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VII

INTRODUCTION

Over the past few years, the cost of purchasing a computer system has
plummeted, and, as a direct result, many people have purchased computer
systems for personal use at home and many others have bought systems for
small business. But because the cost of the software, or programming, has
not dropped that much, if at all, many of these new computer owners have
decided to program the machines themselves. These people have had
varying success, but most have discovered the difference between an
amateur programmer and a professional one. The net result is thousands of
very under-programmed computers, computers whose programs are not
nearly sophisticated enough to make full use of their powers.

The inexperienced or amateur programmer needs to have years of
instruction and experience to know enough to increase the sophistication of
the programs. If the computer is there, the experience is possible. But
adequate instruction is not that easy to get. The various manuals and other
instructional materials that come or can be purchased with the computer do
a very good job of teaching the basic concepts behind the language the
computer uses, usually Beginner’s All-Purpose Symbolic Instruction Code
(BASIC). By trial and error the amateur programmer can usually become
quite proficient at programming the basic model of the computer. The real
confusion begins when the amateur adds a disk drive. Adding a single drive
to a computer transforms it into a system with greatly increased power and
flexibility, particularly in comparison to that of a tape cassette player. This
increase is due to the availability of fast data storage and retrieval that the
disk provides. The problem is that, although the basics of the language are
described well in the manuals, the various techniques required to make
effective use of the disk are not there.

By discussing disk drives with amateur programmers and observing
what literature and programming aids are available to them, I have learned
that the average owner of a personal computer knows how to handle the
disk in a relatively primitive way. The fault is in the items that are
available. This book will show some fairly sophisticated methods of using
disks in microcomputer systems.

The first part of this book is basically a long introduction to disks. In
it are descriptions of the disk itself and how the computer physically uses it
and how the operating system in the computer is written to make using the
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disk simpler. The rest of the book is divided into four sections, each section
building on the information presented in the preceding one.

The first section starts where most disk manuals stop. It explains the
random-access file, one of two types of files available on almost every disk-
based computer. The random-access file is the type of file responsible for
the increased flexibility the disk affords. The other type of file, the
sequential file, is also used in the book for some required functions, but
sequential files are like tape files (which, technically, are one form of a
sequential file) and have the same basic restrictions. The contents of the
first section represent the approximate limit most personal computer owners
achieve using the learning material that comes with the computer system.

Section II deals with three different types of key files. Each of the
three is used in professionally written programs for different purposes.
Each one has its strong and weak points, so all should be examined to see
which of the three types to use. The key file is a more sophisticated use of
the random-access file than is explained in Section I. It has an index, which
is a look-up table. The data is stored and retrieved by name instead of by
number. A

Section IIT adds to the programs developed in Section II. It explains
what parameter-driven subroutines can do and increases the flexibility of a
key-file system developed in Section II.

Section IV deals with the program itself. It shows how to effectively
structure the program and the data to increase a system’s usability. This
section also deals with such subjects as using program overlays to segment
the functions of a program system.

This book is not meant for the professional programmer, who either is
familiar with most of the information presented here or uses larger
computer systems that have more automatic, built-in methods for handling
the disk. Instead, it is meant for the amateur programmer who is serious
about learning how to effectively use a disk drive on a microcomputer
system.
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PART ONE

CHAPTER 1

THE DISK AND DISK DRIVE

Deciding whether to add a disk drive to an existing computer system or
to buy a new computer system with disks is confusing. Almost all of the
microcomputers can have disk drives, but many of them give you choices
that, unless you know a lot about computers, mean little. And although
disks are made of very simple parts, there are many of those very simple
parts. That is complicated.

A disk is often compared to a phonograph record, but this analogy is
flawed. First, a record has two grooves on it—one on each side. A disk
does not have grooves. It does, however, have something com-
parable—tracks that are the magnetic equivalent of grooves. The analogy
fails here in that the disk has several concentric tracks instead of the single
spiral pattern that is on a record. Also, while records cannot be erased,
disks can, and information can be recorded over whatever was there, much
the way a tape recorder can record over the former contents of a tape.
Although there is really no analogy to the disk drive that explains it, you
can explain the disk simply enough without an analogy.

Most disks are metal or plastic platters coated with a material that can
be magnetized. Recording tapes are coated with a similar material. But
unlike the tape recorder and player, the mechanism used to read and write
the information on a disk can select a portion of the surface by a
mechanical index. The logic circuits that control the disk drive, which is the
mechanical part, can select how far the reading arm goes out across the sur-
face of the disk by number. Each number on this index corresponds to an
area of the disk that takes the shape of a circle. There are many of these
circles on the disk, each one having its own index number. These circles are
known as tracks.

A track may contain thousands of characters of information. In order
to handle this information more easily, the logic that controls the disk can
break down the information in each track into smaller units called sectors.
Every track on a disk will have the same number of sectors as every other
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track on the same disk. Some disks are hard sectored, which means the
tracks on the disks are mechanically divided into sectors, usually by a series
of equally spaced holes on the disk. Others are soft sectored, which means
that there is only one hole on the disk. This hole, and one selected hole on
a hard-sectored disk, are called timing holes. A timing hole lets the logic
handling the disk know where the tracks begin. Usually, the disk interface
logic circuit handling the disk requires the computer to give it the number
of the track and sector along with a code telling it whether it should read or
write and the information to write. But remember, most of the physical
properties of the disk are invisible to the computer program and to the
computer programmer.

Several types of disks are on the market. They range in size from the
small disk to the large hard disk. All of them use the same method of
reading and writing.

The types of disks fall into two general categories. There are the hard
disks, which are, as the name implies, rigid platters. On hard disks the
mechanism used to read and write (called the read/write head) does not
make contact with the platter. Instead, it literally flies over the surface on a
bed of moving air continuously pumped across the disk platter. This
read/write head flies at such an incredibly low altitude that a smoke particle
will not fit between it and the surface of the disk platter. Some hard disk
drives contain platters that are not removable but are permanently fixed
inside the drive, while others have the disk platters enclosed in removable
hard plastic cartridges. The most popular hard disk drives are a combina-
tion, having one platter fixed in the drive and another fixed in a removable
cartridge. This type is quite logically called a fixed/removable disk drive.

The other general category of disks, much more common with
microcomputers, is the flexible diskette or floppy disk. This disk is flexible,
although your testing this quality will soon destroy the disk. The main dif-
ference between this type and the hard disks is that, on the flexible disk, the
read/write head is in contact with the disk platter when it is in use.
Although this allows the circuitry driving the mechanics to be a lot simpler,
it also allows the disk platters to wear out. While hard disks will almost
never wear out, floppy disks will.

There are two basic sizes of floppy disks available. The older of the
two forms is 8 inches in diameter. The other, usually called the minifloppy,
is 5% inches in diameter. Both are enclosed in an envelope that should
never be removed. This envelope protects the surface of the disk against
dirt and contact with materials that may mar the surface. It also has a
material on the inside that constantly wipes the surface of the platter so
that it will not accumulate dust particles. If dust were to accumulate, the
read/write head, pressing on the dust particles, could scratch the magnetic
material off the surface, making the platter unreadable. Even with this
protection, the surfaces do wear out. Their life spans are usually fairly
long, although this does seem to depend upon the logic circuits that read
and write the information. If these circuits are not very sensitive, a disk
that would work on a more sensitive system may not be readable. Unfor-
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tunately, many of the microcomputers on the market, because of efforts to
keep costs down, do not have the best access circuitry and are not sensitive
enough. Chapter 3 contains some information on the proper care of floppy
disks that will help you make yours last a little longer.

There are also many differences in the individual drives that can
further complicate the operation. The main difference is alignment. This is
more of a problem on hard disks than on floppy disks because on hard
disks data are stored in a more compressed form than on floppy disks. But
floppy disks can also have alignment problems. Alignment refers to the
index that allows the computer to find a given track. The index is the
distance that the arm moves out onto the disk. If this index is off, the disk
is said to be out of alignment. This is relative. Depending on how far out
of alignment the disk drives are in relation to each other, a disk that is out
of alignment might be able to read information that it stored itself, but may
not be able to read information stored by another disk drive. There are
standard alignment distances that are used so that most disks can read data
stored by other disks and the alignment, if off, can be adjusted.

The idea of floppy disks wearing out brings me to backup, another im-
portant topic. Backup is an extra copy of software, normally kept on file in
case the original program is damaged or lost. One rule on backups is that
they should not be used just when the main disk becomes unusable. In that
case a copy of the backup disk should be used. That way, the backup disk
stays on file and is not destroyed. Backups of more important information
should be made often. But because the information on a disk can be lost
over time, even when the disk is not being used, a backup disk should be
periodically refreshed by again copying it from the main disk. Refreshing
also helps avoid reliability problems with disks, particularly microcomputer
disks. Even systems that have good reliability records can have a disk that
becomes, on occasion, unreadable. But always keeping two or three copies
of all-important disks guards against this problem, too.

Another basic difference between the floppy and the hard disk is that
some hard disks can store more data than any floppy disks. Here are some
details. Both hard and floppy disks are divided into tracks and sectors.
Although the sizes of the tracks are different on different types of disks,
the sizes of the sectors are generally the same. All measurements are usually
in bytes and all information used in most computers is stored in bytes. One
byte is composed of 8 binary digits called bits (a bit is either a 1 or a 0,
which are the binary digits) and stores a value between 0 and 255. On the
disks, one sector is usually 256 bytes. The track is no longer important in
that the computer will take care of the division into sectors. Hard disks can
store 1,000,000 bytes of information (1 megabyte) and up while floppy
disks usually store 1 megabyte or less.

The floppy disks, being the most commonly used disk on the
microcomputers, require more discussion. There are several different types
of floppy disks. The basic type is the single-density, single-sided floppy
disk. The density refers to how compactly the data is stored. There are
single-density and double-density drives. The double-density drives, as their
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name implies, store twice the amount of data as the single-density
equivalent. Double-sided floppy disks simply use both sides instead of just
one side. This requires two read/write heads in each drive. This also
doubles the amount of information that can be stored on the floppy disk.
The 8-inch floppy disk can have a capacity of about 250,000 bytes if it is
single-sided and single-density. The capacity increases if the disk is either
double-sided or double-density to about 500,000 bytes. If it is both double-
density and double-sided, the capacity is about 1 megabyte. Minifloppy
disks have similar options. The basic, single-sided, single-density minifloppy
disk stores about 90,000 bytes. Dual-density and double-sided minifloppy
disks are newer to the market and are not as widely available, but a
minifloppy disk that is double-density or double-sided will store about
180,000 bytes, and one that is both double-density and double-sided will
store 360,000 bytes.

The type, size, and number of disk drives required depend upon the
intended application. Two minifloppy disks on a system with 32K (K stands
for kilobytes—1 kilobyte is 1024 bytes) of memory create a very powerful
personal computer system and will handle many small businesses. A single-
drive system has its uses, but it also has many built-in handicaps. Backups,
for example, are not as easy to make. To make a backup on a one-drive
system usually requires removing and inserting the old and new disks
several times. This also adds some extra wear to the disks and to the disk
drives. Most users I know who started with a single drive system have pur-
chased a second drive. A one-drive system is not a bad system on which to
learn about disks, but if you purchase a one-drive system or add only one
disk to a system that had no disks, expect to purchase another drive later.
Planning it that way may be a good way to spread out some of the expense,
in that the purchase price of the second drive is delayed until you learn how
to handle the disk.

Knowing what a sector is helps in designing the programs, but the
other physical information about the disk is only background. Most of the
microcomputers use a dynamic allocation type of system, which is explained
in the next chapter.
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CHAPTER 2

DISK OPERATING SYSTEMS

Understanding the physical properties of the disks is only a beginning.
Another important thing to know about is the operating system, the
program built into the computer that supervises the disk’s activities. It is
this part of the computer that understands all of the commands listed in the
manual.

To understand the disk operating system, you may need an overview of
all of the systems operating and all the layers of languages present in the
computer. At the lowest level is an understanding of the internal workings
of the microprocessor chip itself. In that one chip is a full central process-
ing unit (CPU), the brain of the computer, and some memory of its own,
not available to the computer system in general. The CPU in the
microprocessor is programmed to understand the microprocessor’s machine
language. When a machine language command is executed by this chip, it is
read into the chip’s internal memory and there triggers a series of
commands inside the chip. These are simple commands. One command may
be to get the contents of a register (a register is a temporary storage place
where 8 bits can be stored), or to place a byte (8 bits) into a register. This
language is called microcode and to computers it is the lowest-level
language. A machine language can be used in the memory that is outside of
the chip, and this memory is referred to as the computer’s memory. BASIC
and the disk operating system are both written in this language. Usually, an
assembler is used to program the BASIC interpreter and the disk operating
system. An assembler is simply a way of using a series of letters (called
mnemonics) to represent the machine language commands. This makes it
easier to program the machine language by making the computer do some
of the computations involved in the programming.

Because the computer is usually precoded to accept some predeter-
mined machine language, the computer’s user cannot use the microcode.
The machine language, however, generally is available to the user. BASIC is
an interpretive language, which means that the computer looks at each
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command while the program is running, decides what to do, and then does
it. There are also compiled languages, which first convert the program into
machine language commands and then run the machine language. Compiled
languages are normally faster than interpretive languages, but debugging is
easier on the interpretive languages. What is actually happening when the
program executes an instruction in an interpretive language like BASIC is
that the machine language commands look up the instruction, then use a
code found in this look-up table to branch to a series of machine language
commands. In turn, the microprocessor interprets the machine language by
using the microcode in the same way. This seems like a very long, involved
process and, in fact, there are machines available that have the BASIC
interpreter written directly in the microcode. These machines will run a
BASIC program faster than those that have the BASIC interpreter written
in machine language.

There is a good reason why these languages are built up like this. A
very low-level language is very difficult to program. Five or six microcode
statements may be required just to read 1 byte from memory. Machine
languages can do this in one statement. BASIC can very easily move
hundreds of bytes from one place in memory to another in one statement.
This makes it much easier to program in BASIC than in any of the lower-
level languages. There are also higher-level languages that are written in
BASIC that can do even more in one statement. Each statement in a higher-
level language causes many statements in the lower-level language in which
it is written to be executed.

The disk operating system is a specialized set of instructions that, at
times, acts as an interpretive language and at other times acts as a supple-
ment to BASIC. There are commands in that language that can copy entire
disks for backup, or can read the disk directory that lists the names of what
has been written on the disk. Each disk operating system will have a
specific way to set up the disk so that access is easier.

In almost any disk system, the disks are divided into files. A file is any
collection of data that is called by a name. This name is chosen by the
operator when the file is formed. The directory keeps track of where the
file is on the disk. The collection of data may be data from a program and
the file is called a data file, or it may be a BASIC program, in which case it
is called a program file. There are also machine language program files and
disk operating system command files. All of these are stored in the same
manner on the disk.

Storing the files on the disk can be done in many ways. The simplest is
for the disk operating system to have a directory at the beginning of the
disk and, when a file is saved on the disk, store the name and the starting
and ending sectors in the directory, along with some other information that
the computer may require about the file. In this system, the size of the file
must be determined first. Most of the microcomputers use a more
sophisticated system called dynamic file allocation. In this system, there is
an index in which only the starting sector is noted. The file is saved in small
parts called records. The first record is placed where the index points, then
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a pointer is added to the first record to show where the second record will
be. When the file becomes larger, it simply tacks on a few more records. If
the file is altered in such a way that it becomes smaller, some records are
freed up so that the operating system can use them for other files. If a file
is completely eliminated, all of the records are freed for other files to use as
they are needed.

Disks also require formatting before they are used. Some disks (for ex-
ample, the one with the disk operating system on it) are already formatted.
New blank disks must be formatted. The formatting is usually done by a
command in the disk operating system. What formatting does is write some
system information on each sector to identify it for the operating system. In
addition, particularly in a dynamic allocation system, an index is created.
All of this is done so that the operating system can keep track of where
everything is and can go on the disk.

All of this information will be used to form some very efficient and
easy-to-use methods of storing and retrieving data on the disk. The logic
behind the interpreter is very similar to that behind using subroutines in a
program. A subroutine is a series of statements that can be called by a
statement in the program. It will perform a specific task determined by the
programmer. That task could be to find a record on the disk and convert it
to the form required in the program. There are several chapters in this book
that explain ways to effectively use subroutines in programs to make
programs easier to read (and therefore debug) and to also make programs
much more effective.

There are generally several names and versions of any method used on
computers. I chose the names in this book to be descriptive, so they can be
more easily applied to the methods. If you read another text dealing with
disk files, it may use other names and might describe a different variation
of the method.
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CHAPTER 3

TAKING CARE OF THE DISKS

There are some very simple, sensible rules about caring for the disk-
ettes. The flexible disk is not as indestructible as it may look. Here it can be
compared to a phonograph record, which also stores information.

Diskettes and records both do not like heat. Both can be warped and,
given enough heat, can melt. Heat can also cause diskettes to lose
information, even when there isn’t enough heat to cause any visible
damage. As with phonograph records, keep diskettes away from obvious
heat sources such as radiators and the sun, as well as some not-so-obvious
sources such as the tops of computers or other electronic devices. If the
temperature of the diskette gets above 95° F, data may be lost to the heat.
If you allow a diskette to get over 110°, you’d better have a duplicate of
the data on it.

Diskettes, both the floppy and the minifloppy, are described as being
flexible. This does not mean that you are supposed to bend them. The
information stored on the diskette is stored on the very thin film of
magnetic material on the plastic disk’s surface. If the diskette is bent
enough, this film will crack and the computer will not be able to read it.
This does not mean that a disk that has been bent is automatically no good.
I have had the unusual experience of mailing a disk to someone who re-
ceived it folded in half by the U.S. Postal Service to fit into a mailbox. He
unfolded the diskette and put it into the drive, and it worked. All of the
information was still on it. This was an extremely lucky diskette, the only
one of the several I know of that were received folded in half that actually
worked. A diskette has flexibility so that the disk drive can use a contact
head to read it. A rigid platter, on the other hand, would scratch more
easily, not to mention break.

Always keep the diskette in its paper storage envelope when it is not in
use. This is an extra protection against such things as dust. It also helps to
prevent anything from touching the read/write window where a small por-
tion of the surface is exposed. Never touch or allow anything else to touch
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this exposed disk surface. Anything that is left on this surface can become a
weapon against the thin magnetic film, causing scratches that may render
part of the diskette unusable. Anything left on the surface could also lead
to a very expensive mistake by scratching the disk drive’s read/write head.
Also, never attempt to remove the envelope immediately around the
diskette. This envelope is permanently sealed and is used to both protect
and clean the surface. The cleaning is done by the inside surface of this
envelope, which is covered with something resembling felt.

The disk is a magnetic medium, much like a cassette tape only more
sensitive. Never get a disk near any magnetic field unless you want to erase
it. Erasing can be done by running a magnet over both sides of the diskette
(do not scratch the diskette through the read/write window). Avoid getting
the disk near things like electric motors, television screens (which includes
the screen on the computer), and transformers, as they all produce magnetic
fields.

There is either a label or a place to put one on the diskette envelope.
Since the disk is always inside this envelope, do not write on it with
anything that requires any pressure, or the writing will be embossed onto
the surface of the diskette. Use a felt-tip pen or write on the label before
applying it to the diskette envelope.

Store diskettes like you would your best phonograph records. Do not
pile them too high or put anything on top of them. Wire racks that are sold
to keep 45 RPM records are good for storing the diskettes. They store best
vertically. Also, the boxes that diskettes are sold in when they are bought in
small quantities (usually a box contains 10 diskettes) are quite good for
storing the diskettes.



PART TWO

SECTION I

INTRODUCTION

There are basically two types of files available on microcomput-
ers: the sequential file and the random access file. The sequential file
is very much like a tape file, which is actually one type of sequential
file. For most disk applications, this file type is too clumsy, as the
entire file must be rewritten to alter any data in it. There are some
uses that this type of file will be employed to perform in this book,
and further explanation will be saved for that application. The ran-
dom-access file is the one responsible for the flexibility of the disk
drive and this is the one that is explored in the section to follow.

Random access files consist of a series of numbered records, or
spaces to store data. Each record must be the same size as all the
other records in the same file, but the records may be read from or
written to the disk independently from any other record in the file.
Compare this to the sequential file, where the records do not have to
be the same length but must be read or written in order (i.e.,
sequentially).

This section begins by explaining the basics of accessing a ran-
dom-access file, proceeds through refining these methods, and ends
with some programming hints which will make the programs a little
easier to write, read, and alter.
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CHAPTER 4

RANDOM-ACCESS FILES

Terminology is usually the first barrier to someone’s pursuing a new
subject. This is true in computer science in general and in microcomputer
disk technology in particular. But this terminology barrier is also easy to
overcome. The glossary in the back of this book contains definitions of
many important terms. If you need more information, you’ll find several
dictionaries of data processing words in libraries and book stores. Also, any
dictionary of the English language, particularly a recent one, will contain

many terms.

Here are a few terms often used in describing random-access files:

FILE

RECORD

BLOCK

BYTE

A section of the disk reserved for the storage of data
or programs. On most systems, when a file is set up
(the process of setting up a file is called opening the
file), the computer keeps track of it by a file name.
The file name is choosen when the file is opened and
then is used to reference the file.

A division of a file in which one set of data is
stored. For example, in a file of addresses, one
record will store one name and address.

The amount of data that in one operation is read
from or written to the disk by the computer. The
size of the block varies from computer to computer,
but most blocks are around 256 bytes long.

The basic unit of the computer’s memory, a byte is a
sequence of bits that represents a single character. It
is almost always 8 bits in length (a bit, or binary in-

teger, stores a binary value of one or zero. Eight bits
store values from 0 to 255).
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These definitions are not complete and might leave some unanswered
questions, but using them in this chapter should help clear up the questions,
because what’s missing in the definitions is how these terms relate to each
other.

To begin discussing the handling of these files, consider the block and
the record to be the same unit. This is a possibility and is not that uncom-
mon. This also is the simplest random-access file. In such a file, you can
read or write one single record using the simplest forms of the disk
commands listed in the manual.

The difference in the ways that each of the microcomputers is set up to
reference the disk presents a problem in discussing the files. The most
common method seems to be the use of GET and PUT. I use these words
in this book. To determine the equivalent commands on other systems re-
quires some investigation. GET, in the form GETn,m, where n is the file
number and m is the record number, reads one record (record number m)
from file n. The file number is determined in the program when the file is
commanded to OPEN (see OPEN for more explanation—that word should
be in the manual for any disk system). PUT is in the same format, and
writes record m to file n. In some systems, the variable(s) containing (or to
contain) the information must also appear in the statement that is reading
or writing. In other systems, this variable or list of variables is set in a
FIELD statement. Depending upon the specific system, use the variable B$
(B is for block, as that is, technically, the amount of data being transferred)
or use the FIELD statement 255 AS BS.

Data files are commonly used to store names and addresses. To set up
such a file, follow these steps:

1. OPEN the file. The OPEN statement should refer to the file as file 1
and name it NAMES. The file number and name can be a variety of other
choices, but these will be used in this chapter for the descriptions. If the
OPEN statement requires a file length, as some do, restrict it to 100
records, or blocks (sometimes referred to as sectors).

2. If required, FIELD the data with a FIELD statement of 255 AS BS.

3. Set B$ to all blanks (ASCII code 32, base 10, or 20 in base 16—this is
equivalent to a space). Set up a FOR/NEXT loop and use PUT to place
such a record in blocks 1 through 100. This initializes the file, or sets it to a
starting position.

4. End the program, which should include using the CLOSE command.

These steps should initialize the file, which is the first step. In
Microsoft BASIC, such a program would look like this:
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10 CLEAR 600

20 OPEN “R",1,"’NAMES"’
30 FIELD 1, 255 AS B$

40 B1$ =STRING$(255,32)
50 FORI=1TO 100

60 LSET B$ =B1$

70 PUT 1,1

80 NEXT |

90 CLOSE1

100 END

In the above example, B1$ is used to store the string of blanks to set
up the B$ string in the loop. The LSET and RSET commands move the
contents of the variable into a special section of the computer’s memory set
aside to contain one block of information for transfers from and to the
disk. To give an example of how this task can differ on different com-
puters, a program written on a WANG 2200 system would look like this:

10 DIM B$(4)62

20 INIT(20)B$( )

30 DATASAVE DC OPEN F 102, "NAMES”’
40 FOR1=1TO 100

50 DATA SAVE DC B$( )

60 NEXT |

70 DATA SAVE DC END

80 END

Instead of relying on one linear string variable for storage, the Wang
system uses an array for the disk storage. In the OPEN statement, this
system requires the file length but does not require the FIELD statement.
As this system does not use the file number in the program, it uses the file
number zero by default. To make it file number one, you can insert a
number one in line 30 between F and 102, and also in line 50 and line 70
immediately following the DC. Also, someone using a Wang system must
make a SELECT DISK statement at the beginning of the program so that
the computer will know which disk platter to use.

Obviously, the Wang system uses a very different method for accessing
the disks based on entirely different storage concepts. Wang also allows
other forms for accessing the disk. This is because the Wang system was
developed earlier and refined along different lines than most of the methods
for microcomputers. Fortunately, most microcomputers use inethods similar
to the example in Microsoft BASIC.

Once a file has been initialized, it can be used. Writing blank records
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to each of the records in the file allows the computer to create an internal
roadmap that it will use later to find each record.

Any program written to use this file should use the OPEN and FIELD
statements in the example. This sets up the file so that the computer will
know how to PUT and GET the records correctly. The next problem to
solve is how to store the information in the newly established file.

There are many more ways of using the FIELD statement to define
how data is stored in the record. This form of defining the entire record as
one string allows some flexibility not afforded by other methods. For
example, changing the structure of how the data is stored in order to add
more information to each record later becomes simpler. Using this form for
the FIELD statement leaves the problem of packing the data.

The next step is to determine the fields in the records. Each record
should have exactly the same format as all of the other records in the same
file so that the computer can read and write them correctly. The basic items
for a name and address file are:

Name—Restrict this to 20 characters.

Address—This can also be 20 characters.

City—Generally, this can be restricted to 16 characters.

State—Using the postal abbreviations, this requires only two characters.
. Zip Code—All zip codes in the United States are five digits. For
s1mp11c1ty use five characters.

MAwN:—

The above fields and the limits described for each are used in this
chapter’s random-access file, but the names and lengths of fields could be
altered to fit many applications. The zip code, at the time of this writing,
was still five digits but was rumored to be increasing to nine in the near
future, so that field may be expanded. The field may also be expanded to
include Canadian names and addresses.

As each character will be stored in 1 byte, adding the lengths of these
items will produce the record length in bytes. Numbers are stored different-
ly, and that topic will be covered later. The length of this record is 63
bytes. On a system where the block length is 255 bytes, a common length in
microcomputers, 192 unused bytes remain in each block. These extra bytes
will be wasted. While the ways to make use of them will be explained in a
later chapter, for now, ignore these extra bytes.

Now choose the variable to store these items while they are in the
computer’s memory. Use N$, A$, C$, S$, and Z$, in that order. Since B$
is the only string read from or written to the disk, there must be some way
of putting these values into and getting these values from BS$.

This text features subroutines often used in programs which access the
disk as several required operations, such as packing and unpacking records.
The subroutines eliminate the need to repeat several different series of
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statements. If the program text occupies from line 10 up to line 5999, lines
6000 and up may be used exclusively for subroutines. The reasons for
splitting the text between program and subroutine will become much clearer
in later chapters. With that in mind, use the following two subroutines to
pack and unpack the record:

6000 STOP

6010 B1$ =STRING$(255,32)
6020 B2$ =STRING$(20,32)
6030 MID$(B1$,1,20)=N$ +B2$%
6040 MID$(B1$,21,20)=A$ +B2$
6045 MID$(B1$,41,16)=C$ +B2$
6050 MID$(B1$,57,2)=S$ +B2$
6060 MID$(B1$,59,5)=2$ +B2$
6070 LSET B$=B1$

6080 RETURN

6090 N$ =LEFT$(B$,20)

6100 A$=MID$(B$,21,20)

6110 C$=MID$(B$,41,16)

6120 S$=MID$(B$,57,2)

6130 Z$=MID$(B$%$,59,5)

6140 RETURN

The above text contains two subroutines. The first one starts at line
6010 and packs the five variables containing the data into B18$, then sets up
B$ in the form required in the PUT statement. B1§ is initialized to spaces
so that the length agrees with the FIELD statement. Add B2$ to all of the
variables so that there will be no nu/l or meaningless empty spaces in the
record, which, if they are ignored, can cause problems on many systems.
Line 6090 starts the second routine, which unpacks the record into the five
variables. This subroutine can be used immediately following the GET
statement.

Although this chapter has presented much information on random-
access files, all that has been done so far in the examples is setting up the
file on the disk and preparing subroutines to read and write data. The
initialization step is important not only to eliminate any ‘‘garbage’’ that
may have been on the disk in the area allocated to the file but also, on
some computers, to set up an internal roadmap the system will use later to
locate the records. The subroutines to read and write the data are required
to make using the files easier. Sufficient preparation, although it makes the
first steps more difficult, simplifies using the files.

A simple example of using the file can be built around the two
subroutines. The following program text will allow you to write a name and
address into the file and also to display one name and address at a time on
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the screen. You should enter the two subroutines first, and then do the
following:

10 CLEAR1000

20 OPEN’'R",1,”NAMES"

30 FIELD1,255ASB$

40 CLS

50 INPUT’ENTER 1 TO WRITE OR 2 TO READ"";N
60 IFN=1THEN100

70 IFN=2THEN300

80 PRINT'ERROR—PLEASE ENTER 1 OR 2"

90 GOTO40

100 CLS

110 PRINT"WRITE A NEW RECORD TO THE FILE"
120 INPUT’ENTER RECORD NUMBER (1 TO 100)'":N
130 IFN> =1THEN160

140 PRINT’ERROR—RECORD NUMBER MUST BE 1 TO 100"
150 GOTO120

160 IFN>100THEN140

170 INPUT 'NAME'";N$

180 INPUT'*ADDRESS’";A$

190 INPUT"CITY"";C$

200 INPUT'STATE";S$

210 INPUT'ZIP CODE'";Z$

220 GOSUB6O10

230 PUT1,N

240 GOTO40

300 CLS

310 PRINT"READ A RECORD FROM THE FILE"’
320 INPUT'ENTER RECORD NUMBER'’;N

330 IFN> =1THEN360

340 PRINT"ERROR—RECORD NUMBER MUST BE 1 TO 100"
350 GOTO320

360 IFN>100THEN340

370 GET1,N

380 GOSUB6090

390 PRINT'NAME : "";N$

400 PRINT'ADDRESS : '";A$

410 PRINTCITY : "";C$

420 PRINT'STATE : "";S$

430 PRINT''ZIP CODE : '";Z$

440 GOTO50

This example shows basically how to access a random-access file. The
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program is set up to show the disk-access functions and is not intended to
be a showpiece on the display screen. If this is to be a frequently used
program, the PRINT and INPUT statements could be improved, but these
adornments are not needed for the example.

The program is in four sections, not counting the two subroutines. The
first section, made up of lines 10 through 30, initializes. Initialization in this
program includes the CLEAR statement to set aside room for the string
variables and the OPEN and FIELD statements for the file. The second
section, lines 40 through 90, requests a decision from the operator as to
which of the last two sections should be run. The third section, lines 100
through 240, writes one record to the file. The last section, lines 300
through 440, reads and displays one record.

With the program texts presented so far, a random-access file can be
read from and written to by using a number from 1 to 100. This works well
but has very limited use. Even printouts of the file would be of limited use
if they were in record number order. The solution to this problem is, in
part, sorting. The simplest approach, although not the most practical or the
most useful, is to sort the entire file directly. When this is done, you can
print the file in some useful order. What makes this method inefficient and
of limited use is that the record number of any given name and address will
probably change in the process of sorting.

All sorting methods have advantages and disadvantages, but you
should learn as many as possible and that way learn which methods to use
for which applications. You can then learn to combine methods to fit
specific circumstances.

In a direct sort, the records are physically placed in some order. For
example, if the sort is by name, all of the names which begin with A will be
first in the file, followed by the names which begin with B, etc. The
example to follow illustrates a push-down or bubble sort. It is one of many
different types of sorts used, and may be one of the most common direct
sorts because it is very easy to program. To explain the logic of the sort,
consider ordering the following five letters alphabetically:

-
N
w
S
4]

Begin with the first two letters, Q and Z. These two are in the correct
order, so they are left alone. Go on to the next two letters, Z and I. These
are out of order, so swap them. The order is now:
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Go on to the next two letters, which are now Z and S. These are also
out of order, so swap them. The last two letters are now Z and R, which
are also out of order, so swap them. This completes the first part or pass in
the sort. It resulted in the letter Z being pushed down to the end of the
series, or bubbled up to the top, depending on how you look at it. The
resulting order is now:

The next pass stops at letter number four, but follows the same logic as
the first pass. First, swap the letters Q and I. The next pair, Q and S, are in
the correct order, so leave them alone. The last pair in this pass are the
letters S and R. They are out of order, so swap them. This results with the
following order:

The letters are now in the correct order. In this example, the letters
were sorted in two passes. For five elements (entries on the list to be
sorted), the maximum number of passes is four, or one less than the
number of elements. This will occur when the elements are in reverse order
before the sort.

You can easily transfer the logic of the bubble sort to the sorting of an
array on the computer. The following program will sort five letters into
alphabetical order:

10 CLEAR100

20 DIMAS$(5)

30 PRINTENTER THE FIVE LETTERS ONE AT A TIME:"’
40 FORI=1TO5

50 PRINT’ENTER LETTER NO."’:l:
60 INPUTAS(I) ‘

70 NEXTI

80 FORI=1T04

90 FORJ=2T06 -1

100 IFAS$(J)> =A$(J—1)THEN140
110 A$ =AS$(J)

120 A$(J)=A$(J—-1)

130 A$(J-1)=A$
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140 NEXTJ
150 NEXTI
160 FORI=1TO5
170 PRINTI;A$(1)

180 NEXTI
190 STOP
FOR 1=1
TO N-1
' FOR J=2
[ TO N+1- |
|
: f YES
| I
| | NO
' |
I | EXCHANGE
| | AS (J) WITH
| | AS(J-1)
|
|
| NEXT J
( NEXT 1 e

Figure 4.1: Bubble sort flow chart where N is the number of items to be sorted.

The FOR statements in lines 80 and 90 control the number of passes
and length of each pass. In line 80, the variable I will take values from
numbers one to four, which is one number less than the number of
elements. The index variable I is used only as a counter except in line 90.
The index variable here, J, starts at two and so it ends at six minus I and
will go from five in the first pass down to two in the last pass. J will be the
higher element in each pair examined. This examination takes place at line
100. If the letters are in the correct order, the program will branch to the
NEXT J statement. If they are not in the correct order, lines 110 through
130 will swap them. The array AS$(5) holds the five letters. The linear string
variable A$ is used as a temporary variable, also called a work variable,
which is a place to put something for temporary storage and is not needed
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before or after the process. Note that there is no check for the length of the
entries. This program will also sort entire sentences up to the maximum
string length for the computer used. Experimenting with different character
combinations will show you how the computer sorts words and other longer
strings which may include numbers and characters.

To apply this sorting to the random-access file, load the program used
to access the random-access file back into the computer. Now add one of
two functions to the program—sort or print. You can replace lines 50
through 80 with the lines as indicated on the listing. Add the routines at
lines 500 through 650 (these will print the records in order) and at lines 700
through 830 (these will sort the file). If there is no printer, change all of the
LPRINT commands to PRINT and add:

612 PRINT''PRESS ENTER FOR NEXT NAME AND ADDRESS"’
614 W$ =INKEY$:IFW$ ="""THENG614

For systems which do not have the equivalent of INKEYS, use an input
statement for line 614 that inputs W§.

10 CLEAR1000

20 OPEN’R",1,””NAMES: 1"’

30 FIELD1,255ASBS$

40 CLS

50 INPUTENTER 1 TO WRITE, 2 TO READ, 3 TO PRINT OR 4 TO
SORT'";N

60 IFN<1THEN8O

62 IFN>4THEN8O

70 ONNGOTO100,300,500,700

80 PRINT'ERROR—ENTER 1, 2, 3 OR 4"

90 GOTO40

100 CLS

110 PRINTWRITE A NEW RECORD TO THE FILE"”

120 INPUT'ENTER RECORD NUMBER (1 TO 100)"":N

130 IFN> =1THEN160

140 PRINT’ERROR—RECORD NUMBER MUST BE 1 TO 100"’

1560 GOTO120 '

160 IFN>100THEN140

170 INPUT'NAME’’";N$

180 INPUT'*ADDRESS'’;A$

190 INPUT"CITY'';C$

200 INPUT'STATE'’;S$

210 INPUT''ZIP CODE'";Z$

220 GOSUB6010
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230 PUT1,N

240 GOTO40

300 CLS

310 PRINT’READ A RECORD FROM THE FILE"'
320 INPUT'ENTER RECORD NUMBER’":N
330 IFN> =1THEN360

340 PRINT’ERROR—RECORD NUMBER MUST BE 1 TO 100"’
350 GOTO320

360 IFN>100THEN340

370 GET1,N

380 GOSUB6B090

3390 PRINTNAME : "":N$

400 PRINT’ADDRESS : "";AS

410 PRINTCITY : "";C$

420 PRINT'STATE : '";S$

430 PRINT“ZIP CODE : "";Z2$

440 GOTO50

500 INPUT’START AT RECORD NO."":N
510 INPUTEND AT RECORD NO.’";N1
520 IFN<1THENG640O

530 IFN1<NTHENG640

540 IFN1>100THENG640

550 FORI=NTON1

560 GET1,|

570 GOSUB60390

575 IFLEFT$(B$,1)="" "THENG620

580 LPRINTI;NS

590 LPRINTAS

600 LPRINTCS;’", ';S$;"" ';Z$%

610 LPRINT "

620 NEXTI

630 GOTO40

640 PRINT'ERROR—ENTER RECORD NUMBERS CORRECTLY"’
650 GOTO500

700 PRINT'SORTING THE FILE"’

710 FORI=1TO99

720 GET1.,1

730 B1$=8B$

740 FORJ=2T0O101 -1

750 GET1,J

752 IFLEFT$(BS$,1)="" ""THEN80OO
754 |FLEFT$(B1$,1)="" ""THEN770
760 IFB$> =B1$THEN8OO

770 PUT1,J-1

780 LSETBS$ =B1$

790 PUT1,J

800 B1$=B$



26 RANDOM-ACCESS FILES

810 NEXTJ

820 NEXTI

830 GOTO40

6000 STOP

6010 B1$ =STRING$(255,32)
6020 B2$ =STRING$(20,32)
6030 MID$(B1$,1,20) =N$ +B2$
6040 MID$(B1$,21,20) =A% +B2$
6045 MID$(B1%$,41,16)=C$ +B2%
6050 MID$(B1$,57,2)=S$ +B2$
6060 MID$(B1$,69,5)=2Z$ +B2$
6070 LSETB$ =B1$

6080 RETURN

6090 N$ =LEFT$(B$,20)

6100 A$=MID$(B%$,21,20)

6110 C$=MID$(B%,41,16)

6120 S$=MID$(B$,67,2)

6130 Z$=MID$(B$,59,5)

#6140 RETURN

The sorting routine (lines 700 through 830) is very similar to the short
alphabetical sort program. The basic difference is that the equivalent of
AS$(J —1) is not available, and B1$ is used to hold the value of the last
record. Since the routine that makes one pass always starts with the second
record, B1$ is initially set to the value of the first record in the file. The
swapping looks very different in this routine. Instead of swapping two
variables in memory, this sort uses PUT statements to reorder the disk file.

Notice how long this routine takes to sort the 100-record file. That is a
distinct disadvantage to the bubble sort. But the operation can be speeded
up—the sorting terminated early—if there are no more swaps in the pass.
The initial example was terminated when the user added a simple test to the
program to force the sort to end after a successful pass in which no
elements were swapped. With the test, files with fewer than 100 records or
any files that require fewer passes do not take as long. With the variable
SW, the user counts the number of swaps in a pass.

Implementing this counter is simple. Add :SW =0 to line 730 to
initialize the counter before each pass. Add line 795 SW =SW +1 to count
the number of swaps.

This IF statement will cause the outer loop to terminate after any pass
that does not swap any records.

815 IF SW=0 THEN =99
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And now you have something useful—a routine that will give an
alphabetical listing of the file by name. The entire string B$ can be used
because the first field in it is the name.
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CHAPTER 5

THE BINARY SEARCH

An old story tells of a peasant who saved his king’s life. Since it is an
old story, in some versions the peasant also saved the entire kingdom. But
in any case, how the peasant saved anything varies considerably among
versions. How the king rewarded the peasant does not vary, and this is for-
tunate because the method of reward is the interesting part of the story.

The king was a chess player. When he told the peasant to name any
reward he wanted, the peasant took advantage of this by relating the
reward to the chessboard. On the first square, the peasant requested one
grain of wheat be placed. On the second square, two grains of wheat. On
the third square, four grains, and on each square in turn, twice the number
was placed as on the previous square until all the squares had been used.
The grain would be the reward.

At this request, the king laughed and stated that the grain was too
small a reward for the peasant’s gallantry, but the peasant insisted and the
order was issued. The grain counting began.

It was soon determined that there was not nearly enough grain in the
entire kingdom to fill the peasant’s request. The total number of grains that
would be required would be 18,446,744,073,709,551,615. This is two to the
sixty-fourth power, minus one grain.

This story shows something of how the base two numbering system
works. The whole system is based on doubling. With it, 64 squares added
up to an incredibly high number. The computer is based on this base two
(more often called binary) number system, and is therefore subject to all of
its eccentricities. In their most basic forms, all numbers, letters, characters,
and even program statements are stored as ones and zeroes, which are the
only two digits in the binary system. Working the analogy of the king and
the peasant backwards yields a very efficient method of searching through
sorted records, whether in a random-access disk file or in an array in
memory. For example, to find a record in a file that has as many records as
the number of grains noted in the story, only 64 searches would be required
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(one search being the operation of looking at one particular record).

Using the binary system approach, searching through sorted records is
not much different from looking up a word in the dictionary. The basic dif-
ference is that the method used on the computer must be a little more exact
and less random. A typical search through the dictionary, say to look up
the word ‘‘number,”’ may go like this:

First, you open the dictionary somewhere in the middle. The page you
turn to starts with ‘‘monitor’’ and ends with ‘‘monoacidic.”” Both of these
words are earlier in the alphabet than the word ‘‘number,’’ so you turn a
few more pages. This next page you read starts with ‘““new’’ and ends with
“next.”’ ““Number’’ is still further ahead, so you turn a few more pages.
Now the page goes from “‘obtain’’ to ‘‘occasional.”’ These words are both
later in the alphabet than ‘‘number,”” so you turn back a few pages. You
keep repeating this process until you come to the page containing the word
‘“number.”’

A simple example of a more exact application of this logic can be
found in a popular game. Many radio station games and a few electronic
games are based on it. The game is a number guessing game, where the
player is to guess a number between two given numbers. After each guess,
the player is told whether the guess was too high or too low. If the range of
numbers is 1 to 1000, the number could be guessed in 10 guesses or less
using a searching technique based on the binary system. This technique is
commonly called the binary search method. Using the binary search method
to guess the number 566 would involve the following set of guesses:

1. The limits are 1 and 1000, so the first guess is the average of 0 and 1001
(the numbers immediately outside the range, because you know that the
number to guess is not one of these). Round up the average, which is exact-
ly 500.5, and give 501 as the first guess. This is too low, so move up the
lower limit of 0 to 501 because you now know that the number is between
501 and 1001.

2. The next guess is the average of these new limits, or 751. This is too
high, so move down the upper limit to 751. Now the limits are 501 and 751.
3. The average of these limits is 626. This is also too high, so the new
limits are 501 and 626.

4. This average is 564. This is fairly close, but the only information we can
use is that it is too low, so the new limits become 564 and 626.

5. This guess is 595, which is too high, so the upper limit becomes 595. The
number is between 564 and 595, which means that it is now one of 30
numbers,

6. This average is 580, which is also too high, so the limits become 564 and
580.

7. This guess is 572, which is also too high. The new limits are 564 and
572.

8. There are only seven possibilities left. This guess is 568, which is too
high. The range is now 568 and 564, a range of three numbers.
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9. This guess is 566, which is the answer. Nine guesses got this one, but it
should be clear that 565 and 567, had one of them been the number, would
have required the same steps, but would also have needed one more step.

-~ -

-
-

5684
564

|
hi
1
564!1568
1
]
]

Figure 5.1: Closing in on a number using a binary search.

It is obvious that some numbers can be guessed in fewer guesses than
others, but if there are only 1000 numbers, never will it require more than
10 guesses. Actually, these are not really guesses at all, but specific points
to test.

You can apply this method directly to the file sorted in the last
chapter. The only differences are that the file is alphanumeric instead of
numeric and that the records are not sequential, as are the numbers, but are
in sorted order.

Another example, smaller than the one with 1000 numbers and more
similar to working with the dictionary, will show how these differences can
be handled. Consider this group of letters, sorted alphabetically:

—_
N
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You can search for one of the letters in this sample file by using the
numbers above each letter. With nine records in this file, finding any one of
them will not take more than four searches. Note that the binary search
method works more efficiently on larger files. The 1000 numbers guessing
game required that no more than 10, which is one percent of the total, be
tested, but in this small file, four out of nine, almost half, must be tested.
Although nine is not a practical size, it is still sufficient to show how the
method works.

This search will be for the letter ““O.’’ Since there are nine records, the
limits will begin at 0 and 10. The first average is five, which corresponds to
the letter ““M.’’ That is too small (i.e. earlier in the alphabet), so set the
lower limit to five. The second guess is the average of five and ten, which is
eight (remember—round up). That corresponds to the letter *“Y”’, which is
too large. The new limits are five and eight, giving the next guess as seven
(the letter ““Q”’). That is too large, so the next guess, the average of five
and seven, is six, which is the correct number as it corresponds with the let-
ter ““O.” This method works well when the letter being searched is there,
but not when the letter is not there, like the letter “‘J.”’

The search for the letter “‘J*’ is as follows:

GUESS LIMITS AVERAGE LETTER
1 0-10 5 M too large
2 0-5 3 G too small
3 3-5 4 H too small

Now there is a problem. The letter corresponding to four is too low
and the one corresponding to five is too high. Since there is no record be-
tween four and five, ‘J”’ is not in the file.

There are two ways to determine that the search was not successful.
First, make sure that the upper and lower limits are only one number apart
and that the upper and lower limits have already been tested or are outside
the area to test. Second, check to see that the maximum number of searches
for that size file has already been made without finding the record. To use
this method you need some way to determine the maximum number of
searches for the file.

Since this method is called the binary search method, it seems quite
logical that the maximum number of searches is related to the binary system
of numbers. It is. This magic number is the power of two which is equal to
or just greater than the number of records in the file. Refer to the appendix
for the powers of two from 1 to 20. The file has nine records in it. The cor-
rect power of two is four. Three would give 8, but that is lower, so four
must be used. For the example of 1000 numbers, 10 is the magic number
because it corresponds to 1024 and nine corresponds to 512. The table in
the appendix gives this magic number for any file with up to a million
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records. To extend the table further, simply keep doubling the number to
get the next power.

Now, to go back to the program from Chapter 4, the binary search
method can add the function of looking up a record by name. The program
will first need to be altered so that this new function can be called. Alter
the following lines to read:

50 PRINTENTER 1 TO WRITE, 2 TO READ, 3 TO PRINT,"”
52 INPUT'4 TO SORT OR 5 TO SEARCH'";N

62 IFN>5THEN8O

70 ON N GOTO 100,300,500,700,900

Note that line 60 does not need to be changed. The only part left is to
write the section that performs the search. Since that doesn’t look quite as
simple as the last change, look at the logic first. The basic steps for this
are:

1. Use INPUT to get the name to search. Store this in N18§.

2. Set the limits as L1 and L2. These should be initialized to 0 and 101 for
a 100-record file. Set the counter L4 to 0.

3. Set L3 equal to the average (L3 =INT((L1+L2)/2+.5)) and get record
number L3.

4. If the name in this record is greater than N1§, set L2 =L3.

5. If the name in this record is less than N1§, set L1 =L3,

6. If the name in this record is equal to N1$, end the search—the name was
found.

7. Add 1 to L4. If L4<7, go back to step #3.

8. The search ends without success here.

This logic translates into the code in listing 5.1, lines 900 to 1000. This
routine ends when it finds the record by branching into the routine that gets
a record by number and displays it. If the record is not found, it displays a
message to that effect and gives the number of a record that was close.

In the program that was not in the logic is the part that takes care of
the unused records. Statement 930 sets any blank records to a very high
value so that a blank record is higher than the name being searched. Also,
L5 was added to keep the length of the name entered so that the com-
parison would only compare the number of characters entered. Otherwise, a
short name like ““DOE’’ would always test out higher in the file because it
is followed by other information.
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CLEAR1QOO

20 OFEN"R™,1,"NAMES:z1"

FIELD1, 255ASES

40 CLS
SO0 FRINT"ENTER 1 TO WRITE, 2 TO READ, T TO FRINT,"

INFUT"4 TO SORT OR 5 TO SEARCH";N
IFN< 1 THENBO
IFN:>STHENSO

7Q ONNGOTO100, 300, 500,700,900
80 PRINT"ERROR - ENTER 1, 2, X OR 4"
20 GOTQ40

&HOO
610
612
614

620

&0
&40
&S50
700
710
718
720
730
740
750
752
754
760
765
770

CLS
FRINT'WRITE A NEW RECORD TO THE FILE"
INPUT"ENTER RECORD NUMEER (1 TO 100)";
IFN>=1THEN160Q
PRINT"ERROR - RECORD NUMEER MUST EE 1 TO 100"
GOTO120
IFN>100THEN140
INFUT"NAME" ; N$
INFUT"ADDRESS" ; A%
INFUT"CITY";C%
INFUT"STATE";S%
INFUT"ZIF CODE";Z%
GOSUE&LO10
FUT1,N
GOTO40
cLS
FRINT"READ A RECORD FROM THE FILE"
INFUT"ENTER RECORD NUMEBER":N
IFN =1 THENT60
FRINT"ERROR — RECORD NUMEER MUST EBE 1 TO 100"
GOTQIZA
IFNG 1OOTHENZ40
GET1,N
GOSUR&OFQ
FRINT'NAME : "3N$
FRINT"ADDRESS : ";A$
FRINT"CITY : "3C$
FRINT"STATE : "3S%
FRINT“ZIF CODE : “3Z%
FOTOSO
INFUT"START AT RECORD NO.":N
INFUT"END AT RECORD NO."3N1
IFN I THENG 4O
TFN1ZNTHENGSQ
IFNL > 1OOTHENG 4O
FORTI=NTON1
GET1,1
BOSURGOFD
IFLEFTS (B$,1)=" “THEN&ZO
FRINTNS
FRINTAS
FRINTCS: ", ";S$;" ;7%
FRINT® »
FRINT"FRESS ENTER FOR NEXT NAME AND ADDRESS"
WE=INKEY$: IFW$=""THENG14
NEXTI
GOTO40
FRINT'ERROR — ENTER RECORD NUMEERS CORRECTLY"
GOTOSOO
FRINT"SORTING THE FILE"
FORI=1TO99
SW=0
GET1,1
R1$=E$
FORJ=2TO101~1
GET1,J
IFLEFT$ (E$,1)=" “THENBOO
IFLEFT$(B1%,1)=" "THEN770Q
IFE$ >=E1$THENBOO
SW=8W+1
FUT1,d-1
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780  LSET E$=R1%

790 PUT1,J

800  B1$=RE$

810 NEXTJ

B15 IFSW=0THENI=9%

820 NEXTI

830 GOTDA4Q

900 INFUT"ENTER NAME TO SEARCH";N1$

910 L1=0:L2=101:L4=0:LS=LEN(N1$)

920 LI=INT((L1+L2) /2+.5) : BET1 L3

9Z0 IFLEFT$ (B$,1)=" "THENLSETE$=STRING% (10,255)

940 IFLEFTS (E$,L5) >N1$THENLETL2=L3 '

950 IFLEFT® (B$,LS5) <NI$THENLETL1=L3

960 IFLEFTS (E$,L5)=N1$THENI8Q

970 La=L4+1

980 IFL4<7THENSZO

990 PRINT"NAME NOT FOUND ~ IT IS NEAR RECORD NO.";L3
1000 BOTOSO

6000 STOF

6010 EB1$=STRINGS (255
6020 B2$=STRINGS (20,32
60T0 MID$ (B1%,1,20) =NE+E2$

6040 MID$(E1%,21,20) =A%+B2%
6045 MIDS (E1$,41, 16) =CE+ED$
6050 MIDS (EHi1%,57,2) =S$+E0%

6060 MID$ (B1%,59,5) =Z$+E2$

6070 LSET B$=R1%

6080 RETURN

6090 N$=ILEFT$ (B, 20)

6100 A$=MID$ (E$,21,20)

6110 CH=MID$ (B%,41,16)

6120 S$=MID% (B$,57,2

6130 ZH=MID% (E$,59,5)

6140 RETURN

Listing 5.1

The program as it is set up misses out on one very obvious and
important point. Using it will quickly reveal that the program searches and
alphabetizes on the first name. If the file were of all company names, this
would not be a problem, but if the file were of people’s names it would be.
People tend to alphabetize by their last names. Listing 5.2 is another varia-
tion of the program that adds a key field to the record as the first field.
This key field can be the last name or any other value that will specify the
record. To use this new program, reinitialize the data file because the new
field has reordered where the other fields will be in the records.

10 CLEAR10Q0
20 OFEN"R",1, "NAMES:1"

30 FIELD1,25SASES

40 CLS

50 PRINT"ENTER 1 TO WRITE, 2 TO READ, I TO PRINT,"
52 INFUT"4 TO SORT OR § TO SEARCH"iN

60 1FN<1THENSO

62 IFN>STHENBO

70 ONNGOTO100, 300,500, 700, 900

80 PRINT"ERROR - ENTER 1, 2, 3 OR 4"

%0 GOTD40

100 CLS
110 FRINT"WRITE A NEW RECORD TO THE FILE"
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120 INFUTYENTER RECORD NUMEER (1 TO 100)"3;N
130 IFN>=1THEN16&60

140 FRINT"ERROR — RECORD NUMBER MUST BE 1 TO 100"
150 GOTO120

160 IFN>100THEN140

165 INPUT"EEY"3;K$

170 INFUT"NAME" i N$

180 INFUT"ADDRESS"3;A$

190 INPUT"CITY":C%

200 INPUT"STATE";S%

210 INFUT"ZIF CODE":;Z%

220 GOSURGLOLO

230 FUTLI.N

240 GOTQR40

J00 CLS

310 PRINT"READ A RECORD FROM THE FILE"
JI20 INFUT"ENTER RECORD NUMBER"3;N
JI30 IFN>=1THENZ&6O

340 PRINT"ERROR - RECORD NUMEER MUST ERE 1 TQ 100"
350 GOTOZZO

T60 IFNZ1OOTHENTI40

I70 GET1,.N

IBO COSURLOIO

385 PRINT"EEY 2 "“3K$

I20 PRINT"NAME =2 "3iN$

400 FRINT"ADDRESS : "3;A%

410 PRINT"CITY : "“:;C%

420 FRINT"STATE : "3;S%

470 PRINT"ZIF CODE : ":Z%

440 GOTOSO

SO0 INPUT"START AT RECORD NQ."3:N
S10 INFUT"END AT RECORD NG."3iN1
520 IFNCITHEN&4Q

S30 IFN1<NTHEN&EO

540 IFN13:100THENG4O

S50 FORI=NTON1

560 GET1,I

570  GOSUEB&LOIO

575 FRINTES

580 PRINTNS

590 FRINTA%

600  PRINTC#;", "3;S%3" "3:Z%

610 FRINT™

612 PRINT"FRESS ENTER FOR NEXT NAME AND ADDRESS"
614 WH=INEEY$: IFW$=""THEN&14

620 NEXTI

&6Z0 GOTO40

640 FRINT"ERROR - ENTER RECORD NUMRERS CORRECTLY"
&80 GOTGB0OQ

700 FRINT"SORTING THE FILE"

710 FORI=1T0O99

715 SW=O

720 GBGET1,1

730  Rl1$=E$

740 FORJI=2T0O101-1

780 GET1,J

752 IFLEFT$ (B%, 1)=" “"THENBQO

754 IFLEFT$ (Bl%, 1)=" “THEN770
760 IFR$>=B1$THENBOO

765 SW=8W+1

770 FUT1,3-1

780 LSET B$=R1%

790 FUT1,J

8O0 Bis=R%

810 NEXTJ

815 IFSW=0THENI=%9

820 NEXTI

870 GOTO40

F00 INFUT"ENTER HKEY TO SEARCH":N1$
F10 L1=O:L2=101:L4=0:L5=LEN(N1$)
20 I=INT ((L1+L.2) /2+.5) : GET1,L3
FIO IFLEFTH(R$, 1) =" "THENLSETE$=STRING$ (10, 255)
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40 IFLEFT$(R$,LS) >N1STHENLETLZ2=L3

P50 IFLEFTS (B%,LS) <NI$THENLETL1=LZ

960 IFLEFTS (B$,L5)=N1$THENI8O

P70 L4=1_4+1

Q8O IFL447THENY20

990 FRINT"EEY NOT FOUND — IT IS NEAR RECORD NG."3iLT
1000 G0TOS0

6000 STOF

6010 R1$=8TRINGS (255,
6020 R2$=STRING$ (20,32)
6025 MIDE(R1$,1,10)=Ks+B2$
60T0 MIDS (B1%,11,20) =N&+R2%
6040 MIDS$ (B14$,T1,20)=A%+R23$
6045 MID%(B1$,51,16)=CH+B2¢
L0550 MIDS (B1$,467,2)=0%+R2%
4060 MID® (E1%,69,5)=Z+B2%
6070 LSET BE=R1%

6080 RETURN

6090 KE$=LEFT$ (B$,10)

6095 M&=MID$ (B%, 11,20)

6100 AS=MIDS (B$,31,20)

6110 CH=MID%(E%,51,16)

6120 SE=MIDS (B$,67,2)

6130 ZH=MID% (B$,69,5)

6140 RETURN

Listing 5.2
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CHAPTER 6

SUBROUTINES

Usually, when someone writes a book, thesis, or report, that person
starts with an outline or the equivalent to organize the presentation. When
someone wants to program something, the first thing that person usually
does is sit down at the computer. As a result, most books, theses, and
reports are in some sort of logical order, and most programs look like
cooked spaghetti. This does not have to be. A few simple guidelines would
help. The major organizing aid taught for programming is the flow chart,
which could be the last step, but certainly not the first step, before
programming. Flow charts have their place, but they answer the question of
how it works when the first question should ask what does it do. This
difference becomes particularly important when the complexities of disk
access are added to the program.

Since this subject will be handled in more detail in later chapters, this
chapter will deal only with the highlights. This subject is important here
because one part of it, subroutine use, needs some discussion before more
complex disk techniques can be approached. Organizing a program that
uses disk files requires a specific order. The starting point is the organiza-
tion of the data files, including how the data fit into the records and how
these records are loaded, unpacked, packed, and saved. You should handle
these functions by subroutines.

One way to help avoid the ‘‘spaghetti syndrome’’ in programming in
BASIC is to divide the program by statement numbers between the main
program and the subroutines and keep the program split so that the main
program is below and the subroutines are above some predetermined line
number. On most systems that line number could be 5000 or 6000. The
examples given in this book use line 6000. That line is a STOP statement so
that the programmer can build and test the program in sections and not risk
having it run into the subroutines if an ending point were to be left out of
the part being tested. The first subroutine will then start at line 6010.

Subroutines are usually presented as devices to avoid repeating text. A
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better way to think of a subroutine is as a macro-statement. This device is
used in assembly language (a means of communicating with a computer at a
low level) to eliminate coding a series of statements that do a lot of busy
work like converting dates into and out of different formats. The macro-
statement is not required in the main part of the program, because it would
make the logic harder to read by making the reader wade through the
superfluous logic of things like date format conversion. If a statement like
“‘convert this to Julian’’ were acceptable in the text, it would make for
much easier reading. In BASIC, GOSUB 7030 could mean the same thing.
A list of the functions of the subroutine set should be available when
reading the main program text.

The basic subroutines for disk access should be able to perform the
following functions:

o Get a specific record from disk and unpack it.

ePut a specific record on disk after packing it.

o Find (search) a record on the disk.

e Delete a record from the disk.

eSearch out the next greater record on disk (see text).

The subroutines presented in Chapter 4 perform the packing and
unpacking. The main program handled the getting and putting as well as
performing the search. Two more terms, deleting and searching out the next
greater record, need to be explained here. Delete simply eliminates a record
from the file. Searching the next greater record can be used in a sorted file
or in most key files, which will be introduced in the next section, to pro-
duce an ordered listing.

Rather than an ironclad set of rules, the above list is simply a set of
guidelines to show the things to keep in mind when designing the
subroutines. Getting a record and unpacking it, for example, can be two
separate subroutines or can be combined with the searching to be all one
subroutine. The specific application should be examined to determine the
best use of the subroutines.

Another set of subroutines, general input subroutines, can also be quite
useful. These subroutines request data from the operator, eliminating a few
of the problems of using just the INPUT statement. These routines can
perform such things as cursor positioning so that the input can be placed at
a specific location on the screen. They can also check the input for things
like alphanumerics being within length limits, numerics being within a
certain range, and dates being in a valid format. -

Parameters are also important to understand when discussing
subroutines. These are variables set to certain values before the routine is
called from the main program (i.e., before the GOSUB statement). They
control the function of the subroutine. For example, a subroutine that gets
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a record from the disk must have some way to determine which record to
get. Some variable must be set equal to the record number (in the main
program) before the GOSUB statement is made to this subroutine. That
variable is a parameter. Parameters can also control more of what a
subroutine can do. For example, consider an unpacking subroutine that can
unpack almost any type of record. This subroutine may require an entire
array of parameters that will instruct the subroutine on how to unpack the
record. The parameters will include the length and type of each field in the
record as well as how many fields are in the record.

If the proper subroutine set is developed, the main program will look
very simple. All that would be required to read it, in addition to the listing,
is a list of the subroutines telling what each one does. Assembling a list of
subroutines is actually the second step in organizing the effort of program-
ming. The first step is determining what the program is to do.

First, start with the intended output of the program, whether this is in
the form of printed reports, screen displays, or other output. The informa-
tion required for this output is the first clue as to what should be in the
data files. Also, this will show if there are to be more files and in what
order the files should be. Next, look at the required processing. If the
application is one that does some computations on the data, then these
computations should be examined to determine if data that do not appear
on the output are needed. A list of all data for each file required should be
made. When the list or lists are complete, each field should be given length
limitations so that the packing and unpacking subroutines can be written.

To get a real example up to this point, consider a simple inventory pro-
gram. This inventory should keep track of the number of items in stock at
all times so that items can be reordered at the correct times. The reports
required will include a general list of items, a list of items that should be
reordered, and a list of items which are on order but have not yet arrived.

Examining these three reports shows that the following data are
required:

e Item number—this is also the order in which the items are to appear on
the listing, so this is the ‘‘key’’ field.

e Description—the name of the item.

e Quantity in stock.

e Quantity on order.

e Reorder quantity—if the quantity falls below this, then the item should be

reordered.

This inventory needs no processing, so there will be no fields added to
this list from that source. There is only one file, which simplifies the pro-

gram, .
The next step is to determine the field lengths. The item number will
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vary depending upon whose inventory this is and what is being inventoried,
but for the example assume eight characters are enough. The description
could be restricted to 20 characters. The three quantities will be restricted
differently depending upon what is being stored, but assume that there will
never be more than 9999 items.

Now the subroutine designing can begin. First, name the variables to
use. The item number and description are alphanumeric, so use the strings
I$ and D$. The three quantities are numeric and can be integers (the
assumption is that they will never be greater than 9999), and can be named
S%, O%, and R%, in that order.

106 100 50

NN N

G2 A X oMty g8y g8 (REISISITIOR S 3 -1k 1y 111y
\ _ -~ Mo e N
1$ D$ $% 0% R%

Figure 6.1: A sample of one packed record.

The first subroutines required include packing and unpacking, as they
did in the first example of the file of names and addresses. These
subroutines can start at 6010 (leave a STOP at 6000). They look similar to
the name and address set:

6000 STOP

6010 B1$ =STRING$(255,32)
6020 B2$ =STRING$(20,32)
6030 MID$(B1%,1,8)=1$ +B2$
6040 MID$(B1$,9,20)=D$ +B2$
6050 MID$(B1$,29,2)=MKI$(S%)
6060 MID$(B1$,31,2) =MKI$(0%)
6070 MID$(B1%$,33,2) =MKI$(R%)
6080 LSET B$=B1$

6090 RETURN

6100 1$ =LEFT$(B$,8)

6110 D$=MID$(B$%$,9,20)

6120 S% =CVI(MID$(B$,29,2))
6130 0% =CVI(MID$(B$,31,2))
6140 R% =CVI(MID$(B$,33,2))
6150 RETURN

' The subroutine starting at 6010 will pack one record given the five
varlablf:s for the fields and 6090 will unpack B$ to the five variables. To
determine what the other subroutines should be requires investigating the
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structure of the program according to what the person who will operate it
should see.

The user will require, in addition to the three reports, some way to
enter new items, to change data on any particular item, and to delete items
from the file. The user may also want to include some posting routines to
allow for entering orders and posting items put into and taken out of the
inventory. The list of functions required so far is:

Input new items.

Change (edit) particular records.

Post orders placed and received.

Post sales (items taken out of inventory).
Make reports (all three).

h B W N =

The functions of deleting and editing items can be combined, and the
reports can all be produced using one routine.

With these functions it would be handy to have certain other
subroutines. For example, a routine to find a particular item by the item
number or key would make looking up an item much simpler. Assuming
that the file is sorted, a user could employ a binary search. To write a
subroutine that will find the correct record, use the same logic as was used
in the binary search in Chapter 5. The subroutine can start at line 6150.

The binary search subroutine will require only one parameter from the
main program, which is the key to find. When using this routine, set up I$
in the main program with the value of the key to be found, then state
GOSUB 6150. Set up the subroutine so that it will set a variable with that
key equal to the record number. Use another variable to act as an indicator
to the main program so that it could tell if the search were successful or
not.

One subroutine can call another subroutine. This is called nesting, and
it can be used to simplify programming one more step. The main program
really needs to have a subroutine that can take the key for the record, find
the record, load it, and unpack it. If the subroutine starting at 6150 ends at
6270, this next subroutine can start at 6280 and would be:

6280 GOSUBG150
6290 IF L4=1 THEN RETURN

6300 GOTO 6100

This subroutine assumes that L4 is returned from the subroutine at
6150 as 1 if the record has not been found or as 0 if it has been found. It
first cails the subroutine at 6150, then checks to see if the record were
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found, then, if the record has been found, branches directly to the
unpacking routine. The RETURN statement in that routine will return
control to the main program.

Using a program like this one to handle a file will quickly reveal that
the method is too awkward and slow to handle larger files. Every time a
record is added or deleted, the file must be rearranged in order to compen-
sate for the changes. There is a much better way to do this: a key file. The
key file is an index to the file. Using one will eliminate many of the
problems with using the disk.



SECTION II

Introduction

Most books, particularly reference books, contain indexes to
help in locating particular subjects. A library contains an index of all
books in a card catalog. When a new book is brought into the
library, three new cards are placed in the card catalog classifying the
book by title, subject, and author. The sequential ordering of the
entire file, as was done in Section I, is somewhat like the classifica-
tion system of a library that has no card catalog and keeps all books
in alphabetical order by title. Adding a new book on a shelf with no
more room can become a large project if all books that have titles
falling later in the alphabet have to be moved to make room. In the
same way adding a new record to a sorted file is a large project for
the computer.

There is a solution to this problem, and that is what is to be
covered in this next section. The solution is called a key file and is
roughly the equivalent of the library card catalog.
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CHAPTER 7

MULTIPLE RECORD BLOCKS

Before we attempt to index all the files, we should discuss one more
point. In Section I, the two examples of files both used a relatively small
amount of each block, wasting the rest. For the name and address file,
after adding the key, the record took up 73 bytes of the 255 available on
each block. The rest (182 bytes) were wasted. That was enough for two
more names and addresses! Using that file and altering it to store three
names and addresses on each block would take one-third the space on disk
as did the example in Section I.

t FIRST RECORD | i SECOND RECORD | | THIRD RECORD | |
1 73 .85 158 170 243 255

EACH RECORD COULD BE EXPANDED
TO FILL THESE AREAS

Figure 7.1: A multiple-record block for an inventory file showing 36 extra bytes.

You can make subroutines handle all the math and string handling
necessary for separating the three records on each block. The first step in
organizing this is to determine where each record will be on the block.
Dividing 255 by three will give the maximum number of bytes which can be
assigned to each record. Assuming there are three records per block, this
result is exactly 85. The block can be divided into three records and still
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allow the record to expand to 85 bytes, or an extra 12 bytes above its
original form. This calculates out to the following:

START END

FIRST RECORD 1 856
SECOND RECORD 86 170
THIRD RECORD 171 255

In order to find the record still using record numbers, you must first
calculate the block number and then a local record number that is the
number of the record within the block. Given the record number N, the
block number will be INT((N — 1)/3). The block number can be called B,
giving the following to be the local record number: N — B x3.

You can still use B$ to represent the block but must introduce a new
variable to contain the record number. This variable will be R$ in our
examples.

With some alterations you can use the same program shown in Section
I. First, keep the file initialization exactly the same. That initializes the
blocks. Also, do not change the block size. But do change the use of B$
and the PUT and GET statements. In the program as it stands, change all
occurrences of B$ to R$ (for readability, also change B1$ and B2$ to R1$
and R2$). Remove the LSET command in the pack subroutine, Replace it
with the statement R$ = R18.

Because their functions have become more extensive, PUT and GET
must be replaced by subroutines. In listing 7.1, these subroutines are lines
7000 through 7030 for the GET function and 7050 through 7090 for the
PUT function.

10 CLEARZ000

20 OFEN"R",1,"NAMES: 1"

I0 FIELD1,25SASES$

40 CLS

50 PRINT'ENTER 1 TO WRITE, 2 TD READ, 3 TO PRINT,"
S2 INPUT"4 TO SORT OR 5 TO SEARCH"3;N

60 IFNZ1THENSO '

62 IFN>STHENSO

70 ONNGOTD100, 700, 500, 700, 900

80 PRINT"ERROR - ENTER 1, 2, 3 OR 4"

90 BOT040

100 CLS

110 FRINT"WRITE A NEW RECORD TO THE FILE"
120 INFUT"ENTER RECORD NUMBER (1 TO 100)"3N
130 IFN>=1THEN160

140 PRINT"ERROR — RECORD NUMBER MUST BE 1 TO 100"
150 GOTO120

160 IFN>100THEN140

165 INFUT"KEY";K$

170 INFUT"NAME";N$

180 INFUT"ADDRESS";A%

190 INFUT"CITY";C$



610
612
614
&LZ20
&30
640
650
7Q0
710
715
720
730
740
730
752
754
760
765
770
780
790
800
810
815
820
830
00
P10
P20
9T0O
P40
50
60
P70
B8O
90

MULTIPLE RECORD BLOCKS

INFUT"STATE":S%
INFUT"ZIF CODE";Z$
GOSUR&LO10
GOSUR7040
GOTO40
CcLs
FRINT"READ A RECORD FROM THE FILE" ,
INFUT"ENTER RECORD NUMRER™;N
IFN>=1THEM360
FRINT"ERROR - RECORD NUMEER MUST BE 1 TO 100%
GOTOZ20
IFN*LOOTHENZ40
GOSUR7Q0O0
GOSUR&L0F0
FRINT"KEY : "3K$
FRINT"NAME = "“3iN$
FRINT"ADDRESS : "3;A%$
FRINT"CITY : "3C$%
FRINT"STATE : "3;S8%
FRINT"ZIF CODE s ";Z%
GOTOSO
INFUT"START AT RECORD NO."3N
INFUT"END AT RECORD NO."3jN1
IFNZ 1 THENG4O
IFN1<NTHEN&4O
IFNL *100THENAGO
FORI=NTONL
N=1:GOSUR7000
GOSUBR6QF0
FRINTES
FRINTNS
FRINTAS$
FRINTC®;", "3S%:" “"3Z%
FRINT" ©
FRINT"FRESS ENTER FOR NEXT NAME AND ADDRESS"
WE=INKEY®$: IFWE=""THEN&14
NEXTI
GOTO40
FRINT"ERROR - ENTER RECORD NUMERERS CORRECTLY"™
GOTOSOO
FRINT"SORTING THE FILE"
FORI=1T0O®?%
SW=0
N=1:GOSUR70QOQ0
R4$=R$
FORJI=2T0101~-1I
N=J: GOSUER700Q
IFLEFT$ (R$, 1)=" “THENBOO
IFLEFT$ (R4%,1)=" "THEN763
IFR$ >=R4BTHENSOO
SW=8W+1
N=J-1:GOSUR70Q40
R$=R4%
N=J: GOSUEB7040
R4s=R%
NEXTJ
IFSW=0THENI=99%
NEXTI
GOTO40
INFUT"ENTER KEY TO SEARCH"3;N1$
L1=0:L2=101:0L4=0:LI=LEN(N1%)
LA=INT ((L1+L2) /2+.5) :GET1,LT
IFLEFT$ (R$, 1) =" “THENLETR$=STRINGS (10,255)
IFLEFT$ (R$,LS) *N1$THENLETL2=LS
IFLEFTS (R%,L5) <N1$THENLETL1=L3
IFLEFT$ (R$,L9) =N1$THENIBO
L4=L 4+1
IFL4<7THENSZQ
FRINT"KEY NOT FOUND - IT IS NEAR RECORD NO.":L3

1000 GOTOS0
6000 STOF
6010 R1$=STRING® (255,32)

49
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6020 RIE=8TRINGS (20,I2)
6025 MIDE(R1I$,1,10)=K$+RES
60F0 MIDH(R1%,11,20) =N$+R2$
6040 MIDS (R14%,31,20)=A%+R2$
6045 MIDE(R1%,51, 16)=Cs+R2$
6H0T0 MIDS (R1%,67,2)=S%+R2%
6060 MIDS(R1%,69,3)=I+R2%
6070 R$=R13%
AH080 RETURN
6090 HE=LEFTH(R%,10)
4OPE Ne=MID% (R, 11,20)
6100 AS=MIDS (RE, 31 ,20)
6110 CHE=MID® (R$,51,186)
6120 S$=MIDS(R%,67,2)
6120 Z$=MID% (R%,&69,5)
6140 RETURN
7000 B=INT ((N-1)/7) s R=N-BXZ
7005 B=R+1

10 GET1,R
20 R$=MID% (B$,RXB5-84,8%)
30 RETURN
0 R1$=Rs$
50 GOSUR7000
Ble=Rs:R$=R1%
0 MID$ (BE1%,R%85-84;8%) =R%
) LSET E¥=Rl%
FUTL, B
0 RETURN

Listing 7.1

Replace all PUT statements with a GOSUB 7040 and all GET
statements with a GOSUB 7000. Note that the record number must be N,
so in the statements such as line 560, the record number must be moved
into that variable. Line 560 should be altered to read:

560 N=1:GOSUB 7000

Because the subroutines use R1$, there is a conflict in the sort routine.
Note the changes in lines 730, 754, 760, 780, and 800 using the temporary
variable R4$.

One other note concerns the FIELD statement. This refers to the
blocks rather than to the records and so should be left as is. There are
other forms of FIELD statements that could be employed for multiple
record blocks, but this method was chosen because it makes some functions
a little easier to program and is also more universal, as almost every
computer can use it or something similar,

The formulae used in lines 7000, 7020, and 7070 are the basic formulae

required in multiple record blocks. For any number of records per block,
the formulae are:
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oB.=INT((N -1)/A) where B is the block number to load, N is the
desired record number, and A is the number of records per block.

eR=N-BXxA where N, B, and A have the same values as above, and
R is the local record number.

eRXL—-(L-1) is the expression used to locate the first byte of the
desired record. R is the local record number from the second formula. L is
the record length,

For the number of records per block and the maximum record lengths
allowed for each possibility, using L for the record length and M for the
number of records per block, use these formulae:

M =INT(255/L)

Maximum L =255/M

There is also the possibility of records being longer than one block.
These are called multiple block records and are handled in a manner not
too different from the multiple record blocks. The same formulae apply,
but some of the constants act differently. A is now a fraction. For two
block records, A will equal one-half, for three record blocks, A will equal
one-third, etc. The resulting block number will be the first block of the
record. You do not need the local record number and the expression to find
the first byte of the record on the block.

Note that the formula to calculate the block number begins with block
number 0. Since the files on most systems start with block number 1, add 1
to B after using it in the local record number formula. This is reflected in
the listing (line 7005). This is also true in the case of a multiple block
record file.

Condensing the file by using three records per block has now either
reduced the file to one-third the space or increased it to a 300-record file.
Listing 7.1 reflects all of the changes presented so far in this chapter. To
reduce the disk space to 34 blocks, change the initialization to initialize only
34 blocks. To increase the number of records to 300, change the 101 in lines
740 and 910 to 301 and change the seven (maximum number of searches for

a record) to nine.
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CHAPTER 8

INDEXES

Once you understand how to access the disk with a random-access file,
adding an index to the file is not that complicated. The index is another file
that will point to the records in the main file. The index is called the key
file and contains only the keys and one value called the pointer or locator.
This is the record number of the record to which this key is assigned, and,
continuing with the library example used in the introduction, is comparable
to the number of the book. A book’s number tells where to find it in the
library, and a key file’s locator tells where the record is in the disk file.

Introducing another complete file to locate the records in the first file
does not look like a way to simplify things. But speed is a kind of
simplicity, and finding the correct record from a key file is usually much
faster than using a binary search on the entire file. Inserting a new record
using a key file is, also, much faster.

Of the many different methods of keeping the keys in the proper order,
three will be discussed in this section. One of them, the hashing method,
doesn’t keep the keys in alphabetical order at all, but finds them very
quickly. Since it does not keep the keys in alphabetical order, it has some
limitations, but its advantage is speed. It uses a formula to extract a
number from the key that corresponds to a block in the key file. If it is in
file, the desired key will be somewhere on that block. To locate any
particular record the computer must read two blocks from the disk. The
first block is the one containing the key and the pointer or locator, and the
second block is the one containing the desired record.

A second type of file is an in-memory method where all of the keys
and locators are kept in the computer’s memory in a large string array.
Sorting them and keeping them in order is much faster than sorting a file
on the disk, but if the array of keys is changed, the entire file must be
rewritten onto the disk to keep the index permanent. This method’s
advantage is that it is the easiest to program.

The third type of key file uses a tree-structured method to keep all keys
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RECORD
NUMBER
RECORD
RECORD FILE
(o)
SEARCH
RECORD
NAME
MATCHING
KEY ——| REC. NO.
RECORD
KEY FILE RECORD FILE
(6)

Figure 8.1a: Random-access file. b: Key-file access. Adding the extra step complicates the
program but simplifies operation for the user.
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on disk but avoids having to sort the entire key file every time a key is
inserted or deleted. The keys are kept in small, sorted groups on the disk
and require a kind of roadmap to find any particular key. This roadmap
contains information showing in which order the blocks need to be read to
be put in alphabetical order.

Computer operating systems often use the hashing method to keep the
index of the disk files on a disk platter. It is about the best and simplest
method of keeping track of records (or files by name) when an alphabetical
listing is not required. The alphabetical-array method is usually used in a
limited way to keep track of look-up tables, or files that store a table of
values that can be called by name. The type of file most used for the
alphabetical file is one where keys are not added, deleted, or changed, as
these are the method’s weakest points. The tree-structured files seem to be
most common for most programming applications. This is the most
versatile of the three, but it is also the hardest one to program. This book
will present one modification of this method that is restricted to a
maximum of 254 blocks of keys. There are some file limitations to it, but it
is a lot simpler to program than a full tree-structured file system.

The speed advantage of using a key file over a sorted random-access
file stems from the fact that the key is much shorter than the entire record.
Although the version of the sorted random-access file presented earlier
required one disk reading for each record, it could be altered so that one
disk reading could allow up to three records to be loaded at once, as three
is the number of records per block. The key file will be between 10 and 21
keys on each block and will allow the system to search more quickly by
making the entire block available in memory at once.

Programming key files requires a good working knowledge of random-
access files, sorting methods, and the binary search method. All of the logic
for accessing the key files will be in the subroutine set except for some
operations like opening the file and fielding the data. Once the subroutine
set is complete and tested, writing the main program is very simple.

The hashing method requires an algorithm. This algorithm takes the
characters in the key and from them determines a number between one and
the number of blocks in the key file. Many perform some Boolean opera-
tions on the characters. The simplest form converts the characters to
numeric first, and then performs some numeric functions on them to get
the number. The American Standard Code (ASC) function is available on
microcomputers to perform this conversion, although it has different names
on-some systems. It will take one character from a string and convert it to a
number between 0 and 255 depending upon the character.

To develop the algorithm, you first determine the number of characters
in the key. In the name and address file, for example, the key was 10
characters long. Next, determine the number of blocks required in the key
file. For 100 records, use at least 125 spaces for keys (25 percent more than
the number of records). The reason for this extra space will become clear
later on. Since the key plus the locator occupy 12 bytes, there can be as
many as 21 keys on each block. You need 6 blocks to store the 125 keys.
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The next step is developing the algorithm. A very simple algorithm could be
to accumulate the ASC values of each of the 10 bytes, then use the
remainder of the result divided by the number of blocks. The following
segment of text will always produce a number from one to six for any value
of K$:

7000 K1$ =STRING$(10,32)
7010 K$=K$ +K1$:N=0
7020 FORI1=1T0O10

7030 N=N+ASC(MID$(K$,1,1))
7040 NEXTI

7050 N=N—-INT{N-1)/6) x6

The algorithm in that series of statements is a very simple one and may
not prove to be the correct one for a particular file. There are many
algorithms possible, and each one should be tested with a sampling of keys.
Just make sure the sample contains an even distribution of keys. If 36
sample keys are run through the algorithm and about six are assigned to
each of the six sectors, then this algorithm is probably a good one. If the
distribution is lopsided, then another one should be developed.

Once a block number is determined for a key that is to be added to the
file, the locator must be packed into the key. The locator is simply the
number of the record to which the key will point. The number may be
packed using the MKIS$ function on most microcomputers. This function
will take an integer and pack it into 2 bytes. The locator should be packed
into bytes 11 and 12 of the key. Next, the key block is loaded into memory
and the first available space on it is found. The assembled key and locator
can be placed in that space and then the block should be resaved. Locating
a record that is already in the file consists of loading the block containing
the key, finding the key, and unpacking the locator. The unpacking can be
done using the CVI function. The locator is the record number correspond-
ing to the key. Deleting a key consists of finding it and writing a blank key
over its location on the key block.

The key is a separate and independent file from the record file, but it
should be maintained along with it. When a record is deleted, the key must
also be deleted. When a record is added, the key must also be added. For
this reason, it is usually a good idea to write the subroutines so that one
GOSUB will accomplish all of the required steps to perform the function in
both files. Adding to the file will require packing and saving the record and
packing and saving the key. This could be all one function. The subroutines
for accessing a key file should be:

1. Insert a new key and record.
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2. Find and load a record, given the key.
3. Find and load the ‘‘next greater’’ key and record.
4. Delete a key and its record.

The disadvantage of the hashing method is that it can not provide the
third function on the above list because the keys are not in alphabetical
order. To provide this function for the reports and displays, all the keys
could be read into one large string array and sorted, but then the result
would be the alphabetical-array method.

In the alphabetical-array file, all of the keys are maintained in
alphabetical order in a large string array. The keys are stored on disk,
usually in a sequential file, so that they would not be lost in the case of a
power failure. The key file is read at the beginning of the program and
rewritten every time a key is added or deleted.

Of the two types of files described above, one can be used for frequent
additions and deletions (the hashing method) and the other can be used to
keep the keys in alphabetical order (the alphabetical-array method). The
tree-structured method, the third type, is an all-purpose type which keeps
the keys in alphabetical order and yet adds and deletes keys very quickly. It
is a little slower than the hashing method when locating, adding, and
deleting keys, and a little slower than the alphabetical array method in
locating the next greater key. It is much faster than the alphabetical-array
method in adding and deleting keys. The benefits of this type of file in
application programs far outweigh the few drawbacks. One drawback of
the tree-structured method is that it is much more complicated to program.

The logic behind a full tree-structured method is more complex than is
required for a microcomputer, but there is a simpler variation presented in
this section that works quite well. In this variation, a few keys are kept on
each block of the file in alphabetical order. A roadmap is used to keep the
alphabetical order between the blocks. When one block becomes full as
keys are added to it, the system splits the block to put the first half on one
block and the second half on a new block. The roadmap is updated to show
that the second of these blocks follows the first one alphabetically.

There is also one small problem that will not be covered completely
until the next section. That problem is keeping track of which records in the
file are occupied and which ones are free. There is a good method presented
in the next section, but until the logic of each of these key-file methods has
been explained, a simpler one will suffice. In this simpler method, a number
is kept that corresponds to the number of records that have been added to
the file. When a new record is added, this number is incremented and used
as the new record number. But this method has the disadvantage of not
considering the spaces left when a record is deleted, so it does not work

well on a file that is updated frequently.
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CHAPTER 9

KEY-FILE TEST PROGRAM

When learning how to drive a car, you can absorb all of the theories
and explanations, but you will never know if you can drive a car until you
sit behind the wheel. In the same way, you may think you understand the
three types of key files described in the previous chapter, but you won’t be
sure until you read this chapter. This chapter describes a program that
allows access to a subroutine set that controls a key file. It is written so that
it can be used with all three methods with little alteration.

The same program can be used with all three methods if the subrou-
tines (which actually define the method used) are written so that the calling
lines are the same (i.e., the line numbers used in the GOSUB statements)
and the values passed to them and returned from them (the parameters) are
all the same. The same program will use the following five subroutines:

7000 Put a new key and record into the file.

7500 Get a record from the file, given the key.

8000 Get the next sequential record from the file, by key.
8500 Delete a record from the file, given the key.

9000 Resave a record, given the key.

These subroutines will take care of the key file, but you need the sub-
routines developed earlier for handling the record file. I added one function
to the previous list. Replacing a record, which allows data to be changed
within a previously saved record, is written so that it verifies that the key is
in file before it resaves the record.

The test program should perform the following functions:
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. Initialize new files.

. Put a new record into the file.

. Get the record with a certain key.

. Get the next greater record, given a key.
. Delete a record and key.

. Alter and replace a record.

AN B W -

Besides performing the above functions, the main program must OPEN
and FIELD the files, set up memory with the appropriate CLEAR and DIM
statements, and act as a traffic controller so that the operator can easily
select one of the six functions.

The above restrictions will now allow the program to be structured by
line number. The following list of statement numbers and the functions
they will perform will be used to develop the program:

¢ 10-90 CLEAR, DIM, OPEN and FIELD statements and any other
initialization required.

100 - 490 List functions and allow operator selection.

500 - 690 File initialization.

700 - 890 Add new record to file.

900 - 1090 Get a record from the file.

1100 - 1290 Get next greater record.

1300 - 1490 Delete a record from the file.

1500 - 1690 Change data and replace the record.

6000 - 6990 Subroutines used by key subroutines.

7000 - 9990 Key subroutines.

The basic requirement of the test program is to give access to all five
of the subroutine functions so that each one can be tested. Listing 9.1 is the
test program that is developed in this chapter, and the line numbers will
refer to it. The listing is in sections by line number. Lines 10 through 90
make up the program initialization section, which includes the CLEAR
statement, the file OPEN and FIELD statements, the DIM statement and
any other preliminary operations that are required before and not during
the normal program operation. Lines 100 through 490 are reserved as the
control section of the program, which is the part that allows access to the
functions. The program functions start at line 500, and the five of them will
each be assigned 200 line numbers. The first function, file initialization, will
be different in each of the functions, so it does not appear on this listing.
This function will be developed along with the subroutines for each of the
three methods. The subroutines handling the record file, most of which
were developed in previous chapters, occupy lines 6000 through 6990, and
the key-file-handling subroutines, as described above, can occupy lines 7000
and above.
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10
20
0
40
S0
6Q
9
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240

800
810
820
870
840
850
860
870
880
890
895
899

KEY-FILE TEST PROGRAM

EM == 0010~-0090 PROGRAM INITIALIZATION —-
CLEARZOOQO
REMXX¥THIS STATEMENT RESERVED FOR DIM STATEMENTS *x
OFEN"R",1, "RECORDS: 1"
FIELD1,255ASRES
OFEN"R",2,"KEY:s 1"
FIELD2,255ASKY$
REM =~ 0100-0490 CONTROL SECTION --

CLS

FRINTTAE(20) ; "KEY FILE TEST"

PRINTTAB(10)3"1 INITIALIZE FILES"
FRINTTARB(10)3; "2 PUT A NEW RECORD IN FILE"
FRINTTAB(10) 3"3 GET A RECORD, GIVEN THE KEY"
PRINTTAB(10) 3 GET NEXT RECORD, GIVEN A KEY"
PRINTTAER(10 DELETE A RECORD"

PRINTTAR(10) ALTER AND REPLACE A RECORD"
FRINT

INPUT" ENTER NUMBER OF SELECTION":N
IFN<1THENZZ0

IFN<=6THEN240

FRINT"ERROR - PLEASE ENTER A NUMBER FROM it TO 6"
GOTO190

ONNGOTOS00, 700,900, 1100, 1300, 1500

REM =~-— O0500-0699 INITIALIZE FILES FUNCTION --—
REM —— 0700-08%99 FPUT NEW KEY AND RECORD FUNCTION ~-—
CLSs

PRINTTAR(16) 3 "FUT NEW KEY AND RECORD IN FILE"
FRINT

INFUT"NEW EEY"3k$

FN$=k%

GOSUR7300

IFE=1THEN7?0

FRINT"ERROR - KEY ALREADY IN FILE"

GO0TO73Z0

K&=tN%S

INPUT"NAME" : N$®

INPUT"ADDRESS" ; A%

INFUT"CITY";C%

INFUT"STATE" ;5%

INFUT"ZIF CODE"3;Z%

INFUT"IS THE AROVE CORRECT (Y OR N)";QK$
IFOK$="Y"THEN8YO

IFOQE="N"THEN7QQ

FRINT"ERROR -~ FLEASE ANSWER Y OR N"

GOT0840

GOSURT7OOQ

GQTO100

REM ——= 0900-1099 GET RECORD GIVEN KEY FUNCTION --

00 CLS

10

PRINTTAE(22) ; "GET A RECORD GIVEN THE KEY"

P20 FRINT

930

INFUT"EEY"sE$

40 GOSUEB7300

950
960
970
980
990
100

IFE=QTHEMI8O

FRINTYEEY NOT IN FILE"

GOTO9Z0

FRINT"NAME : "3:N$

FRINT"ADDRESE : "3A%
O FRINT"CITY. STATE AND ZIF : ";C%:", "3S%:3" "311%

1010 PRINT

102

O PRINT"FRESS ENTER WHEN FINISHED VIEWING"

1030 WS=INKEY$: IFW$=""THEN1O3IO

1040 GOTO100

1099 REM == 1100-1299 GET NEXT FUNCTION —-
1100 CLS )

1110 PRINTTAR(22) ; "GET NEXT GREATER KEY"
1120 PRINT

1130 INFUT"KEY"3;E$

114

0 GOSUERBOOO

1150 IFE=0THEN1180 . o
1160 FRINT"END OF FILE. THERE IS NO GREATER KEY

117

0 GOTO1100

61
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1180
1190
1299
1300
1210
132¢Q
1330
1340
1350
1360
1370
1280
1390
1400
1410
1420
1499
1500
1510
1520
1530
1540
15850
1560
1570
1580
1390
1600
1610
1620
1630
1640
1650
1660
1670
1675
1677
1680
1682
1685
1687
1690
1692
1695
1697
1700
1702
5999
6000
6009
6010
6020
6025
6QT0
&Q40
6045
6Q50
LOLO
&Q70
6080
6089
&OR0
6095
6100
6110
&120
6170
6140
6149
6150
6155
6160

PRINT“KEY 2 “3k$

GOTO980

REM -~ 1Z00-1499 DELETE RECORD FUNCTION -—-— .
CLs

PRINTTAR(25) ; "DELETE A RECORD"

FRINT

INPUT"KEY TO DELETE (OR END) ";K$
IFK$="END" THEN10O

GOSURBS00

IFE=OTHEN13Z90

FRINT“KEY NOT FOUND AND NOT DELETED"
G0TO01400

FRINT"KEY DELETED"

FRINT"FRESS ENTER AFTER READING MESSAGE"
WE=INKEY$: IFWS=""THEN1410

GOTO100

REM -— 1500-1699 ALTER RECORD FUNCTION —-—
CLS: FRINTTAE (20) ; "CHANGE DATA IN A RECORD":FRINT
INFUT"HEY " K$

GOSUR7S00

IFE=OTHEN1560

FRINT"ERROR — KEY NOT FOUND®"
GOTO1510

FRINT"1. NAME : ";N$

FRINT"Z. ADDRESS : ";A%

FRINT“Z. CITY : ";C$

FRINT"4. STATE : “;S$

FRINT"S. ZIF CODE : “";Z%

FRINT

INFUT"ENTER NUMEER OF FIELD TO CHANGE":FN
IFFN: I THENL 650

IFFN<=STHEN1670

PRINT"ERROR — FLEASE ENTER A NUMBER FROM 1 TO 5"
GOTO1620
ONFNGOSUE1680, 1685, 1690, 1695, 1700
GOSUES000

GOTO100

INPUT"NEW NAME":N$

RETURN

INPUT"NEW ADDRESS" ;A%

RETURN

INPUT"NEW CITY":C$

RETURN

INFUT"NEW STATE";S$

RETURN

INPUT"NEW ZIF CODE"3;Z$%

RETURN

REM —-— 6000-6990 RECORD FILE SUBRROUTINES ——
STOP

REM —— 6010-6080 PACK RECORD —-—
R1$=STRINGS (85, 32)
R2$=STRINGS (20, 32)

MID®(R1%,1,10) =K$+R2$

MIDS (R1%,11,20) =N$+R2%

MID$ (R1%,31,20) =A$+R2%

MID$ (Ri%,51,16) =C$+R2$

MID$ (R1%,67,2) =S$+R2%

MID$ (R1%,69,5) =Z$+R2$

R$=R1%

RETURN

REM —— 6090-6140 UNFACK RECORD ——
E$=LEFT$ (R$, 10)

N$=MID$ (R$,11,20)

A$=MID% (R$, 31, 20)

C$=MID% (R$,51,16&)

SH=MID$ (R$, 67 ,2)

Z$=MID$ (R$,69,5)

RETURN

REM —= 6150-6180 GET RECORD BY NUMERER —-—
B=INT ({N—1) /3) s R=N—-BXT

B=g+1

GETL,R
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6170 R¢=MID% (E$,R¥85-84,8%)

6180 RETURN

6189 REM —— 6190-6240 FUT RECORD BRY NUMRER ——
61920 R1$=R%

6Z00 GOSURGL1SO

6210 Bl$=R$

6220 MID$(B1$,Rx85-84,85)=R1%

62720 LSET EB$=E1%

62T5 FUTL.E

6240 RETURM

6249 REM —= 6250-6705 GET NEXT AVAILABLE RECORD NUMBER ——
6250 BET1,1

6260 Bls=R$

6270 FR=CVI(LEFT$(E1%$,2))+1

6280 MEIS(LEFTH(R14,2))=FR

6290 LSET E$=Ri$

&I00 FUT1,1

60T RETURM

6999 REM —— 7000-7499 FUT NEW RECORD AND EEY ~——
7499 REM —— 7500-7999 GET RECORD --—

7999 REM —— 8000-8499 GET NEXT —--

849% REM -- 8500-8999 DELETE KEY AND RECORD —--
8999 REM —-— 2000-9499 RESAVE RECORD ——

Listing 9.1

The program is written in these sections. The program initialization
section (lines 10 through 90—not to be confused with the file initialization,
which is a different type of function) actually only uses lines 10 through 60.
There will be some use later for the lines not yet used, and line 20, which is
now a REM statement, will be used to dimension the array used in the
alphabetical-array method. Note that the record file is fielded like the
record file in the random-access method descriptions, and the key file is
also fielded using the new variable KY$, the key-file buffer.

Lines 100 through 490 are reserved for the control section, which in
this program clears the screen, lists all of the options, and allows the
operator to choose one from the list. When each of the functions is
completed, it is written to return to line 100. The options are made to
PRINT to the screen in lines 110 through 180, then the selection is
requested in line 190 and checked for validity in lines 200 through 230. If it
is valid, the ON...GOTO statement in line 240 will select the indicated
function.

Before proceeding to the functions, pay some attention to the subrou-
tine set. You have to consider how to handle unsuccessful operations. For
example, what happens when the get key subroutine is called with a key
that is not in the file? Unless there is some communication from the
subroutine to the main program, there is no way to deal with this. The
listing as shown assumes that, on return from one of the subroutines, the
variable E is set to zero if all went well, or to one if there were a problem.
For most of the subroutines, there is only one problem. For getting a key,
replacing a record after some data has been changed, or for deleting a key,
the only problem is that the key is not in file. For getting the next
sequential key, the only problem is that the key given was the last one in
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the file (i.e., there are no greater keys). Putting a new key in file will be a
problem if there is a duplicate key already there (duplicate keys should not
be allowed in a single-key system—the section explaining multiple-key files
will deal with this in more detail). Putting a new key in the file may also
present another problem. If there is no more room in the file, the key will
not be stored. In this particular case, E will have the value of two.

INITIALIZATION
CLEAR
DIM
OPEN
FIELD

!

CONTROL
DISPLAY
SELECTIONS
INPUT -
CHOICE AND
BRANCH

TIHALHE

(DIFFERENT
FOR EACH
KEY FILE)

UT NEW
ECORD
FILE A
PUT DATA
GOosuB 7000

e

2

=2

GET RECORD
TNPUT KEY
GOSUB 7500
DISPLAY
RECORD

GET NEXT
INPUT KEY
GOSUB 8000
USE GET
RECORD TO
DISPLAY

DELETE
RECORD
INPUT KEY
GOSUB 8500

ALTER RECORD
INPUT KEY
GOSUB 7500
DISPLAY
INPUT
CHANGES
GOSUB 5000

Figure 9.1: Simplified flow chart of key-file test program.
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How this error code works can be seen in the second function (the first
function, initializing new files, is not written until the key-file method that
uses the file is written), which begins at line 700. The screen is set up in
lines 700 through 730, which includes inputting the key to be put into the
file. Line 740 places the value into KN$ so that the key value will not be
lost in the next step, which is searching for the key in the file. Line 750
calls the subroutine that searches for the key K$. If this subroutine is
successful, E will be returned as zero, and this indicates that the key is
already in the file. In this case, the IF statement in line 760 will not branch,
and the screen will display the message in line 770 and go back to request a
new key. This logic avoids the possibility of trying to save duplicate keys.
Using this type of logic could destroy the contents of K$, depending upon
how the get key routine is written, so the temporary variable KN$ is used to
avoid this. K$ is restored in line 790.

Lines 795 through 830 allow entry of the record. Lines 840 through 880
allow verification before it is saved. The saving operation is accomplished
by calling the subroutine at line 7000 (the GOSUB in line 890). This
function ends by branching back to line 100 by the GOTO in line 895.

Getting a record, given the key, is a much simpler function. Lines 900
through 930 set up the screen and allow input of the key. The verification
in lines 940 through 970 is the same as with the put routine except the
checking of the error code in E. This time the desired result is a successful
search, which means E will be zero. If this is the case, the function
proceeds with lines 980 through 1010, which display the record on the
screen. Lines 1020 and 1030 wait for the operator to finish viewing the
record by using the INKEY$ function. This function accepts any key,
although the message indicates the ENTER key. You could replace these
two lines with an INPUT statement to wait for the ENTER key without any
problem. The return to the control section is in line 1040. Lines 1050
through 1090 are not required.

The next function, getting the record with the next greater key,
borrows some lines from that last function. Lines 1100 through 1170
perform the same functions as lines 900 through 970, except that you use a
different subroutine and the messages are different. When a next greater
key is found, line 1180 displays it, then branches into the section of the last
function to display the record on the screen, which will include the wait
routine in lines 1020 and 1030 and the return to the control section. This is
the simplest of the functions, once the GET KEY function is programmed.

Delete is also a simple function, although the subroutine it uses is one
of the more complicated ones. Lines 1300 through 1380 look very much like
the start of the other functions. The subroutine called will delete the key if
it is there, so line 1380 branches to another waiting section and line 1390
prints another message and uses the same waiting section. If the key is not
found, the message will be the text in lines 1370 and 1400. If the key is
found and deleted, the message will be the text in lines 1390 and 1400. The
same wait scheme is used as in the GET KEY function and could also be
replaced with an INPUT if that is desired. The return to the control section
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is again the last line in the function, line 1420.

The most complicated function used more lines than it was allocated,
but it is the last function on the list, so there is no problem. This function
usually does require more space than other functions. To change data in a
record requires displaying the record first (lines 1500 through 1610),
allowing the selection of one of the fields in the record (lines 1620 through
1670), requesting the new value for the appropriate field (lines 1680 through
1702), and resaving the record (line 1675).

The purpose of the programming in this chapter is to form a shell that
can be used to develop the key-file subroutines, so there is one more section
to work on. The key-file subroutines will require the record-handling rou-
tines in lines 6000 to 6990. All of those line numbers will not be required,
so there is plenty of room for the required subroutines.

The first two subroutines to write may be copied from the random-
access file program developed earlier. Lines 6000 is the STOP statement
that begins the subroutine area. Lines 6010 through 6080 pack the record
and lines 6090 through 6140 unpack it. For the more efficient multiple-
record blocks to be used in the record file, the appropriate routine can be
renumbered to fit into lines 6150 through 6240.

The next record-handling subroutine will take care of assigning new
record numbers when records are added. The subroutine in lines 6250
through 6305 uses the first record in the file to store the number of records
used in the file. When this routine is called, it gets this value (lines 6250
through 6270) and adds one to it (appended to line 6270). It then resaves
this new value (lines 6280 through 6300) and returns to the calling
subroutine with the variable FR equaling the next available record number.
This record number can then be used to save the new record. When the files
are initialized, the first record must be in the correct form and have the
number one packed in it to show that this record is occupied, and the first
available record for storing data is record number two.

This program shell can now be saved on disk. The short utility
program (listing 9.2) can be used if the program is saved in the ASCII
format to list the REM statements. This list (listing 9.3) will give a table on
where all of the functions and subroutines are, which will be very useful in
writing the key-file routines. Such a list should always be a part of the
documentation of a program.

10 CLEAR1QOO

20 INFUT"PROGRAM NAME";PN$
30 OFEN"I",1,FN$

40 LINEINFUT#1,A%

S0 AA=EQF (1)

60 A=0

70 A=A+1: IFAXLEN(A%$) THENZ0O
80 C=ABC(MID% (A%,A, 1))

20 IFC{SBANDC47THEN7O

100 A=A+1

110 IFMID%$ (A%, A, 3) < >"REM" THEN2OO
120 A=A+Z:B=LEN(A%)
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130 LFRINTMIDS (A%$.,A,RB-A)
200 IFAA=0THEN4O: ELSE STOF

Listing 9.2

== 0010=-0090 FROGRAM INITIALIZATION -

*XTHIS STATEMENT RESERVED FOR DIM STATEMENTS X
—-= 0100-0490 COMTROL SECTION -

—— 0500-0699 INITIALIZE FILES SECTION =

—= 0700-0899 PUT NEW HEY AND RECORD FUNCTION -
== 0900-1099 GET RECORD GIVEN KEY FUNCTION -
== 1100-1299 GET NEXT FUNCTION -

-= 1300-1499 DELETE RECORD FUNCTION -

== 1500-1699 ALTER RECORD FUNCTION -

== &000-6990 RECORD FILE SURROUTINES -

—= &010-6080 FACE RECORD -

—= 60%0-6140 UNFACE RECORD -

~— 6150-6180 GET RECORD BY NUMEER -

-= 6190~-6240 FUT RECORD RY NUMEER -

—— 6250-6705 GET NEXT AVAILABLE RECORD NUMERER -
—-— 7000-7499 FUT NEW RECORD AND KEY -

-~ 7500-7999 GET RECORD -

—— BOOO-849%9 GET NEXT -

-— B8500-899%9 DELETE KEY AND RECORD -

-~ Q000-9499 RESAVE RECORD -~

Listing 9.3
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CHAPTER 10

THE HASHING METHOD

This is the simplest, but not the most practical of the three methods. It
cannot perform what might be called the get next function, but it can
insert, locate, and delete. The first statement in the get next subroutine and
the first statement to add to the program shell created in the last chapter is
statement 8000. Load that program into the memory and type in:

8000 STOP

Executing the get next function would make the system stop when the
subroutine was called. That function should never be tried, so statement
8000 should never be executed.

The first real concern, then, is file initialization. The key file, as
calculated in previous chapters, should contain six blocks. These must be
initialized to the value for blank keys, that is, keys with all bits turned on,
or the ASCII character 255. Next, the record file should be initialized to be
blank records. After this initialization, record number one should be
changed to contain the record counter. This is initialized to one so that the
first record used will be record number two. Listing 10.1 is a complete listing
of the hashing method program, including the shell developed in the
previous chapter. The initialization function starts at line 500 and ends at
line 650 (with plenty of space—its allocated space goes to line 699).

8 REM —=— 0010-0090 FROGRAM INITIALIZATION —-

10 CLEARZQOO

20 REMXXTHIS STATEMENT RESERVED FOR DIM STATEMENTS XX
IO OFPEN"R'",1,"RECORDS: 1"

40 FIELD1,255ASES

50 OPEN"R",2,"KEY:s 1"
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60 FIELDZ, 255ASKEY$
99 REM --~ 0100-04%0 CONTROL SECTION --

100
110
120
130
130
150
160
170
180
190
200
210
220
230
240
499
500
510
S20
530
sS40
550

895
899
FOO
210
P20
Ede]
P40
250
FEQ
70
80
0

cLS ‘

PRINTTAE(20) ; "KEY FILE TEST"

FRINTTAE(10)3"1 INITIALIZE FILES"
FRINTTAE(10):"2 FUT A NEW RECORD IN FILE"
PRINTTAE(10):"3 GET A RECORD, GIVEN THE KEY"
FRINTTAE(10) ;"4 GET NEXT RECORD, GIVEN A KEY"
PRINTTAE(10):"S DELETE A RECORD"
FRINTTAE(10) ;"6 ALTER AND REFLACE A RECORD"
PRINT

INPUT" ENTER NUMEBER OF SELECTION"j;N
IFNZ 1 THEN220

IFN<=6THENZ40

PRINT"ERROR ~ PLEASE ENTER A NUMEER FROM 1 TO &"
GOTOL90

ONNGOTOS00, 700, 200, 1100, 1300, 1500

REM —--~ 0500-0699 INITIALIZE FILES SECTION ——
K1$=STRING$ (255, 255)

FORI=1T0b

LSET KY$=k1$

FUTZ, 1

NEXTI

E1$=STRING$ (255, 32)

FORI=1T0OZ4

LSET E$=E1$

FUT1, I

NEXTI

GET1,1

B1$=E$

MIDS (E1%,1,2) =MKI$ (1)

LSET E$=H1%

FUTL, 1

GOTO100

REM -- 0700-0899 FUT NEW KEY AND RECORD IN FILE FUNCTION ——
cLSs

FRINTTAR(16) ; "PUT NEW KEY AND RECORD IN FILE"
FRINT

INFUT"NEW KEY";K$

EN$=HS$

GOSUR7S00

IFE=1THEN790

FRINT"ERROR ~ KEY ALREADY IN FILE"

GOTO730

Ke=KNS

INFUT"NAME" ; N$

INFUT"ADDRESS" ; A%

INFUT"CITY";C%

INFUT"STATE" ; S$

INFUT"ZIP CODE":Z%

INFUT"1S THE ABOVE CORRECT (Y OR N) “;0K$

IFQCk®="Y"THENBY(

IFQES="N"THEN7 0O

FRINT"ERROR ~ FLEASE ANSWER Y OR N*
GQTO840

BUSUR700O0

STOF

GO0TO100

REM —-- 0900-1099 GET RECORD GBIVEN KEY FUNCTION ——
CcLSs

PRINTTAR(22) ; "GET A RECORD GIVEN THE KEY"
FRINT

INPUT"KEY"3k$

GOSUR7300

IFE=QTHENIB0
FRINT"KEY NOT IN FILE"
GOTO?=0

FRINT"NAME : "3N$
FRINT"ADDRESS : ":A$

1000 PRINT"CITY, STATE AND ZIF : "sCHs", "3S%3" “;Zs
1010 FRINT
1020 PRINT"FRESS ENTER WHEN FINISHED VIEWING"



1030
1040
1099
1100
1110
1120
1130
1140
1150
1160
1170
1180
1120
1299
1700
1210

1400
1410
1420
1499
1500
1510
1520
15350
1540
1530
1560
1570
1580
1590
1600
1610
1620
16320
1640
1650
1660
1670
1675
1677
1680
1682
1685
1687
14690
1692
1699
1697
1700
1702
5999
EOQO
6009
6010
6020

&LOT70
6080
6089

THE HASHING METHOD

WE=INKEY®: IFWE=""THEN1OZO

GOTO100

REM —— 1100-1299 GET NEXT FUNCTION —-—
CLS

FRINTTAER(Z22) : "GET NEXT GREATER KEY"
FRINT

INFUT"EEY"sk$

GOSURBOOO

IFE=OTHEN1180

FRINT“END OF FILE. THERE IS NO GREATER EEY"
GO0TOLLOO

FPRINT"KEY : "3k

GOTORO

REM —— 13200-1499 DELETE RECORD FUNCTION —-—
CLS

FRINTTAR(25) s "DELETE A RECORD"

FRINT

INFUT"KEY TO DELETE (OR END) "3kE$
IFEE="END" THEN1OO

GOSUEBIOO

IFE=0THEM1390Q

FRIMT"KEY NOT FOUND AND NOT DELETED"
GOTO1400

FRINT"KEY DELETED"

FRINT"FRESS ENTER AFTER READING MESSAGE"
Ws=INKEY$: IFWE=""THEN1410

GATO10O

REM —— 1S500-1699 ALTER RECORD FUNCTION --—
CLS: FRINTTAR(20) 3 "CHANGE DATA IN A RECORD":FRINT
INFUT"EEY" 3 K$

GOSURT7S00

IFE=0OTHEN1S60

FRINT"ERROR ~ EEY NOT FOUND"

GOTO1S10

FRINT"1. NAME : ":N$

FRINT"2. ADDRESS : ";AS

FRINT"Z. CITY : "3Cs

FRINT"4., STATE = ";S8%

FRINT"S., ZIF CODE : "“3Z%

FRINT

INPUT"ENTER NUMEER OF FIELD TO CHANGE"3:NF
IFNFZ 1 THEN16S0

IFNF<=5THEN1670

PRINT"ERROR — FLEASE ENTER A NUMBER FROM 1 7O 5"
GOTO1620
ONNFGOSUER1680, 1685, 1690, 1625, 1700
GOSUERFOOO

GOTO100

INFUT"NEW NAME" ;N$

RETURN

INFUT"NEW ADDRESS":A%

RETURN

INFUT"NEW CITY";C%

RETURN

INFUT"NEW STATE":;S%

RETURN

INPUT"NEW ' ZIP CODE":Z%

RETURN

REM —— 6000~6990 RECORD FILE SUEBROUTINES --—
STOF

REM —— &6010-6080 FACK RECORD —-—
R1$=STRING% (85,32

R2$=STRING$ (20, X2

MID$ (R1%,1,10)=K$+R2%
MID$(R1$,11,20)=N$+RZ¢

MID® (R1%, 31,20)=A%+RI$
MIDS(R1%,51,16)=C$+R2%

MIDE(R1%,67,2) =8%+R2%
MID®(R1%,69,9)=L%+R2$

FRE=R1%

RETURN

REM —-— 6090-6140 UNFACK RECORD ——

n
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6090 ES=LEFTS (R$, 10)
6095 N$=MID® (R$,11,20)
6100 AS=MID® (R%, 31, 20)
6110 C$=MID$ (R$,51,16)
6120 SE=MID$ (R%,67,2)
6130 Z$=MID% (R$,69,5)
6140 RETURN
6149 REM -- 6150-6180 GET RECORD RBY NUMEER -~
6150 BE=INT((N-1)/3) s R=N-B*3
6155 EB=B+1
6160 GET1,B
6170 R$=MID% (E$,RX85-84,8%)
6180 RETURN
6189 REM -- 6190-6240 FUT RECORD RY NUMBER —-—
6190 R1%=R%
6200 GOSUR&150
6210 Bl1$=E$
MID$ (R1%,R¥B85-84,85)=R1%
LSET B$=El%
FUT1,R
RETURN
REM —— &6250-6305 GET NEXT AVAILARLE RECORD NUMEER —-—
GET1,1
El1$=R3
FR=CVI(LEFT$ (E1%,2))+1
MID$ (R1%,1,2)=MKI%(FR)
6290 LSET E$=E1%
6300 FUT1,1
6305 RETURN
6709 REM -- 6710-6510 SEARCH FOR KEY ——
6710 K1$=STRING$(10,32)
6320 K$=H$+K1%:kEN=0
ZI0 FORI=1TO10
KN=KN+ASC (MID$ (K$,I,1))
6350 NEXTI
6760 EN=KN—INT((KN-1) /&) X6
6370 GET2,KN
6380 FORI=1TDZ21
6390 K1$=MID$ (KY$,Ix12-11,12)
6400 IFLEFT$(K1%$,10)=LEFT$ (K$,10) THEN&S00
6410 NEXTI
6420 K1$=STRINGS (10, 25%)
6470 FORI=1TOZ1
6440 IFLEFT$(K1$,10)=MIDS$(KY$,I1%12~11,10) THEN64BO
6450 NEXTI
6460 E=2
6470 RETURN
6480 E=1
64590 RETURN
6500 E=0
&£510 RETURN
6999 REM —— 7000-7499 PUT NEW RECORD AND KEY ——
7000 GOSUEGZLO
IFE=2THENRETURN
IFE=1THEN7040
E=1: RETURN

7040 GOSUBLRE0
7050 H$=LEFTS (K$,10)+MKI$ (FR)
7Qb0 Yé

7070 MIDS(KZ%, IX12-11,12)=K$

7080 LSET KY$=kZ%

7090 PUT2,EN

7100 GOSURGO10

7110 N=FR:GOSUR&L190

7120 E=0

7130 RETURN

7499 REM -= 7500-7999 GET RECORD --
7500 GOSUBRGEL10

IFE=OTHEN7S40

REfUHN
7540 N=CVI(MID® (K1%,11,2))
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7550 GOSURGL1SO

7560 GOSURLOF0

7570 E=0

7580 RETURN

7999 REM —— 8000- 3 —

8000 E=1:RETURN 477 BET NEXT —=

8499 REM —-—- 8500-— -
A 0-B8999 DELETE KEY AND RECORD ——
8510 IFE=OTHEN8S40

8520 E=1

8570 RETURN

8540 HZ$=kVY$

8550 MID$(KZ$,I%12-11,12)=STRING$(255,12)
83560 LSET kY4=kZ$

8570 FUTZ,.EN

8580 E=0

8590 RETURN

8999 REM —— Q000-9499 RESAVE RECORD ~-—
FOQO GOSURLZ1O

Q010 IFE=0THEN9040

F020 E=1

Q00 RETURN

Q040 N=CYI(MID®(k1%,11,2))

050 GOSURLO10

060 GOSUB&L190

QO70 E=Q

080 RETURM

Listing 10.1

There is also one more subroutine to add to the 6000 series subrou-
tines. This is not a record-handling subroutine, but it is a subroutine that
will be used by the subroutines above line 7000 and not directly by the main
program. The subroutine begins at line 6310 and is meant to locate a key in
the key file. The reason that this subroutine is not part of the subroutines
above line 7000 is that several of them use this subroutine. Its location here
is a matter of convenience—it is among the other subroutines used by the
main key-file subroutines.

This new subroutine will look for the key. In this method, it must first
hash the key (i.e., extract the number from it that corresponds to the key-
file block). The hashing is done in statements 6310 through 6360 and
statement 6370 loads into memory the block number that results. The
FOR/NEXT loop in lines 6380 through 6410 searches the block for the key.
If it is found, the IF statement in line 6400 branches to line 6500, which
sets E equal to zero (to indicate that the search was successful) and then
returns to the calling routine. If it is not found, the FOR/NEXT loop in
lines 6430 through 6450 is executed. This loop searches for a blank key (the
compared value is set in line 6420). If it finds one, line 6440 branches to
line 6480, which sets E equal to one (indicating that the key was not found,
but room to insert it was found), then returns RETURN to the calling
routine. If a blank spot cannot even be found, the FOR/NEXT loop
terminates and line 6460 sets E equal to two (indicating that the key-file
block is full), then again returns to the calling routine.

Now you can write all of the key-file subroutines. The first one, which
starts at line 7000, puts a new key and record into the file. It must also
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check to make sure it is not a duplicate key and that there is room to put it
on the proper block. Line 7000 calls the new subroutine at line 6310 to first
hash the key and load the key block. The error code E being equal to two
indicates that there is no more room, so if the subroutine at 6310 returns
this code, all you need to do is return to the main program. The main
program will then get the message that the key cannot be inserted because
there is no room. If the error code returned is one, then the key can be
inserted and there is no duplicate. Line 7020 checks this condition. If the
subroutine at 6310 returns E equal to zero, these IF statements do not
branch. This means that a key with that value has been located. Line 7030
sets E equal to one and returns to the main program, indicating that there
is a duplicate key. If all of the conditions are tested and it is found that the
key does not exist and there is room to put it, the subroutine will continue
at line 7040.

6310-6320

SET UP KEY
SET KN TO
ZERO

6330-6360

HASH KEY
RESULT 1S KN

6370

GET
KEY BLOCK
NO. KN

6380-6410
6500-6510

E=0
RETURN

6480-6490

E=1
RETURN

IS KEY
ON BLOCK

6460-6470

E=2
RETURN

Figure 10.1: Functional diagram of hashing subroutine (listing 10.1).
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Line 7040 calls the subroutine at line 6250, which gets the next
available record number. Lines 7050 through 7090 pack this number into
bytes 11 and 12 of the key, then they insert the key into the block and save
it on disk. Line 7100 calls the packing subroutine and line 7110 sets the
record number (N) equal to the new record number (FR), then calls the
routine that saves the record. Lines 7120 and 7130 set E equal to zero to
indicate that the operation was successful, then return to the main program.

Note that subroutine called as many as four other subroutines in order
to insert the key and the record. It may make it a little less complex if the
list of REM statements is updated and changed slightly. To do that, first
place a REM statement at line 6309 to describe the new subroutine at lines
6310 through 6510, then save this program (ASCII format) under another
name (e.g., ““HASH’’). Next, load in the REM printing program and add
an LPRINT”’ »’ or two between lines 130 and 200. This will leave some
room on the list of REM statements to add some comments on how the
subroutines work, like what parameters are required and what is returned,
including the values of E for the various possible errors.

The next subroutine is a little easier. All it does is get the record with
the given key. Line 7500 is the same as the first subroutine. The first four
lines of the subroutines at 7500, 8500, and 9000 are all the same, using the
routine at 6310 to hash and load the key, then check the error code. If the
key is not in the file, all three of these routines must return E equal to one.
The get-record routine logic continues at line 7540 by unpacking the record
number from the key. Next, it calls the load-record routine and the unpack-
record routine (the GOSUB statements at lines 7550 and 7560), sets E equal
to zero and returns.

The routine at line 8000 is not valid for the hashing method (this is the
get next function), so the delete routine at line 8500 is the next one to
program. Lines 8500 through 8530 are the same as the get key routine. Line
8540 transfers the key buffer (KY$) into a program variable, then 8550
writes the blank key code over the position where the key was found. 8560
and 8570 replace the key block in the proper place in the key file using the
variable KN, which was established as the key block in the routine at line
6310. All that is left is to set E equal to zero and return (lines 8580 and
8590).

The last subroutine to program is the one that will update an existing
record to reflect some changes in the data. It will not handie a change in
the key. To change the key will require deleting the record and reentering it
with the new key. The put-key and record subroutine needs the duplicate
key check and cannot be used to resave a key in order to prevent
accidentally eliminating a previously saved record when a new record is
entered with the same key. This resave routine is almost identical to the get-
record routine. It follows the same logic except that it does not load and
unpack a record. Instead, it packs and saves the record where the key
indicated it to be. Note that the two subroutines are identical except for the
two subroutine calls (lines 9050 and 9060 as compared to 7550 and 7560).

In many of the routines in this book, the disk buffer is placed into
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another variable in order to alter the contents before resaving it. Different
systems will have different rules pertaining to how these buffers can be used
in memory. This method of transferring it to a variable that is not defined
to be a buffer should work on all of the systems, although it will not be
required on some.

Now that the hashing method subroutines are in place, save them in
their own file on disk, then test them. The test should be first to initialize
the files, then to use the put function to place some sample records in the
file. Once this is done, test the other routines. If a program error is
discovered and corrected, be prepared to reinitialize the files in case some
invalid records remain because of the error, for these invalid records might
prevent the now-valid routines from functioning properly. Spend some time
in this testing. The error correction is the best method available for
learning.






\\\\\\
HH

e G
»?441944



THE ALPHABETICAL-ARRAY METHOD 79

CHAPTER 11

THE ALPHABETICAL-ARRAY METHOD

This is a relatively simple method of keeping the keys in alphabetical
order. Finding a specific key with this method will take a little longer than
it did with the hashing method, and inserting or deleting keys will take
much longer. But this method affords you the luxury of being able to
extract the keys from the file in alphabetical order. Combining this method
with the hashing method will provide both functions (the quick insert and
delete and the ability to extract the keys in alphabetical order), but
combining them does require a lengthy sort.

To do this all you do is add one extra step to the hashing method.
First, add a function that will load (GET) each block in the key file and
store each of the keys in a large string array, one key per array element,
then sort the array. Then write the subroutine at 8000 (get next key) to use
this new array. This would be a useful function to add to the hashing
method for a system where the reports are required in key order. If the
reports require other orders, the function that assembles the array could use
the other field to do it, as long as the locator is packed in the proper place
so that the proper record can be located.

A full alphabetical-array system can use many of the routines
developed in the hashing method, with some alteration. Starting with the
hashing method program (load that into memory first), delete the routine
that performs the hashing (lines 6310 through 6510). This will later be
replaced with another routine. Also, delete lines 50 and 60, as the key file
will not be a random-access file but a sequential file. More string space will
be needed for the array, so increase the CLEAR to 4000. Now make

statement 20

20 DIM KY$(100)
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6310-6320

SET UP KEY

6330

INITIALIZE
VARIABLES
L1=0
L2=101
14=0

o

6340

AVERAGE
LIMITS
L1+L2
—L3

6350-6360'

IF HIGHER
OR LOWER,
SET L1 OR L2
AS REQUIRED

6370 6430

YES SUCCESSFUL
E=0 RETURN
K2$=KEY FOUND

NO
6380

INCREMENT
SEARCH
COUNTER L4

6390

NO.
YES ~SEARCHES

6400-6415

UNSUCCESSFUL
E=10R 2
ADJUST L3

RETURN

Figure 11.1: Functional diagram of alphabetical-array search subroutine (listing 11.1).
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Of the key subroutines, two require no changes. These are the ones at
7500 (read a record given a key) and at 9000 (replace a record after changes
have been made). The changes will be first in the subroutine starting at line
6310, and then in the other key-access subroutines. The subroutine at 6310
was the hashing algorithm. To find the key for the alphabetical-array
method, you need to use a binary search method. The error codes (the
variable E) need some alteration. For the no error condition (E equals
zero), instead of returning the local key number, the subscript of the next
higher key in the array will be returned. It will return E is equal to two only
when there is no more room in the array and the key has not been found.
Refer to listing 11.1 for the new code for this subroutine, which will be in
line numbers 6310 through 6440.

Lines 6310 through 6330 initialize all of the variables that will be
required for the binary search of the array. The searching, which should
look familiar, is in lines 6340 through 6390. Lines 6400 through 6420
handle the condition that the key was not found. Line 6400 sets E equal to
two if the last key in the file—KY$(100)—contains a valid key, or E equal
to one if it is blank. Line 6410 protects against the possible condition of the
last key tested in the unsuccessful search being lower than the key being
searched. The return condition specifies that it is to be the next higher. The
way the search works, the key that it last tested could be the one either
immediately above or immediately below the value searched. If it is the one
immediately below, this statement simply adds one. Lines 6430 and 6440
handle the condition where the correct key is found. K1$ will be given the
value of the key entry to make the code a little shorter in the other sub-
routines (by using a linear variable instead of one with a subscript).

Adding a new key to the file requires some different logic in the
subroutine (starting line 7000). The first few statements will be the same,
but the actual insertion of the key requires some more work. The last few
statements also can be the same. The only ones that are changed are lines
7050 through 7090. First, make room to insert the key in the FOR/NEXT
loop in lines 7050 through 7070, and then pack and insert the key, in one
step, in line 7080. Line 6450 will start another subroutine (yet to be written)
that will resave the keys in the sequential file.

The subroutine at line 8500 is the next to change. Again, much of the
logic is still valid. The changes occur in lines 8540 through 8570. Delete
must condense the array, which is done in the FOR/NEXT loop in lines
8540 through 8560. This will write over the key that is to be deleted. In case
the array is full, which will mean that the last key (subscript #100) will now
be equal to the next-to-last key (subscript #99), line 8565 sets the last key in
the file to the blank key characters. Line 8570 reuses the subroutine starting
at 6450, which is still to be written, to resave the sequential key file.

You now have only two subroutines left for this conversion before you
can look at the main program again. Both of these subroutines are new.
The first is the get next routine that starts at line 8000. The easiest way to
write this routine, given the other subroutines in the system, is to use the
routine at 6310 to return the value of the current key. If the key is found,
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increase the subscript by one. Otherwise, the subscript returned is the next
greater key or the end of file. Lines 8000 through 8020 take care of getting
the key and increasing the subscript if the key is found. Lines 8030 and
8040 take care of the end-of-file conditions, which could be due to the
subscript going over 100 (line 8030) or the key being a blank key (which, in
a sorted array, indicates that there are no more keys). The rest of the
subroutine is like the end of the get-key routine.

The other new subroutine begins at line 6450. All it does is write all of
the keys back into the sequential file. This is required when keys are added
and deleted. The logic to handle this may be very simple or very compli-
cated, depending upon the computer system used. On many systems, if only
one key were written to the file during each PRINT# statement, the file
would require 100 blocks. Fortunately, most of the microcomputers do not
have this problem. If you PRINT# an entire block’s worth of keys at once,
only six blocks would be required. Another consideration is that on most
microcomputers that will PRINT# more than one key per block (even when
they are done one at a time), you must use a comma between each key so
that they can be read back correctly. This will allow only 19 keys per block,
because each key will now occupy 13 bytes instead of 12. One simple way
to eliminate the possible eccentricities of a particular computer system is to
pack the keys, 20 to a block, then save them. The routine in lines 6450
through 6540 does this. It opens the file as an output file (sequential), then
uses nested FOR/NEXT loops to pack and save each of the key blocks.
Finally, the CLOSE statement will cause any computer system that saves
the blocks only after they are full (these are the systems that allow one key
at a time to be saved but still store more than one on a block) to save the
final block in the file (it holds the blocks in memory until they are full).
Also, if this routine is used again, the CLOSE statement avoids an error
when a user attempts to open the file again at line 6450.

Next, in the main program, comes the file initialization routine. The
part that initializes the records can stay, because the record file did not
change. The part that needs to be changed is lines 500 through 530. Delete
line 540. Fewer statements are needed, although the initialization is a little
more involved, because the subroutine at line 6450 is used. Because the keys
must be read into memory at the beginning of the program, and they can
not be read in until they are initialized for the first time, RUN the program
and select the initialization now. Use the break key to end it after initializa-
tion. Now enter the routine in lines 50 through 94. This reads the keys into

the memory in the form that they were written in the subroutine starting at
line 6450.

10 CLEAR40QOQO

20 DIMEY$(100)

0 OFEN"R",1,"RECORDS: 1"
40 FIELD1,255ASE%

SO 0OFEN"IY,2,"KEY LY

60 FORI=OTO99STEF20
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70 LINEINFUTH2,K3%

80 FORJ=I+iTOI+20

PO KY$(J)=MID$ (KI$, (J~1) ¥12-11,12)

92 NEXTJI:NEXTI

94 CLOSEZ

100 CLS

110 FRINTTAB(20) ; "KEY FILE TEST"

120 PRINTTAE(10)35"1 INITIALIZE FILES"

130 FRINTTAER(10) 3“2 PUT A NEW RECORD IN FILE®
140 FPRINTTAB(10)3"3 GET A RECORD, BIVEN THE KEY®"
150 FRINTTAE(1033;"4 GET NEXT RECORD, GIVEN A KEY"
160 PRINTTAB(10);"S DELETE A RECORD"

170 PRINTTAE(10)3"6 ALTER AND REFLACE A RECORD"
180 FRINT

190 INFUT" EMTER NUMBER OF SELECTION":N

200 IFN<1THEN220 '

210 IFN<=6THENZ240

220 FRINT"ERROR — PLEASE ENTER A NUMBER FROM 1 TO &"
270 GOTO190

240 ONNBOTOS00,700,900,1100, 1700, 1500

S00 FORI=1T0O100

510 KY$(I)=STRING$ (12,255)

520 NEXTI

530 GUSURL450

550 B1$=STRINGS (255, 32)

560 FORI=1TQZ4

570 LSET B%=RE1%

580 FUTL, I

S0 NEXTI

600 GET1,1

610 Bl%=R%

620 MID% (B1%,1,2)=MKI® (1)

G6Z0 LSET B$=R14%

640 FUT1,1

650 E0TO100

700 CLS

710 FRINTTAE(16);"FUT NEW KEY AND RECORD IN FILE"
720 FRINT

730 INFUT"NEW FEY'";3;k$

740 ENE=kE

750 GOSUR7S00O

760 IFE=1THEN790

770 FRIMT"ERROR ~ KEY ALREADY IN FILE"

780 GOTO77Z0

790 E$=kN$

795 INFUT"NAME" ;N&

BOO INFUT"ADDRESS": A%

810 INFUT"CITY";C%

820 INFUT"STATE";S%

830 INFUT"ZIF CODE";Z%

840 INPUT"IS THE AEOVE CORRECT (Y OR N)":0K$
850 IFOK$="Y"THENSY0

860 IFOK$="N"THEN70Q

870 PRINT"ERROR — FLEASE ANSWER Y OR N

880 GOTO8B40

890 GOSUEB70O00

895 BOTO100

F00 CLS

910 FRINTTAR(22);"BET A RECORD GIVEN THE KEY"
920 FRINT

930 INFUT"KEY";K$

Q40 GOSURZSOO

950 IFE=0THEN9E8O0

960 FRINT"KEY NOT IN FILE"

Q70 GOTO920

980 FRINT"NAME : ";N$

990 FRINT"ADDRESS : ";A%

1000 PRINT"CITY. STATE AND ZIP : “;C$;", "3S$31" ":iZ$
1010 PRINT

1020 PRINT"FRESS ENTER WHEN FINISHED VIEWING"

103
104

O We=INKEY$: IFW$=""THEN1OZO
0 GOTO100

83
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1100 CLS

1110 PRINTTAR(22) ;"GET NEXT GREATER KEY"

1120 FRINT

1130 INFUT"KEY":K$

1140 GOSURBOOO

1150 IFE=0THEN1180

1160 PRINT"END OF FILE. THERE IS NO GREATER KEY"
1170 GOTO1100

1180 FRINT"KEY @ "ik®

1190 GOATO980

1200 CLS

FRINTTARB(25) § "DELETE A RECORD"

FRINT

INFUT"EEY TO DELETE (OR END) "3k
IFE4="END"THEN1OQ

GOSUESSO0

IFE=0THEM13920

FRINT"KEY NOT FOUND AND NOT DELETED"
GATO1400

FRINT"KEY DELETED"

FRINT"FRESS ENTER AFTER READING MESSAGE"
We=[MNEEY$: IFWe=""THEN1410

GOTO1O0

CLS:FRINTTARB(20) ; "CHANGE DATA IN A RECORD":FRINT
INPUT"KEY "5 k%

GOSURT7S00

IFE=0OTHEN1S540

1540 FRINTVERRQR — KEY NOT FOUND"

1550 GOTO1510

1560 PRINT"1. NAME : "3iN$
1570 FRINT"Z. ADDRESS : ";A%
1580 FRINT"Z. CITY = ":iC%

1590 FRINT"4. STATE : ;5%
1600 FRINT"S. ZIF CODE-: "3Z%
1610 FRINT

1620 INFUTYENTER NUMBER OF FIELD TO CHANGE"j3NF
1670 IFNFZ1THEN14S0Q

1640 IFNFC{=S5THENL&7OQ

1650 FRINT"ERROR — FLEASE ENTER A NUMBER FROM 1 TO S"
1660 GOTO1620

1670 ONNFGOSUER1680, 1685,1690, 1695, 1700
1675 GOSUEROOO

1677 GOTO100

1680 INFUT“NEW NAME"3N$

1682 RETURN

1685 INFUT"NEW ADDRESS";A$
1687 RETURN

1690 INPUT"NEW CITY";C$

1692 RETURN

1695 INFUT"NEW STATE";S$

1697 RETURN

1700 INFUT“NEW ZIF CODE";Z%
1702 RETURN

6000 STOP

5010 R1$=STRING$ (85, 32)

6020 R2$=STRINGS (20, 32)

6025 MID$(R1%,1,10)=K&+R2$
6OTO MIDS (R1$, 11,20) =NS+R2$
6040 MID$ (R1%,31,20) =A$+R2$
6045 MID$ (R1%,51, 16) =C$+R2$
6050 MID$ (R1%,67,2) =S$+R2%
6060 MID$ (R1%$,69,5)=7$+R2%
6070 R$=R1%

6080 RETURN

6090 K$=LEFT$ (R$,10)

6095 N$=MID% (K%, 11,20)

6100 A$=MID$ (R$,31,20)

6110 CH=MID$ (R$,51,14)

6120 S$=MID$ (R$,67,2)

6130 Z$=MID$(R%$,69,5)

6140 RETURN

6150 B=INT((N—-1)/3) : R=N-EX3
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6155 E=R+1
6160 GETI,R
© 6170 R$=MID$ (E$,R¥85-84,85)
6180 RETURN
6190 R1$=R$
6200 BOSUBSL150
6210 B1$=R$
6220 MID$(E1%,R*85-84,85)=R1%
6230 LSET EB$=E1%
6235 PUT1, B
6240 RETURN
6250 GET1,1
260 B1$=E$
6270 FR=CVI (LEFT$ (E1%$,2))+1
4280 MID$ (Bl%,1,2)=MI% (FR)
6290 LSET R$=R1$
6300 FUT1,1
6305 RETURN
6310 K1$=STRINGS (10,32)
KE=K$+K1%: KN=0
L1=0:L2=101:L4=0
LI=INT ((L1+L2) /2)
IFLEFTS (K%, 10) <LEFT$ (KY$ (LT) ,10) THEN LET L2=L3
IFLEFT (K%, 10) >LEFT$ (KY$(L3) ,10) THEN LET L1=L3
IFLEFTS (K$,10) =LEFT$ (KY$ (L3) , 10) THEN 6430
L4=L4+1
IFL4< 7 THENGT40
E=2: IFKY$ (100) =STRING% (12, 255) THENLETE=1
IFLEFTS (K%, 10) >LEFT$ (KY$ (L3) , 10) THENLETLI=L3+1
IFL3I=0THENL3=1
RETURN
64T0 E=0:K1$=KY$(L3I)
6440 RETURN
6450 OFEN"0",2,"KEYz1"
6460 FORI=0TO99STEF20
6470 KIg=""
6480 FORJ=I+1TOI+20
6490 KI$=KI$+KY$ (J)
6500 NEXTJ
6510 FRINTHZ,K3$
6520 NEXTI
6530 CLOSEZR
6540 RETURN
7000 GOSUR6I10
7010 IFE=2THENRETURN
7020 IFE=1THEN7040
7030 E=1:RETURN
7040 GOSURGL2S0
7050 FORI=99TOLISTEF-1
7060 KY$(I+1)=KY$ (1)
7070 NEXTI
7080 KY$(LI)=LEFT$ (K$,10) +MKI$ (FR)
7090 GOSUERL4S0
7100 BOSUER&L010
7110 N=FR:GBOSUB&150
7120 E=0-
7130 RETURN
7500 GOSUR63I10
7510 IFE=0THEN7S40
7520 E=1
7530 RETURN
7540 N=CVI(MID$(K1%$,11,2))
7550 GOSUE&150
7560 GOSUR&LOTO
7570 E=0
7580 RETURN
8000 BUSUELT10
8010 ‘IFE=1THENBO3O
8020 LI=LI+1
8030 IFL3<100THENBOSO
8040 IFKY$(L3)<STRINGS (12, 255) THENBO&O
8050 E=1:RETURN
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8060 N=CVI(MID$ (KY$(L3I),11,2))
8070 GOSUER&L1SQ

8080 GOSUEBLOFO

8090 E=0

8100 RETURN

8500 GOSURLZ1OQ

8510 IFE=0THENB8S40

8520 E=1

8530 RETURN

8540 FORI=LZTO99

8950 KY$(I)=KY&(I+1)

8560 NEXTI

8565 KY$(100)=8STRINGS (12,255)
8570 GOSURL4T0

8580 E=0

8590 RETURN

000 GOSURSLIL10O

2010 IFE=0THENIQ40

020 E=1

OO0 RETURN

040 N=CVI(MID$(K1$,11,2))
050 GOSURSLO10O

060 BOSURL1F0

Q70 E=0

2080 RETURN

Listing 11.1

You may now save this program on the disk in its own program file.
Test it in the same way you did the hashing program. Also, check the new
routine that gets the next greater key. Note that the insert and delete
functions take lots of time. This is partially due to the fact that the entire
key array must be resaved on disk every time a key is added or deleted.
This can be limited by eliminating the GOSUB 6450 calls in the two subrou-
tines and adding a function that resaves the keys before the program is
ended so that the operator may decide when the keys are to be saved. Since
the keys are not read from disk during the run, they are written only to
make them permanent. However, even with this alteration, the routines to
add and delete may still run a little slower than the hashing method
routines. This depends upon the internal speed of the computer and the
efficiency of the BASIC interpreter. If the computer is internally fast and
has a good interpreter, the binary searching could be faster than the extra
disk search required by the hashing method. Generally, in-memory routines
will be faster than disk operations, but a binary search uses many state-
ments to find the key.
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CHAPTER 12

THE TREE-STRUCTURED METHOD

Although a diagram of the easy-to-program version of the tree-
structured method presented in this chapter does not closely resemble a tree,
the version it is derived from does. That original actually does branch out
in different directions to search for the key. You might say that with a
smaller key file, our simpler tree-structured method resembles a seedling.

This version will handle a maximum of 254 blocks of keys. Since most
microcomputers use minifloppy disks which contain only about 350 blocks,
this is not that much of a limitation. Consider, also, that the record file will
be even larger. The maximum number of blocks required for a file can be
estimated. Using this method, there is no way to determine the exact
number of blocks the key file requires, because it depends on the order in
which the keys are entered. The worst case is when the keys are entered in
alphabetical order. This may seem odd, but the method works best when
the keys are entered in a random order. The minimum and ideal number of
blocks is the number of keys divided by the number that one block can
contain. From the hashing method calculations, this number should be 21.
Because of the way that the tree-structured method works, one key per
block will be wasted, so the number of keys per block becomes 20. For a
100-key file, this means at least five blocks. More likely, there will be
between five and ten blocks. Twice the calculated number (i.e., 10 blocks) is
the worst case, which will happen if all of the keys are entered in
alphabetical order. Chances are that there will be seven or eight blocks in
the key file.

When this file is in use, place the first 20 keys on the first block in the
key file. When the next key is entered, it will be placed there, then another
routine will be triggered by the presence of the last key. The routine will
divide the block in half, leaving the first half in place and starting a new
block with the remaining keys. Then it will update the roadmap to show
that, alphabetically, the second block follows the first. When one of these
blocks becomes full, the routine will split that block and create the third
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block. The roadmap is then updated again to show that the new order is
blocks one, two, then three, if the second block is split, or one, three, then
two if the first block is split. The roadmap itself actually occupies the first
block of the key file, so the first block, as indicated above, is actually the
second block in the file.

The roadmap is actually a series of bytes the value of which indicates
the block by its numerical equivalent. This number is between 1 and 254,
which is one reason that the number of key blocks is limited to 254. 255 is
used to indicate that a block is not occupied. Zero is not used because some
systems have problems with a null byte in the middle of a string variable.
Searching for a key is done by employing a binary search on the blocks.

6310 -6330

INITIALIZE
KN, Ll,L28 L4
SET UP KEY

6340-6370

AVERAGE
LIMITS
KB=-BLOCK NO.

_____ 6350 & 6540-6550
I cpozss ) 53% SET UPPER r 1
OR FIRST | YES LT I oLasT |
P Xevs>key F™ ? ~ SEARCH 1
AR A INCR. SEARCH | COMPLETE
1 COUNTER L |
— - - Nno 0200 ZV— Yes L= —- -
6390-6430
SEQUENTIAL
SEARCH OF
BLOCK
F—===1 6440-6450 6460
AL | SET LOWER 6470~ 6530
3 [}
imnlr\‘::;?o - LT UNSUCCESSFUL
ARCH
R B
S, —
)
P T
6580-6600 r A
I
e, |
SEARCH
| COMPLETE |
S|
- 1 6610 - 6620
| GREATER | 1 UNSUCCESSFUL!
| KEY - —~ - =~ BUT GREATER |
| FOUND l | FOUND
| PR — L —_J

Figure 12.1: Generalized flow of modified tree-structured search routine (listing 12.1).
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Using the bytes in the roadmap, each block is located by the number
selected in the binary search, and the block indicated is searched for the
key. The limits are changed if it is not the correct block, and a new block is
read by the number from the indicated place in the roadmap. In the method
presented in this chapter, the search in the block is a sequential search,

* which is not that slow since the average number of keys on the block is
about 15. Also, the block will be searched only in the case where the first
key on the block is lower than the key being searched. If it is higher, then
the entire block is higher, so no block search is required to satisfy the
binary search’s condition.

In the initialization, an extra key is inserted as the first position of the
first key block. This is required in order to make the logic a little easier to
program, in that inserting the first key on the first block would require
some extra coding. This first key is made up of spaces (ASCII code is
decimal 32) which should be lower than any key entered.

You can alter the alphabetical-array method to code this method. Load
it into the computer’s memory. Then replace the DIM in line 20 with the
original REM statement, since it is no longer needed. Next, replace lines 50
and 60 with the OPEN and FIELD statements that the hashing method
used. Now delete lines 70 through 94, They will be replaced later with other
coding that will read in the roadmap, but, like the alphabetical-array
method, this cannot be done before the file is first initialized. Also delete
the searching and resaving routines from lines 6310 through 6540. A new
search routine must be written for this method. To do it refer to listing
12.1, the finished program. Do not put routines into place out of the order
that the text in this chapter dictates.

? REM -—— 0010-0090 FROGRAM INITIALIZATION —-

10 CLEAR4QOO

20 REMXXTHIS STATEMENT RESERVED FOR DIM STATEMENTS %X
2O QFEN"R", 1, "RECORDS:1"

40 FIELD1,255AGHES

50 OFEN"R",2,"FEYs 1"

&0 FIELDZ,25SASKYS

70 GET2,1

80 RM$=kY$

99 REM —-— 0100-0490 CONTROL SECTION ——

100 CLS

110 PRINTTAR(20) 3 "KEY FILE TEST"

120 FRINTTAR(L1D) "1 INITIALIZE FILES"

120 FRINTTAR(10):"2 FUT A NEW RECORD IN FILE"

140 FPRINTTAR(1QO) ;"3 GET A RECORD, GIVEN THE KEY"
150 FRINTTAR(10) ;"4 GET NEXT RECORD, GIVEN A KEY"
1640 FRINTTAR(10)3:"S DELETE A RECORD"

170 FRINTTAER(10):"6 ALTER AND REFLACE A RECORD"
180 FRINT )

190 INFUT" ENTER NUMBER OF SELECTION"§N

200 IFN<1THENZZ20

210 IFNIC=6THENZ40

220 FRINT"ERROR ~ FLEASE ENTER A NUMEER FRQM 1 7O 6"
270 60TOLR0

240 ONNGOTOS00,700,900,1100, 1300, 1500

499 REM —— 0S00-0699 INITIALIZE FILES SECTION —=
500 RM$=CHR% (1) +STRING® (7, 255)
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505 LSET KYS=RM$
S10 FUTZ, L
12 K1$=STRINGS (12, 32) +STRINGS (243, 255)
514 LSET KY$=K1%
S16 FUT2,Z
550 B1E=STRINGS (255, 32)
S60 FORI=1TOT4
S70 LSET E$=E1%
S80 FUTL, I
590 NEXTI
GO0 GETL, 1
610 BlE=EE
620 MID$ (E1%,1,2)=MKI$ (1)
LSET B$=E1%
FUT L, 1
GOTOLOO
REM —— 0700-0899 FUT NEW KEY AMD RECORD IN FILE FUNCTION -—

CLs

BATU7EO
E$=kNS
INFUT MAME" s N$
INFUT"ADDRESS™ ; A%
INFUTHCITY" ;0%
INFUT"STATE
INFUT"ZIF CODE";Z%
INFUT"IS THE AEOVE CORRECT (Y OR M) ":;0ks$
IFOK$="Y" THENS?0Q
IFOE$="N"THEN70O
FRINT"ERROR ~ FLEASE ANSWER Y OR N"
GOTOR40
GOSUB7000
GOTOLOO
REM —- 0200-1099 GET RECORD GIVEN KEY FUNCTION —-—
[
FRINTTAE(22) ; "GET A RECORD GIVEN THE KEY"
FRINT
INFUT"EEY " s k¢
GOSURYSOO
IFE=0THENS20
FRINT"EEY NOT IN FILE"
GOTA9ZO
FRINT"NAME : ":N&
FRINT"ADDRESS : ":;A%
FRINT"CITY, STATE AND ZIF : ";C%3;", "3S¢:" ";7%
FRINT
FRINT"FRESS ENTER WHEN FINISHED VIEWING"
WE=TIMEEY$: IFW$=""THEN1OZO
GOTOLOO
1099 REM —— 1100-1299 GET MEXT FUNCTION —-
1100 CLS
1110 FRINTTAR(Z22) ; "GET NEXT GREATER KEY"
1120 PRINT
1170 INFUT"KEY"sk$
1140 GOSURBOOO
1150 IFE=0THEN1180
1160 FPRINT"END OF FILE. THERE IS NQ GREATER KEY"
1170 GOTO11O00 7
1180 FRINT"KEY 3 ";K$
1190 GOTO80
1299 REM -— 1300-1499 DELETE RECORD FUNCTION ——
CcLs
FRINTTAE (25) ; "DELETE A RECORD"
FRINT
INFUT"EEY TO DELETE (OR END) "3k$
IFE$="END"THEN10QO




1350
1360
1370
1280
13290
1400
1410
1420
1499
1500
1510
1520
135320
1540
1880
1560
1570
1580
1590
1600
1610
1620
16320
1640
1650
14660
1670
1475
1677
1680
1682
168%
1687
1690
1692
1695
1697
1700
1702
3999
6000
6009
6010
6020
6O25
H0Z0
6040
6045
HQ50
LOKO
&O70
6080
6089
6OF0
6095
6100
&£110
6120
6120
6140
6149
6150
6155
6160
6170
&£180
6189
H1F0
200

H2LO
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GOSUEBS00
IFE=0THEN1390

FRINT"EEY NOT FOUND AND NOT DELETED"
GOTO1400

FRINT"KEY DELETED"

FRINT"FRESS ENTER AFTER READING MESSAGE"
WE=INEEY$: [FW$E=""THEN1410

GOTO100

REM —- 1500-1699 ALTER RECORD FUNCTIQN —-—
CLS: FRINTTAR(20) ; "CHANGE DATA IN A RECORD":FRINT
INFUT"EEY "3 k$

GOSUE7S00

IFE=0THEN1560

FRINT"ERROR - KEY NOT FOUND"

GOTO1S10

FRINT"t. NAME : ":N%

FRINT"2. ADDRESS : ":A%

FRINT"Z, CITY : "3l

FRINT"4, STATE : ";8%

FRINT"S. ZIF CODE : ";Z%

PRINT

INFUT"ENTER NUMEER OF FIELD TO CHANGE";NF
IFNF 1 THEN1 650

FRINTYERROR - FLEASE ENTER A NUMEBER FROM 1 TO S"
GOTO14620

ONNFGBOBSURL 680, 14685, 1690, 1495, 1700

GOSUE0O0

GOTO100

INFUT"NEW NAME3;N$
RETURN

INFUT"NEW ADDRESS":A%
RETURN

INFUT"NEW CITY":C$
RETURN

INFUT"NEW STATE";S$
RETURN

INFUTYNEW ZIF CODE"3Z%
RETURN

REM =— 6000-46990 RECORD FILE SUBROUTINES —-—
STOP

REM —-— 6010-6080 FACK RECORD —-
R1$=STRINGS (85, 32)

R2$=STRINGS (20,32)

MID$ (R1%, 1, 10) SK$+R2%$

MIDS$ (R1%,11,20) =N$+R2%$

MID$ (R1%,31,20) =A$+R2$

MID$ (R1%,51,16) =CH+RI%
MID$(R1%,67,2) =S$+R2%

MID$ (R1%,69,5) =1$+R2$

R&=R1% )

RETURN

REM ~— 6090-6140 UNFACK RECORD ——
KE=LEFTS (R$, 10)

NE=MIDS$ (R$,11,20)
AE=MID$ (R$, 31, 20)

C$=MID% (R$,51,16)
SE=MIDS (R, 67, 2)

7$=MID% (RE, 69, 5)

RETURN

REM —— 6150-6180 BGET RECORD BY NUMEER ——
B=INT ( (N-1) /3) : R=N-EX3

B=E+1

GET1.E

R$=MIDS$ (B, R¥85-84, BS)

RETURN

REM ~— 6190-6240 FUT RECORD BY NUMBER ——
Flb=R%

GOSURGL LSO

B1$=E

MY DS (BT, an- 30, Q%) =Rl ¢

LSET E$=E1%
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6235
6240
&L249
6250
6260
6270
6280
6290
HEOO
6305
&F09
6310
&LZ20
6IF0
6340
&HEE0
6380
HITO
6380
6E20
5400
6410
6420
6430
&440
6450
6460
&470Q
6480
6490
6500
6510
6520
&530
6540
&850
6560
6565
6570
4580
6590
&LLO00
6610
6L2O
6929
7000
7020
7030
7040
7045
7050
7060
7070
7072
7074
7080
7090
7100
7110
7120
7130
7140
7142
7144
7146
7148
7150
7182
7156
7158
7160
7162

FUT1,E

RETURN

REM ~— 6250-6705 GET NEXT AVAILAELE KECORD NUMEER ——
GET1,1 .
E1$=E$

FR=CVI (LEFT$ (E1%,2))+1

MID$ (B1%, 1,2) =MKI% (FR)

LSET E$=R1%

FUT1,1

RETURN

REM ~— 6310-6510 SEARCH FOR KEY —-
K1$=STRINGS (10, 32)

CS=K$+HI1 %1 KN=0

LI=INT((L1+L2) /2)

IFMID$ (RM$,L 3, 1) =CHR$ (255) THEN&S40
EB=ASC(MID% (RM%,1_.%, 1))

GETZ, KE+1
IFLEFTS(KY$, 10) *LEFT$ (K, 10) THEN&S40

FN=0

EN=EN+1: IFKN=21 THEN6440

IFLEFTS (K%, 10)=MID$ (KY$, KN¥12-11, 10) THENASS0
IFLEFTS (%, 10) <MID$ (KY$, EN¥12-11, 10) THEN6610
GOT06400

Li=LZ=

La=L4+1

IFL4<4THENGZ40

E=1

LI=LZ+1

KB=ASC (MID$ (RM$, L3, 1))
F1$=8STRING® (12, 255) : IFKR=25STHENRETURN
GETZ2,KE+1

F1$=LEFT$ (KY$,12)

RETURN

L2=1L3

La=L4+1

IFL4<4THENGT40

E=1: IFL1>0THEN&GSOQ0O

FRINT"KEY FILE INITIALIZATION ERROR !!":STOF
E=0

K1$=MID$ (KY$,KN¥12-11,12)

RETURN

E=1

GOT06590

REM == 7000-7499 FUT MEW RECORD AND HKEY ——
GOSUE6Z10

IFE=1THEN7040

E=1:RETURN

GOSUR6250

FZ$=KY$

IFKBE=255THEN7 180

IFLEFTS (K$, 10) <LEFTS (KZ%, 10) THENKN=1

FORI=21TOKNSTEF-1:MIDS (FZ$, [X12-11,12)=MIDS (KZ%, (I-1)*¥12-11,1

NEXTI

MID$ (KZ$ ENX12-11,12)=LEFTS$ (K$, 10) +MEI$ (FR)

LSET kY$=KZ%

PUT2, KB+1

GUOSUER&010Q

N=FR:GOSUR&L190

E=0

IFMIDS (kY$,241,12) =STRING$ (12, 255) THENRETURN
L4=0:FORI=1TO10: IFASC (MID% (RM$, 1, 1)) =2SSTHEN7 144
IFASC(MIDS (RM%, 1,1)) >LL4THEN L4=A8C(MID$ (RM%,1,1))
NEXTI

1=0

I=I+1: IFASC(MID® (RM%,1,1)) < *KETHEN7148

J=10

J=J-1:MIDS (RM$,J+1, 1) =MIDS(RM$,J, 1) : IFJ-ITHENT7 152
MID$ (RM#, I+1,1)=MKI%(L4+1)

FZE=EY$: X$=MIDS (KY$, 121, 134) +STRINGS (120, 255)
MIDS (KZ%, 121, 134) =STRINGS$ (134, 255) »

LSET KY$=RZ$:PUTR,H

2
=

)



7144
7166
7170
7180
718z
7184
7186
7188
7190
7192
7429
7500
7310
7EH20
7330
7540
75950
7560
7870
7480
7999
8000

8050
8AL0
8070
8080C
8090
8100
8499
8500
8510
8o20
85XQ
8540
B85S0
j=ttated
8557
8560
85465
8570
8580
8570
8999
QOO0

QU0
040
QOO
060
070
QB0
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LSET kY$=kX$:FUT2,L4+2
LSET EY$=RM$:FUT2,1

=031 RETURN

L4=0
L4=L4+1: IFL4<=10THEN7 184 ELSESTOF
IFABC(MIDS (RM%,L4+1, 1)) < 2SSTHENT 182
FB=ASC (MID$ (RM$,1.4, 1)) s GETZ2, KRE+1

=()

IN=EN+L: TFMIDS (KY$, KN 12-11, 12) ©STRINGS (12, 255) THEN7190
GOTO7050 :

REM —— 7500-7999 GET RECORD —-

B6Z10

OTHEN7S40

RETURN

N=CVI(MID% (+1%,11,2))

GOSURL1T0

GASUE&LQQ

E=0

RETURN

REM —-— 8000-849% GET NEXT —-
ES=K$+STRING$(10,32) :E=ASC(MID$ (K%, 10, 1)) +1
MID® (K$,10,1)=CHR% (E)

GOSURLTLO

IFE=0THEN7S40

IFMID® (K1%$,1,10)<STRING® (10, 255) THENBO&LO
E=1:RETURN

E=0:60TO7340

GOSURS150

GOSUREOI0

E=0

RETURN

REM —- B83500-899% DELETE KEY AND RECORD --
GOSUR&EI10

IFE=0THENS8S40

E=1

RETURN

FZb=EYE

FORI=ENTO20

MID$(KZ%, Ix12-11,12)=MIDS(KZs, (I+1)%12-11,12)
NEXTI

MID$(KZ%,229,12)=8TRING® (12,255)

LSET KY$=KZ$

FUTZ2, KE+1

E=0

RETURN

REM —=~ Q000-9499 RESAVE RECORD -—
GASUBLILO

IFE=QTHENYOQ40

E=1

RETURN

N=CVI(MIDS (K1$6,11,2))
GOSURLOLO

GOSUR&1F0

E=0

RETURN

Listing 12.1

other two methods. It starts at line 6310 and ends at line 6620. Using the
same returned values as were used in the alphabetical-array method will
require fewer changes in the other subroutines. The get-key routine will not

need

alteration. The return error code of E equals two will not be either

required or possible, because the key file will not run out of room unless

95

The search routine in this method is much longer than in either of the
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the disk itself is full, which is neither likely nor tested.

Initialization of the variables required in the binary search takes place
in lines 6310 through 6330. Line 6340 should look as familiar as 6310
through 6330. This is the first statement in the search and calculates the
value of the test element, which is now a whole block instead of one
element in an array. Line 6350 tests to see if the block is in use. If it isn’t,
the roadmap byte that corresponds to it is all CHR$(255) values. Only the
first one is tested. If there is no block yet assigned to that position, then the
search location must be higher. The routine at line 6540 will take care of
that condition. Lines 6360 and 6370 load into memory the key block. Line
6380 tests to see if the first key on the block is higher than the one being
searched. If it is, then the whole block is too high and there is a branch
again to the routine that handles that. The sequential search of the block is
in lines 6390 (which initializes the counter) to 6430. If one is found that is
equal, the routine branches to line 6580, which handles this ‘‘found”’
condition. If a higher one is encountered, then the routine starting at line
6610 will handle the ‘“next available’’ logic.

Line 6440 is the start of the routine that handles the condition where
the block had no keys on it that are equal to or greater than the keys on the
one being searched. The block is too low, so the lower limit (1) is set
equal to this block number. L4 is the search counter. It is incremented in
line 6450 and checked in line 6460. If the number of searches is less than
the ““magic number’’ for the maximum number of blocks (there may be as
many as 10 blocks, so the magic number is four), then line 6460 branches
back to the beginning of the search. If this logic falls through, then the key
is not in the file and the lines below this will return E equals one and either
the first key on the next higher (alphabetically higher) block or, if there are
no higher blocks, a key equal to a string of CHR$(255) and KB, which is
the block number, equal to 255. Either of these can be checked with the
calling routine,

The next condition starts at line 6540. In this condition where the block
is too high, the upper limit is set equal to the block position searched. The
routine then increments and checks the number of the searches. If the key
file is not initialized properly or if somehow a key lower than one with all
spaces is searched, the IF statement in line 6565 falls through and the error
message in line 6570 is displayed. If the program is operated properly, this
will not happen, unless there is a program error. The coding at lines 6580
through 6600 takes care of the successful search, returning E equals zero
and K13 equal to the key and locator. Lines 6610 and 6620 take care of the
condition where the key is not found, but its place is somewhere on the
block in memory.

Now the hardest part is over. The searching is the most complicated of
the routines required in this method. Running a close second, however, is
the put-key routine, which begins at line 7000. The first part of the logic
remains the same. The changes begin at line 7045. The new text here runs
from line 7045 through line 7090, then another routine is added that runs
from 7130 through 7192. The addition of the key starts with moving the
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buffer into another variable in line 7045. Line 7050 checks for the condition
where the key is not found but will be the highest one in the file. That will
be taken into consideration in the last part of the subroutine, beginning at
line 7180. Lines 7060 through 7072 find the correct position on the block to
insert the key and then make room for it. Lines 7074 through 7090 put the
key into the string and then save the block back into the key file. Lines
7130 through 7170 take care of the instance when the block is full. In this
case, the block must be split and the roadmap must be updated.

Line 7130 checks to see if key number 21 is used or blank. If it is still
blank after the key is inserted, then there is no more work to do, and it
returns to the calling function. Lines 7140 through 7144 find the next
available block position for storing the new block. Lines 7150 through 7154
make room in the roadmap to store the position indicator. Line 7156 inserts
the new value into the roadmap. Lines 7158 and 7160 set up the two key
blocks created from the split. Lines 7162 through 7170 resave the blocks
and the roadmap, and then return to the calling function.

The only routine left in this subroutine is the one that handles the
condition of the new keys being higher than any key now in file. This
condition can only happen if the highest block (alphabetically) is full. If the
last block is not full, the key will be inserted onto the last block. The loop
in lines 7182 through 7186 locates the next available block, then lines 7188
through 7190 insert the new key. The last line allows this routine to borrow
the statements that insert the key under normal conditions.

The routine to get a given key needs no alteration, but the get-next
routine does. This starts at line 8000. To find the next higher key, this
routine adds a binary one to the last byte of the key (excluding the locator),
then searches for it. If the newly assembled key is found, then it is the next
higher key. If it isn’t found, the search routine at line 6310 will return the
next higher key. Line 7540 begins the part of the get key routine that gets
and unpacks the record, so this routine borrows that coding when the next
greater key is found. Line 8030 branches directly to it when the next higher
key is the one assembled. Lines 8040 and 8050 return E equals one when
the key is higher than any in file and line 8060 returns the next higher key
when the key is not the one that was assembled but is in the file.

Delete is the next subroutine that requires some alteration. It is similar
in logic to the alphabetical-array method’s delete subroutine but works with
only one block of keys. Instead of having to move a maximum of 100 keys,
therefore, this routine has to move a maximum of 21 keys. The logic of this
subroutine (lines 8500 through 8590) can be followed by using the logic of
the same routine for the alphabetical-array method.

The last subroutine (replace a record after changes) also requires no
alteration, so you can now write the initialization routine.

Initialization is the routine in lines 500 through 650. Lines 500 through
510 initialize the roadmap. Lines 512 through 516 initialize the first key
block. Only one key block needs to be initialized, for the additional blocks
are intialized as they are required (when the blocks are split). Lines 550
through 590 initialize the record blocks and the remaining lines set up the
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value in record number one that keeps track of the number of records used
in the file.

Now run the program and initialize the files. As in the alphabetical-
array method, the files must be initialized before a routine may be added to
the beginning of the program. When the initialization is complete, end the
program by hitting the BREAK key. Lines 70 and 80 may then be added.
These read in the roadmap when the program is started. The program may
now be saved, then tested in the same way as the alphabetical-array
method.

Note that this method is very much a cross between the hashing
method and the alphabetical-array method. Like the hashing method, when
the file has enough records in it, there are a few keys on each of several
key-file blocks. Like the alphabetical-array method, the keys are in
alphabetical order. The keys will take a little longer to add and delete than
they did in the hashing method, but considerably less time than they did in
the alphabetical array method. The get next function is also available for
the reports, as it was in the alphabetical array method.

This example is an alteration of the full tree-structured method. The
full method requires far more coding but does operate a little faster and has
no restriction on the file size. It also requires more blocks in the key file.
The full method does not use a roadmap. Instead, it has levels of blocks
that are used to locate other blocks. The highest level block contains a list
of the first keys on the next lower level blocks. These blocks also contain
the first keys on the next lower level blocks. The lowest level of blocks
contains the same information as the key blocks in the method presented
here.

The example in listing 12.1 is specifically written for a 100-record file
with keys that are 10 bytes long. There are ways to make the subroutines
usable in controlling files with different numbers of records and longer or
shorter keys. There are also ways of using the records that are abandoned
when a record is deleted. The next section will explain how this program
can be altered with these possibilities.



SECTION III1

INTRODUCTION

In the preceding section, we didn’t pay much attention to
keeping track of records available in the main file. The methods used
simply took the next sequentially available record number and used
it. This works fairly well until you delete a number of records from
the file, leaving behind unused space. But a method called file reor-
ganization, which rearranges the records to condense the file, makes
it possible to recover this unused space. It also alters the locators on
the keys so that they show the new locations of the records.

There is another method, the free-record index method, which
constantly reuses records left by deletions and does not require file
reorganization.

This section also brings new meaning to the word ‘‘parameter,’’
for the parameters introduced here control the entire file operation.
These parameters are used to define the key length, record length,
and other values that control the files and allow the same subroutine
set to become more adaptable to other files and to access more than
one file in each program.

Other variations that are possible are key-only files, which
contain keys but no records, and multiple-key files, which use more
than one key file for one record file. The key-only file is sometimes
used to sort large arrays on disk. The multiple-key file is used when
the records are to be accessed by more than one possible field.

All of the above enhancements are variations of the basic pro-
grams and are useful ways to apply the key-file methods. Although
all three of the methods can handle these enhancements, this section
deals with the most flexible one, the tree-structured method, and the
alterations will be on the subroutine set developed for it.
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CHAPTER 13

TRACKING FREE RECORDS

In all of the key-file routines presented in the last section, a very
primitive method of keeping track of the next available record in the file
was used. With this method you had no way to recover the records left by
deletions except by writing another program to reorganize the file. And
although several methods are available for tracking these records, many
key-file systems still require file reorganization.

Of the key-file systems that do not require any file reorganization, all
add another index in the files. One uses a method that is commonly used in
machine language programming to keep track of things like the location to
return to when a subroutine is finished. In this method, the index is a stack
of numbers. When the file is initialized, the stack is filled with all of the
numbers of all of the records in the file. All of them are blank, so this
stack could be called a free record list. When a record is to be inserted into
the file, one of these numbers is popped off the stack and used as the
record number. When a record is deleted, its record number is freed by
pushing it onto the stack.

These stacks of numbers are not moved on the disk. Instead, two
numbers are used to access them. One number is the pointer, which tells
where the bottom of the list is, and the other is the head, which tells where
the top of the list is. To explain how stacks work, consider the following

list of locations:
1 2 3 45 6 7 8
A GMNUYVX Z

The lists could contain anything. The above list uses letters only as a
matter of convenience for the explanation. The elements could just as easily
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be record numbers.

The head, to start, will be at element number 8 and the pointer at
element number 1. Popping the stack gives the letter ‘“A”’ and moves the
pointer up one element to 2. Popping again gives the letter ““G” and moves
the pointer to element 3. Pushing the letter ‘‘B’’ onto the stack moves the
pointer back to 2 and inserts B where G was before. Using these rules for
movement will allow an overflow condition to be defined as the pointer
already being at position one when something is pushed onto the stack.
This is an overflow error, and because of it the element will not be added
to the stack. The stack can also empty out when the pointer position is one
element higher than the head-of-stack position.

z

0
j / ?‘/
— r— ) —
(o] T |- T |-
. - - - - -
0 0 |- | |- | 1
] | — - — | —
N N N |= N N N
T POP T POP T PUSH) | T PUSH) | T PUSH) | T
— — a—= — - -
E E E E E E
] L —— - | | L
N N N N N N
T T T T T T
S S S S S S
L | L L L] L
POINTER POINTER POINTER POINTER OVERFLOW
MOVES MOVES MOVE S MOVES
DOWN DOWN upP up

Figure 13.1: LIFO stack overflow occurs when trying to push onto a full stack.

The reason for two pointers is not that evident when the above logic is
used. The head of the stack never moves. The above stack is called a LIFO
(last in—first out) buffer. The head of the stack becomes more important in
a FIFO (first in—first out) buffer. In that kind of stack, the elements are
pushed in the same way, but must be popped from the other end of the
stack. Popping one element from the FIFO stack takes the letter *“Z’’ off
the stack and moves the head of the stack one element down to position
number seven. A letter can now be pushed onto the stack, as there is room.
Since the pointer is now at position one, subtracting one from the position
will run it off the end of the stack. When this happens, set the pointer
equal to the actual end of the stack. The stack can now be thought of as a
circle instead of a line because, when the pointer (or head) of the stack runs
out of elements, it is reset to the other end of the stack. There are other

checks which must be done to differentiate a completely full stack from a
completely empty one.
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— - _ _ _ i
|| || | || || |
[ | | | E I | || -
POP / D ) H ) )
—| L |— L —
. POP pop ) — 4 ror POP
— — ——1 _— —— S —_—
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T T T | [ ]
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s s
| S | [ S | S s |+ [ | [
- -
STACK UNDERFLOW
EMPTY CONDITION

Figure 13.2: LIFO stack underflow occurs when trying to pop an empty stack.

The LIFO buffer is the one most easily adapted to use as a free-record
index. The stack would be initialized as a series of sequential numbers from
one to the number of records in the file. As records are added, the values
are popped off the stack for the record numbers. If one is deleted, its
record number is pushed onto the stack. In this way, if another record is
added right after the deletion, the new record would be assigned the same
record number as the one deleted before. A FIFO buffer could also be used
for this list, but programming it would be a little more difficult. It would
have the one advantage that deleted records would not be immediately
wiped out by overwriting a new record and might be recovered with a little
extra programming. It is one hedge against accidental deletions, but it’s
hardly worth the effort.

Another method of keeping track of the unused records in the file is by
positioning bits corresponding to each record into a string array. Using
entire bytes is also possible (and a little easier to program), but using the
bits allows for a smaller index. The bit index will be one-eighth the size of
one using bytes. The coding for the bits states that a bit is off when a
record is free (binary zero) and on when the record is in use (binary one).
For anyone using a computer that cannot handle a null byte in the middle
of a string, selecting two different codes that can be used in the bytes will
accomplish the same goal, but will use more space.

Using the bit method will allow the index to be stored on one block for
any file with up to 2040 records (this is 255 bytes per block times 8 bits per
byte). Implementing this method (or the LIFO method) requires the
alteration of two subroutines from the key-file examples in the last section.
Since the tree-structured method is the most flexible, all of the examples
will use it. Load into memory the program saved from Chapter 12 (listing

12.1).
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Decimal
Values— 255 255 247 223 192 0 0 0
1 1 1 1 1 0 0 0
1 1 1 1 1 0 0 0
1 1 1 0 0 0 0 0
1 1 1 1 0 0 0 0
1 1 0 1 0 0 0 0
1 1 1 1 0~ 0] 0 0
1 1 1 1 0 0 0 0
1 1 1 1 0 0 0 0
Records — 1-8 9-16 17-24 25-32 33-40 41-48 49-56 57-64
Indicated /
record 21 record 27 records 33 and 34
is free is free are in use

Table 13.1: Bit method for tracking free records.

Begin by writing the subroutine that gets the next available free record
from the list. The examples will use the bit method explained above. The
subroutine, as it exists now, occupies lines 6250 and 6305. The new method
will require more line numbers than that one did, but instead of rearranging
the next subroutine, use a line increment of 2 instead of 10.

For this 100-record file, there will be one-eighth of 100, or 13, bytes in
the free-record index. These can be placed where the original free-record
counter was placed, which was on record number one. This method can
also protect itself by declaring that record number one is occupied. The text
for this routine is:

6250 GET1,1:FB=0

6252 FB=FB+1:IFFB>13THENG6268

6254 IFMID$(B$,FB,1) =CHR$(255)THEN6252

6256 FA=ASC(MID$(B$,FB,1)):FR=FB*8 -8:FD=0

6258 FD=FD+1:FC=INT(2 t (8 —FD)+.5):FA=FA —FC:
IFFA> =0THENG6258

6260 FR=FR+FD:FA=ASC(MID$(B$,FB,1)) +FC

6262 B1$=B$:MID$(B1$,FB,1) =CHRS$(FA)

6264 LSET B$ =B1$:PUT1,1

6266 RETURN

6268 FR=101:RETURN

To keep track of itself, that routine introduces some extra variables.
FB is the counter of the number of bytes in the list. Line 6250 gets the
record and initializes this counter to zero. The loop starts at line 6252,
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where this variable is incremented and checked. If there are no free records
in any of the eight locations in that byte number, then the byte has all bits
on, which is expressed as CHR$(255). In this condition, the routine goes
back to increment the counter and try the next byte.

When a byte is encountered that does not equal CHR$(255), this means
that there is at least one free record indicated in it by an off bit. Line 6256
extracts the ASCII equivalent of the byte, initializes the free record
indicator FR (this is used the same way as before) to equal the record
number immediately preceeding this byte, and then initializes the counter
FD. Line 6258 searches for the zero bit. It increments the bit counter FD,
then gets the decimal equivalent of this bit. The statement FA =FA —FC is
negative if the bit is originally off and positive if it is on. This condition is
checked in the last statement on that line.

At line 6260, the bit has been located. The value, which is in the
variable FD, is added to the free record indicator FR, which now holds the
number of the free record. The next task is to set the bit found to the on
position so that it will indicate the record is in use. The value is calculated
into the variable FA, then the buffer B$ is placed in the local variable B1$
so that the bit can be set. This is also done in statement 6262. The buffer is
moved back to B$ and resaved on disk in line 6264. Line 6268 handles the
condition of a full file by setting the record number equal to one greater
than the number of records in the file.

The above routine handles only half of the task. The first method
presented, using only a counter, does not replace the record to the free
status once it has been deleted. This one does, but to do this, part of the
delete routine must be added. It can be added as a subroutine within that
subroutine by adding a GOSUB statement to line 8540:

8540 KZ$ =KY$:GOSUB8600

This is the part of the delete routine in which the record has been
located and the key is to be deleted. The record number can be extracted
from the key, which can be used to calculate the position of the
corresponding bit in the free-record index. This new subroutine is:

8600 FR=CVI(IMID$(K1$,11,2))

8610 FB=INT((FR—1)/8):FA=FR—-FB+8
8620 GET1,1:B1$=B$:FB=FB+1
8630 FC=ASC(MID$(B1¢$,FB,1))

8640 FC=FC—INT(2 I (8 —FA)+.5)
8650 MID$(B1$,FB,1) =CHRS$(FC)
8660 LSET B$ =B1%$:PUT1,1

8670 RETURN
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This routine uses the same basic calculations as the last one did. Line
8600 extracts from the key the record number that is to be deleted. Line
8610 calculates the byte and bit numbers of it. The free-record index is
loaded into memory and placed in B1$ in line 8620, and FB is adjusted (the
formula that calculated it gives a value of 0 to 12 instead of 1 to 13). Lines
8630 through 8650 turn off the bit in the appropriate byte, and then line
8660 resaves the index onto the disk.

To use the test program developed in the previous section to access
these subroutines, alter the initialize-files function to initialize the first
record file block to use this new method. This alteration is in line 620.
Instead of that statement, set the first 13 bytes of B1$ to 0, then set the
first one equal to CHR$(128), which has the bit pattern 1000 0000, showing
the first record in the file to be occupied.

You can’t use the bit method on computers that can’t handle the null
bytes. The byte method is similar, but requires more space. For a
100-record file with 85-byte records, you use two records. The bytes can be
set to the alphanumeric 1 and 0 (CHR$(49) and CHR$(48), in that order).
The subroutines to handle that are in the same locations as the ones shown
above and are much simpler to program. Simply search through the bytes
until you have the value of CHR$(48), which is the indication of a free
record. To reset a deleted record, set it to CHR$(48).

If you use the FIFO method (or LIFO method), store on this first
block the required stack plus the pointers. Using the MDI$( and CVI(
functions to access the stack will require two bytes for each of the records
on the list, and the list must contain 100 record numbers. Adding the
pointer to it requires 202 bytes. The head of stack does not need to be
stored for the LIFO method, as it never moves, and it can be written into
the text as a constant. The head of stack must be stored for the FIFO
method, and another indicator should also be kept for sensing overflow and
empty-list conditions. This could be one number that is a count of the
number of items on the stack. This brings the total bytes required to 206,
which will require three records of room, the entire first block.

The chapter that follows will use the bit method for the subroutine set.
Any of the above methods or the method that was presented in the last
section may be used, but all of the examples will use the one programmed
in this chapter. This is not to sell it as the best method (one of the stack
methods could prove to be faster on a particular system, although this is
unlikely as the file fills) but because it is the most abbreviated method and
takes up very little room.
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CHAPTER 14

PARAMETERS

Perhaps when I explained parameters earlier and gave examples of
simple parameter use, these concepts did not seem very earth-shattering to
you. But this is because you’re accustomed to the structure of BASIC—to
the easy access to subroutines that BASIC and parameters provide. Before
BASIC came into such widespread use, compiler-based languages were the
dominant languages, as they still are on the larger systems. In these lan-
guages, GOSUB is not available, much less parameters. In FORTRAN, the
statement to call a subroutine is CALL. All of the subroutines have to be
named and every variable that is to be passed to the subroutine has to be
declared in the CALL statement.

In the FORTRAN compiler, the subroutine is actually more of an
independent routine in that all of the variables in the subroutine are
separate, and variables with the same name in the subroutine, in the main
program, or in other subroutines do not interfere with each other. The line
numbers are also kept separately.

As you can see from the structure of the earlier versions of the
compiler-based languages, parameters were no simple invention. In some of
the earlier versions, it was possible to transfer parameters from the main
program to the subroutine but not from the subroutine back to the main
program. Today, however, the way that BASIC handles parameters is much
simpler.

The compiler-based languages also had one more complication. Since
the variables of the subroutines could have the same or different names
from the ones in the other routines and in the main program, the
COMMON statement was invented to establish more effective commu-
nication (note that some BASIC languages have an equivalent command
called COM). This set aside an area that contained the variables on this
COMMON list. These variables had to be declared in every program and
subroutine in the system. They could have had the same or different names,
but the COMMON area had to be the same or else some variables could be
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lost. Variables that were not in this COMMON area were called local
variables, as they had meaning only in the routines where they appeared.

Some BASIC languages took more of the logic from these compiler-
based languages than others did. Although most of the microcomputer
BASIC languages do not, there are some that have COM statements
(equivalent to COMMON) and have subroutines that can accept lists of
parameters. Wang Laboratories, Inc. has developed a BASIC that makes
very good use of these two capabilities. On their systems, programs can be
written so that, if the COM area is assigned properly, partial programs can
be read into memory to overlay a section of the original program. The
COM area can be used to pass values from one program to the next. Also
on their system, the marked subroutines, which it has in addition to the
GOSUB available on most microcomputers, can pass a list of parameters.
This is done with a GOSUB’ for the calling statement and a DEFFN’ for
the label statement (the first statement in the subroutine). An example of
this is:

100 GOSUB'128(A,A1$,W,5,””STOP")

6520 DEFFN’'128(M,M$,M1,M2,M1$§)

Statement 100 calls the subroutine marked 128 (the marks can be any
number from 0 to 255) and passes the variables in the list. When the
computer encounters the GOSUB’ statement, it looks up a matching
DEFFN’ statement. Then, the variables in the list in the DEFFN’ statement
are set equal, in the same order, to the list in the GOSUB’ statement. The
subroutine following line 6520, where the DEFFN’ was found, is then
executed.

Even on the Wang system, there is only one set of variables in use, so
all are local according to the way that word was used in the compiler-based
languages—except when you get to the time-sharing systems. Wang, to
continue the example, has a system that will handle multiple users with a
global partition that is accessible to all users in addition to their local
partition. A master subroutine set can be stored in this global partition so
that all users who select that global partition may access the same subrou-
tines independently of the other partitions on the system. That system
incorporates a local and a global set of variables in the programs. The
global system is also a little more sophisticated than the microcomputer’s,
but that is the direction that microcomputers are headed.

The parameters passed in BASIC will all be local variables. When a
subroutine changes the value stored by a variable, it is also changes it for
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that variable in the main program and vice versa. In some ways that makes
it easier to program, but in other ways it makes it more difficult. Usually,
the main program requires more variables, which are reused in the
subroutines because the subroutines don’t have their own, independent list
of variables.

Another function of parameters is helping to make the key file more
flexible. The way it is now written, if the file were changed to allow for a
longer key, longer record, more records, or a different record format, the
entire key-file subroutine set would have to be rewritten. There is another
way to do this.

There are only a few differences between the key-file subroutines now
written and ones that would control a file with different keys and records.
These numbers include the key length, the record length, the number of
records, the keys per block, and the number of records in the file. If these
numbers were to be set up in an array and the elements in the array used in
the subroutine instead of constants, then the initialization of the array
would change the file that the subroutine set would control. Listing 14.1
shows how the subroutine set could be altered to use the array CA( to
contain this list of variables. The pack and unpack routines are not in-
cluded on this listing. Such routines could also be parameter-driven, but
this is another subject.

Listing 14.1 does not include all of the elements dimensioned for the
array CA(. This listing comes from a key-file-based system that is a part of
a program in use. The other elements are used to drive other subroutines
that do not appear on the listing. Some of them will be described later, as
they work with packing and unpacking records in parameter-driven
routines.

6149 REM —— &6150-6180 GET RECORD BY NUMBER -—-—
6150 B=INT ((N-1)/CA(E)) s R=N-RBXCA (3)
6155 B=E+CA4)
6160 GET 1.R
6170 RE=MIDS(BS, CACLY X (R-1)+1,CACL))
6180 RETURN
6189 REM ——= 6190-6240 FUT RECORD RY NUMBER -—
6190 Rl1#=R4%
200 GOsSUR 6150
El4=E%
20 MID$(RiI$,CACL) X(R-1)+1,CACL1))=R1%
0 LSET Re$=R1$
FUT1, B
RETURN
REM —— 6250-6705 GET NEXT AVAILARLE RECORD NUMEBER -—-
GBET1, 1:FR=0
FEB=FE+1: IFFR>CA (5) THENAZ&LE
IFMID® (B%, FIX, 1) =CHR® (255) THEM&623Z
FA=ASC (MID¢ (B$,FHE,1)) s FR=FEX8~8; FD=0
FD=FD+1: FC=INT (20 (8-FD)+.5) : FA=FA-FC: IFFA>=0THEN&258
6260 FR=FR+FD: FA=ASC(MIDS (BR%,FR, 1)) +FC
6262 B1$=EE:MIDE(B1$,FE, 1) =CHR% (FA)
6264 LSET Bs=B1$:FUT1,1
6266 RETURNM
6268 FR=CA(L) 1E=OrRETURN
HE0P REM —— 6310-6510 SEARCH FOR EEY —-
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S {CA0rY A0
-:IN'H

%F [UERAE rhng CHRS (2059 THEHES40
L BeA C(MID%(RM% L, 100
SE LI L

TEMIDS (0 v 3, 1, CACDY) sHIDE(ES, L, CALT)) THEMET IO
& =)
4G TNz ML LR (L) THENS&A40

410 RPN b &, 1, CR09)) =M MDD b ¥YE, CACTIH (FN=-1)+1,CA(F)) THENOESEO
SALE LFHIDS 0 v, CACTY R (EN=-1)+1, CA(FY) =STRINGS (CA(F)  255) THENG440
&H20 [FN(DE(}“‘I CA ) N[D$(fY$ CA(T) K (EN-1)+1,CA(F) ) THENESLO
&40 QTR 400

&AL =
HADU =4 L

L4600 TFL4CCA (L) THEN&Z40
&
&480

&£420

STHENRETURM

\ ltv"lLl“T“(l- Ya , CAlTY)
ETURN

d4slarl
JCA(11) THENSTAO
FOTU&490

E=0
1$=MID$ (EYE,CA(TY X (EN-1)+1,CA(T7))

GLHO0 RETURN

&b10 E=1

H6Z20 GOTOL5920Q

6999 REM == 7000-749% PUT NEW RECORD AND HKEY --
7000 GAOSURLEL10

7010 IFE=2THENRETURN

70 lFE lTHbN7H4H

70
70 14(1
TO45
7OS0 IFER=DESTHENT 180

TO&O IFLEFTS (K$,CA(7) ) TLEFTS (KY$,CA (7)) THENKN=1

7070 FORI=CA (1) TOEM+1GTER-1:MIDS(KZs, CA(7I X (I-1)+1,CA(T7) I=MIDS (KZ%,CA(T)
¥ 1=+ 1, CACTY)

7072 MNEXTI

7074 MIDS(EZ$S,CALZI X UEN-1)+1,CA(7) I =MIDS (K%, 1,CA(D) ) +ME IS (FR)

7080 LLSET EY%=kEZ$

7090 PUT2,kER+1

7100 EHORURGOL1O

M=Ff: GOSUEL120

E=0

IFMIDS (EY$, (CACLO) —1) XCA(7)+1,CA(T) I =BTRINGS (CA(7) , 255) THENRETURN
LA=0rFORI=1T0O254: IFAG L(MID%(RMﬁ I.1))=285THEN7144

IFASC(MIDS (RME, T, 1)) *LATHEN 4= ASE (MIDS (RMs 1a1))

NEXTI

1=0

I=T+1: IFASC(MIDS (RMS, T, 1))«
J=CA (15

v W IEI- LMD (RME L, Ty =MIDS (RME, 0, 1) e IFJ T THENZ 1SR

MID® (RM%, T+1, 1)=MEI% (L4g+1)

HZS=FY$sXs ~MID§(VY$ CAMLEY ,CACLID) ) +STRINGS (CACL1S) , 255
MID® (2%, B 2 FINGS (CA L2 ) 255)

2 LEET mY$=IZ

LSET KY$=kX%:
LSET kEYs$=RM%: PUTL.X

E=0:RETURN

L4=0

L4z=L4+1: IFLA=D200THEN7 184 ELSE 8@TOQF
IFABC(MIDS (RM%, L4+1, 1)) < REITHENT 182
K ER= ARC(MID’(RMS L4,1))'GETT.}B+1

HENT 148

N+18 IFMIDS (RYS, CAC7) % (EN-1)+1,CA(T) ) <STRINGS (CA(7) , 255) THEN7 190



7192
7499

7500,

7510
7520
7530
7540
7550
7560
7870
7580
7999
8000
8010
BO20
8OIOQ
8040
80S0
0L0
8499
8900
88510
8520
gs0
8540
85350
8555
8857
8560
8570
2580
8590
8600
8610
8620
860
8640
8450
8&HO
84670
8999
2000
2010
Q020
2030
2040
050
060
Q070
2080

PARAMETERS

GOTO70S50

REM —— 75007999 GET RECORD ——
GOSURLZI10

IFE=0THEN7S40

E=1

RETURN

N=CVI(MID$(K1$,CA(7)—-1,2))
GOSUBRL150

GOSUR&0O?0

E=0

RETURN

REM == 8000-2499 GEYT NEXT -—-
E$=H$+STRINGS (CA(F) , Z2) : E=ASC(MIDS (K%, CA(F) , 1)) +1
MIDS (K%, CA(F) (1) =MEIS (E)
GOSUBRSLZL1O

IF E=OTHEN7S40

IF MID%(F1%,1,CA9)) < “STRINGS (CA (), 255) THENBOLO
E=1:RETURN

EE=k1%: E=02G0TQ7540

REM —- 8500-899% DELETE KEY AND RECORD —-—
GOSURLGILO

IFE=0THENES40

E=1

RETURN

b Ze=kY$: GOSUEBLOO

FORI=EN TO CA(10)~1
MIDE(KZE,CA(7I ¥ (I-1)+1,CA(T7))=MIDE(KZE, CA(T7IRI+1,CA(T))
MEXTI

LSET kVY&=kZ%

FUT2,KR+1

E=0

RETURN

FR=CVI (MID$ (k1%,CAP)+1,2))
FER=INT ((FR-1)/8) : FA=FR-FEX8
GET1,1:EBle=H$; FE=FHR+1
FA=ASC (MID$ (B14,FE,1))
FA=FA-INT (2L (B-FA) +.3)

MID® (R1%,FE, 1) =CHR% (FA)

LSET RBe=RBls:FUT1,.1

RETURN

REM —— Q000-9499 RESAVE RECORD -—-
GOEBUBLT10

IFE=0THEN?O40

E=1

RETURN

N=CVI(MID$ (K1%,CA(I+1,2))
GOSURGO1O

GOSUR&E190

E=0

RETURN

Listing 14.1

When you compare listing 14.1 with listing 12.1, taking into account

the changes introduced in Chapter 13, the values for the array are:

Subscript Value Description

1 85 Record length

2 — (not used)

3 Number of records per block
4 1 First block in record file

113
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5 13 Number of bytes in free record list

6 101  Maximum number of records of file + 1
7 12 Key length plus locator length

8 - (not used)

9 10 Key length (not including locator)

10 21 Maximum number of keys on one block
11 4 Number of searches on the key file

12 134  Block-splitting constant

13 121 Block-splitting constant

14 120 Block-splitting constant

15 10 Maximum number of key-file blocks

Array elements numbered 12 through 14 are the values of the byte
numbers of the keys at the place in the key block where the splitting will
occur. Since there are 20 keys on a block (21 triggers the splitting), 10 will
remain and 11 will create the new block. CA(13) contains the byte number
of the first byte in the key that is to become the first key on the new block,
which is the eleventh key on this block. CA(14) is the last byte of the last
key that will remain. This is always CA(13)-1. CA(12) is the number of
bytes that are to be written to the new block. This is always 255-CA(13).

In the initialization part of the main program, a DIM statement is
required to establish the array CA( with 15 elements. After the files are
opened and fielded, the values for this array may be defined. This can be
done by using READ and DATA, a series of LET statements, or reading
them from a special file on disk. The easiest method to maintain uses
READ and DATA to establish the array. With this method, all of the
elements are lined up in one DATA statement where they may be easily
read and altered.

Now that the parameters are defined and set into the subroutine, the
subroutine may be stored on disk. When a program is to be developed that
requires a key file, this subroutine set may be read into memory and the
program may be built below it. As Section IV will show, the best way to
design a good program requiring disk files is to design the files first, so all
of the data required to define the elements of the array CA( is defined.
Simply name the files after this and you’ve written the first section of the
program.

The parameter-driven subroutine set developed in this chapter will
work well with any one-key-per-record file system, as long as the keys are
reasonably short (at least eight keys per block) and the record length will fit
on one block. It does have the limits of the maximum of 254 key blocks
and the limit of 2040 records, because of the free record index. You may
increase the maximum number of records by altering the two routines
developed in the preceding chapter, perhaps by being able to use more than
one block for the index because of some additional logic. But increasing the
number of keys is a little more difficult. The limit on the keys is the roadmap.
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Although the limits imposed on the system by this key-file subroutine
set as it now stands would be too tight for larger computer systems, they
are adequate for most microcomputer applications. Since this book is for
applications on microcomputers, it doesn’t explore more sophisticated
systems for handling larger files. If there is a need for larger files, the
method will become slower as the file size increases. This slowing down is
due, in part, to the sequential search of the key blocks. The speed does not
become important in the file sizes that are specified as the maximums for
this set, but would be very important if the file size were increased
substantially. Overcoming this problem would require a slightly different
approach to the key-handling routines. The full tree-structured method
described in Chapter 12 is a system that is faster in a larger file. The
method presented here could be made to run faster by implementing a more
efficient technique for searching for a key on a block. You would need
more coding to do this, but you could gain much speed. One more area to
investigate would be how to limit the number of blocks that must be loaded
into memory in search of a key. For the file sizes indicated for this file, the
number of blocks for the maximum key file is only eight, which is not
incredibly fast, but still requires only about three or four seconds at most.

The subroutine set developed here can undergo more alterations that
make it more flexible and more powerful. The areas to be investigated in
the remainder of this section include key-only files, multiple-key files and
the use of more than one key file in one program. The logic developed so
far can be very simply extended to perform all three of these functions.
More parameter drivers will be added so that one subroutine set can be
developed to handle all of these functions with no program alteration (no
program alteration, that is, once the full subroutine set is developed).
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CHAPTER 15

KEY-ONLY FILES

The key-file subroutine set developed so far can handle any file with
one key for each record, within the limits of 2040 records and 254 key-file
blocks. It will not handle other uses for key files. In this chapter, the
subroutine set will be modified to handle a key-only file, which is a file
consisting of the index (i.e., the keys), but no records. This type of file is
used in various applications, including disk sorts for arrays that are too
large to hold in memory. These sorts can also be set up, on systems that
can handle more than one key file at a time, to sort the file on a field other
than the key field. Such a key-file system is developed in a later chapter.

This key-only file subroutine set can be formed very simply from the
subroutine set that has been developed up to this point. Listing 15.1 shows
a quick method of converting the subroutines and also gives a short test
program so that the conversion can be checked.

The first part of the conversion concerns the record file, which is no
longer needed. All of the subroutines have been deleted and a RETURN
statement has been placed in each of the calling line numbers. This is done
so that the other subroutines can still call the subroutines that handled the
records to avoid their needing alteration, but the record subroutines will do
nothing. To convert to a dedicated key-only subroutine set would involve
deleting all of the GOSUB statements in the subroutines. I don’t do that
here, because later chapters will introduce other parameters to convert the
subroutine set into one that will have the option of handling records or not.

All of the subroutines that handle the record file are in lines 6000
through 6305. A user can delete all of these if he or she replaces the calling
lines will RETURN statements. In the listing (15.1), the REM statements
were also left to indicate what subroutines were there.
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10 CLEAR4QDO

20 DIMCA(LS)

30 OFEN“R", 2, "KEYFIL:O"

40 FIELD 2, 255 AS KY$

S0 RESTORE

60 FORT=1TO15: READCA (1) s NEXTI

70 DATA 0,0,0,0,13,0,12,0,10,21,4,134,121,120,10

100 CLS:FRINTYINITIALIZING THE KEY ONLY FILE"

110 BI$=CHRS$ (1) +STRINGS (254, 255)

115 RM$=E1$

120 LSETEY$=E1%$

130 PUTZ, 1

140 MID$ (B1$,1,12)=STRINGS (12,32

150 LSETEYS$=E1$

160 FUTZ, 2

200 CLS

210 PRINT"KEY ONLY FILE INFUT AND DISFLAY FROGRAM":FRINT
220 INFUTYENTER O TO END, | FOR ENTRY OF KEYS OR 2 TQ LIST";M
230 IFN=1THENZOO

240 IFN=2THENDOO

250 IFN=0OTHEMSTOF

260 FRINT"ERROR -~ FLEASE ENTER O, 1 QR 2¢
GOTOZZ20

cLs

MNT"EEY EMNTRY"
b e
INFUTY"ENTER HEY OR ENMD"j3keS

= MUST BE NOT MORE THAM 10 CHARACTERS"

— DUFLICATE"

FRINT'DISFLAY OF HEYS [N FTLE":FRINT

9]
MESO

£EG ENTER WHEMN FINISHED VIEWING"iN

EOGO-6290 RECORD FILE SUBROUTINES —-
LOO0
007 REM —- 60106080 FACK RECORD ——
HO10 RETURM
089 REM —- G0%0-6140 UNFACK RECORD ——
HOR0
6149
6150 RETURN
6189 REM —— 6£190-6240 FUT RECORD BY NUMBER ——
RETIIRM
REM —= &250-430T GET NEXT AVAILARLE RECORD NUMEER ——
RETURN
REM —— &6310-6510 SEARCH FOR KEY —=—
F16=STRINGS (CA (7) , 52)
FE=ES+1$: KN=0
L1=0: L2=CA (15) 1 L4=0
LI=INT ((L1+L2) 724+, 5)

IF MID® (FM$., LT, 1) =CHRS (255) THEN&S40
. KE=ASC (MIDS (RM$, L3, 1))

GETZ KE+1

IFMIDS (EY$,1,CA(9)) *MIDE (K%, 1,CA() ) THENLSAO
EN=0
EN=KN+1: IFEN=CA (10) THENG440

IFMIDS (K%, 1, CA(R)) =MIDS (Y$, CACT) ¥ (KN-1) +1, CA (9) ) THENLSSO
IFMIDSCKY$, CACT) K (KN-1)+1,CA(F) ) =STRINGS (CA () , 255) THENS 44O

IFMIDS (K6, 1,CA(D I <MIDS (kYH, CA(T7) X (KN<1) +1 sCAC9) ) THEMSSE 1O
&40 GOTO 4400

6£150-6180 GET RECORD BY NUMBER --




6440
6450
6460
&470
4480
6490
&S00
6510
&ER20
650
6540
6550
&G40
LS65
&TE80
&S0
LHO0
6610
bH620
6999
7000
7010
7020
7030
7040
7045
7050
7060
7070
X (T
7072
7074
7080
7090
7100
7110
7120
71Z0
7140

7500
7510
7EHR20
73530
7540
7550
7560
7570
7380
7999
OO0
8010

2 OLSET Y $=k
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Li=L3

L4=L4+1

IFL4<CA(11) THEN&TGO
E=1

I+t
‘B=ASC (MID® (RM$, L3, 1))
K1$=STRINGS (CA(7) , 255) 1 IFKE=2S5THENRE TURN
GET 2,KE+1
F1$=LEFT% (kY$,CA(7))
RETURN
S
La=La+1
IFLAZCA (1) THENGS40
E=1:GOT0&490
E=0Q
K1$=MID$ (KY$,CACT7) K (KN-1)+1,CA (7))
RETURN
E=1
GOTO6SF0
REM —-— 7000-7499 FUT NEW RECORD AND KEY —-
GOSURGLZ10
IFE=2THENRETURN
IFE=1THEN7040
E=1:RETURN
GOSURSZS0
KZ$=kY$
IFEE=255THENT7 180
TFLEFTS (K$,CA(7)) <LEFTH (KY%,CA(73) THENKEN=1
FORI=CA (10) TOEN+1STEF-1: MID% (KZ%,CA(7) X (I-1)+1,CA (7)) =MID% (KZ$,CA(7)

-2+ 1,CAM7))

NEXTI

MIDS (K Z$, CA(TI X (EN-1)+1,CA7))=MIDE (K$,1,CA(D) ) +MEI$ (FR)
LSET EY®=KI%

FUTZ2, kR+1

GOSURGO10

N=FR: GOSURL1F0

E=0

IFMIDS (KY$, (CA(1O) 1) XCA(7)+1,CA(7))=BTRINGE (CA(7) , 285 THENRETURN
L4=0:FORI=1TO294: IFASC (MID$ (RM%,I,1))=235THEN7144
IFASC(MIDS (RM$, 1, 12) *LATHEN L4=ASC(MIDS(RMS, I,1))

NEXTI

I=0

I=I+1: IFASC(MIDE (RMS, 1, 1))~ *KETHEN7148

J=CA(15)

J=J-1:MIDE(RM$,J+1, 1) =MIDS (RME,J, 1) IFJEITHEN7 152

MIDS (RM$, T+1, 1) =M I% (L.4+1)

HZe=kY$: EXS=MID$ (EY$,CACII) ,CAULD) Y +ETRINGS (CA(14) , 255)
MID® (KZ%, CA(l“).(A(lA))— RING# (CAC12) , 255

=)

LEET KY$=RMS$: PUT:;l
P RETURN

IFASC(MIDS (RM%,L4+1,1))
=ASC(MIDS (RME, L4, 1))
EN=0

FN=FN+13 IFMID$ (KY$, CA(7) X (KN-1)+1,CA(7) ) “STRINGS (CA(7) , 255) THENT 190
GOTO7050

REM == 79500-7999 GET RECORD —--

GOSUEBRLZ1O

IFE=0THEN7S40

E=1

RETURN

N=CVI (MID$ (1%, CAT7)I=1,2))

GOSURAL15Q

GOSURLO0

E=0

RETURN

REM —=— 8000-849%9 GET NEXT —-

E4=Ks+STRINGS (CA(Y) ( T2) s E=ASC(MID® (K%, CA(F) , 1)) +1

MID% (K%, CA(F) , 1)=MKI$ (E)
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SO20 GOSURSZLO

ROZO IF E=OTHEN7340

2040 IF MIDS (1%, 1,CA)) < B8TRINGE (CA () , 255) THENBO6O
8050 E=1:RETURN

8060 Ke=K1%:E=0:G0TO7540 .
8499 REM —-—- 8500-89%99 DELETE KEEY AND RECORD -—-
8500 GOSURLZ10

8510 IFE=0THEM8340

8520 E=1

8520 RETURN

8540 KI$=KY%

8550 FORI=KN TO CA(10)-1

8555 MIDS (KZ$,CA(7)X(I-1)+1,CA(7))I=MID$ (KZ%,CA(7)XI+1,CALT))
8557 NEXTI

8560 LSET KY$=KI$

B570 FPUTZ2,KEB+1

8580 E=0

8590 RETURN

8999 REM —=— Q000-949%9 RESAVE RECORD ~—

QOO0 GOSURAZEL1O

Q010 IFE=0THENSO40

020 E=1

R0I0 RETURN

Q040 N=CVI(MID% (k1$,CAR)+1,2))

GOEO GOSUR&LO1O

QOED GOSUBRL120

070 E=0

QOBO RETURN

Listing 15.1

There are no changes above line 6305. These subroutines all deal with
the key file only. The only dealings with the record file are GOSUBs that
called the newly deleted subroutines.

The main program has five sections, which are program initialization,
file initialization, control, insert key, and display keys. The program
initialization declares the string space (line 10), dimensions the parameter
array (line 20), opens and fields the key file (lines 30 and 40), then reads the
parameters from the DATA list (lines 50 through 70). The file initialization
sets up the roadmap block and the first key block, then initializes the road-
map variable RM$. This is in lines 100-160.

Line 200 is the control section, which allows the options of adding or
listing the keys or of ending the program. Other functions like delete and
print could be added too. That subroutine replacing a record after the
contents are edited is useless. The reason is that when the subroutines call
to save the record, they get the already eliminated subroutines, so this can
only verify that the key is in file.

Keys are added in the routine in lines 300 through 410 as a list of en-
tries. Because of the way the key file works, they are being sorted as they
are entered. The file is set up so that up to 100 keys may be entered. It
could probably handle about 150, but there could be a problem if the
number of key blocks exceeds 10. This is not checked in the program at all.

The display routine is very simple. All it does is start with a blank key
(one with all spaces), then keeps getting the next higher key until the end of
file is encountered. The keys are listed in alphabetical order.
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PROGRAM
INITIALIZATION

FILE
INITIALIZATION

CONTROL

INSERT KEY

DISPLAY KEYS

ADDITIONAL
FUNCTIONS :?

END
PROGRAM

Figure 15.1: Key-only file test program block flow diagram (listing 15.1).

A print function could be added as a separate routine or it could
replace the display function. The logic is exactly the same, except the
PRINTKS, statement should be replaced with LPRINTK$ with or without
the comma. Line counting could also be added so that the keys would be
paged, if there are more than one page’s worth of keys to list.

There is one more use for key-only files that this program could be
employed to perform. In files that have very short records, the entire record
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could be packed in the key. One good example of this is a look-up table, or
cross-reference list. This could be a good addition to an inventory program.

Every manufacturer seems to have its own number for a product. To
stock every manufacturer’s part would require one form of extensive
duplication because some other manufacturer would be making an
equivalent one. Thus the need for cross referencing came into being.

To restructure the program in listing 15.1 into a cross-reference table
requires a little rearranging of the main program (i.e., the program below
line 6000). The initialization section will remain about the same. The name
of the key file may be different and the DATA statement will later be
changed to reflect a different size key. The rest of the program will need so
much rearranging and alteration that it is best deleted. Delete lines 100
through 580.

For the example, form a cross-reference table of an imaginary product.
Widgets are about the most common imaginary product, so the table will
cross reference widgets. Your inventory stocks widgets made by Manufac-
turer Number One, so your stock numbers agree with that manufacturer’s
part numbers. The main competition comes from Manufacturer Number
Two, who uses an entirely different numbering system for the same parts.
What you need is some way to enter the table with the part number from
Manufacturer Number Two and come up with the part number from
Manufacturer Number One. You can do it with a key-only file.

In this file, the key is the only thing saved on disk. If the file saved
records, it would be possible to store the part number from Manufacturer
Number One as the record and have the part number from Manufacturer
Number Two as the key. There is a simpler way to do this. The key could
be the two part numbers packed in a string so that the part number from
Manufacturer Number One follows the part number from Manufacturer
Number Two.

To put numbers on this, say the part numbers from the competition
(Manufacturer Number Two) are seven characters long and the part
numbers you use are eight characters long. The key can be composed of the
seven character part number followed by the eight character part number.
This gives a key that is 15 characters long.

Next, you can define the parameter array. If there are 100 parts in the
inventory (there more probably would be more, but this is only an
example), and each key is 15 characters plus a two-digit locator (the locator
is not actually used, but is still in the program logic and will still take up
space), then the number of keys on one key block can be 255 divided by 17,
which is 15. There can be as few as the number of keys (100) divided by
this number (15), or seven key blocks. Double this for the parameter array.
Fourteen blocks will require four searches. The blocks should be split be-
tween keys seven and eight, so the block-splitting constants will be 133, 120,
and 119.

The control section should give the options of adding a key to the file,
deleting a key from the file, looking up one of the part numbers, and print-
ing the list. Also in the program should be a way of initializing the file.
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This is required only once, so an unused area of the program can be used
to contain a subroutine that can be called from line 80. After the first run,
the subroutine can be deleted and the GOSUB in line 80 can be changed to
read the roadmap into memory.

You can write the program using the guidelines presented in the
previous chapters (particularly Chapter 9). To look up a part number,
request the competitor’s part number, put this in K$, then use the get next
subroutine. Check first to make sure that the end of file has not been
encountered, then check to see if the first seven bytes of the key found are
the same as the seven bytes of the key entered. If both these tests are
successful, the key returned has your part number in bytes 8 through 15.

Listing 15.2 presents the program just described. A few changes in the
parameters, the PRINT and INPUT statements, and the parts that pack
and unpack the keys will transform this program into almost any look-up
or cross-reference table.

10 CLEAR4OOO

20 DIMCA(LIS)

IO OFEN"R", 2, "WIDGETS: 0"

40 FIELD 2, 285 AS KY$

S0 RESTORE

60 FORI=1TO1S:READCAC(I) s NEXTI

70 DATA 0,0,0,0,0,0,17,0,15, 15,4, 173%,120,119,14
80 BOSUR1100

100 CLS

110 PRINT" WIDGET CROSS-REFEREMNCE"
120 FRINT

130 PRINT" 1. ADD ENTRY TO LIST"
140 FRINT" 2. DELETE ENTRY"

150 PRINT" . LOOE-UF"

170 FRINT

180 INFUT" ENTER SELECTION FROM LIST (O TQ END)"iN
120 IFN=OTHEMSTOF

IFNFOANDNE4THENZTO

FRINT"ERROR — FLEASE ENTER A NUMBER FROM O TO 3"
6070180

CNNGOTOZ00, 500, 700, 200

INFUT"YOUR FART NUMBER'"j YN

INFUTHIS EQUIVALENT TO, FART NUMEBER";ENS$
EE$=ENS+STRINGS (15, 22)

MIDS (1%, 8,8) =YN$+ETRINGS (8, I2)

GOSURTOOO

IFE=OTHEMNLOO

FRINT"
IMFLT
GOTOI0O0

INFUTU"ENTER EQUIVALENT PART NUMBER TO DELETE":kS

— ENTRY pALREGOY I FILE"
ENTER AFTER READING MESSAGE" N

- NOT IN FILE™

540
SE0 MTUEQUIVALENT NUMBER = “iMIDE (s, 1,7)

560 FRINT"YOUR NMUMEBER = "3MID® (k%, 8, 8)

570 INFUT"IS THIS THE ONE TO DELETE (Y OR M) ";Q%
=S80 [FQE="M"THEN1O0O
S50 IFC YO THEMAZO
600 FRINTUERROR — FLEASE ANSHER Y OF N
610
&20 GASUERREO0

&Z0 Garaioow

T0OO0  [NFUTYENMTER NUMBER TO LOOK UR"iEMS
710 kd=ENS

Listing 15.2
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720
=0
740
750
760
770
780
790
1100
llln

LHOOR
&HOL1O
L0087
&HO0
&£149
&H15¢
&£189
41790
L2449
L2500

BOSUBEOGOO Listing 15.2 continued

IFE=0THEN740
FRINT"ENTRY IS MOT IN FILE"
BOTOZ7O

EN$=EN$+STRINGS (7,
TEMIDS (ENs%, 1,7) <.

)
1TD% (i, L, 7) THEN740

FRINT"FART NUMBER "iMID® (e, 1,7)3" 18 EQUIVALENT TO "sMID% (+%,8,8)

GATOZ70

Be=8TRINGS (285,259

MID® (B4, 1, 1)=CHR4% (1)

LSET kEY$=Rs$

FUT2,1

RMe=E%

M]D“'B$ 1,17)=8TRING$ (17, Z2)

- AHOOO=6990 RECORD FILE SUEROUTINES -—-
&HOLO-6080 FACK RECORD —-
- GOR0-6140 UNFACE RECORD ~—-=

FETURN
REM —— 6£150-6180 GET RECORD RY NUMBER ——

) RETURN

REM == &6£190-6240 FUT RECORD RBY NUMEER ~——

RETURN

REM —— 250 -6TOE GET NEXT AVAILABLE RECORD NUMEER —-=
RETURN

29 REM - &E10-6510 SEARCH FOR EEY ——

S5 E

&HEQO
&EL0
G620
£999

$=8TRINGS (CA(7) , 22
A £ EN=0
2=CACLE) s L4A=0
EEINT OO L2 /24, 5)
IF MIDS (RM&,L7, 1)=CHR% (235) THENALS40
8 A&C(MID$(RM$‘L-,1))
2,KER+1
IFM]D%(FYﬁ 1,CAC) ) *MID% (s, 1,CA(T) ) THENSSAO

N+Ls IFEN=CA (10) THENE4ARO
IFMIDE (S, 1, CACR) ) =MIDE (LYS,CA(7) X (EN=-1)+1,CA(9)) THENLERO
IFMIDE (YE, CAL7)Y A (EN-13+1, CA () ) =ETRINGS (CA(F) , 255 THEN&440
IFMIDS (K4, 1,CAIIMIDS (KYS, CA(7) X (EN-1)+1,CA (D)) THENLLLO
GOTO &£400
Li=L3
La=L4+1
IFL4<CACLL) THEN&Z40

LZ=10+1
KE=ASC (MIDS (RM%,1.7, 1))
E1$=8TRING% (CA(7) (288) : IFKB=25STHENRETURN

Ele=LEFTS (KY$,CA(7))
RETURN

Li2=L73

L4=1_4+1

IFL4<CA(11) THENGZ4O
$GOTOL490

)

Fle=MIDE (KYS, CA(7) X EN-1Y+1,CA(7))
RETURM

E=1

GOTOLERO

REM == 7000-749% FUT NEW RECORD AND KEY ——
GOSURLT10

2THENRETURN

THEN7040

TURN

Lll’ SURGLS0

IFLEFT$(H$,CG(7))%LEFT$(HV£.CA(7))THENHN=1



7070

¥ (T=2)+1,CA(7))

7072
7074
7080
7090
7100
7110
7120
7130
7140
7142
7144
7146
7148
7150
7152
7156
7158
7160
7162
7164
7164
7170
7180
7182
7184
7186
7188
7190
7192
7499
7500
7310
7520
7530
7540
7550
760
7570
7580
7999
[={alsle)
8010
BOZO
BOTO
8040
8050
8060
8499
8500
8510
8520
B5ZO
8540
8550

{2 hatated

8557
8560
8570
2880
8590
8999
QOO0
Qo
QOED
€0 O
P40
QOSQ
A

CISICIS]
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FDRI:CA(10)TUKN+1ETEP—1:MID$(HZ$,CA(7)*(I—1)+1,CQ(7))=MID$(MZ$,CA(7)

MEXTI

MIDS (KZ%, CACT) X (KN=~1)+1,( = : >

lemy lains SCAC7))=MIDE (K%, 1,CA(T) ) +METS (FR)
FUT2, KE+1

GOSURLOLO

N=FR: BUSUEL190

E=0

IFMID® (Y%, (CACLOY 1) ¥CA(7)+1,CAL7) I =STRINGS (CA(7) , 255) THENRETURNM
LA=0:FORI=1T0254: IFASC (MID®$ (FM%, I, 1)) =25STHEN7 144
IFASC(MIDS (RM$, 1,1)) *LATHEN L4=ASC (MIDE (RM$, I,1))

NEXTI

I1=0

I=1+1: IFASC(MIDS (RM$. 1, 1))« sEBTHENT 148

J=CA(15)

J=J-1:MIDE (RME, J+1, 1) =MIDS(RM$,J, 1) s IFIITHEN7 152

MID® (RM$, T+1, 1) =MKIs (L4+1)

EZ$=kY$: KXS=MIDS (Y%, CA(1T) ,CACLR) ) +STRINES (CA(14) , 255)
MIDS (KZ$,CACLIZ)Y,CAIL12)) =8TRINGS (CA(12) , 255)

LSET kY$=KZ$:PUTZ,KE+1

LSET EY$=EX4:PUT2,L4+2

LSET KY%=RMs$:FUTZ,1

E=0:1 RETURN

L4=0

L4=L4+1: IFLA«=254THEN7 184 ELSE STOF
IFASC(MIDS (RMS$, LA+1, 1)) S2SSTHEN7 182
FE=ASC(MIDE (RM%, L4, 1)) s GET2, KB+1

EM=0
FEN=HN-+12 IFMIDS (KY$, CA(7) % (KN~1) +1,CA(T) ) <ETRINGE (CA(7) , 255) THEN7 190
GOTO7050

REM —= 7500-7999 BET RECCOKD —-

GOSURGZ10

IFE=0THEN7S40

E=1

RETURN

N=CVI(MIDE (1%, CAC7)~1,2))

GOSURS1S0

GOSUR&OFO

E=0

RETURN

REM —— 800Q0-849% GET NEXT —-

E$=k$+STRINGS (CA(F) ,32) : ESASC(MIDS (K$,CA(F) , 1)) +1

MIDS (K%,CA(D) , 1) =MK% (E)

BOSUEGLT
IF E=OTHEN7540

IF MIDS (K1$,1,CA(9))<>8TRINGS (CA(F) ,255) THENBOLO
E=1:RETURN

E$=k1$: E=0:60TO7540

REM -— @500-8999 DELETE KEY AND RECORD —-
GOSURSELO

IFE=0QTHEN&S40

E=1

RETURN

E=0

QUOO~94%99 RESAVE RECORD —-
1o

SRR

N=CVI (MIDS (1%, CA@) +L1,2))
GOSURAOLO

GLsURLLTO

k=)

IME Pl

Listing 15.2 continued
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This program could be tailored further to become a more specialized
key-only subroutine set by eliminating unused parts of the subroutine set
and eliminating the locator to pack the keys in a smaller space. Instead of
doing that, the next chapter will deal with another use of the key-file
subroutine set, then the chapter following that will show you how to com-
bine all of the functions into one parameter-driven subroutine set.
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CHAPTER 16

USING MORE THAN ONE KEY FILE

Up until now, all of the key-file routines were designed to access only
one file set per program. But uses for systems that will access more than
one file at a time include such programs as invoicing, which must access the
inventory file, the customer file, and a file to store the prepared invoices.
Storing the prepared invoices can be done in a sequential or in a random-
access file, but the inventory and customer files will most probably be key
files. Storing the prepared invoices can also be done in a key file, which
would make them easier to edit. That can be done by building the key from
the order number plus a line counter. Incrementing the line counter by 10
or 100 will make adding to the file easier.

This system would require two or three key files. It would be very
impractical to use two or three complete subroutine sets, all in memory at
the same time. Instead, there are much better ways to do this.

The method shown in this chapter is not the best way to accomplish
this task, but it is fairly easy to implement and will serve as a good instruc-
tional exercise. The routines and logic presented for it will introduce some
of the concepts that will be detailed in Chapter 17.

The subroutine set that was developed in Chapter 14 can serve as the
base for this program. In it, all of the parameters may be stored in an
array. The files require more than one set of parameters. There will be one
set for every key file (which is actually two physical files—one for the
records and one for the keys). There is also the problem of all of the PUT
and GET statements referring to file number one for the records and file
number two for the keys.

The problems are solved by not opening the files in the program
initialization section. They will be opened later, as they are needed. Both
the files must be initialized before the program is written. This will
eliminate the need for a separate initialization function for each file within
the program. Listing 16.1 is a general file initialization program that may
be run to initialize the files for any key files used by the subroutine set.
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The program initialization section should contain only the CLEAR
statement and any DIM and REM statements that are needed. No OPEN or
FIELD statements for the key files should be in this section, but the OPEN
and FIELD statement for any other random-access file or the OPEN for
any sequential file can be placed in it. The file numbers for the non-key
files must not be one or two, as these will be used for the key files.

The control section should give the options of adding keys and records
to each of the files as well as deleting and performing the other standard
functions. These functions should usually use only one of the files each.
There will be some functions that will access both of the files (or all three
or four—however many there are).

10 CLEAR Z2000:DEFINT C:DIM CA1S)

20 CLs
30 FRINT"GEMERAL FILE INITIALIZATION FROGRAM"
40 FRINT

2?9 REM xX REQUEST ALL DATA XX

100 INFUT “"NAME OF RECORD FILE";F1l%

110 INFUT “NAME QF FEY FILE":FQZ2%

120 INFUT "INITIALIZE ON DRIVE NO."3FD%

130 IF FD% AND FD%<4 THEN 160

140 FRINT"ERROR - DRIVES ARE O, 1, 2 OR ="

150 6070 120

160 INFUT "WHAT IS THE RECORD LENGTH";CA(L)

170 FRINT "ENTER THE KEEY LENGTH XXWITHOUTXx%"

INFUT “THE LOCATOR";CA(F)

INFUT "WHAT IS8 THE MAXIMUM NUMRER OF RECORDS"j3;CA(6)
INFUT "I8 ALL OF THAT INFORMATION CORRECT (Y/N) ";0QKs$
IF Ok$="Y" THEM $

IF Qkg="N" THEN ()

O FRINT "ERROR — FLEASE ANSHER Y OR N"

240 GOTO 200

250 FRINT:FRINT"xkkk ENTER ALL INFORMATION AGAIN Xk xx"
260 FOR I=1 TO 1000

270 NEXT 1

280 6070 20

299 REM ¥x COMFUTE AND DISFLAY CA(Q) XX

D CACI =RBE/CACL)

CA(g) =1

CAME) =CALL) /CAIIY+2

CA7)=CA(F)+2

CA(B)={
CACLO)=REE/CA(T7)

I=0

I=1+1

IF ZL1CCACEY THEMN Z70
CA(LL)=]

15) CALEL) /CACLO) +2
FRINT “THE FILE CONSTANTS ARE:"
FOR I=1 T0Q 195
FRINT CACI);
NEXT 1
FRINT
499 REM *% VERIFY IF READY TQ INITIALIZE %%
INFUT "ENTER Y TO INITIALIZE OR N TO ABORT"; OK$
IF QE$="Y" THEN &0C
IF UNTOTHENM S
FRIMT TROR ~ FLEA
GOTO SO0
FRINT “X% INITIALIZATION ARORTED %x"

SE ENTER Y OR N“
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560 END

599 REM ¥¥ INITIALIZE FILES %x

600 PRINT"INSERT FROFER DISKETTE IN DRIVE":FDY%j
610 INFUT " (ENTER) ";0K$ '
620 F$=5TR$ (FD%)

630 MIDS (F$,1,1)="z"

64O FLe=Fi$+F$

CRE+F S

OFEN "R, 1,F1$

FIELD 1. 255 AS R$

OFEN "R",2,F2%

FIELD 2, 255 AS KY$
EH=CHRS (1) +STRINGS (254, 255)

LBET KYs$=t3$

FUT2, 1

LEBET kY
FUT 2,2
E4=8TRINGS (255, 2855
MIDE (s, 1,CACE) ) =8TRINGS (CA(S) ,0)
D [=(CAE) /CACL)) /8+1

790 MIDS (K%, 1, 1) =8TRINGS (1,2%5)

B00 LEET Ee=k4$ -
810 FUT 1,1

QL0 TRINGS (25
ITQFAR =2 70 CACH
840 LBET Be=fs

850 FUT 1,1

860 NEXT I

870 FRIMT "Xxxxx INITIALIZATION COMFLETE XXxx"
880 CLOSKEL
B0 UILOSER
P00 END

L3

Listing 16.1

You also need a way to select the file to access. Since there were no
OPEN and FIELD statements in the program initialization section, there
must be a set elsewhere. The tactic here is to open and field the files just
before they are used, reading in the parameter array at the same time. This
can be done by a subroutine. Lines 5000 through 5999 are not in use yet.
They can be used for some of the subroutines that will be required.

Starting at line 5000 can be the routine that selects one of the files. Use
a variable like FD to hold the file number to be selected. This file number
will be a different designator than the file number used in the OPEN and
FIELD statements. Call this one the file designator. It will be a number be-
tween one and the number of files that the program is using. It will be used
in various places to determine which of the files is selected. The subroutine
at 5000 should open and field as well as read in the control array for the
file whose designator is FD. This can be done by using ON. . .GOTO with
a series of statements for each of the files in use. The series of statements
should open and field the record file as file one and the key file as file two,
then branch to a routine that will read in the parameters. The parameter
reading routine can be nested FOR/NEXT loops. Assuming that they start
at line 5200, they would be:
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5200 RESTORE

5210 FORJ=1TO FD
5220 FORI=1TO 15
5230 READ CA(l)
5240 NEXTI

5250 NEXTJ

5260 RETURN

Lines 5270 and up should contain the DATA statements. Line 5270 will
be a DATA statement for the file designated one, line 5280 for the file
designated two, etc. Remember also that the file names for each of the key
and record files must all be different because the computer cannot have two
files with identical names.

In the functions that use only one of the key files, a GOSUB 5000
could be the first statement after the LET statement that sets FD equal to
the file number. Select the file, and all GOSUBs to the key file subroutines
will refer to that selected file. For routines that use more than one file, you
should select files just before the GOSUB statements. The subroutine that
starts at line 5000 can limit how often the files are opened. Use one more
variable, FE, initialized to zero somewhere in the program initialization sec-
tion. At the beginning of the subroutine at line 5000, check the value of FE
against the file designator FD. If they are equal, the files are open. If they
are not equal, then continue with the OPEN, FIELD, and FOR/NEXT
routines. Somewhere in this section of the subroutine, possibly just before
the FOR/NEXT loop, the statement FE =FD should appear to set FE to
the file that is being opened.

Accessing any non-key file used in the system will not require any
special selection routine. These files, if they are to exist in the program,
should be opened (and fielded, if they are random-access) in the program
initialization section. One exception would be a sequential file that is to be
used in a way that would not allow for opening it here. For example, a se-
quential file may be used to store a list of data that will be read later. The
user must open the file as an output file for writing, then close it and again
open it, this time as an input file for reading. In that case, the OPEN
statements will be within the text of the appropriate functions.

Using multiple files in this manner can be very awkward in certain
applications. This method can be used for applications that keep one file
open for a length of time before the other file is required, so that there is
no excessive file opening and closing.

One additional note for the subroutine at line 5000 is that you must
close the files before the new OPEN statement. After you compare the
variables FE and FD, the statement CLOSE]1,2 should appear. If closing a
file that is not open causes an error on your particular computer, use the
statement IF FE< >0 THEN CLOSE 1,2. The LET statement that sets FE
equal to FD must be later in that subroutine. Because a listing is not given
for the file described, here is the order that subroutine should follow:
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1. Compare FE and FD. If they are equal, RETURN.
2. CLOSE files 1 and 2 (or IF FE< >0 THEN CLOSE 1,2).
3. Use ON. . .GOTO to select the proper OPEN and FIELD statements.
Each set should be:
a. OPEN “‘R”,1,“(record file name)’’
b. FIELD 1,255 AS B$
c. OPEN “R”,2,“(key file name)”’
d. FIELD 2,255 AS KY$
€. GOTO beginning of parameter reading
4. (Parameter reading) First set FE =FD.
5. Follow the text for reading the parameters.
6. RETURN.
7. The DATA statements containing the parameters.

Packing and unpacking the records must also be done for each file
separately. This can be accomplished by again using the ON FD GOTO
statement at the line numbers assigned to the calling statements for the pack
and unpack subroutines. The list in the ON. . .GOTO statements in each
should refer to where the pack and unpack routines are written. In the 5000
series, they may start immediately after the select subroutine’s DATA
statements. There must be one subroutine for packing and one subroutine
for unpacking for each file designated.

The other subroutines do not need alteration unless one of the files is a
key-only file. If this is the case, the first statement of the subroutines start-
ing at lines 6150 and 6190 could be moved down one line, to lines 6152 and
6192, respectively. Replace lines 6150 and 6190 with IF CA(1)=0 THEN
RETURN [CA(]) is the record length—if it is zero, then it must be a key-
only file]. For unpacking, the corresponding statement numbers in the
ON. . .GOTO lists in lines 6010 and 6090 for all of the key-only files
should point to a RETURN statement.

There is no real need to list an example of this method. Experimenta-
tion would be the best teacher in this case. Moreover, the method described
in the next chapter is more efficient for files that need to be accessed back
and forth often. The description for this next method will build on the
information presented in this chapter.
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CHAPTER 17

SUMMARY

This chapter is a summary of all the information presented in Sections
I, II, and III and will produce the final and most flexible form of the
subroutine set.

Section I started out by defining the random-access file. But after
having looked at the key-file methods, the random-access file looks rather
simple. Still, it has its place as a method to hold data. There are many uses
for a file of records that are stored by a sequential number. There are also
some other variations, not as yet presented, that will make the random-
access file a viable alternative in certain applications.

One such variation is the linked-record file. In such a file, each record
has one or two pointers, like the pointers in the key file. One pointer is
required. The two-pointer system adds a few extra functions. The idea
behind the linked records is that the pointer of each record indicates the
next one to follow in some predetermined (usually alphabetical by a selected
field) order. The second pointer points in the other direction so that the file
may be scanned in either direction. This method works well within its
limitations. Searching for a specific record is not that easy. Unless other
aids are programmed into it, a sequential search through the file is
required. The aid that makes it easier is setting up a pointer array in
memory. When the program starts, read the entire file, storing each record
location in the order indicated by the pointers in one element in the array.
Then use the binary search method to locate a specific record. This pointer
method could be used for the invoicing application mentioned in Chapter
16. Adding a record, once its position is located, is not difficult. Deleting a
record is also as easy. The file should be initialized so that the first record
is all spaces and the key is the lowest in the file (similar in concept to the
first key in the tree-structured method being all spaces). The logically last
record in the chain may be the second record in the file. This should be
initialized to all CHR$(255) characters. The pointers, initially, will simply
point between the two records. Inserting a record consists of adding it as
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the next available record and altering the pointers of the other records sur-
rounding it (surrounding meaning the next higher and the next lower
records in the order of the file as read by the pointers).

The subroutines controlling the file access are acting very much as an
interpreter. In an interpreter such as the BASIC interpreter, a command is
read in and decoded. The decoded result points to a routine that will carry
out the functions indicated by the command. The subroutines are the
equivalent of the routine that carries out these functions. The main
program, in addition to other logic in BASIC, interprets commands entered
by the operator by calling the subroutines in the manner dictated by the
main program. In a way, the program with the subroutines is the equivalent
of a very high level, specialized interpreter.

Section 1I gives the fundamentals of key files and presents three basic
methods. The multiple record blocks and the indexing chapters lay the
groundwork for establishing key files. I explained the three files along with
their advantages and disadvantages so that, given an application, you would
know the best method or combination of methods to use. The alphabetical-
array method can be used in conjunction with a tree-structured method or a
hashing method key file to order the records for a report. The hashing
method does not order the records at all, so some sorting is required to put
a report in any particular order. The tree-structured method, using a single
key, puts the records in only one order, the one dictated by the keys. You
can form the alphabetical-array by reading all of the records and placing
the field plus the record pointer in an array to be sorted. This would be the
best method for a fairly small file. If a larger file is to be printed in a
different order than the keys, establish a key-only file as described in
Chapter 15.

Chapter 16 presents an admittedly awkward method of handling multi-
ple files within one program. There is a much better method that can be
used if the program is to go back and forth between the files frequently.
This method calls for altering the parameter array slightly. In Chapter 16,
when selecting a file other than the one currently open, the open file had to
be closed, then the other one was opened and all of the paramters were
read in. With this better method, all of the files may be open at the same
time. This can be done by first adding another subscript to the array CA(.
This second subscript is equal in magnitude to the total number of key files
that will be used. Then, define one of the elements described as ‘‘not used®’
as the number of the record file. Next, open the files in such a way as to
have the number of the key file one greater than the number of the record
file.

For an example of this file numbering system, if the files are the inven-
tory files mentioned in Chapter 16, there will be the inventory item file and
the customer file. There could also be the billing or invoicing file as one of
the key files. The files are opened and fielded using an array for the buffer:
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10 CLEAR 5000

20 DIM CA(15,3),B$(3),KY$(3)
30 OPEN “R",1,”ITEMREC"’
40 FIELD 1, 255 AS B$(1)
50 OPEN ““R"",2,”ITEMKEY"’
60 FIELD 2, 255 AS KY$(1)
70 OPEN “R"",3,”CUSTREC’’
80 FIELD 3, 255 AS B$(2)
90 OPEN "“R",4,”"CUSTKEY"’
100 FIELD 4, 255 AS KY$(2)
110 OPEN ““R",5,”’BILLREC"’
120 FIELD 5, 255 AS B$(3)
130 OPEN ""R",6,"'BILLKEY"’
140 FIELD 6, 255 AS KY$(3)
150 RESTORE

160 FORJ=1TO 3

170 FORI1=1TO 15

180 READ CA(l,J)

190 NEXTI

200 NEXTJ

Lines 210 through 230 will be the DATA statements containing the 45
parameters required, with each statement containing the 15 parameters that
apply to each file.

Next, the subroutines require some alteration. First, every time LSET
B$ =B1$ appears, it should be replaced with LSET B$(CA(2,FD))=Bl1S,
where FD is the number of the order in which the files are opened (i.e., 1
for the items, 2 for the customers, and 3 for the billing). FD should be set
by the main program before any GOSUB to the key file routines. This is to
be used in the place of the statements set up in Chapter 16 for selecting a
file. A similar statement, using KY$(CA(2,FD)), should be used for the
keys. On the GET side, every GET statement should be followed by either
B$ =B$(CA(2,FD)) or KY$ =KY$(CA(2,FD)) so that the correct variable
will be unpacked.

The packing and unpacking subroutines follow the same logic as
presented for them in Chapter 16. Use the ON. . .GOTO with CA(2,FD) as
the controlling value to branch to the proper pack or unpack subroutine.
Both the subroutine that gets a record given the record number and the one
that puts a record by number also require the IF statement that will effect a
RETURN if CA(1), whieh is now CA(1,FD), is zero, as that will indicate a
key-only file.

There are several other alterations that will make this subroutine set
more flexible. For example, there is a way that records can be set up so that
the record file may be of a selected length. This is done by combining the
key-file methods with the record-linking method. Choose a standard length
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record (51 bytes allows five records per block and this is a fairly economical
one) and set up the key file to use this length record. Use the routine to ac-
cess the fields that will be in the first 49 bytes, or the record length minus 2
bytes. To add length to that record, get another record from the free list
(GOSUB 6250), then pack the record number into the last two bytes of the
first record. Pack the first 49 bytes of this next record. If more records are
needed, repeat the procedure. This is not a bad way to tackle the problem
of storing invoices, which may be of variable length. The heading informa-
tion could be the first record in the file, controlled by the key-file
subroutines. The line items could be added by linking to it additional
records in the same file. Calculate the required file size in two parts. The
total number of keys required would be the total number of invoices to be
stored. The total number of records would be this number plus the total
number of line items needed on all invoices. You could estimate this by
multiplying the number of invoices to be stored by the average number of
line items per invoice. Messages and other text may also be added to the
end of the invoice with no great problem by using the first field on each
record as a code to indicate the format in which the record is packed.

If the alteration described is not clear, a little experimentation with
linked records will clear up most of the trouble. Create a random-access file
and control it by the linked-records method. Either the one or the two
pointer method can be used. The one-pointer method was used in the
description because the pointer that indicated the reverse order is not really
needed. When working with one invoice, simply set a selected variable equal
to the number of the first record, which is the one indicated by the key.

With the ability to open and manipulate multiple files, the memory of
the computer is looking smaller and smaller. There is a substantial amount
of code required in memory all at the same time when the subroutine set
plus all of the functions required to support the application must be in
memory. Section IV, which deals with how to set up the program and data
files, begins by showing a method of segmenting the code in a logical way
so that only the code that is required for a given function is in memory
when the function is called. Now is the time, if you haven’t already done
so, to buy the second disk drive.



SECTION IV

Introduction

The preceding three sections built up a very flexible set of
subroutines for accessing key files. This set of subroutines may be
altered for many different types of applications or may be fully
barameter-controlled so that any application can use the subroutines
as they are simply by defining the parameter array.

Record Pointer Pointer
Number Key #1 #2

1

NO L WN
c|xOPIZE|>

O |WININ | O |
OIN = WO |+ |O

Table 1V.1: An uiphabetically linked record file. Pointer number two indicates reverse order as
it points to the alphabetically previous record. Pointer number one indicates alphabetical order
as it points to the alphabetically next record.

There was some mention of a linked-record system that can be
used in conjunction with a key file. In that type of system, one
record of a fixed length is indicated by the key file. The record then
points to another record in the record file that does not have a key.
That second record may point to a third, etc., for as many records as
needed along that chain. In effect, the key is pointing to a variable
length record. After the glossary in the back of this book is the
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listing of the program that produced the glossary. That program uses
both the key file (WORDS) and the first record in the record file
(GLOSSARY) to contain the word, which is the key (note: it is good
practice to always repeat the key in the record). The record contain-
ing the key points to the first record of the definition, which points
to another record, etc., until all of the definition is stored. The
program has no editing capabilities—in order to change a definition,
you have to delete the key and all of the linked records, then reenter
them. You can edit with routines that redirect the pointers to insert a
new record or to remove a record.

Although it was not the problem with the glosssary program (for
a one-time use, I decided that the extra effort would not be worth
the edit feature), often the size of the computer memory will restrict
the number of functions that a program can do. This is particularly
limiting when the memory is additionally burdened with the long text
of the key-file subroutines. The memory is even more confining when
more than one key file is to be used in the application and the func-
tions maintaining the files double in number, then add even more
Sfunctions to use both or all the files at once.

Fortunately, this problem does have a simple solution. The
program can be segmented so that only a small part of it is in
memory at one time. This section will deal with this and then go on
to more details on program and data file design and output format-
ting. Just presenting the tool of the key file is like putting a single
diskette on a computer. It increases the power tremendously, but will
very quickly become restrictive in the very power that it added. Being
able to segment the programs and effectively design the data
structure and output formats will add the equivalent flexibility of
adding the second drive to the computer.

The references in this section to the disks will all assume a
minimum of two drives. The disk use is set up so that all programs
and program-related files are on the first drive and the application
data is on the second drive or second and subsequent drives.
Although other configurations are possible, this one has proven itself
to be the most flexible and versatile for almost all applications
requiring multiple drives.
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CHAPTER 18

PROGRAM OVERLAYS

The key-file subroutines have added much versatility to the disk.
Unfortunately, this has also added a burden to the computer memory. All
of the functions and subroutines for a very large application for the
microcomputer simply will not fit into memory. Fortunately, there are
statements that will allow for a solution to this problem. These statements
will allow for program overlays.

Most microcomputers can do part of the overlay function. The
manuals refer to this action as chaining and use the BASIC verb RUN or
LOAD. This allows a program to end its own execution and call another
program into memory from the disk, instructing the computer to run it
next. A true overlay is when only part of the code can be read into memory
and the point at which execution is to begin may be specified. This would
allow a program system to be written so that the subroutines all stay in
memory and the text below the subroutines could be exchanged for other
text from the disk. With most microcomputers this is not possible, but it
can be simulated using the RUN or LOAD statement.

A typical design for a program system built of several smaller program
segments involves splitting the programs by the functions. In the key-file
test program, the functions were divided in memory by statement number.
They could be separate programs. When one of them was completed, it
would RUN (or LOAD) the control section program.

Many applications programs consist of definite sections. These sections

are:

e File maintenance, which takes care of the routines to add, change, or
delete information in the file

e Reports, which print the various listings required by the applications

e Posting, which usually consists of adding records to one file by extracting
data from one or more other files under the direction of the operator

e Control, which allows selection of the functions
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There may be other sections added for a particular application, and one or
two of these sections may not be required, but the four sections listed are a
good guideline and are usually all present in one form or another.

The control section is usually the first one that the operator of the
system sees when the program is loaded. It will, as the section did in the
key-file test program, list all of the functions available on the system. In
systems where the files stay open when a program chains to another
program, a small program may be used to open the files before the control
section is loaded. Otherwise, each of the sections must open the files when
they are loaded into memory.

On larger program systems, the control section may consist of a series
of programs. The control programs are often referred to as selectors or
menus because they list selections of programs much like a menu lists selec-
tions of meals. There may be one selector or menu for each of the
functions and one main selector or menu that simply calls the other menus.
Figure 18.1 shows a general operational flow chart of how these programs
could be linked together. The main selector has a list of all of the general
functions. It will chain to any one of the other selectors at the operator’s
option. The selector chosen will list all of the functions available under it,
allowing the operator to choose one of them or to return to the main
selector.

MAIN SELECTOR

REPORTS POSTING FILE MAINT.
SELECTOR SELECTOR SELECTOR

REPORT POSTING FILE MAINTENANCE
PROGRAMS PROGRAMS PROGRAMS

Figure 18.1: General operational flow diagram of a program system using chaining.

In practice, this is a very simple system to use. Unfortunately, in most
microcomputers, each one of the functions except for the selectors must be
saved on the disk along with the complete subroutine set. This does occupy
a lot of room on the diskette, but allows the programs to be separated so
that only a small amount of the whole operation is in memory at one time.
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One drawback of this type of system is that if there is an error found in the
subroutines, it must be corrected in every one of the function programs.

There is one clear advantage to this segmenting of the program func-
tions: it does make it a little easier to debug the program. Each one of the
program modules does one basic task. The module that adds, deletes, and
alters records in file number one, for example, will not have any statements
in it that refer to the printer except for, possibly, an audit trail listing. It
will not refer to any of the other files in the system, either. The programs
that do refer to more than one file will be the posting and reports sections.
The reports will not refer to anything that will alter the files in the system.
This all allows the programmer to concentrate on one small section at a
time. As was often stated, computers are made of very simple parts.
Computer programs are also made of very simple parts. Segmenting the
programs will allow the very simple parts to become isolated from each
other, which limits interference from other parts of the system.

The selectors are the easiest part of the system to program. They
should be written first, as this makes it easier to program the other func-
tions by allowing normal access to them as they are being developed. The
basic format for a selector, which is a very short program, is:

10 CLEAR x

20 CLS

30 RESTORE

40 READ N,N$

50 PRINTAB(20);N$

60 PRINT

70 FORI=1TON

80 READNS$

90 PRINTAB(10);I;N$

100 NEXTI

110 PRINT

120 INPUT’ENTER NUMBER OF SELECTION"";SN

130 IF SN< =N AND SN>OTHEN160

140 PRINTERROR — PLEASE ENTER A SELECTION FROM THE
LIST”

150 GOTO120

160 FOR1=1TO SN

170 READ P$

180 NEXT |

190 RUN P$

This program can be saved on disk as a selector skeleton program.
When there is a need for a selector, load it into memory and add DATA
statements to it starting at line 190. The first DATA statement contains the



146 PROGRAM OVERLAYS

number of selections and then the name of the selector. The next few
entries (be careful that the number listed equals the number of selections
indicated) are the selections to be displayed on the screen. Following that,
in order, are the names of the programs that are to be loaded for each
selection. The main selector for the program system described above would
have the following DATA statements:

190 DATA 3,”’MAIN SELECTOR"

200 DATA ““ADD, DELETE AND ALTER RECORDS"
210 DATA ““POSTING"”

220 DATA "REPORTS"’

230 DATA ""MAINTSEL","POSTSEL"",""REPTSEL"’

In the other selectors in the system, one of the selections must be to
return to this selector. When this selector is finished, it may be saved on
disk under the name selected for it. After that, form the other selectors by
loading the selector skeleton (or deleting the DATA statements in this one)
and adding the DATA statements for it.

If your computer will keep files open when programs are chained, write
another small program that opens the files and then loads the main selector.
The descriptions in this section all assume that each program that uses the
files must open the files when it is loaded and close them before chaining
back to a selector. This method works even on systems that keep files open
during chaining.

There is one more function that may be added to the main selector.
This function initializes the files. With a little reprogramming of the main
selector (an IF statement as in line 125 that branches around to above the
DATA statements), the selection number for it could be prevented from
appearing on the list. For example, the number for the initialization pro-
gram could be 27 (choose a number that will most probably not be entered
by accident). Line 125 would be IF SN =27 THEN 240. Line 240 would be
a RUN statement that would chain to the initialization program given in
Chapter 16. End that program by replacing the STOP statement with a
RUN that refers to the main selector.

Presenting the information about program structure before the
information in the chapters that follow this one does put some information
out of order, but the data files must be designed first. This order of putting
the information about the program segmenting first was done to make the
discussions of the file design and report layouts a little easier to follow and
to set up a standard approach for the listings that accompany those descrip-
tions. To further tax the system, the next chapter will deal with additional
subroutines that are used in place of certain INPUT and PRINT
statements. These will make it easier to write the modules, and there is now
more room for them because of the splitting up of the functions.
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CHAPTER 19

GENERAL I/0 SUBROUTINES

Now that there is more room in memory, you can use more
subroutines to make the task of programming the functions easier. Par-
ticularly on programs that do a lot of input, the checking of the input data
does not require many statements that have to be in the main text of the
function.

There are basically three types of input. These are alphanumeric,
numeric, and enter. In the enter type, the program waits for the operator to
hit the enter key only, and requires no input. This is the simplest routine.
The alphanumeric input in a program, particularly if it is eventually to be
packed into a record, has a length restriction. Numeric input has other
restrictions, including that it must be between two given numbers, must be
an integer or have no more than a given number of decimal places, and, in
most cases, must be entered rather than defaulted by a simple pressing of
ENTER. All of these functions may be assigned to parameter-driven
subroutines.

In addition to the above routines, a routine that displays an error
message and one that positions the cursor are also very handy to have in
the program. The error-message routine could be used by the input
subroutines so that the main program would not have to check an error
variable when an input subroutine returned. Also, a subroutine that does
the chaining can be used to display a message to the operator to explain the
delay that the chaining will cause. It is often very important to let the
operator know what is going on in the computer.

An error-message subroutine is almost a requirement in any set of
input subroutines. If you are careful about the screen layouts, you can keep
one line somewhere on the display reserved for the error messages and use a
PRINT @ statement (or the equivalent) in all subroutines to locate the
error message and return to the correct location on the screen. This
subroutine can display the message on the screen for a predetermined length
of time (governed by a FOR/NEXT loop or by checking the clock in the
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computer) then erase the line and return to the calling statement. This way,
old error messages do not stay on the screen. Three to five seconds is all
you need, depending on the length of the statement displayed.

The input statements can use the PRINT @ to position the cursor and
use an INPUT statement to get the entered data or they can use a routine
based on the INKEY$ (or an equivalent) statement. You can then test the
entry for the appropriate limitations. You can pass these limitations, as well
as the screen position, to the subroutine in one string variable instead of a
number of numeric variables. For example, in the numeric input
subroutine, the values required are screen position (usually two numbers),
minimum and maximum allowable values, and maximum number of
decimal places allowed (zero if it is to be an integer). Instead of having to
set five different numeric variables in the calling program, you can set one
string equal to the alphanumeric equivalent of these values. If you request
that the number to be entered be at screen position 8,10 and be between 0
and 2000 with no more than two decimal places, the calling statement
could be:

xxxx PA$ ="08100000200002'":GOSUB yyyy

. . .where xxxx is the statement number in the main text and yyyy is the
subroutine call line number. The string breaks down into 08 and 10 as the
position, 0000 and 2000 as the minimum and maximum, and 02 as the max-
imum number of decimal places. This is a fixed format, which means that
the values are extracted by their absolute position in the string. This is as
opposed to free format, which is like the INPUT statement in BASIC,
where the fields are separated by a designated character, the comma (this is
a field delimeter, defined as any character specified to separate fields). The
fixed format is easier to take apart in BASIC in this application.

Note that the error routine can be called from the other subroutines.
For this reason, if you use PA$ for the parameters in the other sub-
routines, do not use PA$ for the error message when calling the error
subroutine. The easiest way to use the error subroutine is to call it when the
error is detected, then GOTO the first line in the subroutine when it
returns. The first line will unpack PAS. If PAS$ is used to contain the error
message, the contents will not be there to unpack for the second try. Try to
keep the parameter string intact throughout the input subroutine.

Many of the newer microcomputers have some machine language pro-
gram calls that handle some of the operations required in the input
subroutines. Positioning the cursor and delaying three to five seconds may
be easier when using these machine language subroutines.

Finding a place to put these new subroutines may be a problem on
some computers. The record and key-file subroutines take up a significant
number of program statement numbers. The numbers could be above line
10000 on computers that allow line numbers that high. Some computers are
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restricted to line numbers below that number, so you have to find room
elsewhere. Since the main program is now split up into several smaller
programs, there should be more room in the lower section of the program
(lower by line number). The other subroutines are all above line 5000, so
lines 4000 to 4999 could be reserved for the I/0 subroutines (I/0 is input-
output). If you need more room, use lines 3000-3999 in addition to these. If
you need still more room, rewrite the subroutines, as 2000 line numbers
should provide more than enough room for accomplishing these functions.

One other note on the input routine concerns the status of the screen
before and after the input is complete. The cursor positioning should
always be used to position the location of the input. The reason for this will
become more obvious in the chapter on screen layouts. Given this, whether
an INPUT statement, a loop using the INKEY$ function, or some machine
language call is used to get the input, the field should start with a question
mark (?). This is a fairly standard prompt. When the input is completed,
the field could be reprinted on the screen either using no mark where the
question mark was or substituting another . mark like a colon (:). This
avoids too many question marks on the screen during sections that involve
a lot of input. A screen full of phrases ending in question marks can easily
confuse the operator. Looking for a question mark on a screen that has
only one question mark on it is easier.

None of these general 1/0 subroutines must be in the program. In fact,
if they are used, they do not have to appear in every program in the system.
The reports, for example, may need no input or so little that the routine
needs no subroutines. Obviously, keep subroutines only in the routines that
use them.
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CHAPTER 20

DESIGNING THE DATA FILES

The most important, as well as one of the first, tasks required in
creating a system of programs is to plan out the number of data files and
their contents. This tasks defines, more than any other, what the programs
are to do.

There are standard approaches to designing the data files that all have
the same basic steps and vary only in the resulting formats of the documen-
tation they produce. In this chapter is one typical method of designing data
files.

The first step is to find out what data are required for the entire pro-
ject. This can be done by examining what the output requires. If the output
is not yet known, then that should be examined first. Usually, in a
programming task, the problem to be solved by the computer is expressed
in what is to be printed or displayed. From the intended output, make a list
of all of the different data fields that are required, and make a note of the
order the reports are to be in.

Steps to Follow When Preparing Documentation

Identify the required data for the entire project.

List and order the required data files.

Determine the number of files required.

Reserve file space which will be required for computations.
Write out data file layout sheets.

Sketch ““map’’ of the programs.

List all variables to be used.

Write descriptions of each program in the system.
Assemble the table of contents,

10. Fill out screen layout and printer layout sheets.

11. Describe all special tasks that are application dependent.
12.  Write the program system.

Nl I N N N
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REPORTS AND COMPUTATIONS

N/

LIST OF
ALL DATA
REQUIRED

DATA FILES REQUIRED

S

DATA FILE LAYOUT SHEETS

Figure 20.1: Preparing the data-file information.

From the various types of reports, find out how many files are
required. For example, in an inventory application, there could be one file
containing the items in the inventory, another file to hold information
about customers, and a third file to put this information together to form
invoices and packing slips. Studying how the reports are assembled will give
you a good clue as to the number of files a system will need.

If the application involves some processing or other computations,
inspect these to find any other values that must be entered and stored. The
results of these computations will generally be on at least one of the
reports, but inspect these, also, in case there are one or two values that are
required in other computations and therefore must be stored. The process-
ing or computations may also require a temporary file to store values as the
operation of them progresses. These files will generally resemble a virtual
array (an array stored on disk in a file instead of in the computer memory).
The temporary file will most probably be a random-access file instead of a
key file.

When the list of all of the data is complete, break it up into the
different files required. The result should be lists of all of the fields
required by each of the files. Next, organize these lists into something that
can be used in the key-file subroutine set. There is a device that can be used
to assemble this information that gives places to add other required
information. This device is, appropriately, a data file layout sheet.

This data file layout sheet can be one of your own design or a copy of
the one suggested (see figure 20.2). Using that format and a typewriter or
short computer program, you can provide good data file layout sheets.
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Listing 20.1 is the program that printed out the sheet in figure 20.2.

The basic components of a data file layout sheet include the heading
information, which should include the name of the file, the type of file, the
record length of the file, and supplimentary information such as, in a key
file, what the key length is to be; the number of records in the file; the
number of records per block; and so on. For the key files, if the parameter
array is to be used, a place to put the 15 values for the DATA statement
would define the file. Also include the name of the key file. If it is not a
key file, a brief statement describing the method of access is appropriate.

DATA FILE LAYOUT

FILE NAME FILE TYPE
ACCESS BUFFER VARIABLE __
RECORD LENGTH NO. RECORDS PER BLOCK

ADDITIONAL INFORMATION

I VAR. ! PACK ! VAR. | PACKING ! DESCRIPTION H
i NAME ISTART: END : TYPE | METHOD H

Figure 20.2: Data file layout sheet generated by the program in Listing 20.1.
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S REM xxxx PRINT DATA FILE LAYOUT SHEETS %X%X

10 CLEAR 1000

20 L1$=STRING$ (72, "-") .

IO L2%=CHR$ (124)+" “+CHR$ (124) +* “4+CHR$ (124)+" "

35 L2%=L2%+CHR® (124) +" “+CHR$ (124) +" "+CHR$ (124)
40 LPRINT TAR(28);"DATA FILE LAYOUT"
50 LPRINT™ *

60 LPRINT"FILE NAME “;STRING$(26,95)3" FILE TYPE ";STRING%(25,93)

65 LPRINT®™ ™

70 LFRINT"ACCESS “:;STRING$(37,95):" BUFFER VARIABLE ";STRING$(11,93)
75 LFPRINT" *

80 LFRINT"RECORD LENGTH "3;STRING$(20,93)3

85 LPRINT” NO. RECORDS PER BLOCK ";STRING$(15,95)

90 LPRINT" *

95 LFRINT"ADDITIONAL INFORMATION ";STRINGS (49,95)

100 LFRINT®" ":LPRINT" ":LPRINT™ "

110 LFRINT L1%

120 LFRINT CHR$(124);" VAR. ";CHR$(124)3;" FACHK ";CHR$(124) 3

125 LFRINT " VAR. ";CHR$(124)3" PACKING “;CHR$(124);

126 LPRINT " DESCRIFTION";TAR(72) ;CHR$ (124)

130 LPRINT CHR%(124);" NAME ";CHR%(124);"START";CHR$(124);
135 LPRINT " END ";CHR$(124):" TYPE “;CHR$(124):;" METHOD ":
136 LFRINT CHR#%(124) ; TAB(72) ;CHR$ (124)

140 LPRINT L1%

150 FOR I=1 TO 12 : FOR J=1 TO 2

160 LFRINT L2%; TAR(72) sCHR$ (124)

170 NEXT J

180 LFRINT L1%

190 NEXT I

200 STOP

Listing 20.1

The rest of the data file layout sheet is a list of the fields to be stored
in the file. The various columns on the list include where in the record the
field is to be packed, the type of field (and how it is to be packed, if this
information is important), the name of the variable that will hold the field
while it is in memory, the length of the field, and a description of the field.
This information can be used directly when programming the pack and
unpack subroutines for the file.

Not all of the information requested on the sheet needs to be filled in
at the same time. First write the description of the field. The first field on
the list of the key files should be the key. It is always good practice to put
the key in the record as well as in the key file, just in case something
happens to the key file. If you always do this, you’ll always have a good
record file and be able to write a program to recover the key file.

The data file layout sheets are also an important part of the documen-
tation for the program system. You should also have in this documentation
a map of the programs, similar to the ones presented in Chapter 18.
Indicate on the map the names of the program files, and don’t forget to list
the subroutines used. As mentioned before, you can do this by listing the
REM statements in the subroutine set. List them with spaces between so
that you can write additional information about each subroutine. This will
make using the subroutines a little easier. Such additional information
should include the parameters that the subroutine will require (except for
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the parameter array, which should be assumed), what the return values are
(including any returned error codes), and any special information that
would be useful for using the subroutine,

Also in the documentation should be a complete list of all of the
variables used. This list should show the variable name (and should be in
order by the variable name), what programs use it (for this case, treat the
subroutine set as if it were another program, listing it as well as the
programs outside the subroutines that use the variable), and a brief descrip-
tion of what the variable does. Next, include a description of each of the
programs in the system, except for the selectors. The selectors do not need
to be described because their function is standard, and therefore pretty
obvious.

The program documentation is almost complete after you finish the
above parts. The rest of the documentation is the table of contents and the
printer and screen layout sheets that are described in the next chapter.
These will be added to the descriptions of the programs. The program
descriptions should be as detailed as required so that the programming is
easier. Time invested in writing good documentation will make program-
ming easier and errors fewer. More parts can be added if required in a
particular application. For example, if the program system is to assemble
information for another system, details of how this information is stored
and/or transmitted should occupy some space in the documentation.

Don’t be afraid of overdocumenting a program. I don’t think it has
ever been done. Detail in the documentation makes the programming easier.
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CHAPTER 21

DESIGNING REPORTS AND SCREEN
DISPLAYS

After you’ve established all of the data and program structures and are
almost ready to write the program, one small matter remains to be ex-
amined: what the program will look like to the user. All the user sees is the
screen and the printed reports, not any of the fancy and intricate routines
used to store and manipulate the data. This chapter will help you make the
program look as well organized as the documentation will allow it to be.

The screen displays of the selectors are fairly well set. The only thing
to worry about is making the selection displayed on the screen clear as to
what it must do. For example, a title like “‘FILE EDIT’’ may not be as
clear to an operator as ‘‘ALTER ITEM RECORDS.”’ Depending upon the
application, you could invent titles even clearer than these. Time spent
deciding the correct titles for the selection is not time wasted. It means less
confusion for the person running the program, even if that person is you at
a later date. You will recognize the functions better after being away from
it if you select the titles carefully now.

Concerning the screen displays, there are two more areas that demand
much attention. One is the file maintenance area, which is where the file is
altered and records are added and deleted. There are screen layout forms,
but they are not easy to find. Graph paper will work, but it is not exactly
accurate. The number of characters per inch horizontally is greater on the
screen than the number of characters per inch vertically. You could measure
these two values and create your own format. I would suggest that, if you
decide to do this, you make up one form, using ink or something else that
can be copied, and have several of them copied. The best ones that I have
used are laid out so that the long dimension is horizontal. The top has the
title ““SCREEN LAYOUT,”’ or something similar, and under that are lines
for filling in the name of the program and purpose of the screen display.
Using the line printer to produce these forms does not work well unless the
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graphics on the printer can handle the resolution required to print the
format.

Figure 21.1 is a typical screen layout sheet, filled out for an inventory
maintenance program. In it the fields that can be entered are all named and
the appropriate number of blocks is left for entry of the values. You can
read the coordinates of each field directly from this sheet for the input
routines described in Chapter 18. Also, you can determine the maximum
length for the strings and the maximum and minimum values and maximum
number of decimal places from the data file layout for that file. The
program that uses that screen display is a general maintenance program that
will allow altering fields within a record as well as inserting and deleting
records. If the operator enters a key that is not in file, a yes-or-no question
gives the operator the choice of entering it as a new record. If this is the
case, the operator is requested to enter data for every field in the record.
After all fields are entered or if the key is found, then the operator may
enter a field number and change any of the fields listed on the screen. This
is done using the “ENTER FIELD NO., DELETE OR END?’’ question. If
the operator enters a field number, the input routine for that field is called.
If the operator enters DELETE, the record is deleted from the file and the
screen goes back to the beginning to request another key or END. If, after
all fields are corrected, the operator enters END to the “ENTER FIELD
NO, DELETE or END?’’ question, the program resaves the record. This is
a very common structure for a maintenance program and seems to be very
successful.

The other main trouble area for screen layouts is in any other
interactive routine like a posting program. Posting programs are similar to
the maintenance programs but are more limited in function. They also
usually deal with more than one file. For example, an order posting
program in an inventory system will deal with the customer file, the item
file, and an order file. The screen display for this should allow for the
customer name and address as well as any other pertinent information
about the customer, and there should be space for the line items to be
entered below this. The fancier versions of this allow the line items to roll
under the customer data, updating a total as items are added. On most
systems, this involves redisplaying the screen between line items and
reorganizing the bottom to “‘roll out’’ excess lines.

You should also design the screen displays on other programs, such as
report programs, that require interaction from the operator. If there are
several reports that all require the same information, you can fill out one
screen layout sheet that refers to all of the programs using the display.

The report layouts also require sheets that are not that easy to find.
Again, if you can’t find them, you can draw one up and have it copied. For
every report in the system, there should be a layout sheet. There is no
cursor position on the line printer as there is on the screen, but there are
horizontal tab positions. Lining things up in the proper columns becomes
routine when a layout sheet is used. Remember to place a title block and
leave room for page numbering at the top of the sheet.
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Figure 21.1: Sample of a screen layout sheet filled out for an inventory maintenance program.
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In the report programs, it is usually very handy to have a subroutine
that handles the line counting and paging. Many computers have line
counters built into the system that may be read by PEEK functions and
reset by POKE, but it is just as easy to assign this function to a variable in
the program. There should be two variables set up at the beginning of the
report program that contain the line number and the page number. Using
L9 and P9 as these two variables, set P9 to zero and L9 to the bottom line
of the page. The subroutine can be called just before a line is printed. The
logic of the subroutine is:

1. Increment L9. If it is less than the number of lines per page, RETURN.
2. Increment P9. Unless it is equal to one, advance the printer to top of
form.

3. Print the title on the page, including the page number (the page number
could be eliminated on page one, if desired).

4. Set L9 to the line number of the first line under the title block, then
RETURN.

If the line numbers of the above subroutine are selected so that they do
not interfere with any of the other subroutines, it can be in memory along
with them. There are now three sets of subroutines. One, the longest set,
controls the key and record files. Although developed as if it were two
subroutine sets, it may now be thought of as one because the two parts are
so interdependent. The second subroutine set is the general 1/0 subroutines
developed in Chapter 19. The single subroutine outlined above comprises
the third set. If these are saved on disk in the ASCII format, they can be
added to the programs as required by use of the MERGE command.

The documentation should now be complete. It should be arranged in
some understandable order, like:

Table of contents

Chart of the programs (see Chapter 18)

List of variable use

Data file layout sheets

Description of the subroutines used

Program descriptions with report and screen layouts

AN ol e

If there are any special calculation routines required by the program
system, these can either be in with the program description of the program
that will do these calculations, or, if they will appear in several parts of the

program, they can be added as another section between numbers four and
five on this list.
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Now you can start the programming. This should also be done in
order. The selectors are first and are the easiest. Next are the maintenance
programs for each of the files. This order will allow all of the files to be
established with some data to use for testing before the other routines are
tested. Next, program the reports that do not require data from any
program that is not written. The reports to write now are the ones that
simply list the contents of the data files. After you do these, do the posting
routines or any other routines that manipulate data from the files in some
way (with the obvious exception of the maintenance programs, as they are
already written). Next, write the reports that print out the information these
programs produce. This should have included all of the programs in most
application systems. There are some applications that will require programs
that were not on the list, and these are generally done last, after the rest of
the system is finished and tested. A telecommunication output, for example,
will be easier to debug if you are certain that the rest of the system that
supplied the data is correct.

Although it looks like an obvious point here, it is not that obvious in
the middle of a programming task that there is an order to the debugging
of a program system. The debugging should always follow the order that
the data runs through. That path is the order described for writing the
program. Each section can be corrected as it is written and should be
correct before the next section is started. Working directly from good
documentation will result in fewer bugs to correct.
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CHAPTER 22

ASSEMBLY LANGUAGE

This book was written primarily for the BASIC language user, but the
logic presented here may be used in almost any computer language. BASIC
is not a fast language. There are many other languages that will outpace
BASIC in a speed test. As a rule, the higher the level of the language, the
slower it will run. BASIC is an interpretive language, which puts it at about
the same level as the compiled languages, some of which will run faster
than BASIC on the same computer. Machine language is usually the fastest
on any particular computer. This could be beaten only by microcode, but
that is generally not available to the programmer.

Assembly language is, for the sake of calculating the speed of opera-
tion, machine language. The only difference is that the assembly language is
made of letters and symbols instead of the numbers required by the system.
These must be translated into the machine language. The difference between
assembly language and a compiled language is that, in assembly language,
one statement will produce one machine language statement, but in a
compiled language, one statement produces a fixed series of machine
language statements or a series of code that will be interpreted later.

Machine language and assembly language, then, mean approximately
the same thing when you’re discussing the routines themselves. They are
just two different ways to express the same thing.

There are two approaches to take to gain the speed of the machine
language. The first and most tedious approach is to take the logic of the
programs and subroutines and translate it directly into machine language
(with or without an assembler). If BASIC is available, there is another
approach that I consider a more efficient one.

The main programs do not require that much speed. The speed to be
gained is in the key-file subroutine set. If this were in machine language,
the whole system would benefit from the gained speed, but there are some
problems in doing this. One problem is the passing of parameters. You
could alter the use of the parameters; instead of having to pass all 15
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parameters to the subroutine each time it is called, which requires making it
poke the information into a designated location one byte at a time, the
subroutines in machine language can be given the parameters for all files all
at once. You could do this by assigning each file in the system a specific
number to be used throughout the system. The file parameters could then
be passed to the locations in memory in a short program that is run just
before the main selector is run for the first time.

Assembly Language

LDA KBOARD

LDA means “‘load into the
accumulator’’ and KBOARD is
the location where characters
from the keyboard enter the
computer.

Machine Language

AD 00 F8

The letters A through F are
digits in these base 16
numbers. AD is the LDA
command for direct loading
and the location KBOARD is

jocation F8 Q0 in
hexadecimal.

Each assembly language statement produces one machine language
command.

Compiler Statement Machine Language

i B1 62 20 1A F3
IF (A-B) 10, 20, 90 BO 36

In FORTRAN, this statement
obtains the value of A -8B,
then branches to statement
10 if that value is negative,
20 if it is zero, or 90 if it is
positive.

This translates to hundreds
of machine language
statements, most of which
are in machine language
subroutines. The computer
runs the machine language
program when the FORTRAN
program is compiled.

Each statement in a compiled language produces many machine
language commands.

Table 22.1: Translation from a higher-level language into machine language.
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The use of the machine language subroutines will vary on different
computers, but the general idea will be the same. One quick method of
passing values to the subroutine is to use a section of the screen. The screen
occupies a fixed area in memory, accessible to both BASIC and the
machine language program. If the information were printed in a screen-
acceptable format in a designated part of the screen, the machine language
could read the information from the screen by memory location. If the
information is printed and the machine language routine is called
immediately, the subroutine could first transfer this information to some
other location in memory, and then erase it from the screen. If there is not
too much information being passed, the result would be only a flicker on
that part of the screen.

The logic of the subroutines could be copied for the machine language
routines. Some of the ways to speed up the operation that are not possible
in BASIC include using shorter fields for some of the numerics (the
examples are all in single precision numbers, which could also be examined
for use in BASIC) and possibly using binary throughout instead of decimal,
depending on the machine language. Because machine language does not
have to be interpreted by machine language routines, the operation is
speeded up considerably.

Most systems have a reserved area in memory that can be set up by the
user. A system start-up procedure can also be defined so that the system
will execute a series of commands in the disk operating system. On the
program disk for the particular operation, these commands could be to load
in the machine language program and then go into BASIC. Unfortunately,
the operator, who may not be you, must be depended upon to enter the
correct number for the reserved memory space. The machine language
subroutines should be placed in this area.

Since there are many different machine languages and several different
assemblers in each, there is no standard that I can use to show how this
translation could take place. There are, however, some hints on logic that
you can get from the material presented in this book beyond how the logic
of the subroutines themselves work. These include also using subroutines
within other subroutines. Various tasks that may be done very well with one
command in BASIC require several machine language commands. If some
of these are repeated several times, writing an additional subroutine to do
that task will save time writing the subroutines and will save space in
memory. For many of the subroutines, the variables to be passed include
only a file number and the key. If this is to be passed by using an area on
the screen, a machine language subroutine could be designed to take that
information, put it somewhere else, and then erase the area on the screen
and return to the calling routine. The beginning of every subroutine that
requires the key and file number would be to call this subroutine before
proceeding to get the rest of the information to be passed.

Passing the information back to the BASIC routine points up another
problem. The error variable (E in the subroutines) is easy. Designate a fixed
location for it to be used with all of the subroutines, and one statement in

-
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BASIC, IF PEEK (xxxx) =1 THEN ..., could check it without worrying
about transferring it back. The records are a larger problem. If unpacking
were left to the BASIC routines, you could set up at a specific location so
that BASIC could read and write the results in a FOR/NEXT loop using
PEEK and POKE, or you could give the address of the string to the
machine language routine. A little experimentation in this area is in order.

The subroutines themselves can follow the same logic as that used in
the BASIC versions. Understand, first, how each routine works in BASIC,
then translate it statement by statement. Look for shortcuts that can be
devised in the machine language version, as these will provide more speed.
Also, look out for things that can more easily be done in BASIC. Instead
of passing the record back and forth, for example, just program the key
routines in machine language and return the locator to BASIC. Let BASIC
load the record itself.

These are several suggestions on how to accomplish this task. What is
really required to find out what the machine language is to do and what the
BASIC is to do is to experiment on paper and on the computer with dif-
ferent approaches to the problem. The solution may well reflect your own
abilities in each of the two languages as well as the computer’s abilities in
dealing with such a system.

There are several approaches and the logic of the programs in this
book can be used to develop them. Extensive use of subroutines, if done
correctly, makes for the easiest programming and debugging. It is this
method that is used to form interpreters and some compilers. The main part
of the subroutine is a series of branches to subroutines with little code
between them. The concept is to set up the data, then call a subroutine,
then set up the data for another subroutine. If everything is planned
correctly, it becomes quite simple.

If you have a system that does not have BASIC or one in which the
machine language is, for any practical purpose, impossible to access, then
the question of which language to use for which function becomes irrele-
vant. The logic of the routines is the main message in this book, and, since
the logic is independent of the language to a large extent, this book can be
used as a guide to set up key-file systems in almost any language.
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CHAPTER 23

WHEN THINGS GO WRONG

No matter how well planned and how well written it is, sophisticated
software will probably have some bugs in it. Some will be obvious and easy
to eliminate. Others will be more subtle and may not appear for some time.
We will not discuss dealing with the obvious variety; they are usually just
oversights or typographical errors. The more subtle problems are the ones
that can really waste your time.

Debugging a system of interrelated programs that are using disk-based
data files is very different from debugging the in-memory programs where
all of the program statements and all of the data are in memory at the same
time. For one thing, the programs are much more complicated. There are,
however, several advantages to the disk-based programs and data. For
example, entering an additional program statement or altering a program
statement will not erase all of the data. It will only erase the variables that
are being held in the computer memory. The bulk of the data is on disk
and is not altered or erased. On most systems, any changes made to the
program result in the computer’s closing the files, but they can easily be
reopened.

The major problems are with the key file and perhaps with the record
file. These are all on the disk and can therefore not be printed as easily as a
variable in the memory. Many commands in the so-called immediate mode
can be used to control random-access files. OPEN, FIELD, LSET, RSET,
GET, PUT, and CLOSE as well as the various packing and unpacking
statements are usually legal immediate mode statements. These statements
can be easily used to check the status of single blocks in the record and key
files. The roadmap in the key file, for example, is in the variable RM$. If it
is not in the memory because of some program changes, open the key file,
field it, then get the first block. An immediate mode FOR/NEXT loop
using the ASC and MIDS$ functions in a PRINT statement can then be used
to show the contents of the roadmap. The following steps, in immediate
mode, will display these contents of a 10-byte roadmap:
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OPEN’'R"",1,”KEYFIL"

FIELD 1,255 AS KY$

GET1,1
FORI=1TO10:PRINTASC(MID$(KY$,1,1));:NEXTI

For more ambitious work, you can write a small utility program to
solve a particular problem. The program that is in memory is also on disk,
so saving its form in memory is not that important. Clear out the memory
with NEW and write a program that will open and field the file or files that
are to be examined. You can then write the various routines to look at
various blocks in the file or files, allow some manual corrections to the
data, and resave the block that was corrected. Of course, it is wise to back
up the data disk before running a utility program on it just in case there is
a bug in the utility program. This limits possible loss to what you had when
you started trying to correct the program. If the subroutine set is helpful in
the utility program, any of the programs in the system that have the
subroutine set may be loaded into memory. To get the subroutine set, just
DELETE the lines below it. You may want to save the program initializa-
tion lines, also, so choose the lines for the DELETE statement carefully.

Other utility programs that do not access the data files may also be of
some use. If you get into some of the habits that I have picked up, then
there is one that will be invaluable. This utility decompresses a program and
lists it. The habit I refer to is stacking several statements on one statement
number using the colon (:). To put together this utility, first save a program
in the ASCII format on the disk. The program to list it can first open this
program file as an input file (sequential file). The LINE INPUT # statement
will then read one statement at a time. Use a FOR/NEXT loop to examine
the statement one character at a time. If it is not a colon, LPRINT the
character, ending the LPRINT statement with a semicolon (;). If it is a
colon, LPRINT a line feed, then print about five or six spaces and the
colon, ending this LPRINT also with a semicolon. This program is in the
appendix. The version there requires that the program first be saved in an
ASCII file called COMPRO, for compressed program. After you save the
program to be listed, load and run the decompressed listing program.

This program can be altered to give more help to you in debugging the
programs. For example, you could use it to search out a certain character
string and list only the statements in which this string appears. You could
also alter it to store a cross-reference table for variables and/or line
numbers from IF, GOTO and GOSUB statements. Another alteration could
let it list a series of programs at once, if they are all saved in the ASCII
format. With a little imagination and a small string array, you could also
use it to list the main part of the text, replacing all GOSUB references to
the subroutines with other statements that would make them easier to read.
For example, have it look for all GOSUB statements and replace the line
number with phrases like GET KEY, GET NEXT, etc. This way, reading
the main program text will not require a list of the subroutines. It will
require some kind of look-up tables so that the program can tell which
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phrase to print for which line number in the GOSUB statement. Don’t
forget to allow for printing a line number instead of a phrase for any
GOSUB:s that do not call one of the subroutines in the subroutine set.

All of these suggestions are only aids in the debugging process. There is
no quick solution to debugging. It will not be easy to find some of the bugs
no matter what utilities you have. The utilities make the process a little
easier, but they will not find the bugs by themselves.

You should set up a separate diskette for storing your utility programs.
You will need them for other programs systems you create. The first
versions you write for these programs will also undergo many changes. If
you have one diskette that contains only utility programs, then this is the
only one that will need updating when you make an improvement on the
utility program. It will also make them easier to find.

In addition to utility programs that help debug programs, there are
some programs that help write the program. In computations that require a
larger number of significant digits, you can write a program that will do the
four basic functions on integers with up to 127 significant digits by using
strings to contain the numbers and routines that simulate the way these
functions are performed by hand. There are also programs you can write
that will write parts of the text for you. The selectors are easy. First, you
can save the skeleton program developed for selectors (in Chapter 18) in the
ASCII format. The selector-writing program can then request the selector
title and all of the selections and the programs they are to load. The
selector-writing program can count the number of selections for you. Next,
with all of this information stored in a string array, open the selector
skeleton as an input file, then open an output file under the name of the
new selector. LINE INPUT each of the lines in the selector skeleton,
printing them to the output file (use a semicolon at the end of the PRINT#
statement). When you’ve exhausted the program lines from the skeleton,
form DATA statements with the entered information and use PRINT# to
transfer these to the output file. CLOSE all files when this is done. The
output file will then be an ASCII program containing all of the text
required for that selector. .

A little experimentation with generating programs like that and you
will be able to generate the file maintenance programs and some of the
report programs with generating programs. These are much more com-
plicated than the selector, but you can generate them if the file maintenance
and report programs are in standard forms. The parameter-driven 1I/0
subroutines help in formatting the screen so that the position of everything
can be entered as data in the generating program.

Remember that any program system that is complicated enough to be
useful will always have bugs in it and you will always have to be looking
for them. Even the subroutines and examples in this book could contain
bugs that escaped my testing. You may find them and apply these utilities
on them. Debugging requires patience and persistance. Ultilities will only
help in locating things that you think may help find errors. Realize the
limits of the tools you are using, and you’ll have an easier job.






CONCLUSION 175

CONCLUSION

The purpose of this book was not to make experts out of amateur
programmers, but rather to give them a good background in more
sophisticated disk use. The routines given in this text were of my own
invention and may or may not resemble other routines written by other
programmers. Programming in a computer language is much like writing
prose. If you give two writers the same concept to describe, the two results
will be very different. In the same way, if you give two programmers
sophisticated enough programs to write, their results will vary greatly.

So the routines given here can be used as they are, or the logic of
handling the key files can be improved and altered. I am sure that these
routines are neither the most efficient nor the most effective. But that was
not my intention. They do present some of the basics of key-file disk-access
techniques, and it was my intention to explain these basics. With this infor-
mation and some careful thought, most file-access problems can be solved.

To use the information presented in this book most effectively,
combine the different concepts to meet different needs. Pay attention to the
computer on which the programs are to be run. For example, some
computers are not very good with large string arrays. They use a dynamic
memory allocation system for storing these strings and will occasionally
take a time out to rearrange the string area. In very large string arrays, this
time out could be several minutes. During this time, even the break key is
disabled. So you just have to wait. Obviously, for these machines, the
alphabetical-array method is not the best one to use, particularly if the
number of keys to be stored takes up a significant amount of memory. Use
one of the other two methods instead. Also, be inventive. For example,
take advantage of the fast access afforded by the hashing techniques where
you can, but to get a sorted output from the file, write a routine for
reading the key blocks into memory one at a time, and to order them use
some sort of indirect sort which consists of a numeric array.

This indirect sort resembles the logic used in the roadmap of the tree-
structured method. Instead of directly storing the key in the array, store in
a numeric array a number or two to define its location on disk. The
numeric array is to hold the alphabetical sequence of the keys. A double-
subscripted array can be used with the first subscript corresponding to the
element within the array and the other subscript being dimensioned to two.
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For each element, the first value would then hold the block number, and
the second would hold the key number within the block. To handle larger
arrays with less memory, the numbers can be packed so that the integer
value is the block number, and the decimal remainder, multiplied by 100,
would be the number of the key on the block.

These are just a few of the many different ways that the information in
this book can be combined to fit various applications. There are also
methods that were not presented in full form, like the linked-record
method. The program used to form the glossary is an example.

There are ways to use a random access-file with linked records instead
of a key file. This, of course, depends upon the application. Insertion of a
new record would involve a sequential search to find the position, as would
a search for a record and deletion of a record. You could develop a pointer
system that would give the positions of some of the keys to speed up the
search somewhat. The linked records are best used to keep a file in order if
there are no changes made to it or if the changes are minimal and the
records are to always be requested in order.

The full tree-structured method was also not presented. The method is
a bit high-powered for most microcomputer systems, but, once this version
is understood, the full method can be implemented. You can build toward
it by establishing a key file for the key file, in effect. In this extra key file,
which could occupy blocks in the main key file, are blocks containing the
first key and the block number of all of the blocks in the original key file.
Extend this further and you can have blocks that index this level. Before
everything gets too confused, I might mention that these blocks are given
levels and that the level number of each block is stored in a given place on
the block. Extended to the limit, these levels of blocks will end with a single
block on the highest level. Instead of a roadmap, the key file needs only
one pointer that indicates the block number of this master block. As keys
are added, this block splits. When that happens, another level is added and
the new master block has the first key on each of the new blocks that split.

The above explanation of a tree-structured method may seem confus-
ing, but will become clearer after you read a little more about it. Then go
back and reread it. Consider the example of a file that has 20 keys per
block. Instead of leaving all of the possible blank space at the end of the
block, leave one byte at the beginning. This byte will hold the block’s level.
Level zero is the lowest-level block and all keys on this block point to the
records in the file. These blocks are the same as the ones used in the
modified version presented in Section II. If there are, say, 25 of these
blocks in the file, the next higher level will have two blocks. The first block
on this level, after the one byte that contains the level (equal now to one),
contains the first key of about half of the level-zero blocks. The pointer on
these keys is not the record number. Instead, it is the block number in the
key file that starts with the key. This block points to approximately the first
half (approximately because the exact number depends upon how the block
was split and what keys were added after the split) of the level-zero blocks
in alphabetical order. The other block contains the rest of the blocks’ first
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keys. There is also one level-two block that contains the level number two
in the first byte, and the first key on each of the two level-one blocks, also
in alphabetical order.

Figure C.1 shows this structure graphically. How a key is found in the
method will clarify it a little more. The search starts at the highest-level
block. The block number for this block is found where the roadmap was in
the modified version—it is in the first physical block of the file. That block
is loaded first. The key being searched will belong on one of the next lower-
level blocks. In this example, the level-two block contains only two keys.
The next block to load is the one that contains the highest key that is lower
than the key to find. This introduces level one, where the same thing takes
place again. You use the highest key on that block that is still lower than
the key to find. The locator of that key will be the level-zero block. That
block is then loaded and the search on that block will be the same as the
search in the modified version, as that block is in the same format, except
for the first byte declaring the level. The key, if it is there, contains the
record number of the key.

To understand this method, reread it now. There is a simpler way to
expand the number of records, and that is to invent another way to store
the roadmap that will allow more blocks to be referenced. The full tree-
structured method is a little faster. In it, there are only three blocks loaded
in locating a key in a file that contains 25 possible locations (level-zero
blocks). In the modified version, this would require loading up to five
blocks. The number of blocks to load in search of a particular key equals

LEVEL 2
(1 BLOCK ON
HIGHEST LEVEL)
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TO OTHER
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Figure C.1: Portion of a fully tree-structured file. Each block in level zero con.tains keys with
corresponding record numbers. On the higher levels, each block contains the first key vallfe of
every block it points to at the next lower level. At levels higher than zero, the pointers point to
blocks in the key file. Only at level zero do the pointers indicate records.
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the number of levels in the full tree-structured method. The modified one
depends upon the binary search method. )

The manuals that accompany the disk system explain the random-
access files well. Explaining the ways that the statements that random-access
files access is really not enough to fully exploit the disks. The techniques
given in this book will prove to be only the beginning of what you can do
with the disks. Until more material is made available, you have in your
favor your imagination and, if you are lucky, a lot of patience. With the
material in this book and these two traits, effectively programming the disk
should be far less a problem for you than it was when you started reading.
I will consider this book a success if some of the under-programmed com-
puters that are now being used become at least a little less
underprogrammed.
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APPENDIX A: POWERS OF TWO

1 2 11 2,048
2 4 12 4,096
3 8 13 8,192
4 16 14 16,384
5 32 15 32,768
6 64 16 65,536
7 128 17 131,072
8 256 18 262,144
9 512 19 524,288
10 1,024 20 1,048,576

APPENDIX B: PROGRAM USED TO
CREATE GLOSSARY

10 CLEAR S000
20 DIMCA(1S)

G OPEN"R",1."GLOSSARY"

40 FIELD 1,255ASES$

SO OPEN"R",2, "WORDS:1"

60 FIELD Z,255ASKY$

6% GET2,1:RME=KY%

70 RESTUKE

80 FORI=1TO1S

Y0 REGDCA (L)

100 NEXTI

110 DATA 50,0,5,1,188,1501,22,0,20,11,6,144,111,110,56
199 REM X% 200-999 CONTROL SECTION %X

200 CLS

210 PRINT" GLOSSARY ACCESS”

220 FRINT

270 PRINT® 1. ENTER A WORD"
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FRINT" 2, ENTER A DEFINITION"

FRINT" 3. DISFLAY A WORD WITH DEFINITION"
FRINT" 4, DELETE A WORD AND ITS DEFINITIGN"
FPRINT" 5. FRINT GLOSSARY"

FRINT

INFUT" ENTER NUMBER OF SELECTION OR O TO END":iN
IFN>=0ANDN< & THENZZO

FRINT"ERROR ~ ENTER NUMRER FROM THE LIST"
GOTOZRO

ONN+160TO340, 1000, 1500, 2000, 2500, 2000

CLAOSE

STOF

REM %% 1000 — 1499 ENTER A WORD *X¥
1000 CLS
1010 FRINT" ——— ENTER WORDS -—--

1020 INFUTUENTER WORD OR END"3k$

1020 IFK$="END" THENZOO

1040 IFLEN(E$) <19THEN1O7O

1050 FRINT"ERROR — MAXIMUM WORD LENGTH IS 18 CHARACTERS"
10460 GEOTOLOZO

1070 Re=k$+STRINGS (50,3I2)

1080 MID$(R$,49,2)=MKI®% (0)

1090 GOSUR7000

1100 IFE=QTHEMN1020

1110 PRINT"ERROR —- KEY ALREADY IN FILE"

1120 GOTO1020D

1499 REM %% 1500 — 1999 ENTER A DEFINITION XX
1500 CLS

1510 FRINT® —~—— ENTER DEFIMITIONS ——="
1520 INFUT"ENTER WORD TO DEFINE, OR END":;E$
1523 [FK$="END"THENZ0OQ

1570 GOSURTSO0

1540 1FE=OTHENIS70

1550 FRINT"ERROR —- KEY NOT FOUND"

1560 GOTOLS20

1570 FRINT"ENTER DEFINITION, 48 CHARACTERS FER LINE"
1580 FRINT"“AFTER THE LAST LIME., ENTER END"
1590 FRINT"FQSITION 48 s TARB(SO) g b

1595 AR=N

1590 FRINT"FOS1ITION 48 s"3iTAB(SO)y gt

1525 AR=N

1600 INFUTRI$

1605 IFRP$E="END"THEN1Z20

1610 IFLEN(R9%$)<=48THEN1640

1620 FRINT"-—— ERROR - TOO LONG. REENTER THAT LINE -——"
1620 GOTO1&600

1640 GOSURG250

1650 BR=FR

1660 N=AR

1670 GOSUR&1S0

1680 MID% (R%,49,2)=M1% (BR)

1690 (0SUR&6190

1700 RPE=RIE+ESTRINGS (S0, 32)

1710 MID$ (RP%,49,2)=MKI% (0O)

1720 R$=R9%

1728 N=RR

1730 GOSURL190

1740 AR=RR

1750 GOTO1600

199% REM %X 2000 - 2499 DISFLAY A WORD AND DEFINITION X%
2000 CLS

2010 PRINT" ——— DISFLAY WORD AND DEFINITION —-—-"
2020 INFUT"ENTER WORD OR END"j3k$

20 IFks="END"THEN200

2040 GOSUBR7S00

2050 IFE=0THENZO80

2060 FRINT"ERROR — WORD NOT IN FILE"

2070 GATO2020

2080 IF"END "=LEFT# (R€,6) THEN2020

2090 FRINTLEFT$(R%,48)

2100 N=CVI(MID$(R$,49,2))

210% IFN=0OTHEN2020
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2110 GOSURE150
2120 6OTO2080

2499 REM XX 2500 - 2999 DELETE A WORD AND ITS DEFINITION %%
2500 CLS

2510 FRINT" ~—— DELETE A WORD AND DEFINITION ———v
2520 INFUT"WORD TO DELETE"; k4

2530 GOSUR7S00

2540 IFE=OTHENZS70

2850 FRINT"ERROR — WORD NOT IN FILE"

2560 GOTOZSZO

2570 AR=CVI (MID% (R$,49,2))

2580 GOSUESS00 '

2590 IFAR=OTHENZ00

2600 N=AR

2610 GOSUB&150

2620 AR=CVI (MID$ (R$, 49, 2))

2630 FR=AR

2640 GOSURB610

2650 GOTO2590

2999 REM XX 000 - 3499 FRINT GLOSSARY XX
I000 CLS

PRINT" ——— PRINT GLOSSARY ——-"
INFUT"SET UF FRINTER, THEN FRESS EXEC";N
L9=55: F9=0

M=

3050 GOSUEB0OO

3060 IFED *0THEM200

T06Z L$=LEFT$ (K$, 48)

3064 IFP9=0THENIO80

066 ITFL>S1THENLY=L9+2: LFRINT" ":LFRINT" "
68 GOTOZO80

T070 Le=" "+LEFTS (R$, 48)

IOBO BOSUEIZIOO

T090 AR=CVI(MID$ (R$,49,2))

F100 IFAR=0THENIOSO

110 N=AR

3120 GOSURGL1S50

T13T0 GOTOIO70

IFOO L9=L9+2

IILO IFLY<SSTHENIL00

. Fo=F9+1

IFF9=1THENIZ60

FORLB=L9TOLS

IISO LPRINT® “:NEXTLS

3T60 LFRINT"F SWANSON"

II70 LERINT"MICROCOMFUTER DISK TECHNIGUES BLASSARY —"3F9
3380 LPRINT" ":LPRINT" "

3390 L9=4

3400 LFRINT" “:LFRINTL®

3410 RETURN

6000 STOF

6010 RETURN

6090 RETURN

6149 REM -- 6150-6180 BET RECORD EY NUMEER —-
6150 E=INT ((N-1)/CA(3)) : R=N-EXCA(3)

6155 B=R+CA (4)

6160 GET 1,E

6170 R$=MID$ (B$,CA(1) ¥ (R-1)+1,CA(1))

6180 RETURN

6189 REM —- &190-6240 FUT RECORD EBY NUMEER -—
6190 R1$=R$

6200 BOSUR 6150

6210 E1$=E¢

6220 MID$(E1%,CA(1) X (R-1)+1,CA(1))=R1%

6270 LSET BE$=E1%

6275 FUT1,.E

6240 RETURN

62849 REM ~— 6250-6305 GET NEXT AVAILAKLE RECORD NUMBER —-
6250 GET1,1:FE=0

6252 FE=FE+1: IFFR>CA(5) THENGZ68

6254 IFMID$ (E$,FE, 1) =CHR$ (255) THEN6252

6256 FA=ASC (MID$ (E$,FE, 1)) :FR=FE¥8-8:FD=0
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6258
6260
6262
6264

266
6268
6209
6310
20

&Z40
6T50
L3600
6370
6Z80
IO
6400
4410
6415
6420
6430
440
6450
HA60
6470
6480
6490
S500
6510
L5220
LEZ0
6540
L£ET0
4560
£565
6580
6590
6600
6610
G620
6999
7000
7010
7020
7QT0
7040
7045
7030
7060
7070

FD=FD+1:FC=INT (Z{ (B-FD)+.5) : FA=FA-FC: IFFA>=0THEN&258
FR=FR+FD:FA=ASC (MID% (B%,FE, 1)) +FC
E1$=E$:MID$ (B1%,FE, 1) =CHR$ (FA)

LSET B$=R1$:FUT1,1

RETURN
FR=CA (&) s E=0: RETURN
REM —— 6310-6510 SEARCH FOR KEY —-

K1$=STRINGS (CA(7) ,32)

K=K+ 153 KN=O

L1=0:L2=CA(15) :L4=0

LE=INT ((L1+4L2) /2+.5)

IF MID$ (RM$,L3, 1) =CHR$ (255) THEN6S40Q
KE=ASC (MID% (RM$, L3, 1))

GET2,KE+1

IFMIDS (Y%,1,CA(9)) *MID$ (K%, 1,CA (9)) THEN6S4Q
KN=0

KN=kN+1: IFKN=CA (10) THEN&440

IFMID% (K%, 1,CA(9)) =MIDS$ (KY$,CA(7) % (KN-1)+1,CA(F)) THEN6SBQ
IFMIDS (KY$, CA(7) X (EN-1)4+1,CA(F)) =STRINGS (CA(F) , 255) THEN644Q
IFMID$ (K, 1,CA(F) ) <MIDS (KY%,CA(7) K (KN=-1)+1,CA(F)) THENGS1O
GOTO 46400

L1=L3

La=L4+1

IFL4<CA(11) THENGTA0

E=1

L3=L3+1

FE=ASC (MID$ (RM$,L3, 1))
K1$=STRINGS (CA(7) , 255) : IFKE=255STHENRE TURN
GET 2,KE+1

K1$=LEFTS (KY%,CA(7))

RETURN

L2=L3

La=14+1

IFL4<CA (11) THENGT40

E=1:60T06490

E=0

K1$=MID% (KY$,CA(7) % (KN-1)+1,CA (7))

RETURN

E=1

BOT06S90

REM —= 7000~7499 FUT NEW RECORD AND KEY —~
GOSURES10

IFE=2THENRETURN

IFE=1THEN7040

E=1:RETURN

GBOSUB&ZSO

KZS=KY$

IFEE=2SSTHEN7180

IFLEFTS (K$,CA(7)) <LEFT$ (KY$,CA (7)) THENKN=1
FORI=CA (10) TOKN+1STEF—1: MID$ (KZ$,CA(7) %k (I-1)+1,CA (7)) =MIDS$ (KZ%,CA(7)

¥(I-2)+ 1,CA7))

7072
7074
7080
7090
7100
7110
7120
7130
7140
7142
7144
7150
7152
7154
7156
7158
7160
7162
7164
7166
7170

NEXTI

MIDS (KZ$,CACT) K (KN-1)+1,CA (7)) =MIDS (K$, 1,CA(9) ) +MK 1% (FR)
LSET KY$=kZ$

FUTZ, KE+1

BOSUEG010

N=FR: GOSUE& 190

E=0

IFMIDS (KY$, (CA(10)~1) XCA(7) +1,CA (7)) =STRINGS (CA(7) , 255) THENRETURN
L4=0:FORI=1TO250: IFASC (MID%$ (RM$, 1,1) ) =2SSTHEN7 144

IFASC (MID$ (RM$, 1,1)) sL4ATHEN L4=ASC (MID$ (RM$,1,1))

NEXTI

FORI=CA (15) TOKE+1 STEF—1

MID% (RM$, I+1, 1) =MID$ (RM$, I, 1)

NEXTI

MID% (RM$ , KB+1, 1) =MK% (L4+1)

FZ$=KY$: KX$=MID$ (KY$,CA(13) ,CA(12) ) +STRINGS (CA (14) , 255)
MID$ (KZ%,CA(13) ,CA(12) ) =STRINGS (CA(12) , 255) '
LSET KY$=KZ%:FUTZ,KR+1 '

LSET KY$=EX$:FUT2,L442

LSET KY$=RM$:FUT2, 1

E=0: RETURN




8000
8010
8020

8040
BOHO
8060
8499
8500
8510
8520
B8IZ0
8540
8550

8555

8557
B560
8570
8580
8590
8600
8610
8620
B&ZO
8640
8650
B6LO
B670
8999
OO0
Q010
QU220
030
040
FOS0Q
9060
Q070
2080
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L4=0

2 L4=L4+1: IFL4<=250THEN7 184: ELSE STOF

IFASC (MID® (RM%,L4+1, 1)) 1 25STHEN7 187
EB=ASC(MID$ (RM%$,L4,1)) s GET2, KR+1
EIN=0
KN=KN+1:IFNID$(KY$,CA(7)#(MN-1)+1,DA(7))ﬁSTRING$(CA(7).255)THEN7190
GOTO7050

REM —— 7500-7999 GET RECORD —-—
BOSURG=10

IFE=OTHEN7S40

E=1

RETURN

N=CVI(MID%(K1%$,CA(7)~1,2))
GOSUERGL1S0

GOSUR&LOR0O

E=0

RETURN

REM —- B000-8499 GET NEXT -—-—
ES=F$+STRINGS (CA(P)  T2) : E=ASC (MIDS (K%, CACD) v 1) ) +1
MID$ (k$,CA(F) (1)=MKI% (E)

GOSURGZE1O

IF E=0Q0THEN7S40

IF MID$(H1%,1,CA)){BTRINGS (CA(D) ,25%) THENBQGLO
E=1:RETURNM

Fé=k14%: E=0: GOTO7E40

REM -- 8500-8999 DELETE KEY AND RECORD —=
GOSUR6Z10

IFE=0OTHENB8S540

E=1

RETURN

FZ%$=kY%$: GOSURBLOO

FORI=tN TO CAC(1O)~1

MID$ (+2¢,CA(7) X (I-1)+1,CA(7))=MID$(KZ$,CA(7) xI+1,CA(7))
NEXTI

LSET kvYys=kZ%

FUT2,EB+1

E=Q

RETURN

FR=CVI (MID$(t:1$.CA(DI+1,2))
FE=INT((FR-1)/8) : FA=FR-FEXB
GET1.1:Rl1¢=FB¢:FR=FR+]

FC=ASC(MID$ (B1%,FK, 1))
FC=FC-INT(2C(B8-FA)+.T)

MID$ (E1%,FRE, 1)=CHR% (FC)

LSET B%=E1$:FUT1,.1

RETURN

REM —-= Q000-9499 RESAVE RECORD --
GOSUR&T10

IFE=0THEN2040

E=1

RETURN

N=CVI(MID%(K1%,CA(F)+1,2))
GOSURLO1LO

GOSUR&612Q

E=0

RETURN
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APPENDIX C: DECOMPRESSED
LISTING PROGRAM |

10 CLEARL1OOO

20 NF$E="COMFRO"

20 OFEN"I",1,NF4$

20 AAR=0

S0 IFAAC >QTHENSTOR

60 LINEINFUTH1,AS$

70 AA=EQOF (1)

80 LL=LEN(AS$)

0 FORI=1TOLL

100 IFMID% (A%, I, 1)=":"THENLFRINT" ":LFRINT"
110 LFRINTMID$ (A%, 1,1) 3
120 NEXTI

120 LFRINT" *

140 GOTOSO

APPENDIX D: HEXADECIMAL TO
ASCII CONVERSION

High order

Low ord. 2 3 4 5 6 7
0 32 48 O 64 @ 80 P 96 @ 112 p
1 33 ! 49 1 65 A 81 Q 97 a 113 q
2 34 " 50 2 66 B 82 R 98 b 114 r
3 36 # 51 3 67 C 83 S 99 ¢ 115 s
4 36 $ 52 4 68 D 84 T 100 d 116 t
5 37 % 53 5 69 E 85 U 101 e 117 u
6 38 & 54 6 70 F 86 V 102 f§ 118 v
7 39 ' 55 7 71 G 87 W 103 g 119 w
8 40 | 56 8 72 H 88 X 104 h 120 x
9 41 ) 57 9 731 89 Y 105 i 121 vy
A 42 * 58 : 74 J 90 Z 106 j 122 2
B 43 + 59 ; 75 K 91 [ 107 k 123 {
C 44 60 <. 76 L 92 \ 108 | 124 |
D 45 — 61 = 77 M 93 1 109 m 125 }
E 46 . 62 > 78 N 94 ~ 110 n 126 ~
F 47 / 63 ? 79 O 95 __ 111 o 127

Each box in the above table contains the decimal equivalent and the character that
corresponds to the hexadecimal numbers indicated. For example, hexadecimal 41 is equivalent
to the letter A and the decimal equivalent of hexadecimal 41 and the character A is 65. A
lowercase A is hexadecimal 61, which is decimal 97.
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APPENDIX E: APPLE SUPPLEMENT

INTRODUCTION

All of the examples in the main text of this book were written on a
Radio Shack TRS-80 computer. So, what if you happen to have an Apple
computer? Well, first of all, you should be aware of the several differences
between the two systems, particularly in the parts of the languages that
pertain to string manipulation and disk access. For example, the sections on
multiple record blocks do not apply because the Apple does most of this
work for you. Also, using MID$ on the left side of the equal sign will not
work on the Apple. The sections in this appendix correspond to chapters in
the main text, so Apple users may easily refer to the adapted listings that
are presented here.

Many of the listings in this appendix will have some useful notes
pertaining to the differences between the two systems. Remember that the
listings in this supplement are translations of the TRS-80 listings and most
of them could be made much more efficient by taking advantage of some
of the features of the Apple computer. My advice is to at first use the
listings the way they are now. As much as is possible, the line numbers in
the Apple listings agree with the line numbers in the TRS-80 listings. This
makes the text easier to follow for Apple computer users. Later, after
studying the logic of the programs, modify the listings as you see fit. After
the required modifications, the line numbers will not agree very closely. For
this reason, I have not included more refined listings in this book.

RANDOM-ACCESS FILES

Initialization of the files on the Apple computer differs greatly from
that on the Radio Shack system. The Apple computer requires the record
length in the OPEN statement. In the listing for initialization of the file in
this supplement, the record length is 65. Reading ahead in the main text
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shows that the file in the first program will have a 63-byte record length.
Adding one for the RETURN character will give 64, which is the minimum
length for the records. You can make the record length even longer to allow
for future expansion, but remember that this practice must take into
account the extra space this will require on disk. It doesn’t matter on a
100-record file that has a record length this short, but it will matter on
larger applications.

10 DE=CHRS (4) s REM, CONTROL. D
20 FRINTD$; "OFEN NAMES,L&T™
IO OFRINTDS; "WRITE MAMES, RO"
40 FRINTO

50 PRINTDS

60 B THRE (22) 1 REM.L FUT, ONE. 8FACE, IN. E$
70 FORI=1TO&

20 BE=R$+RE

PO NEXTI

100 REM R$ HAS 64 SFACES
110 FORI=1TOL100

120 FRINTDS; "WRITE NOMES,R"iI
130 FPRINTES

140 FRINTDS

150 NEXTI

160 PRINTDS: "CLOSE"

170 END

Listing E.1

The second listing on the TRS-80 uses a function that is not available
on the Apple. This function, STRINGS, sets a string variable to a given
number of bytes equal to the same ASCII value. For example,
STRING$(20,32) in line 6020 is equal to a string of 20 spaces (the ASCII
value for a space is 32). To compensate, store the maximum number of
spaces that you will require in a string. Using the string variable SP$, the
following statements, located at the beginning of the program, will set up
255 spaces for this use:

SP$ =CHR$(32)
FORI=1TO 254

SP$ =SP$ + CHR$(32)
NEXT |

Use line numbers for those statements that are appropriate for your
program. There are other ways to do this that are quicker to run, and you
will see some of these ways at the beginning of the sample listings in this
supplement.

Line 6020 can now use SP$ to replace the STRINGS$ function:

6020 B2$% =LEFT$(SP$,20)
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Another required function, the MIDS$ function, is available on the
Apple, on the right side of the equal sign. The Radio Shack listing uses this
function on the left side to insert some string characters into the middle of
an existing string. Concatenation, or linking together in a series, may be
used on the Apple providing that every field is given the exact length called
for in the data file layout. Each field is padded with spaces, then truncated
at the proper length by the LEFT$ function. This all occurs in the packing
subroutine in lines 6010 through 6080. The unpacking routine requires no
changes.

6000 END

6010 BR%=LEFT$ (8F%,20)
LHO2T ME=NE+R2E

EOEO N FTE (N$,20)

3 A AHE+HBEE

040 AS=LEFTS (A%, 20)
LO04T CH=CH+RISE

&L E=LEFT$ (Cs, 1&)
HO5S
&G0
HO6S
6070 ZE=LEFTH(7%,5)

Q75 BE=NE+AE+CHE+Qh+7E
&EORO RETURN

&LOP0 BH=RE+LEFT$ (SP$, 64)
605 NE=LEFT® (RB$ )
6100 AS=MIDS (B¢, 21, 20)
&£110 CH=MID$ (B%,41,16)
120 S$=MIDE (R, 57,2)
L1750 Z=MIDS® (B$,59,5)
6H140 RETURN

Listing E.2

The next listing needs few changes. The CLEAR 100 statement is not
required and PRINT statements must be altered to compensate for the
smaller screen width. The TRS-80 has a screen that is 64 characters wide,
but the Apple has only 40 characters. The PRINT statement at line 30 will
fit on the Apple screen as it is in the Radio Shack listing, but will probably
look better on the Apple if you split it into two lines.

14 S
16 MEXT

18 DE=CHR% (4)

70 FRINTDS: "OFEN NAMES,L&T"
22 PRINTDS; "READ NAMES, RO
0 INFUTM

Z2 PRINTDS

40 HOME

2 TO READT "N
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74 FRINTDS; "CLOSE"
760 END

80 FPRINT"ERROR - FLEASE ENTER 1 OR
G0 GOTOEO

Jo0 HOME

J1O FRINT"WRITE A NEW RECORD TOQ THE
- Y 0D {00y

TN F" NAME
180 INFUT" (\DUI-E
190 INMFUT
TIMFLIT
IMEUT 2 TF
SNGUESOTO
HINTDS s "WRITE NAMES,R"§M
INTRS
FRINTDS
EOTaG0

HOME

FRINT "hk v\D A

ORD FROM FLLE"
CORD NUMELR" N

BECORD NOQ QUYT OF

"M

FRINT 2 LF IRAT
440 L7050
A0 FND
HOTO g LT

[NEES L I a3l 3

ML L F TS (NS,

At AR

%L TR (NS, o

S Cs=CH+R2S
Ce=LEFT$(C%,16)
DS Se=g%+" M
S$=LEFT% (5%,2)
Th=7G+" "
I$=LEFT$ (Z%,5)

S RBE=N&+AS+CE+5E+ 7%
RETURN
BE$=BE+LEFTS (SF4, 64)
AOPE NE=LEFTS$ (RS, 20)
6100 A%=MID® (B$, 21 ,20)
&£110 CE=MID® (%, 41,16)
& SE=MIDS (B$, 57,2
61 Z$=MID% (R$,59,5)
4140 RETURN

Listing E.3

DIMAS (5

FRINT"ENTER THE FIVE LETTERG"
FRINT"  ONE AT A TIME"
FORI=17TQ¢
FRINT"ENTER LETTER NO."31j

=Xl
e

FIL

RAMNGE"
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40 INFUTAS (1)

70 NEXTT

80 FORTI= 704

0 FORJ :

100 IF

110 As=A¢ (1)
20 A% (J) =A% (J-1)

120 A% (J-1) =A%

140 NEXTJ

150 NEXTI

160 FORI=1T0g

170 FRINTIZ" "sA%(1)

180 MEXTI

190 END

A% (J-1) THEN140

Listing E.4

There is a note in Chapter 4 that requires the use of the INKEY$
function. This can be replaced with an INPUT statement, as the text sug-
gests, or with the GET statement. Use an alphanumeric variable with the
INPUT statement, because a numeric will cause an error if the operator
uses just the RETURN key.

All of the sections are assembled for the final listing in this chapter.
There are a few other minor changes, like the PR#2 and PR#0 statements
instead of the use of LPRINT. The system I used to create the examples
has the printer plugged into slot number two. You will have to replace the
PR#2 statements to reference the slot where your printer is connected. If
you have no printer, simply replace the PR#2 statements with PR#0
statements and put the suggested PRINT and GET statements in place at

lines 612 and 614.
The text also suggests adding the counter SW to the sort sequence.
These statements can be added to the Apple version as they are in the text.

SF$=" ¢
? FORI=1TO6T
GPE=GFE+" "

NEXTI

D4=CHR% (4)

O PRINTD®; "OFEN NAMES,L&S"

22 PRINTD$: "READ NAMES,RO"

INFUTM

FRINTD®

40 HOME

50 PRINT'ENTER 1 TO WRITE, 2 TO READ,"
52 INFUT"Z TO FRINT OR 4 TO SORT? "iN
54 TFNFOTHENGO

56 PRINTD®; "CLOSE"

58 END

60 TFN<1THENBO

2 IFN>4THENSO

ONNGOTO100,

D0, SO0, 700

1N5"ET\F"‘OF\' ~ ENTER 1, 2, 7 OR 4"
R0 GOTO40
100 HOME
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110 FRINT'"WRITE A MEW RECQORD TO THE FILE"
INFUTHENTER RECORD NO. (O TO 100)7 "iN
3 TFNE=1THEML&O

140 FRINT"ERROR - RECORD NGO OUT OF RANGE"
150 6OTOLZ20

160 ITFN1OOTHEN14O

170 INFUT"NAMET "3N%

180 IMFUT"ADDRESS? "iA%

1@0 IMFUTCLITY™ "0

200 INFUT"STATE? " 8%

INFUTZIE CODE™S Myl

GOSUR&LOLO

FRINTD®s "WRITE NAMES,R"iM

FRINTERS

PRINTDS

EaTo40

HOME

FRINTYREAD A RECORD FROM FILE™

INFUT

- RECQRD NQ OUT OF RANGE"

()
STOOTHENTA4OQ

FRINTDS; "HKEAD NAMES, K5 N
INFUTES
FRINTOS
GOSUREOS
FRINT"NAM
FRINT"ADD

SCORD NOL P YN
INFUT"END AT RECORD NO.7 “jNI
1PN L THENGAO

IFNL<NTHENG4O

IFNL > 1D0THENG4O

550 FORI=1TON1

560 FRINTDS; "READ NAMES,R"; I

S62 INFUTES

S64 PRINTDS

H70 BOSUEGOF0

575 IFLEFTS (B, 1) =" "THENGZO

580 FRINTD®; "FR#2"

582 PRINTI;™ “j;N$

S590 FRINTAS

600 FRINTCS;", ";S$;" ":7%

610 FRINT

FRINTDS; “FR#0"

NEXTI

TBOTO40

FRINT"ERROR - ENTER REC. NOS. CORRECTLY"
BOTOS00

FRINT"SORTING THE FILE"
FORI=1T099

P N=1

FRINTD®; "READ NAMES,R"3N
INFUTELS$

FRINTDS
IFBL$=""THENE1$=LEF T4 (SF$, &4)
SW=0

FORJ=1TQ101-1

FPRINTDS; "READ NAMES,R";J
INFUTES
IFE$=""THENE$=LEF T4 (5FP%, 64)
FRINTD®

IFLEFTS (B$, 1) =" “THENROO
IFLEFT$ (B1$,1)=" “THEN770
IFE$ »=E1$THENROO

FRINTD®; "WRITE NAMES,R";J-t
FRINTES




774
780
790
792
794
794
800
810
815
820
830
HOOO

&OEG
&040
6045
LOTO
LOGS
[=Yal-te]
6065
&OTO
6O7%
&0O80
&LHOQ0
LORE
&10O
&110

FRINTD$
Re=R14%
FRINTD$; "WRITE NAMES,R":J
FRINTES
FRINTD®

SW=aW+1
El1$=R%

NEXTJI

IFSW=0THENI=99

NEXTI
GOTO40

END

2%=LEFT$ (S5F%, 20)
N$=NE+R2%
N&=LEFT® (N$, 20)
AE=AS+R2S
AE=LEFTS (A%, 20)
Ce=CE+R2%
Ce=LEFT$ (C$, 16)

SE=Gs+" "
Se¢=LEFT$(S%,2)

Th=7%+" "
Z$=LEFT$(Z%,5)
BS$=NE+AS+CE+SE+2%
RETURN
B#=R$+LEFTS (SF$, 64)
N&=LEFT$ (B$, 2C
AF=MIDS (Bb, L, 20)
SE=MIDS (B, 41, L&

$=M1DS (RS, 59, 1)
FETURN

Listing E.S

THE BINARY SEARCH

equivalent of the TRS-80 GET statement.

10 8
2 F
14 S
16 N
18 D
20 F
22 F
zZ0 1
2 F
O H
Y
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There are a few differences in the added lines in the first of the two
listings from Chapter 5. Because of the smaller screen width of 40
characters instead of the 64 characters on the TRS-80, the PRINT and
INPUT statements have been broken down further. These are all around
line 50. The new search routine contains, in the TRS-80 listing, a STRING$
statement using the ASCII code 255. Since Apple doesn’t have STRINGS
and the string SP$ cannot be used (it contains only spaces), a routine has
been added starting at line 1010 to fill B$ with ASCII code 255s. This
routine is called at line 930. Line 920 is also different. It contains the

Fe=" "
ORI=1TOET

Fé=GF&+" "

EXTI

$=CHR$ (4)

RINTD$: "OFEN NAMES,L&5"
RINTD$; "READ NAMES,RO"
NFUTM

RINTD%

OME

RINTUENTER 1 TO WRITE, 2 TO READ."
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FRINT"Z TO FRINT, 4 70O SORT,"

INFUT"OR & TO SEARCH? "iN

IFN< 2OTHENSO

FRINTDS; "CLOSE"

END

TFN< I THENRO

IFN=STHENSBO

ONNGOTO 100, Z00, SO0, 700,900

TFN =0THENSO

FRINTD®; "CLOSE"

END

FRINT"ERROR ~ ENTER 1, 2, = OR 4"
GOTA40

) HOME

FRINT"WRITE A NEW RECORD TO THE FILE"
INFUT"ENTER RECORD NO. (O TO 10007 "iN

"iNS
TMFUT "ADDRESS? ;A%
INFUT"CITY? "3C%
INFUT"STATE? "35%
INFUTYZIF CODE? "37%
GOSUREOLO
FRINTDS; "WRITE NAMES,R";
FRINTES
FRINTDS
GOTO40
HOME
FRINT"READ A RECORD FROM FILE"
INFUT"ENTER RECORD NUMEER? ;N
IFN>=1THENTO
[NT"ERROR ~ RECORD NO OUT OF RANGE"

TENE1OO0THENT40
FRINTDS; "READ NAMES,R":N
INFUTES
FRINTDS
BOSURLOFO
FRINT'NAME : "iN$
FRINT"ADDRESS : “30%
FRINTUCITY 3 ;0%
FRINT"STATE 3 “; 8%
FRINT"ZIF CODE & “3Z%
GBOTO
500 INFUT"START AT RECORD NO.7 "N
510 INFUT"END AT RECORD NO.7 "yN1
O TFN< 1 THENG4O
530 IFN1<NTHEN&4O
S40 IFNL > 1O0THENGSO
5%0 FORI=1TON1
560 FRINTDS: "READ NAMES,R"3I
INFUTES
FRINTDS
GOSURLOFO
IFLEFTS$ (B%, 1) =" "THEN&R0
PRINTDS; "FPR#Z"
> FRINTIZ"  “3N$
FRINTA%
FRINTCS:*, ";8$;" ;78
FRINT
FRINTDS; "FRH#O"
NEXTI
GOTO40
FRINT'ERROR ~ ENTER REGC. NOS. CORRECTLY"
GOTOS00
FRINT"SORTING THE FILE"
FORI=1TO99
5 N=1
FRINTDS; "READ NAMES,R";N
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INFUTELS

FRINTDS
IFE1$=""THENE1$=| EFT$ (5F%, 64)
SW=0

FORJ=1TO101~1

2 FRINTD$; "READ NAMES,R"3;J

10OE
1040
1050
LOOO
HOL1O

LEOBO
6095
LO60
HOGE
6070
6075
HQBO
GO0
6095
&H100
6110
&H120
&1 70
6140

O B CHR

INFUTES
IFE$=""THENE$=LLEF T$ (5F$, 64)
FRINTDS

IFLEFTS (B$, 1) =" "THENBOO

IFLEFTS (B1$, 1)=" “THEN770

IFBS »=B1$THENROO

FRINTD®; "WRITE NAMES,R";J-1

FRINTRE

FRINTDS

Be=R1%$

FRINTDS: "WRITE NAMES,R":J

FRINTRS®

FRINTDS

SW=BW+1

R1$=R%

MEXT.J

IFSW=0THENI=99

NEXTI

GOTO40

INFUT"ENTER NAME TO SEARCH? "iN1s%
L1=0:1.2=10120L4=03 L3=LEN(NL$)
T=INT COLL+L2) /24
FRINTDS; "READ NAMES,R" ;1.3
INFUTERS

FRINTDS

IFBR$=""THENIOLO
IFLEFTS (B4, LS)
IFLEFT® (B%,1.0)
IFLEFT® (B4, 1.5)=
L4=l.4+1
IFL4<7THEN?20

FRINT"NAME NOT FOUND - IT I8 NEAR RECORD NO."3LZ
GOTOSO0

T$THENL2
1S THENL 1
LETHENZ8O

B&=RE+CHRS (255)
NEXTI

GOTO940

END

E2$=LEFT$ (5F%, 20)
Ne=N$+EHZE
N&=LEFT$ (N&, 20)
A=AE+RE
AS=LEF TS (As, 20
Ce=CH+E2%
Ce=LEFT$(C%, 16)
Se=Ge+t 0
SE=LEFTS (8%,2)
ZEH=Zh+" "
Z$=LEFT$(Z%,5)
BS=NE+AS+CE+EH+7%
RETURN
E$=R&+_EFT$ (5F%, 64)
N$=LEFT$ (E$, 20)
AB=MIDS (R®, 21,20)
Ce=MIDE (B$,41,16)
Se=MID% (B$,57,2)
ZE=MID% (B%,59,5)
RETURN

Listing E.6

193
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The second listing adds a key field to the record. You must reinitialize
the file and alter the record length in the initialization program to the new
length of 74 bytes. Also, make sure you alter all of the places in the
program that require the record length. Before running the initialization
program, delete NAMES. After NAMES is deleted, run this new version of
the initialization program:

D De=CHRS$ (4) 1 REMCON
FRINTDS; "OFEN NAME
0 FRINTDE; "WRITE NAMES, RO"

Be+LEFTS (BS,9)
3 FORI=1TO100
FRINTDE; "WRITE NAMES,R"; I

N NGO

INTDEy " CLOKE™

7éh END

80 FRINT"ERROR - ENTER 1, 2, % QR 4"

S0 BOTA40

100 HOME

IO FRINT"WRITE A NEW RECORD TO THE FILE"
120 INFUT"E OFED NCO. (O TR 1007 "iN

Listing E.7a

Once the file is reinitialized for 74-byte records, you can make the
changes to alter the first listing. The new variable, K$, will hold the value
called the key, which will serve to store the name of the record. This could
be the last name plus as many letters of the first name as will fit, or could

be some other alphanumeric field that will uniquely identify the different
records.

0 GEgm=n n
? FORI=1TQ7:

SFe=GF g+ o

NEXTI

DE=CHRS (4)

FRINTD$; "OFEN NAMES,L74"

FRINTD$; "READ NAMES, RO

INFUTM

FRINTD®

40 HOME

SO FRINT'ENTER 1 TO WRITE, 2 TO READ, "

92 FRINT"Z TO FRINT, 4 TQ SORT," Listing E.7b
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57 INFUT"OR S5 TO SEARCH? "3N
5S4 IFNS SO THENGO ‘ Listing E.7b continued
S& FRINTD$; "CLOSE"
=8 END
60 IFN<1THENSO
62 IFNFSTHENBO
70 ONNGOTO100, 300, S00, 700, 900
72 IFNZ SOTHENRO
74 FRINTD$; "CLOSE"
74 END
80 FRINT"ERROR - ENTER 1. 2, 2 OR 4"
90 BOTO4O
00 HOME
FRINT"WRITE A NEW RECORD TO THE FILE"
INFUT"ENTER RECORD NO. (O T0 100)7 “3N
TFNE=1THENL&O ’
FRINT"ERROR - RECORD NOQ OUT OF RANGE"
GOTAL20
TEN1OO0THENL 40
INPUT"EEY? “jk$
INFUT"NAME? "5 N4
INFUT"ADDRESST "3 A%
INFUTYCITY? "3 0%
INFUT"STATES ";5%
INFUT"ZIF CODE? "3Z%
GOSURGO1O

FRINTDS; "WRITE NAMES,R":N
FRINTES

FRINTDS

GOTOA4

HOME

FRINT"READ A RECORD FROM FILE"
INFUT"ENTER RECORD NUMEER? 3N

IFN =1 THENZAO

FRINT -~ RECORD NO QUT OF RANGE"

ST

INFUTES
FRINTDS
GOSURGOIO
FRINT'EEY : ";K$
FRIMT *NAM
FRINT"ADD
RTNTHELTY
FRTNT 6
FRINT"Z
GOTOS0
INFUTHSTART AT RECORD NO.7? 3N
INFUT"END AT RECORD NO.7 ";N1
IFN< 1 THENG4O

IFN1SNTHENGAQ

IFNL > 10OTHENGSD

FORI=1TON1

FRINTD®; "READ NAMES,R"§1I
INFUTES

FRINTDS

GOSUELOFO

IFLEFTS (B$, 1) =" "THEN&ZO
FRINTDS; "FR#2"

> PRINTI;" "jks

- FRINTNS

FRINTAS

CCODE 5 s l%

FRINTCS: ", "y6%5" "vl%
FRINT
2 FRINTD®; "FR#O"

NEXTI

GOTO40

FRINT"ERRQK — ENTER REC. NOS. CORRECTLY™
GOTOHOO

700 FRINTU"SORTING THE FILE™

710 FORI=1TQ99
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N=1
FRINTD®; "READ NAMES,R";N
INFUTELS

FRINTDS
IFEL$=""THENE1$=LEFT$ (5F%, 73)
Elal=r

FORI=1TO101-T

FRINTD$; "READ NAMES,R";J
INFUTES
IFE$=""THENES$=_EFT$ (SF$, 73)
FRINTD®

' TH (RS, 1) =" "THENROO

FT$ (B1%, 1) =" "THEN770
IFES »=R1$THENSOO

FRINTDS; "WRITE NAMES,R";J-1
FRINTES

- FRINTDS

BE=R1$

815 LFSW=0THENI=99
TI

INFUTTENTER BEY TO SEARCH™ "iNl$
L1=03 L 2=101: 1.4=0: LT=LEN (M1%$)

L. TNT COL T2 22
INTDSGy "READ NAMES R sl
TNFUTERS

FRINTDS

TERS=""THENLIOLO

TFLEFTS (B, LE) *NISTHENL
IFLEFTS (B, LE) NI STt
TFLEFTS (b, L0 =N THE
7O LAl 4]
FEOIFLALT7THENDZO

G0 FRINTU"NAME NOT FOUND — I7T I8 NEAR
OG0TS0
10 BE=CHRE (
LFL =1 THENY 40
FORT=1TQLS-1
Bs=EHE+CHRS
NEXTI

&0
OO
SOST MESMTDE (B, 1L,
ELO0 A% MIDS (ES, N
MID4 (Hs, "

il 11 RN
Listing E.7b continued
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SUBROUTINES

You can follow the logic presented in Chapter 6 from the Radio Shack
listing in the text, but there is one problem that I should point out. The
Apple computer has no MKI$ or CVI functions (or any of the others like
MKS$, CVS, MKDS$, and CVD). These functions pack a number into an
alphanumeric string and unpack the string back into the number. The
numbers are packed by using the binary values of the numbers. You can
use the VAL and STRS$ functions to include numbers in the records, but
these will waste some space on your disk. These values convert the number
to the standard ASCII representations, using one byte per digit. Or, if you
are interested in saving a little space, there is a way to pack on the Apple.
Two subroutines can be employed to save you some space and, with a little
imagination, you can adapt your programs to use them to store most
numbers.

The numbers are stored a little less efficiently than the true binary pack
that is available on the TRS-80, but this method still does not waste much
space. The disk controller on the Apple will allow you to use only 7 of the
8 bits available, so the numbers are packed base 100. Each byte will have a
value of 1 to 100 to represent values 0 through 99 because the Apple will
also not store a null byte (i.e., a byte equal in value to zero).

The first subroutine accepts positive integers from zero to 99999999
(eight significant digits) and packs them into 4 bytes. The second subroutine
unpacks the 4 bytes back into the number. To store values that are
negative, you could either add a quantity before storing (subtracting that
quantity when unpacking the record), or you could assign an extra one-byte
field in the record to store the sign of the number. Storing floating point
numbers is also a possibility. The number of decimal places for most fields
is usually fixed at two. Before packing the number, multiply it by 100 (for
two decimals—1000 for three, 10000 for four, etc.) and divide it by 100
after unpacking it. This converts it to an integer for storing, then back to
the floating point value when it is returned to the program.

The other two subroutines save and retrieve records. The first one,
starting at line 10140, replaces the TRS-80 GET statement. The second
subroutine, starting at line 10220, replaces the Radio Shack PUT statement.
You have to set certain values before calling the subroutines. They all start
with the letter Z, which makes it a little easier to add these to existing
programs. All you do is avoid the letter in your variable names in the pro-
gram. The values required are:

e Z, the numeric variable to pack or unpack.

eZ$, the packed number in the packing and unpacking routines, or the
record in the GET and PUT subroutines.

o ZF$, the file name.

eZL, the length of the record minus one. This is the length of the record,
less the return character.

e ZR, the record number to GET or PUT.
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Note that you must pack Z$ before calling the PUT subroutine. There
will be several examples of how to use these subroutines (particularly the
GET and PUT subroutines) in following chapters.

10 D$=CHR® (4)

12 ZF$="TEST FILE"

14 ZL=12

20 FRINTD$; "OQFEN TEST FILE,L1E"

30 FPRINTD$; "WRITE TEST FILE,RO"

40 FRINTOQ

50 FRINTDS

60 HOME

70 FRINT" NUMERIC FACKING TEST"

80 FRINT

0 FORI=1TQ4

92 FRINTY"ENTER VALUES FOR RECORD NO.":I

100 INFUT"FIRST NUMERIC? "3iN1
INFUT"GECOND NUMERIC? "iNZ

INFUT"THIRD NUMERIC? "jN3

Z=N1

140 GOSUERLOOOO0

150 E$=Z%

2=N2

GOSURLOOO0

=R&%+7%

7=N3

GOSURIO0OOO

Bé=H$+1$

7%=R%

IR=1

GASUR1O220

NEXTI

FRINT"LOADING RECORDS"

FORI=1704

ZR=1

GOSURLO140

He=7%

FORJI=1TOX

Z6=MIDS (R$,I¥4-3,4)

GOSUELOO70

FRINTDS$; "CLOSE"

END

9998  REM Xxx THE SUEBROUTINES XX
Pee%9  REM X% 10000 FACKE NUMERIC XX
10000 == |

100 K
10010
10020

NT(Z2100)
A () = ZIR 100
10050 2 HRE (Z1+1) +CHRS (Z2+41) +CHR$ (254+1) +CHRS (Z4+1)
10¢ RETURN .

10069 REM %% 10070 UNFACE NUMERIC %X

10070 CIMID®$(Zb, 1,100 -1
10080 ASC(MIDS (7%
10090

10100
10110

ETURN

REM %% 10140
FRIMTD®; "RE
Zg=n w

D OFORZY = 1TO7L
10170 GI171s
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10180 Te=74+7 ¢

NEXTZ 1

FRONTDS

z GHTS (2%, ZL)
LRN
MoEx 1o
FRINTDS i T
0 FQRZL=1107L

)ORRINTMIDS (Z%, 21, 1)
NEXTZ1 '
FRINT

FPRINTDS

RETURN

FUT ZF, 7Rk
BERAE TRPATIE

Listing E.8

MULTIPLE RECORD BLOCKS

Studying multiple record blocks for the record file is not a required
subject on the Apple computer because this system does all of the work for
you. It will be required later on the key file because you want to access that
by block rather than by record. While there is no example of implementing
the logic in Chapter 7 on the Apple, make sure you understand the basic
logic so that you will not have any trouble when the key-file subroutines are
introduced.

INDEXES

The segment of text that produces a number from one to six for any
key 10 characters long works on the Apple with one minor change. The
first statement contains the STRINGS$ function, which should be changed to
read K1$ =LEFT$(SP$,10). Remember to include the FOR/NEXT loop
that initializes SP$ in any program that uses this sequence.

Packing the locator is also different on the Apple. On the TRS-80, the
MKI$ and CVI functions are used to pack and unpack this number, using 2
bytes at the end of the key to store it. On the Apple, you can use the same
logic as that used in the subroutines in the notes for Chapter 6. The first
byte is packed by taking the integer of the record number divided by 100.
Add one to the result and use the STR$ function to pack it. The second
byte is the remainder of this division plus one. If the record number for the
locator is the variable N, and if K§ is the key, then:

K$ =LEFT$(K$,10) +STR$(INT(N/100) +1)
K$ =K$ +STR$(N —INT(N/100)*100 + 1)

Although the TRS-80 can handle record numbers much higher, the
Apple is restricted by this method to 9999, or four-decimal digits, because
only 7 bits per byte can be saved on the disk. For files with more records,
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you can use 3 bytes by altering the program for the packing and unpacking
of the locator and compensating for the extra byte.in the key.

The subroutines for packing and unpacking numbers can also be used
to pack and unpack the locators. To pack, set Z equal to the record
number and call the pack subroutine. Use the last two bytes of Z$. To

unpack, set:

Z$ =CHR$(1)+CHR$(1) +RIGHT$(K$,2)

Then call the unpack subroutine. Z$ must be 4 bytes long for the
subroutine and the two CHR$(1) bytes are the equivalent of adding left
zeroes.

KEY-FILE TEST PROGRAM

The first listing in Chapter 9 is not much different for the Apple than
for the TRS-80 except in the case of the subroutines which were already
developed in a previous chapter. There are some minor differences, like the
question mark in the INPUT statements, the HOME statement instead of
CLS statement, and the different type of OPEN statement.

The second listing does show some significant differences. Almost
every type of computer has its own unique way of accessing the disk. The
TRS-80 can save a program on the disk in the ASCII format with a single
statement. The equivalent operation on the Apple requires listing the
program to a text file called PROGRAM.

The program to list the REM statements in this chapter uses the Apple
GET statement. INPUT does not work because of the commas in the
statements. This program looks for the carriage return (CHR$(13)). Insert-
ing an extra PRINT statement or two just after line 160 provides some
space between the lines on the listing for additional comments.

?  REM -— FROGRAM INITTALIZATION ——
10 DE=CHRS (4)
189 6O0TOL00O

20 REM X% THIS STATEMENT RESERVED FOR DIM®S %%
FO FRINTDS: "OFEN RECORDS,L.74"

40 FRINTDS

50O FRINTDS; "OFEN HEY,L255"

&0 FRINTDS

REM =~ 0100-0490 CONTROL SECTION ——
00 HOME
Q0 FRINTTARCLOY ; "HEY FILE TEST
o PRINT

FRINTTAR(Z) "1 INITIALIZE FILES"
FRIMTTARCCD "2 FUT A NEW RECORD IN FILE™"

iR BET A RECORD, GIVEN THE KEY"
GET NEXT RECORD, GIVEN A KEY"
DELETE A RECORD"
ALTER AND REFLACE A RECORDY




190
200
210

“au
499
&£9%
700
710
720
7EQ
740
750
THO
770
780
70
795
800
810

20
30
840
50
B&6EO
870
880

P40
Q@EC
Fa0
QIO
B0
990
1000
1010
1020
1030
1040
1099
1100
1110
1120
1120
1140
1150
1160
1170
1180
1190
299

ENTER NUMEER OF SELECTION : "3n

INFUT"

éIH N 40
FRINT“&RRDR = ENTRY MUST EBE 1 TO &"
GOTOLR0
UNNGDTDSOO,?OﬁquO,ilOQ,1300,1500
REM —= 0O500-0699 INITIALIZE FILES FUNCTION —-
REM == O700-0899 FUT NEW RECORD FUNCTION ——
HOME
FRINTTAR () § "FUT NEW KEY AND RECOKD M FI11g*°
FRINT
INFUT"NEW KEY? "ik$
FINE=E 6
GOSUR7S00
IFE=1THEN7920
FRINTUERROR — DUFLICATE KEY"
GOTA720
Ed=kiNS
INFUT"NAME? "iN$
INFUT"ADDRESS? "3 A%
INFUT"CITY? "“3;C4
INFUTYSTATE? "5S¢
INFUT"ZIF CODE? "3i%
INFUT"IS THE AROVE CORFRECT (Y/NYD "y (ks
1IF ="Y U THENGSO
IFQES="N"THEN7OO
FRINT"ERROR - FLEASE ENTER Y OR N"
TOR40
QU7 OO0
00
M e OFOO-1099 GET RECORD FUNCTION - -
ME
TMTTARCLL) 5"

ET R

ARD GIVEN THE 1Kt Y"

e
BOSLE7S
=) ES l\l"?cl()

EY ONOT IN FILE®

FRINT"NAME : "3;N%
FRINT"ADDRESS : ";A%$

FRINT"CITY, STATE & ZIF : ":C%;", ":18%;" "317I%
FRINT

FRINT"FRESS RETURN WHEN FINISHED VIEWING"
GETOKS

GOTO100

REM == 1100-1299 GET NEXT FUNCTION --—
HOME

FRINTTAE(11) 3 "GET NEXT GREATER KEY"

FRINT

INFUT"KEY? "3kK$

GOSUBRBOOO

IFE=0THEN1180

FRINT"END OF FILE":FRINT" THERE IS NO GREATER
GOTO1110

FRINT"KEY : "3;K$

GOTOY80 ‘

REM —— 1300-1499 DELETE RECORD FUNCTION -—-
HOME

FRINTTAR(11) 3 "DELETE A RECORD"

FRINT

INFUT"KEY TO DELETE (DR END)7? "ik$
IFK$="END" THEN1QO

GOSUEBS00

IFE=0THEN13I90

FRINT"KEY NOT FOUND % NOT DELETED"
B0T01400

FRINT"KEY DELETED"

PRINT"FRESS RETURN WHEN FINISHED VIEWING"
GETOKS

GO0TO100

REM —— 1500-1699 ALTER RECORD FUNCTION --

APPENDICES

EEY"
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HOME

PRINT

INFUT"EEY? "iks

GOSUR7500

IFE=QTHEN1S60

FRINT"ERROR — KEY NOT FOUND"
GEOTO1ELO
FRINT"1.
1570 PRINT"Z.
1580 FRINT"I.
1590 FRINT" 4.,
1600 PRINT"S.,
1610 FRINT
1620 INFUT"ENTER NO. OF FIELD TO CHANGE?
ITFNF 1 THENT 650

IFNF HENLE70

1650 FRINTYERROR — ENTER NO. 1 TO &"
1660 BOTOL&20

1670 ONNFGOSURL680, 1685, 1690, 1695, 1700
1675 GOSURYOQOO

1677 GOTALOO

14680 INFUT"NEW NAME? "iN$

1682 RETURN

1685 INFUT'NEW ADDRIESS? "1 AS

1687 RETURN

1690 INFUT"NMEW CITYT "3C%

1692 RETURN

1695 INFUT"NEW STATE? "; 6%

1697 RETURN

1700 INFUT"NEW ZIF CODE?Y "3 Z%

170% RETURN

Listing E.9

10 DH=CHRS (4)
20 FRINTD$; "OFEN FROGRAM"
I0 PRINTD®: "READ FROGRAM"
40 pg=n
50 GETCS
60 IFC$=CHR$ (13) THEN100O
70 A$=ASHE
80 BOTOSO
00 I=0
IFLEN (A%) s STHEN4O
I=1+1
IFMIDE (A%, 1, 1) <CHR$ (65) THEN110
IFMIDS$ (A%, I, < >"REM" THENAO
140 FR#2
150 J=LEN (A%)
160 PRINTRIGHTS (A%, J~1-2)
170 FR#O
180 GOTO40

Listing E.10

ERINTTAR(10) 3 "CHANGE DATA IN A RECORD"
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X ¥ O DIM & %
e 010 2490 CONTROL SECT IOM -
- () INITIALLIZE FILES FUNCTION -~—
- FUT NEW RECORD FUNCTICN -
----- GET RECORD FUMCTION
GET NMEXT FUNCTTOM -
’ RECORD FUNCTION --
RECORD FUNE: TION —-
Listing E.11

THE HASHING METHOD

There are some additional system differences between the Apple and
the TRS-80 that must be taken into account at this point. First, initializing
to ASCII code 255 does not work on the Apple disk. The reason it doesn’t
work is that its most significant bit is not transmitted. Only 7 bits may be
used. The highest value that can be stored on and retrieved from the disk is
127. So replace the 255 with 127 and the routines will work the same way.
Second, recognize that you do not have to use record number one to store
the record counter. Apple uses a record number zero for storing this
counter. The scheme is the same as the one used on the TRS-80, but the
numbering starts at zero instead of one. Third, the Apple uses INPUT or
GET to access the disk. This GET is not the same as the Radio Shack GET
statement. The subroutines section in this appendix explains this.

There is an additional change that was made in the listing to prevent a
variable conflict. The variable used to store the zip code, Z$, conflicts with
the variables used in the subroutines that replace the TRS-80 PUT and GET
statements. The zip code is reassigned to the variable ZCS.

Note that there are two PRINT D$ statements to end the subroutine
starting at line 10140. It may have been a fluke of the particular system I
was using or a problem with the Applesoft language interpreter or some
timing problem with the Apple computer, but the first one does not cancel
the READ command. The second one will. I would suggest you experiment
very carefully with statements starting with PRINT DS$.

A new subroutine was appended starting at line 9500 in order to
simulate the MID$ function on the left side of the equals sign. The TRS-80
allows this statement as a way of inserting characters into an existing string.
To simulate this action, this subroutine uses the string array K03$(21). The
subroutine inserts a key into the proper place on the key block, KY$. There
is one more change related to this in line 20. Add the DIM for this array
there.

On the Apple computer, you must allow time for the Applesoft
interpreter to rearrange its string space. This function is a sort of garbage
collection that eliminates extra space left when a string is redefined. The
interpreter leaves the old string in place and adds the new value. When a
statement like Z5 = FRE(0) is executed, the interpreter performs this task. It
is automatic on the TRS-80, which is sometimes quite annoying in that you
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never can tell exactly when it will take one of these time-outs. But on the
Apple, if it is important, this FRE function can be placed so that the
rearranging is done at a known point. In the listings, Z5=FRE(0) is placed
at frequent intervals.

REM —— PROGRAM INITIALIZATION —-—
D#=CHR% (4)
SFe=" "
FORI=1TQ7
GFe=SF$+GFE
NEXTT
DIMEOQ% (21)
SF$=8F$+LEFT$ (SF$, 127)
25=FRE (Q)
FRINTDS: "OFEN RECORDS,L74"
RF$="RECORDS" : RLL=72
FRINTD®$
FRINTD®; "OFEN KEY,L255"

2 EFe="KEY":1klLL=254
60 FRINTDS
Q9  REM - 0100-04%0 CONTROL SECTION ——
100 HOME
110 PRINTTARCLIO) § "KEY FILE TEST

D FRINT >
FRINTTAB(S) "1 INITIALIZE FILES"
FRINTTAR(S) ;"2 FUT A NEW RECORD IN FILE"
FRINTTAR(S) 3 "3 GET A RECORD, GIVEN THE KEY"
FRINTTAR(S) 1 "4 GET NEXT RECORD, GIVEM A EEY"
FRINTTAR(S) 3 "S DELETE A RECORD"
FRINTTAR(S) "6 ALTER AND REFLACE A RECORD"
FRINT

NUMBER QF SELECTTON @ “iN

RINT"ERRQR
GBOTOLRO
QNNGOTOEOO, 700,900, 1100, 1300, 1500
FRINTD®; " CLO
END

REM  —~— O0500-0699 INITIALIZE FILES FUNCTION -——
F1$=CHR® (12
FORZ1=1TQ

= ENTRY MUST RE 1 TO &"

3 TH (5P, RL)
FORT=1TO100

FRINTD®; "WRITE “;RF$:",R"31
G770 FRINTEL®

574 PRINTDS

NEXTI

FRINTDS; "WRITE "iRF&; ", RO"
FRINTO

R

EM = G700-089%9 FUT NEW RECORD FUNCTION ——
HOME
FRINTTAER () 3 "FUT NEW EEY AND RECORD IN FILE"
FRINT
INFUT"NEW EEY? "iks$
EN% == %

GOSURYZEO0



760 IFE=1THEN790
770 FPRINT"ERROR - DUFLICATE KEY"
780 (B0OTA7Z0
790 ke=kN$
792 15 E (0)
INFUT"NAME? "3 N$

INFUT"ADDRESS? "3 A%
INFUT"CITY? ":C%

INFUT"STATE? ";S%

INFUT"ZIF CODE? "3ZC%

B840 INFUT"IS THE AROVE CORRECT (Y/N)7? "aOK$
85O 3 YU THENBYO
860 . CMYTHENTOO
870 FRINT"ERROR — FLEASE ENTER Y OR N*
880 GOTOB40
820 GRSURT7OQ0

895 GOTOLOO0

899 REM - 0900-1099 GET RECORD FUNCTION —-—
QOO HOME

P10 FRINTTAR(11); "GET RECORD GIVEN THE KEVY"
20 FRINT

INFUT"EEY? "ik$

GOSUR7S00

IFE=O0THENS80

FRINT"EEY NOT IN FILE"
GaToe
O PRINT"NAME @ "iN$
O FRINT"ADDRESS @ "3As%
O FRINT"CITY, STATE % ZIF & ";Céz", “3;8%3" "3;2C%
FRINT

FRINT"FRESS RETUARN WHEN FINISHED VIEWING"
GETORS$

GOTALOO

REM == 11001299 GET NEXT FUNCTION --

HOME
FRINTTAERCLL) 3 "GET NEXT GREATER KEY"

FRINT
INFLIT R
GOSURBBOOO

IFE=0OTHENL180

FRINT"END QF FILE":FRINT" THERE I8 NOQ GREATER
10
&
ITO9HBO

TS

1190
1299 REM  ~—= 1300-1499 DELETE RECORD FUNCTION --

HOME

FRINTTARCL1) 4 "DELETE A RECORD"

RN

INFUT!
i

TO DELETE QR END)YT "ik$
DYTHEN1QO

1390
Y NOT FOUND £ NOT DELETED"

GOTOLAC
FRINT"KEY DELETED"

PRINT"PRESS RETURN WHEN FINISHED VIEWING"
GETOKS

HOTOLO0

REM =~ 1500-1699 ALTER RECORD FUNCTION --—
HOME

2 FRINTTARCLO) § "CHONGE DATA IN A RECORD"

- PRINT

INFUT"KEY? "3k

BOSUE7S00

IFE=0THEN1560

FRINT'ERROR — KEY NOT FOUND"

1550 BOTO1S10

1560 FRINT"1. NAME : ";N$

1570 FRINT"2. ADDRESS : ":A$

1580 FRINT"T. CITY : “:C%

1590 FRINT"4. STATE : ":6%

1600 FRINT"S. ZIP CODE : ";ZC$%

HEY"

APPENDICES
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1610
1620
1620
1640
1650
1660
1670
1675
1677
1680
1682
1685
1687
1690
1692
1695
1697
1700
1702

bO15E

APPENDICES

FRINT
INFUT"ENTER. NO. OF FIELD TO CHANGE? "3;NF
IFNF % 1 THEN1650

IFNF<=GTHEN1&670
FRINT"ERROR -~ ENTER NO. 1 TO 35"
GOTO1620
ONNFBOSURLARB0, 1685, 1690, 1695, 1700
GOSLB000
GOTODL1OO
INFUT"NEW NAME?T "iN$
RETURN
INFUT"NEW ADDRESS?T "3A%
RETURN
INFUT"NEW CITYT ":C%
RETURN
INFUT"NEW STATET ":5%
RETURN
INFUT"NEW ZIF CODE? ":Z$
RETURN
REM —= 6000-6999 RECORD FILE SUBROUTINES —-—
END
REM —— &010-6080 FACK RECORD -—-—

R2%=_EFT$ (SF4%, 20)
Ee=ks+R2%
E$=LEFTS (K%, 10)
N&=N$-+R2
NE=LEFTS (N$, 20)
At=As+R2$
AS=LEFTS® (A%, 20)
CH=CH+R2%
CE=LEFT$(C%,18)
Se=8s+RI%
SE=LEFTH (8¢,2)
ZCE=ZCs+" "
ZCH=LEFTH(ZC%,5)
RE=kS+NS+AS+CE+EE+ICS

ZE=FRE(Q)
RETURN
REM =~ &090-6140 UNFACK RECORD —-

R$=RE+LEFTS (SP$,77)
Ke=LEFT$(R%,10)
N$=MID% (R$, 11,20)
AS=MIDE (R$, 31 ,20)
CHE=MIDS (R$, 51, 1&)
SE=MIDS (R$,67,2)
ZC$=MIDS (R$, 69, 5)

I5=FRE (0)

RETURN

REM -~ &150-6180 GET RECORD BY NUMEER —-
ZR=N: ZL=RL: ZF $=RF $
GOSUR1O140

Re=7%

ZS=FRE (0)

RETURN

REM —~— 6190-6240 FUT RECORD RY NUMEER ——
ZR=N
IF$=RF$

Z\_=RL.

Z$=R$

BOSUE102370

1S=FRE (Q)
RETURN

REM —- &250-6204 GET NEXT AVAILABLE RECORD NUMEER ——
FRINTD$3 "READ "3;RF$;",RO"
INFUTFR

FR=FR+1
FRINTDS
FRINTD$; "WRITE ";RF%;",R0O"
FRINTFR
FRINTDS

25=FRE (0)
RETURN




609
6310

50
LTL0
6E70
&E72
&E80
&LIP0
6400
&410
6420
6422
&L424
b426
L4730
6440
6450
L6460
6465
6470
6480
6485
6490
6500
LG05
&510
L9979
7000
7010
7020
7030
7040
7080
7052
7054
7070
7080
7085
709Q
7100
7110
7115
7120
7130
7499
7500
7510
7520
T7EEO
7540
7542
7544
7350
7H60
7570
7580
7999
8OO0
8499
a%no

8540
8542
8544
BE46
BES0
B0

APPENDICES

REM ~— 6310-6510 SEARCH FOR KEY ——
F1é=L EFT$ (SF4%, 10)

FE=H$+E 141 FN=0

FORI=1TO10

EN=KN+ASC (MID$ (K%, 1,1))

NEXTI

EN=EN-INT ((EN=-1) /&) &

ZF$=FF®: ZI=kl1 ZR=kN: GOSUE10140
EYb=7%

FORI=1T0Z21

E14=MID$ (kY®, TKk12-11,12)
IFLEFTS (K1%, 10)=LEFT$ (K$, 10) THENGSOO
NEXTI
F1%=CHR$ (127)
FORZ1=1TQ9
k1$=k1%+CHR% (127)
NEXTZ1
FORI=1T0O21
IFLEFTS(K1%,10)=MID$ (KY$, IX12-11,10) THEN&4R0O
NEXTI
£=2
Z5=FRE (O)
RETURN
E=1
ZS5=FRE(0)
RETURN
E=0
Z9=FRE (O)
RETURN
REM -~ 7000-749% FUT NEW RECORD AND KEY —-
GOSURLZ10Q
IFE=2THENRETURN
IFE=1THEN7Q40
E=1:RETURN
GOSUR&LZTO
F1=INT(FR/10Q)
FE2=FR-F1X%100
E$=LEFTS (K$,10) +CHR$ (F1+1)+CHR$ (F2+1)
GOSUE?500
Fé: ZU=KL: Z$=KY$

CDqUEI

GOSUB&UIU

N=FR

GOSUR&190

E=0Q

RETURN

REM —— 7500-7999 GET RECORD --
GOSURAELO

IFE=0THEN7S40

E=1
RETURN
F1=ASC(MIDS (K1%,11,1))—1
F2=AGC(MIDS (K1%, 12, 1)) —1
N=F 1% LO0+F2
GOSUR6150
GOSURLOFO

E=0
RETURN

REM —=— B8000-8499 GET NEXT ——
STOF

REM —— B500-8999 DELETE KEY AND RECORD ---
GOSUR&LZE10

IFE=OTHENBS40
E=1
RETURN
Fid=CHRS$ (127)
FORZ1=2T0Q12
Eé=ke+CHRS (127)
NEXTZ1
GOSUBSO0O
2F$=FF$: L=kl ZE=kYS

207
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3 ZR=kEN
O GOSURILOZZO
) E=0

8BH20
8929
POO0
QL
PORO
QUEO
P40
QF042
F044
FOFH0
ROLHO
POTO
F0BO
K499
PEHOO

RETURM

REM —— 9000-9499 RESAVE
GOSURAZ1O
IFE=0THENIO4O

E=1

RETURN
Fl=A8C(MID$ (K1%, 11,1))~1
F2=AGC(MIDS (14,12, 1)) -1
Nz=F 1 X 1O0+F2

GOSURLO10
GOSUR&LFO
fL=Q
RETURN
REM —-— QB0
FORZ1=1T021
OH (2L AMIDS (YS, Z1x1 21 1,

INSERT K$ AT FOS

12

REM %% 10140 FASVATIE 3 3
FRINTD®; "READ "3 ZF&$; " R"3ZR
PA L
FORZ1=1T0OZL
GETZl$
Td=7%+71%
) NEXTZ
D FPRINTDS
D Zb=RIGHTS (2%, Z1.)
FRINTDS®
RETLRN
REM

¥k 10220 FUT ZF, ZR XX

0 PRINTDS; "WRITE "3ZF$;",R"; IR
FORZ1=1T0OZL

Y PRINTMIDS (2%, 21, 1)

Y NEXTZ1

Y FRINT

INTDS

INT

RE TURN

Listing E.12

RECORD -

THE ALPHABETICAL-ARRAY METHOD

Follow the Apple listing for the changes noted in the text. I’ve made
few changes to convert to Applesoft and have described most of them. In
the alphabetical-array method on the Apple, the sequential file may be
written very simply and the writing and the reading are both done in fewer
statements. There are also a few places where more statements are required
on the Apple to replace functions such as STRINGS. Although I have not
run any benchmark programs to time them, it does seem that this method
runs much faster on the Apple than on the TRS-80, and the hashing
method runs faster on the TRS-80 than on the Apple.
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REM =~ FROGRAM INITIALIZATION —-

D$=CHR% (4)

SFg=" ©

FORI=1T07
SFE=SF$+SF

NEXTI
DIMEOS (21) , KY$ (100)

22 OF$=5F$+LEFT®H (SF%, 127)

BOO
810

ZE=FRE (O)

FRINTD$: "OFEN RECORDS,L74"
RF$="RECORDS" 1 RL=773

FRINTD$

FRINTD®; "OFEN KEY"

FRINTD$; "READ KEY"

FORI=1TO100

INFUTEY$ (1)

NEXTI

FRINTD%; "CLOSE KEY"

REM —— 0100-0490 CONTROL SECTION ~-

HOME

FRINTTAR(L1OQ) 3 "KEY FILE TEST

FRINT

FRINTTAER(S) ;"1  INITIALIZE FILES"
FRINTTAR(D) ;"2 FUT A NEW RECORD IN FILE"
FRINTTAR(S) ;"3 GET A RECORD, GIVEN THE KEY"
FRINTTAB(S) 1 "4  GET NEXT RECORD, GIVEN A KEY"
FRINTTAER(E) "S5 DELETE A RECORD"
FRINTTAER(S) s "6  ALTER AND REFLACE A RECORD"
FRINT

INFLUT"  ENTER NUMBER OF SELECTION ¢ "N

LTHE &}
T=ATHENZ4O
FRINT"ERROR — ENTRY MUST BE 1 TQ &"
GOTOL90
ANNEOTOS00, 700, 200, 1100, 1700, 1500
FRINTD; "CLOSE"
END
REM == 05000699 INITIALIZE FILES FUNCTION --
jals HR$ (127)

> FOR TOZ2

BrE$=RE$+CHRS (1.227)
NEXTI
FORI=1T0100

EYS (1) =RES

NEXTI

GOSUR&LATO
Ble=EFT® (8F%, 73)

GOSUE
NEXTT
FRINTD$; "WRITE RECORDS"
FRINTO
FRINTDS
GOTOLOO
REM —— O7D0-089% FUT NEW RECORD FUNCTION -
HOME
FRINTTAE(8) ; "FUT NEW EEY AND RECORD IN FILE"
FRINT
INFUT"NEW KEY?T "ik#
EN$=%
BGASUE7S00
IFE=1THEN790
FRINT"ERROR - DUFLICATE KEY"
GOTO73E0
b=k N$
15=FRE ()
INFUT"NAME? "3 N$
INFUT"ADDRESB? "3 A%
INFUT"CITY? ":C%

209



210 APPENDICES

INFUT"STATE?Y "38%

INFUT"ZIF CODE? "3 ZC%

INFUT" IS THE AROVE CORRECT (Y/N)7? ";0K$
IFOKS="Y"THENRFO

IFOES="N"THEN7OO

FRINTY"ERROR — FLEASE ENTER Y OR N"

GOTOB40

GOSUER70O00

GOTOLOO

REM =— 0900-1099 GET RECORD FUNCTION --

HOME

FRINTTAB(11) 3 "GET RECORD BIVEN THE KEY"

FRINT

INFUT"HEEY? "3k$

GOSURZ SO0

TFE=0THENISO

FRINT"EEY NOT IN FILE"

GOTO9Z0

FRINT"NAME = ":iN$

220 FPRINT"ADDRESS @ "3 A%

1000 FRINT"CITY, STATE % ZIF : ";C%3", "3iS%3" "iZ0s
FRINT

FELNT
GETOKS
GOTOLOO
REM  -—— 1100-1299 GET NEXT FUNCTION -—-—
HOME

FRINTTAR(LLD) : "GET NEXT GREATER KEY"
FRINT
IMFUTYEEY? "ik$
GOSLERRS
IFE=0THENL1180

FRINTYEND OF FILE":FRINT" THERE IS NQ GREATER
GOTOLLEZD

FRINT"EEY = "ilks

GOTOYEO

REM  —— 12001499 DELETE RECORD FUNCTION --—
HOME

RINTTARCLLY s "DELETE A RECORD"

FRINT

INFUTH"HEY TO DELETE (OR ENDY? "sk$

TFE$="END" THEN1OO

GOCSURREOO

ITFE=QTHEN1320

FRINT"EEY NQT FOUND & NOT DELETED"

! GO0TO1400

1790 FRINT"EEY DELETED®

1400 FRINT"FRESS RETURN WHEN FINISHED VIEWING"

1410 GETOKS$

1420 GOTOLOO

1499 REM  —- 1300-1499 ALTER RECORD FUNCTION ~—
HOME

FRINTTAR(LO) s "CHANGE DATA IN A RECORD"

FRINT

TRFUT"FEYD "ak'e

GOBUR7E00

IFE=0THEM1G60

FRINT"ERRQR -~ FEY NOT FOUND"

GOTQIELO

368 RETURN WHEN FINISHED VIEWING®

e
7IF CODE @ "370%

FRINT"ERROR ~ ENTER NO. 1 TO ¢
GBOTOL6Z0
DNNFGOSURLAR0, 1505, 1690, 1695, 1700

KEV"



1677
1680

GOTO10O0
LIMFY |T "NEW
=
TNEUT " NE W
RETURN
TNFUT " NEW
RETURN
INFUT"NEW
RETURM
INFUTYNEW ZIF CODE?
RETURN

NAME?

BEANE

14 "9( 8l
1692
14695
1697
1700
1702
D999
&LHOOO
AHOOTF

STATE? ";5%
"i7%
LO00-6999 RECURD FILE SUBROUTINES

Ce AHOQLO--A0R0 FPACE
TE(SFE, 20

RECORD -

T4 (}:js;;, 10)

T (N, 20)
NS
T (A%,
2 E
SETH (D8, 16)

o0

PR TR

$ H\lfs RERE IR R AT Ea AN
SRE 0D

&OE0

HORY

LOPO--&H140 UNPOCL RECORD

ST L 1O :
MAIOS (R, II LK
MTIDS (e, X
A 1[1)1%&‘5"..[
OFMIDS (e, &7
tn—!'lln‘f»'h‘b

FE UL BY NUMBER

O IaF T

£190-624C FUT RECORD RY NUMBER —-—

Z%=R%

GOSURL10220

ZG=FRE (0)

RETURN

REM —= 6250-6304 GET

L6200
&210

NEXT AVAILARLE RECORD

FRINTD$; "READ “:RF$;",RO"
INFUTFR
FR=FR+1
FRINTD$
FRINTD$; "WRITE ";RF$:", RO"

FRINTFR
FRINTD®
15=FRE (Q)
RETURN
REM -~
S»“l EFT$ (5

6710-6510 SEARCH FOR KEEY ——

F’$ 10)

2=101: L4 ()
IN FeCL1+L2) /72)
IFLEFTS® (K%, 10) <LEFTH (KY$ (LL3) . 10) THENLE=LT
IFLEFTS (K%, 10) *LEFTS (KY$ (L 2) , 10) THENL 1=
IFLEFT® (K$, 10)=LEFTS (LY$ (LT) , 10) THENG64

APPENDICES

NUMBER —-
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&EBO L4=l.4+1

6790 IFL4<T7THENEGZ4A0

6400 E=23 IFLEFTS (KY$ (100) , 1) =CHR$ (127) THENE=1
6410 TFLEFTS (K%, 10) FLEFTS (KY$ (L) , 10) THENLIZ=L3+1
641“

Z=0THENLE=1
SETURN
FaOn b 1=k Ye (LT

6450-6540 RESAVE KEYS ON DISK —-
FF\INTD%' "OFEN KEY™

FRINTD$; "WRITE KEY"

FORT=1T0100

FRINTEY$ (1)

MEXTI

FRINTD$; "CLOSE KEY"

L5540 RETURN

6999 REM - 70007499 FUT NEW RECORD AND EEY --
7000 h('l“UE‘é» 10
2THENRETURN

7010 I
8 YHF N7")4O

7()4()
VARKTN
70
7OH4 1“14(“HF\$(F 1410 +CHRS (F
7070 TEF—1

TO7S EYS(I+1)=RY$S (D)

7080 MEXTI

7085 EY$ (LT =k

7090 GOSURLHAE0
7100 C:-USUH(:UU’

JBEA&1R0

RETURN
== 7S00~7999 GET RECORD ——

7840 Fl =ASC(MIDE (K1%,11,1))-1
7942 F2 AbC(MID$(k1$_1 _1))—

7544 N=F1X100+F2

7550 GOSURL15O

7560 GOSURLO0

7570 E=0

7580 RETURN

7999 REM —— B8000-8499 GET NEXT --—-
000 GOSWUESLI10

8002 K1$=CHR$(127)

BO04 FORI=2TOLZ2

8006 F1$=k 1$+CHRS (127)

8008 NEXTI

8010 IFE=1THENBOZO

BOZ20 LI=L3+1

8O0 *100THENROSO

BO40 IFEYS (LT) <K 1$THENBOLO

050 E=1

8053 RETURN

8060 F1=ASC(MIDE(KYS(L.3) ,11,1))~1
BOLZ F2=ASC(MIDS (KY$(LT) ,12,1))~1
8064 N=F1X100+F2

8070 GOSURL1S0

8080 GOSUR&LOIO

B0O0 E=0

B100 RETURN

2499 REM ~— 8300-899%9 DELETE KEY AND RECORD —-
300 GOSUBLZL10

IFE=QTHEN8S40

E=1

: RETURN

QQQU FORI=I.3TO99




8550
8560
8562
8564
8566
8568
8570
3580
3585
8590
8999
QOO0
FOLO

OS50
FOLO
FO70
00
2499
PEOO
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EY$S (D) =kYE(I+1)

NEXTI

EY$ (100) =CHR$ (127)
FORI=2TO12

EY$ (100) =kY$ (100) +CHR$ (127)
NEXTI

GOSURL450

E=0

Z3=FRE (Q)

RETURN

REM —— 9000-94%99 RESAVE RECORD ——
GOSURSLELO

IFE=0THENY040

E=1

RETURN

F1=ASC(MID$ (F1%,11,1))~1
F2=AGC (MID® (K1%,12,1))—1
N=F1%100+F2

GOSURLOLO

GOSURALLR0O

E=0

RETURN

REM —— 9300 INSERT K& AT FOS I -
FORZ1=1T0O21
FOS(Z1)=MIDS (FY$, Z1X%1Z-11,12)
MEXTZ1

EO$ (1) =k$

KY%=tO0% (1)

FORZ1=2T021

EY®=pY$+HOE(Z1)

NEXTZ1

RETURN

10179 REM %% 10140 GET ZF,ZR XX
10140 FRINTD®; "READ "3 ZF&; ", R"; IR
10150 Zé=" "

10160 FORZ1=1TOZL

1O170 GETZ14

10180 Z$=7%$+71%

10190 MEXTZI

10200 FRINTDS

TE=RIGHTS (7%, Z1.)
L FRINTD®

RETURN

REM %% 1C
FRIMTD®; " U
FORZ1=1T0ZL.
FRINTMID® (Z%,Z1,1) 3
MEXTZL

FRINT

FRINTDS

RETURN

Listing E.13

THE TREE-STRUCTURED METHOD

Some additional differences between the TRS-80 and the Apple

computers show up in this method. The roadmap on the Apple can have
ASCII codes only as high as 127 instead of the 255 allowed on the TRS-80.

This

restricts the Apple to 126 key-file blocks instead of the 254 available

on the TRS-80.

There are several places in the new parts of the subroutines that require

alterations from the TRS-80 listing, but I’ve covered most of these, such as
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the use of the KO$ array to replace the MIDS$ function.

Note that the string variable KW$ is introduced in the subroutine start-
ing at line 7000 to replace one of the STRINGS functions. KWS$ is filled
with ASCII 127s to fill in the parts of the two blocks created from the split
where the keys were removed. The TRS-80, you might remember, uses the
code 255 in the STRINGS functions that are being replaced.

On the Apple, do not use RESET where the text suggests you hit the
BREAK key after initialization. There is a provision for ending the program
by entering the selection number zero. This closes the files, which is
required on the Apple because of the way the system writes to the disks.

9 REM ~-- FROGRAM INITIALIZATION —-
1O D$=CHR®% (4)
12 SFg=" "

14 FORI=1T7Q7
16 GF$=5FP%+5F%
18 NEXTI
20 DIMEO®(21)
27 BF$=SF$+LEFT$(SF%,127)
24 IS5=FRE (0)
30 FRINTD$; "OFEN RECORDS,L.74"
22 RF$="RECORDS":RL=73
40 FRINTDS
SO PRINTD$j "OFEN KEY,L25S"
92 EF$="KEY":kL=254
60 FRINTDS
70 PRINTD®j; "READ KEY,R1"
72 GETRM$
74 FORI=1TO2S54
76 GETZ$
78 RM$=RM%+7%
80 NEXTI
82 FPRINT
F0 PRINTDS
99 REM —— 0100-04%90 CONTROL SECTION -——
100 HOME
110 FRINTTAR(1O) 3 “KEY FILE TEST
115 FPRINT
120 FRINTTAR(S) 3”1  INITIALIZE FILES"
120 FRINTTAER(S)3"2 FUT A NEW RECORD IN FILE"
140 FPRINTTAR(S) 3"3  GET A RECORD, GIVEN THE EEY"
150 FRINTTAE(S) ;"4 GET MEXT RECORD, GIVEN A KEY"
160 FPRINTTAB(ED) S DELETE A RECORD"
170 FRINTTAR(S) ;"6 ALTER AND REFLACE A RECORD"
180 FRINT
190 INFUT"  ENTER NUMBER OF SELECTION : "N
N=OTHENL S
IFNTLITHENZZO
IFN=6THEN240
0 FRINTTERROR — ENTRY MUST RE 1 TO &°
O GOTOLR0
ONNGOTOEOO, 700, 200, 1100, 1300, 1500
FRINTD®; "CLOSE"
END

== QT00-0699 INITIALIZE FILES FUNCTION —-

L RME=RM$+CHR$ (127)

NEXTI

LF$=KF$: ZL =kl 1 Z¢=RM$: ZR=1
GOSURL1O220

1%=LEFT$ (SF%, 12) +RIGHTS (RM$, 242)
z 2

GEOSURLOZ20




ZH=1LEFT® (SF%$, RL)

> ZF$=RF$: ZL=RL

D FORZR=1TO100

GASUR1 Q0220

MNEXTZR

FRINTDS; "WKITE “";RF$;" RO"

FRINTO

FRINTDS$

GOTOL1O0

}REM == 0700-0899 FUT NEW RECORD FUNCTION —-—
HOME

FRINTTAR(B) ; "FUT NEW KEY AND RECORD IN FILE™
FRINT

INFUT"NEW EEY? "ik$

FN%= %

EBOSURT7S0O0

IFE=1THEN790

FRINT"ERROR - DUFLICATE KEY"

GOTO730
E$=kN$
ZE=FRE (0)

INFUT"NAME? "3 N$

INFUT"ADDRESS? "; A%

INFUT"CITY? "3:C%

INFUT"STATE? "15%

INFUT"ZIF CODE? "3ZC%

INFUT"IS THE AROVE CORRECT (Y/M)7? ";0K$
IFOE$="Y"THENB?O

IFOES="N"THEN7QO

FRINT"ERROR - FLEASE ENTER Y OR N
GOTOB840

GOSUR7OOO

GOTO100

897 REM - 09001099 GET RECORD FUNCTION -~—
QOO HOME

910 FRINTTAR(LIL1) ¢ "GET RECORD GIVEN THE KEY"
QP20 FRINT

QPEO INFUTEEY? "ik$

Q40 GOSUR7S0O0O

QEO IFE=QTHENTRO

P60 FRINT! Y NOT IN FILE"

Q70 GOTOYE
P8O FRINT"NAME & "3iN$

P90 FRINT"ADDRESS @ "iA$

1000 FRINTCITY, STATE & ZIF & ";C#3;", "38sy" ";Z0%
FRINT

FRINT"FRESS RETURN WHEN FINISHED VIEWING'
GETOK S

GOTOLOO

REM -~ 1100-1299 GET NEXT FUNCTION - -

HOME

FRINTTARCLL) § "GET NEXT GREATER KEY"

FRINT
TINFLT " :
GOSURBLOO
IFE=0THENT 180

FRINT"END QF FILE":FPRINT® THERE IS NQ GREATER

R 2

GEOTOIB0
REM —= 1200-1499 DEL
HOME
FRINTTAR(11) s "DELE TC A RECORD"
FRINT

INFUT"HEY TO DELETE (OR END)? "gks
TRE®="END" THEN1 OO

GOBURBEON
PFE=0OTHING 390

PRINTYEEY NOT FOUND & NOT DELETED"
(GOTOLA400

FRINT"EEY DELETED"

1400 FRINT"FRESS RETURN WHEN FINISHED VIEWING®

TE RECORD FUNCTION

APPENDICES

KEY"
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1410
1420
1499
1500
1802
1504
15 1 (8]
15
1
1540
1550
1560
1870
158¢C
1890
1600
1610
1620
1&EO
1640
1650
1660
1670
1675
1677
1680
1682
1685
14687
1690
1492
14
1697
1700
1702
G969
HOOO
LOOY
HO10
=18}
&

HOT7O
&OT7E
HO77
LQBRO

6189
6120

GETOk
G0TO1
REM

HOME

FRINT
FRINT
INFUT
GOGLIE
IFE=0
FRINT
GOTOLS
FRINT
FRINT
FRINT
FRINT
FRINT
FRINT
INFLIT
IFNF
IFNF
FRINT
G0TAL
ONNFG
GOSLIE
GOTal
INFUT
RETUR
INFUT
RETUR
INFLUT

3
00
—— 1500-1699 ALTER RECORD FUNCTION —-.

TAR(10) ; "CHANGE DATA IN A RECORD"

MEEYT? "ibe

7500

THEN1S60

"ERROR — KEEY NOT FOUND"
10

"1, NAME 3 "3N$

"2. ADDRESS : ":A%

"Z. CITY & ";C%

"4, STATE ¢ ":6%

"S. ZIF CODE : "3;ZIC$%

"ENTER NO. OF FIELD TO CHANGE?T "iNF

ITHEN16S0

STHEN1670

"ERROR — ENTER NO. 1 TO 5"
620
QEUER14680, 1485, 1690, 1695, 1700
OO0

Q0

"NEW NAME? MiN$

N

"NEW ADDRESS? "jA%

N

YNEW CITY? "i;Ce

RETURN

TNFELT
RETUR
UNFLT

"NEW STATE? "3 8%
N
"NEW ZIF CODE?T "yZ%

RETURM
FEM

Ch=MI
T

N$ MI

—= H000-6999 RECORD FILE SUBRROUTINES ——

é\()lt‘)--éllﬁli FACKE RECORD -~

CEFTECZ0%,5)

ANEAEHCE+ DEHTCE
(0)

LOFPO-&1 40 UNFALE RECORD ——

I())
D%(R%.ll

D% (RS,
DE RS, &

'M[D%lﬁ%anHJ)

== H1G0-61R80 GET RECORD RY NMUMRER —-

FFM

ZR=Ns ZL=Rl: ZF$=RF $

GOSUE10140

Ré$=Z%

Z8=FRE (O)

RETURN

REM —— 6£190-6240 FUT RECORD EY NUMEBER —-

IR=N



6195
6197
6200
4210
o33 B
220
6249
6250
6260

6190
L4400
6410
6420
L4770
6440
6450
L4660
&L470
&480
6490
L5000
& 2
&T04
L5506
6508
H510

6 wiwle]
6560

ALa30
LER0
GEHOO
6610
bEH2R0
6999
7000
7010
7020
TOZE0
7040
7045
7050
7060
7062
7064
7066
7068

S E=1:IFLI

APPENDICES

ZFs=FRF%

ZL=RL

7Z%=R%

GOSUR102:20

ZG=FRE (O)

RETURN

REM —— &6250-63204 GET NEXT AVAILABLE RECORD NUMEER -——
FRINTD$; "READ "3RF$;",RO"

INFUTFR

FR=FR+1
FRINTD$
FRINTD$; “WRITE ";RF$3",RO"

FRINTFR

FRINTD$

Z5=FRE (Q)

RETURN

REM ~— 6T10-6510 SEARCH FOR KEY ——
V1$ LEFT%( 2100

LE2=10: L4 Q
LE=INT (L I+L2) 72

IFMIDS (RM%, LLE, 1) =CHR% (127) THEN6S40
IE ASL(MID$(RM$u

bdhuhlwl4m

L KY=7%

IFLEFT® (RY®, 10) *LEFTS (K$, 10) THEN&D40

N+1 g IFEN=21THENG4 4O

IFLEFTS (%, 10)=MID® (KY®$, KNX12-11, 10) THENLS80
IFLEFTS (%, 10)<MID$ (KY$, KN¥12--11,30) THENSGELLO
GOTQL400

Li=L3

L4=L4+1

IFL4 ATHENG 40

LE+1
TE=AGC (MIDS (RM$, L5, 1))
Fole=CHRS$ (127)

2 FORZ1=2T012

Ele=k1$+CHRE (127)
NEXTZ1
IFER=1 27 THENRETURN

TFLACATHENGT4O
FOTHEN&GOO

FRIONT"EEY FILE INITIALTIZATION ERROR!™
STOF

3

E=
E1$=MIDS GYS, FNY L1, 15
RETURM

E 7000-7499 FUT NEW RECORD AND EEY --
GOSURLELO
IFE=2THENRETURN
IFE=1THEN7040
E=1:RETURN
GOSURLZ2TO
KZ%=tY%
IFER=127THEN7 180
IFLEFT$ (%, 10) <LEFTH (KZ%, 10) THENKN=1
FORI=1TOZ1
FO® (1) =MID$ (KZ%, IX12-11,12)
NEXTI
FORI=21TOKN+1STEF~-1

217
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TO70
TO72
7074
70764
7078
7080
7082
7084
7086
7088
7090
7092
7100
7110

2 L4=L4r1 s TFLA=1OTHENT 1 €

8OO0
8010
8020
8OT0O
8040
8050
BOLOD
8070
8080
800
8100
8499
8500
8510
8520

8HIO

EOS (1) =kO%(I-1)

NEXTI

F1=INT (FR/100)

F2=FR-F1%100

EOS (KN) =LEFTS (K$, 10) +CHRE (F1+1) +CHRE (F2+1)
KY$=FO% (1)

FORI=2TO21

EY®=tY$+E06 (1)

NEXTI

ZFé=kF&$: ZL =KL ZR=KE+1

Z%$=kY%

GOSURTIORZ220

GOBURLOLO

N=FR: GOSURL190

E=0

IFMID$ (KY%, 241, 1)=CHR% (127) THENRETURN
EWS=CHR$ (127)

FORI=1TO7

EWs=HW$+E WS

> NEXTI

EWE=EWS+LEFTS (KW, 127)

2 L4=0:FORI=1TQ1O: IFASC(MIDS (RM%, 1,1))=127THEN7 144

IFASC(MIDS (RM$, I,1)) *LA4THENLA=ASC(MIDE (RM$, I,1))
NEXTI

1=0

I=T+1: IFAGC (MID$ (RMS$, I, 1))«
RWE=RM%$

RME=LEFT$ (RW$, 1) +CHRS (LA+1) +RIGHTS (RW$, 10~1-1)
EXe=MIDE (FYS, 121, 134) +LEF TS (KWs, 120)

FZH=MID%$ (Y%, | NHLEFTE (KWE, 1734)

ZF%=FF&: ZL=HI Bl ZH=kYS

GOEUR 0

CHTHEN7 148

Z&=RM&+LEFTS (KWS, 244) 5 ZF=11 GORUEIL(
E=0: RETURN
L4=0

FLEESTOF

COMIDS (RMS, La+1, 1))
SC(MIDS (RM$,L4,1)) ;7
Y

TEOO-7999 GET RECORD ~—
GOSURETE
1 QTHENZ G40

E=1
RETURN
F1=ASCMIDS (kis, 11 ,1))—1

< SCMIDS (B id, 10, 1)) 1
| DR
GASURS1EC
GOSUBLOID
E=0
RETURN

REM -= RB0O00-849%9 GET NEXT --
FK$=kE$+LEFT$ (5F%, 10) s E=ASC(MID$ (K$, 10, 1)) +1
E$=LEFTS (k$,9) +CHRS$ (E)
GOSURLT1O

IFE=0THEN7S40

IFLEFTS® (K1%, 1)< CHR%$ (127) THENBO&LO
E=1:RETURN
E=0:60T07540
GOSUR&L150
GOSURLOF0
E=0
RETURN

REM —— BE500-8999 DELETE KEY AND RECORD -—
GOSURETZ10

IFE=0THENBS40
E=1
RETURN
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FORI=1TO21

FEO% (1) =MID$ (KY%, I¥12~11,12)
NEXTI

FORI=KENTOZ0

S ROS (1) =kO0% (I+1)

NEXTI

FO$(21) =CHR* (127)

FORI=2TO12

EO$(21) =K0% (21) +CHR$ (127)
NEXTI

EY®=EO% (1)

FORI=2TO21

EY$=kY$+E 0% (1)

NEXTI

BE78 Z¢=kY$:s IF$=kF$: ZL =kl 1 ZR=KE+1
aEg0 ( UR1O220

REUPO k. =C
8600 Z9=FRE ()

84610 RETURN

8999 REM —— 9000-9499 RESAVE RECORD ~—
FOO0 GOSUR
FOLO IFE=0THENSO40

PORO k=1

FOIO RETURN

040 Fi=ASC(MIDH (K1%,11,1))~1
QO4L FR=ABCIMIDS (k1% 12, 1)) -1
044 N=FIiX100+F2

FOTO GOSURLOLO

FOLO GOSURSLL PO

QU700 E=Q

F0B0 RETURN

REM —— Q300 INSERT k$ AT FOS [ -
FORZ1=1TO21
EOE(Z1Y=MIDS (Y%, 20 %1211, 12)
NEXTZ1

QEIO KOS (1) =k
PEA0 KYE=HOS (1)
& FORZ TO21
FIY =t Y b +E O (Z 1)
FE7O NEXTZ1
PEBO RETURN
10139 REM %X 10140 GET ZF,ZR XX
10140 PRINTD®; "READ ";ZF%3" R"31ZR
10150 Z¢=" "
FORZ1=17T0QZL
TZ1%
O V4 VA EaS
10190 NEXTZ1
10200 FRINTDS
10202 Z$=RIGHT$(Z%,ZI1.)
10204 FRINTDS
RETURN
REM %% 10220 FUT ZF,ZR XX
FRINTD®; "WRITE "3 ZF%; " R"; IR
FORZ1=1T0ZL
FRINTMID® ¢Z%, 21, 1)
MEXTZ1
FRINT
FRINTDS
RETURN

Listing E.14
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TRACKING FREE RECORDS

The restriction of being able to use only 7 bytes on the Apple makes
using the bit map, suggested for the TRS-80, less practical. Instead, I have
included the subroutines required for using a LIFO (last in, first out) buffer
kept in a separate file. You could develop the routines to use the first part
of the record file as the LIFO buffer, but keeping it in a separate file
simplifies the programming.

The buffer must be initialized first. You can add this to the file initial-
ization routine in the main program. The number in record zero can be the
pointer and is initialized to one. The rest of the records contain all of the
numbers from 1 to 99. One hundred records can be written if you change
the 100 in line 15240 to 101. This IF statement should contain the number
of records plus one.

Popping consists of taking one number off the list and updating the
counter accordingly. That routine starts at line 15200. Record number zero
is read (it contains the stack pointer) and, in memory, incremented. It is
then checked against the maximum number of records in the file. If it is
greater (greater or equal to one more than the number of records), the
subroutine simply sets E equal to one to indicate that there are no records
left, and returns. If there are records left in the stack, the incremented
pointer is saved and the-next available free record number is read from
record number NR — 1. Setting E equal to zero indicates that the subroutine
was successful.

Pushing onto the stack works in a similar manner. This time the
pointer is decremented and the new record number is written to this file as
record number NR, which is the stack pointer.

Implementing these subroutines is not very complicated. You can
replace the subroutine starting at line 6250 by a GOTO 15200, using the
RETURN in that subroutine, or alter the other subroutines to call 15200
instead of 6250. Use the SEARCHER program to find the string 6250 and
it will return all of the statements containing it.

The only call to 15000 (push onto the stack) occurs in the delete
subroutine starting at line 8500. First, in order to salvage the record number
that is to be placed on the free list, insert line 8546 K$ = KO$(KN).
Eliminate the RETURN at line 8610 and write a routine starting there to
extract the record number from K$, assigning it to FR. Then call the
subroutine at line 15000 to return the record to the free list.

14999 REM - 15000 FUSH FR —-
000 FRINTDS; "READ FREE LIST, RO
O INFUTNR '

5 FRINTDS
0 IFNRFITHEN1S0S50
) Esl
D ORETURN
D E=0
1 0 NR=NFe-1
15070 FRINTDS
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FRINTDS; "WRITE FREE LLIST,RO"
FRENTNR

FRINTDS

FRINTD®: "WRITE FREE LIST,R":NR
FRINTFR

FRINTD®

E=O

RETURN

REM —~ 15200 FOF FR -

D PRINTDS: "READ FREE LIST,RO"
INFUTNK
FRINTO$

QOTHEN1E270

=1

RETURN

FRINTDS; "WRITE FREE LIGT,RO"
FRINTNR

FRINTDS

FRINTD$; “READ FREE LIST,R"jNR-1
INFUTFR

FRINTDS

FRETLIRN

Listing E.1§

PARAMETERS

Chapter 14 developed an array used to control the subroutine set. By
varying the values of the array, you can access different key-file systems.
The TRS-80 set uses more parameters than this Apple version. The
subroutine set for the Apple does not require the number of records per
block, because it does not block the records, and the first block in the
record file will always be record number one.

The Apple also requires the file name in the subroutines. This is passed
to the subroutines that replaced the TRS-80 GET and PUT statements as
ZF$. The subroutines that call these subroutines use KF$ and RF$. These
are also parameters and must be set in the initialization section. The key-file
subroutines also use RL and KL for the lengths of the records in the record
and key files. You can replace these variables in the subroutines with the
array elements CA(1) and CA(7). In the OPEN statements, remember to
add one to these values as you must leave room for the carriage return

character.

6149 REM —— 6150-6180 GET RECORD RY NUMEER -
6150 ZR=N:ZL=RL:ZF$=RF%

6160 GOSURIO140

6170 R$=Z%

6175 ZS5=FRE (0)

6180 RETURN

6189 REM —= 6190-6240 FUT RECORD BY NUMBER —-
6190 ZR=N

6195 ZF+=RF¢$

6197 ZL=RL

6200 Z%=R%$
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6210 GOSURILOR20

6218 ZE=FRE (O)

6220 RETURN

6249 REM —— 6250-6304 GET NEXT AVAILAEBLE RECORD NUMRER --
6250 PRINTDS; "READ "sRF®;",RO"

L2260 INFUTFR

6270 FR=FR+1

0 FRINTDS

FRINTD®; "WRITE "“sRF$:; " RO"

FRINTFR

FRINTD$

5=FRE (Q)

RETURN

REM - 63106510 SEARCH FOR KEY —-

- FT$ (GF%,CAD))

+H 14 EN= U

L2=CA(F) : L4=0

INT COLL+L2) 732

IFNID$(HM$ LZ,1)=CHR$ (127) THEN&S40

b R= QEC(MID$(RM$_L~,1))

TFs=kF$s IR=FE+ 15 ZL=kI.

' GOSUR10140

bY$=2%

IFLEFTS (KYS$,CA(F)) *LEFTS (K%, CA(D) ) THENELS4D
N=0

N 10 TFEN=CA (10) THEN&440

IFLEFTS (K%, CACF) Y=MID% (Y%, (KN-1) XCA(7)+1,CA(9)) THENSLSROD
IFLEFTS (K$,CA() ) “MIDE (KYS, (EN-1)XCA(7)Y+1,CACF) ) THENESRO
GOTOL400

L 1=(

La={.4+1

IFL4 CACLL) THENGZ4O

Tl
&H470 C(MID$ (RME,LE, 1))
6500 146=CHR$ (127)

FﬂF\Zl =2TOCA(T7)

171% $+CHFRS (12

NFXTZl

IF :

IF

-ﬁ“UBI”14U
ES

NRETURM
Lo ZR=RR+ 1

FTS(hYe, CACT)

2 CCACLL) THENGZSO

GD6E E=11 IFL L FOTHENASOO

6570 FRINT"EEY FILE INITIALIZATION ERROR'"

572 8T0F

& E=0

EERO K1$=MIDS (KY$, (EN-1) XCA(7)+1,CA(T7))

6600 RETURN

6610 E=1

6620 (BOTOLEF0

6999 REM —— 7000-749%9 PUT NEW RECORD AND KEY ——
7000 GOSUR&LHELO

7010 IF HENRETURN

IFE=1THEN7Q40

VEO E=1 i RETURN

7040 GDhUFéﬂﬁﬁ
7045 $

7050 =127THENY7 1 Q0

TOLO IFLEFT$(1$ CAN) <LEFTS (K Z%,CA (D)) THENKEN==1
7062 FORI=1TOCA (10)

7O6A EOS (1) =MID$ (KZ$, (1- 1) ¥CA(7)Y+1,CA(T))

7064 NEXTI

7068 FORI=CA(10) TOEN+1STEFR-

7070 EOS (1) =KK0$ (I-1)

707 NEXTI

7074 F1=INT (FR/100)




7076
78
7080
7082
7084
7086
7088
700
TOR2
7100

APPENDICES

F2mFR-F 1 %100
EO% (EN) =LEF TS (%, CA () ) +CHRS (F1+1) +CHRS (F2+1)
EY$=EOQ$ (1)
FORI=2TOCA(10)
EY$=EY$+EOS (1)
MEXTI
ZF$=kF$: ZL=kL 1 ZR=KE+1
4=k Y&
GOSURL10220
GOSUR6O10
N=FR: GOSUE6190
E=0
IFMIDS (kY%, (CAC1O) ~1) ¥CA(T7) +1, 1) =CHR$ (127) THENRETURN
EWE=CHR® (127)
ORT=1T07
Wb+l WE

NEXTI

EWs=HWS+_LEFTS (KW$, 127)
LA4=0:FORI=1TOCA(15) : IFASC(MID$ (RM$, I, 1)) =127THEN7 144
IFASC(MIDS (RM$, 1, 1)) *LATHENL4=ASC (MID$ (RM$, 1,1))
NEXTI

I=0

I=I+1: IFASC(MID® (RM$, I,1)) <
RWs=RM®

FM$=LEFTS (RW$, 1) +CHR$ (LL4—1) +RIGHTS (RW$, CA(15) ~I~-1)
EXE=MIDS(EYS, CALE) ,CAULZ)) +LEFTS (KW$,CA(14))

7% MIDi(%Y% 1,CALAY ) +LEFTS (WS, AL

Bz ZRe=kE+ 1y Zh=kY %

“BTHEN7 148

i RETURN

L4=0

La=L4+1: IFL4I=10THEN7184
STOF

IFAQP(M1D$(HM$ L4+1, 1)) <1277
th(MID%!RM% L4, 1)) ZFe=kF
$=7%

$u ZL =kl ZR=tFy GORUET 0140

EN=FN+12 IFMIDS (lY$, (KN-1) XCA (7)1, 1) ICHRS (127) THEN7190

P2 GOTO705E0

7439
7500
7510
7520
7530
7540
7542
7544
7550
7560
7570
7580
7999
gOOo
8010
8020
800
B8040
[={sl=14]
8060

8070 GO

8080
80OF0
8100
8499
8500
81O
8520
|50
8540
8542

REM —— 7500-7999 GET RECORD --—
GOSUBSLZ1D

IFE=0THEN7540

E=1

RETURN

F1=ASC(MID%$ (}1%,CA(P)+1,1)
F2=ASC(MID% (K14%,CA(7) ., 1)

N=F 1 % 100+F2

GOSUERL150

GOSUR&LOO

E=0

RETURN

REM == 8000-8499 GET NEXT --
K=k $+L_EFT$ (SF$,CA(P) ) :E=ASC (MID® (K%, CA(F) , 1))
EE=LEFTS$ (K$,CA(F) 1) +CHR% (E)
GOSUBLZ10

IFE=0THEN7540

IFLEFT$ (1%, 1) <CHR$ (127) THENBO&LO
E=1:RETURN

E=0:GOTO7340
SURGL1E0

GOSURGOFO
E=0

RETURN

REM —— B500-8999 DELETE KEY AND RECORD ——
GOSUBGZ1O

IFE=0THENBS40

E=1

RETURN

FORI=1TOCA(10)

EO$ (1) =MID$ (KY$, (I-1)XCA(7)+1,CA(7))

223
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8544 NEXTI

8550 FORI=KNTOCA(10)—1

8555 KO$ (1) =HO%(I+1)

NEXTI

EOS (21) =CHR% (127)

FORI=2TOCA(7)

EO% (CA L)) =kO% (CA(LO) ) +CHRS (127)

NEXTI

BE70 EY$=K0% (1)

8u72 FORI TOCA(10)

8574 EYS=HY$+HOS (1)

8876 NEXTI

8578 Z$=kVY$; ZF$=KF$: ZL =kl 5 ZR=RE+1

8580 GOSURIOR20

BHIO E=0

BLHOO Z5=FRE(0O)

8610 RETURN

8999 REM -- Q000-2499 RESAVE RECORD -—=

F000 GOSURLI1O

9HLO IFE=0THENROQ4Q

E=1

RETURN

F1=ASC(MID$ (1%, CA(9)I+1,1))
2=ABC(MID® (K1%,CH7) 1))

044 N=F1X100+F2

050 GOSURLOLO

FOAO GASURL1P0

QO70 E=0

FOB0O RETURN

QAW REM = Q500 INSERT k% AT FOS 1 -

PTOO FORZ1=1TOCAC1O)

EOS(Z1)=MIDE (kY$, (Z1-1)XCA(7)+1,CA(7))

NEXTZ1

KY®= +Y$+Pn$(ZH
NEXTZ
B0 RETURN
10179 REM %% 10140 GET ZF.ZR *x
10140 PRINTDS; "READ "-ZF%-”,R“;ZR
10180 Zg=> v
10160 FORZ1=1TOZL.
10170 GETZi4%
10180 Z®=Z%+71%
10190 NEXTZ1

0200 PRINTDS
» I$=RIGHT®(Z%, ZL)

FRINTDS
RETURN

REM %% 10220 FUT ZF,ZR %X
) FRINTD®; "WRITE "31ZF$;",R"3 2R
FORZ1=1T7T0QZL
FRINTMIDS (Z4,21,1);
NEXTZ1
FRINT
FRINTD®
10280 RETURN

Listing E.16
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KEY-ONLY AND MULTIPLE-KEY FILES

A key-only file is simply a key-file system that is missing the record
file. Putting together the subroutine set for a key-only file requires the same
subroutine set developed in Chapter 14, replacing the record file subroutines
(the ones between lines 6000 and 6309) with return statements and altering
the control array.

The key-only file requires, as the name implies, only one file, and that
is the one that contains the keys. TRS-80 listing 15.1 can be used to create
the key-only file program for the Apple. The initialization section in the
lines prior to line 100 is the same as for the Apple listing in Chapter 14,
except that the OPEN statement is not required for the record file and the
DATA statement contains values for the key-only file. The file initialization
section, in lines 100 through 160, can be modified in the same way as the
subroutines were. The STRINGS$ function must be replaced with a
FOR/NEXT loop or other equivalent coding and the PUT and GET
statements can be replaced with calls to the appropriate subroutines.

Using more than one key file requires the same types of alterations as
are required on the TRS-80. You can double-subscript the CA array or
write other subroutines that transfer the contents. For the extra parameters
needed by the Apple, the same two options are possible. With the double-
subscripted version, two alpha arrays, KF$ and RF$, can hold the file
names. Using the subroutines, just set the values of KF$ and RF$ when you
redefine the CA array. Using a double-subscripted CA array and two alpha
arrays is a more effective solution. If you find a need to have more files ac-
cessed by one program than the Apple allows, use the subroutine to
redefine the parameters and have it close the files and again open the ones
in the file that are to be accessed next. This is a slow method, but you will
probably never run into the situation, as the 16 files allowed on the Apple
allow for eight key-file sets (five if you use the LIFO file) open at the same
time.

PROGRAMMING

The information given in this section contains few listings, most of
which can be easily translated to Applesoft. There are some advantages in
the Apple system that you should incorporate into your programs. The
general input and output subroutine set is easier to program on the Apple,
using HTAB, VTAB, and GET, than the INKEY$ routine suggested for the
TRS-80 (see listing 19.1). Creating screen layout sheets and data file layout
sheets are also simple tasks. The assembly language on the Apple is
probably the place where you can improve the performance of your pro-

grams more than on the TRS-80. .
The Apple has an assembler built into the integer BASIC system. Using

the assembly language to access the disk requires some very fancy routines
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and is probably not worth the effort. You may be able to use a data
diskette, located in a second drive, in much the same way as the TRS-80
uses the disk, to pack and save numerics more efficiently or to compress
out the field delimeters by doing your own blocking. This can be done by
making use of the RWTS subroutine described in Chapter 9 of your
Apple’s DOS manual. This subroutine allows you to access the disk by
sector and track numbers. Remember that BASIC will use the DOS con-
troller, which involves an index (the directory) and a dynamic allocation
system that is a little more complicated than using the disk as if it were a
large array.

The assembler can be used to program the input/output subroutines, or
at least part of them. The product of the assembler is machine language,
which is much faster than BASIC. If you have some screen control
subroutines that operate too slowly in BASIC, try the assembler. To save
and load the machine language program, either use the BSAVE and
BLOAD commands, or, if it is short enough, use POKE statements in a
BASIC program. If you use BSAVE to store your program, remember that
it will not load or save with your BASIC program. You must use BSAVE
or BLOAD it separately.

Using the assembler for string handling is not very simple. Finding the
string in memory may prove to be an impossible task. Using POKE to place
the string in a known area in memory will probably prove slower than
manipulating it in BASIC.,

As far as what to do when things go wrong is concerned, there are
many utilities you can use on the Apple, such as the ones that follow.
BASIC can manipulate programs for listings, searches, and other debugging
functions if the program is first stored on the disk in a text file. The
next section has a routine for doing this, plus two routines for handling the
stored program.

UTILITY PROGRAMS

Some utility programs are helpful in creating and debugging programs
on the Apple computer. In the preparation of this book, I have used a few.
Listed in this section are three programs. The first is used to form the
text file from a program, which is used to set up a file for the other two
programs. The text file is called PROGRAM and should be deleted from
the disk prior to running the first program.

This first program, called SAVER, is a text file and so is easier to
append to an existing program. You first load into memory the program
that you want to run through one of the utilities. Next, enter EXEC
SAVER (assuming you saved the first program on disk as SAVER). When
it has been read into memory, you will see that it resides below the program
you want to save by line number. Then enter the command RUN and your
program will be listed to the text file PROGRAM. Now you can load into
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memory the utility you want to run.

Dé=CHR% (4)

FRINTD4: "OFEN FROGRAM"
FRINTDS; "WRITE FROGRAM"
LISTIO,

FRINTDS; "CLOSE"

END

LI SEFRN

Listing E.17

LISTER will give you a listing of the program. You can alter it to
modify the spacing, split the line at colons (to form a decompressed listing
as in Appendix C for the TRS-80), or any of a number of other things that
may prove helpful in debugging or writing the programs.

10 De=CHR$ (4)

12 INFUTH"TITLE? ":T%

14 FRH2

16 PRINTTS

20 FRINT: FRIMNT

21 FR#O

22 INFUT"FRESS RETURN TO LIST? ": 0%
I DE=CHRS (4)

24 PRINTDS; "OFEN FROGRAM"
30 FRINTDS; "READ FROGRAM"
40 As=" M

S50 GETCe

A0 IFT$=CHRS (173) THEN10O
70 AB=A+CS

80 GOTAS0

100 FR#2

110 FRINTA$

) FR#O

Z0 60740

Listing E.18

SEARCHER is very useful in debugging. It is a modification of
LISTER. It will list only those statement lines that contain a string equal to
the one you enter. It will not ignore spaces, which is its one drawback. You
could add some code that would cause it to ignore the spaces, but then it
would be more difficult to enter a string that requires spaces.

10 De=CHR% (4)
2 INFUT"STRING TO SEARCH? "j8Hs$
14 LS=LEN(58%)
24 FRINTDS: "OFEN FROGRAM"
Z0 PRINTD$; "READ PROGRAM"
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40 Ag=" Y
SO GETCH
SO TFCE=CHRS (13 THEN1OO
70 A%=ASHCE

80 GOTOEO
8 LENM(AS)

L=
) FORI=1TOZ1-.8+1

S0 NEXTT
IFL=0THENSO
PR
1t FRINTAS
18S FPR#O
160 GUTR40

Listing E.19

IFMIDS (A%, 1,L8) =888 THENL =]

There are some very fancy alterations that can be done to these
programs. You can first write a renumbering routine, reading the program
and keeping a simple cross-reference list of the old and new statement
numbers, then rereading the program, writing it to a new text file, and
changing the old line numbers to the ones on the cross-reference list.
Remember to change the statement numbers in the GOTO and GOSUB

statements.
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GLOSSARY

ALPHANUMERICS The set of all numbers, letters, and other symbols
used by the computer. One character of this set (i.e.,
one alphanumeric) is stored by the computer in 1
byte.

ASCII American Standard Code for Information Inter-
change. It defines how a set of characters is encoded
into the bit patterns for storage in the computer
memory, mass storage devices, and on transmission
lines. It seems to be standard for just about everyone
except IBM, which uses its own code, EBCDIC.

BASIC Beginner’s All-Purpose Symbolic Instruction Code.
Originally written to teach the basics of computer
programming, BASIC is now a widely used language
of the smaller mini- and microcomputers.

BINARY DIGIT Same as binary integer. See BINARY INTEGER.

BINARY INTEGER One or zero. The decimal integers are the numbers 0
through 9. Counting in binary, using binary integers,
to five is: 0, 10, 11, 100, 101. Also called BIT.

BINARY SEARCH A method of searching through a list that has been
set into alphabetical or numerical order. See Part

Two, Chapter 2.

BIT Abbreviation of Binary Integer. See BINARY
INTEGER and BINARY DIGIT.

BUBBLE A method of sorting a list by swapping the positions
of elements that are out of order. The process is
repeated until all elements are in the proper order.
Also called the Push Down sort.

BYTE A collection of bits (usually 8 bits) used by the
computer as one unit. One byte will store one
character.

CHIP An integrated circuit. This is a small device that con-

tains many logic circuits used in the computer.
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CPU

CURSOR

CURSOR
POSITIONING

DATA FILE

DEBUG

DISK

DYNAMIC

FILE

FLOW CHART

FORMAT

HARD DISK

HASHING METHOD

JUNK VARIABLE

Abbreviation for Central Processing Unit. This is the
brain of the computer. .

The indicator on the computer’s display that tells
where the next character will print.

Placing the cursor at some chosen place on the
screen to control where the next character(s) will be
printed.

A file in which is stored information in the form of
data. See FILE.

To correct programming errors.

A platter coated with a magentic material that is
used to store data from the computer. Disk can also
be used to mean the device used to read and write
the data, or to mean both the device and the platter
as one unit. :

Always changing. A dynamic file allocation system is
one in which the deleted record’s space is immediate-
ly made available for any new records that may
require it.

Any collection of information. On disk, a file is
generally a specified area, which can be referenced
by name, containing data (a data file), a program (a
program file), system commands (a system file), or
other collection of information that can be stored
like data.

A chart using symbols and lines to represent the
logic of a program.

(1) As applied to a disk, the act of putting certain
system information on the platter so that the
operating system can locate the data. (2) A design or
arrangement.

Any one of a number of disk platters that are rigid,
as opposed to flexible. This term is also used
sometimes to refer to the disk drive that uses that
type of disk.

One type of key-file system where the position of the
key is determined by a formula applied to the key
itself,

Any variable that is used as a temporary place to
store data during some processing, but is not
required before or after the processing.

Abbreviation for kilobytes. See KILOBYTE.
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KEY FILE The index for a record file. This could also be used
to refer to both the key and the record file.

KILOBYTE 1024 bytes. This is a unit used to measure the size of
memory, disks, tapes, and other storage devices. 8 K
means 8 x 1024, or 8192.

M Abbreviation for megabyte. See MEGABYTE.
MACRO-STATEMENT Any statement that calls up a series of other

statements, particularly in an assembly language
program, that are inserted into the text in its place.

MEGABYTE 1,048,576 bytes. This is another storage unit like the
kilobyte, but about 1,000 times larger. See also
KILOBYTE.

MEMORY A data storage area. Usually, this refers to the

random-access memory (RAM) that is used in the
processor of the computer, but could also refer to
the mass storage devices (i.e., disk memory).

MICROCOMPUTER Any computer using a microprocessor as its main
CPU. See also MICROPROCESSOR; CPU.

MICROPROCESSOR A single integrated circuit (‘‘chip’’) with all of the
logic functions for a computer. It is the base for a
microcomputer.

MINIFLOPPY A trademark of Shugart Associates, now in common
use, meaning a 5V-inch diskette or minidiskette.

NESTING A programming technique. The most common
nesting is in loops, where one loop will be inside the
other, and in subroutines, where one subroutine is
called by another.

NYBBLE A collection of 4 bits used by a computer as one
unit. Nybble started as a pun on the word byte, as a
nybble is 4 bits instead of the 8 bits in a byte, and it
stuck. See BIT; BYTE.

PARAMETER In subroutines, a variable whose value controls, to a
greater or lesser extent, what the subroutine is to do.

PROGRAM FILE A file in which is stored program statements. See
FILE.

PUSH DOWN This is another term for a bubble sort. See
BUBBLE.

RAM Random-access memory. This is the memory in the

computer that stores the program statements and
user data. This does not refer to disk memory nor
does it refer to ROM memory. See also DISK;
MEMORY; MASS STORAGE.
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READ/WRITE HEAD

ROADMAP

ROM

SECTOR

SEQUENTIAL

SUBROUTINE

TRACK

TREE-STRUCTURED

WORK VARIABLE

On a disk or tape drive, the device that actually
magnetizes the surface when writing and converts the
magnetic pulses to electrical pulses when reading.

In the tree-structured method, an indicator that
shows the order in which the blocks are to be read
to maintain the sorted order.

Read-only memory. This is special memory set up in
the computer with set values that can never be
altered. This is usually used to store the information
needed by the computer to operate before any
commands are given, like the BASIC interpreter
program, and the instructions on how to load in the
disk operating system.

A division of the disk, usually equal to 256 bytes.
One sector is read from or written to the disk in one
operation by the computer.

By number, with no number left out in the order.

A series of statements that can be called from a
single statement. When the subroutine is completed,
it will return and resume execution of the program at
the statement immediately following the statement
calling the subroutine.

A division of a disk that contains several sectors (the
number varies depending on the disk). Physically,
the track is in the shape of a circle on the disk
platter.

A type of key-file method where the search for a key
involves making several decisions on the block within
the key file to load next in pursuit of the key.

A junk variable. See JUNK VARIABLE.
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algorithms, 55
alphabetical-array method, §5, 79, 91,
97, 98
arrays:
virtual, 154
parameter, 111, 120, 122, 136
assembly language, 40, 165

base-two numbering, 29
BASIC:

assembler, 7

interpreter, 7
binary search, 30, 43, 81, 90
binary system, 29, 32
bit, 3
block splitting, 97, 114
byte, 3

central processing unit (CPU), 7
COMMON, 109
computer languages:
assembly language, 40, 165
compiled, 8, 165
compiler-based, 109
interpretive, 7, 165
machine language, 7, 165
control section, 60, 63, 130
cross-reference list, 122
cross-reference table, 172
cursor positioning, 151

delete, 40, 75
disk operating system (DOS), 7
diskette, 2
disks:
backup, 3
drives:
alignment of, 3
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fixed/removable, 2
number of, 3
floppy, 2, 3
formatting, 9
hard-sectored, 2
soft-sectored, 2
timing holes, 2
documentation, 159
dynamic file allocation, 8

error code, 65, 74, 81
error-message routine, 149

FIELD, 16
field delimeter, 150
files, 8
alphabetical-array, 57
data, 153
designator, 131
dynamic allocation, 8
initialization, 60, 69, 129
key, 53
key-only, 99, 117, 137
linked-record, 135
maintenance, 159
multiple-key, 99
names of, 132
random-access, 13, 16, 132, 135
record, 117
sequential, 13, 57, 79, 82, 132
temporary, 154
tree-structured, 57
first in, first out (FIFO), 102, 106
flow charts, 39
formats:
fixed, 150
free, 150
formatting, 9
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FORTRAN, 109
free-record index method, 99
free-record list, 101

GET, 16
hashing methods, 53, 69, 98

indexes, 53
free-record, 103, 114
bit, 103

initialization, 21, 60
program, 130

keys, 53
duplicate, 74

last in, first out (LIFO), 102, 106
layout sheets:

data-file, 154

report, 160

screen, 159
linked-record method, 176
locator, 53

machine language, 7
macro-statements, 40
MERGE, 162

microcode, 7

microprocessor, 7
mnemonics, 7

multiple record blocks, 47, 51

nesting, 43

OPEN, 16

parameters, 40, 99, 109, 129, 149, 150,

155, 165

array, 111, 120, 122, 136
pointer, 53, 135
programs:

errors in, 76, 96

overlays, 143

posting, 160

skeleton, 145

utility, 172, 173

decompressing, 172

PUT, 16

question mark, 151

records, 13
format of, 18
length of, 18
roadmap, 57, 89, 97, 98, 114, 120, 123

screen displays, 159
search, 40, 81
routines for, 95
sequential, 115
sectors, 1, 3
sorting, 21
bubble, 21
direct, 21
push-down, 21
stacks, 101, 106
subroutines, 18, 39, 109
general input, 40
input-output (I/0), 151

terminology, 15
tracks, 1
tree-structured method, 53, 89, 115, 176

variables, 109
virtual array, 154






More than just another disk manual, Microcomputer Disk
Techniques will help the microcomputer user squeeze every
bit of use out of a disk system. The author shows how
sophisticated methods used on larger computers may be
implemented on a personal computer.

A complete introduction prepares programmers new to disk
~ systems for the advanced techniques presented later in the
book. The careful organization of the material allows readers
already somewhat familiar with disk techniques to jump in at
the level of their particular experience.

Among the many specific aspects of disk use detailed in this
volume are random access and sequential files, key files,
hashing, tree-structured files, parameter-driven subroutines,
and, finally, the art of programming itself.

Paul Swanson is head of DataWorks, Inc., a computer
consulting firm supplying software applications for
microcomputers and minicomputers. His interests include
amateur astronomy and electronics design, and he has written
several articles on personal computing.
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