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Preface

Before using this manual, you should be familiar
with the information in the /BM 57110 BASIC
Introduction, SA21-9306, such as:

e Entering data from the keyboard

e The arithmetic operators

e How to enter a program

e Using data files

e Using arrays

This manual gives you conceptual information
about using the 5110 with the BASIC language
and is intended to be used with the /BM 5710
BASIC Reference Manual. The topics covered
in this manual include:

e Computer concepts for data processing

e An approach to breaking your application into
small parts to make programming easier

e Changing the sequence of execution within your
BASIC program

o Formatting the data on the display screen

e Entering uppercase and lowercase characters

e Using a procedure file to replace keyboard input
e Sounding the audible alarm

o Using tape and diskette storage

o Formatting printed reports

e Additional tips and techniques

Since this manual is not intended to give you a
complete description of the syntax and rules
required for each BASIC command and statement,
you must use the /BM 5110 BASIC Reference
Manual for this description.

This manual does not need to be read chapter by
chapter. Instead, you can read the appropriate
chapters as required. For example, you might read
Chapter 3, Changing the Sequence of Execution In
Your BASIC Program, when you need information
on program loops.

Prerequisite Publication

IBM 5110 BAS/C Introduction, SA21-9306

Related Publications
IBM 5110 BASIC Reference Manual, SA21-9308
IBM 5110 BASIC Reference Handbook, GX21-9309

IBM 5110 Customer Support Functions Reference
Manual, SA21-9311
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Chapter 1. 5110 Data Processing Concepts

INTRODUCTION

What can you expect a computer to do with information? How do you
get information into a computer? How does a computer know what to
do with your information? What final results can you expect?

Today the computer is doing many jobs, from accounting to predicting
election results to guiding spaceships. It is often looked upon as some
kind of magical machine, but the computer performs no magic.
Everything a computer does is dependent on the people who use it
and the instructions they supply. For every job you want a computer
to do, you must give a step-by-step procedure (a program) for it to
follow. This procedure is then stored inside the computer. The
information you want is processed according to the stored
instructions.

A computer can do a wide variety of operations. It can retrieve,
almost instantly, any item of information stored in it. It can compare
any two items of information and do any arithmetic operations you
want-add, subtract, multiply, or divide. It can be instructed to do any
combination of these things in any sequence you want them done.

The computer works methodically, doing one thing at a time. When it
finishes one step, it goes on to the next, then the next, and the next,
according to instructions. But it performs these steps at an almost
unbelievable speed until it comes up with the answer you want.

The work performed by a computer is called data processing. Data
processing means that information is handled according to a set of
rules. Whether you process information by hand or use a computer,
the requirements of a job remain about the same. You must have
input, which is the data you want to do something with; you must
process the data, which is the act of doing something with data
according to instructions; and you must have output, which is the
result of your processing.

5110 Data Processing Concepts 1



To help you understand the 5110 and data processing, let’s first look
at how an employee might process information for the job of billing.

Assume for this job that the employee works with the following data:
e Customer orders

e Price catalogs

Customer records

e Accounts receivable records

Inventory files




The employee receives a copy Qf the customer order after the order is
shipped. He uses this document to prepare the invoice that he sends
to the customer. To prepare the invoice, the employee:

1.  Looks up, in a price catalog, the price of each item in the order
2. Multiplies the price of each item by the quantity shipped

3. Adds the total price of each item to get the total amount of the
invoice

4, Checks the customer records to see if any special discounts
apply, and adjusts the invoice accordingly

5. Types the invoice

6. Adjusts the accounts receivable records to show what the
customer owes

7. Updates the inventory files to show the reduced stock

For each invoice he prepares, the employee follows the same
procedure. In computer terms, the procedure is his program for doing
the job. The customer order is his input; the calculating and file
updating he does is processing; and the results of processing—the
invoice and the updated records—are his output.

As shown in Figure 1, computer data processing can speed up a billing
operation and reduce costly errors. Data (customer order information)
can be entered at high speed via the keyboard; many records can be
quickly referenced and updated in a magnetic storage medium (tape or
diskette); the processing unit can store and carry out instructions (a
program) and perform needed calculations; and a printer can print the
invoice.

Customer
Keyboard Order
Information
I
e — Processing .
Customer and Unit Printer

Printed
Invoice

Inventory Data

(stores job
instructions
and performs
calculations)
Updates Customer

and Inventory Data

Magnetic
Storage

Figure 1. Computer Data Processing

5110 Data Processing Concepts



The 5110 Model 1 Computing System (Figure 2) contains the following
elements, which are components of the data processing system:

e Input Elements—keyboard, tape, diskette
o Output Elements—tape, diskette, printer, display screen

e Processing Elements—main storage, tape, diskette, programs

Display Main Storage
Screen

Keyboard

Diskette Printer

Drives

Tape Drives

Figure 2. 5110 Model 1 Computing System Data Processing Elements

The keyboard is the device the operator uses to key (enter) data into
the processing unit.

The tape and diskette are used either as input or output devices. Input
data or programs can be entered into the system using the tape or
diskette. Output data can be stored on the tape or diskette for use in
other programs.

The printer records on paper (prints) the data sent to it by the
processing unit. This printed material is sometimes referred to as the
hard copy output.

The display screen displays output data sent to it by the processing
unit. The system uses the display screen to communicate with the
operator by displaying information keyed on the keyboard so that the
operator can verify the information before it enters the system. The
system also displays messages that identify keying errors and provide
operator guidance or specific processing information as required.



The processing unit is made up of the main storage, tape or diskette,
and programs. The tape or diskette is used to store files of
information and programs that are used by the system. Main storage
is the part of the processing unit that holds a program so that the
system can execute the steps in the program. Data is moved from
tape or diskette into main storage for use by the program being
executed. '

ADVANTAGES OF COMPUTER DATA PROCESSING

If data processing is always a matter of input, processing, and output,
how is computer data processing different from manual or mechanical
data processing? Computers process large volumes of data faster,
more accurately, in less space, and with greater versatility.

e Speed. Because computers process data electronically, they
operate at remarkable speeds that save a tremendous amount of
time.

e Accuracy. A computer does exactly what it is told to do and only
what it is told to do. Because of this constant dependence on
instructions, a computer follows program after program, second
after second and hour after hour, with unvarying accuracy.

Computers also reduce transcription errors by dramatically reducing
the need for manual transcription. Once you record data on a tape
or diskette that data may never have to be written by hand
again-you can update as many different customer records, complete
as many different kinds of forms, and create as many different
reports from that data as you have application programs that use
the data. By referring to the display screen while first recording the
data, you can insure that the data is keyed correctly. Programs that
use the data can perform control total checks and balances to
continually validate the accuracy of the data.

5110 Data Processing Concepts 5



e Data Compression. Computers miniaturize data. Suppose a business

enters its accounts receivable transactions in a machine-posted

register like the one shown below.

DATE
07/11/--
07/11/--
07/11/--
07/11/--
07/11/--
07/11/--
07/11/--
07/11/--
07/11/--
07/11/--

CUsT
NO

759820
633870
642990
122620
682030
742950
014280
872060
883290
006280

ACCOUNTS RECEIVABLE TRANSACTION REGISTER

07/11/--
CUSTOMER JOURNAL
NAME NO

SOUND OF THE SEVENTIE
OLDE VILLAGE SHOPPE
PARAGON TV SALES
CANNIZONI STUDIOS
RAYMONDS RAPID REPAIR
SARATOGA VARIETY
BAKER BRADLEY & CO.
UNIVERSITY ELECTRIC

VILLAGE MUSIC & TV 07-036
ALLSTONS 07-037
TOTALS

INVOICE ~ CASH
NO AMOUNT
063420
063421
063422
063423
$ 63.80
29.72
43.50
97.75
$234.77*

INVOICE

AMOUNT
$ 46.23

89.70
20.30
129.76

$285.99%

PAGE 001

JOURNAL
AMOUNT

$18.23CR
10.70CR
$28.93CR*

The preceding example shows 10 sample entries, or records.

Several thousand such transaction records can be stored by the

system on one diskette. That is, the system enables you to store
large volumes of business information in an economical and

manageable form that can be processed by a machine.

e Versatility. The number of different tasks a computer can do is
limited only by the number of different programs run on it. The

computer can do much more than just add, subtract, multiply, and

divide. The 5110 can, for example, prepare invoices, keep accounts
receivable up to date, print weekly paychecks, and analyze data for
thorough cost and sales analysis.

Speed, accuracy, data compression, and versatility combine to reduce

data processing errors and increase productivity. But a less obvious

advantage of computers has a more fundamental effect.




[ PAGE 189

ACCOUNTS RECEIVABLE TRANSACTION REGISTER
07/11/-- PAGE 001 l
Cust CUSTOMER JOURNAL  *INVOICE CASH INVOICE JOURNAL

DATE NO NAME NO NO AMOUNT AMOUNT AMOUNT ! |
07/11/-- 759820 SQUND OF THE SEVENTIE 063420 $ 46.23 ' l |I |
07/11/-- 633870 OLDE VILLAGE SHOPPE 063421 89.70 l 1! | __J
07/11/-- 642990 PARAGON TV SALES 063422 20.30
07/11/-- 122620 CANNIZONI STUDIOS 063423 129.76 ! I
07/11/-- 682030 RAYMONDS RAPID REPAIR $ 63.80
07/11/-- 742950 SARATOGA VARIETY 29.72
07/11/-- 014280 BAKER BRADLEY & CO. 43.50
07/11/-- 872060 UNIVERSITY ELECTRIC 97.75
07/11/-- 883290 VILLAGE MUSIC & TV 07-036 $18.23CR
07/11/-- 006280 ALLSTONS 07-037 10.70CR

TOTALS $234.77* $285.99* $28.93CR*

«

Accts Receivable
Transaction
Register 07/11/--

O
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Computers impose discipline. As explained, a computer is helpless
without programs—it cannot think for itself. Neither can a computer
guess whether its programs really reflect the problems at hand-you
must see that they do. In other words, you must carefully analyze the
data processing requirements of your organization in order to take full
advantage of a computer. For instance, with the data processing
capabilities provided by a 5110, what additional cost analysis,
inventory control, and auditing procedures would you like to implement
in your organization?

The responsibility for analyzing an organization’s data processing
requirements falls, of course, to management. But the discipline
imposed by a computer extends throughout the data processing
activities of the organization. Once you've designed or selected
computer programs that reflect management directives, you've
established management control that is automatically practiced each
time those programs are used.



Chapter 2. Elements of a BASIC Program

Before reading this chapter, you should be familiar with the
information in the 5770 BAS/C Introduction, such as:

Entering data from the keyboard

The arithmetic operators

Numeric and character variables

The arithmetic operator hierarchy

Entering a BASIC program

The BASIC language statements REM, INPUT, GOTO, STOP,
LET, IF, FOR, NEXT, READ, DATA, RESTORE, PRINT, OPEN, CLOSE,
RESET, PUT, GET, and DIM

The system command used to store and retrieve programs on a
tape or diskette :

In this chapter, the following topics are discussed:
o Defining a program

o Analyzing an application (problem) so that BASIC programs can be
used to process information

e The most commonly used BASIC statements

DEFINING A PROGRAM

A program is a procedure or set of instructions you establish for doing
a job. These instructions are necessary because a computer cannot
think for itself. When defining a program for the 5110, you can use a
programming language called BASIC. BASIC is a simple-to-use
programming language with which you describe how you want the
5110 to do the job.

The next section presents an approach to analyzing an application so
you can use a BASIC program to help process information. This
approach helps you divide an application into manageable parts. This
way you can apply BASIC statements to process the information.
Dividing an application into manageable parts promotes thoroughness
and allows the application to be solved (programmed) faster.

Elements of a BASIC Program 9



PROCESSING INFORMATION
Every problem consists of three parts:
e The /input data required to generate the final result

e The process (BASIC statements) required to generate the final
results

e The output, which is the final result
Each part might consist of one statement or several statements. In the
following sections, each part is discussed in more detail. Also, an
example for finding the compound interest is used to illustrate each
part.

Output
Because the output is the primary reason for a program to exist,
considering the output provides the best place to start solving a
problem. To do this, consider these questions:
1. What results are required?
2.  How should the results be formatted?
3.  Who uses the results? For example, should the results be

displayed or printed, or should the results be stored in the main

storage, on tape, or on diskette for later use?

Now, for the compound interest example, assume the answers to
these questions are:

1. The amount of interest earned

2. The message THE INTEREST EARNED IS: followed by the
calculated interest earned

3. Finance officers need the displayed results to evaluate different
plans

Once you have answered these questions, you know the purpose of a
program.



Input

After the output, you should consider what input data is required to
generate the output. To do this, consider such questions as:

1.  What input is required?
2.  Where does the input come from?
3. How is the input provided?

For the compound interest example, the answers to these questions
are:

1.  The interest rate, number of years, and principal

2. From finance officers who need to know the amount of interest
earned for different plans

3. Through the 5110 keyboard

In our example, most of the input data will come from the keyboard;
however, other ways also exist. For example, some data might be
permanent and be included within the program (for example, headings
and labels). There might also be data that is usually constant but, for
certain applications, must be changed. This data might be coded in
the program as variables that can be modified. And, of course, data
might also be from tape or diskette. ‘

The following list summarizes the input and output considerations so
far:

Input Output

Device Keyboard Display

Data Interest rate THE INTEREST EARNED IS:
Number of years  The calculated interest earned
Principal

Elements of a BASIC Program

11



12

Process

Once the input and output are well defined, all of the characteristics
work together to make the process part the most straightforward.

For our compound interest example, the process part consists of:
1. Defining the algorithm used to calculate the compound interest
2. Using the input to generate the results

The formula used in this example for the compound interest is:

COMPOUND INTEREST = PRINCIPAL (1 +___F1‘889>Years

The BASIC statements that use the input to generate the results might
be as follows:

o= LeRALO0 R is the interest rate
Bom @ty Y is the time in years
G PR P is the principal

5 p p

C is the compound interest

PUTTING IT ALL TOGETHER

Now that you have considered the three parts of information
processing, it is time to write your program. For the compound
interest example, your program might look like this:

Q010 PRINT CENTER THE INTEREST, PRINCIPAL, AND
Go20 INPUT R,P,Y

DOAD A=l+RA00

OO0M0 B=ptY

D054 O=PeR

G060 PRINT CTHE INTEREST EARNED IS

Qo7 PRINT C-p

So far, you have taken a simple application and designed a program to
solve it. If the application is larger or more complex, a more detailed
structure is required. This more detailed structure involves expanding
each of the three parts (input, process, and output) into additional
levels of input, process, and output.

YEARE



ADDITIONAL LEVELS OF INPUT, PROCESS, AND OUTPUT

For complex or large applications, you might want to break the INPUT,
PROCESS, and OUTPUT down into additional levels of input, process,
and output.

Program
INPUT PROCESS OUTPUT First Level
]
Input Process Output Additional Levels

This allows you to break each first-level INPUT, PROCESS, and
OUTPUT part into manageable parts. Let's continue with the
compound interest problem and expand the first-level INPUT portion
into additional levels of input, process, and output. That is, the INPUT
portion is going to be treated as a separate problem in itself.

First, consider the output of the INPUT portion. Here the output is
actually the input for the first-level PROCESS portion. In this case,
assume that the output must be an interest rate not greater than 18%,
a number of years not greater than 40, and a principal not greater than
500,000.00.

Next, consider the input for the INPUT portion. The input is the same
as before (the interest rate, number of years, and principal for which
the interest earned must be calculated). However, in this case, the
finance officers might be unfamiliar with the program; therefore, there
should be prompting messages telling them what to enter.

Elements of a BASIC Program
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Finally, consider the process for the INPUT portion. In this case, the
processing consists of error checking and validation of all the input
data, because you want to make sure that the interest rate is not
greater than 18%, the number of years is not greater than 40, and the
principal is not greater than 500,000.00.

Now, taking these considerations into account, the BASIC statements
for the first-level input portion might be:

Galo
a2
0030
0040
G054
G0a0
aavo
{HRIRERY]
aovd
Gla0
g1ia
0120

PRINT CENTER THE INTEREST RATE, YEARS AND PRINCIPAL®
IWNpuT I,v, ¢

F T318 GoTo a0

PRENT "THE TINTEREST RATE IS GREATER THAMN 18 PERCENT
GOTO 10

TF oYyzwg GOTO 240

PRINT CTHE NUMEBER OF YEARS I8 GREATER THAN 40°

GOTO 10

F O P2EH00000 GOTO 1240

PRINT "THE PRINCIPAL I8 GREATER THAN S00,000.00°
GOTQ 1o

113

For complex or large applications, you couid also break down the
first-level PROCESS and OUTPUT portions; however we are not going
to do that for this example.

As you break an application down into manageable parts, you might
want to have a separate program for each part. For example:

0005
0010
0020
0030
0040
00350
0060
0070
0080
govao
0100
0110
0120

0010
ooz2o
0030
80u0
0050

UsE I,Y,9¢
PRIWNT "ENTER THE INTEREST RaATE, YEARS, AND PRINCIPAL ' -

IMeuT Ly, P

TF =18 GOTO &0

PRINT “THE INTEREST RATE I8 GREATER THAN 18 PERCENT®
GOTO 1o

IF Yah0 GOTO 90

PRINT "THE NUMEBER OF YEARS I8 GREATER THAN 40°

GOTO 10

IF PEBo0000 GOTO 120

PRINT "THE PRINCIPAL IS5 GREATER THAN S00000.00°

S0TO 10 )
The input program is loaded from file 1 and

CHAIN 'E80°",2
\executed.

The CHAIN statement automatically loads
the program from file 2 on device E8O0.

Uuse 1I,Y,pP,C

=141/ 00-<+——The process program is loaded from
Bty file 2 and executed.

Coe=pPrR

CHAIN 'E80°',3



000% USE I.Y,P, 0 The output program
0010 PRINT 'THE INTEREST EARNED IS:° is loaded from
0020 PRINT C—-P ’ file 3 and executed.
0030 8TOP

CONCLUSION

When solving a problem using the 5110, break the problem down into
manageable parts. To do this, first focus on the program output; this
is the primary interface to the user. The output also defines what the
real purpose of the program is. Next, consider all the input data that is
required to generate the output. Finally (and only then), plan the
actual processing.

Thinking in this way should help you make the transition from knowing

the BASIC language to being able to use the BASIC language and then
to generating programs that solve real problems.

Eiements of a BASIC Program 15



BASIC STATEMENTS MOST COMMONLY USED FOR INFORMATION
PROCESSING

Following is a description of some BASIC statements that you will use
for the input, process, and output portions of a BASIC program.

Input Statements
Statement Description

INPUT Requests that you enter data
from the keyboard during the
execution of the program. The
data entered from the keyboard
is assigned 1o a corresponding
name (variable) specified by
the statement.

DATA Creates a string of numeric and/or
character values that can be used
by the program. The values are
assigned to a corresponding name
specified by a READ statement.

READ Assigns values to variables and
arrays from the values created by
a DATA statement.

OPEN Causes specified input and/or
output files to be activated.
The files can then be used
for the input and/or output
operations.

CLOSE Causes the specific input and/or
output file to be deactivated.
Then the files cannot be used
for input and/or output
operations until they are
opened again.

READ FILE Reads records from a specified
record |/0 data file (see
Chapters 7 through 10) and assigns
the data to specified variables.

DIM Specifies the size of arrays
and character variables used
by the program.

GET Reads data from a specified stream
1/0 data file and assigns the data
to specified variables.



Process Statements

Statement

LET

FOR

NEXT

GOSUB

RETURN

GOTO

Description

Assigns the value of an expression
to a variable.

Marks the beginning of a loop and
specifies the condition of its
execution and termination. The
NEXT statement is used to mark the
end of the loop:

GLo0 FOR K = 1 TO 10

GLEG NEXT K
See the FOR statement.

Transfers control to the first

statement of a subroutine. Then

when a RETURN statement is executed,
control returns to the next

statement following the GOSUB
statement:

0100 GOSUR 250
olE0 T o

L]

L5
i

GA%0 REM THIS I5 A SUBROUTINE

1

0290 RETURN

A subroutine is useful when the
same statements must be executed
several times in the program.

See the GOSUB statement.

Transfers control to a specified
statement.

Causes the program action to be

determined as the result of the
evaluation of a condition.

Elements of a BASIC Program
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Output Statements
Statement

PRINT

PRINT FLP

WRITE FILE

REWRITE FILE

PUT

Description

Causes data to be displayed on
the display screen.

Causes data to be printed on the
5103 Printer. Data can be formatted
as it is being printed if the

PRINT FLP statement is used in
conjunction with the IMAGE and
FORM statements.

Adds a new record at the end of
a record 1/0 file.

Updates (rewrites) a record that
already exists in a record 1/0 file.

Writes data from specified variables
to a stream /O file.



Chapter 3. Changing the Sequence of Execution in Your BASIC Program

In this chapter, the following topics are discussed:
e Using loops to do the same calculations repeatedly

e Using functions or subroutines to do the same operation several
times

e Chaining to another BASIC program from a program currently being
executed

LOOPS

Suppose you want to display credit amounts of $100 to $5000 in
increments of $100, along with the monthly finance charge of 18% per
year (.015 per month). You could do it simply enough by writing the
following statements:

Lo, L00w, gL

Snf, 200w, 0LE

FO0, F00w, 015

WO, WO0w, 015

aoLa
[IRTheRt
G030

Wergd, wwO0s, 01
OO0, S0, 015

Although this technique works correctly, it is time consuming and
tedious. In displaying an amount and its finance charge for all
amounts from 100 to 5000, what we are really doing is performing the
same operation repeatedly, but using different numbers each time.
Calculations that are to be repeated can generally be done efficiently
by a simple programming device known as a /oop.

Changing the Sequence of Execution in Your BASIC Program 19
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Here’s a concise method of performing the same operations shown
previously: :

galn pP=300

0020 PRINT P, Px, 015
GOxRD P=Pelin

foug GOTo 2o

Here, we have created a loop in statements 20 through 40. When the
program is run, the PRINT statement will be executed once each time
the value of P increases by 100. The statement that makes the loop
possible is the GOTO statement. [t alters the normal sequence of
execution by directing the computer to execute a different statement.
It does this by referring to the number of that statement. The
statement GOTO 20 directs the computer back to statement 20, which
displays the value of P and its finance charge. Statement 30 then
increases the value of P by 100, and statement 40 is executed again,
branching the program back to statement 20.

There is one problem with the loop we have shown here: there is no
provision for ending the loop. Consequently, not only will we get
results for values from 100 to 5000, but also for 5100, 5200, and so
on, unless we take some action to stop execution. In this program, we
want the loop to end after we reach the value 5000, or, put another
way, we want the loop to continue as long as P is less than or equal
to 5000. To provide this action, we should build into the loop a test
from some condition, so that when the condition is met, the loop will
end automatically.

Using the IF Statement

An IF statement says it quite concisely:
a0 IF PIREOO0 GOTO 214

This IF statement says that if P is less than (<) or equal to (=) the
value 5000, the program is to branch to statement 20. Here we have
incorporated the GOTO statements into the IF statement. Let's put this
new statement into the program and see what happens:

agio p=10Q

no20 PRINT P, Px, Q1%
QO30 P=Pelon

goung IF P3E000 GOTO 20



As long as P satisfies the condition, P less than or equal to 5000,
execution will loop back to'the PRINT statement. However, when P no
longer satisfies the condition—when P is greater than 5000—-the loop
will end automatically and the execution will fal/l through the IF
statement to the next statement, which in this case is an END
statement signifying the end of the prdgram.

The IF statement has many applications, some of which can be quite
sophisticated, depending on the condition tested in the statement. For
example, conditions such as the following can be tested:

0L&60 IF a=0 GOTO &0
0170 TF A=0 THEN &0
e IF B-XsY2212 GOTO 80

The first example is quite simple: if the value of the variable A is
equal to 0, branch to statement number 60. The second statement
tests the same condition as the first statement, but substitutes the
word THEN for GOTO. In the IF statement, THEN and GOTO have
exactly the same meaning. The third statement makes a test between
two sets of expressions. The first expression evaluates B-X/Y. The
second expression evaluates Z+2. If the value of the first expression
is less than (<) the value of the second expression, the program is to
branch to statement 80.

Relational Operators

The IF statements illustrated in these examples used the symbols <, >,
and =. These symbols are part of a set of operators called relational
operators. Relational operators are used only in IF statements; they
test the relationship between two expressions. It is important to note
that relational operators do not perform any arithmetic operations.
They simply test whether or not a condition is satisfied. For example,
in statement 40, the equal sign does not mean that P is to be given
the value 5000; it tests whether the value already assigned to P equals
5000. If a condition is satisfied (if P does equal 5000 in this example),
then the condition is considered true. If a condition is not satisfied (if
P does not equal 5000), the condition is considered false. Thus, a
relational operator says that if the condition being tested is true, the
action specified is taken; otherwise, the action is not taken. Reviewing
this concept using the example IF A = 0 GOTO 60, if the condition is
true (A does equal 0), then the branch to statement number 60 is
made; otherwise the branch is not made. Instead, the program
continues with the next statement in sequence.

Changing the Sequence of Execution in Your BASIC Program
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The relational operators and their definitions are:

Operator Meaning

= Equal to

< >o0rz Not equal to

> Greater than

>=0r > Greater than or equal to
<=orc< Less than or equal to

Here are some examples:

O30 TF f=R GOTO =500
G190 IF CPRINT < PRIZE
Gaon IF ad<0 GOTO S99

GOTO 300

In the first example, a test ig made between the values contained in
the arithmetic variables A and B. The second example illustrates
comparison of character data. For character data, a comparison is
made according to the EBCDIC collating sequence of each character in
corresponding positions in the constant. In other words, the first
character of one constant is compared to the first character of the
other constant, the second compared to the second of the other, and
so on. In this example, the first three letters of the constants compare
equal, but when the letter N is compared to Z, they compare unequal.
The letter N, occurring before the letter Z in the alphabet, registers
less than in the collating sequence. At this point, the condition tested
would be met; that is, the character string PRINT is indeed less than
PRIZE.

In the third example, character variables are compared. Let's assume
that the variable A$ contains the value ON and the variable D$
contains ONLY. The first 2 characters match, but when the letter L is
compared to a blank, which is assumed for comparison purposes, they
do not match. Thus, the result in this case would also be true,
because the value of A$ is not equal to the value of D$. If, however,
A$ and D$ do contain matching strings, say both contain the
characters ONLY, then the test results would be false—A$ and D$
would be equal, thereby not satisfying the condition of the test.



Logical Operators

The example IF A = B tests the relationship between two expressions.
Suppose, however, that you wish to take action if more than one
relationship is true. For example, suppose that not only must A equal
B but also X must equal Y. You could make these comparisons by
using the logical AND operator, written as &:

QOu0 ITF A=REX=Y GOTO 100
Statement 40 says that if A equals B and X equals Y, then statement
100 is executed. If only one comparison, or neither comparison, is

true, program execution continues with statement 60.

The IF statement can specify two logical operators:

Operator Meaning
& AND
I OR

The AND operator states that both conditions of a test must be true
for the entire expression to be true; the OR operator states that either
condition (or both) must be true for the expression to be true.

If you want to branch to statement 100 if either A equals B or X
equals Y, you could write this statement:

aoE0 ITF pA=REx=Y GOT0O 100

Here are other examples of the AND and OR operators:

gove IF CH=Didde
J

goae IF Al#A28

A00

The first example tests an OR condition using character variables. It
says that if the value in the variable C$ is greater than the value in D$
or if the values in J$ and K$ are equal, then a branch is made to
statement 50.

The second example tests an AND condition using mixed variables. It
says that if the value in the arithmetic variable A1 is not equal to the
value in A2 and the value in the character variable J$ is greater than
the character string CAT, then the program is to branch to statement
300; otherwise, program execution is to continue with the next
sequential statement.

Changing the Sequence of Execution in Your BASIC Program
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THE COMPUTED GOTO STATEMENT

The computed GOTO statement is a version of the GOTO statement
that gives you the ability to branch to different statements during
various stages in a program.

A computed GOTO could look like this:
0Lo0 GOTH Z0,40,%0 ON O

A branch is made to statement 30, to statement 40, or to statement
50, based on the integer portion of the value contained in the variable
J. The integer portion may contain a value of from 1 to 3. If the value
is 1, a branch is made to the first statement shown in the list,
statement number 30. If the value is 2, the branch is to be the second
statement, number 40. If the value is 3, the branch is to the third
statement, number 50. If the value is greater than or equal to (>) 4 or
less than (<) 1, program execution falls through to the statement
following the computed GOTO statement.

The expression determining the branch to be made can be a simple
variable, such as J above, or a more complicated expression, say (A +
B) / 2. If such an expression were used, its computed value would
determine the branch to be made. Consider this example:

GOWE0 GOTO 200,200, 000,200 ON (a+RO /2
The expression (A + B) / 2 is evaluated, and a branch is made to
statement number 200, 220, 100, or 240, depending on whether the
value is 1, 2, 3, or 4, respectively. Note also that the statement
numbers shown in the list do not have to be specified in sequential

order; that is, statement number 100 can be the third number in the
list even though it is a lower number than the others.

MORE ABOUT LOOPS-USING FOR AND NEXT STATEMENT

A still more concise method of specifying a loop is by using the FOR
and NEXT statements. For example, our program for finding and
displaying the finance charge for $100 to $5000 could be further
simplified to look like this:

Gl FOR P=100 TO 5000 STEP 100
G020 PRINT P, Pe. 015
GOEG MNEXT P



The FOR statement identifies the beginning of the loop; the NEXT
statement identifies the end of it. In between is the statement, or
sequence of statements (we need only one for this example) that will
be executed repeatedly until the specification in the FOR statement has
been satisfied.

In our example, the FOR statement specifies that the statement in the
loop (the PRINT statement) will be executed repeatedly for successive
values of P from 100 through 5000. (An increment of 100 is added to
P for each execution of the NEXT statement.) When the value of P
exceeds 5000, execution of the loop is ended, and control is passed to
the next logically executable statement following the NEXT statement.
In this case, the following statement is a STOP statement denoting the
end of the program. However, other statements could precede it, or
the NEXT could be the last statement prior to the STOP.

The increment is always 1 unless it is explicitly stated to be otherwise;
for example:

L FOR P=100 TO 5000 STER 200

This FOR statement explicitly states an increment (or step) of 200.
Thus, the statement(s) in the loop will be executed once for every odd
multiple of P from 100 to 5000 (that is, the range is 100, 300,
500,...4900). When the value of P exceeds 5000 (that is, when it
reaches 5100), execution of the loop will end. The value of P will be
set back to 4900 before the next logically executable statement is
executed.

If you want to execute the loop once for every even multiple of 100 to
5000 (that is 200, 400, 600,...5000), you would say the following:

GO0 FOR P=200 7O 5000 STEP 200

Again, when the value of P exceeds 5000 (in this case, when it
reaches 5200), execution of the loop will end. The value P will be set
back to 5000 when the next logically executable statement is executed.

As with expressions appearing in assignment statements and in the
body of PRINT statements, the specifications in FOR statements can
be quite complicated. For example, the following FOR statements are
permitted:

Q030 FOR L= TO R

Goug FOR

JmEueY TO A3
0050 FOR K=

GIRCED O 1O BEL BTEP A/R2

Changing the Sequence of Execution in Your BASIC Program

25



26

The first example states that the initial value of | is to- be taken from
the variable A and that the loop is to be executed repeatedly until the
value exceeds the value of B. The second example states that the
initial value of J is the value of the expression 8 * M + Y, and the loop
is to be executed until this value exceeds the value of A ** 3. The
third example states that the initial value of K is to be the square root
of B minus C; the loop is to be executed until the value 550 is
exceeded, and each time through the loop the value of K is to be
increased by the value of the expression A / B4+2.

You can also use more than one set of FOR/NEXT statements
together in a program by nesting one loop. Let's look at a program
that computes compound interest and uses nested FOR loops in the
process.

The mathematical formula to compute compound interest is:

100

where A is the amount to be calculated, P is the principal, R is the rate
of interest, and T is the time period.

The program below shows how you can enter any amount as the
principal (P), compute interest on it using interest rates from 1% to
20%, for each of 10 years, and display all the amounts—a total of 200
values.

Qo900 PRINT TENTER PRINCIPALS

proo Iwpur p

GRS PRINT CTIME", "RATE, " AMOUNT
0110 FOR T=1 TO 10

aLaa R=d T 20

G130 A=Prl+RALG0FT

Giu0 PRIN

niun
a1aa

Statement 130 duplicates, in BASIC terms, the compound interest
formula. The FOR statement numbered 120 and the NEXT statement
numbered 150 delimit one loop. The first time through the loop, the
value of R, the rate variable, is set to 1. When NEXT R is reached, R
is incremented by 1 and the statements are executed again with the
new value of R. Each time through the loop the PRINT statement
prints time, rate, and amount values. This process continues until R
reaches 20 and the loop is ended.



However, this loop is enclosed, or nested, within the loop delimited by
the FOR and NEXT statements numbered 110 and 160. This outer loop
changes the value of T, the time variable, from 1 to 10. Each time the
value of T changes, the inner loop cycles through 20 times changing
the value of R. Since T changes value 10 times, the loop changing the
value of R is executed 200 times. Each time, the PRINT statement
prints new values.

A nested loop is one that is enclosed by another loop. That is, the
FOR/NEXT statements of one loop occur between the FOR/NEXT
statements of another loop, as illustrated:

01310 FOR P e o o
0120 FOR R o o

|——l']1:.’§ﬂ FOR T ¢ « o
Outer Nested Nested o
Loop Loop 1 Loop 2 o

l————ﬂlf.’iﬂ NEXT T o o o

0160 NEXT R ¢ «
0170 NEXT P o « @

FUNCTIONS AND SUBROUTINES

As part of the BASIC language, you can define functions or write a
program segment, called a subroutine, which you expect to use several
times in your program.

Functions

User-written functions can be arithmetic or character. An arithmetic
function is named by the letters FN followed by a single letter. A
character function is named by the letters FN followed by a single
letter and the currency symbol ($).

The following can be names of arithmetic functions:
FNA
FNB

FNR
FN#

Changing the Sequence of Execution in Your BASIC Program
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The following can be names of character functions:

FNAS
FN#$

A user-written function is named and defined by the DEF statement.
For example:

DOLO DEF FNE CO=EXPOXT?)

defines the natural exponential of X squared, using the intrinsic
function EXP. The arithmetic variable X, enclosed in parentheses after
the function name FNE, is called a dummy variable. You can have
more than one dummy variable, and the list of variables can contain
both arithmetic and character dummy variables. (The expression value
substituted for each dummy variable is called an argument.) After
defining a function, the function name and its accompanying
argument(s) can be used anywhere in your program. For example:

DOLO DEF FNE (X)) = EXP (X2
4

D050 Y = FNE (L 5)

0060 Z = FNE (D)

D070 PRINT FNE (3, 75)+v/7

User-defined functions can be defined in one statement or over a
group of statements. A function defined in one statement, such as the
function illustrated above, is called a single-line function. A function
defined over many statements is called a multiline function. A
multiline function begins with the word DEF, the function name, and
any arguments, the same as single-line functions. However, the DEF
statement does not contain the equal sign or an expression. Rather,
the value of the function is developed by the statements following the
DEF and is defined in a RETURN statement, which computes the value
and returns the value to the program. The end of a multiline function
is defined by the FNEND statement. Here is the way the statements in
a multiline function must be sequenced:

DEF function name [(variables, if any)]

RETURN expression

FNEND



Here is an example of a multiline function:

QO30 DEF FNa (X,

QoG IR Xe0 & Yl GOTO &0
GOS0 GOTO &5

Q&0 RETURN XY

G0&% RETL
O FMERD

This function uses two dummy arithmetic variables (X and Y) as
arguments. The function tests the values of both arguments. If X is
greater than O, and Y is greater than 1, the values are added and the
sum is returned to the program. If the values do not satisfy the tested
conditions, program control transfers to statement 65. If this function
were used in the following program, C would have a value of 7 and D
would have a value of -2.

OOFG DEF FMa (X,Y)

goung ITF X=0 & Yxl GOTO A0
GOS0 GOTO &%

DOHD RETURM X+Y

Q04T RETURN XY

BOTH FNEMD

@

o
N RIRY
0120
0130 ¢ i, B
0180 D= 0,30
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Subroutines

Another way of writing a group of statements to be executed at
different times in your program is to group them into a subroutine.
Execution of a subroutine begins with the GOSUB statement, where
the number specified in the statement specifies the number of the first
statement in the subroutine. For example:

100  GOSUB 200

causes the computer to skip, or branch, to statement 200, the first
statement in the subroutine. Program execution continues from that
point. To cause the computer to branch back to statement 100
(actually, to the next sequential statement following statement 100),
the last statement of the subroutine must be a RETURN statement.
This RETURN statement, unlike a RETURN used with a function,
contains no expression. A program containing a subroutine could be
sequenced like this:

— 100 GOSUB 200
110 )

120
130
140 These are the statements that will
150 be executed after the RETURN.
160

170

180 |
190 STOP

~~200 ] First statement of the subroutine.
210
220
230 Statements executed as part of the
240 subroutine.

250 J

——260 RETURN

270 END

Statement 100 branches to statement 200. Statement 260 returns
control to statement 110. Statement 190 tells the computer the end of
the program has been reached. The STOP statement is similar to an
END statement except that higher-numbered statements may follow it.
Its use is to denote the end of program execution when the logical
conclusion of the program occurs somewhere in the middle of the
program, as shown here. The STOP statement here is equivalent to
writing GOTO 270.



A program illustrating the use of a subroutine is shown below. This
program determines the greatest common divisor of three integers.
The first two numbers are selected in program statements 30 and 40,
and their greatest common divisor (CD) is determined in the
subroutine, statements 200 through 310. The CD just found is
assigned to X in statement 60. The third number read in from the
INPUT statement is assigned to Y in statement 70. The subroutine is
entered a second time from statement 80 to find the greatest common
divisor (CD) of these two numbers. The result is, of course, the
greatest common divisor of the three given numbers. It is displayed
with them in statement 90.

GO0 PRINT CENTER THREE INTEGERS:
Qo220 TNPUT &, 8, C

DOI0 Ky

GO0 YR

00E0 GOSUER 200

PO&0 K=
Qoo Y=
Goae GOSUR 200

aa90 PRINT "a, "R, G, o
pO9% PRINT &, 8, 0,6

grog sTop

G200 G=INT(XA)

0210 ReX-Quy

PFOoR=Q GOTO 300

1AM Y=R

Q250 Garo 200
0AEO0 Gy

GARL0 RETURN
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Let's assume these numbers are entered when the INPUT statement is
executed:
ENTER THREE INTEGERS
? -
&0,90,120
The output will be:

1 19 Xt 55 (print positions)
A B [ ! o
60 @0 120 30

Another example of input and resulting output is:
ENTER THREE INTEGERS
?
32,384,772
() & [ (1
3 384 T2 8

COMPUTED GOSUB STATEMENT

The computed GOSUB statement is similar to the computed GOTO
statement discussed in this chapter. They both cause a branch to one
of a number of statements based on the computed value of an
expression. The difference between the two statements is that the
GOSUB branches to a subroutine; the RETURN statement in the
subroutine returns program execution to the statement following the
computed GOSUB statement.

Consider this example:
QO30 GOSUR 120,075, 19% ON XY

A branch is made to one of three subroutines, either the one
beginning with statement 120, the one beginning with statement 175,
or the one beginning with statement 195, depending on whether the
integer portion of the value contained in the expression X - Y is 1, 2,
or 3, respectively. If the expression X - Y results in a value other than
1, 2, or 3, program execution continues with the statement following
the GOSUB.



PROGRAM CHAINING

With the program chaining technique, a BASIC program can be shared
with other BASIC programs. For example, suppose that when writing
a program you discover that an operation you want to perform is
available as a separate program. It could be time saving to you to be
able to use that program in conjunction with the one you are currently
writing. The CHAIN and USE statements can help you access data and
execute that program.

The CHAIN statement is used in one BASIC program to tell the
computer to stop executing the current program and start executing
another BASIC program. To tell the computer which program to start
executing, you name it in the CHAIN statement. Here’s an example:

0500 CHaTN "one,  PROGR.

This statement instructs the computer to begin executing the program
(in diskette drive 2) named PROGB. Note that when the CHAIN
statement is executed, the current program (the program containing
the CHAIN statement) is terminated.

Variable values in the chaining program are passed to the chained
program; that is, they become accessible for use in that program only
if they were defined in a USE statement.

In the program being chained, the USE statement specifies a list of
variables that wi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>