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This manual introduces the IBM 5100 Portable
Computer that can be programmed with the BASIC
language. It is intended to provide persons using
the 5100 with the information necessary to operate
the 5100 using the BASIC language.
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Chapter 1. Introduction

ABOUT THIS MANUAL

This manua! will show you how to operate the 5100 using the BASIC
language. If you are already familiar with the BASIC language, you may
be able to skip most of the language-only topics and simply learn how to
operate the 5100. If you are not familiar with the BASIC language, you
should read the manual from cover to cover while performing the
suggested keying operations or examples on your 5100. Not all of the
features and functions of the BASIC language are covered in this manual.
For more information about the 5100 or the BASIC language, see the
IBM 5100 BASIC Reference Manual, SA21-9217.

This manual assumes that your 5100 has been installed and checked out.
If it’s not, use the setup procedure in the /1BM 5100 BASIC Reference
Manual before continuing with this manual.

ABOUT BASIC

BASIC is an interactive computer language, that is, whatever you enter
into the 5100 is processed immediately. BASIC has many built-in
functions that allow you to effectively solve your problems. BASIC also
allows you to write programs using BASIC language statements and
facilities. These programs can be stored on the tape cartridge for later
use.

BASIC is a good language to experiment with. Nothing you do from the

keyboard can damage the 5100; and the more you experiment, the more
you will fearn about BASIC and the 5100.

Introduction 1
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ABOUT THE 5100

The 5100 (Figure 1) is a portable computer designed to help you solve
problems. The display screen and indicator lights communicate
information to you, and the keyboard and switches allow you to control
the operations the 5100 will perform.

Before you begin to use the 5100, you should become familiar with the
keys and the control panel (Figure 1). The control panel consists of a
series of switches, which will be explained later.

What follows is a brief description of the keys. How you use the keys
will be described later. For now, familiarize yourself with the names
and locations of keys on the 5100. Figure 2 shows a BASIC-only
keyboard, and Figure 3 shows a combined BASIC/APL keyboard.

Alphameric Keys

The alpha keys are similar to those on a standard typewriter, except that
there are no lowercase characters. The alpha characters are all uppercase,
even though they are in the Iower shift position on the key. Thus, you
do not use the shift key ( P ) for alpha characters.

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

If your 5100 is equipped to operate either BASIC or APL programs,
you may be unfamiliar with the symbols appearing at the top of some
of the alphameric keys (Figure 3). For BASIC operations, even on a
BASIC-only machine (Figure 2) where they are not shown on the key
top, these symbols can be displayed or printed, although their APL
functions do not apply to BASIC operations. See the /BM 57100 BASIC
Reference Card, GX21-9218, for the APL characters and their locations.

Numeric Keys

Either the top row of alphameric keys or the special calculator
arrangement of numeric keys on the right of the keyboard can be used
to enter numbers.

Introduction
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Operating Keys

The black key labeled CMD; the gray keys with the legend names
EXECUTE, ATTN, and HOLD; and the gray keys with the arrows are
special operating keys (Figure 4). The gray keys with the arrows and the
spacebar (used to enter blank characters) automatically repeat the
operation they perform when held down.

Backspace Key

Forward Space Key

Attention Key —————— /f you get an error,
press this key to make
Scroll Up Key the display stop flashing.

Scroll Down Key

HOLD Key
|

EXECUTE Key

Figure 4. 5100 Special Operating Keys
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BASIC Command Keywords

The words listed above the top row of alphameric keys (1-0) are
BASIC command keywords that you can enter by holding down the
CMD key and then pressing the number below the desired command.
For example, to enter the LOAD command keyword, hold down the
CMD key and press 1. These commands and their use are described
later. 'Y

BASIC Statement Keywords
The words printed on the front of some of the alphameric keys are
BASIC statement keywords. The words will appear on the display screen

if you press the key while holding down the CMD key. This permits you s
to enter an entire word, error-free, with one or two keystrokes.

Arithmetic Operator Keys
The four keys to the right of the calculator arrangement of numeric keys
are the arithmetic operator keys that are used to perform division,
multiplication, subtraction, and addition. There are also alphameric
keys that perform the same functions. In BASIC the symbol / is used
for division, and the symbol * is used for multiplication.

W
GETTING STARTED

Make sure the switches on your 5100 are set as follows:

Switch Setting
L32 64 R32 64
DISPLAY REGISTERS/NORMAL NORMAL
BASIC/APL (combined machines BASIC

only) : s

If your 5100 has the BASIC/APL switch, it can execute either BASIC or

APL language statements. The language used is selected only during the e
power up procedure or when the RESTART switch is pressed. Make sure W s
your 5100 is plugged in and turn the power on. If the power is already on,
press RESTART and wait a few seconds. During this time, the 5100
performs internal checks to make sure it is operating correctly.

o



If an error is detected during these checks, the PROCESS CHECK
indicator may come on. 1If the PROCESS CHECK indicator comes on,
press RESTART. The 5100 will again perform the internal checks.

If the light comes on again, call for service.

The IN PROCESS indicator comes on whenever the display screen is
blank, which indicates that the 5100 is doing internal processing.

ENTERING AND DISPLAYING DATA

First, let’s look at the display screen. Your display screen should look
like this: :

LOATL O

TREADY NNNNN
. s

If the READY message does not appear, press RESTART again, and
wait a few seconds. |If the READY message still does not appear, call
for service.

The LOAD 0 (zero) message indicates that the 5100 has a clear work area.
The flashing underline (—) between the LOAD 0 and READY messages is
called a cursor. It tells you where the next character you enter will be
displayed. The READY message indicates that the 5100 is ready to receive
your instructions. The number in the lower right corner, indicated by the
NNNNN on the display screen drawing, is the number of character
positions (bytes) in the work area available for your instructions and

data. This number changes during processing. The number is omitted

on the remaining display screen drawings in the manual.
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The display screen can contain up to 16 lines of data. The bottom line
indicates the status of the 5100 and specifies the number of bytes
available in the work area (NNNNN). The line next to the bottom
displays the input you are entering from the keyboard. The remaining
lines display the preceding 14 lines that have been entered and processed.
When the data on the input line is processed, that line is moved up one
line, leaving the input line empty so more data can be entered. Up to

64 characters of data can be entered per line.

Now let’s enter some data into the 5100. Enter the following problem
using the numeric keys and arithmetic operator keys:

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

The display screen shows:

LOAD 0
243

1
-~

4

T READY
N—

Notice that the instruction you entered, 2+3, is on the left margin of
the display screen, while the answer, 5, is indented one position from
the left margin on the next line.

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

000000




This display screen shows:

LOADT 0
243

"
W
125+75

200

TREADY
-

The appearance of your display can be changed by 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, or vice versa. Change the switch and select the type
of display you feel most comfortable with. You may have to adjust the
BRIGHTNESS control switch as you change from one background to
the other.

Now watch the display as you set the L32 64 R32 switch to the LL32
position. With the switch in this position, the leftmost 32 characters
on each line are displayed with a space between each character. With
the switch in the L32 position, your display screen shows:

Now set the switch in the R32 position and notice that the display is
blank (except for the storage number). In the R32 position, the right-
most 32 characters are displayed with a space between each character.

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

There are two gray keys with white arrows above the numeric keyboard.
These keys move the display lines (except the status line) up or down.
The scroll up key moves the display lines up one line, and the scroll

down key moves the display lines down one line. Both keys con-

tinue to move the display lines if they are held down. Now use the scroll
down key to move the display down two lines.

The display screen shows:

LOAD 1

w¥

2« The value 200 is now on the input line and
HEATTY can be used as input.

—

Use the forward space key and move the cursor to the right of 200.
Notice that the cursor (the underline) is replaced by a flashing character
as you space the cursor through the numeric characters. The flashing
character serves the same function as the cursor; it indicates the position
in the line where input from the keyboard will be displayed. Now, press
the following keys:

)




The display screen shows:

—
RE DY

C S

You are now familiar with the format of the display screen. From this
point on, only the line or lines being discussed will be shown.

Correcting Keying Errors

The 5100 has a number of very useful functions that allow you to
correct errors made while entering data. On a line-by-line basis, at any

C~ time, you can

1. Replace a character
2. Delete a character

3. Insert a character

Replace a Character

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

‘ , or forward space key §

cursor moves one character space in the direction of the arrow each
time the appropriate arrow key is pressed. These keys will continue to
move the cursor if they are held down. The incorrect character is then
replaced simply by keying the correct character over the incorrect
character. (In some instances, characters can be combined to form a
character not on the keyboard; for example, the period and quotation
mark combine to make an exclamation mark. If you want to replace
one of these characters (the . or ') with the other, you should backspace
to the character, press the spacebar to delete the character, backspace
0’1 again, then enter the desired character.)

L until it is at the incorrect character. The

®

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

OUUOdO

The display screen shows:

2l

To correct this error, the cursor must be moved back one position
(under the second 1) so that character can be rekeyed. Now, press the
backspace key once. To correct the keying error and execute the

problem, press the following keys:

Delete a Character

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

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.

For example, you want to do the problem 13+45, but you press the
following keys:

U000




The display screen shows:

Press the backspace key to 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 perform the delete function, hold
down the CMD key while you press { & . once.

The display screen shows:

13+0E

This character is flashing.

Now press EXECUTE to execute the problem. Pressing the EXECUTE
key processes the entire line regardless of the position of the cursor.

Insert a Character

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

or the 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 and is now displayed as an underline. To insert the character,
simply press the character key. |f a character is in the last (64th)
position of the line, the insert function is ignored.

For example, you want to do the problem 123*6, but you press the
following keys:

oL

Introduction
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The display screen shows:

To correct the error, press the backspace key to 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 position at the 3, hold
down the CMD key while you press once.

The display screen shows:

Lo 3wd

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

There is one more way to correct a keying error. If you make several
errors halfway through the line, you can backspace the cursor to the
character following the last correct character and then press the ATTN
(attention) key. This causes everything from the cursor position to the .
end of the line to be cleared from the display screen.

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 EXECUTE before you notice a mistake, you
must press ATTN; then you can simply enter the input again, or you
can use the scroll down key #  to move the input back to the input

line and correct it. When the corrections have been made, press EXECUTE
again.

L
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For example, you want to do the problem 135+280, but you entered
and executed 134+280. The display screen shows:

LAu+280
il

To correct the original input, press the scroll down key

three times to get the original input back to the input line. The display
screen shows:

LAWER0

I———This character is flashing.

You may now correct the error, and then process the data again by
pressing EXECUTE.

Introduction
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Chapter 2. How Your 5100 Handles Arithmetic

The following examples show some common, simple arithmetic
operations you can do on the 5100.

ARITHMETIC OPERATORS

Before you begin these simple operations, you should know that some
of the arithmetic signs (called operators) you are accustomed to using
are different when you use the BASIC language. For example, the
multiply sign (x) is not used in BASIC. Instead, the asterisk (*) is used
for multiplication. Similarly, the divide sign (<) is replaced by the slash
{/) in BASIC. The sign for exponentiation (raising to a power) in BASIC
is 1 (the upper shift character on the Y key) or **. Now enter these
problems:

Arithmetic You Press The Dispiay Screen Shows

Add 5and 8 ‘ ] l ] [ l
5 + 8

Subtract 8 from b ( J ( J [ ] p—
(T READY
Multiply 5 times 8 683
[ ° ] - E‘ 0
TREADY

16



Arithmetic You Press The Display Screen Shows

5 to the power of 2

(Hold down the
shift key and
press the Y key
to get T symbol.)

RiEainy

Lp3e 32
146

4 to the power of 2 ‘ . l[* ][ *JI ) l

TREADY

THE SEQUENCE OF ARITHMETIC OPERATIONS
BASIC has a prescribed order of arithmetic execution called arithmetic
hierarchy. When two or more operators such as +, -, *, /, or 1 are used,
arithmetic is performed according to this hierarchy. That is, operators
with higher priorities are performed first, while operators with the same
priority are performed as they are encountered from left to right. The
arithmetic hierarchy in BASIC is:
1.  Operations enclosed in parentheses
2. Mathematical functions (for example, sine, cosine, or square root)
3. Exponentiation (* or **)
4. Positive/negative operations, which are described later

5. Multiplication and division (*, /)

6. Addition and subtraction (+, -}, which have the lowest priority

How Your 5100 Handles Arithmetic
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When an operation is enclosed in parentheses, it is performed first, even
though the operator enclosed in the parentheses may have a lower
priority than the operators outside the parentheses. As a result, the
prescribed order of execution can be changed if you use parentheses.
Operations enclosed in parentheses are executed in BASIC before
operations outside parentheses, regardless of the hierarchy of the
operators.

Some examples of arithmetic hierarchy are:
3+4/5
4/5+3

In both of these examples, the 4 is first divided by the 5 because the
divide operation has the highest priority. The .8 result is then added to
the 3, giving a final result of 3.8.

Another example is:
(3+4)/5

In this example, the 3 and 4 are first added because they are enclosed
in parentheses. The result, 7, is then divided by 5, giving a final result
of 1.4.

In the expression
16+23-4+133-8

addition and subtraction occur from left to right in the following
sequence:

16
+_23
39 Interim result
-4
35 Interim result
+133
168 Interim result
- 8

160 Final result

However, when parentheses are added, the sequence of operations can
change:

(16+23)-((4+133)-8)

18



In this example, the operations occur in the following sequence:

1. Proceeding from left to right, the 16
expression in the first set of + 23
parentheses is evaluated. 39 Interim result 1
2. The parenthetical éxpression within 4
the second set of parentheses is +133
evaluated next. 137 Interim result 2
3. The second set of parentheses 137
is now evaluated. - 8
129 Interim result 3
4. Finally, the subtraction (having the 39 Interim result 1
same priority as addition) is per- -129 Interim result 3
formed and the result is displayed. - 90 Final result

Although the numbers and operators in this expression are the same as
those in the previous example, the parentheses completely change the
order of the operations.

Now, determine the result of the following expression by entering the
numbers, then pressing the EXECUTE key:

41(3*(4-2))
The order of the arithmetic operations is: 4-2=2, 3x2=6, and 4°=4096.
The display screen shows:

W O (22000
ERE

Figure 5 shows other examples of arithmetic expressions.

How Your 5100 Handles Arithmetic
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This is the Way it
Looks as Arithmetic:

atbtc
2

atbtc
2

3at+4

Figure 5. Examples of Arithmetic and BASIC Expressions

This is the Way

it Looks in BASIC:

(A+B+C)/2

A+(B+C)/2

3" A+4

3*(A+4)

X12+7

(X+7)12

(X+1)12/2

(X12/2)*(X+Y)/3

This is What it Means:

First add A, B, and C;
divide the sum by 2.

Add B and C, divide the
sum by 2; add the result
to A,

Multiply A by 3; then
add 4,

Add A and 4; multiply
the sum by 3. S

Square X and add 7.

Add X and 7; square the
quantity.

Add X and 1; square the
quantity; divide the
result by 2.

Square X and divide by 7
2;add X and Y and multiply

by the previous result; divide

that result by 3.

As you can see, the more complicated the arithmetic expression looks,
the more complicated the BASIC expression looks. When you are

writing BASIC expressions, remember that parentheses must always be c
in balanced pairs—as many right parentheses as left parentheses. If a A
statement gets too complicated, you can usually break it down into
several simpler statements.
s
“«
1
W
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Positive/Negative Operators

The plus (+) and minus (-) signs indicate that a number is positive or
negative. When used for this purpose, the + and - signs have a higher
priority in the arithmetic hierarchy than they have when used for
addition and subtraction. In the following example:

-212-3

the 2 is raised to the second power, and the minus is assigned to the
result before the subtraction.

One rule that you must follow is that you cannot use two operators
sequentially, except ** which is the same as 1. Sequential operators
must be separated by parentheses. This rule applies to both the
arithmetic operators {+,-,*,/, and 1) and the positive/negative operators
(+ and -). For example, enter 773 as 7t-3. The flashing display screen
shows:

ERROR g

The lower arrow indicates the syntax error. Press ATTN to stop the
flashing screen, then enter the corrected expression, 71(-3). A complete
description of 5100 error messages is included in the /BM 5100 BASIC
Reference Manual, SA21-9217. Short descriptions of the error messages
are given on the pullout card above the display screen.

You must use parentheses to separate consecutive operators, as
in the following examples:

Invalid Valid
6+-4 6+(-4)
3*-1.5 3*(-1.5)
8--4 8-(-4)

Try to solve the following problems using the 5100. Remember to press
EXECUTE after entering each problem.

T3 51,28

AR D
Rt BPEPAVP

F.270-16% 1)

I‘..I

e : Answers
12?3*RX(MW.?1/////////////
3637 BIUTET

How Your 5100 Handles Arithmetic
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ARITHMETIC CONSTANTS

BASIC has three built-in arithmetic constants to represent the values
of:

1. e (natural log) = 2.718281828459

2. = (pi) = 3.141592653590

3. \/E(square root of 2) = 1.414213562373

For example, if you want to use = in an gquation, you don’t need to

type in 3.14 . ... You just use the special BASIC constant. Here are
the special symbols that BASIC recognizes for these constants:

For This Constant: Use This Symbol:
e (natural log) &E
7 (pi) &Pi

\/;(square root of 2) &SQR2

You might use one of these constants in a program that calculates the -
area of a circle (AREA = 7 R? is the formula). Your program statement
would read:

50 LET A = &PI*R12

You can use these constants anywhere in your programs. In addition,
there are special constants in BASIC that are used to convert pounds,
inches, and gallons to metric kilograms, centimeters, and liters respectively.
Normally, when you want to switch from the U.S. measuring system to
the metric system, you multiply the measured quantity by a fixed
constant to obtain the equivalent measurement in the metric system.

"~ For example, 1 Ib equals 0.454. . . kg, so 2 Ibs equal 2*0.454. . . kg.
With BASIC, instead of remembering what the conversion multipliers
are, the 5100 can provide them for you. These constants are:

o &INCM, which has a value of 2.54 (centimeters per inch)
e &LBKG, which has a value of 0.453592 (kilograms per pound)

e &GALI, which has a value of 3.785412 (liters per gallon)

=~



FINDING SQUARE ROOTS

O You can determine square roots automatically with your 5100. Instead

' of writing your own formula for determining the square root of a number,
you use the letters SQR, followed by the number whose square root you
want to know enclosed in parentheses. For example, SQR (X) finds the
square root of X, where X is O or a positive number.

‘ ) You can use SQR in any of your arithmetic expressions, and the
expressions inside the parentheses can involve any kind of arithmetic.
For example:
VX+Y is entered as SQR (X+Y)
m‘h’
() \/ X+Y+Z is entered as SQR ((X+Y+2Z)/5)
5
\/ A+X is entered as SQR(A+X/2)
2

Other conversion and trigopnometric functions and conversion constants
in BASIC are discussed in Chapter 9.

VARIABLES

",

0’ Algebraic formulas often contain variables to which you assign your
own values when using the formulas. In the formula 7R?, for example,
the R is a variable representing the radius. You must assign a value to
R when you use the formula.

Variables That Stand for Numbers

You can name a variable in BASIC with a single character of the extended
BASIC alphabet (A-Z, @, $, and #). A BASIC variable can also be named
with one of the preceding letters or symbols followed by a singie digit (O
' through 9). Typical variable names are A2, #9, and B1. You can name
C a maximum of 319 different variables in BASIC.

How Your 5100 Handles Arithmetic
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Assigning Values to Variables

Variables are assigned values by using the equal (=) sign. After you

assign a value to a variable, you can use the variable in a calculation.
For example, if you enter

O

you assign the numeric value of 12 to the variable named B4.

To illustrate this, enter the following:

LG

and

You have named variables A and B and assigned them values of 12 and
4 respectively. You can now use them in the following calculation:

P



The display screen shows:

LN
12
He by
1
AT
. 5
REATY
C
i'd

Now press the following keys:

The answer is 64.

Press the following keys:

()]

How Your 5100 Handles Arithmetic 25
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Notice that the second expression increases the value of C by 1. This
method of changing the value of a variable is commonly used in
programming for stepping through a process. This will be described
in detail later.

Displaying Variable Values

To find the current value of any variable, you can simply enter the variable
name and press EXECUTE. For example, key:

The display screen shows the variable and its current value:

A Note About Numbers
When you use numbers in BASIC, they can be:
® /ntegers (whole numbers) such as:
2, -76, 842, 10000000, or 999111
® Decimal numbers such as:
—1;5, 3.7772,0.00081, or -457.25
® Numbers in exponential format such as:

6E7 (meaning 6x107) or 5.4E-3 (meaning 5.4x1073)



®)

A Note About Names

"When you name variables in BASIC, they can be:

® A single character of the extended BASIC alphabet (A-Z, @, $, or #)
such as:

$,C,orV

® A ssingle character of the extended BASIC alphabet (A-Z, @, $, and #)
followed by a single number such as:

A4, $6, $3, or T3

Variables That Stand for Characters

While you usually think of variables as standing for numbers, in BASIC
you can let a variable stand for combinations of characters such as words
or names. - If a variable is going to represent a word or a name, it is called
a character variable. You name character variables with one letter of the
extended BASIC alphabet (A-Z, @, $, and #) followed by a dollar sign
($). The dollar sign tells the 5100 that the variable is a character
variable.

To assign a word or name to a character variable, you enclose the word

or name in single quotation marks following the equal sign. For example:

A$="HARVEY SMITH'

Here are the general rules:

® A character variable is named by a single letter of the extended BASIC
alphabet followed by a dollar sign ($).

® To assign a value to the character variable, enciose the words or names
you are assigning in single quotation marks following the equal sign.

® The character limit is 18. [f you require more than 18 characters,

assign the excess to a second variable. |f you enter more than 18
characters for a single variable, the excess is ignored.

How Your 5100 Handles Arithmetic
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Using Calculation Results

When you are entering a series of expressions in which the result from
one expression is used in the next expression, you can use the

+

key (while holding down the CMD key) to insert the result of the last
expression. This is the calc result function. Notice that Calc Result is

listed above the key. For example, key the following:

| LY

A



®.

The display screen shows:

B Sk

21 &

Notice that the 5100 inserted the result of A*C into the second expression.

The calc result function will always insert the result of the /ast calculator
expression (character expressions as well as arithmetic expressions). You
must hold down the CMD key while you press for the calc result

+

function. Arithmetic results are enclosed in parentheses to avoid any
conflict with adjacent operators in case the result is negative. Character
results are enclosed in single quotation marks, just as they were when
they were assigned.

Up to this point, you have been operating the 5100 as a calculator. Any
of the operations described thus far can be performed any time the 5100
is waiting for you to enter input, with two exceptions:

1.  When a BASIC program is in operation and it stops for keyboard
input required by an INPUT statement, you cannot perform any
calculator operations.

2. When you are entering data to create a keyboard-generated data
file, you cannot perform any calculator operations.

Any time, other than the exceptions listed, you can enter any of the
calculations described.

You can also stop a program during its operation, and change the values
of variables, then continue the program. This is extremely useful when
checking a program for proper operation.

The following chapters discuss how to program your 5100 using the
BASIC language.

How Your 5100 Handles Arithmetic
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Chapter 3. Entering, Running, and Storing a Program

A program is your way to communicate with the 5100 to solve a
problem. The key words in this statement are communicate and to
solve a problem. All programming is oriented toward problem solving.
Problems can only be solved by first analyzing the problem, then by
formulating the solution. This involves communication. You can
communicate with the 5100 using the BASIC or APL language, as
opposed to your communicating with other people in the English
language. Thus, a program is little more than a means of translating
your instructions to solve a problem into a language that the 5100
understands. -

ENTERING APROGRAM

The following discussion shows you how to enter a BASIC program into
the 5100, and then how to execute that program. Also in this chapter,
you will learn how to save a program on a magnetic tape cartridge, then
load the program back into the 5100 for execution again.

The program you will enter calculates the volume of a-cylinder. The
volume of a cylinder is found by multiplying the length of the cylinder
times the area of the base. Enter the statements just as they are shown
in the following example. Don’t forget to press EXECUTE after entering
each statement. You can enter the statements character-by-character or
use the BASIC statement keyword keys with the CMD key. |f the 5100
detects an error in a statement you have entered, the keyboard becomes
inactive (except for ATTN and HOLD), and the display will flash. To
stop the flashing display, press ATTN, then correct the error.

D010 REM CYLINDER VOLUME
Doz kR
D00 INPUT D

gOW0 IF D=0 GOTO 0110

0050 PRINT "LENGTH?'

00460 INPUT L

DO7F0 A=&PTRC0/2) T2

DOBD Veh*

0090 FPRINT *THE VOLUME IS ',V
0100 GOTD 00320

0110 END

30



Now read your entries on the display screen to see if you have entered

the program correctly. If you find a keying error, the next paragraph

describes how to correct the error before you run the program. If your

5100 has an attached printer, you can hold down the CMD key and

press the key below Copy Display to get a copy of the displayed
X

data. The copy display function provides you with printed copy of all
16 lines of data.

Correcting Your Keying Errors

To correct or change a statement line of a program already entered in
the 5100, use the gray scroll keys { 88 and &8 ) to position the

incorrect line to be changed on the input line right above the READY
message line. When pressed momentarily, these keys move all information
on the top 15 lines up or down one line position. When you hold these
keys down, the display lines will repeatedly move up or down. When the
line you want to change is positioned correctly, which is easy to identify
because the first character will be flashing, you can use the forward space
or backspace key to position the cursor at the character to be corrected.
You can then use the insert and delete functions to make the change.
Remember, these functions are activated only when you hold down the
CMD key and press (Insert) or {Delete). After all changes

have been made to the line, press EXECUTE to reenter the line.

RUNNING THE PROGRAM

After you have entered the statement lines of the sample program, you
are ready to run the program. To run the program, enter RUN, then
press EXECUTE. Any error during execution causes the display to flash;
the ATTN key must then be pressed. Press ATTN to stop the flashing
screen, then correct the error. You will have to enter RUN again to
execute the program. When you run the program, the display screen
shows:

RUN
DIAMETER?

<y

Entering, Running, and Storing a Program
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You will recognize the prompting message DIAMETER? as part of the
second statement in the sample program. This is a PRINT statement,
which directs information to be displayed.

Note that the bottom question mark is flashing. The flashing question
mark is a result of the INPUT statement in the sample program. The
INPUT statement causes the question mark to be flashed to indicate
that you are to enter information from the keyboard for the program,.

Now respond to the request for data to be entered by keying a value for
- the diameter, then press EXECUTE. You can enter any number of
digits you want. The maximum number of digits that can be assigned
to any variable (your variable is D for diameter) is 13 digits. You can
include a decimal point, which does not count as a digit entry, but you
must not enter commas. (Commas indicate multiple variables to the
5100.)

If you enter a decimal number with more than six digits to the right of
the decimal point, any digits beyond the sixth are rounded when the
answer for volume is displayed. The 5100 is initialized to round numbers
at the sixth decimal position. However, the rounding position can be
changed to any position from 1 to 13 with the RD= command, which
sets the rounding position. To set the 5100 to round all displayed or
printed results and calculations at the second decimal position, you
would enter: R D=2,

The rounding command can also be included with the GO and RUN
commands as described in the /BM 5100 BASIC Reference Manual,
SA21-9217. Remember that whenever you turn the power on or press
RESTART, the rounding position is set at 6.

All examples in this manual are run with the rounding position set to
6 digits (RD=6). |f you change the rounding position, you will get
different results.

You must remember that when using any programming language, including
BASIC, you are communicating with the machine, tetling it what you
want it to do. Thus, you should define precisely what the machine does
not know to avoid unnecessary problems.

You can enter values for the cylinder volume program as many times as
you want. After you enter a value for the length in response to the
flashing question mark and press EXECUTE, the 5100 will display the
information you specified and compute the answer.




The statements in the sample program are described in the following
paragraphs. In addition, Appendix A contains a short definition of

0 all the BASIC statements used in the 5100.
Statement Meaning
‘ 10 REM CYLINDER VOLUME The REM (remark) statement can
0 appear anywhere in the program,

but has no effect on program
execution. This statement is used
to insert comments into the BASIC
program.

"

C’ 20 PRINT ‘DIAMETER?’ This PRINT statement specifies
that DIAMETER? be displayed.
The single quotation marks
around DIAMETER? indicate that
it is a character constant and that
the entire character string is to be
displayed.

30 INPUT D The INPUT statement allows you
to assign values from the keyboard
to variables when your program is

: running. !n this example, the
O variable D will receive the value
you enter. The 5100 displays a

question mark in position 1 of

the input line to indicate that
keyboard input is expected.

40 IF D=0 GOTO 110 The |F statement transfers

control to a specified statement
when a specified condition is met.
In this statement, the program
will terminate when you enter O
for the diameter. As long as you

O, : want to calculate volumes, you

’ : can enter values for the diameter

and length. When you are finished,
however, just enter O for diameter
and the program goes to statement

0 110 (END).

Entering, Running, and Storing a Program
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Statement

50 PRINT ‘LENGTH?’

60 INPUT L

70 A=&P1*(D/2)12

80 V=A*L

90 PRINT ‘THE VOLUME IS’, V

100 GOTO 20

110 END

Meaning

This statement displays the
character string LENGTH?.

This statement specifies that the
variable L will receive the value
you enter for length. Again, a
question mark will be displayed
to indicate that keyboard input
is expected.

This is an arithmetic expression
indicating that the variable A will
receive the value of n times D
(your entry for diameter) divided
by 2, and raised to the power of
2.

This expression assigns a value to
a variable. In this statement, the
variable V will receive the value of
the variable A times the variable

L (your entry for length).

This statement indicates that the
characters enclosed in single
guotation marks (THE VOLUME
IS) are to be displayed, followed
by the value of the variable V. The
value of V was calculated in the
preceding statement and is the
volume,

The GOTO statement transfers
control to a specified statement.
In this statement, control is
transferred to statement 20. This
provides for a number of volume
calculations to be made
repetitively.

The END statement indicates the
end of execution of a BASIC

program and terminates operations.



After you have computed your last volume calculation, you can end the
program operation by entering O for the requested diameter and pressing

0{ EXECUTE.

The numbers preceding the statements are called statement numbers. They
are necessary so the 5100 knows the proper sequence of your instructions.
BASIC statement numbers in the 5100 can have values from 0001 through
h 9999. You can use consecutive numbers if you wish, but normally

0 expansion room is left between the statement numbers so that changes
can be made more easily (see Making Changes to Your Program). When
you enter statement numbers, you do not need to include the leading
zeros. They will be added by the 5100 when the statement is entered.

W,
C Automatic Statement Numbering

Instead of manually entering the statement numbers in a BASIC program,
you can instruct the 5100 to provide statement numbers for you. You
can do this with the AUTO command. Simply enter AUTO and press
EXECUTE. Notice that the word AUTO is displayed above statement
number 0010. From this point on, the 5100 numbers your statements

in increments of 10. Automatic numbering continues until you enter
anything other than the last statement number (a command word, for
example, LIST, in the input line). You can restore automatic numbering
by entering AUTO NNNN where NNNN is the statement number you

(j'\ want to begin with.

STORING THE PROGRAM

The 5100 magnetic tape cartridge allows you to conveniently store your
programs (or data) and have them available for use by following the
simple operations described in this section. Before using a tape cartridge,
check the tape cartridge security arrow in the corner of the cartridge.
Figure 6 shows the arrow pointing to SAFE. When the arrow is in this
position, the tape cannot be written on. To be able to write on the tape,
use a screw driver or a coin to turn the arrow away from SAFE. Figure 7
shows how a magnetic tape cartridge is loaded into the 5100. Press the
C‘ cartridge in until it is firmly seated.

Tape Preparations

Before you can use it for p’rogramming or data operations, the magnetic
tape cartridge must be prepared, which consists of marKing the tape to
define how much space is to be in each tape file. When used in relation
to the BASIC 5100, a file is the area on a tape that contains one program
or a collection of related data items.

Entering, Running, and Storing a Program
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Figure 6. SAFE Arrow

Figure 7. Inserting a Cartridge
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To prepare a tape with one file of any size, or several files of the same
size in the same operation, you enter a MARK command. The MARK
0' command can be entered anytime that READY is indicated on the
/ display screen. It will not interfere with your programs. For our
exercise, we are assuming that you are beginning a new tape (no files
have been marked). We will mark three files, each containing 2048
or 2K character positions (K is equal to 1024). This exercise provides
“ enough space on tape to contain three programs (one in each file) of
@ approximately 35 statements each. Tape files for the 5100 are numbered
sequentially beginning with 1. Should you later decide to add more
files, you can do so as long as you do not exceed the physical limits of
the tape. A tape contains space for approximately 200K of storage,
minus the leading and trailing data for each file, which equals 0.5K

C’"’* per file. Thus, a tape can contain approximately 132 1K files, 44 4K
files, or any combination of file sizes up to 200K, including the required
0.5K per file.

Note: 1f you are not using a new tape cartridge, you must first ensure
that your tape does not contain important data belonging to someone
else. This is necessary because any existing data is erased when you
remark the tape. The 5100 displays an error message when you attempt
a MARK command to a file that is already marked. To continue marking
the file, press ATTN to stop the flashing screen, press the scroll up key
once to move the display up one line, enter GO in positions 1 and 2, then
press EXECUTE. ‘

(J To mark the tape in our exercise, press the following keys:

You have now marked the tape for three files of 2K characters each,

O/ starting with file 1. The READY message is displayed when the tape
preparation is completed. We will now save the cylinder volume program
on the tape. If you want to mark additional files, remember that you
must begin with file number 4.
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SAVE Command

The cylinder volume program can be saved on tape with the SAVE

command. To save the sample program, enter SAVE, then enter the

number of the file you want to save it in. We will save the program in

file 1, so press 1, then press EXECUTE. The READY message will be

displayed to tell you when the program is saved on tape. (You needn’t

be concerned with the numbers following the READY message.) While

the program is being saved, you will notice the tape in the cartridge AR
moving back and forth. This is normal, because the 5100 is reading

each segment of data after it is written. This ensures that the information

is saved correctly.

To prove that the program has been stored on tape and that you can load
it back into storage, the program stored in the machine must first be -
erased.

There are three ways to do this:

1. Enter LOADO and press EXECUTE. This clears machine storage
and prepares it to accept input from the keyboard or programs
loaded from tape. This is the recommended way to clear machine
storage.

2. Press the RESTART switch. This restarts the machine to the same
status as when the power was turned on. The internal diagnostics A
are performed again; thus, this method requires 10-15 seconds R
depending on the amount of storage in your machine. This method
is recommended only when the PROCESS CHECK indicator comes
on, or when you change from BASIC to APL or APL to BASIC.

3. Set the power switch to OFF, then set it back to ON. The same
diagnostics are performed as during RESTART.

To clear the machine, enter LOADO and press EXECUTE. To prove the
program no longer exists in the machine, enter RUN and press EXECUTE.
The 5100 will respond with an error message to let you know this

cannot be done because there is no program in storage. Press ATTN to PN
continue.

In order to run the program again, it must first be loaded into storage from
where it was stored on the tape. The LOAD command is used to place
the program back into storage.



®

LOAD Command

To load the cylinder volume program back into 5100 storage, enter
LOAD, then enter the number of the file containing the program you
want to load (file 1). Complete this sequence by pressing EXECUTE.

The READY message tells you that the program is loaded and can be
executed again. Run the program again by entering RUN, then pressing

EXECUTE.

Practice the SAVE and LOAD commands by changing the file number
when you again save the sample program on tape and load it back into

the 5100.

The following commands have been discussed in this chapter:

AUTO

MARK

LOAD

SAVE

RD=

RUN

Automatically numbers BASIC statements.
Prepares a tépe cartridge for data to be saved.

Loads the 5100 storage with data from tape or data.
from the keyboard.

Saves the BASIC program in 5100 storage on tape.
Specifies rounding of decimal numbers.

Executes a BASIC program.

A REVIEW OF WHAT YOU'VE DONE

After reading this far and doing the exercises described, you should be
able to perform the following functions with your 5100:

o Use as a calculator:

— Addition
— Subtraction

— Multiplication

— Division

— Exponentiation

— Use of positive/negative operators

— Use of parentheses in arithmetic hierarchy
— Use of arithmetic constants

Entering, Running, and Storing a Program
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Correct keying errors:

— Replace a character

— Delete a character

— Insert a character

— Make corrections in a line

Use variables:
— Assign values to variables
— Display variable values

Enter short, simple programs:

— Change program lines

— Run programs

— Erase programs

— Store programs on tape
— Load programs from tape

Clear the machine storage

N

o



Chapter 4. How to Write a Program

In the following pages, you are going to write more BASIC programs
and learn to use some fundamental tools for writing programs. From
this point on in the manual we will not show you the keys to press. We
will just say to enter and then give you the data you should enter.

The LET Statement

A LET statement consists of four parts: a statement number, a symbol
to the left of an equal sign, an equal sign, and a quantity or a computation
(called an expression) to the right of the equal sign. In BASIC
programming, a LET statement means:
1. To evaluate the expression on the right side of the equal sign, and
2. Assign that value to the symbol on the left side of the equal sign.
in BASIC, you can have statements such as

0030 LET X=X+1
while you couldn't in math. In BASIC this statement means to take
whatever value X now has, add 1 to it, and replace the old value of X

with this new value.

Incidently, you can omit the word LET from a LET statement in a
program. These two statements

0010 LET X=A+B
0010 X=A+B

mean exactly the same thing. In all our examples, we’ll show the word
LET, but it's not necessary to include it.

The following program uses simple arithmetic. Try to look at the
program as a step-by-step method for solving a particular problem.

Problem
Last month you went to the dentist and had an examination and X-rays.
That cost $25. You had two teeth filled. That cost $24. Your insurance

will pay for 75% of everything over $15. How much do you have to pay,
and how much does the insurance pay?

How to Write a Program
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What to Do
1. Find the total dentist bill (call it D).
2.  Subtract $15 to find the amount eligible for insurance (call it E).

3. Take 75% of the result (call it 1). That’s how much the insurance
pays.

4. Subtract the insurance money from the total bill D to find out how
much money you owe (call this M).

5. Display how much you have to pay and how much the insurance
will pay (M and 1).

The following BASIC statements, which you will enter later, can be used
to solve this problem:

0010 LET D=25+24
0020 LET E=D-15
0030 LET I=.75*E
0040 LET M=D-I
0050 PRINT M,I
0060 END

Notice the PRINT statement. Since you want to know both your pay-
ment and the insurance payment, you can specify both M and | in the
same statement. Any time you want to display the value of more than
one variable, you can use a single PRINT statement if you list the
variables and separate them with commas.

USING REMARKS

You can make your programs easier to work with, and easier for other
people to use, if you include descriptions of what the statements do in
the program. These descriptions are known as remark statements. You
write remarks as if they were statements in the BASIC program, but
they don’t serve any function in the execution of the program. They
are solely for information. You can insert them anywhere in a program.



To include a remark in a program, you write a BASIC statement called
REM. It has a line number like any other BASIC statement. Following
the line number, you enter the letters REM followed by any remark you

want. Examples of REM statements are:

40 REM THIS PROGRAM COMPUTES BATTING AVERAGES

70 REM AT THIS POINT, PRINT OUT THE RESULTS

10 REM DENTBILL

You’ll see other examples of REM statements as you go through this

manual.

You should now be ready to enter the program from the keyboard of
your 5100. To enter and execute the program, follow the instructions
below. Remember to press EXECUTE after each line is entered.

Instructions Display Screen Shows
Clear storage LA3ED 0
Enter the statements g0nLo
Con02n
030
00u0
nosn L T
00aA01 PRINT M. 1
D070 END
Run the program RUM

Remember that the idea in this program, and any other programs you
write, is to break down what you want to do into logical sequential
steps. [t may help to use this tactic: Ask yourself what is the very first
thing | have to do? What is the next? And so on. You can make a list
of what you have to do and then convert each item in the list to a BASIC

solve the problem in an orderly step-by-step fashion.

- statement. Thus, you will always have a sequence of statements that will

The dentbill program is not a typical program because it works on only
one set of data that is a part of the program. Most programs are
written to use many sets of data and use data that is not a direct part
of the program. Later program examples will explain this in detail.

How to Write a Program
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LISTING 