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Preface

This book was developed for use by individuals taking their first
course in BASIC programming. No prior knowledge of any programming
language is reguired. The objective of the book is to teach BASIC in
the context of business applications. The sample programs that appear
throughout this book were developed for use on a Digital Equipment
Corporation Model PDP/ll computer with the RSTS/E operating system,
but they will werk on most computers that support BASIC with only
minor changes. The emphasis in the bock is on programming principles,
not on any particular type of computer hardware.

Two essential types of computer systems appear in the business
community today: a multi-user environment, where many people are
served by the same computer processor; and a single-user environment,
in which the processor and its input/output units serve only one
person. Microcomputers are the driving force behind single-user
systems. Both of these environments are covered in this book.

Chapter 1 describes the important role of computers in the business
world and how human beings interact with the computer through system
commands. Chapters 2 and 3 explain how BASIC statements are composed
and how special symbols are used to process data values. Chapter 4
presents a systematic approach to program development. Chapter 5
describes various methods of input and output and Chapter 6 describes
how a program is used to facilitate decision making. Chapters 7-9
describe several features of the BASIC language {(loops, arrays, and
subroutines) that can save the user a considerable amount of time
when long repetitive procedures have to be programmed. Chapter 10
deals with processing data that is stored in disk files. Chapter 11
presents various techniques for sorting and searching. Chapter 12
describes some special functions built into the BASIC language which
enable the user to easily derive various mathematical guantities and
manipulate data that appears as text.

We would like to express our thanks to Dr. David C. Whitney of San
Francisco State University for his encouragement and support. We are
also grateful to Mr. Richard N. Thunes for his assistance 1in the
publication of this book.

vii



CHAPTER 1

SYSTEM INFORMATION AND COMMANDS

OVERVIEW
Computer Systems and the Business Organization

The general procedure that a computer follows can be summarized in
a graphical manner by what is often called the Universal Flowchart:

STORAGE
IE

INFOT - PROCESS

- OUTPUT

* COMMUNICATIONS

Each part of this diagram represents both a function being
performed and a specific piece of equipment that performs the
function. The PROCESS function takes data from the INPUT function,
transforms it in some way and delivers it to the QUTPUT function.
In our case the input data are business transactions. These are
processed in ways that will produce information to be used both
internally (by management) and externally (by customers,
creditors, suppliers, government, etc). Most transactions require
access to some previously stored data which must be updated or
referenced in some way, so the STORAGE function is added to the
diagram. The eguipment that performs the data processing function
is collectively called hardware, and a separate hardware item is
called a device.
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The most common type of devigce used for each function is listed
below:

Function Hardware device

INEUT Computer terminal keybeard
PROCESS Central Processing Unit (CPU}
QUTEUT Printer or terminal screen
STORAGE Magnetic Disk, Magnetic Tape
COMMUNICATIONS Computer Channel

It must be noted that the functions can be accomplished in several
ways. For instance, INPUT may be accomplished by entering data on
a terminal keyboard or by retrieving data that has been previously
stored, or by both. The QUTPUT function may mean printing
something on paper, placing data back into the storage area, or
sending it to another computer system., Therefore the list above
shows only the primary use of each device,

The functicon of COMMUNICATIONS involves getting data from one point
in the system to another. The Universal Flowchart shows the commu-
nications function by simple lines connecting the system components
The diagram deoes not indicate the physical distance between each
component. In reality this distance can be across a room or halfway
around the world. The hardware devices used For communcations are
various types of sophisticated electronic eguipment. The common
term "channel" is used for the collection of egquipment that carries
that data, and it may include wire ecable, a microwave transmitter,
a fiber optic cable, satellites, or other devices.

We have described what a computer system can do, but not how it is
done. The hardware has many capabilities but cannot exercise any
of them without instruction from a human being. An analogy can be
drawn to the automobile. It is a large piece of equipment
{hardware) that has the capability of moving people and cargo
while traveling at great speeds. Also it rcan move in many direc-
tions. But it will not perform any of these "functions" unless a
human being makes a decision on who is to ride, what cargo is to
be carried, and which direction is to be taken. Even when the car
is in motion performing these functions, it must be under constant
control of the human being. So it is with the computer -- it has
many capabilities but will not use any of them unless a human
being "commands" that something be done. A business function may
involve many steps and include many calculations, and the order in
which these steps are taken is important. A computer program is
the means that a human being uses to direct the computer in
performing some function. The collective name for computer
programs is software. The hardware devices that input and store
data also input and store programs. A stored program can be called
on again and again to process new input data.
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A computer program 15 a sebt of instructions which must be carried
out in a very specific order to accomplish some task or solve some
problem. The general term for such a formal procedure is an
algorithm. A program is an algorithm whose steps have been
automated. A computer language is composed of a set of characters
and a number of rules on how those characters can be put together
to form computer program instructions.

Many computer languages have been created, each with its own set
of characters and rules. Some languages are meant to serve
specific applications and some are gensral-purpose. The language
that is easiest for the beginning student is BASIC. Its name is an
acronym that proclaims that fact: Beginners' All-purpose Symbolic
Instruction Code.

The Computer User Environment

Through the 1970s most computers were serving people in a
multi-user environment. The capability of multiprogramming
(storing more than one program in the processor at once) created
the "timesharing" situation, where many users are served at the
same time. Actually, a processor is concerned with only one
program at any instant, but it can switch back and forth between
programs at extremely fast speeds, giving each user the impression
that the computer is dedicated to him or her alone. A typical
multi-user computing environment might be diagrammed as follows:

DISK

TERMINALS PROCESSOR —t - ] PRINTERS
— A o BRI

T

The emphasis here is on shared resocurces. Each user shares the
central processing unit (CPU), disk storage and output devices
with other users in the system. In this environment management can
keep accurate accounting records on how much of the computing
resources are used by individuals and departments. They can also
control the number of users and the type of programs that are run.
The disadvantage of the multi-user system is that eguipment mal-
functions affect all users and valuable time can be wasted by
waiting for other programs of higher priority to be completed.
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The 1980s brought the microprocessor into general use. This
"computer-on-a-chip" made computing devices relatively inexpensive
while retaining much of the processing power of larger computers.
Individuals could now work alone without having to share resources
with others. The diagram of a typical stand-alone computing envi-
ronment looks like:

DIEK
STORAGE
TERMINAL PROCESSOR PRINTER
{KEYBOARD/ {CPU}
VIDEO

The capability of user-independence was received with great
enthusiasm by the business community, and microcomputers began to
pour into the office. But the advantage of "personal" computers
was eroded by other factors. There is very little data processed
in the office by one individual that is not needed somewhere else
in the company. Intra- and inter-departmental communication is
essential for an ongoing business. A common data bank avoids the
tremendous duplication of storage that individual computers can
generate, not to mention the proliferation of storage media and
devices. Microcomputers made by different manufacturers can
prasent a nightmare of hardware compatibility problems, and
management control in regard to security matters becomes unwieldy.

The current trend in business is to integrate these variocus office
technologies. Microcomputers can be used as individual work
stations, with limited processing and storage capabilities. At the
same time they can be tied together or to a large "host" computer
by means of a communication network. Thus company data resources
can be shared by individual users. Being that these stand-alone
computers are tied together into what is wvirtually a multi-user
system, both user environments ar=s menticoned in this bock. The
programming examples given in the chapters were developed on a
timesharing system, but most of the BASIC statements apply to
microcomputers as well. Appendix II gives a summary of the
important BASIC sytem commands as implemented on the leading
microcomputers.

_l'_'\-\.
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SYSTEM INFORMATION AND COMMANDS
SIGHING ON TO THE SYSTEM
Multi-user Environment

Since the multi-user system has a common storage area, therz must
be some way of telling one user from another. Something as simple
as a different file name would not serve this purpose becauss many
users may wish to use the same file names to store programs and
data. The aspect of security is also important. What can be done
to assure that a certain file is not accessed by an unauthorized
user? The most common approach to this situation is to implement
an accounting scheme similar to one used by banks. Bach trans-
action in a bank requires that the customer supply two things, his
account number and signature. The account number allows the bank
to keep an accurate history of transactions and the current
balance for each customer. The signature adds a certain level of
gsecurity to the operation, because now an unauthorized customer
would have to obtain scmecne's account number and forge his
signature ian order to make a transaction. This procedure is not
Eoolproof, but works in most cases. The account number and
"password" regnired to enter a multi-user computer system mimic
the two items reguired For the banking transaction. The account
number can then be connected to all files that the user stores and
the password can act as a personal item, a "signature" that is
known only by the user to which it was issued. This scheme, just
like the bank's, is not foolproof. The ultimate responsibility of
system security lies with human beings, in this case the company
management and the individual users.

The terms logging on or signing on refer to the procedure of
properly hooking up a terminal to the processor and being accepted
by the system as an authorized user. The steps in the procedura
will wvary in number, type and order. In general they will include:

1) Power up. In most timesharing systems all terminals ars left
with their power on as long as the system is operating, so users
usually need not be concerned with this step.

2) Communications link. A signal must be transmitted to the com-
munications system to indicate that a new user wants to sign on.
This may be as simple as pressing one of the Keys on the computer
terminal. Some data may have to be entered which describes such
things as transmission speed and choice of computer (if more than
one processor is available). Often there are mors terminals than
physical links to the computer and the user recelves a message
from the communication system that he or she must wait. The user's
entry reguest is then placed in a gqueue [(a waiting line).
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3] Enter account number and password. After a communication line
is established, a set of computer programs collectively called the
operating system takes control of the computer session., The user

is now considered to be in the system mode. The operating system
prompts the user for an account number and password and checks the
data entered against an official list that is stored in the data
bank. If there is a match the user is considered "signed on."

4) Specify computing mode. The system mode is the starting point
for entering a number of different computing modes. The user may
want to enter a program in a certain language (like BASIC), edit
files, delete files, or other tasks. The user must specify which
mode is desired. Many timesharing computers are set up to go di-
rectly into the BASIC mode, making this step automatic for the
user. Once the user is in the proper mode (in our case BASIC) he
or she can write new programs, change old programs, or execute a
program to process data for some application.

Single-user Environment

A stand-alone, or self-contained, computer serves only one user.
All the hardware components (terminal, CPU, printer, storage
device) are "dedicated" to the user of the system. The single user
system we will discuss is the microcomputer, or "personal"
computer. We will assume that the type of storage medium used is a
small flexible ("floppy") disk. The administrative tasks that must
be performed in order to use a microcomputer are not as involved
as a timesharing system. Since there is only one user, an account
structure is really not needed. All files are accessible by the
person that logs on the system. Security in this case is usually
left entirely up to the owner of the microcomputer. If a number of
these computers are ownad by a company, then management must take
special care that only authorized personnel have access to them.
The log on and log off procedures are guite simple:

1) Power up. The power must be turned on at the beginning of each
session. Leaving the power on for extended periods of time when
the computer is not in use is considered an inefficient use of the
computaer hardware.

2) Load operating system. A "system disk" containing the operating
system must be inserted into one of the disk drive units. This
disk comes with the computer when it is purchased. A special key
on the terminal is pressed which loads the operating system into
processor memory. This is called "booting the system." An oper-
ating system program then prompts the user for the date and time.

3) Specify computer mode. The user specifies the computer mode as
described earlier (BASIC programming, text editer, etc). The
operating system may have to load other programs in from storage
to bring the user into the requested mode.

]
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C. INTERACTING WITH THE COMPUTER
1. Temporary and Permanent Storage

Most people using a computer for the first time meet a roadblock
after they have logged on to the system. Entering the account
number and password is done by following very specific instruc-
tions, but after these ars completed the guestion "Where do T go
from here?" usually arises. The beginner is often confused as to
whether he or she should initiate some action or if the computer
is going to do something instead. As mentioned previously, the
computer has the capability to do many things, but will not take
any action unless directed to do soc by a human being.

To understand what should be done after logging on, we must first
take a closer look at the processor memory. The user's account
number was accepted and verified by the operating system, the set
of computer programs that control and coordinate all internal

computer activity. The operating system has now reserved a part of

the processor memory called a work area for exclusive use by the

person sitting at the terminal and has identified this memory area

with the account number entered. Only a part of the processor
memory 1is assigned because, in a timesharing system, the memory
must be divided among many users. The individual user, however,
not directly affected by the other users and for all practical
purposes can assume that this part of memory is the processor
memory. To visualize this we will draw the timesharing system
diagram again as it would appear right after somecne has logged
on. For the example let us say that the user's account number is
101 ;22.,

(101,22) i DISK
=T AEEE T STORAGE

work area

(LOL;22) PROCESSOR

TERMINAL

b —— — —f
[ o — —

The work area is a temporary storage arsa. As its name implies,
is the place where programs are "workad on", that is, created,
changed and executed to produce output. When the user logs off,

the work area will be clearsd and given to another user. Thersfore

some place is needed to store data and programs when the user is

not on-line. The disk acts as a permanent storage area. An analogy

can be drawn to a manual data processing system (cone without
computers). A person removes documents from a file cabinet, works
on them while sitting at a desk, then returns them to the file
cabinet. The desk top, in this case, is a temporary storage arsa
and the file cabinet a permanent storage area.
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System Commands

All of the system commands in some way deal with the work area.
Programs are created in the work area, are saved by moving them
from the work area to the disk, and are retrieved by moving them
from the disk back into the work area. Commands are not part of a
computer program. They are diresctives to the operating system to
take some specific action with a program. Commands are always
executed immediately by the operating system. The words "computar"
and "operating system" are often used interchangably, for
instance, "the computer executed a command."

The lines of a computer program, called statements or
instructions, will be described in Chapters 2 and 3. It is
necessary to complete the first three chapters of this book in
order to fully understand the interaction between system commands
and program statements. The most important system commands are
explained below in the order that a beginning programmer would be
most likely to use them.

a) Naming and Saving Programs

Before entering a new program, the NEW command is given. This
clears the work area of any program lines that may be present and
assigns it an identifying label. The general format of the NEW
command 1s

NEW name

where "name" is a set of alphanumeric characters (letters or
numbers). The first character must be a letter. The name may con-
tain six characters maximum. Some examples:

NEW PAYROL
NEW XYZ1
NEW PROG

Note: It will be implied that at the end of every line typed on
the terminal the carriage return key must be pressed, This key is
usually marked: RETURN.

If the command NEW PROG was entered, the work area would be named
PROG and it would be empty. This is like puting a label on an
empty file drawer. Naming the work area in this way is significant
because later, after computer program statements have been
entered, the contents of the work aresa will be saved on the disk,
and the the name of the work area will become the disk file name.
The computer always responds to a command, so after NEW PROG is
entered the word Ready appears on the video screen, signifying
that the command has been performed.
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At this point the user would start entering lines of a BASIC
program. Since only commands arz being desecribed in this section
we will indicate a BASIC program by the symbol:

Basic
Frogram

When all program lines are entered, the user may want to save
these lines on the disk so that they may be retrieved and used
again later. The SAVE command will accomplish this task. Only the
word SAVE has to be entered since the file that is saved on the
disk will have the same name as the work area.

We will summarize the discussion above by listing the commands and
computer responses 1in theilr proper seguence. Let's say the user
has logged on under account 101,22 and wishes to enter a program
and call it PROG.

Comments
NEW PROG work area is named
Ready computer response
Basic program lines are entered
Program
SAVE program is saved on disk
Ready computer response

It is important to note that when the SAVE command is given, a
copy of the program in the work area is moved to the disk.
Therefore the program is still in the work area.

Very rarely will a program produce correct answars the first time,
so changes will have to be made to program lines. The rules for
making such changes (called editing) are discussed in the next
chapter. When changes have been made the user will want to store
the new version of the program on the disk and delete the old
version. This can be done with the REPLACE command. This command
is given when the user wants to take the program in the work area
and store it on the disk under a file name which already exists.

But how does one retrieve a program that has been stored? If the
user logs off the system and returns the next day to make changes
to a program, the disk file must be brought inte the work area.
this is accomplished by the OLD command. Its general format is:

OLD filename
The computer will then move a copy of the program "filename" from

the disk into the work area, and the file name will then be the
name of the work area.
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Some general rules can now be listed for storing and retriewing
programs:

For a newWw program:

— Mame the work area with MNEW name

- Enter the computer program statements

— Store the program on the disk with SAVE

For a program which is already stored on the disk:

- Move a copy of the program into the work area with OLD name

- Edit the program lines

- Store the new version of the program on the disk with REPLACE

The RENAME command is not used very often but it is mentioned here
because it can be helpful in some cases. The general form is:

RENAME filename

The command will change the name of the work area to "filename."
If a user wanted to save both the current version of a program and
an updated version, RENAME could be used. The complete procedure
would be:

- Bring the program into the work area from the disk

- Rename the work area

- Make necessary changes to produce new version

— Save the work area on the disk

As an example, say a file called PROG existed on the disk and a
user desired to make changes to the program and save the new
yersion under the name PROGLl. The following seguence of commands
would be needed:

Comments
OLD PROG Retrieve current version
RENAME PROGL Rename work area

Bdit program lines

SAVE Save new version

Note that the SAVE command was used, not REPLACE. We are saving
the work area under a name that did not exist before, thus it is a
new entry in the disk catalog and SAVE is proper.

10
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o) Listing and Executing Programs

An important distinction must be made between the work area and
the video screen on the computer terminal. They are not the same
thing! The amount of data that can be stored in the work area is
much larger than what will fit on the screen. We will define a
line typed by the user (a command, program statement, etc) as an
"entry", and any information delivered by the processor to the
screen as a "response." The video screen is only a moving "log" of
transactions, that is, it shows only the latest set of entries and
responses that have occurred. Quite often a user will enter a
program line and later discover that there is an error in the
statement. If the line is re-entered then the screen will show
both old and new lines, but only one of them {the latest one} will
remain in the work area. When the screen [ills up, it looks as if
the lines disappear off the top. This does not mean that the work
area is full, only that the screen must make room for the next
transaction to be displavyed.

After a number of program lines have been entered, and wvarious
changes have been made, how does one see what is actually in the
work area? This is the purpose of the LIST command, It brings a
copy of the program in the work area to the wvideo screen. In this
case the screen only acks as a "window" into the work area, If the
program has more lines than will fit on the screen then sach new
line will be displayed at the bottom of the screen and one line
will move off the top. But this does not mean that the program has
been altered in any way. Beginning users are often fearful that
LISTing a program will cause it to leave the work area. Remember,
the LIST command only brings a copy of the program in the work
area to the screen.

There are several options that come with the LIST command. These
are presented in a general form as:

LIET
or LISTNH
or LISTNH n-m

LIST will display the entire program

LISTNH will "list with no heading (NH)". This is an option
designed to save the user some time. When the command LIST
is entered, the computer will display the name of the pro-
gram, the date and the time before starting to list the
program lines. The LISTNH causes the computer to omit this
heading information. It does not affect the work arsa in
any way. The LIST command is usually used with this option.

11
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LISTNH n-m will list only a specific range of line numbers, begin-
ning with line "n" and ending with line "m". For axample:

LISTNH 100-500

This command will display program line numbers 100 through 500.
The hesading information will not appear on the screen.

Since the composition of computer statements will be discussed in
the next chapter we will not mention anything more about them
here, Remember, a proper understanding of how system commands and
computer program statements interact cannot be achieved until all
the information in Chapters 1-3 has been presented, so the reader
is encouraged to study these chapters as one unit.

The lines of a program can be entered and saved, but eventually
users will want the program to do something. This is called
executing the program. The command that starts execution is RUN.
This will display the actual output of the program. Entering and
listing program lines is similiar to writing down the warious
steps that go into the recipe for making a cake. Simply writing
down the instructions does not produce a cake! After cobtaining the
recipe, one must actually perform (or execute) each instruction.
The LIST command only displays the program statements. RUN will
display the program output (the results of calculations, report
headings, list of data items, etc). The command also has the
no-heading option (RUNNH). This saves some more time since the
program name, date and time would be displayed if only RUN wsre
entered. RUNNH will be used with all the examples in this book.

Note on Hardcopy Output

We have used the word "display" to mean copying program lines or
cutput from the work area to the video screen. How does one get a
"hardcopy" listing, that is, a listing on a piece of paper? This
depends on the type of terminal and printer being used and how
they ars connected to the processor.

In a multi-user environment, the printing devices are usually
shared by many users. Since only a few users will bhe printing
{hardcopy output) at any given time, a group, or cluster, of ter-
minals may be connected to a single printer. & printer switch will
be placed on each terminal. When this switch is in the "on" posi-
tion the terminal is connected to the printer, and anything dis-
played on the terminal screen is simultanecgusly printed on paper.
This includes both the program listing (from the LIST command) and
program output (from the RUN command). When the printout is
finished the user turns the printer switch to the "off" position,
disconnecting the terminal from the printer. Obviously only one
person at a time can use the printer. There is often a pilot light
next to the printer swith. If this light comes on when the switch
is turned on, then the user knows that the printer is available.
If not, the user must wait until the printer is free,
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In a single-user environment there is usually a printing device
connected directly to the processor, so no printer switch is
needed. Hardcopy listing of program statements are produced with a
single command. On most microcomputers this command is:

LLIST
This will printout the statements of the program in the processor
memory. Getting a hardcopy listing of program output 1is usually

accomplished with a special PRINT statement in the BASIC program.
See Chapter 5 for details.

c) Deleting Lines and Programs

An entire group of computer statements can be deleted from a
program by the DELETE command. The general form is:

DELETE n-m

which deletes all lines from line n through line m. For example:
DELETE 100-500

will delete all lines from line 100 through line 500.

Making changes within an existing program statement is called
editing the program text. There are various methods of editing,
some of which are discussed in Chapter 2 (see Fixing Mistakes).

Deleting and editing computer statements has to do with programs
that are in the work area. How does one delete a program that is
stored in the disk catalog? Even if the user brought the program
into the work area and deleted all the lines, the filename would
still exist in the catalog. This deletion task can be accomplished
with the UNSAVE command. The general form is:

UNSAVE filename
The work area is unaffected by the command. No transfer of program
statements or data is made between the processor and the disk. The

file "filename" is simply deleted from the disk and from the
user's catalog listing.

13
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d. Disk Catalog

The user will naturally save various programs on the disk, and
after awhile it may be difficult to recall specific file names.
The CAT command will display a list of file names that are on the
disk under the user's account number. The form of the command is
simply:

CAT

The command does not affect the work area so it can be used at any
time. Various data are listed with the catalog. The file name is
shown as part of a complete "file specification", which has the
general form "filename.extension." The extension is a set of three
characters that can be used by the programmer as a second level of
identification. Each BASIC program file will list in the catalog
with the extension "BAS." For example if the user had saved a
program called PROG it would list in the catalog as PROG.BAS. The
user does not have to be concerned with the extension in any of
the commands that have been described so far, since they all deal
with program files. The extension will be discussed in more detail
in Chapter 10 (Using Data Files).

CONTROL EKEYS

Control keys are somewhat like commands, but they do not cause
data to move in or out of the work area. It is often desired to
stop a program that is listing or executing before the command is
completed. For example if the LIST command were entered and there
were many program lines, it may take a long time before the entire
program is displayed or printed. If the user decided after the
command had been given that he or she did not want to see the
entire program displayed there would normally be no way of stop-
ing the process. In another situtation the RUN command may be
entered and the user sees from the first few lines of output that
there are errors in the program. There should be some way af
avoiding the long wait until all of the output has been displayed.

The control keys are useful in these situations. the CONTROL-C
will halt a program that is listing or executing, and the oper -
ating system will simply wait for a new command. A CONTROL-C is
entered by holding down the key marked CONTROL and pressing the
letter C. The control does not affect the work area, so it is safe
to use at any time,.

The user may wish to start a listing or run, halt it for awhile,
then resume the process. This can be accomplished with the control
keys CONTROL-S and CONTROL-Q. The first will stop the display of
program lines on the screen that was started with the LIST command
and the latter will resume the listing where it left off. The
format is the same; hold the CONTROL key down and press 5 or Q.
The same applies to program output (after the BUN command has been
entered) . When a control key is pressed, it will appear on the
screen as C, ~s or™Q.
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E. SIGNING OFF THE SYSTEM
1. Multi-User System

After all work is finished and the user is ready to relinguish the
terminal, a message must be sent to the operating system that the
computer session 1s to end. This process is called logging off or
signing off. It is usually done with a simple command (such as
BYE) typed on the terminal. The operating system will display some
accounting information, such as the total elapsed time and total
processor time, place the user's account number on an inactive
status, and return control to the communications system which
waits for another user.

2. Single-user System

After all work is finished the user logs off by simply removing
the disks from the disk units and shutting off the power.

F. S5YSTEM COMMAND SUMMARY

The commands described so far are listed on the system diagram to
show which hardware devices are affected in each case:

DISK
STORAGE
™
3
O [
= Bl
o < | &
U lm
b 4 P
¥
LIST NEW LIST
VIDEO \ RENAME A PRINTER
SCREEN RUN DELETE RUN

/_-KEYEDRRD

* When the printer switch is on, LIST and RUN will produce
a printed cutput in addition to the display output.

15



SYSTEM INFORMATION AND COMMANDS
SYSTEM COMMAND SUMMARY

Naming and Saving Programs

NEW name - Assigns a label of "name" to the work area.
Deletes any program lines currently in work area.

SAVE — & copy of the program in the work area is saved
on the disk cataleg.

REPLACE - Previous version of program on disk is replaced
by program in work area.

OLD filename Moves a copy of program "filename" from the disk

catalog into the work area.

Listing and Executing Programs

LIST - Displays all program lines currently in work area.
Listing preceded by program name, and date/time.
LISTNH option will omit heading information.
If printer switch is on, hardcopy output will be
produced while program is being displayed.

LIST n-m - Displays program lines n through m. Heading infor-
mation displayed. LISTNH n-m option permitted.

RUN — Executes program in work area. Program name, date
and time are displayed. RUNNH will omit heading
information. If printer switch is on, hardcopy
output will be produced while program is executing.

Deleting Lines and Programs

DELETE n-m - Delete lines n through m from the work area,
UNSAVE filename - Remove file "filename" from the catalog.

Disk Catalog

CAT - Displays all filenames currently in the user's disk
catalog. Work area is unaffected.

Control EKeys

CONTROL-C - Terminates program listing-in-progress or program
exacutlion-in-progress. Work area is unaffected.

CONTROL-5 - Halts program listing-in-progress or program
execution—-in-progress. Press CONTROL-Q to continue.
CONTROL-Q - Resumes listing or execution of program that was

halted by CONTROL-S.

16



CHAPTER 2

BASIC STATEMENTS

OVERVIEW

Chapter 1 described how commands were the vehicle for moving
programs in and out of the work area. In this chapter we look at
how actual program statements are constructed. Each program
statement must have a line number or statement number. This is an
essential difference from system commands, which are acted on
immediately by the operating system. If a line is entered that
begins with a number, the operating system will accept this as a
BASIC statement and simply place it in the work area. It will keep
accepting other statements until a command is given to do
something with the statements (remember the analogy to the cake
recipe in the last chapter). Therefore statements do not produce
any direct action by the computer. All the statements in the work
area are acted on as a group when a command is given (RUN, LIST,
SAVE, etcl).

General Form

A1l BASIC statements have the general form:
line # keyword or keyphrase parameters
line #: Establishes implicit sequence for program execution.

Required for every new program line.

keyword or keyphrase: Establishes the instruction type
(operation) that is to be performed.

parameters: Data items that are to be inveolved in the operation.
Example: 100 PRINT "HELLO"

line# keyword p;>hmeter

17
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Statements are sometimes formed by a series of keywords or
keyphrases:
parameters
Example: T s S
150 IF A < B THEN GOTO 300

o ~ ~ o

line # keyphrase keyword

General Categories

Program statements fall into two general categories: executable
and non-sxecutable. Ther=s are various statement types within each
of these categories. Executable statements will bhe referred to as
instructions, since they result in some definites action on program
data or the order in which subsequent instructions will be
executed. Nonexecutable statements do not affect data wvalues or
program control directly, but must be included to support the
function being performed by certain executable statements,

The tables below list each statement tvpe, the BASIC keywords or
keyphrases included in that type, and the chapter number in this
book where the BASI{ statements are explained in detail. The
tables are followed by a general description of the functions per-
formed by each statement type.

a) Executable Statements

Chapter
Statement Type BASIC keyword or kevohrase Reference
Assignment LET or = Ch 4
Input READ, INBUT, INPUT # Ch 5,140
Cutput PRINT, PRINT USING, PRINT # Ch 5,10
Decision IF-THEN-ELSE Ch &
Transfar GOTO, ON-GOTO, ON-GOSUBR Ch 6
Bredefined Process FOR-NEXT, GOSUB-RETURN, DEF Ch 7.9
Program Termination END, STOP ch 2,5
File Control OPEN, CLOSE Ch 10

General Description:

Assignment - Associates a constant with a variable. A constant,
usually called a data value, can be a number or a string of
characters. The values can be located in a data storage area
or can be the result of an operation (numeric calculation or
character manipulation).

Input - Retrieves data wvalues from an external source (the
terminal keyboard or a disk file) and associates them with
program variables.

Qutput - Moves data values from program variables to an
external storage area (disk file), to the display screen, or
to the printer.



BASIC STATEMENTS
Decision - Compares two values and takes specific action based
on the results of the comparison.

Transfer - Directs the program to alter its normal segquence of
statement execution.

Predefined Process - Allows the user to combine several of the
Functions listed above into one program statement.

File Control - Allows the user to access data files stored on
the disk catalog.

b) Nonexecutable Statements

Chapter
Statement Type BASIC keyword or keyphrase FEeference
Specification DIM Ch B
Data Storage DATA Ch 5
Documentation REM, ! Gl 2

General Description

Specification - Reserves processor memory locations for
specific program variables.

Data Storage - Provides an internal storage area for data
values that will later be associated with variables when
the program is executed.

Documentation - Allows programmer to include, within the

program statements, an expanded description of the
specific function being performed by each instruction.

19
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B. NUMBERING AND EDITING STATEMENTS

1. Line Numbers

al

bl

Placemenkt

A line number is a positive integer that must be placed at the
start of each new program line. A distinction nmust be made
petween video terminal lines and program lines. The video line
is simply the number of characters that will fit on one line of
the video screen (usually 40, 64 or B80). This is not the
limitation of a program line, which may extend over several
video lines. A program line is continued on the next video line
by insertion of the line feed character. This can be
accomplished in two ways:

1) Implicit line feed. If the programmer keeps typing at the
end of the wideo line, the computer will automatically
insert a line fe=ed character (not visible on the screen)
and continue on the next video line. For example:

100 PRINT "THIS IS AN EXAMPLE OF A PROGRAM LINE THAT IS
TOO LONG TO FIT ON ONE VIDEQ SCREEN LINE"

2) Explicit line feed. 1f the programmer wishes to place one
program line on several video lines for the purpose of
clarity, a line feed may be inserted by pressing the key
marked TINE FEED (the down arrow on some terminals). For
example:

100 PRINT "THIS IS AN EXAMPLE OF A
PROGRAM LINE THAT IS5 TOO LONG TO
FIT ON ONE VIDEQ SCREEN LINE"

& program line ends when the carriage return key {(usually
marked RETURN is pressed. When programs are listed in this
book, it will be implied that =ach program line ends with a
carriage return.

Limits
The range of line numbers is 1 to 32767. The upper limit is a

function of computer design and may be different from one
system to another,

20
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Multiple Statements

Several computer statements may be placed con the same pregram
line. The statements are separated bv the colon (:) or
backslash (%). For example, the program lines

Lo a
20 B
30 C

([
[P

I
I
+
m

could be rewritbten as
0 A= 2: R =3;: C =054 +B

Note that there is only one program line number. The rules for
program line continuation still apply if one of the multiple
statements extends past the end of the video line.

Execution and Terminal Entry

Statements are executed in increasing order by program line
number , unless specific program instructions are given to do
otherwise. For example:

10 &
20 B
30 c=A+ B

49 PRINT "THE SUM IS8",C
50 END

Ll 2

If this program were exscuted the followinag seguence would be
followed:

The wvariable A is assigned a wvalue of 2 (line 10)

The wvariable B is assigned a value of 3 {line 20}

The values of A and B are added and the result is assigned

to the variable C {(line 30)

The wvalue of C is printed (line 407}

The program ends {line &0)

The computer work area will automatically put statements that
are entered in increasing order by line numbher. Thus program
lines can be entered in any order. For example, if the previous
program were entered as

50 END

400 PRINT "THE SUM I8",C
30 ¢ = A+ B

20 B 3

10 & 2

1]

and the user then typed the command LISTHH (which brings the
contents of the work area to the screen), the program lines
would be displayed as before, in increasing order.
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Increment

The increment between line numbers is whatever the programmer
desires, but it is strongly suggested that an increment of at
least 10 is used, since additional lines are often inserted
between existing lines. Even though most computers have a line
renumbering function, the user often desires to have specific
line numbers at different parts of the program, and a line
renumbering operation will disrupt the desired line numbering
scheme.,

2. Fixing Mistakss

a)

b)

Backspacing

If the user is typing a program line, and the carriage resturn
has not been entered yet, the cursor may be backspaced, fjust as
on a typewriter. The last character on the screen will be
deleted and a new character can be entered. The key which
accomplishes the backspace function varies between terminal
manufacturers. Some common examples are:

RUBOUT
DEL
BACKSFACE

Line Editing

If the user has already entered a carriage return, the program
line can be changed in several ways:

1) If the line is short, simply type in the line again. There
is only one space in the work area for each unigque line
number, so re-entering a certain line will overlay the
previous version of the line. It is not necessary to
re-enter all previous line numbers. For example, if the pro-
gram listed above had been entered and the user desired to
make a change in line 10, he or she would simply enter the
new version of the line. A subsequent LIST command will show
the new version of the line. A single line can be deleted by
by typing the line number, then pressing RETURN. A group of
line numbers can be deleted with the DELETE command.

2) For extensive line editing, a separate editing program must
be used. This is usually provided as a utility of the
operating system, and is implemented differently from one
computer system to another. An editing program actually
performs a word processing function, considering the program
lines as text. Any character or group of characters within
a line can be accessed directly and changed. Consult the
manufacturer's system manual for details on the editing
programs.
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Program Termination

The STOP statement has the same effect as a CONTROL-S command that
is entered while a program is being run. The program 1s halted
until the user gives the proper command to continue. The
difference lies in the method used to halt the program. The user
can issue a CONTROL-S at any time and for any reason. The STOP
statement causes the program to halt for some logical reason, that
is, because of some decision made within the program. The
programmer can set up certain criteria for deciding whether or not
to STOP a program. 1f the program is under development, the
programmer may want to check intermediate relults, then continue
with the rest of the program. The STOP statement can be placed at
strategic points in the program and it will always halt at the
same places automatically. When a program being executed en-
counters the STOP statement it will display a message indicating
the line number where the program was halted. For example:

SToOP at line 270

The program execution is resumed by typing the word CONTINUE and
then prassing the carriage return. Ther=s can be as many STCOP
statements in a program as desirasd.

The END statement indicates the physical end of the program
listing. Tt is always the last statement in the program and thus
always has the highest line number. If a program is expanded
beyond its present length, the current END statement should be
deleted, then re-entered with a proper line number. A missing END
statement or more than one END statement may cause problems wnen
the program is executed or when the user is saving the program on
disk storage.

Documentation

Internal program documentation is very important. Programs use
many symbols and program logic can get complex. The programmer
needs to keep track of the meaning of each symbol and what
function is being accomplished by each program section. Program
documentation is similar to notes written in the borders of a
textbook. These are informal notes to explain the text in a manner
more understandable to the reader or to highlight certain points.

Program documentation can be accomplished in two ways: the REM
statement and the exclamation point (!), both of which are non-
executable statements.
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The general form of the REM statement is:
line # REM comments

Tha line number and the word REM are mandatory. The commsnt can be
any characters or symbols that the programmer desires; they have
no effect on program execution. The exclamation point can be
placed on any program line following the BASIC statement. After
skipping at least one space, press the ! key. The rest of the line
is considered a comment. For example, the previous program is
rewritten with both types of documentation:

10 REM THIS PROGRAM ADDS TWO NUMBERS

20 A = 2 ! ASSIGN VALUES
30 B = 3
40 C = A + B ! COMPUTE S5SUM
50 PRINT "THE SUM IS",C ! PRINT RESULT
60 EWD
Note: Tn most microcomputer systems the apostrophe (') is used

instead of the exclamation point to indicate a remark statement.

BASIC STATEMENTS AND SYSTEM COMMANDS

The examples given in this chapter show only BASIC statements but
do not show what will happen if those statements are executed.
From now on all examples of complete programs will be follwed by
the RUN command (with the no-header option, RUNNH) so the reader
can see the resulting output.

As an example the program listed above will be executed. The
following lines show every transaction (entry and response} that
would cccur after the user logged on the system:

Comments o
NEW PROG Work area is named PROG
Ready Computer response
10 0 = 2 Program lines are entered
20 B = 3
iDCc=A2A+ B
40 PRINT "THE SUM IS",C
50 END
RUNWH Command to execute program
THE SUM IS5 5 Program output
Ready Computer response
At this point the user can take any desired action -- add more

program lines, save the program, retrieve an old program, or
whatever., The operating system will assist the user in completing
any action that is reguested.
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CHAPTER 3

PROCESSING DATA

A. OVERVIEW

A distinction must be made between a data value and the context in
which that wvalue appears. For example, if someone said "23" you
would not know what they were talking about since that number
could be connected with many things. But if someone said "John is
23 years old," it would place the number in a specific context.
The data name (also known as the data field) is the context for a
data value. The data name, unlike the data value, usually has
meaning by itself. Referring to the example above, the phrase
"John's age" does have a specific meaning to us, whereas "23" by
itself does not. Data names only have to be associated with data
values when the values are to be processed in some way. To maks
this clear we will take an expanded context -- several data names
that are related by a mathematical formula:

NET SALARY = GROSS5 SALARY - DEDRUCTIONS

Surely the meaning of this is clear to everyone, and no numbers
are necessary. But if someone where to ask "What is John's net
salary?" then we would need some pumbhers bto associate with the
terms in the above eguation. If John's gross salary and deductions
were 5200 and $150 respectively, given the above context we could
figure out his net salary. Therefore the context (data name) must
exist and have a meaning before any data values can be processad.
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Another important point about data is that given a certain
context, many different values can be processed without changing
that context. Given the eguation above, we could alsoc use it to
figure out Frank's net salary if we had his gross salary and
deduction values. Thus a context can he associated with many
different values, but only one at a time.

In programming the data names (context) are called variables and
the data values that they are associated with arse called
constants. The assignment statement is one way of accomplishing
this association. The general form is:

line # LET wvariable = <{expression>

- The keyword LET is optional in most versions of BASIC and will
not be used in the examples of this book. Therefore the state-
ment :

100 LET A = 20
can be written as:
100 A = 20

- The rules for naming a "variable" will be introduced in the
following section.

- The <expression> is any group of constants, variables, numeric
or string expressions that are to be evaluated. The process of
forming these expressions is sxplained below.
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B. CONSTANTS AND VARIABLES
1. Constants
a) Humbers

Data wvalues that are guantitative in nature are called numeric
constants. Numbers can be represented as integers or decimals.

Integers are whole numbers (written without a decimal point).
Examples: 2 35 3487

In most computers integers are only allowed in the range -32768
to 32767.

Decimals are numbers written with a decimal point.
Examples: 24,36 0.023 5702.98

A decimal may also be represented in scientific notation, which
has the general form

value E n

where E n means "times 10 raized to the power of n." As an
example, the number 1874.32 could be represented as 1.87432E3,
which means 1.87432 X 1000, or 1874.32.

Notes on Decimal Values

The allowable range for decimal numbers may vary among computer
systems. Most computers have a limit as to the number of
significant digits that can be represented. If more than this
limit is entered, the computer will round off the number and
represent it in scientific notation. Some computers will allow
double precision decimals, which expand the range and the
number of significant digits allowed. Check the system manuals
provided by the manufacturer for details.

b) Strings

Qualitative or descriptive data values are called string
constants. These are alphanumerics, any character or group of
characters that together are considerad a data value. The word
"character" means any letter, digit or special symbel. String
constants are always enclosed in gquotes.

Examples: "TOTAL™
L1} HEC 1]
"100 PENNSYLVANIA AVE"
"aa&% PAYROLL REPCORT #**#%M
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Variables

As mentioned before, constants must he assoclated with some
context. Variables take on values of numeric or string constants.
At any given time a program wvariable has only one value. Values
are assocliated with variables in several different ways:

{1l) Reading a wvalue from an internal data storage ar=a.

{2) Inputting a value from the terminal keyboard,

{3) Inputting a wvalue from a disk file.

{4) Direct assignment.

(5) Assignment as the result of a calculation.

Examples of thessz methods are listed below for both numeric and
string variables. The proper use of each method will become
eyvident as more sample programs ares developed throughout the book.

a) Numeric

A numeric wvariable is named by a single letter, or a letter
followed by a single digit:

Examples: A X B3 co X9

Example of assigning numeric constants to numeric wvariables in
BASIC are given below:

(1) Reading from internal data storage: 10 READ A

20 DATA 3
{2) Input from terminal: 10 INPUT A
{3) Input from disk file: 10 INPUT $#1, A
(4) Direct assignment: 10 A = 3
{5) Assignment by calculation: 10 A = 342%7
Note:

Numbers never appear with commas in computer program statements
fe.g. 2,364 4,568,936 etg), Thus A = 2100 is never entered
as A = 2,100. It is possible to specify that a number appear
with commas when it is output (displayed or printed). This will
be explained in Chapter 5
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String

A string variable is named in the same way as a numeric
variable, but must be followed by a dollar sign.

Examples: AS XS B3$ cos 95

X$ is pronounced as "X string". Examples of assigning string
constants to string variables in BASIC are given below:

{l) Read from internal data storage: 10 READ AS
20 DATA "JOHN SMITH"
(2) Input from terminal: 10 INPUT AS
{3) Input from data file: 10 INPUT #1, AS
{4) Direct assignment: 10 AS = “JOHN SMITH"

{5) Assignment by calculation.
The only "calculation" allowed on strings is concatenation
{see section D of this chapter)
Example: 10 AS = "JOHN" + "SMITH"

Subscripted Variables

When many data items are to be processed and each item must be
assigned to a separate variable, the resulting list of data
names becomes very difficult to manipulate in program state-
ments. A computerized list, called an array, is composed of a
number of memory storage locations, each of which can hold a
data value. The context (data names) for these values are
called array variables or subscripted variables. Arrays can be
cither numeric or string. There are special rules governing the
use of these variables and they will be discussed in detail in
Chapter 8.

Extended Variable Names

Many computers today allow BASIC variable names in an extended
mode, that is, up to 30 characters can be used for any numeric
or string variable name. The program examples used in this book
use the most restricted mode of variable names so that they
will apply to computers that do not feature the extended mode.
If extended names are allowed, then BASIC statements such as

100 8 = B + C

could be written as 100 SALARY = BASE + COMMISSION
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ARTTHMETIC COPERATIONS

Arithmetic Operator Symhols

Sample
Symbol Function BASIC Statement
+ Add 10 X = 1A + B
- Subtract 10 X =24 - B
* Maltiply 10 X A * B
/ Divide 10 X =24,/ B
¥k or Exponent 10 X = A ** B
10 X =4 B

Note: The asterisk (*) is the only wvalid multiplication symbol.
Other notations used in algebra, such as AB, A X B, and A(E)
are not valid in BASIC for this purpose.

Variables may appear on the right hand side of an equal sign, as
shown in the BASIC statements above. In a complete program each
variable used in an eguation must have previocusly been assigned a
value. The program that follows should make this clear:

10 A =
20 B =
30 O=
40 PRIN
50 END
RUNMNH

o B

+ B
"THE SUM Is";C

=

THE SUM IS 5
Ready

In statement 30, the expression C = A + B means "add the value of
the variable A to the value of B and assign the result to the
variable C." If numeric variables appearing on the right hand side
of an egual sign do not already have assigned values, most
computer systems will assign them a default value of zero.

Order of Operation

Numerical expressions are evaluated according to a certain
priority of the arithmetic operators:

Highest priority: Parenthesis ( }

Exponent N

Multiplication and Division * i
Lowest priority: Addition and Subtraction + -

Nested parenthesis (( expression )) are evaluated with the inner

parenthesis having the highest priority (i.e., from the inside out}.
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Multiplication and Division have the same priority, as do Addition
and Subtraction. If two operators with the same priority appear
next to each other, they are executed from l=aft to right.

Examples: Several BASIC statements will be listed, followed by the
individual steps taken by the computer to evaluate the numerical
expressions involved.

BASIC statement: 100 A = 7 + 3 * 2*%2 / 3 - 1

Step 1l: A =7+ 3 %4 /3 -1 {(Exponentiation performed)
Step 2: Aa=7+12 / 3 -1 (Multiplication performed)
Step 3: A =7+ 4 -1 (Division performed)

Step 4: A 11 =X (Addition performed)

Etep 5: A 10 {Subtraction performed)

BASIC statement: 100 A 7+ ((3 * 23%%2 / 3) - 1

Step lr A =7 + (6*%2) / 3 - 1 (Inner parenthesis )
(Multiplication performed)

Step 2: A =7 + (36/3) -1 (Exponentiation performed)

Step 3: A =7+ 12 -1 (Division performed)

Step 4: A =19 -1 (Addition performed)

Step 5: A =18 {Subtraction performed)

Mathematical Notation

Several algebraic eguations will be listed together with eguiva-
lent BASIC statements to demonstrate use of the arithmetic
operators:

Algebraic Egquation BASIC Statement
2=(a+b " c)? 100 Z = (A + B * C)*%2
z = la+b - c]2 100 2 = (A + B * C/2)**2
2
a = 2 A | 100 & = (2 * I)/0{) + I)*¥*-N)
EL# A o
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Comparing Data Values
a) Helational Operators
Two numbers or strings can be compared to find out their
numeric or alphabetical order. This is accomplished with the
relational operators: >, <, <=, >=, <», =,
For example, 100 IF A < B THEN A =4 + 1
or 100 IF NS < "SMITH" THEW 200

b) Logical Operators

A relation can be restricted or expanded by using the logical
operators AND and OR.

For example, 100 ITF A < B AND C < D THEN 150
ar 100 IF NS="SMITH" OR NS$S="JONES" THEN 300

See Chapter 6 for a complete explanation of relational and
logical operators.

STRING OPERATIONS
Concatenation

The only arithmetic operator used with strings is the plus
sign{+). When two strings are "added" they are brought together,
or concatenatesd, to form a new string:

Example: 10 AS = "JOHN "
20 BS = "SMITH"
30 C$% = A5 + BS
40 PRINT C3
50 END
RUNNH

JOHN 5MITH

Ready
Blanks are only significant if they are embedded inside quotes. If
the blank wers left out after JOHN in statement 10, the resulting
string C$ would have the value of "JOHNSMITH".
String Functions
Several predefined functions exist (MID, LEFT and RIGHT) which
allow extraction of characters from within an existing string.

These functions and other miscellaneous string functions are
explained in Chapter 12.
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SAMPLE PROGRAM

The following program gives examples of elementary arithmetic
procedures. All the transactions that would take place (entering
commands and instructions, and computer responses) are included.
The PRINT instruction will be explained in Chapter 5, but its use
in this example should be obvious.

NEW TESTI1
Ready

100
110
120
130
140
150 /
160 (X + ¥)/2

170 PRINT "THE VALUES ARE":X;"AND":Y
180 PRINT

190 PEINT "THE SUM IS":5

200 PRINT

210 PRINT "THE DIFFERENCE IS";D

220 PRINT

230 PRINT "THE PRODUCT IS":P

240 PRINT

250 PRINT "THE QUOTIENT IS";Q

260 PRINT

270 PRINT "THE AVERAGE IS":A

280 END

RUNNH

T T T R TR

pe B B4 B PO LT
* | o+

g

- o R v e 5 B

Ii

THE VALUES ARE 5 AND 2
THE SUM IS5 7

THE DIFFERENCE 15 3
THE PRODUCT IS 10

THE QUOTIENT IS 2.5
THE AVERAGE IS 3.5

Ready
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CHAPTER 4

HOW TO DESIGN A PROGRAM

OVERVIEW

There are many ways to design a computer program. One way is for
the programmer to design the program while sitting at the computer
terminal. If the program is simple, this method can be advan-
tageous. However, if the program is at all complex, this approach
can be a waste of time. The programmer cannot be certain that the
design is complete or totally correct. Much time is spent testing
the program and rewriting sections to make them work properly.
This usually takes a great deal of time and can be very
frustrating to the programmer.

Another approach is for the programmer to follow a systematic
"checklist" for designing and implementing a program. The logic
design is done on paper, not on the terminal. This gives the
programmer a chance to "walk through" the logic and test it for
accuracy and completeness. It also ensures that by the time the
programmer gets to the terminal, the program is written,
pre—-tested, and ready to go. The obvious advantage is guaranteeing
the accuracy of the program before it is entered in the computer.
The apparent disadvantage is that this structured approach may
initially take more time than the previous method. However, in the
long run, the experience gained by using this method makes it the
best of all the alternatives.

This chapter focuses on this systematic approach. The following
section presents a detailed procedure for designing and
implementing a computer program. The procedure is summarized in a
convenient checklist. Finally, two programming design tools,
namely flowcharts and pseudocode, are presented, along with
egquivalent BASIC statements.

lad
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B, PrOCGRAM DESIGN PROGCEDURES

L. Preliminary EStaps

=, Define the obiectives of the program. Determine what informa-—

Eion is to bhe produced by the prooram, what input data will be
used to generate the informabtion, and how the data will be
nrocass=d.

ep 1z the mest important one in this entire procsdure.
1t i s done correctly, it will lead to an accurate sclution
ta khe problem.

List examples of the problem as it would be solved without
a computer., It the computer program is to replace a manual
nrocedure, get a copy of the procedure. This will be used
in the design of the program's logic. Alsce, the examples
willi serve as test cases that will be used later.,

Design an output plan for the program. This can ba a printed
report, a ecreen format, a data record layout, or any organized
list of the output information that is needed.

List the input data that will be usea to produce the informa-
tion cn the output plan. This may invelve individual data
ltems, data records, complete data files, or portions of a
data bhase,

Detfine the processing steps needed to transform the input data
into the output information. Use the procedures and examples
trom above to help with this step.

Document all cof the above steps for later reference. This step
is very important for many reasens. First, it becomes a tool
to help with the rest of the steps in this procedure, Also, it
caecomes a permanent record of the program develcpment process
that can be used in the future (for program maintenance and/or
modification).
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2. Designing the Program Loglc

.

Write a simple outline for the program {using a {leowchart or
pseudocods). Use the intermation from the preliminary steps,
Remember that every program has lnput, orocessing and output
steps.

wWrite a detailed outline of the program (again with a {lcwchart
or pseudocode). This ocutiine should be an expanded version of
the previous cne. It should list all data incut, all informa-
tien cutput, all of the processing steps, plus any dacisions,
transfers, predefined processes, and miscellanecus steps. Tt

iz this outline that will bhe used to write the nrogram.

Walk through the detailed outline using the test case dat
pvreliminary steps. Makse sure that all of the processing steps
work correctly to produce the right information.

—=-

Evaluate the program outline for effectiveness, clarity, and
efficiency. Does the cutline sclve the problem effectively?
Is the salution clear and easy to Eollow? Does it sclwve the
problem eftficiently? Thess criteria make for a high-guality
program and should not bz lgnored.

Decument all of the above steps. Again, this important step
will help in the rest of the steps and/or any future reference
to the program.

Writing the Program in BASIC

=

Define the data wvariables that will be used iIn the program.
These may come from the input data, the processing steps,
the output information, plus any decisiens, transfers, or
predefined processes. Keep a legend that shows the name and
meaning of esach variable name,

Write the input section of the program. If the program inputs
data from the terminal, be sure to include prompts for the uzer
that explain what data items are to be entered.

Write the processing secticon. Follew the detailed outline from
the previous steps. Be sure to write the BASIC statements in
the same order as the logic outline.

Write the output section of the program. Follow the output plan
from an earlier step. Include any necessary headings to help
identify the information being ocutput. See Chapter 5 for details
on output Formatting.

37



HOW TO DESIGN A PROGRAM

2. Write the additional sections of the program as needed. This
includes the decisions, transfers, and predefined processes
not covered in the three previcus steps. Follow the detailed
outline exactly in order te complete the program.

£. Walk through the BASIC program using the test case data from
the preliminary steps. Evaluate the program using the same
criteria that were used for the program logic design. When the
program passes this test, it is ready to be entered into the
computer.

g. Again, document all of these steps. Initially, the written-
out BASIC program will be entersd into the computer as is.
Any future work on the program will regquire the variable
legend and program development notes.

Entering the Program Inte the Computer

a. Sign onto the system (see Chapter 1 for details).

k. Clear the work area and assign the program name. This is
normally done with NEW command {see Chapter 1),

€. Enter the BASIC program and remarks. Follow the previous
recommendations for line numbering increments. Make the
program visually clear by indenting "nested" sections and
using REM statements to separate program segments.

d. Get a hardcopy listing of the program for later reference.

e. Move a copy of the program from the work area to the disk
disk cataleg (using the SAVE command).

Testing and Debugging the Program

a. Execute the program (using the RUN command).

. 1f the program does not run, compare error messages to the
hardcopy listing of the program. Check for correct spelling
and punctuation of the program statements. Edit the mistakes
as necessary and re-execute the program.

c. lUse the test case data (from the preliminary steps) to validate
the completeness and accuracy of the information produced by
the program. Choose additional test data in order to check all

logic paths, decisions, and transfers.

d. Document the test results for future reference.
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f. Program Performance Standards

a. Verify that the program meests the original objectives and
colves the problem. Check to see how flexible the program
is at dealing with unexpected changes in the type and/or
volumz of data processed.,

. Make sure tnat the end-user accepts the program as the
solution te a problem.

©. Guarantee that the program follews the programming standards
that are being used.

d. If the program is part of a system of programs, make certain
that it is compatible with the entire system.

Complete all of the documentation for the program, including:
1. User operating instructions

2. Program design notes (2ll of these steps)

3. Comments within the program (REM ar !)

4. Data structure (variables, record layouts, files)

5. Test run results

6. Suggesticns for future program modificaticns

All of these steps are summarized on the following page. This PROGRAM
DESIGN & IMPLEMENTATION CHECKLIST should be [ollowed for every
programming project done by the reader.

Ll
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PROGRAM DESIGN & IMPLEMENTATION CHECKLIST

£

Preliminary Steps

a. Define the objectives of the program.

b. List examples, procedures, and test cases.
c. Design output plan.

d. List the input data.

2. Define the processing steps.

f. Document.

Designing the Program Logic

a. Write simple outline.

b. Write detailed cutline.

c. Walk through detailed outline.

d. Evaluate for effectiveness, clarity, and efficiency.
e, Document.

Writing the Program in BASIC

a. Define the variables.

b. Write the input section.

€. Write the processing section.

Write- the output section.

Write additional sections (decisions, transfers, etc).
walk through and evaluate,

Gocument.

o

leal W FhoaD

‘ntering the Program into the Computer

51ign onto the system.

Clear the work area and assign the program name (NEW).
Enter the BASIC program and REMark statements.

Get hardecopy listing of the program (LIST}.

Save the program on the disk catalog (SAVE}.

O Ny oo

Testing and Debugging the Program

2. Execute (RUN) the program.

b. Check for correct syntax and edit as necessary.
c. Use test case data to verify program.

d. Document,

Program Performance Standards

a. Verify that program meets objectives.
b. Verify end-user acceptance.

- Follow programming standards.

. Verify system compatibility.

. Complete all documentation.

m oL
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C. PROGRAM DESIGN TOOLS

This section presents twe teools used in program legic design,
namely flowcharts and pssudeoceds. These are waluable technigues
used in the develepment and documentation of computer programs.
The following list points out some of the advantages of {lowcharts
and pseudocode:

1) A graphic or narrative soluticn to a complex logic prablem
gan be easily understood by programmers and non-programmers
alike. Thus flowcharts and psesudoceode become impeortant toegls
of communication between a programmer and an end-user.

2) Logic development is aided by wvisualizing the solution as a
picture or listing the processing steps in outline form. Also,
Elowcharts and pseudocode are independent of anv specific
computer language. This means that they can describe the flow
of processing events for wirtually any data processing system
that will be programmed in virtually any computer language.

3} Flowcharts and pseudocode can lead directly to the program
itself. A common technigue is te take each symbol from the
Elowchart or sach step from the pssudocode and turn it into
one statement in a particular preogramming language, This
continues until the flewchart/pseudocode is complete and the
entire program is written.

&) The program development technigues discusszed earlier stressed
the importance of documentation. Flowcharts and pseudocode are
excellent types of material to be included in any descrictiaon
and documentation of a computer proaram.
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Flowchart Symbols
A flowchart is a graphic representation of a procedure. The

following symbels are standard and common for data processing
flowcharts:

Beginning and/or ending
of a procedure:

Input and/or output:

Processing of data:

Decisions (comparisons):

Transfers (branches) and/or
sequential processes: =3

Predefined processes:

&2
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Pseudocode Vocabulary

Pseudocode is a narrative representation of a procedure. It is
written in outline-like form using specific words and structured
style. The following vocabulary is standard for data processing
pseudocode

Beginning of a procedure: BEGIN

Ending of a procedure: END

Input: INPUT data itemis)

Output: QUTPUT data item(s)
Processing of data: ASSIGN wvariable = expression
Decisions {(comparisons): IF-THEN-ELSE

Transfers {branches): GOTO

Egquivalent BASIC Statements

Flowchart symbols and pseudocode have equivalent elements in the
BASIC language. These are shown below:

Beginning of a procedure: none

Ending of a procedure: END

Input: READ, INPUT, INPUT #
Qutput: PRINT, PRINT USING, PRINT #
Processing of data: LET wariable = expression
Decisions (comparisons): IF-THEN-ELSE

Transfers (branches}): GOTOD, ON-GOTO

Predefined processes: FOR-NEXT, GOSUEB-RETURN

&3
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Example: Checking account halance

The fellowing example is presented in order to show how flow-
charts and pseudococae can be used to represent the sclution to a
logic design problem. The problem involves keeping a running
balance for a checking acccunt. The account has a beginning
balance and is continually adjusted with deposits or checks until
the nrocedure is stopped. The gbjective iz teo compute and output
Lhe new account balance after each transaction.

The process begins with the input of the account balance. Next a
transaction code is input (D for deposit, C for check, or E to end
the procedurel). Then a transaction amount is entered. Based on the
previcus code, the amount is either added to the balance (depasit)
or subtracted from the balance (check). The new balance is ocutput
and the program returns to the transactieon code input step, This
cortinues until the ending code is entered.

The pseudocode for this problem is shown below and the corre-
sponding flowchart appears on the next page. A version of this
program written in the BASIC language is presented in Chapter 6.
Checkino account balance pseudocode:

L BEGIN

2. INPUT balance

3. INPUT transaction code

4, 1IF transaction code = "E"
THEN END

B INPUT transaction amount
6. 1IF transaction code = "DV
THEM AESIGH balarnce = balance + transaction amount

GOTOD step B

7. IF transaction code ="C"
THEN ASSIGN balance = balance - transaction amgunt

8, OUTPUT balance

Y. GOTO step 3
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Checking account balance flowchart:

[NPUT

balance

INPUT

transaction
code

"II Eq
STOF

INPUT

transaction
amount

balance =
YES halance +
transaction
amount

balance =
- halance e
transaction
amount

YIS

QUtTPUT

balance




CHAPTER 5

INFPUT AND CUTPUT

OVERVIEW

So far, this book has concentrated on the essential information
needed to design BASIC programs and begin working with a computer.
In this chapter, we focus on two of the most important aspects of
processing data: input and output. Without these two things, there
would be no data to process and no information produced.

Input consists of the data items given to the BASIC program for
processing. When the processing is complete, the program outputs
information. Input data can get into the computer from a variety
of sources. If the amount of data is small, the terminal keyboard
can be used to enter it. For moderate amounts of input data, the
BASIC program itself can contain the input data (see DATA
statements in section C of this chapter). For large guantities of
input data, external data files are used (these are discussed in
Chapter 10},

Information can be output to a variety of destinations too. The
terminal screen is the most common for small amounts of output. A
printer attached to the terminal can be used to get hardcopy
output of larger amounts of information. Also, external data files
can be used as the destination for program output.

This chapter is divided into four sections. First we will discuss
two methods of data input: the INPUT statement and the READ and
DATA statements. Then we will cover output with a complete
description of the PRINT statement (and all of its options).
Finally we will cover how to obtain hardcopy output.

INPUT STATEMENT

For small amounts of input data, the BASIC language provides the
INPUT statement. This is used to input data items from the
terminal keyboard at the time a program is executed. This means
that the data values can be changed each time the program is used.
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L. Single Field
The general form of the INPUT statement for a single data value is
line # INPUT variable
For example, the BASIC statement
10 INPUT &

is interpreted to mean "accept a numeric data value from the
terminal keyboard and assign it to the variable A."

When an INPUT statement is executed, the computer prompts the user
with a guestion mark, alerting him or her that the program is
waiting for input data. After a value is typed, the user must press
the RETURN key to signify that the input is complet complete.
Another example of the INPUT statement is:

20 INPUT X35

This means "accept a string data value from the terminal and
assign it to the variable X$." Again, when this statement is
executed, a guestion mark prompt will be displayed.

2, Multiple Fields
The general form for INPUTting multiple data fields is:
line # INPUT variable,variable, . . ., variable
For example, this statement
10 INPOT A,B,C

is interpreted to mean "accept three numeric data values from the
terminal and assign them to wvariables A, B, and C respectively."
When this statement is executed, the computer will display one
question mark for each field (if the RETURN key is used after each
value is entered) or accept all three values at once, each
separated by a comma. So, the options are:

data value 1
data value 2
data wvalue 3

or ? data value 1, data value 2, data value 3

B g g

The INPUT statement with multiple data fields can also mix numeric
and string input in one statement. For example, the statement

40 INPUT A,NS,.D,ES
means "accept four data values from the terminal: a number, a

string, another number, and another string; and assign them to
variables A, N$, D, and E$ respectively."
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INPUT with User Prompt

The examples of INPUT shown thus far have only produced a gquestion
mark as the user prompt. The INPUT statement may include a literal
prompt to be displayed on the terminal screen prior to the guestion
mark. This greatly assists the user in understanding what the
computer is asking for. Without some kind of specific prompt, the
user sees only a question mark. How does the user know what the
computer wants?

The general form of this type of INPUT statement is:
line # INPUT "prompt";variable
The following short program shows how this works:
10 INPUT "WHAT IS YOUR NAME" ;NS
20 IWPUT "HOW OLD AR YOU";A
30 END
RUNNH

WHAT IS5 YOUR NAME?
HOW OLD ARE YOU?

Ready

Motice that when the program is executed (using the RUNNH
command), the prompts are displayed prior to the guestion marks.
In this program, the first data item input is assigned to the
variable NS and the second item input is assigned to the wvariable
&, The user prompts make it very clear what input is expected by
the program,

This type of INPUT statement can take on different forms as shown
in the following examples,

10 INPUT "WHAT IS YOUR NAME AND AGE" ;N5 ;A
RUONNH

WHAT 15 YOUR NAME AND AGE? T

Ready
10 INPUT "WHAT IS YOUR NAME";N$;"YOUR AGE";A
RUNNH

WHAT IS5 YOUR NAME?
YOUR AGE?

Ready
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READ AND DATA STATEMENTS

For moderate amounts of input data the BASIC language provides the
READ and DATA statements. In this case, the READ statement per-
forms the input operation. The DATA statement stores actual input
values for the program and is a nonexecutable statement.

The general format of these statements is:
line # READ wvariable, wvariable, . . ., variable
line # DATA value, value, . . ., value

Consider the following example:

10 READ A,B,C
20 paTAa 2,5,3

The data values in line 20 will be assigned to the program
variables in the same order that they appear in the READ state-—
ment., After the above statements are executed, the variables will
have the following values: A=2, B=5 and C=3.

The same thing could have been accomplished with three assignment
statements as follows:

But if the data had to be changed, the executable statements would
have to be changed. When READ and DATA statements are used, only
the DATA statements are affected when data values must be changed.
(Note: For programs reguiring large amounts of data, external
files are used. In these cases, only the external files change;
the file containing the program remains the same.)

READ and DATA do not have to be consecutive statements. It is the
order of the variables and the corresponding data values that is

important. For example, the following three programs produce the

same results:

10 READ A,B,C 10 READ A,B,C 10 READ A,B

20 DATA 2,5,3 20 DATA 2 20 READ C

30 END 30 DATA 5 30 DATA 2
40 DATA 3 40 DATA 5,3
50 END 50 END

When a READ statement is executed, the computer will find the next
DATA wvalue that has not already been read.
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String data wvalues can be input in the same manner using READ and
DATA statements. For example:

10 READ AS,BS,CS
20 DATA "JONES","SMITH","BROWN"

Notice that the data wvalues in the DATA statement are each
enclosed in guotation marks. These indicate string wvalues and are
reguired in the DATA statement. After the above statements are
executed, the wvariables will have the following values:
AS5="JONES", BS="SMITH", and CS="BROWH"

Numeric and string variables may be mixed in the same READ state-
ment. The user must be careful to match the proper type of value
{numeric or string) to its correspeonding variable. For example:

10 READ N5 ,X,J5
20 DATA "SMITH",300,"JONES"

The user must also be careful to match the number of variables
with the number of data values. The following example shows the
case where too few items are included in the DATA statement:

10 READ A,B,C,D
20 DATA 10,25,30
30 EWND
RONNH

out of data at line 10
Ready

The READ statement contains four variables, but there are only
three values in the DATA statement. When the program is executed,
the error message (Out of data at line 10) is displayed. This
message indicates that the computer has run out of data while
trying to execute a READ statement (in this case, line 10).

The opposite case, where there are more data values than there are
variables does not create a problem. The extra values are simply
ignored. For example:

10 READ A,B,C
20 DATA 10,15,20,25,30,35,40

The first three data values are assigned to the variables and the
rest of the values are ignored (until another READ statement).

A final note: DATA statements can appear anywhere in a BASIC
program (since they are nonexecutable statements). It is often
helpful to group them together near the end of the program so as
to clearly distinguish executable instructions from data.
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PRINT STATEMENT

Programming would be meaningless without a way to output the
information created, calculated, and produced within a program. In
BASIC, the PRINT statement is used to output information to the
tzrminal screen or a printer. (A wariation of the PRINT statement
is also used to output data to external files. This is covered in
Chapter 10.)

The general Form of the PRINT statement is:
line # PRINT list of data fields

where the list of data fields can include one or maltiple data
items of the following type: numeric constants, variables, and
expressions, string constants, variables, and expressions. These
variations are covered in the following sections.

Constant values

The PRINT statement can be used to output constant data values,
ong per line, as follows:

line # PRINT numeric constant or "string constant"

Notice that the string constant is enclosed in guotation marks.
The following program shows how single constant data values can be
output:

10 PRINT 52.7

20 PRINT "HELLO THERE"
30 END

RUNNH

22.7
HELLO THERE

Ready

w1
]



2.

INPUT AND QUTPUT

Variables

The PRINT statement can also be used to ocutput variables (again
one per line}), as follows:

line # PRINT wvariable

The form is the same for both numeric and string variables as the
following program shows:

10 NS="GOLDEN GATE BRIDGE"
20 ¥X=47,32

30 PRINT NS

40 PRINT X

50 EWD

RUNNH

GOLDEN GATE BRIDGE
47 .32

Ready
Expressions

The PRINT statement is also used to output the result of a
calculated expression. The form for this is:

line # PRINT expression

Expressions can involve variables, constants, and operators. For
more information on expressions, review Chapter 3. The following
program shows how expressions can be used in PRINT statements:

10 PRINT (10%*2)/5

20 PRINT "JOHN " + "SMITH"
30 ERD

RUNNH

E
JOHN SMITH

Ready
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4, Blank lines

A PRINT statement with no parameters will output a blank line as
shown in the following example:

10 PRINT "REVENUE"
20 PRINT
30 PRINT "EXPENSES"
40 ENWD
RONWH
REVENUE
EXPENSES
Ready
5. Multiple Fields with Semicolons

The PRINT statement can also be used to ocutput multiple data items
on one line, as follows:

line # PRINT field;field;. . .; field

Note: The semicolons used to punctuate this type of PRINT state-
ment cause the following formatting to occur on the output line:

One blank space is printed before and after numeric fields
Mo blank spaces are printed around string fields
The following program demonstrates this punctuation:

1Q PRINT 103;5:;27.3;10%2

20 PRINT "JOHN";"SMITH"

30 PRINT "THE ANSWER IS";4%%*2
40 END

RUNNH

10 5 27.3 20
JOHNSMITH
THE ANSWER IS 16

Ready

Notice that line 10 was output with blank spaces around each
numeric field, while line 20 was output with no blank space
between the two string fields. Line 30 was output with one blank
space before the printing of the numeric expression.
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Multiple Fields with Commas (Print Zones)

L greater formatting capability exists for the PRINT statement
when commas are used for punctuation. In this case, data fields
are automatically printed in "zones." A print zone is fourteen
characters wide as shown in the following diagram:

{1l4 characters) (14 characters) eto,
The general form of this type of PRINT statement is:
line # PRINT field,field,. . ., field

Note: The commas used to separate the fields cause the wvalues to
be displayed automatically in their respective print zones.

Since most terminal screens display a maximum of eighty characters
per line, there are five complete print zones on each line. For
example:

10 PRINT 10,5,27,3,10%2,15
20 PRINT "JOHN","SMITH"
30 PRINT 53.7,"MAIN","STREET","USA",6 98765

40 ENWD

RUNNH

10 5 273 20 15
JOHN SMITH

L MAIN STREET Usa 98765
Ready

If a particular field is longer than fourteen characters, it will
be printed in two zones and the next value will be printed in the
following zone.

It is possible to skip over print zones by using leading or
imbedded commas in the PRINT statement. For example,

10 PRINT ,,"HELLO"
will print HELLO in print =zone 3, and,
20 PRINT 10,,25

will print the number 10 in zone 1, skip zone 2, and print the
number 25 in zone 3.
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TAB Punction

hnother option for print formatting is the TAB function. This is
used to specify the exact position on a line where a data field is
to be printed. The general form is:

line # PRINT TAB(value):field

where wvalue = a numeric constant, variable, or expression used to
determine a horizontal print position

field

any data item to be printed
For example:
10 PRINT Tag{ 30);"HELLO"

causes the computer to print HELLO immediately after horizontal
position 30 (i.e., at position 31).

It is possible to use multiple TAB functions on one line as long
as the successive TAB values are listed in increasing order.
For example:

10 PRINT TAB(20);"HELLO" ;TAB(50);"GOODBYE"

This prints HELLO immediately after position 20 and GOODBYE
immediately after position 50.

Example:
10 PRINT TAB(10);A;TAB(35);B;TAB(60);C

This prints the wvalue stored in variable A at position 11, the
value for B at position 36, and the wvalue for C at position 61.

The TAB wvalue can also be a calculated expression as shown in the
following example:

10 T=20
20 PRINT TAB(T*2);"HELLO"

This statement performs a TAB function to horizontal position 40
{T*2=40) and then prints HELLO,
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PRINT USING Statement

The greatest flexibhility and power over output formatting comes
with the PRINT USING statement. The other methods for cutput
formatting (e.g., semicolons, commas, and the TAB function) are
often inadeguate to handle the demands of specific output
requirements. For these cases, the user can specify the exact
output for any given line of information with the PRINT USING
statement. The general form is:

line # PRINT USING output format string, list of Fields

whersa:

output format string a string constant or variable containing
various special symbols {(shown below)
that are used to describe the desired

output format

list of fields = specific data items to be output accord-
ing to the output format string

The special symbols used in the output format string are described
in the table below:

For Numeric Fields

Symbol Meaning

# used to represent each digit in a numeric field

¥ used to fill in leading zeros in a numeric field with
asterisks

. represents the decimal point position in a numeric field

# represents the commasi{s) to be printed in a numeric
field

5 prints a stationary dollar sign preceding a numeric value

55 prints a dollar sign immediately preceding a numeric

value (i.e., a floating dollar sign)

- used immediately after a numeric field to indicate a
negative value (if not used, a minus sign would appear
immediately preceding a negative numeric).
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For String Fields

Symbol Meaning

2 used to represent a single-character string field

\ Y used to represent a multiple-character string field. Each
Y% symbol stands for one character and esach blank space
between the symbols stands for one character,

Note: Tf the actual field exceeds the number of spaces
alloted to print it, extra characters are truncated
{not printed) on the right-hand side of the field.

BEach of the following examples gives a sample PRINT USING string
format, several data values to be printed with that format, and
the results of the formatting operation, namely how the values
actually appear on the output line.

PRINT USING symbols Actual Data Values Qutput
x 3 5 5
52 52
527 o227
kK 5 **5
52 *G2
527 527
BH. 4 2 2.0
52.7 52.7
BoREE . EE 5 5.00
5274 .23 ,274 .23
SEE REHLHE 5 S 5.00
5274 .23 55,274.23
S5E HhR.HH 5 85 .00
5274.23 55,274.23
BiE 527 527
527 -527
diE- 527 527
-527 527-
! "HELLO" H
IFETP E-
Re K "HELLG" HELLO
"HI THERE" HI TH
"GOODBYE" GO0DE
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The following programming examples show various applications of
the PRINT USING statement:

Example: 10 PRINT USING "###.4##",A

This means “"print the value of the variable A showing three
digits, a decimal point, and two more digits."

Example: 50 PRINT USING "## \ NoO#EH.EEY,NS,TS,R

This means "print the values of N, TS, and R using the format
specified in the cutput format strlng

Note: It is usually easier to define the output format string with
a variable prior to its use (as opposed to the string constants
shown in the two previous examples). The PRINT USING statement
functions the same, but the program is easier to read.

Example: 40 AS = "§§ N\ NOREELREY
30 PRINT USING A5,N,TS5,R

The output format string can also include literal messages
consisting of characters without reserved meanings as follows:

10 AS = "THE ANSWER [S #4# . 44"
20 B = 235.71

30 PRINT USING AS,B

40 EWD

RUNNH

THE ANSWER I5 235.71
Ready

The list of fields to be output with a PRINT using statement can
contain any mix of numerics, strings, constants, variables, or
expressions as long as the order of the list matches the order of
the special symbols contained in the output format string.

For example:

10 a8 = "\ NOSSH BEE LAY
20 X = 2000
30 ¥ = 1500

40 PRINT USING A%, "REVENUE",X
50 PRINT USING AS, "EXPENSES",Y
60 PRINT USING AS$, "PROFIT",X-Y
70 END

RUNNH

REVENUE $2,000.00
EXPENSES 51,500.00
PROFTIT 5500.00

Ready

a2



INPOT AND OUTPUT

A final note on PRINT USING: Programs fregquently print headings to
identify columns of printed data. With formatted output, the
2asiest way to align the headings and the data is to define the
output format immediately after the headings are printed. For
example:

10 PRINT "ITEM COST MARKUP  PRICE"
20 A5 = "\ \OFRRLEE REL S AEENS L N

150 PRINT USING A3,I5,C0,M,P

HARDCOPY OCUTPOT

Getting a listing of program statements or output on a piece of
paper is called hardcopy output. This topic was discussed in
Chapter 1 for both multi- and single-user environments. A multi-
user environment with shared output resocurces (e.g., printers)
needs some mechanism such, as a printer switch, to connect an
individual terminal with the printer. When the printer is
connected, or "engaged" this way, it will simultaneously print
anything that is displayed on the terminal screen. This may be a
program listing (result of the LIST command) or program ocutput
{result of the RUN command).

In a single-user environment, a system command is usually all that
is needed to get a program listing. The command on most micro-
computers is LIST. For program output, however, a special PRINT
statement is included in most microcomputer versions of BASIC to
direct program output to the system printer. The standard
statement 1is

line # LPRINT list of data fields

where "list of data fields" contains all of the data items (i.e.,
constants, variables, and expressions) to be printed. Note the
difference from the PRINT keyword, which dirscts output to the
terminal screen. Quite often, an LPRINT USING statement is also
available for special formatted output.

60
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PROGRAM 5-1 CURRENCY CONVERSION

This sample program shows the simple input, processing, and output
statements needed to convert U.S. dollars to Japanese yen, The
conversion is based on an exchange rate of 230 yen per dollar.

The first step is the printing of a message that identifies the
program. Next, the user is prompted for and inputs the number of
dollars that are to be converted. Then, the program computes the
equivalent number of yen by multiplying the dollar wvalue by 230.
Finally, the program outputs the yen amount and the job is
complete,

There ares two data variables in this program; D is used for the
dollar amount and ¥ is used for ven. The other data in this
program consists of the literal messages that are included in the
input and output operations and the numeric constant 230 used in
the conversion formula.

100 REM CURRENCY CONVERSION PROGRAM 5-1
110 REM

120 REM THIS PROGRAM CONVERTS U.5. DOLLARS TO

130 REM JAPANESE YEN BASED ON THE EXCHANGE RATE

140 REM OF 230 YEN PER DOLLAR.

150 REM

160 REM VARIABLES: D=DOLLAR AMOUNT
170 REM Y=YEN AMOUNT

180 REM

190 PRINT “"CURRENCY CONVERSION PROGRAM"
200 PRINT

210 INPUT "HOW MANY DOLLARS DO YOU HAVE";D
220 ¥ = D*230

230 PRINT

240 PRINT "YQU NOW HAVE";Y;"YEN."

999 END

RUNNH

CURRENCY CONVERSICN PROGRAM
HOW MANY DOLLARS DO YOU HAVE? 100

YOU NOW HAVE 23000 YEN

Ready
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PROGRAM 5-2 FORM LETTERS

This next sample program shows a familiar business word and data
processing function -- the fill-in-the-blank form letter. In this
case, the user inputs various customer data including name,
address, city, state, zip code, account numher, and balance due.
The program proceeds immediately to the output section and prints
the form letter with the input data inserted at the appropriate
places in the letter.

Of the seven data variables in this program, six are string or
alphanumeric (used to store letters and/or numbers). The single
numeric variable is used for balance due. The "processing” in this
program consists of the concatenation of the string variables and
the literal contents of the form letter.

100 REM FORM LETTERS PROGRAM 5-2
110 REM

120 REM THIS PROGRAM PRINTS A FORM LETTER TO A CUSTOMER WHOSE
130 REM NAME, ADDRESS, AND CREDIT DATA HAS BEEN INPUT

140 REM '

150 REM VARIABLES :

160 REM NS=NAME C$=CITY Al$=ACCOUNT NUMBER
170 REM AS=ADDRESS S$=STATE D=BALANCE DUE

180 REM Z5=7Z1P (CODE

200 PRINT "FORM LETTER PROGRAM"

210 PRINT

220 INPUT "WHAT IS THE CUSTOMER'S NAME":NS$

230 INPUT "ADDRESS":AS

240 INPUT "CITY";CS

250 INPUT "STATE";SS$

260 INPUT "ZIP CODE";ZS

270 INPUT "ACCOUNT NUMBER";AlS

280 INPUT "HOW MUCH IS CURRENTLY DUE":D

290 PRINT

300 PRINT "ATLAS FINANCE COMPANY"

310 PRINT "1984 MAIN STREET"

320 PRINT "SAN FRANCISCO, CA 94110"

330 PRINT

340 PRINT N3

350 PRINT A$

360 PEINT CS:", ";85;:" ";25

370 PRINT

380 PRINT "ATTENTION: ":NS

390 PRINT

400 PRINT "OUR RECORDS INDICATE THAT YOUR CHARGE ACCOUNT,"
410 PRINT "NUMBER ";Al$;", HAS A CURRENT BALANCE OF $";D:"."
420 PRINT "PLEASE PAY THIS AT YOUR EARLIEST CONVENIENCE."
430 PRINT

440 PRINT "SINCERELY"

450 PRINT

460 PRINT "CREDIT MANAGER, ATLAS FINANCE CO."

999 END
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RUNNH
FORM LETTER PROGRAM

WHAT IS THE CUSTOMER'S NAME? JOHN DOE
ADDRESS? 100 MARKET STREET

CITY? CENTERVILLE

STATE? CALIFORNIA

ZIP CODE? 04444

ACCOUNT NUMBER? 1590

HOW MUCH IS CURRENTLY DUE? 257.89

ATLAS FINANCE COMPANY

1984 MAIN STREET

SAN FRANCISCO, CA 94110

JOHN DOE

100 MARKET STREET

CENTERVILLE, CALIFORNIA 94444

ATTENTION: JOHN DOE

OUR RECORDS INDICATE THAT YOUR CHARGE ACCOUNT
NUMBER 1590 HAS A CURRENT BALANCE OF $ 257.89.
PLEASE PAY THIS AT YOUR EARLIEST CONVENIENCE
SINCERELY

CREDIT MANAGER, ATLAS FINANCE CO.

Ready
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PROGRAM 5-3 LOAN PAYMENT

This program computes a loan payment amount based on any prin-
cipal, interest rate, and term., The user is prompted for and
inputs the three necessary data items: the loan principal (the
amount borrowed), the interest rate per period (in decimal form),
and the number of payments to be made on the loan (the term).

Next, the loan payment is computed using the following Formula:

Payment = Principal X Interest Rate

1l - {1 + Interest Hate}um

where N = number of payments
Finally the program outputs the loan payment value.

Therea are four variables used in this program: P represents the
loan principal, 1 is the interest rate, N stands for the number of
payments, and A is the amount of the loan payment.

100 REM LOAN PAYMENT PROGRAM 5-3
110 REM

120 REM THIS PROGRAM COMPUTES THE LOAN PAYMENT AMOUNT

130 REM FOR ANY PRINCIPAL, TNTEREST RATE, AND TERM.

140 REM

150 REM VARIABLES :

l6d REM P=PRINCIPAL AMOUNT N=NUMBER OF PAYMENTS (TERM)
170 REM I=INTEREST RATE A=AMOUNT OF LOAW PAYMENT
180 REM

190 PRINT "LOAN PAYMENT PROGRAM"

200 PRINT

210 INPUT "WHAT IS THE LOAN PRINCIPAL":P
220 INPUT "INTEREST RATE (IN DECIMAL)":I
230 INPUT "HOW MANY LOAN PAYMENTS";N

240 A=P*I/(1-{1+1)"-N)

250 PRINT

260 PRINT "LOAN PAYMENT EQUALS §":A

999 END

RUNNH

LOAN PAYMENT PROGRAM

WHAT IS5 THE LOAN PRINCIPAL? 1000.00
INTEREST RATE (IN DECIMAL)? .0B

HOW MANY LOAN PAYMENTS? 5

LOAN PAYMENT EQUALS § 250.46

Ready

By
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PROGRAM 5-4 BREAK-EVEN ANALYSIS

The "break-even point" is defined as the number of units that must
be sold to make revenue agual expenses (producing no profit).
Revenue (for a company selling 1 product) is egual to the number
of units sold times the selling price per unit, Expenses are made
up of two major items: fixed expenses and variable expenses. Fixed
expenses (overhead) do not change with changes in production
volume. Variable expenses do and are equal to the number of units
sold times the unit cost. This sample program computes the break-
even point for a single product. The break-even point is
determined by the formula:

Break-even point = Fixed Cost
(Unit selling price = Unit Cost)

The selling price, unit cost and fixed cost values are read from a
DATA statement. The break-even point is computed, along with the
revenue and total expenses at break-even.

100 REM BREAK-EVEN ANALYSIS PROGRAM 5-4
110 REM COMPUTE BREAK-EVEN FROM UNIT PRICE, UNIT AND FIXED COSTS
130 REM VARITABLES :

140 REM P=UNIT SELLING PRICE B=BREAK-EVEN FOINT

150 REM C=UNIT COST R=REVENUE AT BREAK-EVEN PT.

160 REM F=FIXED COST E=EXPENSES AT BREAK-EVEN PT.
170 READ PB,C,F ! READ ONIT PRICE, UNIT COST, FIXED COST
180 B=F/(P-C) ! COMPUTE BREAK-EVEN POINT

190 R=P*B ! COMPUTE REVENUE AT BREAK-EVEW FOINT
200 E=(C*B)+F ! COMPUTE EXPENSES AT BREAK-EVEN FOINT
210 PRINT "BREAK-EVEN ANALYSIS PROGRAM"

220 PRINT

230 PRINT "UNLIT PRICE":;P

240 PRINT "UNIT COST";C

250 PRINT "FIXED COST";F

260 PRINT

270 PRINT "BREAK-EVEN POINT";B

280 PRINT "REVENUE AT BREAK-EVEN POINT";R
290 PRINT "EXPENSE AT BREAK-EVEN POINT";E
300 paTA 5.00, 3.50, 1500

939 END

RUNNH

BREAK-EVEN ANALYSIS PROGRAM

UNIT PRICE 5.00

UNIT COST 3.50

FIXED COST 1500

BEREAK-EVEN POINT 1000

REVENUE AT BREAK-EVEN POINT 5000
EXPENSE AT BREAK-EVEN POINT 5000

Ready
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PROGRAM 5-5 INCOME STATEMENT

This program prints a simple income statement for a company
selling one product. The input data (input using the READ and DATA
statements) consists of unit selling price, unit cost, fixed cost,
and number of units sold. The program computes the income state-
ment values using the following formulas:

Revenue

Cost of sales
Gross profit
Net profit

Unit selling price X Number of units sold
Onit selling price ¥ Unit cost

Revenue - Cost of sales

Gross profit - Fixed cost

Finally, the program outputs the income statement. Notice that the
output appears in 2 columns as a result of using the comma to
print data in print zones 1 and 2. The numeric data in print zone
2 15 left-justified; that is, it does not line up the walues on
the decimal point.

100 REM INCOME STATEMENT PROGRAM 5-5
110 REM

120 REM THIS PROGRAM PRINTS AN INCOME STATEMENT THAT SHOWS REVENUE,
130 REM COST OF SALES, GROSS PROFIT, FIXED COST AND NET FROFIT

140 REM VARIABLES

150 REM P=UNIT SELLING PRICE R=REVENUE

160 REM C=UNIT COST 5=COSsT OF SALES
170 REM F=FIXED COST G=GROS5 PROFIT
180 REM N=NUMBER OF UNITS SOLD A=NET PROFIT

300 READ P,C,F,HN ! READ DATA ITEMS

310 R=P*N ! COMPUTE REVENUE

320 S=C*N ! COMPUTE COST OF SALES
330 G=R-5 ! COMPUTE GROSS PROFIT
340 X=G-F ! COMPUTE NET PROFIT
400 PRINT "INCOME STATEMENT PROGRAM

410 PRINT

420 PRINT "REVENUE";R

430 PRINT "COST OF SALES";S

440 PRINT "“GROSS PROFIT";G

450 PRINT "FIXED COST";F

460 PRINT "NET PROFIT";X

470 DATA 5.00, 3.50, 1500, 2500
999 END

RUNNH

INCOME STATEMENT PROGRAM
REVENUE 12500

COST OF SALES B750
GROS5 PROFIT 3750

FIXED COST 1500
NET PROFIT 2250
Ready
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PROGRAM 5-f6 INCOME STATEMENT WITH FORMATTED OUTPUT

This program is the same as 5-5, except that the output appears in
a specific format designed by the programmer (and not the usual
print zones). The data variable AS$ is used to represent output
format. The first tweo characters in A%, the back slashes, show the
starting and ending print positions of the string values to be
printed (e.g., REVENUE, COST OF SALES). The next collection of
characters shows the print position of the numeric values. The $§
stands for a "floating" dellar sign, the #'s represent digits of
the numeric field, and the comma and the decimal point show where
those will be printed in the output wvalue.

The PRINT USING statement is used to output the formatted lines.
The statement format, PRINT USING AS followed by the two data
items to be printed on the line, is used for all five lines of the
income statement.

100 REM INCOME STATEMENT WITH FORMATTED OUTPUT PROGRAM 5-6
110 REM

120 REM A SIMPLE INCOME STATEMENT THAT SHOWS REVENUE, COST OF
130 REM SALES, GROSS PROFIT, FIXED COST AND HNET PROFIT

140 REM VARIAELES

150 REM P=UNIT SELLING PRICE R=REVENUE

160 REM (C=UNIT COST S=COST OF SALES
170 REM F=FIXED COST G=GROS5 PROFIT

180 REM N=NUMBER OF UNITS SOLD L=NET FROFIT
190 REM A§=0UTPUT FORMAT STRING

300 READ P,C,F,N ! READ DATA TITEMS

310 R=P*N ! COMPUTE REVENUE

320 S=C*N ! COMPUTE COST OF SALES
330 G=R-5 ! COMPUTE GROSS PROFIT
340 X=G-F ! COMPUTE HNET BROFIT
350 As="\ N SSHE REE.RRY

400 PRINT "INCOME STATEMENT PROGRAM"

410 PRINT

420 PRINT USING AS, "REVENUE",R

430 PRINT USING AS, "COST OF SALES",S
440 PRINT USING AS, "GROSS PROFIT",G
450 PRINT USING AS, "FIXED COST",F
460 PRINT USING AS$, "NET PROFIT",X
470 DATA 5.00, 3.50, 1500, 2500

999 END

RUNNH

INCOME STATEMENT PROGRAM

REVEHNUE $12,500.00
COET OF SALES 58,750.00
GROSS PROFIT 83 ,750.00
FIXED COST 51,500.00
NET PROFIT 52,250.00
Ready
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CHAPTER 6

DECISIONS AND TRANSFERS

A. DECISIONS

1. Comparing Data Vvalue

5

A comparison between data items is accomplished with the IF
statement. The items compared can be numeric quantities or
strings. In the case of strings, the comparison will determine the
alphabetical order of the strings. A compariscn will show how one
item relates to another (one is equal to the other, greater than
the other, etc). To accomplish this task in a program stateament,

two new sets of symbols, called

must be introduced:

a) Relational Operators

relational and logical operators,

Svmbol Sample Helation Meaning
= X =% X 2qual to ¥
< <Y X less than ¥
<= X <= Y X less than or egual to Y
> X > ¥ X greater than Y
>= X >= ¥ X greater than or =gual to Y
<> X <> ¥ X not equal ko Y

b) Logical Operators

Several relations
using the legical

can be included in one program statement Dy
operators, AND and OR. This allows the
programmer to test more than one characteristic of a data value
or to test several sets of data values at the same time.

Meaning

Symbol Sample relaticn
AND A < B AND X > Y A
OR A < B OR X » Y A

il

less than 8 and X greater than ¥

less than B or X greater than Y
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IF Statemant

The general form of the IF statement is:

line § IF relation THEN instruction ELSE instruction
or transfer or transfer

The keywords IF and THEN are always part of the statement. The
"relation" and "instruction or transfer" will change according to
the criteria used for the comparison. The last part of the
statement "ELSE instruction or transfer" is opticnal.

Fer example, take two numeric guantities, A and B. A typical
comparison and resulting action might be stated as "If the value
{guantity) of A is less than the value of B8, then print the value
of A". This could be accomplished in BASIC by the statement:

100 IF A < B THEN PRINT &

The relation is A < B and the resulting action (instruction) is
PRINT A. Notice, however, that the action is taken only if the
relaticon is true. 1f it is false, no actioen is taken: in this case
the computer program would simply move to the next sztatement.

The following program will put the IF statement listed above in
the context of a decision making process:

10 READ A,B

20 DATA 2,3

30 IF A < B THEN PRINT "A IS LESS THAN B"
40 END

RUONNH

4 IS LESS THAN B
Ready
By changing the numbers in statement 20, any two values can be

compared by the same program.

Using the ELSE option the user can specify, in the same statement,
what is to be done if the relation is false. The following program
will compare the two variables A and B. If the value of & is less
than the value of B, then the message SMALLER will be printed,
otherwise the message EQUAL OR BIGGER will be printed.

10 READ A,B

20 DATA 4,5

30 IF A ¢ B THEN PRINT "SMALLER" ELSE PRINT "EQUAL OR BIGGER"
40 END

RUNNH

SMALLER

Ready

In terms of the stated relation (A < B), the program logic is:

If the relation is true, SMALLER is printed.
If the relaticon is false, EQUAL OR BIGGER is printed.

Fi8|
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The IF statement can be extended so that several levels of
comparison can be performed. The program above cannot state
specifically if A is =gual to or bigger than B. But by extanding
the decision process in statement 30 the specific relation can be
determined:

30 IF A < B THEW PRINT "SMALLER"
ELSE IF A > B THEN PRINT "BIGGER"
ELSE PRINT "EQUAL"

The logical operators can restrict or expand the criteria used te
compare data values. The AND cperater allows the programmer to
restrict {(become more selective about) a comparison. The general
form for its usage is:

relationl AND relation?Z

The result of the gperation will ke considered true only if botn
relationl and relation2 are true.

For example, let us say that a list of personnel recerds is to be
searched for all employees who are salaried and have an income
over 5300 per week. Each record centains three items: name, pay
type (SALARIED or HOURLY), and regular weekly income. If these
three values are read into the variables N§, T and 1 respec-
tively, the following statement can be used to test each record:

100 IF T$ = “SALARIED" AND I > 300 THEN PRINT N§

This can be read as "If the pay type is salaried and the income is
greater than 300 then print the name."

The OR operator allows an expansion of criteria invelwved in a
comparison. The general form for its usage 1is

relationl OR relationZ

The result of the operation will be censidered true if either
relationl or relation2 is true. The result is also true if both
relationl and relation2 are true.

Taking the same personnel records, if it were desired te print the
namaes of all employees who are either salaried or have a regular
income over $300 per week (which now may include some hourly
employees) the following statement could be used:

100 IF T$ = "SALARIED" OR I > 300 THEN PRINT N3
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TRANSFERS (BRANCHING}
Unconditional Branching

It is possible to bypass the normal order of statement execution
(sequentially by line number) with the GOTO statement. This
statement provides a way of transferring to another portion of the
program. This action is also referrvred to as branching. The general
form of the GOTO statement is

line & GOTO line number

wherz "line number" is any BASIC statement line number in the
program. For example:

200 GoTOo 500

Upon execution of this statement the program will "branch to"
statement 500, that is, all statements between 200 and 500 will be
skipped. In short, statement 500 is the next statement executed
after statement 200. This type of branching is called
unconditional, since there are no decisigns made within the
statement to determine if the branch will occur or not. 1t simply
branches "without condition." The following example is an
extension of the previous program. With the GOTO statement, a list
of number pairs can be comparad:

10 READ A,B

20 DATA 2,3,5,5,7,6

30 IF A < B THEN PRINT A;"LESS THAN";B

40 IF A = B THEN PRINT A;"EQUALS";B

50 IF A > B THEN PRINT A;"GREATER THAN";B
60 GOTO 10

70 END

RUNNH

2 LESS THAN 3

5 EQUALS 5

7 GREATER THAN 6
Out of data at line 10

Ready

When two values are compared, one must obviocusly be leass than,
sgual to or greater than the other. One of the three IF statemnts
(30, 40 or 50) will have a relation that is true and the other two
will be false. The relation that is true will cause the message
that follows to be printed. Statement 60 then directs the computer
to branch to statement 10 and rsad two more values. (Remember, the
READ statement always takes the next available DATA wvalues that
have not been read). The actual sequence of operations performed
by the program (using the DATA values in statement 20) is:



Statement

executed
10
30
40
50
&0
10
30
40
50
60
10
30
40
50
L]
10
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Resulting Action

Values read into wvariables (A=2, B=3).

Relation true. Message "2 LESS THAN 3" printed.
Relation false. Program moves to next statement.
Relation false. Program moves to next statement.
Brogram contreol transferred to statement 10.
Values read into variables (A=5, B=5),

Relation false. Program moves to next statement.
Relation true. Message "3 EQUALS 5" printed.
Relation false. Program moves to next statement.
Program control transferred to statement 10.
Values read into variables (A=7, B=6).

Relation false. Program moves to next statement,
Relation false. Program moves to next statement.
Relation true. Message "7 GREATER THAN 6" printed.
Program control transferrad to statement 10.
Program attempts to read another set of values
into the wariables A and B. Since there is no
more data in the DATA statement, an error message
is printed and program execution is halted.

2. Conditicnal Branching

Note that the program above ended with an arror message. In this
case no harm was done since all of the data had already been

processed

tha

But ending the program this way is referred to as a
"hard exit",

t is, forcing the program to stop by creating an

error condition. A "soft exit", or normal ending can be
accomplished by using another IF statement. An extra set of data
values can be appended to the end of the DATA statement. The only
purpose of these values is to signal the program that there is no

more data

10
20
25
30
40
50
60
70

READ
DATA
IF A
IF A
IF A
IF A
GOTOD
END

RUNNH

R

B
13,5,5,7,6,0,0
0 THEN 70

< B THEN PRINT A;"LES5S THAN":;B

= B THEN FRINT &:"EQUALS":B

> B THEN PRINT &;"GREEATER THAN":B
10

2 LESS THaN 3
5 EQUALS 5
7 GREATER THAN &

Ready



DECISIONS AND TRANSFERS

The r=lation in statement 25 (A = 0) was false for the first three
pairs of wvalues, but on the fourth pair (A=0, B=0) this relation
was true and control was transferred to the END statement, accom-
plishing a "soft" ending to the program. This type of transfer is
called a conditional branch, since it occurs only "on the
condition that" a previous relation is true. The general form of
the IF statement for a condition transfer can be written as:

line # IF relation THEN line number

where "line number" is the BASIC statement number to which the
program will branch when the relation is true. Note that in the
conditional branch the keyword GOTO does not appear. The "GOTO"
function is implied when the line number appears in the statement
after the keyword THEN.

a) Sentinel Values

The last two data values in the program above (0,0) were not
processed in the same way as the other sets of values. Their
purpose, again, was to provide a normal exit for the program.
Data values used in this way are called sentinel values. The
choice of what to use as a sentinel value is up to the
programmer, but of course one would want to choose a number
that is never a legitimate data wvalue. S5trings can also be used
as sentinels.

Note that at the end of the DATA statement the sentinel wvalue
{A=0) was followed by another walue (alsoc zero). This was only
a dummy wvalue for B since the READ statement must bhe satisfied
{enough data must be provided for all the variables listed) or
else the program will not continue. Either A or B could have
been used to test a sentinel value, but data must be provided
for both.

b) Multi-branch operations

A multi-way branch can be set up in one statement so that a
program can GOTO one of a list of specified lines based on the
result of an expression. This is accomplished with the ON GOTO
statement, a conditional branch statement which has the general
form:

line # ON wvariable GOTQO list of line numbers

It is assumed that the value of the "variable" has already been
determined in a previocus calculation. The wvariable must be an
integer. If it is not, the ON GOTO statement will truncate it
before making the branch decision. Based on the wvalue of the
variable, the program branches to one of the "list of line
numbers." The line number transferred to is the one in the same
sequential position as the value of the variable.

|
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For example:

10 oM K GOTO 100,150,200

This is interpreted as:

If the wvalue of ¥ is 1, then branch to line 100
If the wvalue of ¥ is 2, then branch to line 150
If the value of K is 3, then branch to line 200

If the wvalue of the variable is <= 0 or greater than the number
of line numbers in the list, an error will result.

The program on elementary arithmetic operations, listed at the
end of Chapter 3, will be re-written to demonstrate the ON-GOTO
statement. The user will be prompted to input two data wvalues
which will be assigned to the variables X and Y. The user is
then asked to enter an "ogperation key", a value which is
assigned to the variable K. Based on the wvalue of this number
the following action will be taken:

I1f the value of K is the program will calculate
the sum of X and ¥

the difference X minus ¥
the product of X times ¥
the quotient ¥ divided hy Y
the average of ¥ and ¥

L% P < WU L

100 REM ARITHMETIC OPERATION CHOICE
110 INPUT "ENTER TWO NUMBERS";X:;Y
120 INPUT "ENTER OPERATICN KEY";K
130 PRINT

140 ON K GOTO 150,170,190,210,230
150 PRINT "THE SUM IS";X+Y¥Y

160 GOTO 999

170 PRINT "THE DIFFERENCE IS";X-Y
185 GOTO 999

150 PRINT "THE PRODUCT IS";X*Y

200 GOTO 999

210 PRINT "THE QUOTIENT IS";X/¥
220 GOTO 999

230 PRINT "THE AVERAGE IS";(X+Y)/2
999 END

RUNNH

ENTER TWO NUMBERS? 5,2
ENTER OPERATION KEY? 3

THE PRODUCT IS 10

Ready

|
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PROGRAM B-1 TOTALING AND AVERAGING

Computing the total and average of a list of numbers 1s a
crocedure that is common to many programs. When someone takes a
total manually they actually add twe numbers at a time and
armcumulate the tetal after each addition. For example, to total
the numbers 1 + B8 + 4, we would say "1 plus eight egual 9, plus 4
aguals 13." Automating this process 1In a computer program results
in the same type of operation. Te obtain an average, one needs a
count of how many numbers were in the list (say M). The average,
or arithmetic mean, is then simply the total divided by N.

The following program demonstrates the technique of totaling and
averaging. The data consists of a number of records, each con-
taining a name of a college and an enrollment figure. The purpose
of the program is to find the average number of students in large
colleges, where "large" is defined to be 10000 or more students.
Thus a selection process is needed. Each record must be read and
the enrollment figure compared to 10000. If the enrollment is
10000 or more then the figure is added to an accumulating total
and a count is kept of how many such colleges were encountered.
The particular college and enrollment are then printed. A string
value (a college named "EZZ") is used as the sentinel record. When
this name is encountered it will be assumed that there is no

more data and that the average can be computed and printed.

100 REM TOTALING AND AVERAGTIHNG PROGRAM 6-1
110 ¥ = 0 ! INITIALIZE COUNTER

1z0 T = 0 ! INITIALIZE TOTAL

130 READ C$%,5 ! READ COLLEGF NAME, ENROLLMENT
140 IF C§ = "ZZZ" THENWN 200

150 I 85 <= 1930000 THEN 130 ! SKIP IF ENROLLMENT < 10000
la M = N + 1 | COUNT NO. OF COLLEGES

170 T =T + § ! ACCUMULATE TOTAL ENROLLMENT
140 PRINT C85,5 ! PRINT COLLEGE NAME, ENROLLMENT
194 GOTO 130 ! REPEAT PROCEDORE

200 A =T / N I AVERAGE ENROLLMENT

205 PRINT

210 PRINT "THE AVERAGE ENROLLMENT OF":N;"COLLEGES =" ;A

220 DATA "UCLA",25000,"CENTRAL",9800,"STANFORD",24000

230 DATA "HARVARD",23000,"LOCALVILLE",B500,"NOTRE DAME",22000
240 para "REZ",0

99 END

RUONNH

UCLA 25000
STANFORD 24000
HARVARD 23000

KOTRE DAME 22004
THE AVERAGE ENROLLMENT OF 4 COLLEGES = 23500

Ready
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PROGRAM 6-Z TAX RANGES

Quite often a multi-branch decision is based on a number which 1is
too big to use conveniently as an ON GOTO variable. In this
gsituation a scaling factor can be used to convert the number to a
esmall integer (1, 2, 3 etc). For example, let's say that the
amount of tax taken from an employee's gross pay depends on the
following table:

Salary Range Tax Rpplied
0- 99 0%
100-199 10%
200-299 25%
300-399 40%
400-499 50%

A number of IF statements could be used to compare a given salary
to each salary range and find the proper tax. But considering that
the ON GOTO variable is truncated to an integer, we can divide the
salary by 100 and use the resulting number (from 1-5) as the

decision wvariable. The following program demonstrates this method:

100 REM TAX RANGES PROGELM &-2
110 REM

120 REM VARIABLES: S=S5SALARY T=TaX

130 PRINT,"TAX RANGES":PRINT

200 T=0

210 READ §

215 IF 5 < 0 THEN 999

220 IF 5 »= 500 THEN PRINT "SALARY OUT QF RANGE":GOTO 210
230 X = 8/100

240 1IF X < 0 THEN 300

250 ON X GOTO 260,270,280,290

260 T =5 * .10 : GOTO 300
270 T = 8 * .25 : GOTO 300
2B0 T = 5 * .40 : GOTO 300
290 T =5 * .50 : GOTO 300

300 PRINT "SALARY =";5,"TAX =";T
310 GoTo 200
400 DATA 150,75,430,350,-1

999 END
RUNNH

TAX RANGES
SALARY = 150 TAX = 15
SALARY = 75 T2 = 0
SALARY = 430 Tax = 215
SALARY = 350 TAX = 140
Ready
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PROGRAM £6-3 CHECEING ACCOUNT

This program shows how decisions and transfers can be combined to
perform a useful function -- the balancing of a checkbook.

The program starts by prompting the user for the beginning balance
of the checking account. This is input into the wvariable B. Next,
the program outputs a message telling the user to enter a trans-
action code. The three codes are "C" for check, "D" for deposit,
and "E" to end the program. The code is input into the variable
5.

The program checks to see if TS equals the code "E"; if sc, the
program transiers tec the ending lines. If a code other than "E" is
entered, the program continues its normal sequence. The user is
next prompted for a transaction amount, which is input into the
variable A,

Now the program uses decisions to adjust the account balance. If
the transaction code is a "C" (meaning check), the transaction
amount is subtracted from the balance to yield the new balance. If
the transaction code is a "D" (meaning deposit), the new balance
equals the old balance plus the transaction amount. Any other
transaction code will not affect the balance.

The new balance is output and the program transfers back to the
step prompting for a transactien code. This repetition continues
until the user enters an "E" to end the program. At that point,
the program outputs the final account balance and ends.

100 REM CHECKING ACCOUNT PROGRAM £-3
110 REM

120 REM THIS PROGRAM KEEPS TRACK OF THE RUNNING

130 REM BALANCE OF A CHECKING ACCOUNT.

140 REM VARIABLES :

150 REM BE=CHECKING ACCOUNT BALANCE

160 REM TS=TRANSACTION CODE (C=CHECK, D=DEPOSIT, E=END)
170 REM A=TRANSACTION AMOUNT

200 PRINT "CHECKING ACCOUNT PROGRAM"

210 PRINT

220 INPUT "WHAT IS THE STARTING BALANCE";B

230 PRINT

240 PRINT "ENTER TRANSACTION CODE"

250 INPUT "C=CHECK, D=DEPDSIT, E=END";:T$
260 IF T$="E" THEN 320

270 INPUT "ENTER TRANSACTION AMOUNT" ;A
280 IF T$="C" THEN B=B-A : GOTO 300
290 IF T$="D" THEN B=B+A

300 PRINT "THE NEW BALANCE IS";B

310 GOTO 230

320 PRINT

330 PRINT "THE FINAL BALANCE IS":B

995 END
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RUNNH

CHECKING ACCOUNT PROGRAM

WHAT IS THE STARTING BALANCE? 1000

ENTER TRANSACTION CODE

C=CHECK, D=DEPOSIT, E=END? C
a

ENTER TRANSACTION AMOUNTY
THE NEW BALANCE IS 900

4]

ENTER TRANSACTION CODE
C=CHECEK, D=DEPCOSIT, E=END? D
ENTER TRANSACTION AMOUNT?Z 200
THE NEW BALANCE IS 1100

ENTER TRANSACTION CODE
C=CHECK, D=DEPOSIT, E=END? C
ENTER TRANSACTION AMOUNT? 300
THE NEW BALANCE IS 800

ENTER TRANSACTION CCDE
C=CHECEKE, D=DEPOSIT, E=END? E

THE FINAL BALANCE IS 800

Ready
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PROGRAM ©-4 TAX LTABILITY

This program combines input, processing, decisions, and output to
agemanstrate a simplified tax liability computation. The program
computas total income, dependent allowance, and adiusted incoma.
Then it computes an adjustment to income as the greater of the two
values deductible expenses or 10% of adjusted income. The tax
liability is equal to 20% of the second adjusted inceme value.

The fallowing four walues are input to start the program: salary
{into wvariable 8), miscellanegus income (M}, number of dependents
(N}, and deductible expenses (D).

The processing section begins with the computing of total income
{variabkle '} esgqual to salary plus miscellaneous incoms, The first
adjustment to income (Al) represents the dependent allowance and
is egual to the number of dependents times 1000. Adjusted income 1
({Il) eguals total income minus the first adjustment. The variable
P gguals 10% of the adjusted income figure. This 1l0% is compared
to the deductible expenses and the greater of the two is assianed
to the variable A2 repressnting adjustment 2, Adjustment 2 is
subtracted from adjusted income 1 yvielding adjusted income 2
(variable T2). Finally, the tax liability (L) is computed as 20%
of adjusted income 2.

The program ends by outputting the follewing information: total

income, dependant allowance, adjustment for deductible expenses of
10%, adiusted income, and tax liability.
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100 REM TaX LIABLILITY PROGRAM 6-4
110 HEM

120 REM THIS PROGRAM COMPUTES TAX LIABILITY BASED CN SALARY, MISC.
130 REM INCOME, NUMBER OF DEPENDENTS, AND DEDUCTIELE EXPENSES.
140 HEM THE TOTAL INCOME IS ADRJUSTED FIRST FOR THE DEPENDENT

150 REM ALLOWANCE (51000 PER). THEN 10% CF THE ADJUSTED INCCME 1S5
150 REM COMPARED TO DEDUCTIBLE EXPENSES AND THE GREATER BECCMES
176 BEM THE SECOND ADJUSTMENT TO INCOME. FINALLY, THE NEWLY

130 REM ADJUSTED INCOME IS USED AS THE BASIS OF A 20% TAX

240 REM VARIABLES

250 REM S=0ALARY Al=ADJUSTMENT 1

260 REM M=MIZSC. THNCOME I1=ADJUSTED INCOME 1

270 REM N=MO. OF DERDUCTIONS P=10%0F ADJUSTED INCOME 1
280 REM D=DERDUCTIBLE EXPFENSES B2=ADJUSTMENT 2

290 REM T=TOTAL INCOME I12=ADJUSTED TINCOME 2

00 PRINT "TAX LIABILITY PROGRAM™ : PRINT
310 INPUT "WHAT I5 YOUR SALARY";S

320 INPUT "MISC. INCOME";M

330 INPUT "NUMBER OF DEPENDENTS":HN

340 INPUT "DEDUCTIBLE EXPENSES";D

400 T=8+M ! COMPUTE TOTAL INCOME

410 Al=N*1000 ! COMPUTE DEPENDENT ALLOWANCE

420 TI1l=T-Al ! COMPUTE ADJUSTED INCOME 1

430 p=_1%*T11 ! COMPUTE 10% OF ADJUSTED INCOME 1

440 REM DETEREMINE ADJUSTMENT 2
450 IF P>DL THEN AZ=P ELSE AZ=D

460 I2=I1-AZ ! COMPUTE ADJUSTED INCOME 2
470 L=.2*12 ! COMPUTE TAX LIABILITY
500 PRINT

510 PRINT "TOTAL INCOME™:T

520 PRINT "DEPENDENT ALLOWANCE";AL

530 PRINT "ADJUSTED INCOME";Il

540 PRINT "ADJUSTMENT FOR DEDUCTIBLE EXPENSES OR 10%" ;A2
550 PRINT "ADJUSTED INCOME";I2

560 PRINT "ThAX LIABILITY";L

999 END

RUNKH

TAX LIABILITY PROGRAM

WHAT IS YOUR SALARY? 25000
MISC. INCOME? 1000

NUMBER OF DEPENDENTS? 2
DEDUCTIBLE EXPENSES? 10000

TOTAL INCOME 26000

DEPENDENT ALLOWANCE 2000

ADJUSTED INCOME 24000

ADJUSTMENT FOR DEDUCTIBLE EXPENSES OR 10% 10000
ADJUSTED INCOME 14000

TAY LIABILITY 2800

Ready

8l



DECISIONSE AND TRANSFERE
PROGRAM 6-53 PAYROLL

This program computes and prints basic payroll information
including straight pay, overtime pay (if it applies) and gross
pay. The computations are based con the employee's pay type (hourly
or salaried) and the number of hours worked during a given week.

The program starts by printing a heading above all the columns of
information and by defining a wvariable (B$) as the output format
to be usea to print the information.

The main processing begins by reading, from DATA statements, pay
type (T$; valid values H=hourly, S=salaried), hours worked (H),
and rate of pay (R). The program then checks for sentinel value
{when NS eguals "LAST RECORD"} signalling the end of the data.
Mext, the pay type values are validated (as "H" or "S") and the
the program transfers te further processing sections. If both pay
tvpe validations fail, a message is printed telling the user that
there is an invalid pay type code for a particular employee.

For salaried emplovees:
Straight pay 40 ¥ rate of pay
Dvertime 0
Gross pay straight pay

I

For hourly employees {(up to 40 hours per week):
Straight pay = number of hours X rate of pay
Overtime =0
Gross pay = straight pay

For hourly emplovees (over 40 hours per wee):
Straight pay = 40 X rate of pay
Overtime = (number of hours - 40) X rate of pay X 1.5
Gross pay = straight pay + overtime

The formatted cutput is accomplished with a PRINT USING BS$ state-
ment. OQutput includes employee name, pay type, number of hours
worked, rate of pay, straight pay, overtime, and gross pay. The
program then transfers back to read the next data record. This
repetition continues until all of the data is used.

100 REM PAYROLL PROGRAM 6-5

110 REM

120 REM PAYROLL AMOUNT IS COMPUTED, INCLUDING STRAIGHT, OVERTIME,

130 REM AND GROSS PAY, SALARIED EMFLOYEES DO NOT QUALIFY FOR OVER-
140 REM TIME PAY. HOURLY EMPLOYEES WORKING MORE THAN 40 HOURS ARE

156 REM PAID 1.5 THEIR REGULAR PAY RATE FOR HOURS BEYOND 40

160 REM

170 REM VYARIABLES

130 REM NS=NAME S5=STRAIGHT PAY

190 REM TE=PAY TYPE X=0OVERTIME PAY

200 REM H=HOURS WORKED G=GROSS PAY

210 REM R=RATE OF PAY B$=0UTPUT FORMAT STRING

(continued)
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220 PRINT " PAYROLL PROGRAM"
230 PRINT
240 PRINT "EMPLOYEE PAY HOURS PAY STRAIGHT OVERTIME GROsSS"
250 PRINT "MAME TYPE RATE PAY PAY BAY"
260 PRINT
270 BS = "™\ ol #4 B8 L #% SEES L H SERERLRE SEEE A"
300 HREAD NS ,TS,H,R ! READ DATA ITEMS
310 IF NS="LAST RECORD" THEN 99%
320 IF TS="H" THEN 500 ! BRANCH TO HOURLY ROUTINE
330 IF T$="S" THEN 400 ! BRANCH TO SALARIED ROUTINE
340 PRINT "INVALID PAY TYPE CODE (";TS:;") FOR ":NS
350 GOTO 300 ! READ NEXT RECORD
400 S=40*R ! SALARIED: ESTRAIGHT PAY
410 X=0 ! NO OVERTIME
420 G=5 ! COMPUTE GROSS PAY
430 GOTO 630
500 IF H>40 THEN 600 ! BRANCH TO OVERTIME ROUTINE
510 S=H*R ! HOURLY(40}): STRAIGHT PAY
520 X®=0 ! NO OVERTIME
530 G=5
540 GOTO &30
600 5=40%*R ! HOURLY(>40): STRAIGHT PAY
610 X=(H-40)*R*1.5 ! COMPUTE OVERTIME PAY
620 G=5+X ! COMPUTE GROSS PAY
630 PRINT USING BS,N$,T5,H,R,5,X,G
640 GOTO 300
700 DATA "SMITH","H",35,6.25
710 DATA "JONES","H",44,7.00
720 DATA "JOHNSONW","s5",40,5.95
730 DATA "MILLER","H",45,11.50
740 DATA "ANDERSON","S",41,3.50
750 DATA "Q'MALLEY","H",38,7.50
760 DATA "WEST","S",35,4.85
770 DATA "LAST RECORD","0",0,0
999 END
RUNNH
PAYROLL PROGRAM
EMPLOYEE PAY HOURS PAY STRAIGHT OVERTIME GROSS
NAME TYPE RATE PAY PRY PAY
SMITH H 35 6.25 5218.75 S 0.00 £218.75
JONES H 44 7.00 5280.00 S 42.00 $322.00
JOHNSON s 40 5.95 5238.00 § 0,00 5238.00
MILLER H 45 11.50 s460.00 5 B6.25 5546.25
ANDERSCON 5 41 3.50 5140.00 S 0.00 5140.00
O'MALLEY H 38 7.50 5285.00 5 0.00 5285.00
WEST s a5 4.85 5194.00 5 0.00 5194.00
Ready
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CHAPTER 7

LOOPING

A
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OVERVIEW

Establishing a Loop

Many programminag problems involve a set of instructiens which must
be repeated several times. This type of procedure is commenly
called a loop. Each pass throuah the loop affect one or more of
the variables in the loop. A good example is a simple totaling
procedure. The following program will add any five numbers that
are put in the DATA list:

g W = 0 INITIALIZE CQUHTER
110 T = U INITIALTIZE
120 M = K + 1 INCREMENT COUNTER

130 IF N > 5 THEN 170
140 READ X

150 T =T + X

le0 GoTO 120

170 PRINT "THE TOTAL
180 pDAaTA 12,5,2,14,3
190 EWD

RUNNH

EXIT AFTER 5TH NUMBIR
READ NEXT VALUE
ACCUMULATE TOTAT
REPEAT LOCP

I
3

THE TOTAL = 36
Ready

The wvariable N as used in statement 120 is called a counter. It
has the purpose of keeping track of how many times the lcop has
been repeat=d. The loop can be considered to bhe between statements
120 and léU. These statements are repeated until N has excesded
the value of 5 (statement 130). Note that only 5 numbers are read.
Wwhen N rsaches a value of & the relation in statement 130 will he
true and program control will be transferred to statement 170,
where a total will ke printed.
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To accomplish the loop procedure, several things are needed:

- a variable to be used as a counter (N)

- the counter is initialized to some starting value (stmt 100)

- the counter is incremented each time through the loop (stmt 120)
- a check to determine if more repetitions are needed (stmt 130)

- an instruction to return to the start of the loop (stmt 160)

In short, three essential statement types are present: an assign-
ment (stmt 120) a decision (stmt 130) and a transfer (stmt 160).
2, General Format of the FOR-NEXT Process

Looping procedures are so common in programming that a special
pair of statements is included in the BASIC language to make it
easier to write a loop. The FOR-NEXT process has the general form:

line # FOR Index = Start Value TO End Value STEP Increment
(BASIC statements)
line # NEXT Index

The keywords of this process have the following meaning:

FOR Mandatory word. It indicates the start of the loop.

Index A numeric variable which will be incremented each
time through the loop

= Mandatory character.

Start Value The starting value of the Index. This can be a
constant or variable., If it is the latter its value
must be established in a previous statement.

End Value The upper limit of the loop. This can be a constant
or variable. When the Index exceeds this value, the
loop will not repeat again.

STEP Increment This part of the statement is optional. It is
needed only when the Index is to be incremented with
a value other than 1.

NEXT Index A statement that indicates the =nd of the set of
statements that are to be repeated. The Index variable
must be the same azs the one in the FOR statement.

One "pass" through the loop includes the execution of the BASIC
statements between the FOR statement and the NEXT statement.
Within these statements the ordinary order of execution applies,
along with any transfers (GOTOs) that may apply. Each time the
loop is repeated the Index is incremented. If the STEP option is
omitted, the increment value will be considered 1. When the Index
exceeds the upper limit, the program will continue with the
statement following the NEXT Index statement.
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EXAMPLE, The program for totaling five numbers, given above, will
be rewritten using a FOR-NEXT loop.

100 T = O

110 FOR I = 1 TO 5

120 READ X

130 T = T + X

140 REXT I

150 PRINT "THE TOTAL =";T
le0 paTa 12,5,2,14,3

170 END

RUNNH

THE TOTAL = 36
Ready

In this case the threes functions of assignment, decision and
transfer needed to repeat the loop are all done autcmatically. In
statement 110, the Index variable I is given a starting value of 1
and an upper limit of 5. Since the STEP opticn is omitted, the
increment is 1. This means that the statements between FOR and
NEXT (in this case statements 120 and 130) will be repeated 5
times, since the variable 1 will be incremented that many times.
mote the Index in the NEXT statement (I} must be the same as that
in the PFOR statement. Thus five numbers are read (stmt 120) and
their total is accumulated (stmt 130). When the loop repetitions
are complete, program control is transferred to the statement
after WEXT I, and the total is printed. Unlike the orevious
program, the programmer does not have to worry about incrementing
the counter and checking if any more repetitions are needed.

EXAMPLE. The program can be made more versatile by making the end
value of the loop a variable whose value is read as a data item:

100 READ N

110 T = 0

120 POR I = 1 TO W
130 READ X

140 T =T + X

150 NEXT I

160 PRINT "THE TOTAL=";T
170 DATA 5

160 DATA 12,5,2,14,3
1%0 END

RUNNH

THE TOTAL = 36
Ready

Now by simply changing the DATA statements the program will total
any set of numbers. No executable statements have to be modified.
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USING THE LOOP INDEX
The Index as a Value

In the above FOR-NEXT example, the Index had only one ourpose, to
count the number of times through the leoep. The variable I did not
appear inside the locop. Since the Index is a legitimate variabla
its value can be used inside the loop like any other variahble.
Note that its value can be uged but not changed inside the loop.
That is to say, the Index variable canncot appear on the left side
cf an equal sign. Such an assianment statement would chanoe its
value. The FOR statement is the only oplace that the Index variable
is changad. The next two examples will put the Index value to use
inside the logp.

LEXAMPLE. A program that finds the sum of all the integers between
L and Lt:
100 5 = 0
110 FOR N
120 5 = §
130 HNEXT N
149 BRINT "THE SUM
150 END
RUONNH

THE sUM = 55
Beady

1 To 1lu

+ |l
=

i

The accumulating total procedure is the same, but here the data
values used are being produced by the changing value of the Index
as it repeats the loop ten times. Notice there is no DATA
statement, since the data is generated internally by program
instructions.

EXAMPLE. Using the STEP option, the sum of all the even numbers
betwean 2 and 100 can be found.

100 58 = 0
110 FOR B = 2 TO 100 STEP 2
120 s =8 + N

130 NEXT N

140 PRINT "THE SUM = ";§
150 END

RUNNH

THE SUM = 2550
Ready
The loop will be repeated 50 times., The first time the Index N

will egual 2, the second time N will egual 4, otc. Statement 120
will accumulate the sum of all the even integers.
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2. Fractional and Negative Indexes

The Index can ke any real number angd rhus can be a decimal or
negative value. The next two examples will demonstrate these uses.

EXLMELE. This program will convert a gseries of numbers which
reprasent length in inches to their equivalent wvalue i1n centi-
meters (1 in = 2.54 cm). The ienaths are given in one-half ingch
increments from 1 to 3 inches.

100 FOR I L TQ 3 BTEP .5
110 € = L * 2,54
i

120 PRINT "INCHES=" :2:"CENTIMETERS"
130 NEXT I

HIINNH

1l INCHES = 2.54 CENTIMETERS

1.5 INCHES 31.8]1 CENTIMETERS

2 INCHEE =

€.35 CENTIMETERS
.62 CENTIMETERS

Hif]

2.5 INCHE

P
5.08 CENTIMETERS
3 INCHES T

Ready

EXAMPLE, A negative incremwent is valid, although not used very
often. The program akove which added all the even numbers betweon
¢ and 100 can be written as:

1ogd 5 = 0
110 FOR N
120 & = &
130 NEXT M
140 PRINT "THE SUM = ";8
150 END

RUNNH

100 TO 2 STEP -2
.

+ |
=

THE SUM = 2550

Ready



LOOBING

Normally a looo will be repeated until the Index reaches the
indicated upper limit. It is possible to exit from a loop before
this time by simply transferring cutside the range of the loop.
The program however cannot jump back into the loop and continue.
For example, the following program will normally read and total 10
numbers. If one of the numbers is zero, however, it will print out
the total up to that point and continue on with the next instruc-
tion after the loop.

100 8 = D

110 FOR I = 1 TC 10

120 READ X

130 8 = & + X

140 IF X <> 0 THEN 170

150 PRINT "THE SUM OF";I;"NUMBERS =";5
160 GOTO 200

170 NEXT I

180 paTA 23,6,14,3,2,8,0,34,15,4
130 PRINT "THE S5UM =";3

200 END

RUNNH

THE SUM OF & WNUMBERS IS 56

Ready
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LOOPING

NESTED LOOES

The repetitive procedure which forms a loop can have another loop
contained within its statements. When one loop is inside another
the loops are sald to be nested. One must be careful to set up the
loops properly, however. Take the following program seoment:

100 FOR I
[: 150 FOR J
200 NEXT J

250 NEXT I

1 TO 5

1 70 3

Il

The loop with index J is completely contained within the loop with
index I. This means that the inner loop must have both its FOR and
NEXT statements within the outer loop's FOR and NEXT ranages. Note
that lines have been drawn by the side of the program connecting
the respective FOR and NEXT statements. If the loops are nested
properly, these lines will not cross. Also, a different index
variable must be used for each looop. The program segment below
shows incorrectly nested loops:

l— 100 FOR I
L_ 150 FOR J
200 NEXT I

— 250 NEXT J

1L TO 5

1 TO 3

This will produce unpredictable results because statement 200 will
instruct the computer to repeat the outer loop (I) before the
inner loop is complete.

When loops are nested the index of the outer loop will be
incremented and succeeding statements will be executed in order
until the inner loop is reached. The inner loop then "takes
precedence", that is, the computer will complete the inner loop
before it returns to the outer loop. While it is performing the
inner loop, the computer stores the wvalue of the outer leoop index
and must retrieve that same value if the loop is to be performed
properly. Thus it is important not to change the values of the
indexes anywhere accept in the FOR statement.
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EXBMPLE. Nested loops.

160 PRINT " LOCOP INDEX VALUES"
110 PRINT "QUTER LOOP INNER LOOB"
120 FOR I = 1 TO 2

i30 FOR J 1 0 3

140 PRINT T,J
150 NEXT J
160 NEXT I
170 EHD

RINNH

LOGP [NDEX WVALUES
OUTER LOOP INNER LOOP

L L O Mgy ey
Ll B3 G B

Ready

The outer loop is between FOR I and NEXT [ (statements 120-160)
and the inner loop is between FOR J and MEXT J (statements
130-150). The first time through the ocuter loop the index I is set
to 1. At statement 130 the inner loop is started and the index J
iz set to 1, Statements 130-150 are repeated three times, with I
remaining at 1 and the value of J changing from 1 to 3. The outer
loop then continues at statement 160 which transfers control back
to statement 120. The index I is set egqual to 2 and the process
begins again. When the outer loop is complete the program
continues with the next statement after NEXT I, which happens to
be the END statement in this case. Any number of statements could
have appeared between the FOR I and FOR J statements as well as
between the NEXT J and NEXT I, as long as the loops were nested
properly.



LOOPING

PROGRAM 7-1 BRANCH OFFICE SUETOTALS

A simple nested loop structure is used to accumulate Accounts/
Receivable (A/R) figures for two branch offices of a retail goods
company. The outer loop, between statements 230-350 is repeatead
for each branch office. The inner locop, between statements 280-320
adds up the A/R figures for three product categories. Each product
and A/R figure is printed as well as the A/R subtotal for each
company branch and a grand total for the company.

100 REM BRANCH CFFICE SUBTOTALS PROGRAM 7-1
110 REM BS=BRANCH OFFICE NAME &= A/R FCOR EACH LINE OF GODODS

120 REM MNS=LINE 0QF GOODS DESCR T= BEANCH SUBRTOTAL G=COMEANY TOTL
200 PRINT "BRANCH COFFICE SUBTOTALS PROGRAM"

Z1U PRINT

220 G = 0

230 FOR B = 1 TO 2 ! FOR EACH BRANCH

240 T = 0 { INITIALIZE TOTAL

250 READ BS | READ BRANCH HNAME

26C PRINT

270 PRINT "BRANCH OFFICE: ";BS

280 FOR L = 1 TO 3 | FOR EACH LINE OF GOODS
290 READ NS,A ! READ DESCRIPTICN AND A/R
300 PRINT NS,A

310 T = T + A ! ACCUMULATE TOTAL

320 NEXT L

330 PRINT "TOTAL A/R FOR BRANCH = ";T

340 G =G ¢+ T

350 NEXT B

360 PRINT

370 PRINT "GRAND TOTAL FOR ACCOUNTS RECEIVABLE =";G

500 DATA "NEW YORK","CLOTHING",400,"HOUSEHOLD",300,"GARDEN",150
510 DATA "CHICAGO" ,"CLOTHING",500,"HOUSEHOLD",400,"GARDEN",100
955 END

RUNNH

BRANCH COFFICE SUBTOTALS PROGREAM

BRANCH OFFICE: NEW YORE

CLOTHING 400
HOUSEHOLD 300
GARDEN 150

TOTAL A/R FOR BRANCH = 850

BRANCH OFFICE: CHICAGO

CLOTHING 500
HOUSEHOLD 400
GARDEN 100

TOTAL A/R FOR BRANCH = 1000

GEAND TOTAL ACCOUNTS RECEIVABLE = 1850
Ready
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PROGRAM 7-2 AMORTIZATION SCHEDULE

An amortization schedule shows the full history of a loan
repayment, For each payment made on the loan, the schedule prints
the payment number, the paymernt amcunt, the amount of interest
paid, the amount of principal paid, and the remaining balance.
This repetitive operation is a perfect application for the
FOR-MNEXT statements, where the loop parameters determine the
number of lines printed in the amortization schedule.

This program starts by printing column headings and by defining an
cgutput format (F$) for the schedule. The lecan parameters are

constants for the sake of simplicity (B=balancs, N=number of pay-
ments, A=payment amount, B=interest rate). Bn expanded version of
this program would input the parameters and calculate the payment
amount (see example 5-3) before printing the amortization schedule,

The main processing section of this program is the FOR-NEXT loop.
The variable X is used as the loop index, with valid wvalues 1
through M. Within the loop, four things occur. First, the interest
paid (I) is computed. Next, the principal paid (P) is calculated.
Third, the remaining balance (B) is adjusted by the amount of
principal paid. Finally, the information is output with the PRINT
USING F$ statement. These four things happen repeatedly until the
loop concludes and the loan is completely repaid.

100 REM AMORTIZATION SCHEDULE PROGRAM 7-2
110 REM

120 REM THIS PROGRAM PRINTS AN AMORTIZATION SCHEDULE FOR A LOAN.
140 REM THE SCHEDULE SHOWS PAYMENT NUMBER, PAYMENT AMOUNT,

150 REM INTEREST PAID, PRINCIPAL PAID, AND REMAINING BALANCE

160 REM VARIABLES

170 REM B=LOAN BALANCE ¥=LOOF INDEX R=INTEREST RATE
180 REM N=NUMBER OF PAYMENTS I=INTEREST PAID A=PAYMENT AMOQUNT
190 REM P=PRINCIPAL PAID F§=0UTPUT FORMAT STRING

200 REM

220 PRINT ,"AMORTIZATICON SCHEDULE PROGRAM"
230 PRINT "PAYMENT PAYMENT INTEREST PRINCIPAL REMAINING"

240 PRINT "NUMBER AMOUNT PAID PAID BALANCE"
250 Fs$= "R EoERR AR # o EERLRE  HRRHF #odfd . RE"
300 B=1000 ! BALANCE

310 N=10 ! NUMEBER OF PAYMENTS

320 A=149.03 ! PAYMENT AMOCUNT

330 R=.08 ! INTEREST RATE

340 FOR X=1 TO N

350 I=B*R ! CCMPUTE INTEREST FAID
360 P=A-1 ! COMPUTE PRINCIPAL PAID
370 B=E-P ! COMPUTE NEW BALANCE
380 PRINT USING FS$,X,A,I,P,B

390 NEXT X

999 END
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RUNNH

AMORTIZATION SCHEDULE PROGREAM

PAYMENT PAYMENT INTEREST PRINCIPAL REMAINING

NOMBER AMOUNT PATD PAID BALANCE

1 149.03 80.00 £9.03 930.97

2 149.03 74,48 74 .55 856,42

3 149.03 68.51 80.52 775.590

- 149.03 62.07 B6.96 GBE .94

5 149.03 55«13 93.91 595.03

6 149.03 47 .60 101.43 493.60

T 149 .03 39.49 109.54 384.06

B 149.03 30,72 183 265.75

49 149.03 21.26 127.77 137.98

10 149.03 11.04 137.99 -0.01
Ready
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CHAPTER 8

LISTS AND TABLEG

OVERVIEW

The programs that have been presented so far have used relatively
few variable names. However, most business applicaticons invelve a
great number of data values, each of which must be stored in a
separate variable. The method of naming variables that was intro-
duced in Chapter 3 becomes impractical in these situations. For
example, if we wished to read five numeric wvalues into separate
variables we could write:

10 READ A,B,C,D,E

However, if there were one hundred data values to process, we
would need one hundrea varilables! There are enough variables names
available (81, A2...Bl, etc) but manipulating all these variables
separately becomes unmanageable. There is no gquestion that a sepa-
rate variable name iz needed for each wvalue, but some method must
be used to avoid writing these long lists of wvariables one by one.

The solution comes in the fact that whenever there is a great
guantity of data, it can usually be thought of as a list of items
that have some common characteristic, for example a list of part
numbers, employees, automobile licence plates, etc. In these cases
we are not so much concerned with giving a unique context to each
entry in the list as we are with processing the list as a whole,
guite often each entry in a list has several characteristics that
are related in some way, vet maintain an overall context with the
other entries. In this case we call the list a table. For example,
a personal income tax table may have a different row for each
salary range, and a different column for each exemption category.
Each data value in the table is unigue and would need a separate
variable name, but somehow must be connected in a convenient way
to a specific salary and exemption. Data that can be put into a
list or table is represented in BASIC by subscripted wvariables.
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LISTS AND TABRLES

SUBSCRIPTED VARIABLES

The computerized list can be explained by borrowing a term from
mathematics, the set. A set is a group of objects that share some
common characteristic. A set is renresented in a general way by
the notation

X = (= ® %)

KE....n

1 P

whnere X is the name of the set and Xy X g re2te are members or

zlements of the set. The number attache% td each element is called

the subscript. For example xf? 1s named "x sub 27". The term X
2Mme

indicates that there are n e nts in the set.

This type of notation cannot be entered directly on the keyboard
since there are no small size numbers that can be used for the
subscripts. This problem is overcome by allowing the subscript to
be placed inside parentheses, beside the variable name:

X{1) X(2) %{3) & & . w8Ee

These are distinct variables, just like A, B, C, etc., but the
subscript notation now allows a great number of variable names
while retaining a common context. The general term for a
computerized list is an array. In the X array above X(l) could be
the first part number in an inventery list, X(2) the second part
number, and so on. Any traditional variable can be made into a
subscripted variable, for example: X(9) D(3) G(2) ete.

The computerized table is constructed by adding a second dimension
to the variable subscript. In this case one subscript is used to
indicate what row the array element belongs to and a second
subscript to indicate the column. For example an element from the
tax table that was mentioned might be associated with the sub-
scripted variable X(2,3). This would indicate the tax amount for
someone who was in the second salary range (row 2) and had 3
exemptions (column 3).

DIMENSION SPECIFICATION

The BASIC language allows subscripted variables to be put to the
same uses as regular variables, but a special statement must
appear in a program before any subscripted variables appear. This
is the DIM statement. The general format is:

line # DIM list of arravys

The "list of arrays" is a listing of each array name used in the
program. A number is placed in parentheses beside the array name
which specifies the maximum number of elements in the array.

For example:

100 DIM X(5),B(3)

Here the term X(5) directs the computer to create five separate
variables: X(1), X(2), X(3}, X(4), X(5) and the term B(3) will
create three more variables: B(1l), B(2}, B(3). Note that the
meaning of the subscript in the DIM statement is guite different
than when individual elements are specified in the remainder of
the program. 08
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4 short program will demonstrate the use of subscripts and the DIM
statement. The program below creates a five-element array (X) then
reads a number into each one of the elements. Statement 130
displays the values that have been read:

100 DIM X(5)

110 READ X{1),X(2),X(3),X(4),%{(5)
120 DATA 7,2,6,8,4

130 PRINT X(1):X(2):X(3):X(4};X{(5}
140 END

RUNNH

7T 2 6 8 4

Ready

To demonstrate a two-dimension subscript, a table (matrix) of
numbers is manually written below:

Column

1 2

1 62 53

Row 2 71 24
| 3 81 39

The following program will create a table array and reserve memory
storage locations for six wvariables: three rows and two columns.
An individual value will then be read into each variable so that
its subscript reflects the table above.

100 DIM X(3,2)

110 READ X(1,1),X(1,2)

120 READ X(2,1),X(2,2)

130 READ X(3,1),%X(3,2}

140 paTa 62,53,71,24,81,39
150 PRINT X{(1,1);X(1,2)
160 PRINT X{(2,1);X(2,2)
170 PRINT X{(3,1);X(3,2)
180 END

RUNNH

62 53
71 24
Bl 389

Ready
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VARIABLE SUBSCRIPTS

Providing encugh variables for many data values is no longer
difticult when subscripted variables are used. But one major
problem remains. How do we aveid writing out all the individual
variables? RQeferring back tc the first example irn the chapter, If
the five numbers were put into an array, we could wirte

100 READ X(1),%X(2),4(3),X(4),X(5)

But if there were one hundred numbers, would it be practical to
list one hundred variables in this manner? Certainly not.

The solution comes from the most powerful feature of subscripted
variables - the fact that the subseript can be a variable itself.
X{J) can refer to the Jth element in the array. 0Of course the
variable J must have a value beforeshand. The preoblem of writing
many variables can now be eliminated by combining the variable
subscript feature and the FOR-NEXT locp. The following programs
are put side by side for comparison. They both read five values
into array slements;

100 DIM X(5) 100 DIM X(5)
110 READ X{1),X({Z2),X{3),X{4),X(5} 110 FOR I = 1 TO 5
120 DATA 5,7,6,2,3 120 READ XI(I}
130 ERD 130 NEXT I
150 DATA 5,7,6,2,3
140 EMD

fhese programs accomplish exactly the same thing, so what is the
difference? The benefit of variable subscripts becomes evident if
we had to re-write both programs to read one hundred variables. In
the program on the left, statement 110 would have to be changed so
that one hundred array =lements wers listed, whereas in the
program on the right, statement 110 would only have to be changed
to 110 FCR I = 1 TO 100.

But what about the data values? If one hundred values were to be
read, then the DATA statements must be expanded to include the
hundred numbers. There is no way we can get around this situation,
but we have conveniently eliminated the need to write long list of
variable names. The topic of source data automation deals with
methods being developed in business and industry to aid the human
being in writing down individual data values. This involves the
use of specialized equipment which can sense the occurance of
certain events and automatically record all relevent data.
Examples of such devices are supermarket bar-code readers and
automatic teller machines.
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PROGRAM &-1 BRANCH COFFICE SUBTOTALS USING ARRAYS

In Program 7-1 (accounts/raceivable) the same variahles were used
fer each branch office, thus there was no way of processing the
data more than once, If another report were reguired, say totals
by preduct tvpe, the data would have to be r=ad again. Using
arrays eliminates the need to read data twice since each value ls
stored in a separate variable. The following preogram performs the
saine function as Program 7-1 except that array wvariables are used.

L0U0 REM BRANCH OFFICE SUBTOTALS USING ARRAYS PROGHRAM H-1
120 REM BS({I)=BRANCH OFFICE NAME NS(I,J)=LINE OF GOODS DESCR
140 REM A(I,J)=R/R AMOUNT TiLB)=BRANCH SUBTOTATL G=COMPANY TOTAT
200 PRINT "BRANUH OFFICE SUBTOTALS PROGRAMY

210 PRINT

220 FOR B = 1 TO 2 ! FOR EACH BRANCH

230 READ BS(B) ! BRANCH NAME

244 FOR L = 1 TQ 3 ! FOR EACH PRODUCT LINE
250 READ N5(B,L),A(B,;L} ! PRODUCT TYPE, A/R AMOUNT
260 NEXT L

270 NMEXT B

300 G = 0 ! ACCUMULATE TOTALS

110 FOR B = 1 TO 2 ! FOR EACH BRANCH

320 PRINT "RRANCH OFFICE: ";B5(B}

a30 FOR L = 1 TO 3 ! FOR FACH PRORUCT LINE
335 PRINT N$(B,L),A(B,L) ! PRINT BETATL

3jau TIBR)=T(B)+A(B,L} ! ACCUMULATE BRAMNCH ASR

350 NEXT L

360 PRINT "TOTAL A/R FOR BRANCH =";T(B)

370 0 =8 + T(B} | ACCUMUOLATE COMPANY TOTAL

34l NEXT B

390 PRINT

400 PRINT "GRAND TOTAL FOR ACCOUNTS KECEIVABRLE =";G

500 DATE "NEW YORK","CLOTHING",400,"HOUSEHOLD", 300 ,"GARDEN", 150
510 DATA "CHICAGQO"™ ,“"CLOTHINGE",S500,"HOUSEHOLD",400,"GARDER",100
499 END

RUNNH

BRANCH OQFFICE SUBTOTALS PROGRAM
BRANCH OFFICE: NEW YORK

CLOTHING 400
HOUSEHOLD 300
GARDEN 150

TOTAL &/R FOR BRANCH = 850
BRANCH OFFICE: CHICAGO

CLOTHING 500
HOUSEHOLD 400
GARDEN 100

TOTAL ASR FOR BRANCH = 1000
GRAND TOTAL ACCOUNTS RECEIVABLE = 1850
Ready
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PROGRAM B-2 AVERACE AND STANDARD DEVIATION

A common programming application is the calculation of statistics.
This program computes the average, variance and standard deviation
of a list of numbers, in this case student test scores. An array
variable (8} is used for the test scores. First, the wvariable isg
"dimensioned." Then, separate values are input to sach element of
the array (with READ and DATA statements). The average value is
egqual to the total of all test scores divided by the number of
scores. The variable T is used to total the scores and the
variable A represents the average score.

The variance is a measurement of the dispersion of the test scores
around the average. It is equal to the "average" of the square of
the difference between the computed average score and each indiv-
idual score. Mathematically, it is represented as:

: 2
Varlance = (testscore - average)
number of scores

The standard deviation is egual to the sguare root of the
variance. The square root of a value is the same as the value
raised to the one-half power. The latter method is used in this
program. The program concludes by printing the average, variance,
and standard deviation of the 20 test scores.

100 REM AVERAGE AND STANDARD DEVIATION PROGRAM B-2
110 REM

1200 REM THIS PROGRAM COMPUTES THE AVERAGE, VARIANCE, AND STANDARD
130 REM DEVIATION FOR A LIST OF NUMBERS, IN THIS CASE TEST SCORES.
145 REM

150 REM VARIABLES

160 REM S5=ARRAY OF TEST SCORES A=AVERAGE TEST SCORE
170 REM HN=NUMBER OF SCORES A=TOTAL OF VARIANCES
180 REM I=LOOP INDEX V=VARIANCE

190 REM T=TOTAL OF TEST SCORES D=5STANDARD DEVIATION
200 REM

210 DIM s8(50) ! DIMENSION TEST SCORE ARRAY

220 PRINT "AVERAGE AND STANDARD DEVIATION PROGRAM"

230 PRINT

240) PRINT "TEST SCORES:"

250 PRINT

260 READ N ! READ NUMBER OF SCORES

270 FOR I=1 TO N

280 READ 5(1I) ! READ ECORESB

290 PREINT S5(I)

300 NEXT I

{continued)
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310
320
330
340
350
3690
370
380
390
400
410
420
430
440
450
460
470
480
999

T=0 ! INITIALIZE

FOR I=1 TO W
T=T+5{ 1)

NEXT I

A=T/N

x=0

FOR I=1 TO N
X=X+(8(I)-A)"2

NEXT I

V=X/N

D=V~.5

PRINT

LIS

TOTAL

TS AND TABLES

TOTAL ALL SCORES

COMPUTE AVERAGE SCORE
INITIALIZE VARIANCE TOTAL

TOTAL SQUARES QF THE VARIANCES

COMPUTE VARIANCE
COMPUTE STANDARD DEVIATION

PRINT "AVERAGE TEST SCORE":A
PRINT "VARIANCE OF SCORES":VW
PRINT "STANDAED DEVIATION":D

DATA 20

DATA 86,90,76,82,88,68,99,84,86,66
DATA 35,68,80,74,72,71,48,82,79,57

END

RUNMNH

AVERAGE AND STANDARD DEVIATION PROGRAM

TEST SCORES:

86
50
76
B2
B8
68
93
B4
86
66
35
68
80
74
72
T
48
82
79
57

AVERAGE TEST SCORE 74 .55
VARIANCE OF SCORES 214.248
STANDARD DEVIATION 14.6406

Ready
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PROGRAM B-3 EXPENSE REPORT

This program computes and prints the daily, category and grand
totals tor a weekly expense report matrix. The two-dimensicnal
matrix (variable E) consists of seven columns by five rows of
data. The seven columns represent davs of the week. The five rows
represent expense categories (e.g. food, ledging, transportation).

A one-dimensional array (C), containing seven elements, is used
Eor the column (daily) totals., A five-slement, one—-dimsnsional
array (R) is used for the row {categeory) teotals. A simple variable
{G) is used for the grand total. FOR-NEXT loops are used to
initialize all of the totals. A nested loop is used to read the
expense matrix and simple loops are used to read the days of the
week array (D3} and the expense category array (C§). A two-level
nested loop is used to compute the column, row and grand totals.

The first part of the output section prints the days of the wesk
and celumn totals arravs. The next part prints the expense
category and row total arrays. The final output is the grand total
of the expense matrix.

100 REM EXPENSE REPOQT PROGRAM 8-3
110 REM

1200 REM THIS PROGRAM COMPUTES DAILY AND CATEGORY TOTALS FOR AN

130 REM EXPENSE MATRIX. A GRAND TOTAL IS ALSO COMPUTED AND PRINTED
140 REM VARIABLES

150 REM E=EXPENSE MATRIX 7X5 D5=DAYS OF THE WEEK ARRAY
160 REM (C=COLUMN TOTAL ARRAY CS=EXPENSE CATEGORY ARRAY
170 REM R=ROW TOTAL ARRAY I=LOOP INDEX

180 PRINT "EXPENSE REPORT PROGRAM"
190 DIM E(7,5), R{3), D3(7}, CS(3)

200 FOR I=1 TOQ 7 ! INITIALIZE ALL TOTALS
2148 C{1)=0 ! COLUMN TOTALS

220 MNEXT I

230 FOR I=1 TO 5

240 R(T)=0 ! ROW TOTALS

250 NEXT 1

260 G=0 ' GRAND TOTAL

300 FOR J=1 TO 5 1| #% READ DATA TTEMS #**
310 FOR I=1 TO 7

320 EEAD E{I,J) ! READ EXPENSE MATRIX

330 NEXT 1

340 MEXT J

330 rFoR I=1 TO 7

i6d REARD Ds(I) ! READ DAYS OF THE WEEK ARRAY
370 NEXT I

380 FOR I=1 TO 5

390 READ CS5(1} ! READ EXPENSE CATEGORY ARRAY
400 NEXT 1

{continued)
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500
510
520
530
544
550
560
610

LISTS AND TABRLES

FOR J=1 TO 5
FOR I=1 TO 7
R{JI=RIJI+E(T,T)
C{I)=C{I)+E(I,J)
G=G+E(I,J}
NEXT T
NEXT J
PRINT "DAY","TOTAL"

¥* COMPUTE TOTALE *+*
COMPOTE ROW TOTALS
COMPUTE COLUMN TOTALS
COMPUTE GRAND TOTAL
I %% DUTPUT RESULTE *#*

! PRINT DAY AND TOQTAL EXP

! PRINT CTGRY AND TOTAL RXP

UESDAY", "WEDNESDAY" , "THURSDAY" ,"FRIDAY"

"PHONE" ,"&IR FAIRE","CAR RENTAL"

620 FOR I=1 TO 7

B30 PRINT D§(I),C(L)
Bdl NEXT T

650 PRINT

660 PRINT “I[TEM","TOTAL"
670 FOR I=1 T0 &5

680 PRINT C&{I}),R(I}
690 NEXT I

700 PRINT

710 PRINT "GZRAND TOTAL",G
Bu0 DATA 5,2,4,5,3,6,5
810 DATA 8,6,5,4,3,4,5
g20 DATA 1,%,4,5,6,7,0
E30 DATA B,4,6,7,8,5,4
40 paTA 7,6,5,4,3,2,1
850 DATA "MONDAY","T

HeD DATA “SﬂiURDhY“ "SUNDAY "
870 DATA "FGGD",”LDDGING“,
998 END

RONNH

EXFPENSE REPORT PROGRAM
DAY TOTAL
MONDAY 27

TUESDAY &3
WEDNESDAY 24
THURSDAY 25

FRIDAY 23
SATURDAY 24

SUNDAY 15

ITEM TOTAL

FOOD 34

LODGLING a5

PHONE 28

AIR FRRE 40

CAR RENTAL 28

GRAND TOTAL 161

Ready
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PROGRAM 8-4 MONTHLY PROFIT REPORT

This program uses a number of array variables to produce a monthly
revenue, expense, profit and average daily profit report. All of
the arrays contain twelve elements representing twelve months of
the year. The four input arrays, M5 fcr month names, D for number
of days per month, R for monthly revenue, and E for monthly
expenses are read from DATA statements using a FOR-NEXT loop.

The processing section starts by calculating the profit array P
{revenue minus expenses) and the average daily profit array A
(profit divided by number of days in the month).

Next, the program computes yearly totals for revenue (variable X),
expenses (Y) and profit (Z2).

The output section first prints column headings in the five
standard print zones. Then, the following arrays are printed:
month name, revenue, expenses, profit and average daily profit.
Finally, the program outputs the vearly totals.

100 REM HMONTHLY PROFIT REPORT PROGEAM E-4
110 REM

120 REM THIS PROGRAM COMPUTES MONTHLY PROFIT AND AVERAGE DAILY
130 REM PROFIT FOR TWELVE MONTHS OF REVENUE AND EXPENSE DATA.
140 REM THE AVERAGE DAILY PROFIT EQUALS THE MONTHLY PROFIT DIVIDED
150 REM BY THE NUMBER OF DAYS TN THE MONTH

160 REM

200 REM VARIABLES M$=MONTH NAMES ARRAY

210 REM D=NUMBER OF DAYS IN EACH MONTH ARERAY

220 REM R=REVENUE ARRAY

230 REM E=EXPENSE ARRAY

235 REM P=PROFIT ARRAY

240 REM A=AVERAGE DAILY PROFIT ARRAY

220 REM T=LOOF INDEX

260 REM X=TOTAL REVENUE FOR THE YEAR

270 REM ¥=TOTAL EXPENSES FOR THE YEAR

2B0 REM Z=TOTAL PROFIT FOR THE YEAR

250 REM

300 PRINT ," MONTHLY PROFIT REPORT"

305 PRINT

310 DIM MS$(12),D(12),R(12),E(12),P{12),A(12) ! DIMENSIONS
320 FOR I=1 TO 12

330 READ MS(I),D(I),R(I),E(L) ! READ DATA ITEMS

340 NEXT I

350 REM PROCESSING SECTION

360 FOR I=1 TO 12

370 P(I)=R{(I)-E(I) ! COMPUTE PROFIT ARRAY
380 A(I)=P{I)/D(I) ! COMPUTE AVG DLY PROFIT
390 NEXT I

{continued}
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400 x=0 ! INITIALIZE TOTALS
410 ¥=0
420 Z=0
430 FOR I=1 TO 12
440 X=X+R(1I} ! COMEPUTE TOTAL REVENUE
4510 ¥Y=Y4+E({I) ! COMPUTE TOTAL EXPENSES
a6l L=8+P( 1) ! COMPUTE TOTAL PROFIT
470 MEXT I
480 REM OUTPUT SECTION
490 PRINT "MONTH","REVENUE","EXPENSES","PROFIT","AVG DAILY PROFIT"
495 PRINT
500 FOR I=1 TO 12
510 PRINT M5(1),R(I),E{I),B{I}) A{(L]
520 NEXT I
530 PRINT
540 PRINT "TOTALS" ,X,;Y,Z
600 DATA "JANUARY",31,10000,8000
610 DATA "FPEBRUARY",28,7800,6000
620 DaATA "MARCH",31,9500,8000
630 DaTA "APRIL",30,8800,4000
640 DATA "MAY",31,9000,6000
650 DATA "JUNE",30,8000,6700
660 DATA "JULY",31,12000,8000
670 DATA "AUGUST",31,14000,12000
680 DATA "SEPTEMBER",30,10000,6000
690 DATA "OCTOBER",31,%000,6700
700 DATA "NOVEMBER",30,B8000,5000
710 DATA "DECEMBER",31,7000,4000
999 END
RUNNH

MONTHLY PROFIT REPORT
MONTEH REVENUE EXPENSES PROFIT AVG DATILY PROFIT
JANDARY 100000 2000 2000 64.5161
FEBRUARY 7800 6000 18 00 64 .2857
MARCH 9500 2000 15 00 48,3871
APRIL BEOOQ 4000 4800 160
MAY 2000 6000 3000 9p.7742
JUNE 8000 6700 1300 43,3333
JULY 12000 8000 4000 129,032
BUGUST 14000 12000 2000 64.5161
SEPTEMBER 10000 6000 4000 133.333
OCTOBER 9000 6700 2300 74.1936
NOVEMBER 8000 5000 3000 100
DECEMBER 7000 4000 3000 96 .7742
TOTALS 113100 BO400 32700
Ready



CHAFTER 9

SUBROUTINES

A. OVERVIEW

By this point, you are well aware of the many complex possi-
bilities of programs in the BASIC language. Even with a relatively
emall example, it is possible to "get lost" in the logic of a
program. We have shewn, by example, wvaricus ways to keep a program
organized so that major sections are easy to find, individual
statements are easy to read, and the program generally is easy to
follow and understand. This chapter presents an additional
programming tocl to help the reader improve the organization of
his or her programs.

AS programs increase in size, they usually increase in complexity.
This increase is likely to be exponential so that large programs
are many times more complicated than smaller ones. An objective of
programming then should be to keep orograms as small as possible.,
0f course, this is practically impossible, so the next best thing
is to divide programs intoc modules that are easily managed. These
modules should deal with a limited number of processes and have
very specific tasks to perform. When all the modules are complete,
they can be assembled into the complete program. An analogy is the
construction of an automobile. The engine, the drive train, the
body, and other modules are built individually and then assembled
to form a complete automobile. The "building blocks" of computer
programs are called subroutines.

Subroutines are useful for program development and maintenance.
Even the most simple of programs could contain three subroutines;
one for data input, another for proccessing, and a third for
cutput. As a program grows in function and size, this modularity
helps the programmer manage the complexity in a simple and
organized manner.
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[n fact, very large programming projects often exceed the ability
of a single programmer. Here a team of programmers is used. The
project is broken into modules and sach team member is responsible
for writing and testing one or more modules. They work in parallel
tc complete all of the pieces. The team leader is in charge of
assembling all of the modules into the complete program.

Afiter a large program is implemented, it sometimes needs to be
updated or "maintained." An example is a payroll program that
neaeds to change in order to reflect changes in tax laws. When such
a program needs to be updated, just the medule or modules involved
with the new procedures need to be changed without affecting the
rest of the program. This is an important point since program
maintenance represents the single largest portion of typical data
processing budgets. Efficient preogram maintenance can lower this
cost substantially.

In addition to the program development and maintenance advantages
gained with program medularity, subroutines can also decrease the
size of computer programs. A subroutine is a section of program
lines that can be used many times within a program. Thus, if a
certain function is to be performed multiple times, it makes sense
to write it as a subroutine and simply refer to the subroutine
gach time it is needed. This results in a smaller program than
would exist if the program lines were repeated each time the
function was performed.

An extension to this is the development of subroutine "libraries."
Certain programming functicns may appear throughout a system of
programs,. For example, the sorting of data (intoc alphabetical or
numerical order) may need to be performed many times in a given
application. Rather than rewrite the sorting program lines each
time they are needed, a general-purpose sort subroutine could be
written and referred to in all of the programs that require it.
{For more information on sorting, see Chapter 11.)

The programming examples in this chapter demonstrate subroutines
as they are used to make programs modular. Examples in following
chapters show how subroutines can be used to decrease the size and
complexity of larger programs.

GOSUEB AND RETURN STATEMENTS

In BASIC, a subroutine is defined as any group of lines that begin
at a certain point and end with a RETURN statement. The subroutine
is referenced with the fellowing statement:

line # GOSUB subroutine line #

which means "transfer control to the subroutine line #." In a way,
the GOSUB statement is similar to the GOTO statement discussed
earlier. There is an important difference, however. The GOTO
statement transferred to another line much the same way that a
GOSUB statement transfers to another line. But, with a GOSUB
statement, it is easy to return to the point in the program
immediately following the GOSUB statement.
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The subroutine ends with a RETURN statement, which means
"transfer back to the line immediately following the GOSUB
statement that was used to transfer control to this subroutine."
This way, a subroutine can be "called" from anywhere in the
program and, after it is used, the subroutine will transfer
control back to the correct place in the program.

The general form of the RETURN statement is:
line % RETURN

A RETURN statement is the final line in a subreoutine. When the
RETURN is executed, control is transferred to the line following
the GOSUB statement which was used to transfer to the subroutine
in the first place. The following example shows this:

100 ovwens
110 GOoSuUB 500 ! Branch to subroutine
120 ...
130 GOosue 500 ! Branch to subroutine
LED e

5280 canaes
530 RETURN ! Return to main program

The program starts at line 100. At line 110, the program transfers
to the subroutine starting at line 500. Lines 500 through 520 are
executed and the RETURN at line 530 transfers control back to the
"main" routine, line 120. After line 120 is executed, line 130
calls subroutine 500 again. The subroutine is executed and control
is returned to the main program, line 140.

In general, programs that use subroutines will be divided into two
major sections: the "main" routine and the subroutines. The main
routine frequently does little more than "call" the subroutines
and control the overall processing.

Subroutines are usually placed near the end of a program following
any DATA statements and preceding the END statement. A subroutine
can have multiple entry points (line numbers) and multiple exits
(RETURN statements) as long as the correct logic flow is
maintained.
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NESTED SUBROUTINES

Jne of the reascns for using subroutines is te reduce the overall
size and complexity of a program. But what happens if a subroutine
gets large and complex? Can a subroutine use other subroutines?
The answer 13 yes and, in fact,; these types of subroutines are
glven a special name: nested subroutines.

'The thing to remember here is that the subroutines are on
diftferent "levels." The main program is the top lewvel, If it calls
a subroutine, that is considered one level lower. I1If that
subroutine, in turn, calls another subroutine {the nested one), it
is considerad to be two levels below the top. It's as if we were
talking about an underground parking garage. The street 1s the top
level and the floors below street level are numbered from the top
down. We drive Crom the street to level 1, then down to level 2
etc. until we f£ind a place teo park. When it's time to leave the
garage, we drive back up past the different levels and end up back
on the street.

Westead subreoutines work the same way. The program gets to a
certain nesting level with multiple GOSUB statements. Each sub-
routine ends with a RETURN statement which transfers control to
the next higher level until the program returns to the top.

For example, study the fcllowing program segment:

10 GOSUBR 100 ! Branch to first subroutine
20 PRINT "DONE"M
30 GOTO 999 ! Branch to end of program

100 INPUT A,B
110 GOSUB 200
12U PRINT C
130 RETURHN

Subroutine 1
Branch to second subroutine

A

Return to main program

200 C = A+ B
210 RETURHN

Subroutine 2
Eeturn to second subroutine

999 END

In this example, the main program consists of lines 10-90. the
first level subroutine is lines 100-130. The nested subroutine
(second level) is lines 200-210.
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The program exXecutes as follows:
1. line 10 transfers control to subroutine 100.

Z. gtatement 100 is executed (two numeric variables, A and B, are
inputl.

3. line 110 transfers control to the nested subroutine 200.

4. statement 200 is executed {(the two wvariables are added togsether
and the result is placed in variable C).

5. line 210 returns control to the first subroutine, line 120.
6. line 120 is executed (the wvariable C is cutpout).

7. line 130 transfers control back to the main program, line Z20.
8. line 20 is executed (the message "DONE" is printed).

9. statement 30 transfers control to the end of the program, line
9499 .

Subroutines can be nested to any depth necessary. The maximum
level depends on the program size and the amount of memory
available.

MULTI-BRANCH SUBROUTINE OPERATIONS
A multi-branch subroutine can be set up in one statement so that a
program can call one of a list of specified subroutines based on
the result of an expression. This is accomplished with the
ON-GOSUB statement, which has the general form:

line # ON variable GOSUB list of line numbers

This statement is similar in function to the ON GOTO statement
described in Chapter 6.

For example, these five statements:

10 IF X = 1 THEN GOSUB 100
20 IF X = 2 THEN GOSUB 200
30 IF X = 3 THEN GOSUE 300
40 I¥ X = 4 THEN GOSUBR 400
50 IF X = 5 THEN GCSUB 500

could be written in only one statement as follows:

10 OoN X Gosue 100,200,300,400,500
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PROGRAM 9-1 COMPOUND INTEREST

A modular programming approach is used to find the future value of
an amount with compound interest. Three subroutines are used for
input, calculation and output modules. The main program "calls”
the three subroutines and then transfers to the end.

The input subroutine (starting at line 1000) prints the program
title; inputs the principal (P), interest rate (I), and number of
cempounding periods (N); and then returns to the main program.
The calculation subroutine (starting at 2000) computes the future
value (F) using the following formula:

"
future value = principal * (1 4+ interest rate}lh

After the calculation, the subroutine returns to the main program.
The cutput subroutine (starting at 3000) prints the future walue
and returns to the main program.

100 REM COMPOUND INTEREST PROGRAM PROGRAM 9-1
11C REM

120 REM THIS PROGRAM COMPUTES THE FUTURE VALUE OF AN AMOUNT USING
130 REM THE STANDARD COMPOUND INTEREST FORMULA.

140 REM VARIABLES

150 REM P=STARTING PRINCIPAL I=INTEREST RATE

160 REM N=NUMBER OF COMPOUNDING PERIQDS F=FUTURE VALUE

200 REM MAIN ROUTINE

210 GOSUBR 1000 CALL THE INPUT SUBROUTINE

1
220 GOSUB 2000 ! CALL THE PROCESSING ESUBROUTINE
230 GOsSUB 3000 ! CALL THE OOTPUT SUEBRCUTINE
240 GOTO 9999 ! GOTO END OF PROGRAM
1000 PRINT "COMPOUND INTEREST PROGRAM":PRINT ! INPUT SUBROUTINE

1030 INPUT "WHAT IS5 THE STARTING PRINCIPAL";F

1040 InPUT "WHAT IS THE INTEREST RATE PER PERIOD";I

1050 INBUT "HOW MANY COMPOUNDING PERIODS" ;N

1060 RETURHN

2000 REM ! PROCESSING SUBROUTINE
2010 FP=P*{14I}"N ! COMPUTE FUTURE VALUE

2020 RETURN

3000 PRINT:PRINT "THE FUTURE VALUE IS $";F | COUTPUT SUBROUTINE
3010 RETUEN

9999 END

RUNNH

COMPOUND INTEREST PROGRAM

WHAT 1S THE STARTING PRINCIPAL? 1000
WHAT IS THE INTEREST RATE PER PERIOD? .0
HOW MANY COMPOUNDING PERIODS? 24

THE FUTURE VALUE IS $ 1269.73
Ready
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PROGRAM 8-2 AMORTIZATION SCHEDULE PROGRAM

This is the same as program 7-2, except that the calculations of
interest paid, principal paid, and remaining balance are done in a
subroutine (starting at line 400).

100 REM AMORTIZATION SCHEDULE PROGRAM PROGRAM 5-2
110 REM

120 REM THIS PROGRAM PRINTS AN AMORTIZATION SCHEDULE FOR A LOAN.
140 REM THE SCHEDULE SHOWS PAYMENT WUMBER, PAYMENT AMOUNT, INTEREST
150 REM PAID, PRINCIPAL PAID, AND REMAINING BALANCE.

160 REM VARIABLES :

170 REM B=LOAN BALANCE #=LOCP INDEX R=INTEREST RATE
180 REM N=NUMBER OF PAYMENTS I=INTEREST PAID A=PAYMENT AMOUNT
120 REM P=PRINCIPAL PAID F$=0UTPUT FORMAT STRING

200 REM

220 PRINT,"AMORTIZATION SCHEDULE PROGRAM":PRINT
230 PRINT "PAYMENT PAYMENT INTEREST PRINCIPAL REMAINING"

240 PRINT "NUMERER AMOUNT PAID PAID BALANCE
250 Fi= "odEg BoARE L EF B oRRR.de FonHELRE BoR4d 44
300 B=1000 ! BALANCE

310 N=10 ! NUMBER OQF PAYMENTS

320 n=149.03 ! PAYMENT AMOUNT

330 R=.08 ! INTEREST RATE

340 FOR X=1 TO N

350 GOSUER 400 ! CALL THE PROCESSING SUBROUTINE
360 PRINT USING FS,X,A,I,P,B

370 NEXT X

380 GOTOo 500 ! GOTO END OF PROGRAM

400 REM PROCESSING SUBROUTINE

410 TI=B*R ! CCMPUTE INTEREST PALID

420 P=A-1 ! COMPUTE PRINCIPAL PAID

430 B=B-F ! COMPUTE REMAINING BALANCE

440 RETURN

500 END

RUNNH

AMORTIZATION SCHEDULE PROGRAM

PAYMENT PAYMENT INTEREST PRINCIPAL REMAINING

NUMBER AMOUNT PAID PAID EALANCE
1 149,03 80.00 6g.03 930,57
2 149,03 74 .48 74 .55 B56.42
3 149.03 68.51 80.52 175.90
B 149.03 62.07 BE .96 688.94
2 149.03 55.12 93.91 595.03
6 149,03 47 .60 101.43 493 .60
7 149.03 39.49 109.54 384 .06
B 149.03 30,72 118.31 265.75
9 149.03 21 .26 L. i} 137.98

10 1459.03 11.04 137.99 -0.01

REeady
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CHAPTER 10

USING DATA FILES

A,

OVERVIEW

The processing power of the computer would be severely restrictaed
witheout a way to store and retrieve data in a convenient manner.
Business transactions usually affect data that has been praviously
processed. For example, lnventory records must be changed when
stock items are ordered or sold; pavrell records must bhe changed
when an employees's salary changes; credit records mush be changed
when customers charge items or pay bills., It would be nice to
store all the company's data in the processor memorv, but the
memory's size is relatively small cowmparad to the amount of data
availabkle and using it for storage is relatively expansive
compared to storing data on some extarnal device.

The file is the main unit of external sterage. Files can ceontain
either programs or data. The most common media used to stors files
cutside the processor are magnetic tapes and magnetic disks. wWe
will limit our discussion to disk files since they are the orimary
means of external storage in today's computer systems. Their great
advantage over tapes 1s the speed of data access that they
provide. Tapes, however, are less expensive per unit ot data
stored and are very usetul for purposes of backup and archival
storage.,

The files that have been discussed so far all contain computer
programs. The system commands mentioned in Chapter 1 (SavVE, OLD,
REPLACE, etc) enable the preogrammer to transfer a computer program
between the disk and the processor work area. The data used by the
programs was either entered interactively by the INPUT statement
or was cbtalned from DATA statements used in conjunction with ths
READ statement, These methods are satisfactory for small
applications, but beccome guite impractical when large amounts of
data are to be processed. The INPUT statement makes data input
very sSlow, and data contained in DATA statements are difficult to
change since actual preogram statements must be altered.
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Quick and efficient access to data can be obtained by storing it
separately from the program statements in disk files. When the
program is executed it will specify, by means cf a special state-
ment, which file in the disk catalog contains the data to be
processed. Each subseguent input operation will then retrieve cne
data record from the disk file and the various data values in the
record will be asscciated with appropriate program variables. This
enables the program to read in only as much data as is needed.

The way a program accesses data in a file depends on how the file
igs structured. The two main file structures are seguential and
direct. Each structure is best suited to a particular type of
application. Students who are just beginning to learn programming
will use a relatively small amount of data and, for this purpose,
sequential files are most convenient. Thus we will limit our
discussion to this type of file.

SECUENTIAL FILES

Records contained in seguential files appear as one continuous
stream of data. The records are retrieved in a manner similar to
the READ ana DATA statements. Each time a READ statement 1is
executed, the next values not yet read are taken from the DATA
list. Thus data is retrieved from the DATA "storage area" in a
sequential manner, starting with the first value and proceeding
forward through the last value,

The data in a seguential file is essentially one long record, but
the programmer wants to preocess only "parts" of that record
separately. The entire record in the file is called a physical
record and the "parts" are called logical records. For example the
ftollowing list represents the records in a personnel file. Each
record has two items, an employes number and a name:

EMPLOYEE # EMPLOYEE NAME

1243 SMITH
G452 LEE
Il JACKSON

If these records were placed in a sequential file, the resulting
physical record might lock 1like this:

12435SMITHG452LEE3T21LJACKSON

This is a very compact storage scheme, but it is difficult to
determine where one logical record (an employee number and name)
ends and the next begins. If all the names were of the same length
then the programmer would know that logical records are found at
specific character positions within the physical record. But this
is not usually the case since most alphanumeric data (names,
addresses, etc) vary in length. One way to overcome this
difficulty is to force each logical record to be a specific length
by adding a number of blanks to certain data items. Thus the
physical record above might be changed to:

12438MITH 6452LEE 3721JACKSON
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Here each record is exactly sleven characters leong. The length
chosen is that needed by the longest name. Shorter names are
"hlank filled" at the end. The relative starting peint of each
logical record can now be calculated. However, the items within
geach record still cannot be distinguished, and now valuable file
space is being wasted by the added blanks.

B second approach is to separate each item with a special char-
acter, for instance:

1243*SMITH*6452*LEE* 3721 *JACKSON

An asterisk (*) is being used as a delimiter. It signals the end
of each data item. Thus knowing the number of items in a reccrd
and their proper order, each item can ne read inte an appropriate
program variable.

There is still cne problem that has not been addressed. How does
the programmer actually break apart the physical record inte
logical records? Extracting a group of characters or searching for
a gpecific character (the delimiter) both inveolwve the use of text
processing functions (Chapter 12) and can be very time consuming.
To aid the programmer in this matter BASIC provides two special
delimiters for separating data items and logical records. Using
these delimiters makes storing and retrieving data from the disk
file an easy task. Refer to section D of this chapter for details.

OPENING AND CLOSING FILES

Since many files can exist in a disk catalog, the programmer must
have some way of specifying which file or files are to be used in
a particular program. This is accomplished by the OPEN statement.
The same statement is used to create a new file. The general form
of the OQPEN statement is:

INPUT
line # OPEN "filespec" FOR {DUTEU%}AS FILE # filenumber
The words in capitals do noct change. The other fields are:

"filespec™ - A BASIC file specification. This consists of two
groups of alphanumeric characters separated by a periocd. The first
group is called the filename and the second group is called the
file extension. The filename can be up teo six characters long and
the extension up to three characters long. Humbers may be
included, but both the filename and extension must start with an
alphabetic character. Since these files contain data, common
extention names are DAT and TXT. One example program in this
chapter contains credit account data, =o a filespec of CREDIT.DAT
was chosen. Note that the period separating the filename and
extension is part of the complete file specification. The file
specification must be enclosed in gquotes.
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fither the word INPUT or the word QUTPUT is entered. This
signifies that the file iz to be read from, or written te,
respectivealy.

tilenumber - A positive integer used in the program statements
which perform the actual reading and writing. This number is also
referred te as the internal or relative file number, cor as the
channel number. There must be a separate file number for each file
being used in the program. An example of OPENing a file for input
iss

100 OPEN "CREDIT.DAT" FCR INPUT AS FILE #1
This statement assumes that the file "CREDIT.DAT" already exists,.
OPENing a tile for output would be:

100 OPEN "CREDIT.DAT" FOR OQUTPUT AS FILE #1
I[f the fi1le named in the OPEN statement does not exist in the
catalog, a new file will be created by the operating system. In
most versions of BASIC, OPENing a file for seguential cutput will
erase any records previously stored in the file, Some versions
will allow records to be added on the the end of an existing file,

thus szaving all previous records.

When the user is finished reading from or writing to a file, the
file should be closed. This is accomplished by the statement:

line # CLOSE # filenumber

whoere filenumber is the same filenumber used in the OPEN state-
ment. Closing the file mentioned above could be done by:

200 CLOSE #1
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STORING AND RETRIEVIRG DATH

Writing Data to a File

Since a file must obviously be created betore it can be read,
storing data in files is discussed first. The common phrase thas
indicates data being placed in & file is "writing teo" the file,
This is accomplished in BASIC by the PRINT # statement. The
general form of the statement is:

line # PRINT # filenumber, list of wvariables

[ilenumber - 'The same [ile number specified in the OPEN ftatoment.
list of variables - A list of the data items that are toc be
written to the file as one logical record.

The delimiters mentioned earlier that separate data items and
recerds can now be introduced. The comma (,) zeparates data itams
and must be explicitly written to the file as a character placed
petween guotss. For example:

150 PRINT #1, 85", "np

This statemant places the data values of NS and A into file #1.
The actual name of file #1 is known by the system becauses of the
OPEN statement. If file #1 was “CREDIT.DAT" then these data items
would be written to that file. PRINTIing to a file that is not 0OPEN
will produce an error message. The end-of-record delimiter is
automatically written to the file after the PRINT # statement is
executed. Thus the programmer does not have to be concerned with
including this in the PRINT 4 statement. Let's indicate an

end-of -record character with the symbel <EOR>. The following
program will write td records to a file named "ACCT.DAT":

100 OPEN "ACCT.DAT" FOR QUTPUT &S FILE# 1

110 A = "SMITH" ! PUT VALUES TINTO VARIABLES
120 X = 12.32
130 BS = "JONES"

140 ¥ = 27.23

150 PRINT #1, AS"™,"X ! WRITE 15T RECORD
l60 PRINT 41, Bs","¥ ! WRITE ZND RECCGRD
170 CLOSE #1

180 END

RUNNH

Ready
The physical record in the file "ACCT.DAT" would look like
SMITH,12.32<EOR>JONES,27.23<EQR>

Note that there is nc output displayed on the screen. The "output”
in this rcase is this disk file.
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Reading Data from a File

Data is retrieved from, or "read from" a sequential file by the
INPUT # statement. The general form of this statement is:

line$# INPUT # filenumber, list of variables

The file number and list of variables have the same meaning as
before. The special delimiters written to the file in the PRINT #
statement now make the retrieval of individual items an eacsy
process. A comma (not in guotes) separates each variable 1n the
list. For example:

200 INPUT #1,NS,A

This statement reads two data items from file #1. The wvalues of
these items are assigned to the variables N$ and A respectively.
0f course the number and type of variables in the INPUT # state-
ment must match those that were used in the PRINT # statement when
the record was written to the file. If this rule is not followed,
then unpredictable results will occur. The following program will
read and print the data that was stored in file "ACCT.DAT" by the
previous prograim:

100 QPEM "ACCT.DAT" FOR INPUT AS FILE #1

110 INPUT #1,AS,X ! READ 15T RECORD
120 INPUT #1,BS,Y ! READ 2MD RECORD
130 PRINT AS$.,X

140 PRINT BS,Y

150 CLOSE #1

160 END

RUNMNH

SMITH 12.32
JONES 223
Ready
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PROGRAM 10-1A CREDIT ACCOUNT DATA FILE/CREATION

Business transactions will normally affect data stored in existing
files. Existing records can be changed or deleted, or new records
can be added. But how do "existing" records get into the file?
There 1s usually an initialization program, such as this one,
which creates a new file and writes a few records to the file.
Subseguent transactions (adds, deletes, changes) can then access
the existing file.

This program is run only once. It creates the file CREDIT.DAT and
writes credit account records which it has obtained from DATA
statements. Each record contains an account number, customer name,
credit limit and beginning balance due. Since this is a sequential
file, a delimiter (the comma) must be written to the file after
each data item that is written (see statement 2409,

In data processing, performing business transactions is called
updating a file. Program 10-1B will perform updates (add, delete,
change) to the records in CREDIT.DAT. Program 1l0-1C will read and
print out the records in a report.

Note that this program has no output that is displayed. Its
"output" is sent to the data file. The record with account number
"LAST RECORD" is a sentinel that is written to the file and used
by the next two programs to signal the end of data.

100 REM CREDIT ACCQUNT DATA FILE/CREATION PROGRAM 10-1A
110 REM

120 REM CREDIT ACCOUNT DATA IS READ FROM DATA STATEMENTS AND

130 REM THEN WRITTEN TO A FILE CALLED "CREDIT.DAT"

140 REM VARTABLES

140 REM AS=ACCOUNT NUMBER L=CREDIT LIMIT

160 REM NS=CUSTOMER NAME B=BEGINNING BALANCE
170 REM

200 REM

210 OPEN "CREDIT.DAT" FOR OUTPUT AS FILE #1 ! OFPEM THE FILE
220 READ AS,N35,L,B ! BREAD DATA ITEMS
230 IF AS="END" THEN 260 ! CHECE FOR SENTINEL

240 PRINT #1,A8","Ns" "L","B ! PRINT DATA RECORD
250 GOTO 220

260 CLOSE $#1 ! CLOSE THE FILE

300 paTa "aA-100","SMITH",500,250
310 paTA "G-300","JONES",500,125
320 paTa "D-325" ,"MILLER",600,257
130 pATA "D-199" ,"WEST",750,1325

340 DATA "R-341","O'MALLEY",650,100
350 paTA "LAST RECORD","Z",0,0

360 DATA "END","00000",0,0

370 END

RUNNH

Ready
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PROGRAM 10-1B CREDIT ACCCUNT DATA FILE/UPDATE

Tne records in the credit account file that were created in
program lU-1A will have to be changed whenever a customer makes a
purchase. Also, new customers will have to be added to the file
and inactive accounts must be deleted. The following program can
be used for these update functions.

INPUT SECTION {(statements 320-=-3%0)

Records are read from file CREDIT.DAT after it is OQPENed for
input. The sentinel record has a customer name of "LAST RECORD".
The data items in each record are read into appropriate arrays. A
counter is incremented after each INPUT statement. The counter
hecomes the subscript of the next array element to be filled. When
the sentinel record is encountered, the previcus value of the
subscript is a count of how many records are in the file. The file
is then CLOSEd and the program proceeds to the update ssction.

UPDATE SECTION (statements 400-870)

A menu of cholces 1s presented to the user: Add (A), Chanoge (C},
Delete (D), or End the program (E). The following actions are
taken for each choice:

Add new records

A check 1s made to see that the file still has room fcr more
records. Since the data arrays have been DIMensioned to 100, this
15 the maximum number of recorés which can be processed by the
orogram. This limit was arbitrarily set for this example. Most
processcrs will have enough memory to allow a much greatsr number
ot reccrds.

The program prompts for the new account number and compares it to
the current list of accounts. The account number Z-999 is not
allowed =ince this is used in the record deletion process (see
Deleting Records). If the number entered is already on file, a
message notifies the user of this fact and the program returns to
the updats menu. If no duplicate account number exists the user is
prompted for customer name, credit limit and beginning balance.
The wariable M, which stores a count of the number of records in
the file, is incremented by one and the new wvalue is used as the
subscript of the array elements which receive the new data.

Changing Records

The user is prcmpted for account number and a check is made that
the account is on file., If not, a message is displayed that the
account does not exist and the program returns to the update menu.
It the account number is wvalid, the ecurrrent credit limit and
account balance are displayed and the user is prompted to input
new values for these i1tems.
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Deleting Records

The uszer is prompted for agcount number and a check is made that
the account is on file. If so, the customer name, credit limit and
current balance are displayved and the user is prempted to verify
(Y/N) that this is the account to be deleted. If the transaction
iz verified, the account numbsr is changed te 2-999%, a special
value that is used to signal the output portion of the progoram
that the record is not to be written to the output file.

CUTPUT SECTION (statements 900-990)

File CREDIT.DAT is OPENed for seguential cutput. A loop is started
from 1 to N to output the data in the arrays. If a delete flag is
encountered (account 2-%99) the reccord is net output. When the
sentinel record is reached it is output tec the file; CREDIT.DAT is
then CLOSEd and the program ends.

1u0 REM CREDIT ACCOUNT DATA FILE/UPDATE PROGRAM 10-1R
110 REM

120 REM UPDATE OF CREDIT ACCOUNT DATA CONTAINED IN THE FILE

103 REM CREDIT.DAT. ADDS, CHANGES, DELETICONS ALLOWED,

140 REM SEQUENTIAL INPUT AND OUTPUT

150 REM

160 REM VARIABLES

170 REM AS(I)=ACCOUNT NUMBER TE=TRANSACTION CODE (A,C,D)
180 REM NS (I)=CUSTOMER NAME N=# RECORDS IN FILE

190 REM L({T)=CREDIT LIMIT T=4 RECORDS WRITTEN TO FILE
200 REM B(I)=CURRENT BALANCE

210 REM

220 DIM AS(100),NS(100),L(100),B(100)

230 PRINT "CREDIT ACCOUNT FILE UPDATE PROGRAM"

300 REM —————m e IMEUT
310 PRINT

320 OPEN "CREDIT.DAT" FOR INPUT AS FILE #1

330 1 =1

340 INPUT #1,AS(I),N$(I),L(I},B(1)

350 IF AS(I)="LAST RECORD" THEN 370

360 T = I + 1: GOTO 340

370 N = I - 1: CLOSE #1

380 PRINT "THERE ARE CURRENTLY" ;N;"RECORDS IN THE CREDIT FILE"
400 BEM =———————m e e e e e UPDATE
500 PRINT: PRINT "ENTER TRANSACTION CODE:

520 INPUT "ADD (A), CHANGE (C), DELETE (D), END (E}";T$%

530 IF TS="E" THEN 900

540 IF Ts="A" THEN &00

550 IF T$="C" THEN 700

560 IF TS="D" THEN 800

570 PRINT "ILLEGAL TRANSACTION CODE. TRY AGAIN": GOTO 500

{continued}
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O5ING DATA FILFES

PRINT: PRINWNT "&ADD MNEW CREDIT CUSTOMER™ I s e e Add
IF ¥ = 130 THEN PRINT "FILE FULL.": GOTO 500

IKPUT "WNEW ACCOUNT NUMBER";Al1lS

IF AlS="Z-9499" THEN PRINT "ILLEGAL ACCCUNT MNUMBER" :30T0 500
FOorR I = 1 TO N

IF ali=a5{1} THEN PBPRINT "ACCOUNT ";AlS5;" ALREADY ON FILE":
GOTO 500

NEXT I

No= N + 1

AS(N) = AlS

[NPU'T "CUSTOMER NAME";NS(N)

INPUT "“"CREDIT LIMIT";L(N)

INFUT "BEGLHANING BALANCE";B{(N)

GOTO 500

PEINT: PRINT "CHANGE CREDIT RECORD" ! ——————r——— Change
INPIT "ACCOUNT NUMBER";AlS

IF AlS="Z2-590" THEN PRINT "ILLEGAL ACCOUNT NUMBER": GOTO 500
Fogk I =1 TO W

IF AlS = AS(I) THEK 740

MEXT I

PRINT "ACCOUNT ":215:" NOT ON FILE": GOTC 500

BRINT "CUSTOMER NAME: "“:;NS$S(T)

PRINT "CURRENT CREDIT LIMIT:":;L{I)

PRINT "CURRENT ACCOUNT BALANCE:":B(I1)

INPUT "CHANGE CREDIT LIMIT (Y/N)";XS

IF X5="HN" THEN 780 ELSE IF X3 <> "¥" THEN 755

INPUT "NEW CREDIT LIMIT";L{I1)

INPUT "NEW ACCOUNT BALANCE":B(I)

COTO 500

PRINT: PRINT "DELETE CREDIT RECORD" I i o o o e Lelete
INpUT "ACCOUNT NUMBER" ;ALS

IF Als="2=-999" THEN PRINT "ILLEGAL ACCOUNT NUMBER": GOTC 500
FOR I =1 TO N

IF AlS = AS(I) THEN 840

NEXT I

PRINT "ACCOUNT ":A15:" NOT IN FILE": GOTO 500

PRINT "CUSTOMER NAME: ":N35(I)

PRINT "CREDIT LIMIT:";L({I}

PRINT "CURRENT BALANCE:":B(I)

INPUT "PLEASE VERIFY FOR DELETION (Y/MN)":XS

IF X5 = "Y" THEN A$(I) = "Z-999": GOTO 500
IF %5 <> "N" THEN 855 ELSE 500
RE M — o m OUTPUT

OPEN "CREDIT.DAT" FOR OUTPUT AS FILE #1
FOR I =1 TO W

IF AS(I) = "2-999" THEM %260

PRINT #1, AS(I)","NS(I)","L(I}","B(I)
T =T+ 1

NEAT I

PRINT #1, "LAST RECORD";",";"g".Q","(
PRINT T;"ACCOUNT RECORDS WRITTEN TOQ FILE ™
CLOSE #1

END
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RUMBNH
CREDIT ACCOUNT FILE UPDATE PROGRAM
THERE ARE CURRENTLY 5 RECORDS IN THE CREDIT FILE

ENTER TRANSACTION CCDE:
ADD (&), CHANGE (C), DELETE (D), END (E)? A

ADD NEW CREDIT CUSTOMER
NEW ACCOUNT NUMBER? G-400
CUSTOMER NAME? JOHNSON
CREDIT LIMIT? 600
BEGINNING BALANCE? 200

ENTER TRANSACTION CODE:
ADD (&), CHANGE (C), DELETE (D), END (B)2 €

CHANGE CREDIT RECORD

ACCOUNT NUMBER? G-300
CUSTOMER NAME: JONES

CURRENT CREDIT LIMIT: 500
CURRENT ACCOUNT BALANCE: 125
CHANGE CREDIT LIMIT (Y¥/N)? N
NEW ACCOUNT BALANCE? 300

ENTER TRANSACTION CODE:
ADD (A), CHANGE (C), DELETE (D), END (E)? D

DELETE CREDIT RECORD

ACCOUNT NUMBER? A-100

CUSTOMER MNAME: SMITH

CREDIT LIMIT: 500

CURRENT BALANCE: 250

PLEASE VERIFY FOR DELETION (Y/N)? XY

ENTER TRANSACTION CODE:
ADD (A), CHANGE (C), DELETE (D), END (E)? E

5 ACCOUNTS WRITTEN TO FILE

Ready
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PROGRAM lO-1C CREDIT ACCOUNT DATA FILLE/REPORT

The credit account records which were created by Program 10-1A and
updated by Program l10-1B are input and printed in a report format.

The program starts by printing column headings. The data file

CREDIT.GAT is then OQPENed for input.

Data records are read one at a time (statement 260) and the data
items are printed as a report detail line. Before the print state-
ment, a check is made to see if the sentinel account "LAST RECORD"
has been encountersd (statement 270). If so, the data file is
CLOSEd and the program ends.

100 REM CRERTIT ACCOUNT DATA FILE/REPORT PROGRAM 10-1C
110 REM

120 REM THIS PROGRAM INPUTS DATA RECORDS FROM A FILE CALLED

130 REM "CREDIT.DAT" AND THEN PRINTS THE DATA FIELDS.

140 2EM

150 REM VARIABLES AS=ACCOUNT NUMBER

160 REM wS=CUSTOMER NAME

17U REM L=CREDIT LIMIT

180 REM B=CURRENT BALANCE DUE
150 REM

200 REM

210 BRINT " CREDIT ACCOUNT REPORT PROGRAM"
220 PRINT

230 PRINT "“ACCOUNT","CUSTOMER","CURRENT","CREDIT"
240 PRINT "NUMBER" ,"NAME" ,"BALANCE"  "LIMIT"

250 OPEMN "CREDIT.DAT" FOR INPUT AS FILE #1 ! JPEN THE FILE
260 INPOT #1;B5,N%,L;8 ! INPUT DATA RECORD

270 IF AS="LAST RECORD" THEW 300 ! CHECK FOR SENTINEL

Z80 PRINT A% ,N%,B,L I PRINT DATA FIELDS

290 GOTO 250

300 CLOSE #1 ! CLOSE THE FILE

899 END

RUNNH

CREDIT ACCOUNT REPORT PROGRAM

ACCOUNT CUSTOMER CURRENT CREDIT
NOMBER MAME BALANCE LIMIT
G-300 JONES 300 500
O-325 MILLER 257 600
D-199 WEST 125 750
R-341 O'MALLEY 100 650
G=4010 JOHNSOHN 200 w00
Ready
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PROGRAM 10-23 PAYROLL DATA FILFE/CREATICN

& seguential file called PAYROL.DAT is created by this program. It
will be used as an input file for the next sample program {(1G-2B).
The data used is the same as the previcus payrell example (Program
f—-4). Each record contains an emplcovee name, pay type (hourly or
zalaried), number of hours worked, and rate pof pay.

100 REM PAYROLL DATA FILE/CREATION PROGRAM 10-2A
110 REM

120 REM PAYROLL DATA IS READ FROM DATA STATEMENTS AND THEN

130 REM WRITTEN TO A FILE CALLED "PAYROL.DAT".

140 REM

150 REM VARIABLES NS=EMPLOYEE NAME

l6d REM T$=PAY TYPE (H=HOURLY S=SALARIED)
170 REM H=HCURS WCRKED

180 REM R=RATE OF PAY

190 REM

200 OPEN "PAYROL.DAT" FOR QUTPUT AS FILE #1
210 READ NS$,TS,H,R

220 IF NS="END" THEN 250

230 PRINT §l, NE*, mpgr Ape.vp
240 GOTO 210

250 CLOSE #1

300 DATA "SMITH","H",35,6.25
310 DAT2 "JONES","H",44,7.00
320 DATA "JOHNSON","S8",40,5.95
330 DATA "MILLER","S",45,11.50
340 DATA "ANDERSON","S",41,3.50
350 DATA "OQ'MALLEY","H",38,7.50
360 DATA "WEST","S",35,4.85

370 DATA "LAST RECORD","Z",0,0
380 DATA "END","0",0,0

999 END

RUNNH

Ready
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PROGRAM 1U-2B PAYROLL DATA FILE/REPCRT

I'his is the same as Program 6-5 except that the input data comes
from a data file rather than from DATA statements.

The file, called "PAYRQOL.DAT" is opened prior to input. The
prograin inputs the data records (one at a time), checks for the
sentinel of "LAST RECORD", and performs the payrell calculation.
when the last record is input, the program transfers to a section
that closes the file and ends.

108 REM PAYROLL DATA FILE REFCET PROGREM 10-2E
110 REM

120 REM THIS PROGRAM COMPUTES NET PAY, OVERTIME, AND GROSS PAY
130 REM FOR A GROUP OF EMPLOYEES. SALARIED EMPLOYEES DO NOT

140 REM QUALIFY FOR OVERTIME PAY. HOURLY EMPLOYEES WORKING MORE
150 REM THAN 40 HOURS ARE PAID 1.5 THEIR REGULAR PAY RATE FOR
160 REM THE HOURS BEYOND 40, THE DATA FOR THIS PROGRAM IS INPUT
170 REM FROM A DATA FILE CALLED "PAYROL.DAT".

160 REM

150 REM VARIABLES

200 REM NS=NAME T$=PAY TYPE (H=HOURLY, 5=SALARIED)

210 REM H=HOURS WOREKED 5=5TRAIGHT PAY

220 EREM R=RATE OF PAY A=CVERTIME PAY

230 REM G=GROSS PAY BS=0UTPUT FORMAT STRING

240 REM

250 PRINT " PAYROLL PROGRAM™

260 PRINT

270 PRINT "EMPLOYEE PAY HOURS PAY STRAIGHT OVERTIME GROEE™"
280 PRINT "NAME TYPE RATE FAY PRY BAY"
290 BS = "W N 4 BHLRE SHi# . ## Shi#  #4 SHER . RH"
300 OPEN "PAYROL.DAT" FOR INPUT AS FILE #1 ! OPEN THE FILE
310 INPUT #1,NS$,TS,H,R ! INPUT DATA RECORD

320 IF NS="LAST RECORD" THEN 3998

330 IF TS$="H" THEN 500 ! BRANCH TO HOURLY ROUTINE

340 IF T5="S" THEN 400 ! BRANCH TO SALARIED ROUTINE
350 PRINT "INVALID PAY TYPE CODE (";T§;") FOR ";N§

60 GOTO 310 ! READ NEXT RECORD

{continued)
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400 REM SALARIED EMPLCYEE
410 5=40*R

420 X=0

430 G=5

440 GOTO 610

500 REM HOURLY EMPLOYEE
510 IF H>40 THEN 580

520 REM HNO OVERTIME

530 S=H*R

240 X=0

550 G=§5

560 GOTO 610

570 REM OVERTIME

540 S=40%*R

590 X=(H-40)*R*1.5

600 G=5+X

610 PRINT USING BS5,N$,TS,H,R,S,X,G
620 GOTO 310

998 CLOSE #1

999 END

RUNNH
PAYROLL PROGRAM

EMPLOYEE PAY HOURS PAY STRAIGHT

NAME TYPE BATE PAY
SMITH H 35 B.25 5218.75
JONES H 44 7.00 S2B80.00
JOHNSON s 40 R 5236.00
MILLER H 45 11.50 S460.00
ANDERSON S 41 3.50 5140.00
O'MATLLEY H 38 7.50 5285.00
WEST 5 o 4,85 5194.00
Ready
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CHAFTER 11 !

SORTING AND SEARCHING

A

OVERVIEW

We have covered many ways to manipulate and store data, Tn thise
chapter, we show how the previously discussed statements cap be
arranged toc perform two common data processing functions —-
sorting and searching.

Sorting is the preocess of arranging a list of data items ints some
predefined sequence (e.g., alvhabetical order, ascending or des-
cending numerical order). A relatively simple nrooram can be
written to perform sorting coperations guickly.

We're all accustomed to using a phone book. The information iz
arrangad (sorted) in alphabetical order by last name, then first
name. For the most common application (i.e., lookinag up someone's
phone number) this order is appropriate. But suppose vyou were
analyzing your long-distance phone bill and coulén't remember who
you had called. ¥You would want the phone bhook to be sorted by
phone number (so you could match the numbers from your bill to the
names in the phone book). Or, suppose you wanted to know the names
of the people livina on your street. In this case, vou would want
the phone book to be sorted by address. (Note: both types of
"reverse" phone books do exist, but are available only by
subscriptiomn.)

Searching is the process of looking through a list of data until a
specific value is found. There are different ways to look throuah
a data list, just like there are different ways to look up names
and numbers in a phone book. The method used depends on how much
data exists and how the data items are sorted. For gxample, 1if the
phone boeck contained only ten names, it would be very easy to find
any specific name, address, or phone number regardless of how the
listings were sorted. In contrast, a phone book containing 50,000
names would have to be pre-arranged and searched through with a
precise method (to minimize the overall search time).

This book presents two common programming methods for sorting and
searching. The sample programs demonstrate these technigues with
data described in previous chapters.
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SORTING METHODS

In order to sort a list of data, we must know a couple of things.
First, how many items are to be sorted? In what order is the
current list? Into what predefined seguence must the list be
sorted?

For example, the following list contains ten numbers in random
order:

87 18 72 41 56 25 33 64 91 34

It is an easy task to sort the list into increasing order. Look
for the smallest number (1B in this case), the next smallest (25),
oto in order to create a second (sorted) list, as follows:

18 25 33 34 41 56 64 72 87 91

& BASIC program could be written to perform this type of sorting
without too much difficulty. The program would reguire two data
lists: the unsorted one and the sorted cne.

Let's consider another approach, this time with a single data list.
Unsorted list:
B7 18 72 41 56 25 33 64 91 34

If we compare adjacent values (e.g., 87 and 18) and exchange them
if the first one is larger than the second one, and repeat this
procedure enough times, w2 will eventually end up with a sorted
list.

To describe this method in detail, the 87 and 18 are compared and
exchanged. WNow, 87 is the second wvalue in the list. It is compared
to the third walue (72). They toc are exchanged and the 87 becomes
the third wvalue. The 87 is then compared to the 41 and exchanged.

The following diagram shows the full compare and exchange process.
Each successive line of the diagram moves one data value to the
right and then does the compare and exchange (if necessary).

87 18 72 41 S6 25 33 64 91 34
18 87
72 BY
41 87
56 87
25 87
i3 87
64 87 91
34 91
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So, after one pass through the list, it looks like this:
18 72 41 56 25 33 64 B7 34 91

This 1s still unsorted, but notice that the largest walue (%1) got
"pushed" all the way to the right (end) of the iist. Now if we go
back to the beginning of the list and do the compare and exchange
routine again, we get closer to the sorted list., Here again are
the details:

18 72 41 56 25 33 64 87 34 91
18 72
41 72
56 T2
25 T2
33 72
64 T2 87
34 B7 91

The procedure can be repeated one more time as follows:

18 41 56 25 33 64 72 34 87 91
18 41 56
25 506
33 58 64 T2
34 72 87 891

One more time:

18 41 25 33 56 64 34 72 87 391
18 41
25 41
33 41 56 64
34 64 72 BT 91

Once again:
g 25 33 41 56 34 64 72 87 91
18 25 33 41 56
34 56 64 T2 B7 91
and finally:
18 25 33 41 34 56 ©4 72 87 91
18 25 33 41
34 41 56 64 72 87 91

The sorted list is:

18 25 33 34 41 56 64 72 87 91
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The final list shows the values sorted in ascending order. This
was accomplished by comparing and exchanging adjacent values in
the list. Each pass through the data list "pushed" the next
highest data walue to the right (end) of the list. This common
compare and exchange sorting technigue has a special name. Tt is
called the "bubble sort" method because the largest values "flepat"
to the end of the list like underwater bubbles fleoat to the
surface.

To write a bubble sort program, the data items must be contained
in a array variable. The program is then able to compare adjacent
values easily by way of the subscripts. If two values neesd to be
exchanged, a temporary variable must be used to hold one of the
values while the other one is being moved.

The pseudocode for the bubkle sort method is shown balow. The data
items are represented by the array ITEM, where ITEM(i)} is any
given walue and ITEM(i+l} is the adjacent value. The variable n is
usaed to represent the number of items to be sorted.

There are two loops in the algorithm. The outer loop (from steps 2
through 7) controls the number of times that the compare and
exchange routine is to be performed. Even the worst case of
unsorted data could be sorted with n repetitions of the cuter
loop. Step 3 decreases n by one for each repetition of the inner
lcop (steps 4 to &). This decrease is due to the fact that the
highest data walues is pushed to the end of the list each time
through the inner loop (so the compare and exchange routine deoes
not need to be performed all the way to the end of the list each
time). Step 5 compares adjacent data wvalues and exchanges them if
necessary.

Bubble sort pseudocode:

1 ASSIGH n = number of data items to be sorted
2 REPEAT FOR n TIMES
3 ASSIGN n =n - 1
i REPEAT FOR n - 1 TIMES (i.e., for i = 1 to n-1)
5 IF ITEM(i) > ITEM(i+1)
THEN ASSIGN temporary = ITEM{1)

BSSIGN ITEM(i) = ITEM({i+1l)

ASSIGN ITEM({i+l) = temporary
& END REPEAT

7 END REPEAT

The sample programs in this chapter use this procedure to sort
data wvalues. Notice that the algorithm sorts data into increasing
order. If we wanted to sort into decreasing order, we could simply
change the ">" symbol teo a "<".
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SEARCHING METHODS

The easiest way to search through a list of data for some specific
value is to start at the beginning of the list. Now compare the
first data value toc the value you're looking for (i.e., the search
value). If they match, you've found what you're locking for. If
not, go to the next value on the list, Continue this seguential
search through the list until either a match is found or until wou
exhaust the entire list.

Sequential search pseudocode:

AESIGN n = number of data items to be searched
INPUT search wvalue
REPEAT FOR n TIMES {(i1.e., for 1 = 1 to o)
IF ITEM{1) = search value

THEN GOTO step 8
EKD REPEAT
QUTPUT "No match found"
GOTOD step 2
continue processing

e Ll g

00 <~} o LN

A sequential search is easy to understand and te program. Tt works
well for small amounts of data without any regard to how the items
are sorted.

A disadvantage is that seguential searching is time consuming. On
the average, half of the list must be searched to match any given
search wvalue, For a large amount of data, this time would be

intolerable. In these cases, a different searching method is used.

The most efficient searching method requires that the data list be
sorted into some predefined sequence (e.g., alphabetical order).
The first comparison between the list and the search value accurs
at the exact middle of the list. If the search value doesn't
match, the remaining list is split in half and the mid-point of
this list becomes the next comparison value. This splitting in
half procedure continues until either a mateh is found or the
entire list is exhausted,.

This is reminiscent of the follewing numher guessing game:

Player l: "I'm thinking of a number between 1 and 100.,"
Player 2: "Is it 502"

Player 1l: "No. That's too low. Guess again."

Player 2: "How about 757"

Player 1: "“"Nope. That's toc high. Try again."

Player 2: "G62327

Flayer 1: "No. Too low."

Player 2: "g82"

Player 1: "Yes. You got it in only four guesses."
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In the previous number guessing game, player 2 splits the original
list in half and chooses the mid-point (50 in this case). After
finding out that the guess is too low, player 2 divides the uoper
half of the list in half and chooses that mid-point (75). This
process continues until player 2 chooses the right value.

This search method is called a "binary search" or the "method of
bisection." It requires that the data list be sorted prior to the
search. The search starts in the middle of the list. A comparison
is made between the search value and the mid-point wvalue. If the
values are egual, the search stops (and subseguent processing
continues). If the values do not match, half of the list (the half
containing the search value) is divided in half and the mid-point
comparison is repeated. This process is repeated until either a
match cccurs or the entire list is exahusted.

It turns out that the method of bisection is the most efficient
way to search through a list of data. On the average, the search
value will be matched toc a value from the list in the least amount
of steps (and time). For large lists of data, this method is the
only practical solution to the searching problem.

Since the following sample programs deal with small amounts of
data, the seguential search is the only searching method shown.
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PROGRAM 11-1 ALPHABETICAL SORT PROGRAM

This program sorts a list of names into alphabetical order using
the bubble sort technigue. The names, stored in a l-dimensional
array (variable NS$), are read from DATA statements and printed in
unserted order.

The sort routine uses two FOR-NEXT looos to place the names in
alphabetical order. The major decisior occurs at statement 440,
where two names are compared, If they are already in alphabetical
order, the program transfers to the end of the nested loop. Tf
not, the names are exchanged. The temporary field (T$) is used in
this exchange process. After the sort routine, the names are
printed in alphabetical order.

100 REM ALPHABETICAL SORT PROGRAM 11-1
110 REM

120 REM THIS PROGRAM SORTS A LIST OF NAMES INTO ALPHABETICAL ORDER
130 REM USING THE BUBBLE SORT TECHNIQUE. THE DATA IS READ FROM

140 REM DATA STATEMENTS AND STORED IN AN ARRAY.

150 REM VARIARLES:

160 REM NS=NAME ARRAY N=NUMBRER OF NAMES

170 REM I=LOOP INDEX L=LO0P LIMIT FCOH SORT ROUTINE

180 REM X=LOOP INDEX TS=TEMPORARY STRING USED IN SORTING
190 REM ¥Y=LOOP INDEX

200 REM

300 PRINT "ALPHABETICAL SORT PROGRAM"

305 PRINT

310 DIM NS(50) ! DIMENSION THE MAME ARRAY

320 READ N ! READ THE NUMBER OF NAMES

330 PRINT "UNSORTED DATA:"
340 FOR I= 1 TO N

350 READ NS{I) ! READ THE HNAME ARRAY

360 PRINT NS5(I} ! PRINT THE UNSORTED MNAME ARRAY
370 NEXT 1

B0 PRINT

400 L=N ! S5ET LOOQP LIMIT FOR SORT ROUTINE
410 FOR X= 1 TO L

420 L= L - 1 ! ADJUST LOQP LIMIT

430 FOR ¥=1 TO L ! STRRT IMNER LOOF

440 IF NS(¥) < NS{Y+1l) THEN 480 ! ALREADY IN ORDER?
450 TS=NS(Y) ! PLACE 1ST NAME INTD TEMP, FIELD
460 MS(Y)=NS(¥+1) ! MOVE SECOND NAME INTO 1ST FIELD
470 NS(¥+1)=T5 ! MOVE TEMP. FIELD INTO 2ND FIELD
480 NEXT Y

490 MNEXT X

500 PRINT "SORTED DATA:"

510 FOR I= 1 TO W

5240 FRINT NS(1) ! PRINT THE SORTED NAME ARRAY
530 NEXT I

590 DATA 20

icontinued)
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600
6l
620
B30
2]
RUNH

DATA
DATA
DATA
DATA
EWND
H

SORTING AND SEARCHING

"SMITH","JONES" ,"MILLER" , "ANDERSON" ,"WEST"
"JOHNSON","O MALLEY","SIMS","WALKER","BROWN"
"SMYTHE" , "COOPER" ,"CLARK", "DAVIS" , "LEE"
"GARCIA","PARDUCCI","SALGO" ,"BOYNTON" ,"THUNES"

ALPHABETICAL SORT PROGRAM
UNSORTED DATA:

EMIT

H

JONES

MILL
AMNDE
WEST
JOHN
O'Ma
STMS
WALEK
BROW
SMYT
COOP
CLAR
DAVI
LEE

GARC
PRRD
SALG
B0YN
THUN

SORT
ANDE
BOY N
BROW
CLAR
CoopP
DAV
SARC
JOHN
JONE
LEE

MILL
o' MA
PAED
SALG
SIMS
SMIT
SMYT
THUN
WALK
WEST

Read

ER
RSON

s0H
LLEY

ER
N
HE
HE
¥
2

LA
HEET
Q
TON
ES

ED DATA:

R50ON

TON

W
K
ER
5
IA
SON
=1

ER
LLEY
uccrt
o

F

HE
ES
ER

4
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PROGRAM 11-2 CREDIT FILE DATA RECORD SORT

This program sorts data records from the “"CREDIT.DAT" data file.
The user is given the choice of sorting by any of three data
fields from the record. A "menu" displays the program options.
There are seven subroutines in this modular progam. The functional
outline of this program is shown beslow.

Main routine:

a. print program title

b. call input subroutine to input all data records from file
c. print menu

d. input choice

e, call appropriate scort and/or print subroutine or end

£. goto step c

Input subroutine (statement 1000)

a. open "CREDIT.DAT" data file

b. read data record (checking for sentinel)
¢. count number of records

d. put data into arrays

2. close data file

f. return to main routine

Sort subroutines:

&1l of the sort subroutines are identical with the exception

of one statement; the comparison of data fields to be exchanged
{the sort field). Each subroutine calls a nested subroutine to
exchange the data items, Each subroutine alsoc calls the print
subroutine to output the data items.

Subroutine 2000
Subroutine 3000
Subroutinz 4000
Subroutine 5000

sort by customer name
sort by account number
sort by balance due (ascending)
sort by balance due (descending)

Exchange subroutine (statement 6000)

a. exchange adjacent names in name array

. exchange adjacent account numbers in account number array
. exchange adjacent balances in balance array

. return to appropriate sort subroutine

oo

Print subroutine {(statement 7000)

a. print column headings

b. print data arrays

o. return to main program or calling subroutine
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104G
113G
1210
130
140
IR0
160
170
iBo
190
200
210
220
230
244
250
260
2710
280
300
320
330
340
3540
360
370
380
380
4040
410
420
430
440
450
460
470

1000
1020
1030
1040
1950
1060
1070
1080
1usd
11040
1110
1120

{con

SORTING AND SEARCHING

REM CREDIT FILE DATA RECORD SORT PROGRAM 11-2
REM
REM THIS PROGRAM S50RTS DATA RECORDS FROM A DATA FILE. THE USER

REM LS5 GIVEN THE CHOICE OF SORTING BY ANY OF THREE FIELDS FROM
REM THE RECORD. A MENU DISPLAYS THE PROGRAM OPTIONS.

REM SUBRCUTINES ARE USED TO KEEP THE PROGRAM MODULAR.

REM

REM VARIABLES :

REM NS=NAME ARRAY N=NUMBER OF RECORDS IN FILE
REM AS=ACCOUNT NUMBER ARRAY L=LIMIT FOR SORT ROUTINES
REM B=BALANCE DUE ARREAY I=LO0OF INDEX

REM C=MENU CHOICE J=LOOF INDEX

REM TS=TEMPORAZY FIELD FOR EXCHANGE ROUTINE

REM T=TEMPORARY FIELD FOR EXCHANGE ROUTINE

REM A$=TEMPORARY FIELD FOR ACCOUNT NUMBER

REM YS=TEMPORARY FIELD FOR NAME

REM A=TEMPORARY FlELD FOR BALANCE DUE

REM A=TEMPORARY FIELD FOR CREDIT LIMIT

REM

REM MAIN ROUTINE

PRINT "“DATA RECORD SORT PROGRAM"

PRINT

GOSUB 1000 I READ DATZ RECORDS FROM FILE
PRINT "PROGRAM QPTIONS:"

PRINT "1-SORT AND PRINT BY CUSTOMER NAME"

PRINT "Z-SORT AND PRINT BY ACCOUNT MUMBER"

PRINT "3-SORT AND BRINT BY BALANCE DUE (ASCENDING)"
PRINT "4-SORT AND PRINT BY BALANCE DUE (DESCENDING)"
FPRINT "S5-PRINT IN CURRENT ORDE&"

PRINT "&-END"

PRINT

INPUT "YOUR CHOICE";C

IF C<1 OR C>6 THEN 350 CHECK FOR VALID RANGE

I

IF T=6 THEN 9999 ! GOTO END CF PROGRAM
ON C GOsuB 2000,3000,4000,5000,7000 ! CALL SUBRQUTINE
GOTO 350 ! GOTO MENWU

REM DATA FILE INPUT SUBRCUTINE

OPEN "CREDIT.DAT" FOR INPUT AS FILE #1 ! OPEN THE FILE
N=0 I INITIALIZE COUNTER

INFUT #1,X%,¥Y5,%,58 ! INFUT DATA RECCORD

IF XS$="LAST RECORD" THEN 1110 ! CHECEK FOR SENTINEL
N=N+1 ! INCREMENT COUNTER

AS(NI=XS | MOVE ACCT MO TO ACCT NO ARRAY

NS {N)=Y3 ! MOVE NAME TO NAME ARRAY

B{(N)=2 ! MOVE BALANCE TO BALANCE ARRAY

GOTO 1040

CLOSE #1

RETURN

tinued)
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2000 REM NAME SORT SUBROUTINE

2020 L=N | BET LOOF LIMIT

2030 FOR J= 1 TO L-1 ! START OUTER LOOP

2040 L = L-1 ! ADJUST LOCP LIMIT

2050 FOR I=1 TO L ! START INNMNER LOOP

2060 IF NS{I)<=N§S(I+1) THEN 2080 ! ALREADY IN ORDER?
3070 G0SUB 6000 ! CALL EXCHAKNGE SUBROUTINE

2080 NEXT 1

2090 NEXT J

2100 ‘GOsSUeE 7000 I CALL PRINT SUBROUTINE
2110 RETURN

3000 REM ACCOUNT NUMBER SORT SUBROUTINE

3020 L=N ! SET LOOP LIMIT

3030 FOR J=1 TO L-1 | START OUTER LOOP

3040 L=L-1 ! ADJUST LOOP LIMIT

3050 FOR I=1 TO L ! START INNER LOOP

2060 IF AS(I)<=AS$(I+1) THEN 3080 ! ALREADY IN ORDER?
3070 GOEUB 6000 ! CALL EXCHANGE SUBROUTINE

3080 NEXT I

3090 NEXT J

3100 GoOSUB 7000 ! CALL PRINT SUBROUTINE
3110 RETURH

4000 REM BALANCE DUE SORT (ASCENDING) SUBROUTINE

4020 L=N ! BET LOOF LIMIT

4030 FOR J=1 TO L-1 | START OUTER LOCP

4040 L=L-1 ! ARDJUST LOCP LIMIT

4050 FOR I=1 TO L | START INWER LOOP

4060 IF B(I})<=B{I+1) THEN 4080 ! ALREADY IN ORDER?
4070 GOSUB 6000 ! CALL EXCHANGE SUBROUTINE

4080 NEXT T

4090 NEXT J

4100 GosuB 7000 ! CALL PRINT SUBROUTINE
4110 RETURHN

5000 REM BALANCE DUE SCRT (DESCENDING) SUBROUTINE

5020 L=N ! SET LOOP LIMIT

5030 FCR J=1 TO L-1 ! START OUTER LOOP

5040 L=L-1 ! ADJUST LOOP LIMIT

2050 FOR I=1 TO L ! START INNER LOQOF

5060 IF B{I)>=B{I+1) THEN 5080 ! ALREADY IN CRDER?
5070 GOSUB 6000 ! CALL EXCHANGE SUBROUTINE

5080 NEXT I

5090 WNEXT J

5100 GosuB 7000 ! CALL PRINT SUBROUTINE
5110 RETURN

{continued)
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BuUGT
6020
6030
e040
606y
6070
6080
6L00
6110
6120
K141

70U
7020
7030
7040
7058
060
7070
7080
999%

SORTING AND SEARCHING

REM EXCHANGE SUBROUTIME

TS=Na(¢T) ! MOVE FIRST NAME TO TEMPORARY FIELD

NS(II=NS(I+1) ! MOVE SECOND NAME TC FIRST NAME FIELD

NS({I+1)=T% ! MOVE TEMP. FIELD TO SECOND NAME FIELD

TS=A5(1) ! MOVE FIRST ACCT NO TC TEMPORARY FIELD

AS{I¥=25(I+1) ! MOVE SECOND ACCT NO TO FIRST ACCT NO
|
|
|
1

AS(I+1)=TS MOVE TEMP. FIELD TO SECOND ACCT NO
T=E(1) MOVE FIRST BALANCE TD TEMPORARY FIELD
Bl I)=R{I+1) MOVE SECOND BALANCE TO FIRST BALANCE
B{I4+1)=T MOVE TEMFP. FIELD TO SECOND BALANCE
RETURN

REM PRINT SUBROUTINE
PRINT "ACCOQUNT","CUSTOMER", "BALANCE"
PRINT "NUMEER","NAME","DUE"
FOR I= 1 TO N
PRINT AS(I),N$(I),B(I1) ! PRINT DATA FIELDS
MEXT I
PRINT
RETURN
END
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DATA RECORD SORT PROGRAM

PROGRAM OPTIONS :

1-SORT AND PRINT BY CUSTOMER NAME

2-SORT AND PRINT BY ACCOUNT NUMBER

3-SORT AND PRINT BY BALANCE DUE (ASCENDING ORDER)
4-SORT AND PRINT BY BALANCE DUE (DESCENDING ORDER)
5-PRINT IN CURRENT ORDER

6-END

YOUR CHOICE? 1

ACCOUNT CUSTOMER BALANCE

NUMBER NAME DUE

G-400 JOHNSON 200

G-300 JONES 300

D-325 MILLER 257

R-341 O'MALLEY 100

D-199 WEST 125

PROGRAM QPTIONS:

1-SORT AND PRINT BY CUSTOMER NAME

2-SORT AND PRINT BY ACCOUNT NUMBER

3-SORT AND PRINT BY BALANCE DUE (ASCENDING ORDER)
4-SORT AND PRINT BY BALANCE DUE (DESCENDING ORDER)
5-PRINT IN CURRENT ORDER

6-END

YOUR CHOICE? 4

ACCOUNT CUSTOMER BALANCE

NUMBER NAME DUE

G-300 JONES 300

D-325 MILLER 257

G-400 JOHNSON 200

D-199 WEST 125

R-341 0'MALLEY 100

PROGRAM OPTIONS:
1-SORT AND PRINT
2-80RT AND PRINT
3-SORT AND PRINT
4-S0RT AND PRINT
5-PRINT IN
6-END

YOUR CHOICE? &

Ready

CORRENT

BY CUSTOMER MNAME

BY ACCOUNT NUMEER

BY BALANCE DUE (ASCENDING ORDER)
BY BALANCE DUE (DESCENDING ORDER)
CRDER
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PROGRAM 11-3 INVENTORY TABLE SEARCH

This program demonstrates a seguential table search for inventeory
item numbers. Three l-dimensional arrays are used; I$ for item
numbers, D$ for descripticns, and P for prices. The program starts
by reading data into these arrays (from DATA statements). Next,
the user is asked to input a specific item number {into wariable
N5). After checking for the sentinel wvalus "END", the program
proceeds to search for a matching item number in the I3 array
{using a FOR-NEXT loop to scan through the array). If and when a
match is found, the program jumps out of the loop, displays the
description and price associated with the item number, inputs a
certain quantity, calculates the extended cost, and outputs the
extended cost. If no matching value is found in the item number
array, the program displays a message and transfers back to the
item number input section.

100 REM INVENTORY TABLE SEARCH PROGRAM 11-3
110 REM

120 REM THIS PROGRAM SEARCHEE A TABLE OF INVENTORY PART NUMEERS
130 REM IN ORDER TO MATCH AN INPUT VALUE. IT THEN PRINTS THE

140 REM ASSOCIATED ITEM DESCRIPTION AND PRICE. NEXT, THE USER

150 REM ENTERS THE QUANTITY ORDERED. THE PROGRAM CALCULATEGS AND
l6d REM PRINTS THE EXTENDED COST.

170 REM VRARIABLES:

180 REM I1S=1TEM NUMBER ARRAY I1=LO0OF INDEX

190 REM DS=ITEM DESCRIPTION ARRAY NS=1TEM NUMBEER

200 REM P=PRICE ARRAY O=QU0ANTITY CRDERED

210 REM N=NUMBER OF ITEMS E=EXTENDED COST

220 REM

300 PRINT "INVENTORY TABLE SEARCH PROGRAM"

305 PREINT

310 DIM IS{20),DS(20),p(20)

320 READ N I INPUT NO OF DATA ITEMS
330 POR I = 1 TO N

340 READ IS(I),DS(I),B(L) ! INPUT DATA ITEMS

350 NEXT I

160 INPUT "ITEM NUMBEE (OR END)" ;NS | INPUT SEARCH VALUE

370 IF NS="END" THEN 999

380 FCR I= 1 TO N ! SEQUENTIAL SEARCH LOOP
390 IF NS = I5(I) THEN 500 ! JUMP QUT IF MATCH 15 FOUND
400 WEXT I

410 PRINT "ITEM NUMBER NOT FOUND" ! NO MATCH FOUND

420 GOTO 360

500 PRINT "DESCRIPTION: ";DS$(I)
510 PRINT "PRICE:";F(I)

320 INPUT "QUANTITY ORDERED";Q
530 E =0 * P(I)

540 PRINT "EXTENDED COST:";E
550 PRINT

560 GOTO 360

{continued)

OUTPUT DESCRIFTION
OUTPUT PRICE

INPUT QUANTITY
COMPUTE EXTENDED COST
QUTPUT EXTENDED COST
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600 DATA 10
610 DATA "pa-=-100"
620 DATA "aA-200"
B30 DATA "A-300"
640 DATA "2-400","VOLTAGE CONVERTER",13.95%
650 DATA "A-500","DIMMER SWITCH",6.49

"LIGHT BULBS",1.50
r
!
L
L
660 DATA "R-100","PEN & PENCIL SET",3.95
r
[
r
r

"EXTENSION CORD",5.95
"3I-WAY PLAY",.5Z

670 DATA "B-200","STAPLER",5.25

680 DATA "B-300","PAPER WEIGHT",2.95
690 DATA "B-400" ,"CALCULATOR",11.,95
700 DATA "B-500","CLIP BOARD",2.75
8999 END

RUONKH
INVENTORY TABLE SEARCH PROGRAM

ITEM NUMBER (OR END)? A-500
DESCRIPTION: DIMMER SWITCH
PRICE: 6.4%9

QUANTITY ORDERED? 2
EXTENDED COST: 12.98

ITEM WUMBER (OR END)? B-400
DESCRIPTION: CALCULATOR
PRICE: 11.95

QUANTITY ORDERED? 4
EXTENDED COST: 47 .80

ITEM NUMBER (OR END)? C-100
ITEM NUMBER NOT FOQUND

ITEM NUMBER (OR END)? A-100
DESCRIPTION: LIGHT BULRBS
PRICE: 1.50
QUANTITY ORDERED?
EXTENDED COST: 7.5

3
0

ITEM NUMEER (OR END}? END

Ready
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CHAPTER 12

FUNCTIONS

A. LIZRARY FUNCTIONS

Certain pre-written instructions, called librarv functions, are
included az part of the BASIC language. These instructions
antomatically perform mathematical and =string cperations that are
often needed by programmers. The functions are evoked, or called out,
by simple keywords and associated parameters. The keywords are alsc
reserveg words, that is, they are an intrincate part of the PASIC
language and can be used only for their stated purpose. Thus none of
these words can ke used for variable names. The gerneral faorm of most
library functions is

functionlargument)

where "function" is one of the reserved words that specifies the
operaticn to be performed and "argument" is the data value
operated on. The "value &f the functicn” is the result of the
operatien. This wvalue can then be assioned to a variable or become
part of a larger mathematical or string expressicn. The argurment
can be a numeric or string constant, a wvariable (with an assigned
value), or an expression to be evaluated.

The following examples demonstrate the use of the function SOR(X).
This function "returns a value of" (is evaluated as) the sguare
root of the argument X.

EXAMPLE: Argument as a constant EXAMPLE: Argument as a variahbhle
10 ¥ = SQR(9) 10 X = 9
20 PRINT "THE SQUARE ROOT = ";Y¥Y 20 ¥ = SQR{X)
30 END 30 PRINT "THE SQUARE ROQT = ";Y
RUNNH 40 END
RUNMNEH
THE SQUARE ROCT = 3 THE ESQUARE ROOT = 3
Ready Ready
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oAAMPLE: Argument as an expression

19 READ A,E,C

20 DATA 2,4,1

30 ¥.= SOR(AXE + )

40 PRINT "THE SQUARE ROOT = ";¥
50 END

RUNNH

THE SQUARE ROOT = 3
Ready

EXAMPLE: Function as part of a larger expression

L0 READ A,B,C

20 DATA 2,.4.16

30 ¥ = A*BE + SQR(C)

40 PRINT "CALCULATION RESULT = ";¥
50 END

RUNNH

CALCULATION RESULT = 12
Ready

l. Mathematical Functions

r'he most important mathematical library functions are listed in
the table below:

Function Value Returned

SIN(X) Sine of X (X = angle in radians)

CoOS( X} Cosine of X { " )

TAN{X) Tangent of X { " )

ATNIX) Arctangent of X {Returns angle in radians)
EXB(X) e™ {e=Base of natural logarithms)
LOG(X) Natural Log of X

SGN(X) -1 if ¥X<0, 0 if X=0, 1 if X>0

SOR(CXD Square rooct of X

BND(X) Random number between 0 and 1 { X=dummy argument}
ABS(X) Absolute value of X

The trigonometric functions (SIN,COS,TAN) require an anagle
measured in radians. QOne radian is approximately 57.3 degrees., If
an angle 1is known in degrees it must be divided by 57.3 to be
presented as a proper argument to these functions. The ATN
function returns a value in radians. This must be multiplied by
57.3 to obtain a value in degress.
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following program demonstrates the major mathematical liorary

functions:

106G
110
200
220
230
240
250
260
270

REM MATHEMATICAL LIBRARY FURCIIONS PROGRAM

REM

PRINT,"MATHEMATICAL LIBRARY FUNCTIONS": PRINT

=75 | ANGLE IN DEGREES
R=X/57.3 I ANGLE IN RADIANS
PRINT "THE SINE OF":X:"DEGREES=":SIN(R)

PRINT "THE COSINE OF";X;"DEGREES=";C0OS(R)
PRINT "THE TANGENT QF";X;"DEGREES=";TAN(R)
Y=TAN(R) :PRINT "THE ARCTANGENT OQF";Y¥;"=";ATN(Y}*57.3;"DEGREES"

300 PRINT
310 PRINT "THE EXPONENTIAL E SQUARED =":EXP(2)
3120 ¥Y=EFEXP(2):PRINT "THE NATURAL LOGARITHM OF".Y;"=":LOG(Y)
330 PRINT
345 FOR I = 1 TO 3
350 READ X : S=SGN(X)
365 PRINT "THE SIGN QF";X;"IS";
370 IF S < 0 THEN PRINT "NEGATIVE" ELSE

IF 8§ = (0 THEN PRINT "ZERO" ELSE PRINT "POSITIVE"
380 paTA -5,0,10
390 NEXT I
400 PRINT
410 PRINT "THE SQUARE ROOT OF 9 =";:S0R({59)
420 PRINT
430 PRINT "A RANDOM NUMBER BETWEEN 0 AND 1 =" :RND(D)
440 PRINT
450 PRINT "THE ABSOLUTE VALUE OF -27 =";ABS(-27)
460 PRINT
470 PRINT "THE SQUARE ROOT OF 9 =";80R(9)
999 END
RUNNH

MATHEMATICAL LIERARY FUNCTIONS

THE SINE OF 75 DEGREES = ,965901
THE COSINE OF 75 DEGREES = ,[258912
THE TANGENT OF 75 DEGREES = 3.7306l1
THE ARCTANGENT OF 3.73061 = 75 DEGREES
THE EXPONENTIAL E SQUARED = 7.38906
THE NATURAL LOGARITHM OF 7.38906 = 2
THE SIGN OF -5 IS5 HNEGATIVE
THE SIGN OF 0 IS ZERD
THE SIGHN OF 10 IS POSITIVE
THE SQAURE ROOT OF 9 = 3

A RANDOM NUMBER BETWEEN O AND 1 IS .682034

THE

ABSOLUTE VALUE OF -27 = 27

Ready
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String Functions

The string library functions enable the programmer to easily
extract a group of characters (a substring) from within a larger
string or to search for certain characters with a string. Just as
with the mathematical functions, a value is returned by the string
functions and this value can be assigned to a new string variable.
The most important string functions are listed below:

Function Value Heturned

LEN(X5) The length of (# of characters in) string X5
LEFT{XS ;n) The leftmost n characters from string X5
RIGHT [ X5,n) The substring of X$ from the "nth" character

to the right-most character

MID{X$,nl,n2) The substring of X$ that begins at the nl char-
acter position and is n2 characters in length

INSTR(n,X5,¥YS) The starting character position of substring ¥Y$
within string %5 (0 returned if not found).

The following program demonstrates the major string functions:

100 REM STRING LIBRARY FUNCTION PROGRAM

110 REM

200 PRINT ,"STRING LIBRARY FUNCTIONS" :PRINT

210 X5 = "GOLDEN GATE BRIDGE"

220 PRINT "THE STRING TO BE ANALYZED IS5: " ;X3

230 PRINT "THE LENGTH OF THE STRING = ";LEN(X5);"CHARACTERS"

Z40) PRINT “"THE LEFT 4 CHARACTERS ARE: ";LEFT(X§,4)

250 PRINT "THE SUBSTRING FROM CHARACTER 14 TO THE END IS: ";
RIGHT (X5 ,14)

260 PRINT "THE 4-CHARACTER SUBSTRING STARTING AT POSITION 8 IS: "
MID{XS,8,4)

270 PRINT "THE SUBSTRING -GATE- STARTS AT POSITION NUMBER";
INSTR(1,XS,"GATE")

999 END

RUNNH

STRING LIEBRARY FUNCTIONGS

THE STRING TO BE ANALYZED I5: GOLDEN GATE BRIDGE

THE LENGTH OF THE STRING = 18 CHARACTERS

THE LEFT 4 CHARACTERS ARE: GOLD

THE SUBSTRING FROM CHARACTER 14 TO THE END 1S5: RIDGE

THE 4-CHARACTER SUBSTRING STARTING AT POSITION 8 IS: GATE
THE SUBSTRING -GATE- STARTS AT POSITION NUMEER 8

Ready
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USER-DEFINED FUNCTIONS

Programmers can define their own functions for operations that are
perfomed several times within a program and for which ne library
function exists. The functicn created only applies to the orogram
in which it appears, hut it still can save a oreat deal of

space in the program and in the processor memory.

The DEF statement is used to define a user function. The general
form is:

line & DEF FNal(¥) = expression
line % = BASTIC line number
DEF = mandatory reserved word
Fia = the function name. The letters PN are mandatory, and
"a" is any BASIC wariable name.
(X} = The argument in parenthesis is called a dummy

variable, which can he any legal numeric or string
variable name. This variable is used to define the
"expression” part of the function.

expression= Any BASIC expression, including any legitimate
mathematical or string operators.

Several examples will demconstrate user-defined functions:
EXAMPLE: Converting from centigrade to fahrenheit degreses

100 REM USER DEFINED FUONCTION PROGRAM

100 PRINT " TEMPERATURE CONVERSION"

110 DEF FNT(X) = (9/5)*X+32

120 PRINT:INPUT "ENTER CENTIGRADE DEGREES";C

130 IF C=-49999 THEN 9409

150 PRINT "FAHRENHEIT DEGREES = ";FNT(C): GOTC 120
599 END

RUNNH

ENTER CENTIGRADE DEGREES? 0
FAHRENHEIT DEGREES = 32

ENTER CENTIGRADE DEGREES? 200
FAHRENHEIT DEGREES = 392

ENTER CENTIGRADE DEGREES? -9999

Ready
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EXAMPLE: Converting a retail store cost to a selling price that
has a 20% markup over cost.

100 REM RETAIL MARKUP

110 PRINT,"20% MARKUP OVER COST"

120 DEF FNS2(X) = X + .2%X

130 PRINT

140 INPUT "ENTER DOLLARR COST";C

150 IF C = 0 THEN 999

160 PRINT "SELLING PRICE = S":FNSZ{C): GOTO 130
959 EKRD

RUONNH

20% MARRKUP OVER COST

ENTER DOLLAR COST? 50
SELLING PRICE = 5 &0

ENTER DOLLAR COST? 100

SELLING PRICE = 5 120

ENTER DOLLAR COST? O
Ready

EXAMPLE: A scocial security number will be entered without hyphens
The user-defined string function will insert hyphens
between the 3rd and 4th numhers and between the 5th and
6th numbers,

100 REM INSERT HYPFHENS IN S0QOCTAL SECURITY NUMBER

110 PRINT ,“STRING INSERTION FUNCTION"

120 DEF FNRS=LEPT(X5,3) + "-" + MID(X5,5,2) + "=-" +
RIGHT (X5 ,8)

130 PRINT

140 INPUT "ENTER SOCIAL SECURITY NUMBER" ;XS

150 IF X%="Z" THEN 999

160 PRINT "SSN WITH HYPENS = ":FNRS(X3)
170 GoTO 130

539 END

RONMNH

STRING INSERTION FUNCTION

ENTER SOCIAL SECURITY NUMBER? 123456789
SSN WITH HYPHENS = 123-45-6789

ENTER SOCIAL SECURITY NUMRBER? 222334444
S5N WITH HYPHENS = 222-33-4444

ENTER S0CIAL SECURITY NUMBER? 2
Beady



APPENDIX 1 BASIC STATEMENT EBEUMMARY

EXECUTABLE STATEMERTS

ASSIGNMENT

b=

line
line

A

INPUT

line
line
line

e o o

CUTPUT

line
line
line

Eregerags

DECISICN

line #

TRANSFER

line #
line #%
line #%

LET variable = <expression>
variable = <expression>

INPUT list of wvariables
READ list of wvariables
INPUT #n list of wvariables

BRINT list cf wvariables
PRINT USING output format string, list of variables
PRINT #£n, list of wariakles

IF relation THEN instruction ELSE instructiocn
or transfer or transfer

GOTO line number
ON wariables GOTQO list of line numbers
ON wariables GOSUE list of line numbers

PREDEFINED PROCESS

line #
line 4
line #

line #

FOR Index = Start wvalue TD End walue STEP Increment
NEXT Index
GOSUE subroutine line number

RETURN

FILE CONTROL

line #
line #

INPOT
OPEN "filespec" FOR OUTPUT AS FILE #filenumber
CLOSE #filenumberd

PROGRAM TERMINATION

line #
line #

END
STOP



APPENDIX I BASIC STATEMENT SUMMARY
NONEXECUTABLE STATEMENTS

SPECIFICATION

line # DIM list of subscripted variables

DATA STORAGE

line # DATA list of constants

DOCUMENTATION

line # REM Comment
line # (BASIC Statement) ! Commant
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ALPPENDIX II MICROCOMPUTER SYSTEM COMMAND SUMMARY
IEM PERSONAL COMPUTER

Naming and Saving Programs

NEW name - Assigns a label of "name" to the work area.
Clears work area.

SAVE filename - A copy of the program in the work area is saved
on the disk catalog.

LOAD filename - Moves a copy of program "filename" from the disk
catalog into the work area

Listing and Executing Programs

LIST - Displays all program lines currently in work area.
LIST n-m - Displays program lines n through m.
RUN - Executes program in work area.

Deleting Programs

DEL filename - Deletes file "filename" from disk catalog.

Disk Catalog

DIR - Displays all filenames currently in the user's
disk catalog.

Control Keys

CONTROL- - Terminates program listing-in-progress or program
BREAK Key execution-in-progress. Work area is unaffected.
CONTROL-

NUM LOCK Eey

Halts program listing-in-progress or program
execution-in-progress. Press any key to continue

157



APPERDIK 11 MICROCOMPUTER SYSTEM COMMAND SUMMARY
B. APPLE II COMPUTER

Maming and Saving Frograms

SEW name - Assigns a label of "name" to the work area.
Clears worx area.

SAVE filename - A copy of the program in the work area is saved
on the disk cataleog.

LOAD filename - Moves a copy of program "filename" from the disk
catalog into the work area

Listing and Executing Programs

LIsT - Displays all program lines currently in work area.
LIST n-m - Displays program lines n through m.
RUN - Executes program in work area.

Deleting Programs

DELETE filename—- Deletes file "filename" from disk catalog.

Cisk Cataleg

CAT - Displays all filenames currently in the user's
disk catalog.

Control Kevs

CONTROL-C

Terminates program listing-in-progress or program
execution-in-progress. Work area is unaffected.

CONTROL-BESET - Halts program listing-in-progress or program
execution-in-progress. Press CONT to resume.
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APPENDIX II MICROCOMPUTER SYSTEM COMMAND SUMMARY
RADIO SHACK TRE-80 MODEL IIT

Maming and Saving Programs

NEW name - Assigne a label of "name" to the work arsa,
Clears work area.

SAVE filename - A copy of the program in the work aresa is saved
on the disk cataleg.

LOAD filename - Moves a copy of program "filename" from the disk
catalog inteo the work area

Listing and Executing Programs

LIST - Displays all program lines currently in work area.
LIST n-m - Displays program lines n through m.
RUN - Executes program in work area.

Deleting Programns

KEILL filename - Deletes file "filename" from disk catalog.

Disk Catalog

DIR - Displays all filenames currently in the user's
disk catalog.

Control Keys

BREAK - Terminates program listing-in-progress or program
execution—-in-progress. Work area is unaffected.

SHIFT-@ - Halts program listing-in-progress or program
execution-in-progress. Press any key to continue,
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APPENDIX TI1 MICROCOMPUTER SYSTEM COMMAND SUMMARY
COMMODORE VIC &4 COMPUTER

Maming and Sawving Programs

HEW name - Assigns a label of "name" teo the work area.
Clears work area.

SAVE filename - A copy of the program in the work area is zaved
on the disk catalog.

LOAD filename - Moves a copy of program "filename" from the disk
catalog into the work area

Listing and ExXecuting Programs
9

LIST - Displays all program lines currently in work area.
LIST n-m - Displays program lines n through m.
RUN - Executes program in work area.

Deleting Programs

DELETE filename - Deletes file "filename" from disk catalog.

Disk Catalog

LOARD "S$", disk no - Displays all filenames currently in the
LIST user's disk catalog.

Control EKeys

RUN/STOP - Terminates program listing-in-progress or program
execution-in-progress. Work area is unaffected.
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Account number 5
fhadition 30
Algorithm 3
Arithmetic operations
Argument 149
Array 29, 498
hssignment 18, 26
BASIC 3, 17
Binary search 138
Branch 72

Bubble sort 136
BYE command 15

CAT command 14

Catalog 14

Central processing unit
CLOSE statement 18, 120
Comment statement 18, 24
Communications 2, 5
Concatenation 32
Conditional branch 73

Constant 27
Control-C 14
Control-8 14

Control-Q 14

Data 25

Data file 117
DATAE statemsnt
Decimal 27
Decision (]
DEF statement Ty X
DELETE command 13
Delimiter 119
DIM statement
Disk 2, 117
Disk catalog 14
Divisicn 30
Documentation 9, 23, 28

18, 50

L 08

END statement 18, 23
Executable statement 18
Exponential notation 27
Exponentiaticn 30
Expression 26

Extended variable names
Extension (file) 14, 119

INDEX

161

Field 25
File 8, 117
File control Lo, 119

Flowchart symbols 42
FOR statement lH, 86
Formatted ocutput 52
Functicns 149

GOEUE statement I8, 110
GOTO statement 18, 72
Hardcopy output 12, 60
IF-THEN-ELSE statement
Inpat 2, 47, 122

INPUT statement 18, &7
INPUT # statement |48, 122
Instruction &

InLeger 27

Intrinsic function 149

Keyword L7
Keyphrase |7

LET statement 18, 26
Library functions 49
Line number 20

LIST command 11

List (data) 97
Logarithms 150
Logging on 5

Logical operator 6Y
Loop Bo

Matrix 2L

Modular 109
Multi-branch operations
Multi-user 5
Multiplication 30

Nested loop o1

Nested subroutine 112
NEW command B

NEXT statement 18, B6
Nonexecutable statement
Numeric 27

70

74

15



QLD command 4

OM=0C580B statement 18, 113
ON-G0TO =tatenmsnt 18, 74
OPEM statement 18, 119
Dparating system 5]
Durtput 2y 30y 52, 121

Parameters 17

Password 5

Fermanent storage 7
Predefined process 15
PRIKT statement 18, 5%
PRINT 4 ztatement 18, 121
PRINT USING statement 57
Print zones 55

Process 2
Processing 2, 25
Program design 36
Program termination 23
BPrompt 37, 49
Pseudocoae 43

Random number
READ statement
Hecord 71, 118
Relational operator 69
REM statement 10, 24
RENAME command 10
REPLACE commana G
Reserved words 45
RETURN 18, 111

RUN command 12

150
18, 50

SAVE command 0
Search 133

Sentinel T4
Sequential file 118
Sequential search 137
Signing on 5
Single-user §]
Software 2

Sort 133

Source data automation 100
Specification 19, 98
Sguare root 148, 150
Statement ! B
Statement number 20

INDEX

162

STOP statement
Storage 2
String 17
Strinag functions 152
String operations 32
Subroutine 109
Subscripted variable
Ssubstring 152
Subtraction 30
System command H

18, 23

20, 98

TAE function Sh
Table {data’ ay, 99
Temporary storags 7
Tranzfer 72

UNSAVE command 13
Unconditional branch 72
User—-defined functicn 153

Variable 28

Variable names 28, 29

Work area 7
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