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Preface

This manual discusses the mechanics of using APL
with the IBM 5110 Computer. It is intended to
provide the users of this system with information
necessary to operate the system using the APL
language.
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e /BM 5110 APL User’s Guide, SA21-9302
o /|BM 5110 APL Reference Manual, SA21-9303

e /BM 5110 APL. Reference Card, GX21-9304

First Edition (December 1977)

Changes are continually made to the specifications herein; any such changes
will be reported in subsequent revisions or technical newsletters.

Requests for copies of IBM publications should be made to your IBM
representative or the IBM branch office serving your locality.

A form for reader’'s comments is at the back of this publication. if the form

is gone, address your comments to IBM Corporation, Publications, Department
245, Rochester, Minnesota 55901.
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Chapter 1. Introducing the IBM 5110

ABOUT THIS MANUAL

This manual will show you how to operate the IBM 5110 using the APL
language. If you are not familiar with the APL language, you should do
the suggested keying operations or examples on your 5110 while reading
the manual from cover to cover. If you are familiar with the APL
language, you should read Chapters 1 and 2 to learn how to operate the
5110; however, you may then want to skip to Chapter 7. Not all of the
features or functions of the APL language are covered in this manual.
For more information about the 5110 or the APL language, see the /BM
5110 APL User’'s Guide, SA21-9302, or the /BM 5110 APL Reference
Manual, SA21-9303.

This manual was written with the assumption that the 5110 has been
set up and checked out. If the 5110 has not been set up, use the setup
procedure in the /BM 5110 Setup Procedure, SA21-9318, before
continuing to read this manual.

ABOUT THE APL LANGUAGE

APL has many built-in functions that allow you to effectively solve your
problems. However, if you need a special function to solve a problem,
APL also allows you to define your own functions. The functions you
define are similar to programs written in other computer languages.

APL is a good language to experiment with; nothing you do from the
keyboard can damage the 5110, and the more you experiment, the more
you will learn about APL.

ABOUT THE SYSTEM

The IBM 5110 Model 1 (Figure 1) is a computer designed to help you
solve problems. The IBM 5110 Model 2 differs from the Model 1 in
that the Model 2 does not have a built-in tape unit. The display screen
and indicator lights communicate information to you, and the
keyboard and switches allow you to control the operations the system
will perform.

Before you begin to use the 5110, you should become familiar with the
keys and control panel. The control panel switches will be discussed
later. Following is a brief description of the keys (Figure 2); how you
use the keys will be discussed later.

Introducing the IBM 5110 1



Alphameric Keys

The alpha keys are similar to those on a standard typewriter, except that
there are no lowercase characters. In standard APL character mode, the
alpha characters are all uppercase, even though they are i
position on the keys. Thus, you do not use the shift key
alpha characters.

If you want to enter an upper shift character, you must hold down the
shift key and then press the key to enter the character, just as you
would to type an uppercase character on an ordinary typewriter.

You can also enter lowercase alphabetic characters from the keyboard.
How you enter lowercase alphabetic characters is discussed later in this
chapter.

Numeric Keys

Either the top row of alphameric keys or the special calculator arrange-
ment of numeric keys can be used to enter numbers.

Operating Keys

The black key labeled EXECUTE, the dark gray keys with the legend
names CMD, ATTN, and HOLD, and the dark gray keys with the arrows

~are all special operating keys. The keys with the arrows and the space-
bar, which is used to enter blank characters, automatically repeat the
operation they perform when held down.

Backspace Key
Forward Space Key
Attention Key

Scroll Up Key

Scroll Down Key

Hold Key

R

Execute Key




REVERSE
IN PROCESS DISPLAY RESTART
Indicator Switch Switch

PROCESS BASIC/APL DISPLAY

CHECK Indicator Switch REGISTERS/NORMAL
Error Switch
Message
List

Brightness L32 64 R32
Control\_ switch

ON/OFF
Tape
P Cartridge
(Model 1 only)

Switch

Display
Screen

Arithmetic
Function
Keys

\/Special Operator Keys
7 —|
Y &0

Alphameric
Keys

\_U/ Numeric Keys

EXECUTE Key

Shift Key

Figure 1. The 5110 Computer
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APL System Command Keywords

The words that are above the top row of numeric keys are system command
keywords, which you can enter by holding down the CMD key and then
pressing the key below the desired keyword. For example, to enter
)LOAD, hold down CMD and press the 1 key. The system commands

and their uses are discussed later, in Chapter 9.

Also, notice the special character combinations engraved on the front of
the alphabetic keys. |f you have a combined APL/BASIC machine, there
is also a BASIC statement keyword engraved above the special character
combination on the front of the key. You can enter the special charac-
ter combination by holding down the CMD key and then pressing the
appropriate key. You will see how these special character combinations
are used as you become familiar with the APL language.

! BASIC Statement Keyword
K

/ PAUSE APL Special Character Combination
0]

Arithmetic Function Keys

The four keys to the right of the calculator arrangement of numeric keys
are the arithmetic function keys. These keys are used to perform division,
multiplication, subtraction, and addition. There are also keys on the
alphameric keyboard that perform these functions. Notice that the + and
x symbols are used for division and multiplication.



GETTING STARTED

Make sure the switches on your IBM 5110 are set as follows:

Switch Setting
L3264 R32 (5110 only) 64
BASIC/APL (combined machines only) APL
DISPLAY REGISTER/NORMAL NORMAL

If your 5110 has the BASIC/APL switch, it can execute both BASIC and
APL language statements. The language to be used is selected by the user
before power up or during the restart sequence.

Make sure your 5110 is plugged in and turn power on. [f power is
already on, press RESTART and wait about 20 seconds. During this
time, the 5110 performs internal checks to make sure it is operating
correctly.

After 30 seconds, if the message CLEAR WS has not appeared in the
lower left corner of the display screen, an error has been detected during
the internal checks. In this case, press RESTART. The 5110 will per-
form the internal checks again. If the CLEAR WS message does not
appear after several tries, call your service representative.

Introducing the IBM 5110 &



pieogAa)) ayy °Z ainbi4

Special Operating Keys

/A
corPY
(roao ) (O save J(Gcont Y (s ) (Crns ) (0 vars J(Ccory ) (Cwsio ) (outse] (O mark ) ( Y O'SPAY) GeLere ) (inserT)
" - < < = = > + A -
1 2 3 4 5 8 7 8 o + bl
? w € 0 ~ + 4 2 [s} * -
a W € R T Y U i ) P . = EXECUTE
ONC\[/ ONLN|ASIND |/ SA T2\l ~\/ » ncc\|/ ® \|/ e \|/0uC /
cMD @ r L - v 8 , o ( ) : T
A s D F G H J K L [ ] #
\i/ nua\|f OPu a g ¥ Iy .. 0 rnl /
[« 2 n V] 1 T I B \ &
l - | z X c v B : M s / $ -
— /ocR\l/ oFx \|l/ » \|/mevi\[/ + \[/ + \[/ o \ \li/ \V/ \

Alphameric Keys

Numeric Keys



ENTERING AND DISPLAYING DATA

First, let's look at the display screen. Normally, infermation displayed
by APL begins at the left edge of the display screen, and the input from
the keyboard is indented when it is displayed. The small horizontal
flashing line indicates the position on the line where the next input from
the keyboard will be displayed. This flashing line is called the cursor.
The cursor moves as each character is displayed.

The display screen can contain up to 16 lines of data. Each line has 64
positions across the display screen. The bottom two lines are used to
display input, and the remaining 14 lines contain a history of the opera-
tions you have performed.

Line | 64 Character Positions
Numbers
15 [ A
14
13
12
1
10
9
8
7
6
5 This message is displayed when your 5110
4 is ready for use.
3
2 CLEAR WS Cursor (flashing line)—display of keyboard
1 - / input normally begins indented six positions
0 on line 1.
e J

There are 128 positions available for input from the keyboard; that is,
there are 64 positions available on line 1 and 64 positions on line 0. When
position 64 of line 1 is used as you enter data from the keyboard, the
cursor moves to the left margin of line 0. The cursor is then at position
65 of the possible 128 positions available for input.

Introducing the 1BM 5110



Now let’s enter some data into the 5110 using the numeric keyboard
and the arithmetic function keys. Press the following keys:

Notice that the characters are displayed as each key is pressed. To
process the data you just keyed, you must press the EXECUTE key.
Press the EXECUTE key now.

The display screen will look like this:

CLEAR WS

243

[
P

Notice that the expression you entered, 2+3, appears indented on the
display screen; the answer, 5, appears on the left margin of the next line;
and the cursor appears on the next line. The information displayed
moves up each time the EXECUTE key is pressed.

Enter and execute the expression 125+75 by pressing the following keys:

U000 otd

The display screen will look like this:

CLEAR W&
e e

L4
wd

125475

200




The appearance of your display can be changed by the REVERSE
DISPLAY and L32 64 R32 switches on the control panel. The
REVERSE DISPLAY switch allows you to change from black characters
on a white background to white characters on a black background and
vice versa. Change the switch and select the type of display you feel
most comfortable with. You may have to adjust the brightness control
as you change from one to the other.

Now, watch the display as you set the L32 64 R32 switch to the L32
position. With the switch in this position, the leftmost 32 characters on
each line are displayed with an extra space between each character. The
rightmost 32 characters on each line will not be displayed. With the
switch in the L32 position, your display should look like this:

in the R32 position, the rightmost 32 characters are displayed with a
space between each character. Now, set the switch in the R32 position
and notice that the display is blank because there were no characters in
the rightmost 32 positions of the display screen.

Return the switch to the 64 position, and notice that all characters are
displayed without the space in between. For exercises in the remainder
of this book, keep the switch in the 64 position.

There are two keys above the numeric keys that move the display line
up or down. The up arrow (scroll up key) moves the display up

one line and the down arrow (scroll down key) moves the display
down one line. As the lines are moved up or down, the displayed
information on any line that is moved off the display screen is lost. Also,
the cursor returns to position 7 on line 1 when either scroll key is used.
Either key continues to move the display lines if it is held down. Now
use the down arrow to move the display down one line.

The display will look like this:

CLEAR WS
243

The value 200 is now on the input line and
can be used as input. Notice that input can
begin in any position on the line.

Introducing the IBM 5110



Now press the following keys:

e e

The display screen will look like this:

CLEAR WS

23
5
125+7%
200 +510
250
\_

Now that you are familiar with the display screen, only the line or lines
being discussed will be shown.

CORRECTING KEYING ERRORS
The IBM 5110 has a number of very useful features that allow you to
correct errors made when data was entered. On a line-by-line basis, at
any time, you can:
® Replace a character

o Delete a character

® [nsert a character

Replacing a Character

To replace a character, move the cursor with the backspace key

or forward space | key, until the cursor is positioned at the

incorrect character. The cursor moves one character space in the
direction of the arrow each time the appropriate key is pressed. These
keys continue to move the cursor if they are held down. When the cursor
is at the incorrect character, you replace the incorrect character by
simply keying the correct character.



For example, you want to do the problem 22+12. But you press the
following keys:

OO

The display screen looks like this:

To correct the error, the cursor must be moved back one position (under
the second 1) so that the character can be rekeyed. Now press the
backspace key one time. Note that the cursor is replaced by a

flashing character. The flashing character serves the same function as the
cursor; it indicates the position on the line where the next input from the
keyboard will be displayed. Now to correct the error and execute the
problem, press the following keys:

Deleting a Character

To delete a character, you also use the backspace key or forward

space key to move the cursor. Once the cursor is in the position

of the character to be deleted (the character is flashing), hold down the
CMD key and press the backspace key once. The character is then deleted
and any characters to the right are shifted one position to the left to

close up the space left by the deletion.

Introducing the IBM 5110
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For example, you want to do the problem 13+45. But you press the
following keys:

JUoLt

The display screen looks like this:

123+48.

Press the backspace key and move the cursor (flashing character) back

to the 2. Look at the labels that appear above the backspace and

forward space keys: DELETE and INSERT. To delete the 2, hold down the
CMD key while you press once.

The display screen looks like this:

L3+

This character is flashing.

Now press the EXECUTE key to execute the problem.

Inserting a Character

To insert a character, position the cursor using the backspace key

or forward space key; then hold down the CMD key and press

the forward space key once. This operation moves the flashing
character (and all other characters to the right of it) one position to the
right, creating the space you need to insert one character. The cursor is
not moved. Now, to insert the character, simply press the desired key.



For example, you want to do the problem 123x6. But you press the
following keys:

O

The display screen looks like this:

13%6..

To correct the error, press the backspace key and move the cursor

(flashing character) back to the 3. Look at the labels that appear above

the backspace and forward space keys: DELETE and INSERT. To perform
the insert function, with the cursor positioned at the 3, hold down the

CMD key while you press once.

The display screen looks like this:

L34

Now to correct the keying error and execute the problem, press the
following keys:

Introducing the IBM 5110
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There is one more way to correct a keying error. |f you make several
errors part way through the line, you can backspace the cursor to the
character following the last correct character and then press the ATTN
(attention) key. Everything from the cursor position to the end of the
input line will be cleared from the display.

Since the data from the input line is not processed until the EXECUTE
key is pressed, you can visually verify any input before it is processed.
However, if you do press the EXECUTE key before you notice a
mistake, you can simply enter the input again or you can use the down
arrow (scroll down key) to move the input back down to the

input line to correct it. Either way, you must press the EXECUTE key
again.

For example, you want to do the problem 135+280, but you enter and
execute 134+280. The display screen looks like this:

134+3280
iy

To correct the input, press the down arrow . three times to clear

the result from the screen. The display screen now looks like this:

1A +250

Then press the up arrow once to move the original input back

up to the first input line so that it can be corrected.



ENTERING LOWERCASE ALPHABETIC CHARACTERS

Although only the standard APL alphabetic characters are shown on
the 5110 keyboard, you can enter lowercase alphabetic characters by
changing the 5110 to lowercase character mode. One way to change
the 5110 to lowercase character mode is to press the {8 key (the

characters HOLD are displayed in the lower left corner) and then hold
down the shift key and press the scroll down . key. The

5110 is now in lowercase character mode. For example, press the
key. The display screen looks like this:
A

a__

Now, hold down the shif

key and press the key. The

display screen looks like this:
an

Finally, hold down the command key and press the key.

The display screen looks like this:

af o

In this example, you are not going to execute the data just entered from
the keyboard because you will get an error. Instead, press the scroll up
EN  key once to remove the data from the input line. Now, to

return the 5110 to the standard APL character mode, press the

key and then hold down the shif key and press the scroll up

key. The 5110 is now in standard APL character mode.

Note: See Console Control in the IBM 5110 APL User’s Guide,
SA21-9302, for more information on how to enter lowercase characters.

Introducing the IBM 5110
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From this point on, we will discuss the APL language and use examples
in the following format to illustrate what we are discussing. You enter
the expressions that are indented. The results displayed on your 5110

should be the same as the results shown in this manual.

EXAMPLES:

3+ «=——— Expressions To Be Entered

7 \
Results

Remember, the data you key is not processed until
the EXECUTE key is pressed.



Chapter 2. Introducing the APL Language

TYPES OF FUNCTIONS IN APL
There are two types of functions in APL: user-defined functions
(programs) and those that are built into the APL language. The APL
built-in functions are denoted by special symbols. User-defined
functions are discussed later, in Chapter 7.
The built-in functions operate on data supplied, called arguments.
For example:

2 +
B

Left Argument

3
Right Argument

uilt-in Function (addition)

ADDITION, SUBTRACTION, MULTIPLICATION, AND DIVISION

D Machines with APL Only
+ X

Combined Machines

Alphameric Keys Arithmetic Function Keys

Four commonly used built-in functions (+ - x +) perform the normal
arithmetic operations when they are used. These symbols are located
on the top row of the alphameric keys and also to the right of the
numeric keys.

Introducing the APL Language 17



18

EXAMPLES:

3+¢é ~<—— Add 3 and 6.

AXH Multiply 3 times 6.
18
84
4 > The right argument is subtracted from the left argument.
8

H \ The high horizontal bar is the negative sign. Compare it
with the minus which is the symbol for subtraction; the
negative sign appears near the top of the character instead
of on the center line.

&l
2 > The left argument is divided by the right argument.
H+8

As you have seen in the example, the negative sign is different from the
minus. When you are doing arithmetic operations in APL, do not use
the minus to represent negative numbers or the negative sign for
a subtract operation. 2

Problems: Using Addition, Subtraction, Multiplication, and Division

1. Find the total number of cars that a dealer sold during one week if
his daily sales were 3,5, 2,6, 7, 3and 4.

2.  Find the net number of cars removed from the same dealer’s lot if
20 people had trade-ins.

3.  Find the dealer’s average profit per car if he made a total profit of
$2700 for the sales in problem 1.

4. Find the dealer’s total earnings if he made $20 on each car sold.



Possible Solutions

Problem 1:

TG Db T TN

Problem 2:

Al
Problem 4:
2R3

&00

ANOTHER ARITHMETIC FUNCTION—RAISING A NUMBER

TO A POWER
ol

Another arithmetic function that you are probably familiar with is
raising a number to a power. In APL, you use the « function to raise
the left argument to the power specified by the right argument.

EXAMPLES:

%} +=— 3raised to the second power.

15

A3 +————— 2 raised to the third power.

Introducing the APL Language
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Finding the Root of a Number

You can use the power function x to find the root of a number. To do
this, you simply raise the number to the power 1+n, where n is the root
you want to find.

EXAMPLES:

i3 ( 1 +7 ) = The square root of 4.

s, 5 Another way to enter the instruction to find a
2 square root of a number (.5 is the same as 1+2).
gw(1+3)
e The cube root of 8.

STORING DATA IN THE 5110 FOR LATER USE

You can store data, either direct input that you enter from the keyboard
or the result of a calculation. These stored items are called variables.
Each variable has a name associated with it. Whenever you use the name of a
variable, APL supplies the value associated with that name. A variable
name can be up to 77 characters long (with no blanks); the first
character must be alphabetic; the remaining characters can be any
combination of alphabetic and numeric characters. It is good practice
to use names that represent the data you are storing. For example, if
you want to store a value that is the area of a rectangle you might use
the name AREA: or if you want to store some sales data, you might use
the name SALES.

You create a variable by assigning the data to a name. To assign a value
to a name, you use the assignment arrow <. The value to the right of
the <« is assigned to the name to the left of the <.



EXAMPLES:

PRICE €99, 50 = After you press the EXECUTE key, you
HALESEPRICEXLD have created a variable named PRICE

PRICE with a value of 99.50.
995
SALES The result of a calculation can also be
P95 assigned to a variable.
If you want to know the current value of

a variable, you simply enter the name of
the variable.

PRICE+H6, 75 You can change the value of a variable
PRICE the same way you assigned.the original
86,75 ) value,
CEPRICE+SLO

PRICE You can also use the variable and change
PEHLTH its value in the same instruction.
You cannot use a name as a variable if
/ it does not have a value assigned to it.
COST-8AaLES
ValUE ERROR The error message indicates why the

COST+SALES instruction failed.

Fas
\ The caret (A) indicates where the

« instruction failed.

Note: Do not be concerned at this time
about the error message that is displayed;
all of the 5110 APL error messages and
suggested user’s responses are described
in the IBM 5110 APL Reference Manual,
SA21-9303.

PERFORMING SEVERAL FUNCTIONS IN THE SAME EXPRESSION

In the preceding examples, only one arithmetic function was used in
each example. However, you are not restricted to writing expressions
with only one function. Any number of functions can occur in the
same instruction. As soon as you use more than one function, however,
you must be concerned about the order in which they are used. /n APL,
the rightmost function in any expression is executed first, then the next
rightmost, and so on.

Introducing the APL Language
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EXAMPLES:

Order of execution is right to left.

I x4l =— 4 is added to 2, and that result is multiplied by 3.

18
4 3% 2 <——— 3is multiplied by 2, and that result is added to 4.

10

Remember that an APL function uses as its right
argument the resuit of the expression to its right.

SPECIFYING THE ORDER OF EXECUTION—USING PARENTHESES

In APL, parentheses are used the same way as they are in conventional
arithmetic: the expressions inside the parentheses are executed before

the expressions immediately outside them.

EXAMPLES:

{ X% 2+ «—— The expression 3x2 is evaluated first and the
10 result is added to 4.

(e E) R
\ The expression 4+3 is evaluated first and the

W
result is multiplied by 2.

Remember, the rule of the order of execution
is from right to left with the expressions in
parentheses resolved first and from right to
left as they are encountered.

USING STRINGS OF NUMBERS AND TABLES

A powerful feature of APL is the way it handles strings and tables of data.
So far, you have used APL with only single numbers (called scalars): but
APL also works with strings of numbers (vectors) and tables (matrices).
The functions you have performed using single numbers are simply
extended to each number in a string or a table. For example, if you have
a string of numbers assigned to a variable named SALES, you can add 2
to each number in the string by simply entering 2+SALES.



Using APL with Strings of Numbers (Vectors)

A string of numbers is called a vector. When you enter a string of numbers,
there must be at least one blank between each number; each number is
called an element of the vector.

EXAMPLES:
1uk v 3n

1w 293y
STRINGEIUWY 146 39 2
STRING

1l 16 39 2
SALESE12S 220 316 90
SALEGK 1D —

1250 2200 3160 900
SALES

125 220 316 0
PRICEe. 50 1.00 7% 1.10
TOTAL e SALESXPRICE
TOTAHL |

G215 RRO T 99
L2 ual 5 g

5710 ‘___:::::::Z::=>
L5

56

LENGTH

12 3+4 5
ERROR
123+ 45

S

You have entered a five-element
vector (a string of five numbers).

A vector can be assigned to a
variable name.

Each element (number) in the
vector can be operated on by
a single number.

Note that the value of SALES
has not changed.

Each element in a vector can be
operated on by the
corresponding element in
another vector with the same
number of elements.

There must be at least one
blank between the elements
of the vector, or the result
will be different.

You cannot use two vectors
that do not have the same
number of elements unless

one of the arguments is a
single number (single element).

Introducing the APL Language
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Problems: Using Strings of Numbers

1.

2.

Find the squares of the numbers from 1 to 5.
Find the squares, cubes, and fourth powers of the numbers 2 and 3.

A small mutual fund broker specializes in five funds. He wants to
know how much of each fund he had sold at the close of the day.
By 4:00 PM, he had sold $1500, $3200, $1200, $2300, and $2400,
respectively, of the five funds. In the last hour of the day, he sold
$100, $500, $300, $200 and $0 of the respective funds. Write a
single APL statement to determine his closing sales figures for each
fund.

The five funds in problem 3 sold for $7.30, $11.58, $3.45, $2.17
and $5.56 per share. How many shares of each fund were sold?

The broker receives the following percentages of commission on the
five funds: 3.25, 2.5, 3.0, 3.75 and 3.5. How much did he earn
from each fund today? What are his total earnings for the day?

Possible Solutions

Problem 1:

12 3 u 5%
O I

Problem 2:

I

g 2

& Al

Ed
2 Fw3
]
2 Raely

14 81



Problem 3:

LS00 3200 1200 2300 20400+100 %00 300 200 0
L6Go 3700 1500 2500 2400

Problem 4:

LA00 3700 1500 2500 2400-+7,30 11,58 Z. 05 2,17 5,58
S92 18 319052 43N, 78 115201 431,659
Problem 5:

LA00 3700 1500 2500 2000x 0325 0250 ,0300 .03 .";
BEORR205 uE 9%, 8y

=i i 1] CTPEeEY, B0

Using APL with Tables of Numbers (Matrices)

A table of numbers is sometimes called a matrix. The numbers in the
matrix are arranged in rows and columns; each number is called an
element of the matrix.

r—Column

1 2 3 4 5

6 7 8 9 10

11 12 13 14 15  |[«—Row

L An individual element in row 3,
column 4 of the matrix.

You can use the reshape p function to create matrices. The left argu-
ment specifies the number of rows and columns, and the right argument
specifies the data or variable name for the data to be placed in the matrix.

Introducing the APL Language
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EXAMPLES:

The first number in the left argument
specifies the number of rows; the second
number specifies the number of columns.

The right argument specifies the values to

TaRLE

be placed element by element into the
rows of the matrix.

There must be a blank between the
numbers specifying rows and columns.

If there are not enough elements in the

123
Wolo2

VECTOReL 2 3 4 % & 7 8
HATRIXe3 ZpVECTOR
MATRIY ¢

right argument to fill the matrix, the
elements are repeated.

o 10 11 12
If there are more elements in the right
argument than are required to fill the

matrix, only the first (leftmost) elements
are used.

FOUReHpVECTOR
FOUR

The reshape p function can also be used
to create a vector.

The number of elements in the vector.

L2 3 n

MATRIM 410

Each element in the matrix can be operated

12 13
w1 16
1718 19

el 23 u G 67
€3 ZpNUMBERS+G

NUMEBE R
¥ AMPLES
EXAMPLES
& 78
9 10 1
12 13 14
RESULTSeEXAMPLES+MATRI
RESULTS ‘

(S

s

on by a single number (remember, the
value of MATRIX is not changed).

8 %
Remember that APL executes an
expression from right to left—the
result of NUMBERS+5 is used as
the right argument for the reshape

p function.
X

Each element in a matrix can be operated

Too7 11
13 1% 1
19 21 23

on by the corresponding element in another
matrix of the same shape.



EXAMPLES—continued

562 2oNUMBERS

MATRIXONUMEE R & <«—————— A matrix and a vector
RANK ERROR

MATRIXxNUMRBERS or

PN

MATRIXxLESS two matrices that do not have
LENGTH ERROR the same shape (number of rows

MATRIXXLESS and columns) cannot be used

A unless one of the arguments is

a single number.

REFERRING ONLY TO CERTAIN NUMBERS IN A STRING OR TABLE
OF NUMBERS (INDEXING)
. [ |

Indexing is a way to refer to only certain elements in a string or table
by specifying the position of the element you want. The numbers you
use to specify the positions of the elements are called index numbers.
These index numbers are enclosed in brackets [ ] following the vector
or matrix to which they apply.

EXAMPLES:

TEMPe&E P4 78 &5 80 8% 72

TEMPL2] You can refer to a single
T element.

TEMPLE 1 20
TEHo&8 W t You can refer to several

elements. Notice that the
elements are displayed in
the order in which you
indexed them.
TEMPLZ2TI+TEMPLR 1 21

IO D A k You can index and use
other functions in the
same expression.

TEMPLT? 188 You can change a single
TEMP element of a vector.
AE THOTE &N B0 8% 88
TEMPLZE &7
TEMFLE &1 \You can also change several
a7 elements.

Introducing the APL. Language
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EXAMPLES—continued

TEMPLS 1132 56
W

TEMP / Notice that the new values
56 TW 70 6% 32 70 B8 are assigned in the same order
as the index numbers.

For a matrix, you need

an index number for the
rows and an index number
for the columns—these
numbers are separated

by a semicolon.

TIMESe3 3pNUMRBE RS ~———————Remember, we have previously

TIMES assigned a value to NUMBERS.
|23
b5 6
;8w

Left side of the ; specifies
the row(s).

_ Right side of the ; specifies
the column(s).

— You can refer to a single

element
TIMESLZ, 2 /

or

!i:j
TIMESL3 2 31 you can refer to several

o v elements. In this case, you
TIMESTL,; 1 21 have referred to the second

12 and third elements in the
TIMESEZ 3,2 3] third row.

Notice that when you refer
to more than one row and
more than one column, your
result is @ matrix.



EXAMPLES—continued

f If you do not specify a
TIMESE?, ] column, you get the whole
b5 4 row.
TIMESTE ;31
3 &6 9 t If you do not specify a row,
you get the whole column.

These values (the third
TIMESD ;1 31 column) are displayed
10X horizontally, because they
I & are a string of numbers
T (vector).

Note: Even when you select
entire rows or columns, the
semicolon is still required to
make it clear whether the
index number is for the rows
or columns.

TIMESEZ LAxTIMESLE ;) 3 d<«—— You can index and use
Xé other functions in the

TIMESES,; 210 same expression.
TIMES \
123 You can change the value of

g & elements in a matrix.

YOU ARE NOT LIMITED TO USING ONLY NUMBERS
K

Although the examples so far have used only numeric data, APL also
works with character data. Character data, for example, can be used

for headings on a table or to create a list of names. When you enter
character data, you must enclose the data in single quote characters (’).
These single quote characters indicate that the data is character data and
is not a variable name, a number, or a function. When character data is
displayed, the single quote marks do not appear.

Character data, like numeric data, can be a single character (scalar), a
string of characters (vector), or a table of characters (matrix). Unlike
numeric data, when you have a character vector or matrix, each character
is a separate element and is not separated from the other elements by a
blank. In fact, a blank in the character data is also a character (blank
character).

Introducing the APL Language
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EXAMPLES:

iR Single character
A (scalar).

ARG —-—
ARG String of three

A3 characters (three-
e BN \ element vector).

T This expression does
not vield a result of
5, because the values
are characters, not

numbers.
NUMBER«WSHE
TERE T SNUMBER
NOMATN ERROR You cannot add
TLE3 T ANUMBER character data and
A numeric data.

¥ To place a quote within
CTION T DD THATS the character string,
GOM'T DO THAT you must use a pair

THANKS YOU ARE WELCOME of quotes.
THANKS \
YOU ARE WELCOME Character data can be

assigned to a variable

name.
i ‘ Blank characters.
NaMESe  SaM JOHNJACKTOM
MATRIXNeY 4 pNAMES Create a character
MAaTRIXM matrix, each row
M represents a name.
AOHN
ALK
TOM
NAaMESES & 7 81
JOHN p,
MATRIXNEZ ] Indexing works with
JOMHN character data also.

So far, you have used APL with some common arithmetic functions.
You have also seen how APL works with scalars (single data items),
vectors (strings of data), and matrices (tables of data). However, you
are not limited to just the functions we have discussed so far. In the
following chapters, you will be introduced to more things you can do
with APL.



Chapter 3. APL Functions That Require One Argument

In this chapter you will use some APL functions to do the following:
e Determine the whole numbers nearest a fraction.

® Sort a vector into ascending or descending order.

e Generate a random number.

e Find the shape of an existing variable.

There are additional APL functions that require one argument; however,
these functions will be discussed later, in Chapter 6.

HOW MANY ARGUMENTS ARE REQUIRED BY AN APL BUILT-IN
FUNCTION?

In this chapter, you will use APL functions with one argument. In the
next chapter, you will use some of the same APL function symbols with
two arguments. As you will see, these symbols perform different APL
functions when they are used with one and with two arguments. When
you use an APL function with one argument, the argument must be to the
right of the function symbol.

APL FUNCTION SYMBOLS THAT ARE A COMBINATION OF TWO
CHARACTERS

Some of the APL function symbols you will use are a combination of

two characters. You remember that when correcting keying errors, if

you positioned the cursor at a certain character and pressed another key,

a new character would replace the original character. However, certain
APL symbols require two characters, one struck over the other. For

these symbols, key the first character, backspace, and key the second
character. It does not matter in which order the characters are keyed.

The symbols that are a combination of two characters are called overstruck
characters. Appendix A shows the overstruck characters and the keys
required to enter them.

Note: If you key an overstruck character and then want to change it, you

can position the cursor at the character and key another character. The
new character will replace the overstruck character.

APL Functions That Require One Argument 31
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DETERMINING THE WHOLE NUMBERS NEAREST A FRACTION ("
(,. s) Lo

When you want to disregard the fractional part of a number and just
consider the nearest whole number, you can use the floor | and ceiling [
functions. The floor function will round the number down to the next
smaller whole number and the ceiling function will round the number up
to the next larger whole number.

EXAMPLES:

e, 5y

LB ‘

IR

”
>If the number is already a whole number, the
X result is the same as the argument.

[ 5 The result for the floor and ceiling functions is
A determined according to the number’s position
on the number line:

(smaller) (larger)

(- | I [ |
T T T T 1
43727101234

Rounding to the Nearest Whole Number

It is a common practice to round numbers to the nearest whole number.
You can do this by adding .5 to the number and then using the floor
function.

EXAMPLES:

Xéeb, 4+, ¥~mmm——o—— Rounds 4.4 to the nearest whole number.
X

K&l He,
LLX

we
!} 4——————— Rounds 4.6 to the nearest whole number.

LXeW e 5
by )
. AR > These examples could also be entered this way.
e U, 6+.5
Y2
A



SORTING A VECTOR IN ASCENDING OR DESCENDING SEQUENCE

e WO

The grade up 4 and the grade down ¥ functions can be used to sort a
numeric vector into ascending or descending sequence, because they
give you the indices of the argument in ascending or descending order.

EXAMPLES:
ACBD WY S22 3T 2% W 58 1EH 96
i /The largest value.is the ninth
8 5% 4 273 619 element.
The smallest value is the
eighth element.
Benland Indexing A this way sorts the
B elements of A in ascending
1S 29 37 u8 58 &2 W 80 96 order.
Remember, when indexing
elements in a vector, the
index numbers or the
index expression must be
enclosed in [ 1.
Py
1L & 3TN H 8
CenleAal The elements of A are sorted
Ls in descending order.

PéH B0 TH H2 HBE uE 37 29 1%

APL Functions That Require One Argument



GENERATING A RANDOM NUMBER
Q

To generate a random number, you can use the roll function ?, which
generates a random number between 1 and the value of the argument.

EXAMPLES:
KePdh Generates a number between 1 and 6.

w The result can be any number between 1 and 6.
Xe26 & & 6
" \ When this function is used with a vector, a

L 3 1 3 random number is generated for each element.

GENERATING CONSECUTIVE NUMBERS l 2 ]
|

There are times when you will want to generate a vector of consecutive
numbers from one value to another value. You can do this by entering
an instruction like this:

VECTOReL 2 3 4 % & 7 8
VECTOR
123 w56 78

However, you can also use the index generator function 1, which generates
consecutive numbers from 1 to the value specified by the argument.

EXAMPLES:

18 Eight consecutive numbers
L 234 8 6 7 8 —

w4

YEL TR 5+ % =————Fjve added to each consecutive number
VECTOR

& 7T 8 v L0
LIRS First 6 powers of 2

200 8 146 32 64



Generating an Empty Vector

An empty vector is just that—a vector with nothing in it (no elements).
Why have a vector with nothing in it? As you will see later, when joining
two items together or branching in a user-defined function, there are
times when you will want to generate an empty vector. One way to
generate an empty vector is to use 1 0.

EXAMPLES:

NaME

VaLUE ERROR An error occurs if you use a variable name that does
NAME not have a value assigned.
S

N&ME ¢ 1 (| =——— Generate an empty vector.
P ME
The result is a blank display line (no value).

FINDING THE SHAPE OF AN EXISTING VARIABLE

As you learned in Chapter 2, the left argument of the reshape function
determined the number of elements in a vector or the number of rows
and columns in a matrix. Thus, the number of elements in a vector or

a matrix is referred to as the shape of the vector or matrix. For example,
the shape of matrix M, which has two rows and three columns, is: 2 3.
To find the shape of an existing variable, you can use the shape function

0 -

EXAMPLES:

Blank display line—the shape of a scalar
PpVECTOR is an empty vector.

pMETRE X

pEtT———

EMPTY el Generates an empty vector.
EHPTY

Number of elements in the vector.

Number of rows and columns in the matrix.

Blank display line.
plEEMPTY
0 Number of elements in an empty vector.

APL Functions That Require One Argument



Chapter 4. APL Functions That Require Two Arguments

In this chapter you will use some APL functions that require two
arguments. You can use these functions to do the following:

e Compare the arguments to determine whether one is equal to, greater
than, or less than the other argument.

e Process logical data—true (1°s) and false (O’s} data.

e Find the larger of two numbers.

e Find the smaller of two numbers.

e Find the index of a value in a vector.

e Generate a random sequence of numbers.

e Compress (select certain elements from) a vector or matrix.
e Expand a vector or matrix by inserting zeros or blanks.

e Join two items together.

Find the logarithm of a number.

There are additional APL functions that require two arguments; however,
these functions will be discussed later, in Chapter 6.

36



RELATIONAL FUNCTIONS

When solving problems with APL, you might want to test the relationship
between two values. For example, you might want to test a counter to
see if it has reached a certain value; or you might want to do something
different in the solution to your problem, depending on whether a certain
condition is true or false. The following APL functions are used to test
the relationship between two values:

Function Symbol Key

Greater than >

Less than <

Greater than or equal to

v

Less than or equal to

IN

Equal to =

Not equal to #

When these functions are used, the relationship between the two values
is evaluated, and a 1 results if the relationship is true, and a 0 if false.

APL Functions That Require Two Arguments 37
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EXAMPLES:

Aaeli
Be20
f=R
0
A= 10
1
AR
1
AR
1
AER
0
AE T ARE!
e DEF
=R
00 0 >
Ea Y
111

The = and # functions also work with character
data. Remember, each element is compared with
the corresponding element in the other argument.



Why Two Numbers Identical in Appearance Are Not Always Equal

APL stores all numeric values with an internal precision of 16 decimal
digits; however, decimal values with more than five significant digits are
normally rounded off to five digits before they are displayed. Thus,
occasionally, different numbers will look alike when displayed.

EXAMPLES:

Al =3
Be, 33333
14
0,33333 Only five of the 15 digits are displayed.
I
0.,33333
A The values are not equal.

[app [1PP is a system variable that determines how
many significant digits will be displayed. This
variable is automatically set to 5 when the
power is turned on or RESTART is pressed.
(The system variables are discussed in
Chapter 9.)

[1F P e | % ~———————Set the [JPP system variable so that 15
14 significant digits will be displayed.

0, IZRABIZTZZZXZIRRY
B \
0,33333 Notice the difference between the two values.

[IFrPes \
Set the []PP system variable back to 5.

Remember, the value displayed may not be the exact value that the 5110
has stored for the variable.

An Example Using a Relational Function

Suppose the correct answer to a problem has been stored as a variable
called RIGHT, and the answer supplied by a student has been stored as
a variable called ANSWER. 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;
otherwise, you want to leave his score unchanged.

APL Functions That Require Two Arguments
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If the student got the problem right, it is true that ANSWER=RIGHT.
To add 1 to his score only if his answer is equal to the right answer, you
could enter this instruction:

SCORE«SCORE+ANSWER=RIGHT

Then the amount added to SCORE is 1 when the two values are equal
and 0 when they are not equal.

Suppose that instead of adding 1 when the student is right, you want to
give some problems more weight than others. The weight of the current
problem is stored under the variable WEIGHT. If the student gets the
problem right, you want to add WEIGHT to his score; otherwise, you
want to leave his score unchanged. You could enter this instruction:

SCORE«SCORE+WEIGHTxANSWER=RIGHT
If the student’s answer is equal to the right answer, then ANSWER=
RIGHT has the value 1, so the amount added is WEIGHT x 1. But if
the answers are not equal, then the amount added is WEIGHT x O,
which is 0.
LOGICAL FUNCTIONS
The logical functions take only ones and zeros as arguments and are used

to check for certain conditions. (They usually check the results of
relational functions.) The fundamental logical functions are:

Function Symbol Key

And A

Or v

In our discussion of the logical functions, we will use tables like the
following one to show the possible results of the logical functions:

Logical Function—— A 0 1 < Values of the Right Argument
0 0 0
1 l 0 1 ~— Results

t Values of the Left Argument



To use this table, simply find the value of the right argument on top of
the table and the value of the left argument on the left side of the table.
Then, follow the column represented by the right argument down and the
row represented by the left argument across. Where they intersect is the
result of the logical function when those values are supplied as arguments.
For example, find out what the result of 1 A O is as follows:

Follow the value of the right
argument down.

Follow the value

of the left They intersect here; thus,
argument across. 1 the result is 0.
And A
0
m
A 0 1 -——Right argument.
3t
0 0 0
1 0 1 <—The result is 1 only if both arguments are 1.
t Left argument.

The And function is used to check for two conditions being true.

For example, suppose you want to know when the items that cost more
than $100.00 have a quantity less than 10. You could use the following

instruction:

CCAST=1002ACQUANTITY =10
L Theresultis 1 when the

quantity is less than 10.

The result is 1 when the cost
is greater than 100.

Notice how the parentheses in this instruction specify the order of
execution.

APL Functions That Require Two Arguments
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EXAMPLES:

QUANTITY 8
COBT«120
(COST=L00) A CQUANTITY <103
1 Both conditions are true.
GUANTILTY 2%
(COST=L00)A(QUANTITY =102
] At least one condition is
not true.

-—— Right argument.

-«—The result is 1 if either 