on
the outermost parenthesis., If it finds another parenthesis
inside the first one, it suspends work on the expression in
the outer parenthesis until it has evaluated the inner one.
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Rewriting the Earlier Examples
With Several Operations in the Same Instruction

The examples presented earlier in~ the text involved
only one arithmetic operation on each line. Now that we've
dealt with the question of order of execution when there are
several operations in the same instruction, we can rewrite
those earlier examples more neatly by wusing compound
expressions.

For instance, the total when an amount is invested at
compound interest can be stated as follows, (assuming that
the variables have the same values as before):

PRINCIPAL*(1+INTEREST)*YEARS
1727.688573

The square root of XYZ can be written like this, using the
reciprocal sign, since the second root of XYZ is equivalent
to raising XYZ to the reciprocal-of-two power:

XYZ+12

XYZ*+%2
3.464101615

and in similar fashion the semitone ratio for an
even-tempered scale can be found by

2%%12
1.059463094

To prove that it really is the twelfth root, you could raise
the semitone ratio to the twelfth power. The result should
be the octave ratio, which is 2,

SEMITONE<«2%%12

SEMITONE*12
2

The charge on the balance due on a charge account becomes:
CHARGE+,015x0[BALDUE
and the annual FICA tax becomes:

TAX<~.044x7800LYEARGROSS
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Do You HAVE to Write Many Operations
In a Single APL Instruction?

As vyou gain experience in the use of APL, you will
probably tend to use 1longer compound expressions in the
instructions that you write. For one thing, it is often
easier to understand a well-formed compound instruction than
it is to trace through a sequence of simpler steps. Compare,
for instance, the expression for the total resulting from
compound interest used on the preceding page:

TOTAL<«PRINCIPAL*x(1+INTEREST)*YEARS
with the one-step-at-a-time sequence we used on page 22:
RATE<1+INTEREST
MULTIPLIER«RATE*YEARS
TOTAL+PRINCIPALxMULTIPLIER
Nevertheless, it should be clear that whether you use a

few long instructions or many short ones is up to you; you
should write in the style that seems easiest to you.
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6: ENTERING THE DEFINITION OF A PROGRAM
SO THAT IT CAN BE USED REPEATEDLY

If the work that you want done can be specified in an
instruction that is brief and easy to type, you can get it
done simply by entering that instruction. But if you want a
more complex calculation, or one that you want to use
repeatedly, you will certainly want to define a program to
do the job. Then you can obtain execution of the program,
regardless of the number of instructions it contains, simply
by typing its name. This section tells you how to define a
program,

Starting the Definition

You will recall that the computer has two modes, one
for executing instructions immediately, and the other for
storing the definition of a program. To start the
definition, you must enter definition mode. The symbol v
(pronounced "del") takes you from one mode to the other., If-
you type a V while you are in execution mode, it signals
the computer that what follows is the definition of a
program, If you type another V while the computer is in
definition mode, that signals the computer that you are
finished with the definition of that program; the computer
returns to execution mode.

To start the definition of a program, the first thing
you do is type (on a single line) the symbol V followed by
the name of the program.*

When you press carrier return, the computer asks what
you want as the first line of the definition. It does this
by typing, in square Dbrackets, the number 1. Then the

*At this point we are limiting the discussion to the
simplest type of program, what you might call a "stand
alone" program. A program of this type is executed simply by
typing its name. That name, standing alone, is all that may
appear in the instruction that causes the program to be
executed. APL also permits you to define a program sSo that
it may be used as part of a compound instruction, with other
programs, operations, and variables all in the same
instruction. Discussion of that type of program is deferred
until Chapter 25.
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computer spaces over until it has completed the usual
indentation of six spaces, and unlocks the keyboard to await
your definition of line 1. What you type at that point is
entered as the definition for line 1 of this program. Then
the computer types a 2 in square brackets, and awaits the
definition of line 2. It continues in this fashion until you
type another v to indicate that you want to return to
execution mode.

This will be clear if we consider a simple program and
work through its definition step by step.

In order to show where the typeball is when the
keyboard is unlocked, we use the following mark:

e

This mark does not, of course, appear on your paper; we
merely use it in this primer to show you where the typeball
is located at the moment when it becomes your turn to type.

Focal Length of a Lens: A Simple Calculation
To Illustrate Program Definition

Here is the formula for the focal length of a lens:

nnr,
(n-1)[(n(r#+ x,) - t(n-1)]

where f 1is the focal length
n is the index of refraction
t is the thickness of the lens

r, and r, are the two radii of curvature.

Suppose that you want a program called FOCAL to compute
the focal 1length, F, from the stored values of variables
called N, T, Rl, and R2. The program should both store F and
print F.

(Notice that it's all right for a name to include
numerals, as long as they aren't the first character in the
name, so that the names Rl and R2 are permissible. However,
they are individual names which do not mean that these are
the first and second members of a variable called R.
Indexing of a variable is introduced in Chapter 19.)
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Your first step in defining FOCAL is to type a del,
followed by the name of the program. When you do that, the
computer notes the name of the program, and asks what you
want as line 1 of the definition. Your paper looks like
this:

VFOCAL
(1] @

You could start the calculation by finding the value of
the numerator of the fraction, and storing it. When you type
line 1, which might be as follows, the computer responds by
asking what you want on line 2:

VFOCAL
[1] NUM<NxR1xR2
[2] @

On line 2, you can calculate the denominator of the
fraction:

VFOCAL
[1] NUM«NxR1xR2
[21 gENOM*(N-l)X(NXR1+R2)-TXN-1
3]

On line 3, you do the division and store the result
under the name F:

VFOCAL

(1] NUM«NxR1xR2

[2] DENOM+(N-1)x(NxR1+R2)-TxN-1
3] F<«NUM+DENOM

[ul @

On line 4, you want to have F printed. You simply type
its name:

VFOCAL
[1] NUM«NxR1xR?2
(21 DENOM«(N-1)x(NxR1+R2)-TxN-1
[3] F«NUM+DENOM
Cul F
[51] @

That's all the program needs.
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When the computer asks for a definition of line 5, you
type another del. The computer closes the definition of the
program called FOCAL, stores it in the memory of the active
workspace, and returns to execution mode.

VFOCAL
[11] NUM <« NxR1xR?2
[2] DENOM <« (N-1) x (NxR1+R2) - TxN-1
[3] F « NUM+DENOM

sl F
[51] v
@

After the final del, the computer leaves definition
mode. Therefore, as you can see in the example shown above,
when it unlocks the keyboard for your next instruction, it
again indents by six spaces, but this time without typing a
line number (since now you're back in execution mode).

Sample Use of the Program Just Defined

The values of the variables N, T, Rl and R2 need not
have been stored at the time you entered the definition of
FOCAL, but they should be stored before you try to execute
FOCAL. Once those values are in storage, you cause the
computer to execute FOCAL simply by typing its name. The
computer prints the value of F, as 1line 4 of the program
directs.

N« 1.3275
I'< .375
R1+8
Rk2+7,85
FOCAL
12.16918274

If you wish, you can set new values for the radii and
then ask for a new execution of FOCAL. If you can still use
the former values of N and T, you need not enter . their
values again, since they are retained in the workspace.

R1 <« 8.1

R2 <« 7.75

FOCAL
12.16433832
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Another Sample Program:
Efficiency of a Diesel Engine

One form of the equation for the theoretical efficiency
of a Diesel engine is as follows:

y
(_Yz) .
EFF=1 - 1 Va

Y-l V-
R 3 Y.

Using this formula, you would like to see how the
theoretical efficiency varies over some range of the various
parameters. You need a program that will compute EFF,
the efficiency, from the stored values of those parameters.
In your workspace, you can give them names based upon their
representations in the formula; for instance, they might be
R, GAMMA, V3, and V2,

There are various strategies for writing this program.
To simplify your task, you might want to divide up the
calculation into sections, and compute each section
separately. Suppose you start by breaking the formula into
sections A, B, and C, as follows:

[ v, M —B
1 ./ !
EFF=1 - .

.‘R..Y-'I . 'Y __Va_.-]_
N V2 —_—C

A

Once you have calculated values for A, B, and C, you can get
the efficiency by this instruction:

EFF<1-AxB3(

This will probably be the last, or next-to-last, instruction
of the program. Ahead of it you need instructions that will
calculate A, B, and C. Part A is easily obtained with the
following instruction:

A<R*GAMMA -1

Notice that V3:V2 occurs twice in the formula, once in
section B and once in section C. If you save the result the
first time you do the division, you won't have to do the
division twice. Hence before you evaluate B and C, you may
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want to divide V3 by V2 and store the result; suppose you
call it RATIO., Then B can be calculated by this instruction:

B«(RATIO*GAMMA) -1

and C can be obtained by this instruction:

C<«GAMMA%XRATIO-1

Now the various steps can be put together into a program.
Suppose the program has the name DIESEL. This version does

not include a print instruction, although of course one
could be added as line 6.

VDIESEL
(11 A< IR*GAMMA-1
[21] RATIO« V3+V2
[3] B< (RATIOxGAMMA) -1 \
Cu] C+~ GAMMAxRATIO -1
[51 EFF< 1-AxB=(C
[61 v

Writing the DIESEL Program in a Single Line

There are many ways this little program could be
written. If you preferred to write an equivalent program
which puts it all into one instruction, you could do it like
this: Imagine the formula split into sections A, B, and C,
as before, but this time instead of storing values for each
of those variables, substitute the expression for A, B, and

C directly in the first 1line. Let this short program be
called s:

EFF <« 1 - A x B + c

et I — P e,
D, S

tR*GAMMA-1 ((V3:V2)*GAMMA ) -1 GAMMAx(V3:V2)-1
The one-line definition of S is therefore as follows:
Vs

L11 EFF<1-(+R*xGAMMA~-1)x(((V3+V2)*GAMMA) -1)+GAMMAx(V3+V2)-1
[21 v
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Sample Execution of DIESEL

GAMMA<1.,485
V3<«184
V2«22
RE<15
DIESEL
EFF

O, 44843468

An Instruction in One Program
Can Call for the Execution of Another Program

The instructions in DIESEL might be rewritten so that
each portion of the calculation is handled by another
program. Since the diesel calculation was divided into parts
A, B, and C, each of those might be calculated by a separate
program; you might want to call them DOA, DOB, and DOC.
Here's a program called DSL, written in that way:

V DSL

(1] DOA

£2] DOB

[3] Doc

Cul EFF<1-AxB+(C
v

Of course, you can't tell what this definition means
until definitions are supplied for the programs DOA, DOB,
and DOC. Here they are:

V DOA
(1] A<+R*xGAMMA-1
v

vV DOB
[1] B«((V3:V2)xGAMMA) -1

v DoC
[11] C+GAMMAx(V3:V2)-1
v

As far as you can tell when you use it, DSL works just like
DIESEL. In a larger problem than this one, it is often
convenient to be able to break the work up into modules
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which are handled by separate sub-programs. As you will see
later, the ability of one program to call for the execution
of other programs becomes much more useful when those
programsi can be written so that they have arguments in the
way that APL operators do. Then you can write compound
expressions involving calls to other programs. That topic
is discussed in Chapter 25,

It is sometimes convenient to define a program in which
the opening instructions set up the values that another
program is to wuse. A later instruction in the same program
may then call for the execution of the program that does the
actual calculation. Here is a definition for a program
called D, which sets new values for GAMMA, R, V3, and V2 by
modifying the earlier values as shown, and then calls for an
execution of DIESEL and for the printing of the final value
of EFF.

v D
(1] GAMMA<«1.,01xGAMMA
[2] V3«0,99xV3
[3] V2«0.,95xV2
[u] R<R+0,04
[51] DIESEL
[6] EFF

D
0.4489094412

D
0.4488170822
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7: DISPLAYING OR CHANGING THE PROGRAM
AFTER YOU'VE DEFINED IT

Suppose you've defined a program DIESEL. You have typed
all of your definition, and you've typed a final V to
indicate that the definition is ended. That has taken you
back to execution mode. Perhaps you have even executed the
program a few times. Now you decide that you want to change
the definition. Perhaps you find a mistake in it, or some
unnecessary lines; perhaps you wish to add some additional
steps that you didn't think of before. How may you edit the
stored definition?

Any time you edit the definition of a program
(including just displaying it without changing it) you start
out by typing a V and the name of the program. For the
"stand alone" type of program (the only kind introduced thus
far) this is the same as the way you first started the
definition of the program.

Adding Another Line

Whenever you enter definition mode and type the name of
a program, the first thing the computer does is check the
active workspace to see if there is already a definition for
a program of that name. The first time you entered VDIESEL,
the computer could find no prior definition for a program
called DIESEL in the workspace. So it presumed you were
starting a new definition, and asked what you wanted on line
1. When you first opened the definition of DIESEL, the
opening dialogue went like this:

VDIESEL
(1] @

But when the computer finds that a definition of DIESEL
has already been stored, it assumes that now you want to add
to the stored definition. So it types the number of the line
which comes next after the 1lines it already has, and awaits
your definition for that new line.

VDIESEL
(61 @
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After it gets the definition of that line, it asks you
for line 7, and so on wuntil you once more enter a vy to
indicate that the definition is closed. You may recall that
the definition of DIESEL did not include an instruction to
print the value of EFF. Suppose you now add such an
instruction after the instructions that have already been
entered:

VLIESEL
Lel EFF
71 v

@

Replacing a Line

Suppose that you don't like the definition that you
originally entered for line 3 of DIESEL; you want to replace
it with something else. If you once again enter definition
mode, since the computer now has six lines of definition for
DIESEL, it invites you to enter a definition for line 7. You
may override this suggested line number by typing a new line
number, in brackets as before. If you wish to redefine line
3, you now type [3] followed by whatever you would now like
to have on line 3. The new version of line 3 replaces the
old one.

VDIESEL
[71] [3] B«-1-V*xGAMMA
[u] %

Whenever you specify a new definition for a line which
already exists, your current definition replaces the earlier
one. After accepting your new definition for 1line 3, the
computer asks if you wish to revise line 4 also. If you
don't want to, you now type a V. Line 4, and all other lines
previously defined, remain unchanged.

Displaying What Is Already on a Line

Suppose you want to check wup on what you wrote on a
line of your program. You want to see what was on line 3 of
DIESEL in order to decide whether to change it, or how. You
do this using the input-output symbol [J, called "quad." Once
you are in definition mode, you type within brackets the
line number followed by a [J. For example, to cause line 3 of
DIESEL to be displayed, at that point you enter [3[]]. This
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is shown step by step in the following example. Notice that
after it has shown you what is on line 3, the computer
invites you to redefine line 3.

VDIESEL Step l: Enter definition mode for
£71 Q@ the program called DIESEL. The

computer already has six 1lines
defined, so it asks what you want
on line 7.

VDIESEL Step 2: Instead, you ask for a
[7] {301 display of line 3. The computer
[3] B«~(RATIO*GAMMA) -1 types its stored definition of
[3] Q line 3, and then asks what you
want as a new definition for line

3.

Step 3: Either—--

VDIESEL . (a) If you want to change line
£71 £ 301 3, type the new instruction for
[3] B<(RATIO*GAMMA) -1 line 3. Then the computer asks
[3] B«~-1-RATIO*GAMMA what you want on line 4.

Lu] @
or--

VDIESEL (b) If you don't want to change
[71 {301 line 3, but you now want to
3] B<(RATIO*GAMMA) -1 display some other 1line, type
3] 501 in brackets the number of the
[51] EFF<1-AxB+(C line you want to see next,
[51] Q@ followed by a O. The computer

then shows you that 1line, and
asks what you want as the new
definition of that line.

oxr—-

VDIESEL (¢) If.you want to leave line 3
[71] {301 as it was, and leave definition
(3] B« (RATIO*GAMMA) -1 mode, type a v. As always, all
£3] v previously defined lines remain

@ unchanged.
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Displaying the Whole Stored Definition

Once you have the computer in definition mode, if you
use the [ symbol to get a line displayed but you don't say
which 1line you want, you get all of them. For instance,
entering

VDIESEL
(7] cod

causes the computer to print its entire stored definition of
the program DIESEL:

VDIESEL

[7] ol

V DIESEL
L11] A«+R*GAMMA -1
2] RATIO<V3:V2
3] B«(RATIO*GAMMA) -1
C4] C+~GAMMAXRATIO-1
[51] EFF<«1-AxBz(
[6] EFF

v
(7] @

Notice that the computer even prints the initial V with
which the definition starts, and another one to show where
the definition thus far stored comes to an end. These dels
that the computer types do not change the mode: only a del
that you type can do that. The first del you typed started
the definition mode; when you are ready, you will have to
type another del to get back to execution mode.

Notice too that after it has finished typing the entire
stored definition, the computer types a new line number,
inviting you to enter the definition of another line after
those already defined. As before, you don't have to enter
one if you don't want to.

Inserting a Line Between Lines that are Already Defined

Suppose that the line that you want to add doesn't come
at the end of the program. Perhaps you forgot to set up
something at the beginning of the program, or perhaps you
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forgot an intermediate step somewhere in the middle. How can
you insert a line between the existing lines of the program?

You interpolate a 1line by giving it an interpolated
line number. Suppose you wish to insert a line so that it
comes after line 1 but before line 2. You do that by
assigning your 1line a decimal number between 1 and 2; 1.1
would do, or 1.5, or any other number with wup to four
decimal places and which is greater than 1 but less than 2.
Negative line numbers aren't allowed, so if you want to
insert a line ahead of the first line, assign it a line
number between 0 and 1.

When you type v followed by the name of the program,
the computer, as before, asks what you want to add after the
last line it now has in the definition. You decline this
invitation; instead, you type a new line number, also in
brackets. This new line number overrules the one typed by
the computer. Suppose the program DSL now has 5 lines; you
wish to insert a line saying

RATIO<V3:V2

between lines 1 and 2. Here's what happens:

VDSL :
(6] [1.5]1RATIO«V3:V2
[(1.61 @

As usual, after you enter your definition of that line,
the computer responds by asking what you want as the
definition of the next line. What is the "next" line in this
situation? The computer determines the number of the "next"
line by adding a 1 in the rightmost place of whatever number
was typed. Since you typed [1.5], the machine asks next for
line [1.61].

If you had given the line the number [2,0089], then the
computer would have asked next for a definition of 1line
[2.009]. Of course, you wouldn't have to give it one. You
can always close the definition, or you can type any other
line number you may want to insert next,

When you close the definition, the 1lines are all
renumbered, and given 1line numbers that are consecutive
integers (1, 2, 3, 4, ... etc). If you insert a single line
between lines 1 and 2, that inserted line becomes line 2.
The old line 2 becomes line 3, the old line 3 becomes line
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4, and so on. If you now display the entire definition of
DSL, you find that the inserted line has pushed down the
lines that follow it:

VDSL

{71 [O]

vV DSL
f11] DOA
[21] RATTO<«V3:V2
[3] DOB
fu] DocC
[5] EFF<«1-4AxBsC
[6] EFF

\
7] @

Deleting a Line of the Definition

Suppose that you decide that you don't want 1line 2 of
program DSL in there after all. How can you remove it?

You can delete a 1line of the stored definition of a
program by using the "erase" feature. You start out as if
you were going to replace the definition of a line (see page
42). But when it comes time to type the new definition for
that 1line, you simply press the ATTN key, followed
immediately by carrier return. This combination erases that
line from the stored definition. Then the computer asks what
you want to do about the next line of the program. Erasure
of line 2 of program DSL looks like this:

VDS
(71 [2]
v
(31 @

When you type the final V to leave definition mode,
lines of the program which have nothing on them are dropped,
and the other 1lines are moved up to fill the gaps. For
instance, if you erase line 2, the o0ld line 3 is moved up to
become line 2, the old line 4 becomes lines 3, and so on.
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Changing the Program's Header

The header of a program is the title line, containing
the program's name. As you will see in Chapter 25, it may
also contain several other items as well. It 1is quite
possible to edit not only the instructions that make up the
body of a program's definition, but also the header itself.
In this way you can change the name of the program, if you
wish. When you get to defined functions with results,
arguments, or local variables (taken up in Chapter 25) you
may also add, delete, or rename any of those.

The header of a program may be edited by asking to
alter its 1line 0, and then proceding just as you would to
change any other line of the program. Suppose you wish to
rename the function DSL with the name DSL2:

VDSL
£71 Lol
(o] DSL
[o0] DSL?2
[1] v

Now you have created a program called DSL2, having the same
definition that DSL used to have, and (indirectly) you've
also erased DSL.

Erasing Programs or Variables Entirely from your Workspace

Suppose you are through with some programs or variables
altogether. You may keep them in your workspace indefinitely
if you wish. But if you no longer want them cluttering up
your workspace, you may delete it using the system command
YERASE followed by the names of each of the programs (or
variables) you want to erase. Suppose you want to erase the
program called DIESEL and the variable GAMMA:

YERASE DIESEL GAMMA

Both the name and the entire definition of DIESEL are erased
from the workspace. Similarly, both the name and the value
of GAMMA are erased. If you try to use either of them, the
computer no longer recognizes them: °

DIESEL

VALUE ERROR
DIESEL
A
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You can't erase a program definition while it is
pendent (i.e. while its execution is halted to await the
result of another program). See page 85-86, where halted

programs are discussed, and the discussion of definition
errors in Appendix D.
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8 : REPRESENTING NUMBERS

When you wish to enter a number into the computer, or
when the computer prints the numerical value of a result,
you have to have a system for representing numbers. You want
the computer to understand what you type, and you need to
understand what it reports. Internally, the computer
represents numbers in the binary system, but with APL\360
you don't have to deal with the internal workings of the
computer., Whenever you and the computer communicate, numbers
are represented in the decimal system.

Within the decimal system, APL\360 uses either of two
different forms. When you wish to enter a number, you may
use whichever form is convenient for you. You may mix both
forms in the same expression, if you like. The choice of one
or the other form is purely a matter of convenience: it
makes no difference to the computer's calculations.
Similarly, each time the machine has to print a numerical
value, it picks one or the other form in which to type it.
In general, the computer picks whichever form yields the
simplest representation. This choice of form is not made
until the computer is ready to print, after its calculation
has been completed.

Decimal Form

You can enter any number in the usual decimal form,
using the period as a decimal point. If the number doesn't
have any digits to the right of the decimal point, you don't
need to type the decimal point either; to APL, it doesn't
matter whether you enter 6, or 6.0, or even 06.00. Leading
zeroes to the left of the decimal point, or trailing zeroes
to the right of the decimal point, don't matter. However,
the digits that represent a single number must not be
separated by spaces or commas.

In the following examples, A, B, C, D, and E are given
values that are entered in the standard decimal form:

A<« 0

B+« 1088.5

C<« .00065

D+ 186300000

E< 0.3
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Exponential Form

When your work involves numbers that are very large or
very small, it is often desirable to indicate these numbers
by stating a value in some convenient range, and then
multiplying it by the appropriate power of ten. For
instance, Avogadro's number, which is the numpber of
molecules in x grams of a substance whose molecular weight
is x, is commonly written as 6.02x10%%

A similar form exists in APL. It is called exponential
form. In exponential form, Avogadro's number is written

6.02E23
The E in the middle indicates that this is exponential form;
the digits to the right of the E indicate the number of
places that the decimal point must be shifted.

6.02F23
means the same as

602000000000000000000000.0 (point shifted 23 places).
That is, the digits to the right of the E indicate the power
of 10 by which the number to the 1left of the E must be
multiplied.

The estimated population of the world in 1964 could be
written in any of the following ways; each results in the
same value of the variable POP64:

POP6L4+«3,22E9
POP64<3220F06
POP64+3220000000
POP6L4+3220000000.00

It is important to note that the letter E in a number
such as 3.22F9 is a part of the name of that number, and not
an operator. By contrast, when you enter 3,22x10x9 you are

instructing the computer to perform a sequence of operations
which, as it happens, will end up with the same value.
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Negative Numbers

A negative number is indicated by the symbol that means
"negative" placed in front of it. Negative two is written
like this:

2

Note that the negative symbol is not the same as a
minus sign. The minus sign denotes the operation of
subtraction. The negative symbol is part of the name of all
those numbers that lie below zero on the number line.
Unfortunately, the distinction between the operation of
subtraction and the names for numbers that are below zero
has been muddled by the common practice of calling a
negative number (for instance) "minus two," and using the
minus sign for both purposes. APL avoids this confusion by
using the minus sign only to mean the operations of either
subtraction or negation, and the negative symbol only as
part of the name of a negative number.

Notice that the operation - (subtraction), like all
other APL operators, applies to everything to the right of
it in an instruction. For instance, the instruction

7 - 2 + 3

means that the sum of 2 and 3 is to be subtracted from 7. By
contrast, the negative symbol ~ is simply part of the
representation of a single number. It doesn't apply to any
other number but the one in which it occurs. Because it is
not an operation at all, it can never be used alone, and it
can never be used to operate on a variable. In this respect,
the negative symbol is 1like the decimal point, or the
exponential E: it has no meaning other than to help
determine the value of the number represented by a
particular cluster of digits. The decimal point, the
negative sign, and the exponential E, 'may occur only as
part of the representation of a number. You can't have any
spaces separating these symbols from the other digits of the
same number,

Negative Numbers in Exponential Form

The negative symbol can turn up in exponential form in
just the same way as in other numbers. For instance, you can
indicate the number negative two trillion by typing:

T2E12
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And you get negative 2.11684 trillion by entering:
T2.11684E12

Very Small Numbers

In the exponential form, you can represent a very small
number in the same fashion as a very large one. For large
numbers, the decimal point is to be shifted to the right, so
that 2F3 means 2000. For very small numbers the decimal
point must be shifted not to the right but to the left. This
is indicated by having a negative exponent. So you could
write two trillionths like this:

2E712

In the same fashion, you can write negative two trillionths
like this:

T2FET12

Note that the two negative symbols that are in the
representation of ™egative two trillionths" occur inde-
pendently. The first one means that the whole value of this
number 1is negative. The second one means that this is a
number with a very small magnitude.

Roughly speaking, APL\360 can work with numbers
(positive or negative) whose magnitude ranges from a minimum
of about 1E775 to a maximum of about 1E75.

Precision of Numbers

Internally, the computer represents numbers with a
precision equivalent to about 16 decimal digits. Inevitably,
any sequence of operations on values each of which requires
the full precision will result in some cumulative error, so
that the results (even though calculated to the equivalent
of 16 decimal digits) are not necessarily that significant.

Number Display

Regardless of precision, it would be cumbersome to
print all 16 digits every time you asked to see a number.
So, when APL\360 prints a number, it prints only the 10 most
significant digits, and suppresses trailing zeroes to the
right of the decimal point. If you ask for the reciprocal of
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3, the result that you see printed will show only ten places
after the decimal point, even though the calculation was
carried further than that:

+3
0,3333333333

Similarly, 1 million divided by 3 is printed with ten
digits:

1E6+3
333333.3333

And one million million million divided by 3 is also printed
with ten digits:

1F18%3
3.333333333F17

But although only ten digits are printed, when a value is
stored in the workspace, it 1is stored with APL\360's full
precision, equivalent to about 16 decimal digits, and this
is what is used in any calculation involving that stored
value.

If for some reason you want your results printed with
more or fewer digits, you can reset the number of digits
printed in a particular workspace by using the command
YDIGITS followed by any integer from 1 to 16.

Which Form Does the Computer Use?

When you are entering a numerical value, you may use
whichever form vyou like (assuming that it is adequate to
describe the number you want to enter). But when the
computer types a number, it selects one of the forms
according to its own preference. For instance, the computer
always arranges numbers that it types in exponential form so
that the left portion (the mantissa) is between 1 and 10,
regardless of the way you entered the number:

602E21
6.02E23

1E6
1000000
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.00000000000000000000000000000000000025
2.5E 37

1.0

As you have just seen, it is quite possible that you
choose to represent a number in one form, while, when it
types, the computer represents the same value in the other
form. None of this makes any difference to the calculation,
since the way numbers are typed during input or output is
independent of the way they are represented inside the
computer during a calculation. For the computer, as for you,
the choice of one or the other form for writing numbers is
merely a matter of convenience in typing.
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9: TESTING THE TRUTH OF A RELATIONSHIP

In the course of a calculation, there will be occasions
when vyou want to know whether a particular relationship
holds or not. You may want to test whether a counter has
reached its maximum, or you may want to check whether a
trial result is close enough to a desired standard of
accuracy. Possibly you want to do something differently in
your calculation, depending upon whether a particular
condition is or is not met. APL includes operators which
test whether two gquantities are equal, as well as other
relations.

The following APL operations test the truth of a
relationship:

A

less than

IA

less than or equal to

= equal to

v

greater than or equal to
> greater than
# not equal to

Consider the following exchange:

A<12345678
B«12345679

A=B

A<B

The computer always evaluates the truth of a
relationship with 1 for true and 0 for false. Notice that
because the result of testing one of these relationships is
a number, it can be used in subsequent calculations.
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1+A4<B

Each time a relationship is tested, think of it this
way: = means "Is it the case that A=B 2" (and similarly,
"Is it the case that" AsB, or A=#B, or whatever it is). If
the answer is "Yes," the computer says 1l; otherwise, 0.

Notice that these instructions do not tell the computer
that A is less than B (or whatever the relation is). Nor do
they instruct the computer to make A less than B. They test
the truth of the relationship.

Example of Test for Equal

Suppose the correct answer to a problem has been stored
as the value of a variable called RIGHT. Suppose that the
answer supplied by a student has been stored under the name
STUDENT. You need to keep track of the student's score. You
want to add 1 to his score if his answer is the same as the
right answer, and otherwise leave his score unchanged.

If the student got this problem right, then it is true
that STUDENT=RIGHT. To add 1 to his score if and only if his
answer is equal to the right answer, you could give this
instruction:

SCORE <« SCORE + STUDENT=RIGHT

Then the amount added to SCORE will be 1 when the two values
are equal, and 0 when they are different.

The example could be made slightly more complicated.
Suppose that instead of adding 1 when the student is right,
you wish to give some problems more weight than others. The
weight for the current problem is stored under the name
WEIGHT. If the student gets this problem right, you want to
add WEIGHT to his score; otherwise, 0.

SCORE « SCORE + WEIGHT x STUDENT=RIGHT

If the student's answer is equal to the right answer, then
STUDENT=RIGHT has the value 1, so the amount that is added
is WEIGHTx1. But if they are not equal, then the amount
added is WEIGHTx0, which is 0.
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How Close is Equal?

We have already mentioned that the computer stores the
values of numbers out to about sixteen decimal digits. It is
not programmed to handle greater precision than that.
However, if you perform calculations on those stored
numbers, there is almost certainly some loss of accuracy, so
that although a result is carried to about sixteen digits,
the final digits may become meaningless.

Whenever you ask a computer whether two quantities are
equal, you have to gqualify that question, and ask it (in
effect), "Are these gquantities equal as nearly as it is
reasonable to judge?" API\360 judges two quantities to be
equal if the relative difference between them is less than 1
part in about ten million million (i.e. 1 part in 1£13).

As we noted earlier, APL\360 types a maximum of ten
significant digits. This means, in effect, that the typed
answer is rounded to the nearest 1 part in 1E10, and numbers
which are not in fact equal may look alike when printed.

Occasionally this may cause some puzzlement. For
instance, suppose you have two variables called A and B. If
you ask for these two to be printed, exactly the same values
are typed for both of them. But if you test to see if they
are equal, you find that they are not!

A<+3

B+,3333333333

A
0.3333333333

B
0.3333333333

A=B

This arises when the difference between A and B is
large enough to be detected when the two stored values are
compared, but not large enough to show up when they are

typed. You can make the difference evident by finding the
difference between A and B:

A-B
3.333332221F 11
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Notice that these are not mistakes, but the normal
consequence of two facts:

l. No matter how you perform a computation or
comparison, there must be some finite limit on the
precision.

2. APL\360 does not normally display all the
precision of which it is capable.
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10: MORE OPERATIONS IN ARITHMETIC

So far we have considered the following arithmetic
operations: addition, subtraction, multiplication, division,
exponentiation, maximum, and minimum, . In this chapter we
present capsule summaries of four other arithmetic
operations, and four logical operations.

-

Absolute Value

Sometimes you want to consider the magnitude of a
number without regard for whether it 1is positive or
negative--that is, its absolute value. 1In conventional
arithmetic, absolute wvalue is often indicated by placing a
vertical bar on either side of the name of a variable, thus:

la]
In order to keep its syntax consistent, APL dispenses with
the need to write the sign twice, and writes "the absolute
value of A" like this:

| A
If A has a positive value, then |4 has the same value. But
if A has a negative value, then |4 has the same magnitude

but a positive sign.

Like every APL operator, | operates on everything to
the right of it, so that

|A+BZxQ

means "the absolute value of the sum of A and the product
of BZ and Q"

Residue and Remainder

AlB

is read as "the A residue of B." The A residue of B is the
smallest non-negative number that could be reached if you
started out from the number B and added or subtracted the
absolute value of A as often as necessary. If A and B are
both positive, this is the same as saying that the A residue
of B is the remainder when B is divided by A.
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If B is evenly divisible by A, then 4|B must be 0. By
testing the truth of the relation 0=4|B you could decide
whether B is divisible by A.

A program which prepares monthly statements includes a
variable MO which contains the number of the current month.
At the beginning of each new month, the program updates the
stored values of MO. The months run from 1 to 12, so that
the next month after month 12 is month 1. The following
instruction would update the months correctly:

MO<1+212|MO

For instance, at the end of March, MO has the initial
value 3:

MO<3
1+12 | MO
L

But at the end of December, when MO is 12, the same
instruction has this result:

MO<«12
1+12 M0
1

Powers of the Natural Constant e

If you type the symbol for exponentiation * with no
left argument, APL presumes that the number which is_to be
raised to a power is the natural constant e. Thus e® in APL

is written =4

The formula for the height of the Gaussian "normal
curve of error" (when the total area under the curve is 1)
provides that the height (i.e. frequency) Y of a deviation
of T units from the mean may be found by the following

formula:
Y - ]‘ e—T2/2

Vor
The reciprocal of the square root of two pi* is constant in
this formula. Suppose we call that constant RTP; in APL, it
may be found as RTP+ :(2xPI)*0.5 Then the formula for Y
becomes:

Y« RTP x *x~0.5xT%2

*The value of pi is directly available from the monadic use
of the circular function o (see p. 66).
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This might be embodied in a program called GAUSS:

V GAUSS
[1] Y«RTPx#%=0Q,5xT2
\Y)

The height of the curve at its center, when the deviation T
is zero, is found in the following execution:

T+0

GAUSS

Y
0.3989u22804

And the height when T is 2 units:
T<2
GAUSS
Y

0.05399096651

Logarithms

The log of B to the base A is written:
A®B

(The symbol for logarithm is formed by overstriking the
circle o and the sign for exponentiation x.)

The common (i.e. base 10) logarithm of NUMBER can be
found by the following instruction:

NUMBER<20
10eNUMBER
1.301029996

And the base 2 log of NUMBER is found this way:

2@NUMBER
4,.321928085

In order to approximate the responsiveness of human
senses, radio engineers convert the power of an audible
signal into units called decibels. The change of intensity,
in decibels, measured with respect to an arbitrary reference
power, is found from the formula

power

db = 20 log,, rof
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In APL, this becomes:
DB <« 20x 10@POWER+REF

For a reference power of .002, an observed power of .08 is
converted to decibels as follows:

POWER+ ,08
REF <« ,002
DB ~ 20x10@POWER*REF
DB
32.04119983

Natural Logarithms

Just as the powers of e can be found by entering * with
no left argument, so the log to the base e (the Napierian or
natural logarithm) is found by entering the symbol for
logarithm with no left argument. Hence the natural 1log of
XYZ is found by the expression ®XYZ,

®2
0.6931471806

XY¥7+10

exXYZz
2.302585093

Antilogs

APL has no special symbol for the antilogarithm, since
it can be found directly by exponentiation. The base 10
antilog of B is obtained by the instruction 10*B, while the
natural antilog of XYZ is found by *XYZ, For example:

A<B

B<«7

LOGA~e4

LOGB<eB
LOGPROD<~LOGA+LOGB

*LOGPROD
42

Logical Operations

The logical operations OR, AND and NOT operate only on
zeroes or ones. Logical operations are most frequently used
to form compound expressions about the truth of two or more
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relationships. APL uses the number 1 to stand for "true" and
the number 0 to stand for "false." Thus the logical
operators can work on the result of any of the tests of
relationship. But they aren't restricted to handling the
results of relational tests; they can work on any values
that contain only zeroes or ones, regardless of where those
zeroes and ones came from.

Logical Or

Suppose A represents the truth of some relation, and B
represents the truth of some other relation. Some condition
you have in mind will be satisfied if either A or B is true.
You can find the truth of "A or B" by the instruction

AVB

Suppose that in a particular program you are finding a
solution by successive approximations. You will be satisfied
if the result is correct within .0000001, but you will also
be satisfied if the computer has already tried 100
approximations. You want to quit if either of those
conditions is met. The first condition to test might be:

1E"7 2z |LASTRESULT-NEWRESULT
And the other one might be written this way:

COUNT=2100

An expression that yields a 1 if either of those conditions
is true (i.e. has the value 1) is:

(COUNT=100) V AE 72| LASTRESULT~-NEWRESULT
In APL, as in logic, OR means the inclusive or: that
is, you are satisfied if either one of the conditions is
true, or if both of them are true.

Logical And

The instruction

AANB

returns a 1 if and only if both A and B are 1. That is, AAB
is true only when both A and B are true.
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Let's return to the example in which we increase a
student's score by 1 if his answer is equal to a right
answer (page 56). Suppose now that this is a two-part
question, and he has to have both parts right in order to
get credit. If the student's two answers are called Sl .and
82, and the correct answers are called Rl and R2, then you
can keep track of his score by the following instruction:

SCORE<« SCORE+ (S1=R1)A S2=R?2

In a certain jurisdiction, you can vote in school board
elections if you are a citizen, and registered, and either a
parent of a child in the 1local schools or a taxpayer to the
school district. If CIT, REGD, PARENT, and TAXED are
variables which indicate whether those conditions are met
for an individual, you can combine them to test whether he
is eligible to vote by the following expression:

ELIG+« CITA REGDA PARENTVTAXED

Exclusive OR

In ordinary English speech, "or" often means "one or
the other, but not both." Technically, this is the
exclusive or. APL doesn't have a special symbol for
exclusive or since the "unequal" operator provides this
function. If A is a logical variable (i.e. is restricted to
the values 0 or 1), and B is too, then

A#B

can have the value 1 if and only if one of those variables
has the value 1 while the other has the value 0. The
operation can be used to test whether any pair of values
is unequal, including numerical values of any size, or even
literal characters. But if the operation is applied to
zeroes and ones, its effect is the same as an exclusive or.

In household electrical circuits, it is common practice
to provide some lamps that may be turned on or off from
either of two different switches--perhaps at the foot or the
head of a staircase. The switches are arranged so that the
current may flow when the two switches are in opposite
positions. 1In that way, reversing the position of either
switch always reverses the light. If the two switches are
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called S and T, then the lamp (represented by the variable
LAMP) is on (has a value 1) when:
LAMP<« S=T

NOT: Logical Negation

The operator ~ takes only one argument, which must be
logical (i.e. must be composed exclusively of zeroes and
ones), and produces a result of opposite truth. That is, the
value of ~0 is 1, while the value of ~1 is 0.

Suppose a condition will be satisfied only if A is true
and B is false. That can be tested by the result of this
expression:

AA~B

In constructing logical expressions involving the
negation of some logical result, it may be handy to recall
the equivalences given by De Morgan's rule:

Neither A nor B: ~AVB is equivalent to (~4)A~B

Not both A and B: ~AAB is equivalent to (~A)Vv~B

Getting a Variable's Sign with the Signum Function

The signum function is a handy way of obtaining the
algebraic sign of a variable without regard to its
magnitude. It returns a result of one when its argument is
greater than zero, zero when it is zero, and negative one
when the argument is negative. APL uses the monadic times
sign to stand for the signum function:

x123, 45

X 667.89

The signum function may be useful in a variety of
situations in which you have a three-condition test, such as
"within range," "above range," or "below range." It is also
useful in those situations in which it is more convenient to
perform a calculation on the absolute value of a variable,
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and then restore the appropriate sign at the end. Suppose
you would 1like to convert a series of measurements to the
log of their absolute value, but retain the original sign.
You could do it like this:

LOGX < (xX) x ®|X+X=0

Sine, Cosine, and Tangent

In APL the trigonometric functions (which are also
known as the circular functions) are provided by the circle
symbol o. In order to get the necessary variety of
functions using a single symbol, a left argument is used
with the circle, as follows:

Sin A: 104 Arcsin A: T 104
Cos A: 204 Arcos A: T204
Tan A: 304 Arctan A: T304

These are all defined in terms of radian measure, rather
than degrees.

The circle with a left argument of zero is the function
that gives the relation between the sine and cosine of an
angle: o004 is equivalent to (1-4%2)%0.5

The circle can also be used without an argument on the
left, in which case it gives a multiple of the constant PI.
For example, the number of radians in a circle is 02, and in
a quarter circle (90 degrees), it is o00.5. If you are given
an angle in degrees, and wish to find its cosine, you can
write the single expression 20043180 since PI radians is
equivalent to 180 degrees.

In Chapter 25 it is shown how a function can be defined
to have an argument and a result. That capability can be
used to obtain the circular functions in a convenient form,
under their conventional names. For example, if a function
SIN is defined as follows:

V Z<S5IN A
[1] Z«10044+180
Y
it can be used like this:

SIN 45
0.7071067812
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11: CONTROLLING THE SEQUENCE
IN WHICH THE LINES OF A PROGRAM ARE EXECUTED

"ordinary" Order of Execution

The ordinary order of execution of the 1lines of a
program is to start at line 1, then do line 2, then line 3,
and so on until the last line for which there is a
definition. Inside each workspace, there is a line counter
which tells the computer which line of the program it should
execute next. When you call for a fresh execution of a
program, it always starts out with line 1. In the usual
course of events, in order to decide which line to do next,
the computer simply adds 1 to the last value of the line
counter.

In the programs which have been used as illustrations
thus far, work always ended because the line counter moved
up in the usual sequence until it came to a line that had
not Dbeen defined. If a program has 4 lines, after the
computer executes line 4, it sets its line counter to 5, and
looks for line 5. When it finds that there isn't any line 5,
it concludes that it has reached the end.

Branches

There are many situations in which you want to be able
to tell the computer to go to some other line of the
program, instead of the one that it would ordinarily do
next. For instance, after a particular sequence of lines has
been executed, you might want to have the computer go back
and do them again with a different set of values. If the
sequence that you want to have repeated starts at line 3,
you might want to be able to tell the computer, "Go back to
line 3." Or, if you want to repeat the sequence starting at
line 3 only if a counter has not reached a particular value,
you might want to say "Go back to line 3 if COUNTER is less
than VALUE, otherwise stop."

An instruction which explicitly tells the computer
which line to go to next is written with a right-pointing
arrow, followed by an expression whose value is the number
of the line that is next to be executed. Such an instruction
is called a branch. The two examples mentioned in the last
paragraph would be written like this:

+3
+>3xCOUNTER<VALUE
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The second example, which depends for its effect on
some condition that is tested, is often called a conditional
branch. This and other forms of conditional branch will be
discussed in a moment.

Branching Out of a Program

A branch to a 1line for which there is no definition
always causes the computer to conclude that work on the
program is finished, just as it does if the line counter is
set to a 1line 1 greater than the last 1line of the program,

If a program has 5 lines, the instruction
+6

will terminate work on it. So would +399, or +678. But the
most obvious 1line number for which no instruction is ever
defined is line 0. Hence, if for some reason a Program needs
an explicit instruction to end work, the instruction that's
generally used is

>0

Naturally, you don't need to write -0 if the Program comes
to an end after the last line. (Although no line ever has a
fractional number once function definition mode is ended,
you can't use a branch to a fractional line number even to
end execution of a program, )

Computed Branches

Instead of writing -6 you could just as well use this
instruction:

+2x%x3
The "go to" arrow means that the calculation on the
right is to be performed, and the result of that calculation
is to be used to reset the line counter for the current
program,
Now suppose you give the instruction:
+3xCOUNTER<VALUE

This calls for a test to see whether it is true that COUNTER
is less than VALUE. If it is true, then the expression
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COUNTER<VALUE has the value 1; otherwise, 0. Thus this
instruction either means "Go to 3" or else it means "Go to 0
--i.e. exit from the program." Which of those meanings
prevails depends in any instance upon whether it is true
that COUNTER is less than VALUE.

The Factorial: An Example of a Program with a Branch

Suppose you want a program to compute factorials. The
factorial of n is the product of the consecutive integers
from 1 to n. You will need a counter; call it X. You will
also need another variable F, to hold the result as it is
developed. Start with X set equal to 1 and F also set egual
to 1. (It's all right +to write both of those in the same
line.)

V FACTORIAL
[1] FeX+1

Next increase X by 1. Then respecify F as the product of F
and X.

V FACTORIAL
[1] F«X<«1
[2] X<X+1
[3] F<FxX

If N is the number whose factorial is to be computed, you
now need an instruction that says "Go back to 1line 2 if it
is true that X is less than N; otherwise go to 0."

V FACTORIAL
[1] F<X<«1
[2] X<X+1
(3] F<FxX
L] >2xX<N
[5] v

Here 1is a sample execution of the program called
FACTORIAL. First you set a value of N; then you call for
execution of the program; finally you ask for display of the
latest value of F.

N<«12

FACTORIAL

F
479001600
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Program Loops

In the FACTORIAL program, the sequence of lines 2 to 4
is repeated as many times as required. A repeated segment of
a program is called a loop. Whenever vyou write a program
with a loop, there is some danger that a mistake in the
program will cause the loop to be executed endlessly. For
example, if the instruction on line 4 has requested a return
to line 3 instead of to 1line 2, X would never be increased.
The computer would return to line 3 indefinitely, because X
would always be smaller than N. In this example, F would get
larger and larger, being doubled at each repetition of line
3. Eventually the program would stop when the size of F
exceeded the capacity of the computer.

Any time the computer seems to be taking longer to
eéxecute a program than you think it should, it is possible
that it is in an endless loop. It is good practice to use
the interrupt feature (see page 12 ) to stop it. If all is
as it should be, you can tell the computer to resume where
it left off by entering a branch instruction from the
keyboard; this is discussed in more detail in Chapter 14,
"What to Do When the Program Stops."

The Roots of a Quadratic: Another Example
Of a Program With a Conditional Branch Out

There are various ways of finding the roots of a
quadratic equation. One of the best known goes as follows.
Arrange the equation so that it is in the form

ax? + bx + ¢ = 0

Then the roots are given by the formula:

_ -b t VB - tac
2a

roots

Suppose you want to write a program to calculate and
print the values of the two foots. The problem that arises
is this: the quantity b" -4ac (which is called the
discriminant) may be negative. If the discriminant is
negative, the roots are complex. If you woodenheadedly go
ahead and try to calculate them anyway, you'll be in trouble
when you try to take the square root of a negative
discriminant. So you want to test whether the discriminant
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is negative. For the moment, assume that when you find a
negative discriminant, you want to terminate execution of
the program, but if the discriminant is not negative, you'll
go ahead with the calculation. (You're also in trouble if A
is zero, since that would give you a 0 divisor, but let's
not worry about that since if A 1is =zero this isn't a
quadratic equation.)

Here's an outline of the procedure you can use 1in a
program to find the real roots of a quadratic. Suppose you
call the program QUADROOTS.

1. Calculate the discriminant and store it.

2. If the discriminant is negative, go to 0 (i.e.
quit).

3. Otherwise, calculate and print the values of the
two roots.

In writing this program, you can find the discriminant
on line 1. Then line 2 is a branch: if the discriminant is
negative, go to 0. Otherwise, go to 3. The program looks
like this:

V QUADROOTS
[1] DISC«(B*2)-4xAx(C
[2] +>3xDISC=0
[£3] (-B-DISC*0.5)+2x4A
[u] (-B+DISC*0.5)%+2x%x4

If a negative discriminant is encountered with this
program, the computer will simply terminate execution
without doing the calculation. Some procedures which are
more general, and handle both the real and the complex
roots, are, of course, possible, but aren't discussed here.

Branch or Continue

Line 2 of the QUADROOTS program says (in effect) "Go to
0 if the discriminant is negative, and otherwise go to line
3." It is more convenient to write an instruction which
doesn't require you to know that the next instruction is on
line 3. You would rather say, "If the branch is not taken,
go to whatever line comes next." You can do that in the
following way. The instruction

~CONDITION/LINE
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causes a branch to the line number specified by r7ryr if and
only if CONDITION 1is true (i.e. has the value 1 rather than
0). When coNDITION 1is false (i.e. 1is 0), the program
continues with the next line in the usual sequence.

This expression, involving the / sign, is actually an
example of a much more general operation called compression,
which is discussed in a later section. For the moment it is
only necessary to note the way that it is used to provide an
instruction which has the effect of "Branch if the tested
condition is true, but otherwise continue in sequence."

Instructions which test whether the discriminant is
negative, and go to 0 if it is but otherwise continue, could
be written like this:

TEST«0>DISC
+~TEST/0

Probably you don't want to create a stored variable
called TEST on one line, and then branch on the next line.
You can instead insert the formula for the condition being
tested right into the branch instruction. However, now you
must put parentheses around the expression for the test, so
that the test is evaluated before deciding the branch:

+(0>DISC)/0

We can now go back to the QUADROOTS program and give it
a different line 2, so that a display of the entire program
now looks like this:

V QUADROOTS
[1] DISC+(B*2)-UxAx(
[2] +(0>DISC)/0
[3] (-B-DISC*0.5)+2x4
Cul (-B+DISC*x0.5)+2x4
v

Here is an example of the gquadroots program in use.
Suppose you need the roots of the following equation:

14x*-2x =18, 6
Putting it into the form ax*+bx+c=0, you find that

A is 14; B is -2; C is =-18.6
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Because the program presumes that values of A, B, and C are
already in storage, you must enter those values before
calling for execution of the program:

A<1y4
B< 2
C« 18.6

Then you call for execution of the QUADROOTS program
simply by typing its name.

QUADROOTS
1.226276384
T1.083419241

The Factorial Again: An Improved Version
Using Two Branch Instructions

If you try executing the factorial program shown on
page 69 with small values of N, you run into some strange
results: '

N<2
FACTORIAL
F

N<1
FACTORIAL
F

N<O
FACTORIAL
F

Something is wrong. The factorial of 1 should be 1. The
factorial of 0 is also defined to be 1. Where is the error?

You will recall that line 4 of the FACTORIAL program
said, in effect, "Go back and multiply F by the next integer
if the counter X is less than the number N." But before the
computer ever gets to make that test, it has already
multiplied F by X+1, or 2, regardless of the value of N. If
this program is to work properly for all the non-negative
integers, this superfluous multiplication must be
forestalled.
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The answer lies in putting the test ahead of the loop.
That way, when appropriate, there may be zero repetitions of
the loop, since the test may cause the computer to skip
before it ever executes the instructions in the loop.. The
branch instruction should therefore come right after line 1.
It should say, in effect, "Stop now if X is greater than or
equal to N. Otherwise continue with the instructions in the
loop." This may be written as:

+~(X=2N)/0

As you will see by studying the program below, this test,
executed before the loop is entered, is the only test
necessary. The loop is closed by the instruction at line 5
to return to line 2, and test again. Here is the program as
revised:

V FACTORIAL
[1] F<X+1
£2] +~(XzN)/0
[3] X<X+1
Cu4] F<FxX
[5] >2

Y

Sample executions of this program now give the correct
results:

<2
FACTORTAL
F

N<1
FACTORTAL
F

<0
FACTORIAL
F

N<«12

FACTORIAL

F
479001600

This method of constructing a loop, with the test at
the beginning, is sometimes known as the "method of leading
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decisions." While it requires two branch instructions (one
at the beginning and one at the end of the loop), it will
often keep you out of trouble and make for a neater program,
as it does in the case just illustrated.

(It should also be noted that factorial is also
available as a primitive operation in APL, sO that, apart
from this exercise, you wouldn't need to write a factorial
program at all. See Appendix A.)

Techniques for programming with loops are discussed
further in Chapter 22.
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12: ARRANGING THE WAY THE PROGRAM TYPES ITS OUTPUT

Frequently, you will want to write a program in such a
way that the computer automatically types readable output,
without your having to give special instructions each time.
If you get much output printed by the computer, pretty soon
you're going to want some headings to distinguish what is
what. You can instruct the computer to print alphabetic
characters. Then you can arrange these as headings for the
results of a program, or as any other message you may want
to have typed. (The text of this primer was typed and
arranged by a program running on APL\360.)

Printing Text

Literal text can be entered by using quote marks. If
you type

'THIS IS A SAMPLE OF LITERAL TEXT'

you have entered a quotation. Since you haven't said what is
to be done with the gquotation, as usual the computer assumes
that it should be printed. Your dialogue with the computer
looks like this (first your instruction, then the computer's
reply):

'‘THIS IS A SAMPLE OF LITERAL TEXT'
THIS IS A SAMPLE OF LITERAL TEXT

The quote marks mean that what you typed between them was a
quotation. They aren't part of the guotation itself, so they
do not appear when the computer types the gquotation.

You can store a quotation in the same way that you
store anything else. If you type

X<'IN 1492, COLUMBUS SAILED THE OCEAN BLUE.!
a variable named X is created in the workspace. Its value is
that quotation. If you ask to have X typed, the dialogue
will go like this:

X
IN 1492, COLUMBUS SAILED THE OCEAN BLUE.

Anything that you type between guotation marks is
accepted as literal characters. Quoted text is not executed.
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Operator signs, variable names, spaces, digits...if they are
in quotes, they are just so many literal characters, with no
meaning to the computer as names, operators, or numbers. Any
character you can print from the keyboard can be included
inside the quote. The computer will either store this string
of characters, or print it, as you direct. In this way you
can put together captions and headings that will make your
output easier to understand.

A quotation must have a quote mark at the beginning and
one at the end. Once you use one quote mark, everything that
you type after that is a part of the quotation until you
reach another quote mark. This fact occasionally trips an
inexperienced user. He types one quote mark, and then
changes his mind and decides to do something else. He types
what he thinks is an instruction to the computer, and
meanwhile the computer is still compiling the guotation he
started but never finished.

Lines of a program which call for the printing of
quoted text can be used to get a program to print headings.
For instance, in the QUADROOTS program, ahead of the lines
that calculate and print the two roots, you could insert
lines which call for the printing of appropriate text. Here
is a revised version of that program. Lines 3 and 5 now call
for the printing of headings.

V QUADROOTS
[21] DISC+(B*2)-UxAx(
[21] +~(0>DISC)/0

[3] '"THE VALUE OF THE FIRST ROOT IS
Cu4] (-B-DISC*0.5)+2x4
[51] '"THE VALUE OF THE SECOND ROOT IS
[6] (-B+DISC*0.5)22x4

v

Here is a sample execution of QUADROOTS, as revised:

A<1y
B+~ 2
C<«~18.6.
QUADROOTS
THE VALUE OF THE FIRST ROOT IS
1.226276384
THE VALUE OF THE SECOND ROOT IS
T1.083419241
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As a further variation, you can have the brogram type
another gquotation to indicate what has happened when it
finds that the discriminant is negative. To do this, you
have to make the following changes in the QUADROOTS program:

l. On line 2, if it is true that DISC is negative,
instead of branching to 0, branch to a line which
contains some suitable quotation.

2. At the end of the program, add that quotation. It
is to be typed only when DISC is negative.

3. When there are real roots, line 6 1s still the
last executable line of the program. After the
computer executes line 6, vyou want it to finish
work without running into the quotation about
complex roots. So you should insert a branch to 0
after line 6.

Here's the revised program, followed by two sample
executions to illustrate the alternative headings:

V QUADROOTS
[1] DISC<+(B%2)~-LUxAx(
[2] ~(0>DISC)/8

[3] 'THE VALUE OF THE FIRST ROOT IS!
C4] (-B-DISC*0.5)+2x4
5] 'THE VALUE OF THE SECOND ROOT IS!
[6] (-B+DISC*0.5)+2xA
7] -0
L8] 'ROOTS COMPLEX; CALCULATION TERMINATED.'
v
A<10
B<«12
C<22
QUADROOTS
ROOTS COMPLEX; CALCULATION TERMINATED,
A<«10
B+ 22
<4
QUADROOTS

THE VALUE OF THE FIRST ROOT IS
2

THE VALUE OF THE SECOND ROOT IS
0,2
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Results and Heading Appearing on the Same Line

A neater output is sometimes obtained when the heading
and the result are typed so that they appear on the same
line. This is called "mixed output." A 1line of a program
which calls for mixed output has the following
characteristics:

1. Different items to appear on the same 1line are
separated by semicolons.

2. An item within a 1line of mixed output may be a
variable, literal characters, or the result of an
expression.

3. If blank spaces are to appear between the items,
the blanks must be specifically included as parts
of the guotations. Mixed output printing does not
automatically supply spaces between the items.

4, A 1line of mixed output may not be stored as a
single variable.

Here is yet another version of the QUADROOTS program,
this time written to use mixed output, followed by sample
executions that show the same two problems used on page 78.

Vv QUADROOTS
[1] DISC«(B*2)-uxAx(_
(2] +>(0>DISC) /6

[3] ' FIRST ROOT: '3;(-B-DISC*0.5)%+2x4
Cu] 'SECOND ROOT: ';(-B+DISC*0.5)+2x%A
[5] >0
(6] 'ROOTS COMPLEX; CALCULATION TERMINATED.'
v
A<10
B<12
C+22
QUADROOTS
ROOTS COMPLEX; CALCULATION TERMINATED.
B+ 22
C+4
QUADROOTS

FIRST ROOT: 2
SECOND ROOT: 0.2
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13: LINE LABELS FOR EASIER BRANCHING

In each of the examples of a branch instruction
introduced thus far, you had to know the number of the line
you were branching to. For instance, 1in writing the
instruction

+(0>DISC)/6

you had to know that the instruction you wanted next was on
line 6. But as you saw in the discussion of inserting a line
in a program, or deleting a line of a program, it is
possible that the instruction which used to be the sixth
one in the program will be moved up or down as lines are
inserted or deleted ahead of it. In that case, you'd have to
rewrite the branch instruction each time so that it always
showed the correct number of the line you want to branch to.

There is an easier way to handle this problem. You can
create a variable which is automatically assigned a value
that 1is the number of +the 1line at which a particular
instruction is located. When you write a branch instruction,
you write it in terms of that name. If the discriminant is
negative in the QUADROOTS program, you want the computer to
go to the line that deals with complex roots, wherever that
line may be. Suppose you give that line the name COMP. Then
you write the branch instruction like this:

+(0>DISC)/COMP
‘ A variable 1like COMP, whose value is the 1line number
for a particular 1line of a program, is called a label. You
show the computer what line the label goes with by typing
the label and a colon in front of that instruction.

If the instruction at COMP asks for the printing of a
messadge saying that the roots are complex, where formerly
you had
[6] 'ROOTS COMPLEX; CALCULATION TERMINATED.'
now, with a label on this instruction, it 1looks like this:

Le1l COMP: 'ROOTS COMPLEX; CALCULATION TERMINATED.'

and COMP becomes a variable whose value is 6.
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The computer automatically sets the values of labels
each time you leave definition mode for that program, so
that after each revision of a program each label again shows
the correct position of the 1line to which it is attached.
Because a label is a variable, it is necessary that a label
have a name distinct from the name of any program, or any
other variable in the same workspace.
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1l4: WHAT TO DO WHEN THE PROGRAM STOPS

While you enter the definition of a program, the
computer stores the definition, line by line, in the active
workspace. It doesn't make any check to see whether your
definition makes sense. You won't discover whether the
definition is satisfactory until you try executing it on a
few examples. It's a good idea to start by running a problem
for which you already know the right answer. If the
definition is correct, the computer will run through your
program without mishap, and you will get the appropriate
results. But if some of your definition is in error, your
mistake will come to 1light in any of the following three
ways:

l. The computer stops without finishing work on your
program because it has come across an instruction
that cannot be executed.

2. The computer doesn't stop work on your program in
a reasonable time, probably because you've
mistakenly given it an endless task. If a simple
program doesn't produce results in a second or
two, you'd better press the ATTN key to interrupt
the computer.

3. The program runs, but the result it produces isn't
what it should be. Your definition is acceptable
to the computer, but it isn't what you really
wanted.

The first of these three is probably the most common.
Mistakes of this kind also come to light first, since if the
computer can't execute the instruction at all, it doesn't
get a chance to reveal any of the other kinds of error.

Halt When an Instruction in Your Program Can't Be Executed

If the computer finds that it cannot execute an
instruction in your program, here's what it does:

l. It types an error message. This identifies the
type of trouble the computer ran into as it tried
to execute the instruction.

2. It types the name of the program and the number of
the line on which it was working when the trouble
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was encountered, together with the complete
instruction on that line.

3. It types a caret to show you how far along in the
instruction it had gone (working through the
operations from right to left) when the trouble
was encountered.

The error message is the computer's report telling you
what type of trouble it has run into. There are ten
categories that you might possibly encounter during the
execution of a program. Here are three of the more common
errors:

Value error means that your instruction refers to a
variable which has not been assigned a value in this
workspace.

Syntax error means that your instruction violates the
rules of APL syntax, by such things as mis-matching
parentheses, or failing to show what operation is to be
performed on a pair of variables, or failing to provide an
argument for an operator.

Domain error means that you have given an APL operator
an argument that is outside the domain of wvalues that that
operator can handle. You would have such an error if you
were inadvertently dividing by zero, or trying to do
arithmetic on a literal character.

There is an extensive summary of error messages in
Appendix D. You may want to look through that appendix
briefly, and then refer to it again as the need arises.

A Program Error Doesn't Mean
That Execution Is All Over

The cure for a great many program errors is to rewrite
the defective instruction. You can do this without having to
abandon execution of the program, and without having to
start over from the beginning -

Whenever the computer encounters an unexecutable line
in a program, it halts the work and prints an error message.
But that doesn't mean that execution is all over. The
execution is suspended for whatever corrections you wish to
make. The computer awaits a branch instruction from you to



85

tell it where to resume work on the suspended program. This
fact has two important consequences.

First, while execution is suspended, you may perform
any calculation. You can display the values of variables
used in your program, or almost any others.

You can enter the definition of a new program, or edit
the definition of almost any program. In particular, you can
usually edit the definition of the suspended program, and
thus correct the mistake that produced the error. (There is
one restriction. You can't edit the definition of a program
whose execution is pendent-- i.e. whose execution has been
started but has not been either terminated or suspended. A
program can be pendent only if an instruction within it calls
for the execution of another program, and that other program
has been halted. (See the discussion of definition errors, in
Appendix D.)

Second, sooner or later you should tell the computer
where to resume work on the suspended program, or else
terminate work by the instruction -+0. The computer will wait
indefinitely for your instruction telling it where to
resume. If you decide to save this workspace and resume work
on it another day, the computer will save along with the
workspace the list of programs whose execution is still
pending. You aren't required to dispose of these halted
executions...but it's a good idea, since they take up some
space in the workspace and if you don't dispose of them you
may gradually accumulate a large number of them (see the
discussion of depth errors, Appendix D).

Resuming Execution

If you wish to resume execution of a suspended program
at the place where work was halted, you enter a right arrow
and the number of the line shown in the error message. If
work was halted because of an error on 1line 3, the
instruction

-3

causes the computer to resume work where it left off.
Alternatively, you can resume execution at any other line of
the program, by entering a right arrow followed by the
number (or the label) for the line at which you want work to
be resumed.
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As usual, if you enter the instruction to branch to
zero, or to any line for which there is no definition,
execution is terminated.

Where Was Work Suspended?

It is important to keep track of which programs aré
halted, in what sequence, and at what point. You can find
this out by displaying the state indicator. This gives you a
list of the names of the halted programs in order, starting
with the most recently halted one. For each program, the
state indicator shows the line on which work was halted (and
on which work should be resumed if you wish to continue in
sequence). You cause the state indicator to be displayed by
entering the command )SI.

The system distinguishes two different types of program
halt. When a’ program halts because it has run into an
unexecutable instruction, or because you've interrupted it
by pushing the ATTN key, it is suspended. Work on it can't
resume until you enter a branch instruction from the
keyboard.

By contrast, a program may also be halted because one
of its instructions calls for execution of another program,
and that other program has been halted. The earlier program
is waiting for the program it called to finish; if and when
that called program is terminated, the earlier one will
automatically resume execution. A program that is halted
while waiting for another program to terminate is pendent. A
pendent program may not be edited or deleted.

The state indicator shows you which programs are
suspended by typing an asterisk after their names. The ones
without asterisks are pendent.

)ST
AREAL 1] »
WORK[ 2] =
REPEATL 7]

In this example, three programs are halted. The most
recently started program appears first on the list; when you
type an instruction to resume execution, it always refers to
the program at the top of the state indicator 1list.

The programs called WORK and AREA are suspended, but
the program called REPEAT is pendent. This indicates that
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REPEAT has not itself been suspended, but is held up because
execution of the program called WORK has not been
terminated. If and when the execution of WORK is completed,
execution of REPEAT will resume automatically. Evidently the
execution of WORK was initiated not by an instruction
entered directly from the keyboard, but by the instruction
located at line 7 of REPEAT.

Terminating Execution of All Halted Functions

Anytime you enter from the keybcard a right-pointing
arrow followed by a line number (or label), it is taken as
an instruction to resume work on the most recently halted
program on the line you indicated. Sometimes you want to
abandon all executions that are halted, and start over
again. This is especially true if you have inadvertently
accumulated a large number of halted executions, or if you
have a pendent function that resumes automatically at an
inconvenient spot whenever you terminate execution of the
program ahead of it.

The state indicator may be cleared back to the last
previous suspended function by entering a single rigbt—
pointing arrow with no value to the right of it, 1like this:

.

After you've entered a single right arrow, if you now
ask once more to see the state indicator and it is not
entirely blank, you can continue to clear it by entering
another right-pointing arrow. When it is entirely cleared,
any program can then be displayed or edited, and any program
can then be erased.
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