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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. 

Section III 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 B$. 

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 B$. 
3. Set B$ 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 toa 
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 FOR!I=1 TO 100 

60 LSET B$ =B1$ 
7O (PUT 151 

80 NEXT i 

9ONCLOSEA 

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 FOR!I=1 TO 100 

50 DATA SAVE DC BS( ) 
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 methods 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 

simpliesty use five characters. 
nbwnre 

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 B$. 

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) =Z$ +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 B1$, 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// 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=2THEN300O 

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’ 

TSO ,GOTOUZ0 

160 IFN>100THEN140 

170 INPUT’’NAME’’;N$ 

180 INPUT‘‘ADDRESS”’;A$ 

190, INPUT CITY; Cs 

200 INPUT’’STATE’’;S$ 

210" INPUT ZIPCODE =zZ5 

220 GOSUB6010 

230° PUT-1;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$ 

4210 PRINT (Ciiy 2 6s 

420 PRINT’‘STATE : '’;S$ 

430° PRINT <ZIP CODE: ;Zs 

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: 

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 PRINT’’ENTER THE FIVE LETTERS ONE AT A TIME:”’ 
40 FORI=1TO5 
50 PRINT’’ENTER LETTER NO.’’:1; 
60 INPUTAS(I) . 
70 NEXTI 
80 FORI=1T04 
90 FORJ=2T06-1 
100 IFA$(J)> =A$(J—1)THEN140 
110 A$ =A8(J) 
120 AS(J) SAS (U1) 
130 A$(J—-1)=A$ 
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140 NEXTJ 
150 NEXTI 

160 FORI=1TO5 
170 PRINTI;A$(I) 
180 NEXTI 
190 STOP 

FOR J=2 
Oe N tel —| 

EXCHANGE 
AS (J) WITH 
A$ (J-1) 

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 A$(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 WS =INKEYS:IFWS$ =" THEN614 

For systems which do not have the equivalent of INKEY$, use an input 

statement for line 614 that inputs W$. 

10 CLEAR1000 
20° OPEN Re AL Ee NAMES“ 
30 FIELD1,255ASB$ 
40 CLS 

50 INPUT’‘ENTER 1 TO WRITE, 2 TO READ, 3 TO PRINT OR 4 TO 
SORT"’;N 

60 IFN<1THEN80 
62 IFN>4THEN80 

70 ONNGOTO100,300,500,700 

80 PRINT’‘ERROR—ENTER 1, 2, 3 OR 4” 
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$ 
TIOZAINPUTECIEY:; C$ 

200 INPUT’‘STATE’’;S$ 

Z210SINPUT-ZIPICODESZ$ 
220 GOSUB6010 
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PUT1,N 

GOTO40 
CLS 

PRINT’*READ A RECORD FROM THE FILE’ 

INPUT’’ENTER RECORD NUMBER”’;N 
IFN> =1THEN360 

PRINT’‘ERROR— RECORD NUMBER MUST BE 1 TO 100” 
GOTO320 

IFN> 100THEN340 
GET1,N 

GOSUB6090 

PRINT’’NAME : ’’;N$ 

PRINT’‘’ADDRESS : ’’;A$ 

PRINIZCCINY 2.2eCs 

PRING: STATE Ss 

PRINT’’ZIP CODE : ’’;Z$ 

GOTO50 

INPUT’’START AT RECORD NO.’’:N 

INPUT’’END AT RECORD NO.”’;N1 

IFN<1THEN640 

IFN1<NTHEN640 

IFN1>100THEN640 

FORI =NTON1 

GET1,| 

GOSUB60390 

IFLEFT$(B$,1) =’ ’’THEN620 

LPRINTI;N$ 

LPRINTA$ 

PPRuNe, , Se, «Ls 
LPRINT’’ ”’ 

NEXTI 

GOTO40 

PRINT’’ERROR—ENTER RECORD NUMBERS CORRECTLY” 

GOTO500 

PRINT‘’‘’SORTING THE FILE’’ 

FORI=1TO9Y9 

GET1,1 

B1$ =B$ 

FORJ =2T0101 -1 

GEI iJ 

IFLEFT$(B$,1) =" ‘’THEN800 

IFLEFT$(B1$,1)="’ ’’THEN770 

IFB$ > =B1$THEN800 

PUT1,J—1 

LSETB$ =B1$ 

PUT1,J 

B1$ =B$ 
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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$(B1$,59,5) =Z$ +B2$ 
6070 LSETB$ =B1$ 
6080 RETURN 

6090 N$ =LEFTS$(B$,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 sorting routine (lines 700 through 830) is very similar to the short 

alphabetical sort program. The basic difference is that the equivalent of 

A$(J —1) is not available, and B1$ 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 Set 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 
Size 

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. 
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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: 
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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- 

r ‘‘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 

5} 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 PRINT’‘ENTER 1 TO WRITE, 2 TO READ, 3 TO PRINT,” 

52 INPUT‘’’4 TO SORT OR 5 TO SEARCH’’;N 

62 IFN>5THEN80 

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 N1$. 

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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CLEAR1LOOO 

OFPEN"R",. 1, "NAMES: 1" 

FIELD1I, 255ASEBS 

CLS 
FRINT"ENTER 1 TO WRITE, 2 TO READ, 3 JO PRINT,” 

INFUT"4 TO SORT OR S TO SEARCH";N 

IFN« 1THEN89O 

IFN2STHENSO 

79 ONNGOTOQ100, 200, 500, 700, 900 

BO PRINT"ERROR - ENTER 1, 2, 3% OR 4" 

99 GOTQO4O 
100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

eh 

22 

230 

249 

ZOO 

S10 

20) 

ond @) 

340 

Bho! 

260 

3709 

SBO 

S90 

400 

4190 

420 

430 

440 

500 

sia 

520 

S30 

S40 

oa0 

360 

379 

Sia 

3B 

o90) 

600 

610 

St2 

614 

620° 
630 

640 

650 

7090 

710 

7AS 

720 

730 

740 

750 

Te 

754 
760 

765 

779 

CLS 
FRINT"WRITE A NEW RECORD TO THE FILE" 
INPUT"ENTER RECORD NUMBER (1 TO 100)"3N 
IFN2=1THEN160 
PRINT"ERROR - RECORD NUMBER MUST BE 1 TO 100" 
GOTO120 
IFN>100THEN1 40 
INFUT "NAME" 3 N& 
INFUT" ADDRESS"; AS 
INFUT"CITY"3C% 
INFUT"STATE";S% 
INFUT"ZIF CODE"; Z% 
GOSUR6O10 
PUT1,N 
GaTa4o 
CLS 
PRINT"READ A RECORD FROM THE FILE" 
INFUT“ENTER RECORD NUMBER"; N 
IFN=1THENZ6O 
PRINT"ERROR -— RECORD NUMBER MUST BE 1 TO 100" 
GoTasz0 
IFN? 1OOTHENS4O 
GET1,N 
GASUREO90 
FRINT"NAME 2 "sN% 
FRINT"ADDRESS : ";A% 
FRINT'CITY : "30% 
FRINT"STATE : "38% 
FRINT'ZIF CODE : "sZ# 
saTase 
INFUT"START AT RECORD NO. "3N 
INFUT"END AT RECORD NO. "sN1 
IFN 1 THEN640 
TFN1<NTHEN640 
IFN1 21O0THENG4O 
FORI=NTON1 
GET1,1 
GOSUB6O90 
IFLEFTS$(BS,1)=" "THEN62O 
PRINTNS 
FRINTAS 
PRINTC#s", "3S%3" "274 
PRINT" " 
FRINT"PRESS ENTER FOR NEXT NAME AND ADDRESS” 
WH=INKEY$s LFWS=""THEN6G14 

NEXTI 
GOTO40 
FRINT'ERROR - ENTER RECORD NUMBERS CORRECTLY" 
BoTO500 
PRINT"SORTING THE FILE” 
FORI=1T099 
SWw=0 
GET1,14 
Ris=BS 
FORJ=2TO101-1 
GETi.d 
IFLEFTS(B$,1)=" "THENSOO 
IFLEFTS#(B1%,1)=" "THEN770 
IFRS >=E1$THENSOO 
SW=SW+1 
FUT1,J—-1 
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780 LSET BS=Bis 
79O  PUTI.S 
800 B1S=RS 
B10 NEXTJ 
815 IFSW=OTHENI=99 
820 NEXTI 
B20 GOTO4a 
900 INFUT"ENTER NAME TQ SEARCH":N1s 
910 Li=O0:L2=101:L4=0:L5=LEN(N1S) 
920 LS=INT((Li+L2) /2+.5):GET1,L3 
920 IFLEFT#(E%,1)="_"THENLSETBS=STRINGS (10, 255) 
940 IFLEFTS$ (B$,L5) 2NISTHENLETL2=L3 
950 IFLEFT$ (R%,LS) <N1STHENLETL1=L2 
960 IFLEFTS$ (R%,LS) =N1$THENZS8O 
970 L4=L4+1 
980 IFL4<7THEN9Z2O 
990 PRINT" NAME NOT FQUND - IT IS NEAR RECORD NO. "3L% 
1009 GOTOSO 
6000 STOF 
6010 BIS=STRINGS (255, 32) 
6020 E2K=STRINGS (20, 32 
6030 MIDS (B1%,1, 20) =N€+R25 
6040 MIDS (Kids, 21,20) =ASt+R2 
6045 MIDS (B18, 41,16) =C#+B2$ 
6050 MIDS (Ei, 57, 2) =S$+B24 
6060 MID$(B1%, 59,5) =2$+B25 
6070 LSET BS=B1is 
6080 RETURN 
6090 N&=_LEFTS (BS, 20) 
6100 AS=MIDS (ES, 21,20) 
6110 C$=MIDG (B®, 41,15) 
6120 S$=MID$ (BS, 57,2) 
61250 Z#=MID$ (BS, 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 CLEAR19000 

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

30 FIELD1, 255ASES 

40 CLS 

50 PRINT"ENTER 1 TO WRITE, 2 TO READ, 3 TO PRINT," 

52 INFUT"4 TO SORT OR S TO SEARCH" N 

60 IFN«1THENSO 

62 IFN>STHENSO 
70 ONNGOTO100, 300, 500, 700, 9700 

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

90 GOTO40 

100 CLS 

110 FRINT"WRITE A NEW RECORD TO THE FILE" 
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120 INPFUT"ENTER RECORD NUMBER (1 TO 100)"3N 
130 IFN?=1THEN1460 
140 FRINT"ERROR -— RECORD NUMBER MUST BE 1 TO 100" 
150 GOTO1Z0 
160 IFN>10O0THEN140 
165 INPUT"KEY"sK% 
170 INFUT"NAME";NS 
180 INPUT" ADDRESS" ;A% 
190 INPUT"CITY";C% 
200 INPUT"STATE"; 8% 
210 INFUT"ZIF CODE"; Z% 
220 GOSUBR6O10 
2EO FUTIVN 
240 GOTO40 
z00 CLS 
310 PRINT"READ A RECORD FROM THE FILE" 
320 INFUT"ENTER RECORD NUMBER";N 
330 IFN=1THENZ60 
340 PRINT"ERROR - RECORD NUMBER MUST BE 1 TQ 100" 
350 GOTOZ20 
360 IFN>100THENS40 
370 GET1,.N 
380 GOSUB6090 
ZBS PRINT'KEY : "sk¢ 
=90 PRINT"NAME =: "ENS 
400 FRINT"ADDRESS : "sA% 
410 PRINT"CITY = "3C% 
420 PRINT"STATE : "39% 
420 PRINT"ZIF CODE : "3Z¢ 
440 GOTOSO 
500 INFUT"START AT RECORD NQ."sN 
510 INFUT"END AT RECORD NO."3N1 
520 IFNS1THENG4O 
530 IFN1¢NTHENS4O 
540 [FN1?100THEN640 
550 FORI=NTON1 
560 GET1i,1 
570 GOSUB6090 
575 FRINTES 
580 FRINTNS 
590 FRINTAS 
600 PRINTC#3", "sS$3" "3Z$ 
610 FRINT" 
612 PRINT"FRESS ENTER FOR NEXT NAME AND ADDRESS" 
614 W=INKEYS: IFWS=""THENG14 
20 NEXTI 

630 GOTO4O 
640 PRINT"ERROR - ENTER RECORD NUMBERS CORRECTLY" 
650 GOTGS00 
700 FRINT"SORTING THE FILE" 
710 FORI=1TQ99 
715 SW=0 
720 GET1,1 
730 B1IS=BS 
740 FORJ=2TO101-1 
750 GET1,d 
752  IFLEFT$(R$,1)=" "“THENBOO 
754 IFLEFTS(B1%,1)=" "THEN770 
760  IFBS>=B1$THENSOO 
765 SW=SW+1 
779 PUT1,J3-1 
780 LSET BS=B1$ 
790 FUTI,d 
B00 BIs=RH 
B10 NEXTJ 
815 IFSW=OTHENI=99 
820 NEXTI 
B20 GOTO4O 
900 INFUT"ENTER KEY TQ SEARCH":Nn1s 
910 L1=0:L2=101:L4=0:LS=LEN(N1$) 
920 LE=INT((L1+L2) /2+.5):GET1,L3 
930 IFLEFTS(E$,1)=" "THENLSETES=STRINGS$ (10, 255) 



940 

ho) 

960 

9709 

98O 

990 

1000 

6000 

6010 

6020 

6025 

6030 

6040 

6045 

6080 

6060 

6070 

6080 

6090 

6095 

6106 

6110 

6120 

6120 

6140 

IFLEFT$ (BS,LS) 2NISTHENLETL2=L3 

IFLEFTS (B$,LS) <NISTHENLETLI=LS 

IFLEF TS (B$,LS) =NISTHENS80 

L4=L4+1 

IFL42 7THEN?20 
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FRINT"EEY NOT FOUND — IT IS NEAR RECORD NO. "sL2 
GOTOsa 
STQOF 
B1S=STRINGS$ (255 
2$=STRINGS (20, 

MID¢ (B1%,1,10) =K$+R2$ 
MID$(BR1%, 11,20) =N$+R2H 
MIDS(B1S, Z1, 20) =AS+R2S 
MID#(B1%,51,16) =CH$+R2s 
MIDS (R1$,67,2) =S$+B2% 
MIDS (B1%, 69,5) =Z$+ B25 
LSET RS=B1$ 
RETURN 
ES=LEFTS (BH, 10) 
NS=MID$ (BH, 11,20) 
AS=MIDE (RS, Z1, 20) 
C#=MID$ (B#, 51,16) 
SS$=MID$(BS,67,2) 
Z$=MIDS (BS, 69,5) 
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: 

eGet a specific record from disk and unpack it. 

ePut a specific record on disk after packing it. 

eFind (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: 

elItem 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 
PM a ee ety 

psp Spbge peg My ties ja LKy pRpEpSy Sp Ty OpRy Sy TEs Bed a al hes ea ey ee 

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$,1,8) =I$ +B2$ 
6040 MID$(B1$,9,20) =D$ +B2$ 

6050 MID$(B1$,29,2) =MKI$(S%) 
6060 MID$(B1$,31,2) =MKI$(O%) 
6070 MID$(B1$,33,2) =MKI$(R%) 
6080 LSET B$=B1$ 
6090 RETURN 

6100 I$ =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 
variables 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). Mm Bh WN — 

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 GOSUB6150 
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 calls 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 IT 

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. 

| FIRST RECORD l l SECOND RECORD | l THIRD RECORD l 

1 73 85 158 170 243 255 

EACH RECORD COULD a EXPANDED 
TO FILL THESE AREA 

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 85 

SECOND RECORD 86 170 

THIRD RECORD ies Zon 

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 — Bx3. 

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$ = R1$. 

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 CLEARZOOO 

290 OQPEN"R", 1, "NAMES: 1" 
30 FIELDI, 255ASH4 
49 CLS 
SO PRINT"ENTER 1 TO WRITE, 2 TO READ, 3 TO FRINT," 
32 INPUT"4 TO SORT OR S&S TO SEARCH":N 
69 IFN# 1THENSO 
62 IFN>STHENSO 

79 ONNGOTO100, 500, 500, 700, 900 
80 PRINT"ERROR - ENTER i, 2, 3 OR 4" 
90 GOTO40 
100 CLS 
110 PRINT"WRITE A NEW RECORD TO THE FILE" 

120 INFUT"ENTER RECORD NUMBER (1 TO 100) "3N 
130 IFN>=1THEN1460 

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

160 IFN?100THEN140 

165 INFUT"KEY"s KS 

1790 INFUT" NAME"; Ns 

180 INFUT"ADDRESS"; A 

190 INPUT"CITY":Cs 
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200 INFUT"STATE":S#% 

210 INFUT"ZIF CODE";Z% 

220 GOSUR6010 

220 GOSUB7O40 

240 GOTO40 

200 CLS 

310 FRINT"READ A RECORD FROM THE FILE" ‘ 

320 INFUT"ENTER RECORD NUMBER";N 
320 IFN2=1 THENS60 

340 FPRINT"ERROR — RECORD NUMBER MUST BE 1 TO 100" 

250 GOTOZ20 

S60 IFN? LOOTHENS40 

379 GOSUBR7O000O 

280 GOSUBR6090 

S85 PRINT"“KEY = "sk4 

390 FRINT"NAME = "3N 

490 FRINT"ADDRESS =: "3A 

BOOM RUN play? cy rie 3 

420 PRINT“STATE + "3S% 

430 PRINTY ZIP CODE 3s "sZ% 

449 GOTOSO 

500 INFUT"START AT RECORD NO."3N 

310 INFUT"END AT RECORD NO."3N1 

S20 ITFN® 1THEN640 

S30 TFN NTHENS40O 

540 IFN1=100THEN640 

300 FORI=NTONI1 

560 N=I:GOSUB7000 

S79 GOSUB6090 

S75 FRINTES 

S80 FRINTNS 

590 FRINTAS 

COOMPERINTE Ss 2 eS heey Ue 7 

619 FPRINT" " 

612 FRINT"FPRESS ENTER FOR NEXT NAME AND ADDRESS" 

614 WH=INKEYS$: IFWH="" THEN614 

290 NEXTI 

630 GOTO40 

640 FPRINT"ERROR —- ENTER RECORD NUMBERS CORRECTLY" 

650 GOTOSOO 

700 FRINT"SQRTING THE FILE" 

710 FORI=1T099 

715 SW=0 
729 N=1:GOSUR7900O 

730 R4$=RS 

740 FORJ=2TO0101-1 

7350 N=J: GOSUB7000 

Via IFLEFT#(R$,1)=" "THEN80O 

7354 IFLEFT$ (R4%,1)=" "THEN765 

760 IFR#>=R4$THENSOO 
763 SW=SW+1 

779 N=J-1: GOSUB7040 

780 Rt=R45 

790 N=J: GOSUB7040 

g00 R4$=RS 

810 NEXTJ 

815 IFSW=OTHENI=99 

820 NEXTI 

830 GOTO40 

900 INFUT"ENTER KEY TO SEARCH";N1¢ 

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

920 LS=INT((LI+L2) /2+.5) sGET1,.LS 

930 IFLEFT$ (RS, 1)=" “THENLETRS=STRINGS$ (10, 255) 

940 IFLEFT#(R$,LS) “NISTHENLETL2=L3 

950 IFLEFTS# (R#,LS) <NI#THENLETLI=LS 

960 IFLEFT$(R$,LS) =NISTHENS80O 

970 L4=L4+1 

980 IFL4= 7THEN?20 

990 FPRINT"KEY NOT FOUND - IT IS NEAR RECORD NQ."3Ls 

19000 GOTOSS 

6000 STOP 

6010 RIS=STRINGS (255, 22) 



50 MULTIPLE RECORD BLOCKS 

6020 RAK=STRINGS (20, 22) 
6025 MID#(R1$,1,10) =k S+R2s 
6020 MIDK(R1$, 11, 20) =NSt+R2s 
6040 MIDS (R1$, 21,20) =ASt+R2S 
6045 MIDS(R1$, 51,16) =CH+R2$ 

6050 MIDS(R1%$,67, 2) =S$+R2es 

6060 MID$(R1%, 69,5) =Zh+R26 
6070 RE=R1S 

6080 RETURN 
6090 KS=LEFTS$ (RS, 10) 

6098 N#=MIDS (RH, 11,20) 

6100 AS=MIDS (RE, 21, 20) 

6119 CH=MIDS (RS, 51, 16) 
6120 SS$=MIDS(RS, 67,2) 

6120 ZH=MIDS (R$, 69,5) 

6140 RETURN 

7O0O BSIMT ((N-1) /3) sR=N-BkS 

7005 B=R+1 
7910 GET1,5 
7OZO RS=MIDS (BS, RXB5-84, 85) 

7O30 RETURN 

7940 RiIS=RS 

7950 GOSUB7000 

7060 BIS=BS:R$=R1$ 

7979 MIDS (B1$,R*85-84,; 85) =RS 

7080 LSET RS=B1% 
7985 FUT1,& 

70?Q0 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=!: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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eB= 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-BxXxA 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 

SEARCH 

RECORD 
NAME 

MATCHING 
KEY = REC SINO: 

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 FORI=1TO10 

7030 N=N+ASC(MID$(K$,I,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 MKI$ 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 
7800 
8000 
8500 

9000 

Put a new key and record into the file. 

Get a record from the file, given the key. 

Get the next sequential record from the file, by key. 

Delete a record from the file, given the key. 

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. NnNkWND = 

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: 

e 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. 



oP ss 

190 

20 

30 

40 

so 

69 

99 

100 

110 

120 

130 

140 

150 

1690 

170 

180 

1990 

200 

210 

220 

230 

240 

499 

699 

7090 

719 

720 

730 

740 

759 

769 

779 

780 

Th} G) 

PIS 

800 

810 

820 

B20 

840 

850 

B60 

870 

B80 

890 

895 

899 
900 

910 

920 

930 

940 

9359 

960 

979 

980 

999 
100 

KEY-FILE TEST PROGRAM 

EM -— 0010-0090 PROGRAM INITIALIZATION -- 
CLEARZ000 

REMK*XTHIS STATEMENT RESERVED FOR DIM STATEMENTS xx 
OPEN“R, 2. “RECORDS: 1" 
FIELD1, 255SASRS 

[et al ab NP ates SUT Ca San YG 

FIELD2, 255ASKY$ 

REM -—- 9100-0490 CONTROL SECTION —- 
Ces 

FRINTTAR(20)3 "KEY FILE TEST" 

PRINTTAB(10)3 "1 INITIALIZE FILES" 

PRINTTABR(10)3"2 PUT A NEW RECORD IN FILE" 

FRINTTAB(10)5;"3 GET A RECORD, GIVEN THE KEY" 

PRINTTAB(10)3;"4 GET NEXT RECORD, GIVEN A KEY" 

PRINTTAR(10)3;"5 DELETE A RECORD" 

PRINTTARK(10)3;"6 ALTER AND REPLACE A RECORD" 
FRINT 

INPUT" ENTER NUMBER OF SELECTION";N 

IFN“ 1 THEN220 

IFNS<=6THEN240 

FRINT"“ERROR — PLEASE ENTER A NUMBER FROM 1 TO 6" 

GOTO190 

ONNGOTOSOO, 700, 9700,1100, 1700, 1500 

REM =— 0500-0699 INITIALIZE FILES FUNETION —- 

REM -- 0700-0899 FUT NEW FEY AND RECORD FUNCTION —-— 

CES: 

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

PRINT 

INFUT"NEW KEY" SK 

ENS=ES 

GOSUB7S00 

IFE=1THEN7990 

PRINT"ERROR —- KEY ALREADY IN FILE" 
GOTO720 

KS=KNS 

INPUT"NAME" 3 NS 

INPUT" ADDRESS"; AS 

TNPUTAIET TY23 GS 

INFUT"STATE";S% 

DINE er ZU OD ei sree 
INFUT"IS THE ABOVE CORRECT (Y OR N) "3 QkS 

IFOR$="Y"THEN890 

IFOR¢="N"THEN7T0O0O 

FRINT"ERROR —- FLEASE ANSWER Y OR N" 

GOTQ840 

GOSUB7000 

GOTO100 

REM —— 9900-1099 GET RECORD GIVEN EEY FUNCTION —— 

GES 

PRINTTAR(22) 3 "GET A RECORD GIVEN THE KEY" 

FRINT 

INFUT"KEY" sks 

GOSUB7500 

IFE=OTHEN980O 

FPRINT'EEY NOT IN FILE" 

GOTO930 

FRINT"NAME : "“3NS 

FRINT"ADDRESS =: "sAS 
GLEN olny wa SLAbe: AND: Zor Soe GSeoo, er Se ats vhs 2s 

1010 PRINT 

102 O PRINT"FPRESS ENTER WHEN FINISHED VIEWING" 

1030 WS=INKEYS: IFWH=""THENIOZO 

1040 GOTO100 

1099 REM --— 1100-1299 GET NEXT FUNCTION —— 

11900 CLS 

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

ibs hee O PRINT 

1130 INFUT"KEY"; KS 

114 © GOSUBRBOOO 

1150 IFE=OTHEN1180 oa 

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

OFA © GOTO1100 

61 
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1180 PRINT"KEY : "sk 
1190 GOTO980 
299 REM -- 1200-1499 DELETE RECORD FUNCTION —- . 

1300 CLS 
1210 PRINTTABR(25); "DELETE A RECORD" 

320 PRINT 
INPUT"KEY TO DELETE (QR END) "sk% 
IFE$="END" THEN100O 

1250 GQSUBB500 
1260 IFE=OTHENIS90 
1370 PRINT"KEY NOT FOUND AND NOT DELETED" 
1380 GOTO1400 
1390 PRINT"KEY DELETED" 
1400 FPRINT"FRESS ENTER AFTER READING MESSAGE" 
1410 WE=INKEY$: IFWS=""THEN1410 
1420 GOTO10EO 
1499 REM -- 1500-1699 ALTER RECORD FUNCTION -—— 
1500 CLS:FRINTTAR(20):"CHANGE DATA IN A RECORD":FRINT 
1510 INPUT"KEY"; Ks 
1520 GOSUBR7S00 
1530 IFE=OTHEN1S60 
1540 PRINT"ERROR - KEY NOT FOUND" 
1850 GOTOISI1O 
1560 FRINT"1. NAME : "sN# 
1570 PRINT"2. ADDRESS : "SAS 
1580 PRINT". CITY : "sc 
1590 FRINT"4. STATE : “3S 
1600 FRINT"S. ZIF CODE : "3Z 
1610 PRINT 
1620 INFUT"ENTER NUMBER OF FIELD TO CHANGE";FN 
1620 IFFNS 1 THENI6S50O 
1640 IFFNS=STHEN1670 
1650 PRINT"ERROR - FLEASE ENTER A NUMBER FROM 1 TO 5" 
1660 GOTO1420 
1670 ONFNGOSUB1680, 1685, 1690, 1695, 1700 
1675 GOSUB9I000 : : 
1677 GOTO100 
1680 INPUT"NEW NAME": Ns 
1682 RETURN 
1685 INFUT"NEW ADDRESS" ;As 
1687 RETURN 
1690 INPUT"NEW CITY";C& 
1692 RETURN 
1695 INPUT"NEW STATE";S% 
1697 RETURN 
1700 INPUT"NEW ZIF CODE"; z$ 
1702 RETURN 

5999 REM —-— 6000-6990 RECORD FILE SUBROUTINES —- 
6000 STOP 

6909 REM -—— 6010-6080 PACK RECQRD -- 
6010 RIS=STRINGS (85,32 
6020 R2S=STRINGS (20 
6025 MIDS$(R1$, 1,10) =K$+R2$ 
6030 MIDS (R1$, 11,20) =NS+R2¢ 
6040 MID$(R1$, 21, 20) =AS+R2S 
6048 MIDS (R1$,51,16) =C$+R25 
6050 MID$(R1$, 67, 2) =S$+R26 
6060 MIDS$(R1$, 69,5) =Z$+R2$ 
6070 RS=R1s 
6080 RETURN 
6089 REM -- 6090-6140 UNFACK RECORD —- 
6090 KS=LEFTS (R&, 10) 
6095 NS=MID$(R$, 11,20) 
6190 AS=MIDS (RS, 31, 20) 
6110 C$=MID$(R$,51, 14) 
6120 S&=MIDS (RH, 67,2) 
6130 Z$=MID$ (RS, 69,5) 
6140 RETURN 
6149 REM -~ 6150-6180 GET RECORD BY NUMBER —- 
6150 B=INT((N-1) 73) 2 R=N-EOkS 
6155 B=BR+1 
6160 GET1,& 
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6170 R$=MIDS$ (BS, RXBS-B4, BS) 
6180 RETURN 
6189 REM -- 6190-6240 FUT RECORD RY NUMRER —— 
6190 R1is=Re 
6200 GOSUB6150 
6210 B1S=B4 
6220 MID$(B1$,Rk85-84,85) =R1¢ 
6230 LSET BS=E14 
6225 FUTL,E 
6240 RETURN 
6249 REM -- 6250-6205 GET NEXT AVAILABLE RECORD NUMBER —- 
6250 GETi,1 
6260 Bi$=B¢ 
6270 FR=CVI (LEFT$(B1$,2))+1 
6280 MEIS (LEFT (E1%,2))=FR 
6290 LSET RS=R1i¢ 
6200 PUT1,1 

6308 RETURN 

6999 REM —-- 7000-7499 FUT NEW RECORD AND KEY -——- 

7499 REM --— 7500-7999 GET RECORD —- 

7999 REM --— 8000-8499 GET NEXT -- 

8499 REM -—- 8500-8999 DELETE KEY AND RECORD —- 

8999 REM -— 9000-9499 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 
OIM 
OPEN 
FIELD 

CONTROL 
DISPLAY 
SELECTIONS 
INPUT 
CHOICE AND | 
BRANCH 

PARAL IZE 

(DIFFERENT 
FOR EACH 
KEYaRNIBES) 

PUT NEW 
RD RECORD 

IN FILE 
INPUT DATA 
GOSUB 7000 

GET RECORD 
INPUT KEY 
GOSUB 7500 
DISPLAY 
RECORD 

GET NEXT 
INPUT KEY 
GOSUB 8000 
USE GET 
RECORD TO 
DISPLAY 

DiS Esie 
RECORD 
INPUT KEY 
GOSUB 8500 

ALTER RECORD 
INPUT KEY 
GOSUB 7500 
DISPLAY 
INPUT 
CHANGES 
GOSUB 9000 

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 ina 

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 CLEAR1000 

20 INFUT"FROGRAM NAME"; PNS 

Say (al SNM Oe Al INES 

40 LINEINFUT#HI, AS 

30 AA=EQF (1) 

60 A=0 

79 A=A+1: IFA>LEN (AS) THENZS00 

BO C=ASC (MID$(A%,A,1)) 

90 IFC S8AQNDC +47THEN7O 

100 A=A+1 

110 IFMID$(A%,A, 3) 4 >"REM" THEN2Z00 

120 A=A+3; B=LEN (AS) 



130 LFRINTMIDS (A%,A, B-A) 

IFAA=OTHEN4SO: ELSE STOP 200 

Listing 9.2 

—- 0010-9090 FROGRAM INITIALIZATION —- 

KEY-FILE TEST PROGRAM 

KATHIS STATEMENT RESERVED FOR DIM STATEMENTS x 

CONTROL SECTION — O100-0490 

O500-0699 

O700-08B99 

9900-1099 

A Cree, 

1200-1499 

1SO00=1699, 

6000-6990 

6010-6080 

6090-6140 

6150-6180 

6190-6240 

6250-62305 

7900-7499 

7500-79-79. 

8000-8499 

8500-8999 

9Q00-9499 

Listing 9.3 

INTTAACLZE, BrBeES (SECTION! — 
FUT NEW KEY AND RECORD FUNCTION - 

GET RECORD GIVEN KEY FUNCTION — 

GET NEXT FUNCTION - 

DELETE RECORD FUNCTION —- 

ALTER RECORD FUNCTION — 

RECORD FILE SUBROUTINES —- 

FACE. 

UNFPA 

GET 

FUT 

GET 

FUT 

GET 

GET 

RECORD — 

CE RECORD — 

RECORD BY NUMBER — 

RECQRD BY NUMBER — 

NEXT AVAILABLE RECORD NUMBER —- 

NEW RECORD 

RECORD — 

NE = 

AND KEY — 

DELETE FEY AND RECORD — 

RESAVE RECORD — 
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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). 

9 REM -- 0010-0090 FROGRAM INITIALIZATION -- 

10 CLEAR2000 

20 REMKKTHIS STATEMENT RESERVED FOR DIM STATEMENTS Xx 

30 OFEN"R",1, "RECORDS: 1" 

40 FIELD1, 255ASES 

BO OREN Rs 2a che Ys Le 
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60 FIELD2, 255ASKY$ 
99 REM -- 0100-0490 CONTROL SECTION —- 
100 CLS 
110 PRINTTAB(20):"KEY FILE TEST" 
120 PRINTTAR(10)3"1 INITIALIZE FILES" 
130 PRINTTAB(10);"2 FUT A NEW RECORD IN FILE" 
140 PRINTTAR(10)3;"% GET A RECORD, GIVEN THE KEY" 
150 FRINTTAR(10)3;"4 GET NEXT RECORD, GIVEN A KEY" 
160 PRINTTAB(10);"5 DELETE A RECORD" 
170 FRINTTAR(10);"6 ALTER AND REFLACE A RECORD" 
180 PRINT 
190 INFUT" ENTER NUMBER OF SELECTION";N 
200 IFN<1THEN220 
210 IFNS=6THENZ40 
220 PRINT"ERROR - PLEASE ENTER A NUMBER FROM 1 TO 6" 
230 GOTOI90 
240 ONNGOTOSOO, 700, 900, 1100, 1300, 1500 
499 REM -- 0500-0699 INITIALIZE FILES SECTION —- 
500 K1$=STRINGS (255, 255) 
SiO FORT=1T06 
520 LSET KY$=K1¢ 
520 FUT2,1 
540 NEXTI 
550 BRis=STRINGS (255, 32) 
560 FORI=1T024 
570 LSET BS=B1¢ 
580 FUT1I,I 
S90 NEXTI 
600 GET1,1 
610 Bis=Bs 
20 MID$(B1i$,1,2) =MEI#(1) 

630 LSET Be=B1s 
640 FUT1,1 
650 GOTO1LO0 
699 REM -— 0700-0899 FUT NEW KEY AND RECORD IN FILE FUNCTION —— 
790 CLS 
719 PRINTTAB(16)3;"FUT NEW EEY AND RECORD IN FILE" 
720 PRINT 
730 INFUT"NEW KEY" sk% 
740 ENSSKS 
750 GOSUBR7S00 
760 IFE=1THEN79O 
770 PRINT"ERROR - KEY ALREADY IN FILE" 
780 GOTO7z0 
790 ES=ENS 
79S INFUT "NAME" NS 
800 INFUT" ADDRESS": As 
B10 INFUT"CITY":C% 
820 INFUT"STATE":Ss 
820 INFUT"ZIP CODE": 74 
840 INFUT"IS THE ABOVE CORRECT (Y OR N) "sak 
850 IFORS="Y"THENS9O 
860 IFQES$="N"THENTOO 
870 FRINT"ERROR - PLEASE ANSWER Y OR N" 
eso GoTas4a 
890 GOSUBR7000 
892 STOF 
895 GOTOLOO 
899 REM -- 0900-1099 GET RECORD GIVEN KEY FUNCTION —— 
900 CLS 
910 PRINTTAB(22);"GET A RECORD GIVEN THE KEY" 
920 PRINT 
930 INFUT"KEY" ses 
940 GOSUR7500 
950 IFE=OTHEN9S8O 
960 PRINT"KEY NOT IN FILE" 
970 GATOIZ0 
980 FRINT"NAME : "2N¢ 
990 PRINT"ADDRESS : ":A$ 
1000 PRINT"CITY, STATE AND ZIF : "3C%3;", "sS$s" “379 
1010 PRINT 
1020 PRINT"PRESS ENTER WHEN FINISHED VIEWING" 



1030 

1040 

1099 

1100 

1110 

1120 

1120 

1140 

1150 

11460 

1170 

1180 

1190 

eo, 

120a 

1280 

1290 

1400 

1410 

1420 

1499 

1300 

PSO 

1520 

1530 

1540 

1550 

1560 

1570 

1580 

P37 

1600 

1410 

1620 

1620 

1640 

1650 

1660 

1670 

146735 

LOTT, 

1680 

1682 

1685 

1687 

1690 

1692 

1695 

L697 

1700 

1792 

S999. 

6000 

6009 

6010 

6020 

6025 

6030 

6040 

6045 

6050 

6060 

6070 

6080 

6089 

THE HASHING METHOD 

WS=INKEY$: IFWE=""THENLOZO 
GOTO19e 
REM —-—- 1100-1299 GET NEXT FUNCTION —- 
CLS 
PRINTTAR (22); "GET NEXT GREATER KEY" 
PRINT 
INFUT "KEY" SES 
GOSURBOOO 
IFE=OTHEN1180 
PRINT"END OF FILE. THERE IS NO GREATER KEY" 

GOTOL1100 

PRINTVBREY 2 “sks 

GOTO?8O 

REM -- 1200-1499 DELETE RECORD FUNCTIQN -—- 

CLS 

PRINTTAB (25) 5 "DELETE A RECORD" 

PRINT 
INFUT"KEY TO DELETE (OR END) "sk¢ 
IFE#="END" THENIOO 
GOSUBBSOO 
IFE=OTHEN1 390 
FRINT"KEY NQT FOUND AND NOT DELETED" 
BOTO1400 
FRINT'KEY DELETED" 
FRINT"FRESS ENTER AFTER READING MESSAGE" 
WS=INEEYS: IFWS=""THENI410 
GATO1OO 
REM -- 1500-1699 ALTER RECORD FUNCTION -- 
CLS:FRINTTAB (20); "CHANGE DATA IN A RECORD": FRINT 
INFUT"REY" 3 KS 
GOSUE7S00 
IFE=OTHEN1S60 
FRINT"ERROR — KEY NOT FOUND" 
GaTaisio 
PRINT’. NAME : "sN% 
PRINT"2. ADDRESS : "AS 
PRINT’. CITY : "3C% 
FRINT"4. STATE : "38% 
PRINT"S. ZIF CODE : "3Z% 
PRINT 
INFUT"ENTER NUMBER OF FIELD TO CHANGE"; NF 
IFNF<1THEN1 650 
IFNF4=STHEN1670 
FRINT'"ERROR - FLEASE ENTER A NUMBER FROM 1 TO 5" 
GOTO14620 
ONNFGOSUE1 680, 1685, 1690, 1695, 1700 
GOSUBIOOO 
GOTO100 
INFUT"NEW NAME": N$ 
RETURN 
INFUT"NEW ADDRESS"; AS 
RETURN 
INFUT"NEW CITY"3C% 
RETURN 
INFUT"NEW STATE"; S% 
RETURN 
INPUT"NEW ZIF CODE"; Z% 
RETURN 
REM -- 6000-6990 RECORD FILE SUBROUTINES -—- 
STOF 
REM -- 6010-6080 FACK RECORD —— 
R1IS=STRINGS (85, 22) 
R2$=STRINGS (20, 32) 
MIDS (R1$, 1,10) =KS+R26 
MIDS (RIS, 11,20) =NS+R2 
MIDS (RIS, S1, 20) =AS+R2S 
MIDS (R1#, 51,16) =C$+R2% 
MIDS (R1%, 67, 2) =SHt+R24 
MIDS (RIS, 69,5) =Z$4+R29 
ReER 1S 
RETURN 
REM -- 6090-6140 UNFACK RECORD —- 

71 
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6090 ER=LEFTS# (RS, 10) 
6095 N¢=MIDS(RS, 11,20) 
6100 AS=MIDH(RG, S1, 20) 
6110 CH=MIDS(R#,51,16) 
6120 S$=MID$(R#, 67,2) 
6130 Z€=MIDS(RS, 69,5) 
6140 RETURN 
6149 REM -- 6150-6180 GET RECORD BY NUMBER —— 
6150 B=INT((N-1)/3) sR=N-BKS 
6155 B=R+1 
6160 GET1,B 
6170 RS=MIDS (BS, R*k85-84, 85) 
6180 RETURN 
6189 REM -- 6190-6240 FUT RECORD BY NUMBER —— 
6190 Ris=R% 
6200 GOSUR6150 
6210 BAS=ES 

MID$ (R1i%,RX85-84, 85) =R1is 
LSET BS=B1$ 
FUT1,B 
RETURN 
REM --— 6250-6305 GET NEXT AVAILABLE RECORD NUMBER 

6250 GET1,1 
6260 B1IS=He 
6270 FR=CVI (LEFT$(B1%,2))+1 
280 MID#(B1%,1,2) =ME IS (FR) 

6290 LSET RS=B1% 
6300 FUT1,1 

5 RETURN 
REM -- 6210-6510 SEARCH FOR KEY -- 
K1IS=STRINGS (10,32 
KS=KS+K1$s KN=0 
FORI=1T010 
EN=KN+ASC (MID$(K$,1,1)) 

NEXTI 
EN=EN-INT ((KN-1) /6) 6 
GET2,EN 

6280 FORI=1T021 
6390 HIS=MIDS(EKYS, 1k12-11,12) 
6400 IFLEFTS (K1$, 10) =LEFT$ (K$, 10) THEN6500 
6410 NEXTI 
6420 K1iS=STRINGS (10,255) 
6430 FORI=1TO021 
6440 IFLEFT$ (K1%, 10) =MIDS (KY, [k12-11, 10) THEN6480 
6450 NEXTI 
6460 E=2 
6470 RETURN 
6480 E=1 
6490 RETURN 
6590 E=0 
6510 RETURN 
6999 REM -- 7000-7499 FUT NEW RECORD AND KEY —- 
7000 GOSUBRSZLO 

IFE=2THENRETURN 
IFE=1THEN7O40 
E=1: RETURN 
GOSUBRG250 

7OSO HS=LEFTS (KE, 10) +MEI$ (FR) 
7060 EZS=KYS 
7070 MIDS (HZ, 1k12-11,12) =Ks 
7OB8O LSET EYS=EZ$ 
7090 FUT2,EN 
7100 GOSURGO1O 
7110 N=FR:GOSUBR6190 
7120 E=o 

7130 RETURN 
7499 REM -- 7500-7999 GET RECORD -- 
7500 GOSUBREZ10 
7510 IFESOTHEN75S40 
7520 E=1 
7520 RETURN 
7540 N=CVI(MID# (1%, 11, 2)) 
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7350 GOSUB6150 

7560 GOSUBR6O9O 

7570 E=0 
7580 RETURN 
7999 REM -— 8000-8499 GET NEXT —- 
8000 E=1:RETURN 
8499 REM —— 8500-8999 DELETE KEY AND RECORD —— 8500 GOSUB6310 
8510 IFE=OTHENSS40 
8520 E=1 
8520 RETURN 
8540 EZ$=KYS 
8550 MIDS (KZ$, I1k1 2-11, 12) =STRINGS (255, 12) 
8560 LSET KY$=KZ% 
8570 FUT2, EN 
B8S80 E=o 

8590 RETURN 

B999 REM -- 9000-9499 RESAVE RECGRD —— 

9900 GOSUBR6210 

9O190 IFE=OTHEN9O40 

9020 E=1 

9020 RETURN 

9040 N=CVI (MIDS (16, 14,2) ) 
9050 GOSUB6010 a 
9069 GOSUBR46190 

9070 E=0 
9080 RETURN 

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 IS KN 

6370 

GET 
KEY BLOCK 
NO. KN 

6380-6410 
6500-6510 

IS KEY E20 
ON BLOCK RETURN 

6480-6490 

Ex] 
RETURN 

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. 
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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 
SEARCH 
VARIABLES 
L1=0 
L2=101 
L4*0 

AVERAGE 
LIMITS 
ele 
—r 3 

6350-6360 

IF HIGHER 
OR LOWER, 
SET EMORIE2 
AS REQUIRED 

SUCCESSFUL 
E=0 
K2$=KEY FOUND 

RETURN 

INCREMENT 
SEARCH 
COUNTER L4 

NO 
SEARCHES 

SH 

6400-6415 

UNSUCCESSFUL 
E=1 OR 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, 



82 THE ALPHABETICAL-ARRAY METHOD 

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. 

190 CLEAR4000 

20 DIMEYS$ (100) 

20 OPEN"R",1, "RECORDS: 1" 

40 FIELDI, 255ASKS 

SOO EN Mea ist bes 

60 FORI=OTO99STEF2ZO 
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LINE INPUT#2, K3% 
FORJ=I+1T01+20 
KY$ (J) =[MIDS(K2%, (J-I) *12-11, 12) 
NEXTJ:NEXTI 
CLOSE2 
LS: 
PRINTTAB(20):"KEY FILE TEST" 
PRINTTAB(10):"1 INITIALIZE FILES" 
PRINTTAR(10)3"2 PUT & NEW RECORD IN FILE" 
PRINTTAB(10);"3 GET A RECORD, GIVEN THE KEY" 
FRINTTAR(10);"4 GET NEXT RECORD, GIVEN A KEY" 
PRINTTAB(10);"S5 DELETE A RECORD" 
PRINTTAB(10);"6 ALTER AND REFLACE & RECORD" 
PRINT 
INFUT" ENTER NUMBER QF SELECTION":N 
TFN¢ 1THEN220 
IFN“=6THEN240 
PRINT"ERROR —- PLEASE ENTER A NUMBER FROM 1 TO 6" 
BOTO190 
ONNGOTOSOO, 700,900,1100, 1200, 1500 
FORT=1TO100 

KY$ (1) =STRING$ (12, 255) 
NEXTI 
GOSUB6450 
RAG=STRING# (255, 22) 
FORI=1TO24 
LSET B#=B1s 
FUT1,1 
NEXTI 
GET1, 1 
E1$=26 
MID (B1%,1,2) =MKI#(1) 
LSET BS=E1 4 
PUT1,1 
BOTOLOO 
foie 
PRINTTAB(16); "FUT NEW KEY AND RECORD IN FILE" 
PRINT 
INFUT"NEW KEY" 2$ 
ENS=K 
GQSUB7500 
IFE=1THEN790 
PRINT'ERROR -— KEY ALREADY IN FILE" 
GOTA7ZO 
KS=ENS 
INFUT "NAME" sN% 
INFUT" ADDRESS"; At 
INFUT"CITY"3C# 
INFUT"STATE"s S% 
INFUT"ZIF CODE"; Z% 
INFUT"IS THE ABOVE CORRECT (Y OR N)":QK¢ 
IFOK#="Y" THENG9O 
IFOK$="N"THENZ00 
PRINT"ERROR —- FLEASE ANSWER Y OR N" 
saTas4o 
GOSUE7000 
GoTO100 
CLS 
FRINTTABR (22); "GET A RECORD GIVEN THE KEY" 
PRINT 
INFUT"KEY" si 
GOSUB7S500 

IFE=OTHEN980 
PRINT"KEY NOT IN FILE” 
GOTO9zO 
PRINT'NAME : "she 
FRINT"ADDRESS : "sA% 

O PRINT'CITY, STATE AND ZIP : "3C%3", "3S%3" "3Z% 
© PRINT 
O PRINT"FRESS ENTER WHEN FINISHED VIEWING" 
O WE=INKEYS: IFWS=""THENIOZO 
© GOTO100 

83 
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LLOO CLS 
1110 PRINTTABR(22);"GET NEXT GREATER KEY" 

LT ZO SPRING 

11350 INFUT"KEY"sS KS 

1140 GOSUBBOOO 

1150 IFE=OTHEN1180 

1160 PRINT"END OF FILE. THERE IS NO GREATER EEY" 

1170 GOTO1190 

1180 PRINT“KEY s “sks 

1199 GQTO980O 

1300" CES 

1310 FRINTTAB(25) ;"DELETE A RECORD" 

1220 PRINT 
230 INFUT"KEY TQ DELETE (OR END) "sks 

IFE#="END" THEN1OO 

1250 GOSUBBSO00 

1360 IFE=OTHEM1390 

1270 FRINT"KEY NOT FOUND AND NOT DELETED" 

1280 GOTO1400 

Ve5OSFRINTRUREY. DELETED 
1400 FPRINT"PRESS ENTER AFTER READING MESSAGE" 

1410 WS=(NEEYS: TFWS=""THENI410 

14290 GATOLOO 

1500 CLS:FRINTTAB(20)3"CHANGE DATA IN A RECORD": FRINT 

a GEr}n OC ie A TA EIS Pa eh eA 

1520 GOSUB7500 

1530 IFE=OTHENLS60 

1540 FRINT"ERRQR —- KEY NOT FOUND" 

1550 GOTO1S19 

IS6OS PRINT 2 Dee NOME ie sosNs 

S/O RP RUN 2 ADDRESS see sAs 

VStStOD TERING Rc. EAI  eHiecs 

aay eA RUN APS SSMS: pe USES 

PSQOSPRIUINT te cle ea Eee eer Zs 

1610 PRINT 

1620 IMFUT"ENTER NUMBER GF FIELD TO CHANGE"; NF 

1620 ITFNF«1THEN14650 

1640 TFNF<=STHENI670 

1650 FRINT"ERRQR — FLEASE ENTER A NUMBER FROM i TO 5" 

1660 GOTO1620 

1670 OQNNFGOSURI 680, 1685, 1690, 1695,1700 

1675 GOSUER9O0O 

1677 GOTQ100 

1680 INFUT"NEW NAME"; N% 

1682 RETURN 

1685 INFUT"NEW ADDRESS"; As 

1687 RETURN 

1690 INFUT"NEW CITY";C% 

1692 RETURN 

1695 INFUT"NEW STATE";S$% 

1697 RETURN 

1700 INFUT"NEW ZIF CQDE";Z% 

1702 RETURN 

6000 STOP 

6010 R1iIS=STRINGS (85, 32) 

6020 R2S$=STRINGS (20, 32) 

MIDS (Rit, 1,10) =K$+R2$ 

-O MIDS (R1$, 11,20) =NS+R26 

6940 MIDS$(R1$, 31,20) =AS+R2$ 

60435 MIDS$(R1$, 51, 16) =CH+R2$ 

6050 MID$(R1%,67, 2) =S$+R2$ 

6960 MIDS$(R1$, 69,5) =Z$+R25 

6070 Rt=R1¢$ 

6080 RETURN 

6090 KS=LEFTS (RS, 10) 

6095 N=MID$ (R$, 11, 20) 

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

6110 C#=MIDS (RH, 51, 16) 

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

6120 Z$=MID$ (R$, 69,5) 

6140 RETURN 

6150 B=INT((N-1) /3) sR=N-BxS 
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6155 B=B+1 

6160 GET1,&B 

* 6170 R$=MID$ (RS, R*85-84, 85) 
6180 RETURN 
6190 R1IS=Rs 
6200 GOSUB6150 

6210 B1S=BS 

6220 MID$(B1%,R*85-84, 85) =R14 
6230 LSET B=Bh1$ 

6235 PUTL. S 

6240 RETURN 
6250 GET1,1 
6269 BI$=RS 

270 FR=CVI (LEFT$(B1¢%,2))+1 

6280 MID#(B1¢,1,2) =MEIS (FR) 

6290 LSET R=BR1$ 

6300 FUT1,1 

6205 RETURN 

6319 K1G=STRINGS$ (10, 32 

KRE=KS+k 1$sKN=0 

L1=0:L2=101:L4=0 

LS=INT ((Li+L2) /2) 

6350 IFLEFT$(Eh$,10)<LEFT$ (KY$(LZ),10) THEN LET L2=L3 

6360 IFLEFTS (Ek, 10) [LEFTS$(KY$ (LS) ,10) THEN LET Li=L3 
6370 IFLEFT# (ES, 10) =LEFT$ (KY$(L&),10) THEN 6430 

6380 L4=L4+1 
6390 IFL4¢ 7THEN6 240 

6400 E=2: IFEY$ (100) =STRINGS$ (12, 255) THENLETE=1 

6410 IFLEFT# (Kk, 10) 2LEFTS (EK YS (LS) , 10) THENLETLZ=L3+1 

6415 IFLS=O0THENL3= 
6420 RETURN 

6430 E=0;K1$=KY$ (LS) 

6440 RETURN 

6450 OFPEN"O",2, "KEY:1" 

6460 FORI=OTO99STEF20 
6470 K3g="" 

6480 FORJ=1+1TOI+20 

6490 KS$=KSS$+K YS (J) 

6500 NEXTJ 

6510 PRINT#2,kK3% 

6520 NEXTI 

6530 CLOSE2 

6540 RETURN 

7000 GOSUB6210 
7010 IFE=2THENRETURN 

7920 IFE=1THEN7040 
7030 E=1: RETURN 

7040 GOSUBR6250 
7OSO FORI=99TOLISTEF-1 

7060 KY$(I+1) =KYS$ (1) 
7070 NEXTI 
7080 KY$(L3) =LEFTS$ (KS, 10) +ME I$ (FR) 

7090 GOSUR6450 
7100 GOSUB6010 

7110 N=FR:GOSUR6190 

7120 E=0- 

7130 RETURN 

7500 GOSUR63190 

7510 IFE=OTHEN7S40 

7520 E=1 

7530 RETURN 
7540 N=CVI(MID$(K1%$,11,2)) 

7550 GOSUR6150 

7560 GOSUR60990 

7570 E=0 
7580 RETURN 

8000 GOSUBR6310 

8010 -IFE=1THENBO30 

g020 La=L3+1 

8030 IFLS< 1OOTHENBO60 
B040 IFKY$(L3) <STRINGS (12, 255) THEN8060 

8050 E=1: RETURN 
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8060 N=CVI(MIDS(KY# (LS), 11,2)) 

8070 GOSUBRG6150 

8080 GOSUB6090 

8090 E=0 

8100 RETURN 
8500 GOSUB6S10 
8510 IFE=OTHENSS40 

8520 E=1 

8520 RETURN 
8540 FORI=L2TQ99 

8550 KYS(I) SEYS (I+1) 

8560 NEXTI 

8565 KY$(100) =STRINGS$ (12,255) 

8570 GOSUB6450 

8580 E=0 

8590 RETURN 

9000 GOSUBR6210 

9010 IFE=OTHEN9040 

9020 E=1 

9020 RETURN 

9040 N=CVI (MIDS (E1%,11,2)) 

9050 GOSUB6010 

9060 GOSUBR61990 

9970 E=0 

9980 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, L1,L2 & L4 
SET UP KEY 

6340-6370 

AVERAGE 
LIMITS 
KB=-BLOCK NO. 

6540-6550 

i MOG uesea SET UPPER fi a 
OR FIRST LIMIT | LAST 

| okey> Key PO —4 SEARCH | 

| entered ! INCR. SEARCH | COMPLETE 
= COUNTER 

6565-6570 

UNSUCCESSFUL, 6390-6430 

SEQUENTIAL 
SEARCH OF 
BLOCK 

6440-6450 

SET LOWER 
LIMIT 

INCR. SEARCH 
COUNTER 

6470-6530 

UNSUCCESSFUL 
SEARCH 

SEARCHED 
ANDO NOT 
FOUND | 

! 
—=1-—— 

6580-6600 
LAST | SUCCESSFUL 

SEARCH SEARCH | 

r 

| 
\ 
| COMPLETE | 
[ex fe el 

6610-6620 Evins cat 
| GREATER | 1 UNSUCCESSFUL ! 
Te KEY, = —--—-— BUT GREATER ! 
1 FOUND | | FOUND | 

La ete ees eg el 

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. 

9 REM --— 0010-0090 FROGRAM INITIALIZATION —— 

190 CLEAR4000 
20 REMKXTHIS STATEMENT RESERVED FOR DIM STATEMENTS xx 

20 QPEN"R",1, "RECORDS: 1" 

40 FIELDI, 255ASRS 

oo) @PENYURM Se, KEY: Le 
60 FIELD2, 255ASKY$ 

LOBE Taal 

BO RMS=EYS 
99 REM -- 0100-0490 CONTROL SECTION —— 

100 CLS 
110 FPRINTTAB(20); "KEY FILE TEST” 
120 PRINTTAR(1O0)3"1 INITIALIZE FILES" 

120 PRINTTAR(10);,"2 FUT A NEW RECORD IN FILE" 

140 PRINTTAB(10);"3 GET A RECORD, GIVEN THE KEY" 

150 PRINTTAR(10);"4 GET NEXT RECORD, GIVEN A KEY" 

160 FRINTTABR(190);"5 DELETE A RECORD" 
170 PRINTTAK(10);"6 ALTER AND REFLACE A RECORD" 

180 FRINT F 
190 INFUT" ENTER NUMBER OF SELECTION';N 

200 IFN# 1THEN220 

210 IFN*S=6THEN240 
220 PRINT"ERROR - FLEASE ENTER A NUMBER FROM 1 TQ 6" 

230 GOTOL9O 
240 ONNGOTQASOO, 700, 9700,1100, 1300, 1500 

499 REM -—-— 9500-0699 INITIALIZE FILES SECTION —— 

500 RMS=CHRE (1) +STRINGS (9, 255) 
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BOs 

S10 

cata ea, 

S14 

S16 

relat) 
8460 

S70 

Seo 

SPO 

600 

610 

620 

630 

640 

so 

1000 

1010 

Le 

1099 
1100 
1110 
1120 
1130 
1140 
1150 
11460 
11790 
1180 
1190 
1299 

LSET EYS$=RMS$ 

Ui L 

E1S=STRINGS (12, 32) +ST 

LSET BY$=k 1% 

igre 

RLIS=STRING#$ (255, 

FORT=17T024 

LSET B=B14% 

PUT1, 1 
MEX TI 

BETTI, t 

Rits=Be 

MIDS (BLS, 1, 2) =ME TS (1) 

LSET Bt=R1id 

FUTI,1 
GOTO1LO9O 

REM =="O7 00-0899" BUT 

CLs 

FPRINTTAB(C16), "FUT NEW 

PRINT 

INEFUTAHEW REY “sks 

EMS =k 

GOSUB?SONO 

TFE=1THEN7?O 

FRINT “ERROR = KEY ALK 

GOTOQ7 30 

ES=ENS 

INFUT "NAME" s NS 

INFUT" ADDRESS"; As 

Drea IG pee en ty COTE 

INFUT"STATE';S% 

INPUT’ ZIFOCODE"s 7% 

INPFUT"IS THE ABOVE Ca 

IFORS$="Y"THENS9O 

IFQES="N" THEN700 

FPRINT"“ERROR - PLEASE 

GOTOS40 

GOSUB7O0O 

GOTOLOO 

REMa = OSC) GS Sata fn)) 

CLs: 

PRINTTARC2ZS) s "GET A R 

FRINT 

INFUT"KEY "sk 

GOSUB?7S00 

IFE=OTHEN?SRSO 

FRINT°KEY NOT IN FILE 

GOTASSO 

FRINT"NAME : "SN 

PRINT"ADDRESS +: "3A 

FRINT'CITY, STATE AN 

FRINT 

FRINT"PRESS ENTER WH 

WH=INEEY#: LFW4é="" THE 

GOTOLOO 

REM -- 1100-1299 GET 

CLS 

FRINTTAR (22); "GET NE 

PRINT 

INFUT "KEY" sks 

GOSURBOONO 

IFE=OTHENI180 

FPRINT"END OF FILE. 

GOTOQ1100 ‘ 

aN, ESE see arb 

GATAPBO 

REM -— 1300-1499 DEL 

CLs 

PRINTTAR (C25) 3 "DELETE 

PRINT 

INFUT"EEY TO DELETE 

TFES="END" THENLOO 

RINGS (243, 255) 

NEW REY AND RECORD IN FILE FUNCTION 

KEY SND RECORD IN FILE" 

EADY DN FIee 

RRECT ¢Y GQRON) “yaks 

ANSWER Y QR N" 

RECORD GIVEN KEY FUNCTION --— 

ECORD GIVEN THE EEY" 

Oe Poul Se Mi aa Ue Oe Se a 773 

EN FINISHED VIEWING" 
Niogso 

NEXT FUNCTIQN —- 

XT GREATER KEY" 

THERE IS NO GREATER KEY" 

ETE RECORD FUNCTION —— 

A RECORD" 

(QR END) “sks 
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1750 GOSUBRSSOO 

1260 IFE=OTHENL390 

1370 PRINT"KEY NOT FQUND AND NOT DELETED" 

1280 GOTO1400 

1390 PRINT"KEY DELETED" 

1400 FRINT"FRESS ENTER AFTER READING MESSAGE" 

1410 WS=INKEY¢: [TFWE=""THENI410O 

14290 GOTQ100 

1499 REM -- 1500-1699 ALTER RECORD FUNCTION -- 

1500 CLSOsPRINTTAR(20); "CHANGE DATA IN A RECORD" :PRINT 
1310 INFUT"KEY" sks 

1520 GOSUB7E00 

1520 ITFE=OTHENIS60 

1540 PRINT"ERROR - KEY NOT FOUND" 

1550 GOTQ1S106 

1560 FRINT"1. NAME s "sNg% 

1570 FRINT"2. ADDRESS : "sAg 

et eOr Teli N iy eye Mente oy SOFr eee 3 

1590 FRINGT"4. STATE. 2° "3S 

ToOOG. ERIN ts. ZIP CODE ss 7% 

16190 PRINT 

1620 INFUT"ENTER NUMBER OF FIELD TQ CHANGE"; NF 

1630 IFNF« 1THENI650 
1640 ITFNF«=STHENI670 

1650 FRINT"“ERROR -— FLEASE ENTER A NUMBER FROM 1 To 5" 

1660 GOTOLEé20 

1670 ONNFGOSUB1I680, 146485, 1690, 1695,1700 
L475 GOSURGDOO 

1677 GOTQ100 

1680 INFUT"NEW NAME'";NS 

1682 RETURN 

1685 INFUT"NEW ADDRESS" ;A%S 

1687 RETURN 
1690 INFUT"NEW CITY";CS 

1692 RETURN 

1695 INFUT"NEW STATE";S% 

1697 RETURN 

1700 INFUT"NEW ZIF CODE"; Z% 

1702 RETURN 

a7 NN eer 7 NN Dien Lee OUR CCU EE NESS === 

6000 STOP 

6009 REM -- 6010-6080 FACK RECQRD —- 

6010 RAIS=STRINGS (85, 32) 

6020 R2S=STRINGS (20, 32 

6025 MID#(R1$, 1, 10) =K$+Res 

6030 MIDS (R1$, 11, 20) =NS+R2$ 

6040 MID#$(R1$, 31, 20) =ASt+RSS 

6048 MIDS (Ri#,51,16)=C8+R2S 

6050 MID$(R1%, 67,2) =Sh+R24 

6060 MIDS (RI, 69, 5S) =Z$+Rh2E 

6070 Re=R1$ : 
6080 RETURN 

6089 REM -- 6090-6140 UNFACE RECORD —— 

6090 ES=LEFTS$ (RG, 10) 

6095 N#=MID$ (RS, 11,20) 

6100 AS=MIDS (RH, 31, 20) 
CE=MIDS (R$, 51,16) 

S$=MID# (R%, 67,2) 

ZS=MIDS (RE, 69,5) 

RETURN 
REM -- 6150-6180 GET RECORD BY NUMRER —— 

BR=INT ((N-1) 7/3) s R=EN-BKS 

B=B-+ 1. 
GET1,E 
R$=MIDS (BS, R¥AS-B4, BS) 

RETURN 
REM -- 6190-6240 FUT RECORD BY NUMBER —— 

RLS=RH 
GOSUB6150 

Bis=k4t 

MIDS (BI, RF ¥S5-84, BS) =A 

LSET B&=R1s 

93 
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6235 FUT1,B 
6240 RETURN 
6249 REM -- 6250-6205 GET NEXT AVAILABLE RECORD NUMBER —— 
250 GET1,1 

6260 Bis=BS 
6270 FR=CVI (LEFT#(B1%,2))+1 
6280 MIDS (Bis, 1,2) =MEI (FR) 
6290 LSET BS=B1% 
6200 FUT1,1 
6305 RETURN 
S209 REM -— 6210-6510 SEARCH FOR KEY —-- 
6210 K1S=STRING$ (10,32 
220 ES=K$+h1$:KN=0 

6330 Li=O:L2=10:L4=0 
6340 LS=INT((L1It+L2) /2) 
6250 IFMID# (RM$,L, 1) =CHR (255) THENGS40 
5340 KB=ASC (MIDS (RM$,LZ, 1)) 
6370 GET2,KE+1 
6380 IFLEFTS(KY$, 10) #LEFT$ (K¢, 10) THENGS40 
6390 KN=O 
6400 ENSEN+1; IFEN=21 THEN6440 
6410 IFLEFTS$ (E#, 10) =MID$ (KY$, ENK12-11, 10) THENSS 80 
6420 IFLEFTS (K¢, 10) <MIDS (KEYS, EN¥12-11,10) THENSS10 
6430 GOTO4400 
6440 L1=L3 
6450 L4=L4+1 
6460 IFL4<4THEN6 S40 
6470 E=1 
6480 Lz 
6490 KB=ASC (MIDS (RM#,L3,1)) 
6500 K1$=STRING$ (12, 255) : IFEB=255THENRETURN 
6510 GET2,KE+1 
6520 K1iS=LEFT$ (KYS, 12) 
6530 RETURN 
6540 L2=L3 
6550 L4=L4+1 
6560 IFL4<4THEN6 240 
4565 E=1: IFL1>OTHEN6S0O0 
6570 PRINT'KEY FILE INITIALIZATION ERROR |'":STOF 
6580 E=0 
6590 K1S=MIDS (KEYS, ENX12-11, 12) 
6600 RETURN 
6610 E=1 

6620 GOTO6S90 

6999 REM --— 7000-7499 FUT NEW RECORD AND KEY -—— 

7O00 GOSUB6210 

7020 IFE=1THEN7040 

7030 E=1:RETURN 

7940 GOSURS250 

7945 EZS=KY4 

7OSO TFER=255THEN7180 

7060 IFLEFTS (ES, 10) <LEFTS$ (ER Z%, 10) THENEN=1 

7O7O FORT=21TORNSTEF—-12 MIDS (KE ZS, 1K12-11,12)=MIDS(EZS, (I-1) k12-11,12) 
7O72 NEXTI 

7O74 MIDS (EZ$,ENX1S-11,12) =LEFTS (6%, 10) 4+ME IS (FR) 
7980 LSET KY$=KE 24% 

7990 PUT2,EB+1 

7100 GOSUBR6010 

7A10 N=FR: GOSUB6190 

7i20 E=0 

71350 TFMIDS (EY$, 241,12) =STRINGS# (12, 255) THENRETURN 
7140 L4=O0:FORI=17T010: [FASC (MIDS (RMS, 1,1) ) =255THEN7144 
7142 IFASC (MIDS (RM$,1,1)) >L4THEN L4=ASC (MIDS (RM$,1,1)) 
7144 NEXTI 

7146 T=0 

7148 T=f+1: TFASC (MIDS (RM$,1,1)) 23K ERTHEN7T148 
71350 J=10 

TASS J=JI-1s MIDS (RMS, J+1,1)=MIDS (RMS, J,1)s IFdsITHEN7I52 
7156 MIDS (RM, 1+1,1) =ME 1S (L441) 
7158 EZ$=EhYSeRXS=MID$ (KEYS, 121,154) +STRINGS (120, 255) 
7160 MIDS(RZ$, 121, 134) =STRINGS$ (134, 255) 
7162 LSET KYS=EZ$sFUTS, EB+1 



7154 

7166 

7170 

7180 

7182 

7184 

7186 

7188 

7190 

TAS 

TAG 

TRIO 

7310 

Thcaien®) 

TISO 

7340 

7330 

7560 

Via Ae} 

73580 

7999 

Boa0 

8010 

BO20 

BORO 

8040 

BASSO 

8060 

BO70 

8080 

8090 

8100 

8499 

8500 

8510 

BS20 

8530 

8540 

BSS0 

Q5S5 

83557 

8560 

85465 

8570 

BS80 

8590 

BI9°9 

Fad 

GO40 

90580 

9060 

9070 

9OB8O 
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LSET EY4=EX$:PUT2,L44+2 
LSET EYS=RME:FUT2, 1 
E=0: RETURN 
L4=c 
L4=L4+1: IFL4<=10THEN7 184; ELSESTOF 
IFASC (MLD% (RM$,L44+1,1)) < 255 7HENTIO2 
KE=ASC (MIDS (RM$,1.4,1)):GET2,KE+1 
EN=0 
ENSKN+1: [PMIDS (KEYS, KNX12-11, 12) <STRINGS (12, 255) THEN7190 
GATO7O5O — 
REM -~ 7500-7999 GET RECORD —- 
GOSURSS1O 
IFE=OTHEN7540 
E=1 
RETURN 

N=CVI(MID# (K1%,11,2)) 

GOSUB6150 

GOSUBRSO9O 

E=0 

RETURN 

REM --— 8900-8499 GET NEXT -—- 

K$=KS+STRINGS (10, 52) :E=ASC (MIDS (KS, 10,1)) +1 
MID$(K$, 10,1) =CHR¢ (E) ; 
GOSURS210 
IFE=OTHEN7TS40 
IFMID$ (K1$, 1, 10) <STRING$ (10, 255) THEN8O60 
E=1:RETURN 
E=0:GOTO7S40 
GOSUB6150 
GOSUB4O90 
E=0 

RETURN 
REM -- 8500-8999 DELETE KEY AND RECORD -- 
GOSUR6310 
IFE=OTHENSS40 
E=1 
RETURN 
EZ$=KYS 
FORI=ENTOZO 
MID$(KZ$, IK12-11, 12) =MID$(KZ$, (I+1) k12-11,12) 
NEXTI 
MID$(KZ$, 229, 12) =STRINGS (12, 255) 
LSET KY#=KZ4 
FUT2, KE+1 
E=0 
RETURN 
REM -—- 9000-9499 RESAVE RECORD —--— 

GOSUBE310 
IFE=0THEN9O40 
Es 
RETURN 
N=CVI (MIDS (E16, 11,2)) 
GOSUBGO10 
GOSURG 190 
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 



96 THE TREE-STRUCTURED METHOD 

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 (L1) 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 K1$ 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 IIT 

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: 

erate Sat Ost /eeS 

ATGeMENOU SVE XZ 

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. 

POP POP PUSH ) PUSH ) PUSH ) 

POINTER POINTER POINTER POINTER OVERFLOW 
MOVES MOVES MOVES MOVES 
DOWN DOWN UP 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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< < 

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 O O O 

| 1 1 1 1 0 0 0 
1 1 1 1 O O O 

1 1 O O O ) O 

1 1 1 O O O O 

1 O 1 O O O O 

1 1 1 O O O O 

1 1 1 O O O O 

1 1 1 O O O 

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. GET\1,,1:FB=0 

6252 FB=FB+1:IFFB>13THEN6268 

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

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

6258 FD=FD+1:FC=INT(2 t (8 —FD)+.5):FA =FA —FC: 
IFFA> =OTHEN6258 

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

6262 B1$ =B$:MID$(B1$,FB,1) =CHR$(FA) 
6264 LSET BS =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(MID$(K1$,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 ft (8 -—FA)+.5) 

8650 MID$(B1$,FB,1) =CHR$(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 



110 PARAMETERS 

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 /abel 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 C3) ) sR=N-BECA (3) 
6155 B=B+CA(4) 
6160 GET 1,8 
6170 RE=MIDS (RS, CACL) X(R-1)+1,CA(1)) 
6180 RETURN 
6189 REM -- 6190-6240 FUT RECORD BY NUMBER --— 
6190 Ris=Re 
6200 GOSUB 6150 

EL =F 
MIDS (BIS, CA(1) ¥(R—-1)41,CA(1))=R1S 

D LSET BS=EL$ 
; PUTI,B 
RETURN 
REM -- 6250-6205 GET NEXT AVAILABLE RECORD NUMBER -- 

6250 GET1, 1:F R20 
2 FR=FR+1: [FFR2CA(S) THENG 268 

IFMIDS (RS, FR, 1) =CHR® (2553) THEN6 252 
FA=ASC (MID# (BS, FR,1)) :FR=FEXS—-&; FD=0 

6258 FD=FD+i:FC=INT (2k (@-FD) +, 5) sFA=FA-FC: [FFA ?=OTHENS258 
6260 FR=FR+ED: FA=ASC (MIDS (BS,FEB,1))+FC 
6262 BAS=HSs:M1D# (B1%,FE, 1) =CHRS (FA) 
6264 LSET BS=B1$:FUT1,1 
6266 RETURN 
6268 FR=CA (4): E=O; RETURN 
6309 REM —-- 6310-6510 SEARCH FOR KEY -- 
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IMS y Ly 

(MEDS (RMB, LS. | 

6400 

6410 
N-1)+1,CA(9) ) THENSS80 

6. CA CP A (EN-1) +1, CA (9) ) =STRINGS (CA (9) , 255) THENS440 

1. CA (9) SMIDS (YS, CAC7) ¥ CEN-1) 41,08 (9) ) THENSS1O 

6450 | 4<(04 (11) THEN6é340 

6470 Es 

6480 

i) 

(So: TFEB=255THENRETURM 

ITFL4£CA (11) THEN6240 
E=1:GQTQ4490 

‘ E=0 . 

6590 1S=MIDS (EY, CA (7) K(EN-1)41,CA(7)) 
6600 RETURN 
&4610 E=1 

6620 GOTOQ6S590 

6999 REM -- 7000-7499 FLT NEW RECORD AND KEY -— 
7000 GOSUBSZ10 : 
7O1O IFE=2THENRETURN 

FO4ao 

7O4S 

(IFLEF TS (i$, CAC7) 

FORTHCA C10) TORN+ IS 

e+ 1,CA67)) 

7972 MEXTI 

7OT4 MIDS (EZS,CAC7) * CEN-1)+1,.CA(7) )=MIDS (CES, 1,CA (9) +METS (FR) 

7080 LSET KY#=KZ% 

7O?7O FUTS, FRI 

7190 GOSUB6GO1O 

N=FR: GOSUR6G190O 

E=a 

TFMIDS (RYS, (CAC10)—-1) XCA (7) 41,CA(7))=STRINGS (CA (7), S55) THENRETURN 

L4=O; FORT=17TOQ254: IFASC (MIDS (RM&, 1.19) (STHENT 144 

TFASC (MIDS (RMS, 1,19) SL4THEN L4=ASC (MIDS (RMS, 71, 1)) 

NEXTI 

q=0 

T=I+1: IFASC (MIDS (RMS, 71,1094 

J=CACLS) 

J=I-is MIDs (RMS, +1, 12 =MTOS (RMS. 0, 1) 2 TFSI THENZ ISS 

LEFT (2 Y%,CAC7) ) THENEN=1 

STEP —1:s MIDS (EZ$,CAC7) ¥CI-1)+1,CAC7) )=MIDS (E28, CAC7) 

a THEN? 148 

7 MIDS CRM, T+1, 12 =METS& (Lat) 

7 sCAC12))+STRINGS (CA(14) , 255) 

ut MIDS (EZS , INGS (CA C12), 255) 
F\G2 CSET EYS= 

7164 LSET KY$= 

7166 LSET EYS=RMESFUTS, 1 

7170 E=0:2 RETURN 

7180 L4=0 

7A82 L4=L4+1: [FL42£=S50THEN7T184 

7184 TFASC (MIDS (RM$,L4+1,1)) 

7186 KB=ASC (MIDS (RMS,L4,1)92G 

7188 EN=0 

7190 EN=EN+da TFMIDS (RYS,CA(C7) * (EN-1)+1,CA(7) A STRINGS (CA (7) , 255) THEN7 190 

ELSE STOF 
THEN71S2 

ET2,KB+1 
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7192 GOTO7OSO 
7499 REM -~ 7500-7999 GET RECORD —-— 
7500 GOSUERSS10 
7510 IFE=OTHEN7T5S40 
7520 E=1 
7530 RETURN 
7540 N=CVI (MIDS (E1$,CA(7)-1,2)) 
7550 GOSUBR6150 
7560 GOSUB6090 
7570 E=0 
7580 RETURN 
7999 REM -- 8000-8499 GET NEXT -- 
BOOO ES=K$+STRINGS (CA(9) , 22) sESASC (MIDS (KG, CAC9), 1) 41 
BOLO MIDS (KE, CA(F) , 1) =MEIS (ED 
8020 GOSUBRSZ1O 
8020 IF E=OTHEN7540 
8040 IF MIDS (K1%,1,CA(9) ) 
B8OSO E=1:RETURN 
2060 KS=K1e:b=0;G60TA7S40 
8499 REM -- 8500-8999 DELETE KEY AND RE 
R500 GOSUBGS10 
8510 IFE=OTHENSS40 

STRINGS (CAC9) , 255) THENSOSO 

E=1 

RETURN 

EZS=KYEs GQOSUBBSGOO 

8S50 FORI=FEM TO CA(19)—-1 

8555 MIDS (EZ¢,CA(7) #(I-1)4+1,CA(7)  =MIDE(KZE,CA(7) KI+1,CA(7)) 

Saa7 NEXT RI 

8560 LSET EY#=Z$ 

8570 FUT2,ER+1 

8580 E=0 

8590 RETURN 

8600 FRECVI(MIDS (E18, CAC9I+1,2)) 

86190 FR=INT ((FR-1)/8):FA=FR-FEXS 

8620 GET1,1:B1¢=R$:FR=FR+1 

8620 FA=ASC (MIDS (B1$,FE,1)) 

8640 FA=FA-INT (20 (8-FA)+.5) 

84650 MID (k1%, FR, 1) =CHRS (FA) 

Sé6s6O°LSET BS=BLSsFuyTi. 4 

8670 RETURN 

899° REM ——"SO00-—9499 RESAVE “RECORD —— 

9000 GOSUBR6210 

9010 IFE=OTHEN?040 

9020 E=1 

9020 RETURN 

9040 N=CVI (MIDS (Eh1%,CA(9)+1,2)) 

9050 GOSUR6O19 

9060 GOSUBEG190O 

9070 E=0 

9080 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 

Z = (not used) 

| 3 Number of records per block 

4 1 First block in record file 
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5 ics! 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 

ihe 134 Block-splitting constant 

ts 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 CLEAR4000 

20 DIMCA(15) 

S00) CU NS PR seg ees ee ihe 0 eee cc? 

40 FIRED 2, 255 AS HY+ 

SO RESTORE 

60 FORT=17O1S: READCA CT) s MEXTI 

79 DATA 0, 0,0,0, 12.0, 12,0, 1O)27,4, V4, Vol, 120,10 

100 CLSSPRINT“ INITIALIZING THE KEY ONLY FIER” 

110 BIS=CHRS (1) +STRING# (254, 255 

115 RMS=B1s 

120 LSETEY#=B14 

VROCR URS 

140 MIDS (B1¢,1, 12) =STRINGS (12, 32) 

LSETEY $= 1% 

PUT 

GES 

PRINT"EBEEY QNLY FILE INFUT AND DISPLAY FROGRAM":FRINT 

NSRP OT SING Malet Coy Sal Sisley al dette SiN se ole (alae (else vee (a) Ak ites Ue 

IFN=1 THENZ00 

TFN=2THENSOO 

TFN=OTHENSTOFP 

ERINTCERROR = PEEASE ENTERM OG. Ll Oris 

GOTO220 

(ey | ss) 

CNTY SENT 

Kaba" 
TVENTER REY OR END sis 

=" EMD" THE 4 

: SS LOTHENSSO 

IS TQQ LONG —- MUST BE NOT MORE THAN 10 CHARACTERS" 

Red 

OO FRINT'KEY NOT ENTERED 

410 GOTO 

SOC les 

210 PRINT" DISELAY OF 

H DUPLITEATE™ 

ES) UNMET eRe isi 

BOTOS 
S60 PRINT 
S70 IMPUT MEE 
S80 GOTO? 
SPP 

ENTER WHEN FINISHED VIEWING"sN 

6000-6990 RECORD FILE SUBROUTINES —— 
6000 

6009 6010-6080 PACK RECORD -- 

6010 

GOR oo 6090-6140 UNFACK RECQRD —-- 

6090 RETURN 
6149 REM -- 4150-6180 GET RECORD BY NUMBER —— 
6150 RETURN 
6189 REM --— 6190-6240 FUT RECORD BY NUMBER —— 
6190 RETURN 

REM -- 46250-4505 GET NEXT AVATLABLE RECORD NUMBER —— 
RETURN 
REM —-- 6310-6510 SEARCH FOR KEY -—— 

HI $=STRINGS (CA(7), BB) 
KE=ES4+Eh1$:EN=0 
L1i=O:LS=CA(15):L4=0 

LE=INT((L1+L2) /2+.5) 
IF MID (RMS, LS, 1) =CHRS (255) THENGS40 

Oo EBRASC (MIDS (RM$,L3,1)) 
GETS, KE 
IFMIDS(KY$,1,CA(9)) =MID$ (KS, 1,CA (9) ) THENGS4O 

6290 KN=O 
6400 KNSEN+1: IFENSCA (10) THEN6440 
6410 TFMIDS$ (EH, 1, CA CF) ) =MIDS (EY$, CA (7) #(EN-1) 41,08 (9) ) THENSS 80 
6415 IFMIDS (KYS,CA(7) &(EN-1)+1,CA(9)) =STRINGS (CA (9) , 255) THENSA40 
6420 IFMIDS (ES, 1,CA(9) ) < MIDS (KYS, CA (7) ¥(EN=1) 41,00 (9) ) THENSS10 
6430 GOTO 6400 
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6440 L1I=Ls 
6450 L4=L44+1 
6460 TFL42CA(11) THENS 240 
6470 E=1 
6490 L3=L3+1 
6490 EB=ASC (MIDS (RM$, LS, 1)) 
6500 E1LS=STRINGS (CA(7) , 255) : IFEB=255 THENRE TURN 
6510 GET 2,KR+1 
6520 K1S=LEFT# (HY, CAC7) ) 
6530 RETURN 
6540 LO=_La 
6550 L4=L4+1 
6560 IFL4iCA(11) THENG 340 
6565 E=1:G07T06490 
6580 E=o 
6590 K1S=MID$ (KEYS, CA (7) *(EN—1)41,CA(7)) 
6600 RETURN 
6610 E=1 
6620 GOTO6S90 
6999 REM -- 7000-7499 FUT NEW RECORD AND KEY —— 
7000 GOSUBSZ10 
7010 IFE=2THENRETURN 
7020 IFE=1THEN7040 
7030 E=1:RETURN 
7040 GOSUB6250 
7045 KZS=K YS 
7OSO L[FER=255THEN7 180 
7060 TFLEFTS (Ek, CA(7)) <LEFT# (KYS,CA(7)) THENEN=1 
7070 FORT=CA (10) TORN+1STEF-1:MID#(KZ$,CA(7) k (1-1) 41, CA(7) ) =MI DH (EZ#, CA(7) 
RUD) 11 (BLAND 
7072 NEXTI 
7O74 MIDS(EZ$,CA(7) K(EN-1) +1, CA (7) ) =MIDS (ES, 1, CA (9) ) +MEIS (FR) 
7080 LSET KYS=KZ¢ 
7090 FPUT2,EB+4 
7100 GOSUB6O1O 
7110 N=FR:GOSUB6190 
7120 E=0 
FARO TEMIDS (KEYS, (CA(1O)—1) KCA(7) +1, CA(7)) =STRINGS (CA(7) , 258) THENRETURN 
7140 L4=0:FORI=170254: IFASC (MIDS (RM, 1,1) )=2S'3THEN7144 
7142 IFASC (MIDS (RMS, 1,1)) }L4THEN L4=ASC (MIDS (RMS, Te1)) 
7144 NEXTI 
7146 I=0 
Ji4@ I=I+1: 1 FASC (MIDS (RMS, 1,1) 8: 
7150 J=CAC15) 
7152 J=J-1:MID¢ (RMS, J+1,1)=MIDS(RM#,0,1)2 TF d= 1THEN7152 
7156 MIDH (RMS, (+1, 1) =METS (L441) 
JAISS EZ$S=RYS 2 EXS=MIDS (EYS. CALS), CACI2) ) +STRINGS (CA (14), 255) 
FiGO MID#(EZH#, CA(1S) CA C12) ) =STRINGS (CA (12), 255) 

“ZS: FUT2Z,KB+I 
7164 LSET EY#=EX$:FUTS,L4+2 
7iée LSET EYS=RME:FUTS, I 

RETURN 

SBTHEN7148 

THEN7194;:ELSE STQF 

SSTHEN7182 

2,RB+1 <a 

JIGS L4=L4+i: IFL4: 
7184 {FASC (MIDE (RM#,L4+1,1)) 
7186 KB=ASC (MIDS (RM%,L4,1)9:G 
7188 KN=o 
7190 KNEEN+12 TFMIDS (KEYS, CA (7) X CEN-1) +1, CA (7) ) S STRINGS (CA(7) , 255) THEN7 190 
7192 GOTA7OSO — 
7499 REM -- 7800-7999 GET RECORD —— 
7500 GOSURSE10 
7510 IFE=OTHEN7S40 
73520 E=1 
7520 RETURN 
7540 N=CVI(MID$ (H1S,CA(7)-1,2)) 
7550 GOSUBR615O 
7560 GOSUBGO9O 
7570 E=0 
7580 RETURN 
7999 REM -- 8000-8499 GET NEXT -- 
BO00 K=Kt+STRINGS (CO (9), 32) a E=ASC (MIDH (EH, CACF) 1) 041 

BOLO MIDS (KS, CAF), 1) =METS (E) 
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2020 GOSUBGS10 
R030 IF E=OTHEN7S40 
R040 IF MIDS(K1$,1,CA(%) )< >STRINGS (CA (9) , 255) THENBO6O 
gOSO E=1:RETURN 
8060 K$=K1%:E=01GOTO7S40 
8499 REM -- 9500-8999 DELETE KEY AND RECORD -— 
8500 GOSUB6310 
8510 IFE=OTHENSS40 
e520 E=1 
8530 RETURN 
8540 KZS=KYS 
8550 FORI=EN TO CA(10)-1 
555 MIDS (KZ$,CA(7) k (1-1) +1,CA(7) ) =MIDE (KZ8,CA(7) ¥I+1,CAC7)) 
Q@557 NEXTI 
560 LSET KY$=KZ$ 
8570 FUT2,KE+1 
aseo E=0 
8890 RETURN 
8999 REM -- 9000-9499 RESAVE RECORD ——~ 
9000 GOSUB6S10 
9010 IFE=OTHENSO40 
9020 E=1 
9a30 RETURN 
9040 N=CVI (MIDE (K1%,CACF) +1, 2)? 
9 GOSUEGO LO 
9040 GOSUBS190 
9070 Eso 
9080 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 

PRINTK$, statement should be replaced with LPRINTK$ 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. 

1o 

20 

BO 

40 

batt) 

60 

7O 

RO 

100 

110 

120 

LEO 

140 

150 

170 

180 

190 

200 

sess NC 

Soo 

o1O 

BAC) 

renee 

S40 

sao 

569 

we 

BBO 

vai ee A] 

600 

610 

620 

620) 

JOO 

7 Ue) 

CLEAR4 O00 

DIMCA (15) 

GEENV RY, 20 HT DGE TS: a" 

REREDSS, SSS (ASehys 

RESTORE 

FORT=1TQ15: READCA (I) sNEXTI 

IBY EYLIA SS CN aI CRs (aN CY yer id ra ON pad iy arly ees a Ut al eer) Lia ks a NZ 

GOQSUB1100 

CES 

Fath WIDGET CROSS-REFERENCE" 

FRINT 

PRINT" tT. ADD ENTRY  T@yErst™ 

FRINT" SUE Re ENTE! 

RR Te eae GOR = Ur 

PRINT 

UNEP CTS SENTER, SELECTION FROME ET Si (= TQ END) 5 IN 

IFN=OTHENSTOF 

TFN SOANDN= 4THEN2 20 

FRINT'ERROR - PLEASE ENTER A NUMBER FROM © TO 3 

GATO1BO 
ONNGOTOZOO, SOG, 700, 900 
INFUT" YOUR FART NUMBER"; YN% 
INFUT"IS EQUIVALENT TQ, FART NUMBER"; ENS 
ES=ENS+STRINGS (15, 22) 
MIDS (ES, 8,8) =YNS+STRINGS (8, 32) 
GOASUEY ooo 

IFE=OTHENLOO 
PRINT "ERROR 

a EADING MESSAGE" iM 

INFUT"ENTER EQUIVALENT PART NUMBER TQ DELETE 
GOSUBBOOO 
IFE=QTHENSS0 
PRINT"ERROR — NOT IN FILE" 
BATASTO 
PRINT"EGUIVALENT NUMBER = "g MIDS (k$, 1,7) 
PRINT YOUR NUMBER = "_MIDd (he, 8, &) 
INFUT'IS THIS THE ONE TO DELETE ¢(Y OR N)";0$ 
TFOt= "NM" THEN LOO 

IFOQ#="Y" THENG 20 

PRINT ERROR — PLEASE ANSWER Y OF N" 

GOTOS70O 

GOASUBASOO 

GOTOIOO 
[NFUTVENTER NUMBER TQ LOOK UP" y ENS 

bo gb es M6 

"ahs 

Listing 15.2 
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720 GOSUBBOOO 

7 a Lee THEN 760 

740 FRINTVENTRY: TS NOT IN FILE” 

730 GOTOR7O 

760 ENS=ENS+STRINGS (7, 

770 TREMLDS(ENS,1, 7) < cis FU THENT AS 

Listing 15.2 continued 

780 PRINT'FART NUMBER "MIDS Ces big li 70. ee eis S EQUIVALENT TO "sMIDS$(ES, 8,8) 
790 BGOTQ270 

1100 BS=STRINGS (255, 255) 
MID (RB, 1,1) SCHR (1) 
LSET KYS=Es 
Funaet 
RMS=BE 

MIDS (BS, 1,17) =STRINGS (17, B2) 
1150 LSET KY#=E¢ 
1160 
aby Ag) 

8999 
6000 

6009 
O10 

6000-6990 RECORD FILE SUBROUTINES —— 

6010-6080 FACK RECORD -—- 

GO SOR EM gaa 6090-6140 UNPACKE RECORD —— 

6090 fy 

6149 

6150 RETURN 

6189 REM -- 6190-6240 FUT RECORD BY NUMBER .-— 

6190 RETURN 

&249 REM -- 6250-6308 GET NEXT AVAILABLE RECORD NUMBER —— 

6250 RETURN ~ 

REM os LO Soil OSE Aine ti Pith fb Vas 

EIS=STRINGS (CA(7) , 32) 

ES=hS+h 1 Ss EN=O 

3 2=CA CIS) sL4=o 

LSSINT ((L14L2) /24.5) 

IF MIDS (RM&, LS, 1) =CHR (255) THENSS40 

SOE ATL (RMS, LE, 1)) 

6150-6180 GET RECORD BY NUMBER —-— 

IFMIDS (KY®, 1,CAC9) 3 MIDS (ES, 1,CAC9) ) THENSS40 

Neds TFEN=CA ClO) THENE 440 

2, 1,CA (9) L=MIDS (HYS, CA (7) ¥ (EN-1)41,CA(9) ) THEN6SSO 
KYS, CA (7) * (EN-1) 41,00 (9) ) =STRINGS (CA (9) , 255) THENE440 

IEMID$ (K%, 1, CA (9) ) ©MID$ (KEYS, CA(7) ¥ (EN-1) +15CA (9) ) THENGS10 
BaTO 6400 

6440 Li=Ls 
6450 L4=L4+1 
6460 IFL42CA(11) THENG240 
6470 I 
6480 
6490 alesetps) 
4500 =STRING$ (CA(7) , 255) 2 IFEB= 25S THENRETURN 
6510 GET 2,KR+1 
6520 K1G=LEFTS (HY$,CA(7)) 
6520 RETURN 
6540 L@=L5 
SSO 4+1 

6560 IFLA< Se RS ha SG 340 

6365 E=) 
6480 E= 

E590 HIS=MIDE (KYS,CA (C7) RC EN=-1)+1,CA(7) ) 

RETURN 

= eth 

6620 GOTOA6S90 

6999 REM -- 7000-7499 FUT NEW RECORD AND KEY -- 

7OOO GOSUBGA10O 

Oe = NRE TURN 

LTHEN7O4.0 

STURN 

= 

= ESO THEN? 180 

IFLEFTS (KS, CAC7))ALEFTS (RY, CAC7) ) THENEN=1 
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7O70 FORT=CA(10) TORN+1STEF-13 PMID (24, CA(7)# (1-1) 41, CA(7) )=MIDS (HZ8,CA(7) OE) ete CA C7) ) 
7O72 NEXTI 

7O74 MIDS (EZ. CAC7) &(HEN-1) 41, sCA C7) =MIDE (KE, 1,CA(P) )+MEIS (FR) 
7O8O LSET EYS=K74 
TAOS) VEU Soa) 

7199 GOSUBRSGO1O 

7A1O N=FRs GOSUBS190 
7i20 E=o 
7120 ITFMIDS (EY, (CAC1O)—-1) kCA(7)41,CA(7) ) =STRINGS (CA (7) 
7140 L4=0;FORI=170254: IFASC (MIDS (RMS, I, 1))=255 THEN7144 
7142 IFASC (MIDE (RM¢$,1,1)) =L4THEN L4=ASC (MID€ (RM$,1,1)) 
7144 NEXTI 
7146 IT=0 

FL48  T=Tais TPASC (MIDS (RMS, 1,1) 74 
7150 J=CA(15) 

7152 JaJI-LiMI Dé (RMS, I+1,1)=MIDS (RME, 3,122 TF 21 THEN7Z 1 
7136 eons T+1, 1) =MirI% (L441) 

0 THENRE TURN 

SBTHEN7 148 

73S ZEXS=MIDS (EVE, CAC13),CACI2) )+STRINGS (CA (14), 255) 

7160 CA (13), CA(12)) =STRINGS (CA (12), 255) 

lee Oued 

7164 LGET EY#=EX#%:FUT2,L4+2 
7164 LSET EYS=RMS:FUT2, 1 
7170 E=0:RETURN 
7180 L4=a 
7182 L4=L4+1: 1FL4¢=2547HEN7ZIS4:ELSE STOF 
7184 IFASC (MIDS (RMS,L4+1,1)) oS THEN7TIS2 
7186 KB=ASC (MIDE (RMS,L4,1)):GETS, RE+41 
7188 ENM=c 
7190 WKN=EN+1s TPMIDS (kY¢, CA (7) X CEN+1)4+1,CA(7)) SSTRINGS (CA (7) , 255) THEN? 190 
7i92 GATA7OSO 
7499 REM -- 7500-7999 GET RECORD —- 
7500 GOSUR46=10 
7510 TFE=OTHEN7TS40 
7520 E=1 
7520 RETURN 

7540 N=CVI(MIDt (h1e,CA(7)-1,2)) 
7550 GOSURSISO 
7560 GOSUBEOIO 
7570 E=0 
7580 RETURN 
7999 REM -- 8000-8499 GET NEXT —- 
B000 ES=K4+STRINGSH (CA(9), 32) sE=ASC (MIDS (RS, CA(9),1)) +14 
BOLO MIDS (ES, CAI) .1)=MEIS (E) 
8020 GOSUR6SS1O 
BOS0 IF E=OTHEN75S40 

8040 IF MIDS (h1e,1,CA(9)) 2 2STRINGS (CA (9) , 255) THENSO60 
8050 : RETURN 
8060 “14%; E=02 GQTQ7540 
8499 -- 85100-8999 DELETE KEY AND RECORD —- 
B500 GOSURSS10 
8510 IFE=OTHENSS40 
e520 E=4 
e530 RETURN 
8540 KZS=KY¢ 
8550 FORIS=EN TO CAC1O)—-1 zi 

8555 MIDS (eZ¢.CA(7) KCI-1) 41, CA67) =MIDS (EZ, CA CT) ¥T+1,CA(7)) 

8557 NEXTI 
8560 LSET KY$Sk 2% 
8570 FUT2,EB+1 
eB580 E=O 
BS9O 

£999 9000-9499 RESAVE RECORD ~-— 

9oOoO ey 

FOO COT IEW Osh 

9020 EE] 

9gOS0 RE TURM 

9040 M L(MLDS (1S, CACP) +142) ) 

FORO B6O1LO 

9060 BS6I19O 

GOTO 
Listing 15.2 continued 

OE) 
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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 2060:DEFINT Cs DIM CA(15S) 
mech (6 ers} 

=O FRINT"GENERAL FILE INITIALIZATION FROGRAM" 

40 PRINT 

99 REM *k REQUEST ALL DATA *x 

190 INFUT “NAME OF RECORD FILE";F1s 

LIOS INE CTS NAMES OPS REN ie Tie Mais s 

120 INFUT “INITIALIZE ON DRIVE NO."3SFDZ 

130 IF FDXAS=O AND FDA 4 THEN 160 

TAOS ERIN Te? ER Gly TR VES Srey le) ley coum ClEKemea 

150 GATQA 120 

160 INFUT "WHAT IS THE RECQRD LENGTH";CA(1) 

170 PRINT "ENTER THE FEY LENGTH kkWITHOQUT*k" 

1860 INFUT "THE LOCATOR’; CAC9) 

190 INFUT "WHAT IS THE MAXIMUM NUMBER OF RECORDS";CA(4) 

200 SINEWT SISAL Or 

210 IF QE&="Y" THEM 

240 GOTO 200 

250 PRINTs PRINT" OOK ENTER ALL INFORMATION AGAIN x**x" 

260 FOR I=1 TO 1000 

a7 OSNE XT ed 

280 GOTO 20 

299 REM &*k COMPUTE AND DISFLAY CAC) xx 

wo/CA CL) 

CA CS) =CACH) /CA CSI +2 

CAC7IFRCA CI) +2 

CA(8)=1 

CA C19) =2S5/CA (7) 

pee) 

T=T+] 

420 CACLA4) Rho 

430 CACIS) ECA CG) /CACLO) +2 > 

440 PRINT "THE FILE CONSTANTS ARE: " 

450 FC besa Mee sibs) 

460 x TY CAXKT) « 

AD NE X ied 

48O PRINT 

499 REM #*k VERIFY IF READY TQ INITIALIZE ** 
SOO INPUT "ENTER Y TQ INITIALIZE OR N TQ ABORT": aks 

IF ORS="Y" THEN 600 

IF Qk "N" THEN 

PRINT “ERROR - PLEASE ENTER Y QR N" 
GOTO Soo 

S60 PRINT "Ook TMI TIALIZATION ABORTED xx" 
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560 END 
S99 REM ** INITIALIZE FILES x 
600 FRINT' INSERT PROPER DISKETTE IN DRIVE"sFD%: 
610 INFUT "(ENTER "saks 
620 FH=STRS (ED) 
630 MIDS(F$,1,1)="2" 
640 FLS=FLStE S$ 
650 FRS=FRS4+FS 
660 OPEN "R",1,F1$ 
670 FIELD 1, 255 AS B¢ 

OPEN "R",2,F 24 
FIELD 2, 255 aS KY# 

CHR (1) +STRINGS (254, 255) 
BET EY¢=k¢ 

FUT2, 1 
MIDS (KS, 1,CA(7)) =STRING$ (CA (7) 82) 
LSET KY#=k4 
FUT 2,2 
ES=STRINGS (255, 2 
MIDS (ES, 1,CA(S))= 
I=(CA(S) /CAC1) 

790 MIDS (K$,1, 1) =STRINGS (1, 255) 
a00 LSET BK 
810 PUT 1,1 

rp 

840 SET 

BOCs ta 

B6O MEXT 

870 FR PM RKKKK INITIAL T ZATION COMPLETE k%*eKK" 

BRO 

BIO & 

SOO END 

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 FOR J=1 TO FD 

5220 FORI=17T0O15 

5230 READ CA(I) 
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 CLOSE1,2 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$ 

e. 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(1) 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 II 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: 



SUMMARY 137 

10 CLEAR 5000 
20 DIM CA(15,3),B$(3),KY$(3) 
30 OPEN ‘'R’’,1,’‘ITEMREC’’ 
40 FIELD 1, 255 AS B$(1) 
SOCOPEN RY 2 7 ITEMKEY:’ 
60 FIELD 2, 255 AS KY$(1) 
LOS OPEN. “R43; 4CUSTREC” 
80 FIELD 3, 255 AS B$(2) 
90: OPENZ&R 74, “@CUSTKEY” 
100 FIELD 4, 255 AS KY$(2) 
ETOr OREN Rizj57 ‘BILLREGS 
120 eFIELD:5;: 2555AS.B$(3) 
1 3OZOPEN Re, GAiBILLKEY 4 

140 FIELD 6, 255 AS KY$(3) 
150 RESTORE 
160 FOR J=1T0O3 

170 FOR!I=17T015 

180 READ CA\II,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$(CA(2,FD)) =B1$, 

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), which 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. 
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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 

parameter-controlled so that any application can use the subroutines 

as they are simply by defining the parameter array. 

Record Pointer Pointer 

Number 

1 

NO of WN 

Table IV.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 

functions 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: 

eFile 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 

eControl, 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 
SELECTOR 

POSTING 
SELECTOR 

FILE MAINT. 
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 READN$ 

90 PRINTAB(10);I;N$ 

100 NEXTI 

WLOSPRING 
120 INPUT‘‘ENTER NUMBER OF SELECTION’’;SN 

130 IF SN< =N AND SN>OTHEN160 

140 PRINT‘‘ERROR — PLEASE ENTER A SELECTION FROM THE 

Sis 

150 GOTO120 

160 FORI=1TOSN 

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 
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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 74 POSTSEL 7 ARERTSEL™ 

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/O 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 PA$. If PA$ 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/O subroutines (I/O 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 I/O 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. 

Fill out screen layout and printer layout sheets. 

Describe all special tasks that are application dependent. 

Write the program system. — eee SOs 
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REPORTS AND COMPUTATIONS 

[/ 
LIST OF 
ALL DATA 
REQUIRED 

DATA FILES REQUIRED 

ab eet el 
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 

FOU RNAME) dee 2 oot © bbe er a et ESE LY. PEs ae ee ee Ais 

ACCESS Ss) SEY ENS ATED we tae ie eS BUFFER! VARIABLE, 2-94". Se. 

RECORD LENGTH NO. RECORDS PER BLOCK 

+ VAR. } PACK + VAR. + PACKING +: DESCRIPTION 

+ NAME ;:START: END : TYPE : METHOD i; 

Figure 20.2: Data file layout sheet generated by the program in Listing 20.1. 
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5 REM ****k PRINT DATA FILE LAYOUT SHEETS **%* 

10 CLEAR 19000 

20 L1$=STRING$(72,"—") 

30 L2$=CHRS(124)+" "“4+CHRS (124) +" “+CHRS (124) +" eS 

35 L2%$=L2$+CHRS(124)+" "+CHRS (124) +" "+CHR$ (124) 

40 LPRINT TAB(28);"“DATA FILE LAYOUT" 

SOMMER UNG. 
60 LFRINT“FILE NAME ";STRING#(26,95);" FILE TYPE ";STRING$ (25,95) 

63. LPRINT" “ 
70 LFRINT"ACCESS "sSTRINGS(27,95);" BUFFER VARIABLE "“;STRINGS (11,95) 

ToS PROUT ieee 

80 LFRINT"RECORD LENGTH ";STRING# (20,995) 5 

85 LPRINT" NO. RECORDS PER BLOCK ";STRING$(15,95) 

90 LPRINT" " 
95 LFRINT"ADDITIONAL INFORMATION ";STRING? (49,95) 
100 LPRINT" ":LPRINT" ":LPRINT™ " 
110 LPRINT Lis | 
120 LFRINT CHR$(124);" VAR. "3CHR#(124)3" PACK  "3CHR$(124); 
125 LFRINT " VAR. “3;CHR#$(124)5" PACKING “;CHRS(124)5 

126 LFRINT " DESCRIFTION"; TAB(72) ;CHRS (124) 

130 LPRINT CHR#(124)3" NAME "“;CHRS (124) 3 "START"; CHRS (124) 5 

LSS LPRINIS END OS CHRS.CiU? 4) s"5 SY EES So. CARS Ci 4s) MER Gs os 

136 LPRINT CHR$ (124) ; TAB(72) ; CHRS (124) 

140 LPRINT L1% 

1507 FOR f=1 70° t2 = FOR J=1 fOy2 

160 LFRINT L2%; TAB(72) ;CHRS (124) 

170 NEXT J 

180 LFRINT L1is 

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 



DESIGNING THE DATA FILES 157 

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 ‘SALTER 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 ‘SENTER 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 ‘SENTER 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 I/O 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 HDWDm KR WN — 

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. 

Machine Language 

00 

Assembly Language 

LDA KBOARD AD F8 

LDA means ‘‘load into the 

accumulator’’ and KBOARD is 

the location where characters 

from the keyboard enter the 

computer. 

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 

location F8 OO in 

hexadecimal. 

Each assembly language statement produces one machine language 
command. 

Compiler Statement 

IF (A= 8) 10207. 90 

Machine Language 

Bi 625 205) VAs es 

In FORTRAN, this statement 

obtains the value of A—B, 

then branches to statement 

10 if that value is negative, 

20 if it is zero, or 9O 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 MID$ 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] Ri) 152 KEYRIES 

FIELD 1,255 AS KY$ 

GET 
FORI = 1TO10:PRINTASC(MID$(KY§$,I,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 4 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 
GOSUBs 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 I/O 

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. Utilities 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. 
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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 meinory. 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. 



176 CONCLUSION 

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) 

TO OTHER 
LEVEL 1 DEVE 
ee 

| 

LEVEL 0 

Figure C.1: Portion of a fully tree-structured file. Each block in level zero contains keys with 

corresponding record numbers. On the higher levels, each block contains the first key value 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 Z 11 2,048 

2 4 12 4,096 
3 8 13 8,192 
4 16 14 16,384 

5 a2 15 32,768 

6 64 16 65,536 
7 128 17 131,072 

8 256 18 262,144 

2 512 19 524,288 
10 1,024 20 1,048,576 

APPENDIX B: PROGRAM USED TO 
CREATE GLOSSARY 

19 CLEAR 5000 

20 DIMCAC15) 

ZG OPEN"R",1, "GLOSSARY" 

40 FIELD 1,255ASHS 

50 GPEN"R"”,2, "WORDS: 1” 

60 FIELD 2, 25S5ASKY4 

65 GET2Z,1:RMS=KYS 

79 RESTORE 

80 FORI=1TO15S 

90 READCA‘CI) 

100 NEXTI 

119 DATA 50,0,5,1,188, 1501,22,9,20,11,6,144,111,119,56 

199 REM *k 200-999 CONTROL SECTION ** 

2090 CLS 
210 PRINT" GLOSSARY ACCESS" 

220 PRINT 
oo, PRINT 1. ENTER A WORD" 



180 

240 
290 

Chines 
1oO0o 

TO Sey 

1040 

1070 

1O80O 

1090 

11900 

ee ie 

L120 

1499 

1500 

15106 

1520 

15235 

1520 

1540 

13550 

1560 

1570 

1580 

1590 

S95 

1590 

1700 

1710 

1720 

1725 

1730 

1740 

L730 

UGGS 

2000 

2010 

2020 

2Os0 

2040 

2050 

2060 

2070 

2080 

2090 

2100 

2105 

APPENDICES 

PRINT" 2. ENTER A DEFINITION" 

FSEScauIM Uti S. DISFLAY A WORD WITH DEFINITION" 

PRINT" 4. DELETE A WORD AND ITS DEFINITION" 

PRINT" 5. PRINT GLOSSARY" 

PRINT 

INFUT" ENTER NUMBER OF SELECTION OR © TO END"3N 

LFN2=OANDN«# 6THEN230 
FPRINT"ERROR - ENTER NUMBER FROM THE LIST" 

GOTOL9O 
ONN+1GOTOZ40, 1000,1500, 2000, 2500, 2000 

CLOSE 

STOF 
REM *k 1000 - 1499 ENTER A WORD *x 

CLS 

PRINT" oe Jat Sse UNG) SAO ke a 

INFUT"ENTER WORD OR END" 3k 

TFES="END" THENZOO 

TFLEN (BE) = 19THENIO7O 

FRINT"ERROQR ~- MAXIMUM WORD LENGTH IS 18 CHARACTERS” 

GOTOLO29 

RS=EE+STRINGS (50, 32 

MIDS (RS, 49, 2) =MET S(O) 

GOSUB7000 

TFE=OTHENIO2O 

FRINT"ERROR -- KEY ALREADY IN FILE" 

GOTOIO2D 

REM *k 1500 -— 1999 ENTER A DEFINITION x 

CLS 

FRINT" —-—— ENTER, DEF IMNT TIONS t=—— = 

INPUT"ENTER WORD TO DEFINE, OR END": ks 

TFES="END" THEN200 

GOSUB7Z S00 

TFE=OTHENIS70 

FRINT'"ERROR -- KEY NOT FOUND" 

GATQLS20 

PRINT*'ENTER DEFINITION, 48 CHARACTERS FER LINE" 

PRINT'AFTER THE LAST LINE, ENTER END" 

PRINT"FOQSITION 48 PELE AY SH Raa gry QU) 

AR=N 

FRINT* POSITION 48 3"sTAER(SOQ) ;"!" 

AR=N 
INFUTROS 

IFR9O$="END" THEN1L S20 

IFLEN (ROS) = =46BTHENI640 

Ret Nit a RRC Re OSs ens REENTER SHAT softness 

GOTOQ1600 

GOSUBRG6250 

BR=FR 

M=AR 

GOSUBR6150 

MIDS (R#, 49, 2) =ME TS (BR) 

GQSUR6190 

R9S=RIS+STRINGS (50, 32) 

MIDS (ROS, 49, 2) =ME I$ (0) 

RH=ROF 

N=BR 

GOSUB6190 

AR=BR 

GOTO1L600 

REM *xk 2000 -— 2499 DISFLAY A WORD AND DEFINITION xx 

CES 

PRINT" —-- DISFLAY WORD AND DEFINITION ---" 

INFUT"ENTER WORD QR END" sks 

TFRES="END" THEN200 

GQSUB7500 

IFE=OTHEN2080 

PRINT"ERROR —- WORD NOT IN FILE" 

GOTO2020 

IF"END "=LEFT# (R¢, 6) THEN2Z020 

PRINTLEFT4 (R$, 48) 

N=CVI (MIDS (R$,49,2)) 

TFN=OTHEN2020 
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2110 GOSUR6150 
2120 GOTOZ080 
2499 REM ¥X 2500 - 2999 DELETE A WORD AND ITS DEFINITION ¥x 
2300 CLS 

2510 PRINT" --- DELETE A WORD AND DEFINITION ——-" 
2520 INFUT"WORD TO DELETE" ks 
2520 GOSUR7500 
2540 IFE=OTHENS570 
2550 PRINT'ERROR —- WORD NOT IN FILE" 
2560 GOTOZS20 
2570 AR=CVI (MID (R$, 49,2)) 
2580 GOSUBBSOO 
2590 IFAR=OTHENZ00 
2600 N=AR 
2610 GOSUBG1S0 
2620 AR=CVI (MID$(R$, 49, 2)) 
2630 FR=AR 
2640 GOSUBB610 
26SO GOTOZ5S9O 
2999 REM kk ZOOO -— 3499 FRINT GLOSSARY xx 
2000 CLS 

S010 PRINT" --- FRINT GLOSSARY ---" 
20 INFUT"SET UP PRINTER, THEN PRESS EXEC":N 

L9=55:F9=0 
Kean" 
GOSURBOOO 

ZO60 IFES :OTHEN2Z00 
BO62 L&=LEFTS (R$, 48) 

IF P9=OTHENZORO 
TFL92S1THENL9=L9+2:LPRINT" "“sLPRINT" " 
GaTasoga 
Le=" "+LEPT$ (RE, 48) 

: GOSUBZZ00 
ZO9O AR=CVI (MIDS (RE, 49,2) ) 
B100 IFAR=OTHENSO50 
S110 N=AR 
3120 GOSUER6150 
BASSO GATAZO7O 
: L9=L9+2 

IFL9455THENS 400 
PO=P9+1 
IFF9=1THENZ360 

B340 FORL8=L9TO65 
S250 LPRINT" “:NEXTL8 
3260 LERINT"F SWANSON” 
3370 LFRINT"MICROCOMFUTER DISK TECHNIGUES GLOSSARY -"sF9 
S280 LPRINT" “:LPRINT" " 
3390 L9=4 
3400 LERINT” “:LPRINTLS 
3410 RETURN 
6000 STOF 
6010 RETURN 
6090 RETURN 
6149 REM -- 6150-6180 GET RECQRD BY NUMBER —— 
6150 B=INT((N-1)/CA(3) ) :R=N-EXKCA (3) 
6155 B=B+CA(4) 
6160 GET 1,8 
6170 R&=MIDS$(BS,CA(1) X(R-1)+1,CA(1)) 
6180 RETURN 
6189 REM -- 6190-6240 PUT RECORD BY NUMBER —— 
6190 R1IG=R¥ 
6200 GOSUB 6150 
6210 Hit=BS 

220 MID$(B1$,CA(1) X(R-1)+1,CA(1))=R1¢ 
6230 LSET BS=B1% 
6255 FUT1,B 
6240 RETURN 
5249 REM -- 6250-6205 GET NEXT AVAILABLE RECORD NUMBER -—— 

6250 GET1,1:FB=0 
6252 FR=FR+1: IFFR2CA (5S) THENS268 
6254 IFMID$(B¢, FE, 1) =CHRS (255) THENG252 
6256 FA=ASC (MID$ (BS, FR, 1)) sFR=FRX8-8:FD=0 

BC 
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258 FD=FD+1:FC=INT (20 (@-FD) +.) sFA=FA-FC: IFFA==O0THEN6258 

260 FR=FR+FD:FA=ASC (MIDS (BS,FEB,1))+FC 

6262 B1IS=BS:MID$(B1%,FR, 1) =CHRS (FA) 

6264 LSET B$=BR1i¢t:FUT1,1 

6266 RETURN 

6268 FR=CA (6) :E=0: RETURN 

=O9 REM -- 6310-6510 SEARCH FOR FEY ~- 

6210 K1S=STRINGS$(CA(7) , 32) 

6320 ES=KhS$+K 142 KN=O 

63350 Li=O:LB2=CA(15) 1L4=0 

6340 LS=INT((L14+L2) /2+.5) 

6250 IF MIDS(RM$,L3, 1) =CHRS (255) THEN6540 

6360 EEB=ASC (MIDS (RMG,L3,1)) 

6370 GET2.KR+1 

6280 IFMIDS (KEYS, 1,CA(9) ) SMIDS (KE, 1,CA(9) ) THEN6S40 

6390 KN=O 

6400 KN=EN+1: IFEN=CA (10) THEN6440 

6410 IFMID$ (ES, 1,CA(9) )=MID$(EYS,CA(7) (KE N-1)+1,CA(9) ) THENSS80 

6415 IFMIDS (KY, CA(7) X (EN-1) +1,CA(9) ) =STRINGS (CA (9) , 255) THENG440 

6420 I[FMIDS (KH, 1,.CA(9)  SMIDS (EK Y#,CAC7) kK (EN-1)4+1,CA(09) ) THEN6 610 

6430 GOTQ 6400 
6440 L1I=L3 

6450 L4=L4+1 

6460 IFL4£CA(11) THEN6240 

6470 E=1 
6480 LI=L3+1 

6490 EB=ASC (MIDS (RME,LS,1)) 

6500 K1S=STRINGS (CAC7) , 255) : LIFE RB=255STHENRE TURN 

6SUOS GET een ee a 

6520 ELS=LEFTS&(KY#,CAC7)) 

6520 RETURN 

6540 LS=La 

6550 L4=L4+1 

6560 IFL42£CAC11) THENG 240 

6565 E=1:GOTQ6490 

6580 E=0 

6590 EIS=MIDS (EYE, CAC7) ¥C(EN-1)+1,CA(7) ) 

6600 RETURN 

6610 E=1 

6620 GOTO6590 

6°99 REM -- 79000-7499 FUT NEW RECORD AND KEY —— 

7000 GOSUB6210 

7910 IFE=2THENRETURN 

7920 IFE=1THEN7040 

E=1:; RETURN 

7040 GOSUBR4250 

7945 EZS=EVS 

7OS0Q IFER=S55THEN7 180 

7950 IFLEFT#(E¢,CA(7)) XLEFTS (KY$,CA(7) ) THENEN=1 

7970 FORTSCA (10) TOK N+1STEP—-1: MIDS (2%, CA(7) kCI-1)+1,CA(7)) =MIDS (EZ, CA(7) 
YUH 2 ret ez) 

7O72 NEXTI 

7074 MIDS (RZ$,CA C7) k (EN-1)+1,CA(7) )=MIDS (ES, 1,CA(9) )+MEIS (FR) 
7980 LSET KYS=KZ$ 

7090 FUT2,EB+1 

71900 GOSUBR6O10 

7110 N=FR: GOSUR6190 

7120 E=0 

7130 IFMIDS (KY$, (CA (10) -1) XCA(7) +1,CA(7) ) =STRINGS (CA(7) , 255) THENRETURN 
7140 L4=0:FORI=17T0250: IFASC (MID$ (RM$, 1,1) )=255THEN7144 
7142 IFASC (MIDS (RM$,1,1)) :L4THEN L4=ASC (MIDS (RMS, 1,1)? 
7144 NEXTI 

7150 FORTI=CA(15) TQKB+1 STEF-1 

7AS2 MIDS (RMS, 1+1,1)=MIDS (RMS, 1,1) 

7154 NEXTI 

7136 MIDS (RMS, RB+1, 1) =ME IS (L441) 

7158 EZB=EY $2 EX$=MIDS (KEYS, CACLS) ,CA(12) )+STRINGS (CA(14) , 255) 
FLeo MIDS (EZ%,CA (1S) ,CAC12) )=STRINGS$ (CA(12) , 255) 
7162 LSET EY$=KhZ$:FUT2,EB+1 

7164 LSET EYS=EX$:FUT2,L4+2 

7166 LSET EYS=RM$sFUT2, 1 

7170 E=0:RETURN 



7180 

7AB2 

7184 

7186 

7188 

7190 

TAG? 

7499 

7500 

faa XO} 

7329 

7TSEO 

7540 

7550 

7360 

735790 

7580 

TIES. 

BOO0O 

B010 

BO2Oa 

BOO 

BO40 

BOO 

8060 

8499 

8500 

8510 

8520 

8520 

8540 

B8S50 

BS55 
83557 

8560 

8570 

8580 

8590 

86900 

8610 

8620 

B630 

8640 

8650 

84660 

8670 

Late os? 

9000 

9010 

9020 

9O30 

9040 

9050 

9060 

9070 

9080 
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L4=0 
L4=L4+1: IFL4<=250THEN7184:ELSE STOP 
IFASC (MIDS (RM$,L44+1,1))< THEN7 182 
KB=ASC (MIDS (RM%,L4,1)):GET2,KR+L 
EN=O 
ENSEN+ 12 IFMID# (EY$,CA(7) ¥(KN-1)+1,CA(7))<STRINGS (CA(7) , 255) THENTI90 
GOTO7OS0 
REM -- 7500-7999 GET RECORD —- 
GOSUBR6210 
IFE=OTHEN7540 
E=1 
RETURN 
N=CVI (MID$(K1%,CA(7)-1,2)) 
GOSUE6150 
GOSUR6O90 
E=0 
RETURN 
REM -- 8000-8499 GET NEXT -- 
ES=KS+STRINGS (CA (9) , 22) sE=ASC (MID$ (EN, CAC9) 1) 41 
MID$(ES,CA(9) , 1) =MEI$ (E) 
GOSUBR6310 
IF E=OTHEN7S40 
IF MID$(K1%,1,CA(9) )< 2STRINGS (CA (9) , 255) THENBO60 
B=1: RETURN 
K€=K1$:E=0:GOTO7S40 
REM -- 8500-8999 DELETE KEY AND RECORD —- 
GOSUR6210 
IFE=OTHENS540 
E=1 
RETURN 
KZ$=KY$s GOSURR6OO 
FORI=EN TO CA(1O)-1 
MIDS (EZ, CA(7) K(I-1)+1,CA(7) ) =MIDS$ (KZ$,CA(7) KI+1,CA(7)) 
NEXTI 
LSET KYS=Kz¢ 
FUT2,KR+1 
E=0 
RETURN 
FR=CVI (MIDS (K1$,CA(9)+1,2)) 
FER=INT ((FR-1) /8) : FA=FR-FEKS 
GETi,1:BRi¢=B¢:FR=FR+1 
FC=ASC (MIDS (K1%,FE,1)) 
FC=FC-INT (20 (8-FA) +. 5) 
MIDS (B1%,FR, 1) =CHR (FC) 
LSET BS=Bigs:FUTI,1 
RETURN 
REM -- 9000-9499 RESAVE RECQRD -— 
GOSUBR6310 
IFE=OTHEN9040 
E=1 
RETURN 
N=CVI (MIDS (K1$,CA(9)+1,2)) 
GOSUBR6010 
GOSUR6190 
E=0 

RETURN 

onl A Baa pa 
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APPENDIX C: DECOMPRESSED 
LISTING PROGRAM | 

10 CLEAR1IOOO 

20 NFS="COMFPRQ" 

20) (OREN MSD ty Nes 

40 AA=O0 

SOQ IFAAs SO THENSTOF 

60 LINEINFUT#1,AS 

79 AA=EOF (1) 

8O LL=LEN (AS) 

90 FORI=1 TOLL 

100 IFMID$(AS,1,1)="s"THENLPRINT" “sLPRINT" 
110 LPRINTMIDS(AS,1,1); 
120 NEXTI 
120 LERINT" ° 
140 GoTaSe 

APPENDIX D: HEXADECIMAL TO 
ASCII CONVERSION 

High order 

Low ord. 2 3 4 5 6 7 

O 32 48 0 64 @ 80 P 96..@ TAZ p 

1 Som 49 1 65 A 81 Q MS BO MA: Ne al al So 

2 34 " 5QO™ 2 66 B 82 R 98sbice 114) 5 

3 35 # Sy} S72 S355 99° oe Poms 

4 36 $ 52 4 68 D 84 T 100° diraatiGet 

cS) 37% syeh S. 69FE S5).U IGS eee heer 

6 38 & 54 6 OLR 86 V 102 f Sy 

7 39 BS Tae AE 87 W TOStGl a1 oa 

8 40 | 56 8 hoe 88 X 104. heiae: 20x 

9 41 ) 57-9 73 89 Y 105 ji IW 
A 42 * 58"; 74 ‘J SORZ 106 j V2 252 
B 43 + SiS )Eer 76 K Sie TOTP Ke A 23am, 
C 44 , 60a tork 920 108 | 124 | 
D 45 - 61 = 77M Sou) LOSS mie 125 
E 46. 62. > 78 N 94 — 1Ooneee tr 262 
ii 47 / 637-7 79 0 95.25 AAA Ose air 

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 D&=CHR$ (4). REM. CONTROL. D 

20 FRINTDS; "OQFEN NAMES, bail) 

BO FPRINTD$;, "WRITE MAMES, 

40 FPRINTO 

SO PRINTDS 
60 BS=CHRS (22): REM.FUT. ONE. SFACE. IN. RS 

7O FORL=17TO6 

BO BS=RS+kS 

OO) NEPAT EL 

100 REM RB HAS 64 SFACES 

110 FORT=1TO100 

120 FRINTDS; "WRITE NAMES, R" 4 I 

120 FRINTERS 

140 FPRINTDS 

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) 
FOR |!=1 TO 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 STRING$ function: 

6020 B2$ =LEFT$(SP$,20) 
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Another required function, the MID$ 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. 

4000 END 
6010 B2$=LEFTS (SPS, 20) 

25 N&=NS+ Ed 
FT (NS, 20) 

6040 AS=LEFTE (AG, 2O) 

ee (C6: 5 

1$(C,14) 

PT $ (88,2) 
6065 Ze=Ze+" " 
6070 Z#=LEFTS (2%, 5) 
6075 BR=ENE+A$4+CH4+9H47% 
6080 RETURN 
6090 B*=B++LEP TS (SE, 64) 
S098 Nee rt (BS 
6100 A*=MIDG (EH, 21, 2C 

10 CS=MID$ (BS, 41, 14) 
S$=M (Ds (EG, 57, 2) 
Z$=MIDS (BS, 59,5) 

4140 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. 

CHAS (4) 

PRINTDS; "QFEN NAMES, La@a" 

PRINTD$; "READ NAMES, RO" 

INFUTM 

a2 PRINTDS 

40 HOME ; 

SO INFUT'ENTER 1 TO WRITE QR @ TQ READ? "aN 

60 LFN=1THENLOO 

70 TFN=27THEN3OO 

72 TFN 20OTHEN@BO 
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74 FPRINTDSs “CLOSE” 

19) 
SINT'ERROR —- FLEASE ENTER 2 OR 2” 

9O GBOTOEO 

HOMIE 

PRINT WRITE & NEW RECORD TQ THE FI 

INFUT "ENT 

E" 

ORD NO GUT GF RANGE" 

180 INPUT 

190 INFUT 

INTD$; "WRITE NAMES, Rs M 

NTE 

ECORD NO QUT OF RANGE? 

UTES 
NTDS 
UBEORPO 
T" NAME 

S045 
6050 (C%, 16) 
6055 Sé=os+" " 
6060 St=LEFTS (S#, 2) 
60635 ZH=Z6+" " 
6070 Z$=LEFTS (Z#,5) 
6075 B&=NS+AK+CH4+SH4+76 
6080 RETURN 
46090 EG=EG+LEFTS (GES, 64) 
4095 NS&=LEFTS (BS, 20) 
6100 AF=MIDS (RS, 21,20) 

CS=MIDS (BS, 41,16) 
SH=MIDS (RE, 87, 2) 
Z$=MID$ (BS, 59, 5) 
RETURN 

26 

Listing E.3 

DIMAS (3) 

PRINT"ENTER THE FIVE LETTERS" 

PRINT" QNE AT A TIME" 

FORT=1 708 

PRINT ENTER: CET TER NOK tsi: 
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60 INFUTAS (1) 
7O 

BO FOR 

90 a 

100 [FA (I) b=A% (I-11) THEN140 

110 ASG=AE (J) 

120 A$ (J) =A¢ (I-1) 

120 A¢ (I-1) =Ag 

140 NEXTJ 

150 WEXTTI 

1460 FORT=17TOS 

ZO RUIN Teese aye C0:) 

180 NEXTI 

190 END 

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 PR4#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. 

10 SP$=" " 
2 FORI=1TOQ63 

14 SP$=Gré+" © 
16 NEXTI 
18 D#=CHRS (4) 
20 PRINTD$; "FEN NAMES,Lé65" 
22 PRINTD$; "READ NAMES, RO” 

INPUTM 
32 PRINTDS 
40 HOME 
SO PRINT’ENTER 1 TQ WRITE, @ TQ READ," 
52 INFUT"S TO PRINT OR 4 TO SORT? "3N 
54 [FN¢ sOTHENSO 
56 PRINTD#; "CLOSE" 
S8 END 
60 IFN 1 THENBO 
62 IFN?4THENSO 
70 ONNGOTO109, 300,500, 700 
72 IFN« >OTHENBO 
74 PRINTD$; "CLOSE" 
76 END 
30 PRINT'ERROR ~ ENTER 1, 2, 3 QR 4" 
90 BOTO4O 
100 HOME 
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110 FRINT"WRITE A NEW RECORD TQ THE FILE" 

20 INPUT"ENTER RECORD NO. (Oo TO 100)? "GM 

TFN2=1 THEN 60 

140 PRINT" ROR - RECORD NO QUT GF RANGE" 

30 GOTOI20 

TFN? 1LOOTHENI 40 

INPUT" NAME "aN 

IMPUT"ADDRESS? '"yAS 

INPUT" CITY? “3 CS 

INFUT' STATE? "yo 

LN TeM LP Za able RIO) S98 AES 

BOSUBGEO LO 

PRINTDS; "WRITE MAMES, F's M 

. PRINTERS 

FEINTOS 

GOTO4AO 

HOME 

FRINT"READ A RECORD FROM FILE" 

INFUT"ENTER RECORD NUMBER? "aN 

RECORD NO QUT QF RANGE" 

PRINTD#: "READ NAMES, R's N 
INFUTES 
PRINTOS 
GOSUBGO9O 
PRINT" MAME 
ERINT “ADDRESS 
RINT'CLTY 3 

PRINT"STATE 3": 
PRINTYZIE CODE 2 "27% 
aT ( 
INFUT"STORT AT E RD NO. "EN 
INFUT"END AT RECORD NO. ? "SN 
TEN2 1THEN640 

iSO TENLENTHENG40 
S40 TEN121OOTHENS4O 
S50 FORI=1TON1 
560 FRINTD$; "READ NAMES, R's 1 
B62 INFUTES 
544 PRINTDS 
S70 GOSUERSO9O 
S75 [FLEFTS (BS, 1)="" "“THEN6ZO 
S80 PRINTDSs "PRES" 
582 PRINTI;" "ane 
S90 FRINTAG 
600 PRINTCS3 "4 "9S$e" "274 
410 PRINT 
612 PRINTDS; "FP RHO" 

20 NEXTI 
“GaTa4e 
PRINT"ERROR - ENTER REC. NOS. CORRECTLY" 
BATASOO 
FRINT'SORTING THE FILE" 
FORI=1T099 

| N=1 
PRINTD#:; "READ NAMES, R's N 
INEUTECL $ 
FPRINTDS 
TFRA$=""THENEIS$=LEFTS (SPS, 44) 
SW=o 
FORJ=1TO1O01-1 

2 PRINTD#; "READ NAMES,R' sd 
INFUTRS 
IF RS=""THENES=_LEFT$ (SF#, 64) 
PRINTD4 
IFLEFTS (B¢,1)=" "THENBOO 
IFLEFT$(B1%,1)=" "THEN7T7O 
IFRS 2=B1$THENGOO 
PRINTD#; "WRITE NAMES, R"sd—t 
PRINTERS 



774 PRINTDS 
780 BS=Bigs 

790 PRINTD$; "WRITE NAMES, R" 
792 PRINTRE 
794 FPRINTDS 
794 SWHSW+1 
BOO BRiS=B¢ 
810 NEXTd 
815 IFSW=OTHENI=99 
320 NEXTI 
850 GATQ40 
6000 END 
6010 B2$=LEFTS (SES, 20) 

5 NS=NG+ERS 
NS=LEFT$ (NS, 20) 

5 At=A$+Eoag 
6040 AS=LEFTS (AS, 20) 
6045 CH=CH+R 24 
6080 CH=LEFTS (CH, 16) 
4055 St#=Gg+u 4 
6060 S$=LEFTS (S%, 2) 
6065 7H=Zh+" " 
6070 Z$=LEFT$ (Z%, 5) 
6075 ES=NS+AK+CH4+94474 
6080 RETURN 
6090 ES=EG+_EF TS (SPH, 64) 
6095 NS=LEFTS (BS, 
S100 AK=MIDS (RS 
6110 CS=MIDS (RS, } 

S$=MID$ (BS, 5757 

Listing E.5 

THE BINARY SEARCH 
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td 

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 STRING$ 

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 

equivalent of the TRS-80 GET statement. 

10° SFS=" " 

12 FORI=1T063 

14 SFP#=SPé+" " 

16 NEXTI 

18 D#=CHRS (4) 

20 FPRINTD$;"QFEN NAMES,L4&5" 

22 FRINTD#; "READ NAMES, RO" 

30 INPUTM 

32 PRINTDS 

40 HOME 

50 PRINT'ENTER 1 TO WRITE, 2 TO READ," 
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52 PRINT'S TO FRINT, 4 TO SORT," 
S63 INFUT"OR S TQ SEARCH? "yN 
S4 LEN SO THENGO 
5G PRINTDS; "CLOSE" 
58 END 
60 TENS 1 THENBO 
2 TFN2STHENSO 

70 ONNGQTOLOO, 300, 590, 700, 900 
72 TENS :OTHENSO 
74 PRINTDS, "CLOSE" 
76 END 
80 PRINT'ERROR - ENTER 1, 2, = QR 4" 
90 GATO4O 
HOME 

PRINT WRITE & NEW RECORD TO THE FILE" 
INFUT"ENTER RECORD NO. (9 TO 100)7 "SN 
TEN2=1THENL460 
PRINT'ERROR - RECORD NO GUT OF RANGE" 
GOTAL20 
TEN =1LOOTHENL40 
INFUT"NAME? "a Ns 
INFUT"ADDRESS? "ys As 
INFUT"CITY? "aCe 
INPUT"STATE? "4 Se 
INFUT"ZIF CODE? "5 7% 
GOSUBGOLO 
PRINTD$; "WRITE NAMES, R" aN 
FRINTRS 
FPRINTDS 
Garage 
HOME 
FRINT'READ A RECORD FROM FILE" 
INFUT"ENTER RECORD NUMBER? "3M 
TEN?=1 THENS60 

ROR —- RECORD NQ QUT GF RANGE" 

ITHENS40 
FRINTDG: "READ NAMES, Fo" 3 N 
INFUTES 
FRINTDS 
GOSUR6O9O 
RINT" NAME 2 "ahs 
INT"ADDRESS + "3 A% 

FRINT'CITY 2 "aCe 
FRINT'STATE + "49% 
FRINT'ZIF CODE s "374 
BOTOsO 
INFUT"START AT RECORD NO. "sN 
INFUT"END AT RECORD NO.? "gNi 
TFN# 1 THENG40 
TFNISZNTHEN640 

S40 FNL 21OOTHENG40 
550 FORI=1TON1 
360 FRINTD$; "READ NAMES,R's I 
562 INFUTES 
564 FRINTDS 
570 GOSUER6O9O 
S78 IFLEFT$(B$,1)="  "THENG2O 
S80 PRINTDS; "PRHO" 
S@2 PRINTIg" "sng 
590 FRINTAS 

PRINTC#;", "gSSe" "274 
FRINT 
FRINTDS; "FRHO" 
NEXTI 
BaTa4o 
FRINT’ERROR - ENTER REC. NQS. CORRECTLY" 
BATASON 
PRINT"SQRTING THE FILE" 
FORI=1T099 

i Ned 
FRINTDS; "READ NAMES, Ry N 
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INFUTBIS 
FRINTDS 
IFB1$=""THENBRIS=_LEFTS$ (GE, 64) 
SW=o 
FORJ=17Q101-1 

& PRINTD$,; "READ NAMES, R"s J 
INFUTES 
IFB$=""THENBS=LEFTS$ (SFS, 64) 
FRINTDS 
IFLEFT$(8$,1)=" "THENGOO 
IFLEFT$ (B1$,1)=" “THEN7T70 
LFRS >=B1STHENBOO 

779 PRINTD$; "WRITE NAMES, R's J~-1 
772 PRINTERS 
774 FPRINTDS 
780 Be=B1is 
790 FPRINTDS; "WRITE NAMES, Ryd 
792 FRINTES 
794 PRINTDS 
796 SW=SW+ 1 
800 Big=BS 
810 NEXTJ 

815 IFSW=OTHENI=99 
820 NEXTI 

GarTa4eo 
INFUT"ENTER NAME TO SEARCH? "sNi¢ 
Li=O:L2=101:L4=0; LS=LEN (NI) 
LESINT ((L1+L2) /2+, 

2 PRINTD#: "READ NAMES, Rl gle 
INFUTES 
FRINTDS 
[FRS=""THENLOLO 
IFLEF T# (RG, 1.5) 2N1STHENLS 
TFLEFT¢ (82,105) <NISTHENL I=L 
IFLEFTS$ (RS, L.5) =N1&THENS80 

970 Lael 4+ 
980 IFL48 7THEN920 
990 FPRINT"NAME NOT FQUND - IT IS NEAR RECORD NO. "SLs 
1000 GATOS 
1010 B 

Eh= E+ CHR (255) 
1040 NEXTI 
1050 GOTAG4O 

> END 
R2$=LEFTS (SES, 20) 
NS=NS+R2% 
Né=LEPTS (NS, 20) 
AS=AB+EHLS 

6040 AS=LEFTS (AS, 20) 
6045 CH=CH+RRS 
6080 CH=LEFTS (CH, 16) 
4055 Se=Se+" 0 
6060 S$=LEFTS (S#, 2) 
S065 ZS=Z6+" 0 
6070 Z$=LEFT$(Z%, 5) 
6075 EG=NG+AS+CH+SH476 
54080 RETURN 
6090 ES=Eb+LEFTS (SPH, 64) 
6095 NS=LEFTS (RH, ZO) 
S100 AS=MIDS (EH, 21,20) 
6110 C$=MIDE (FH, 41,16) 

20 S$=MIDG (RB, 57,2) 
Z$=MIDS (AS, 59, 5) 
RETURN 

Listing E.6 
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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: 

10 Dé=CHR (4) s REMCONTROLD 

29 PRINTDS; "OF EN NAMES, L74" 

2O FPRINTD&: "WRITE NAMES, RO” 

‘ C32) a REMPUTONESFACE INES 

7O FORTHLTOG 

BO BRSekS+Rs 

ie 

BS+L EP TS (RS, 9) 

a) FLTOLOO 

INTDSs; "WRITE NAMES, R's I 
INTE 

INTOS 

160 PRINTDSs "CLOSE" 
170 END 

PRINTSERROR = ENTER 4. 4,02 GR a 
90 GOTA4O 

100 HOME 

RECORD TQ THE FILE" 

DNG, (O TO 100) 2 "sn 

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. 

SPihan « 
FORI=1T07% 
SPH=Spg+ 4 
NEXTI 

A D#=CHR$ (4) 
PRINTD$;"QFEN NAMES,L74" 
FRINTD$; "READ NAMES, RO” 

oO TNEUTM 
S2 PRINTDS 
40 HOME 
SO PRINT"ENTER 1 TO WRITE, 2 TO READ," 
w2 PRINT" TO PRINT, 4 TO SORT," Listing E.7b 



S50 

540 
See 
ai he 

564 

a79 

bend 

S80 

982 

84. 

S90 

600 

610 

612 

620 

630 

640 

650 

7OQ 

710 

INFUT"OR S TO 
IFN SO THENSO 
FRINTD$: "CLOSE" 
END 
IFN 1THENSO 
TFN2STHENSO 
ANNGOTOL100, 300,500, 700, 900 
TENS :OTHEN@O 

SEARCH? "xN 

|} FRINTDSs "CLOSE” 

END 

BRN SEAROR = ENTER i 2. = OR 
GOTO49 

HOME 

INFUT"ENTER RECORD NO. (oO 

TPN2=1THENL60O 
PRINT" 

GOTOL29 

IPN? 1LOOTHENL40 

TINEUTEEY 2 UE 

INPUT" NAME? "a N¢€ 

INFUT"ADDRESS? " LAS 

JUNE fo Meat iN Ae TA. 3 

TONTERU I CICS IOAN IER Res WERE 

LNT AM ZAI ED (CAM) DY ee come ONE RT ZE 

SWBEO 1 

RINTOS: "WRITE NAMES, R's N 

PRINTES 

FRINTDS& 

GOTO49 

HOME 

REC 

OQ 

Sau ae ENTER 

FPR IN TDs : 

INFUTES 

FRINTOS 

GOQSUBS6O90 

FRINT " 

PRINT" NAME 3 

PRINT" ADDRE 

be RINT! C 

GOTOSO 

INFUT" START AT RECORD NOL? "aN 

INFUT"END AT RECORD NG. ? "aNi 

IFN2 1 THEN640 

IFNiL2 NTHEN640 

IFN1=1OO0THEN649 
FORI=1TON1 
FRINTDS,; "READ NAMES, R" eI 
INFUTES 
PRINTD® 
GOSUBRSO9O 
TFLEFT$ (R$, 1)=" "THEN62O 
PRINTDS sy "FREE" 
PRINTIg" "gk 
PRINTNS 
FPRINTAS 
PRINTCS@s", "gSey" "22% 
PRINT 
PRINTDS 4 "FRHO" 
NEXTI 
GaATO4O 
FRINT"ERR 
BOTOSOO 
FRINT'SORTING THE FILE" 
FORT=1TO99 

ENTER REC. NOS. 

PRINT READ A RECORD FROM FILE" 

IRD NUMBER? "4 

RECORD NQ QUT QF 

4" 

PRINT'WRITE A NEW RECORD TQ THE FILE" 
{lah oteKen ye Day 

SOR - RECORD NO OUT OF RANGE" 

N 

RANGE" 

CORRECTLY” 
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Listing E.7b continued 



BO 
990) 

LO00 GOTOSO 
1O10 

APPENDICES 

Med 

FRINTDS, "READ NAMES, RU GN 

CONFI EL 

FRINTDS 

JFRIS="""THENRIS=_LEFTS (SFE, 7:3) 

Slak=o) 

FORT=17TO1O1—-T 

FRINTD$; "READ NAMES, R" 4d 

INFUTES 

(TF BS=""THENRS=_EFT& (SPS, 73 

NTD& 

SFTS (CRS, 1) =" "“THENROO 

TRO Le Te M7 7G 

IFRS 2=B1STHENSOO 

FRINTD&; "WRITE MAMES,R" 4 d—1 

FRIMT RS 

FRINTOS 

1S 

INTDSs; "WRITE NAMES, R' 4 J 

BW=OTHEN TESS 

CT I 

TENT ER: REN TOSSEAES 

slLeelLois L4a=os LEN (Md 6) 

INTC ee ee ine 

INTO 9! D NAME 

INFUTES 

Beal 

=" THEN TOLO 

PTS CEB LE) ONL THENIL. 

A+ I 

FRINT'" NAME NOT FQUND = IT 1S 

LTHENS40 

FORT=1TOLS—! 

BS = Eb + CHAS 

Pé (MBS, 20) 

oD 

T$ (76,8) 
FANG+ARACHASH+ Z 

MIDS (Eb 
RIN 

"eNLe 

RECORD NC. 

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$, CVS, MKD$, 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 STR$ 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: 

eZ, 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. 

oe ZF$, the file name. 

e ZL, 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 ZASS2 TES tee ieee 

14 ZL=12 

20) FPRUNT DS) COREN TES Ts ew See. enn 

20) PRINTEDSeeWeo be Te Sih utc Rem 

40 PRINTO 

SO FRINTDS 

60 HOME 

TORRENT NUMERIC FACK ING TEST" 

8O FRINT 

90 FORTH=1TO4 

92 PRINT"ENTER VALUES FOR RECORD NO. "31 

100 INFUT"FIRST NUMERIC? "aNd 

INFUT"SECOND NUMERIC? "gN2 

INFUT' THIRD NUMERIC? "4 No 

Z=N1 

GOSUERLOOOO 

RS=Z$ 

Z=N2 

GOSURLOOOD 

RS=B#+ Zh 

Z=NS 

GOSUBLOOOO 

B$=BS+7$ 

Z2$=E$ 

ZR=T1 

GOSUBLOR RO 

NEXT I 

FRINT"LOADING RECORDS" 

FORT=1704 

ZR=1 

GOSUBLOL40 

RS=7% 

FORW=1 TOS 

Z$=M1ID$ (RE, IX4—3, 4) 

GOSUELOOTO 

PRINT Z 

NEXT 

FRONT 

NEXTI 

FRINTD#s "CLOSE" 

END 

REM OFX THE SUBROUTINES xxx 

REM **k 1LOOO0O FACE 

INT CZ / 1000000) 

~ZAKLO0C 0 

LOO030 Zs AR (Z1 +1) + CHR (Z2+1) +CHRS (2241) +CHRS (2441) 

10060 RETURN : 

19069 REM &k 10070 UNFACE NUMERIC ox 

19079 

1OO8O 

LOO90 7 ‘ MIDS (7%, 3 

LOLOO Z4=2ASC (MIDS (Z% 

1O1V19 LELOOOOOO+ Ze LEKLOO+Z 4 

1O1 TURN 

1 o¥K LOL4aO 

1OL40 PRINTD#s "READ 

1O1SO Zee" 4 

LOGS 

LOL7O 
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LOLQO ZH=Z7H+714 

LO1L90 N zh 

PL=1TOZL 

NTMIDS (ZH, 71,193 

NEXT Z 1 

FRONT 

,OR7O FRINTDS 

LORZEO RETURM 

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 STRING$ 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) +STRS$(INT(N/100) + 1) 
K$ =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 -- PROGRAM INITIALIZATION -- 
19 D$=CHRS (4) 

1S GOTO1LO0 

20 KEM *k THIS STATEMENT RESERVED FOR DIM*S xx 
oO FPRINTD$; "QFEN RECORDS,L74" 
49 PRINTDS 

5O PRINTD$; "OREN KEY,L255" 

60 FRINTOS 

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

110 PRINTTAR(1O); "KEY FILE TEST 
1135 PRINT 

120 FPRINTTAR (CE) oa INITIALIZE FILES" 

; PUT A MEW RECORD IN FILE" 

GET A RECORD, GIVEN THE KEY" 

GET NEXT RECORD, GIVEN A KEY" 
DELETE A RECORD" 

ALTER AND REPLACE A RECORD" 

160 FRINTTAR ¢ 

179 PRINTTAR(S) ys" 

180 FRINT 
es 



190 INPUT" ENT ER NUMBER OF SELECTION : "an 

FRIN TERROR = ENTRY MUST BE 1 TO 6" 
GOTO1L99 

ONNGOTAS OO POO TOO nL LO. tic S004 1500 

shah, Foes 1OO— 0699 INITIAL IZE FILES FUNCTION -- 
REM -- O700-O899 PUT NEW RECORD FUNCTION ~— 

HOME 

710 PRINTTAB (GS) 3 "FUT NEW KEY AND REC 
720 PRINT 

720 INFUT"NEW KEY? "sks 

74AO EN S=hB 

TSO G QSUB7 S00 

] ITTHEN7 90 

PRINTVERROR —- DUPLICATE KEY" 
780 ioe 

aiEM OME UOT Hest eit 

Mei (INFUT" NAME? "GNSS 

800 ITNFUT' ADDRESS? "3 AS 

SAMO GG NT RAL FOE 9p ie) SCH eae 3 

B20 INFUT "STATE? 3 

320 INPUT" ZIF CODE ; 

a4. O INFUT' IS THE ARQVE COR 

B50 LF BEM YN THENS SO 
Te GNA IY Pe eT et oe: 

860 "THEN 7 OO 

B70 (ORS SL EASE ENTER IY VOR IN" 

BRO 

BPO 

BOS 

tenho GET RECORD FUNCT OOM 

RECORD GIVEN THE 

INF ” if "REY? ERS 

SNP RO 

NOT IM FILE” 
GOTOesC 
PRINT'NAME 2: "3N% 
FRINT"ADDRESS : ":AS 

MOCO MON inet) Vinten Dit ence Ll fom ucue eee Gab the luerch at e Zs 

1010 FRINT 
1020 FRINT"FRESS RETURN WHEN FINISHED VIEWING" 

1030 GETOKRS 
19490 GOTQ10o 

1099 REM -- 1100-1299 GET NEXT FUNCTION ~- 
1100 HOME 
1110 PRINTTAB(11); "GET NEXT GREATER KEY" 
1120 FRINT 
1120 INFUT"KEY? "sks 
1140 GOSURBOOO 

1150 IFE=OTHENI 180 
1160 FRINT"END OF FILE": PRINT" THERE IS NO GREATER 

1170 GOTO1110 
PRINT"KEY 2 "sks 
GOTOSBO 
REM -- 1200-1499 DELETE RECORD FUNCTION -— 

HOME 
PRINTTABR (141), "DELETE A RECORD" 

PRINT 
INFUT"EKEY TQ DELETE (QR END)? "Ake 

TFES="END"THENLOO 
GOSUBBSOO 
ITFE=OTHENI 390 
PRINT’KEY NOT FOUND & NOT DELETED" 

BOTOL400 
B90 FRINT"KEY DELETED" 

1400 PRINT"PRESS RETURN WHEN FINISHED VIEWING" 

1410 GETOKS 

1420 GOTOLOO 

1499 REM -- 15¢ ~1699 ALTER RECORD FUNCTION —= 

APPENDICES 

EBS 
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{00 HOME 
2 PRINTTAB (LO); "CHANGE DATA IN A RECORD" 

PRINT 
INFUT"REY? "aks 
GOSUR7S00 
IFE=OTHENIS60 
PRINT'ERROR — KEY NOT FOUND" 
GOTALS10 
PRINT’ 1. NAME 2 "sN% 
PRINT 2. 5 
PRINT'S. CITY 2 "20% 
FRINT'4, STATE x "3S% 
PRINT'S, ZIF CODE s "sZ% 
PRINT 
INFUTUENTER NQ. OF FIELD TO CHANGE? "yNF 
TFNF< 1 THEN 650 
ITENF<=SiTHENL670 
PRINT“ERROR —- ENTER NO. 1 TQ 5” 
30TO1620 

1670 ONNFGOSUBI680, 1685, 1690, 1695, 1700 
1475 GOSURSOOO 
14677 GaATALOO 
1680 INFUT"NEW NAME? "aN 
1682 RETURN 
1688 INEFUT "NEW ADDRES 
1687 RETURN 
1690 INFUT"NEW CITY? "yCs 
1492 RETURN 
1695 INFUT"NEW STATE? "49% 

RETURN 
INFUT"NEW ZIF CADE? ":Z¢ 
RETURN 

Listing E.9 

10 D#=CHR (4) 

20 PRINTO$s; "QREN FROGRAM" 

30 PRINTD#; "READ FROGRAM" 

4O Aga" " 

sO GETCS 

60 IFCS=CHRS (13) THENLOO 

7O AP=AK+CH 

8O GOTQSO 

J=0 

TFLEN (A$) = STHEN4O 

T=T+1 

IFMIDS (AG, 1, 1)2 CHRS (65) THENL 10 
L230 TFMID$& (A$, 1,3) 22" REM" THENSO 

140 PREZ 

150 J=LEN (AS) 

160 FRINTRIGHTS (AS, J-I-2) 

170 FRO 

180 GOTO4O 

Listing E.10 
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GR = DIM SK 

~ O5O00-O699 INITI¢ = FUNCTION ~— 
~ 9700-0899 FUT NEW INCT ION -— 
= 0900-1099 GET RE 

- 1100-1299 GET 
~ 1BO0~ 
- 1500-1699 

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 ZC$. 

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 D$. 

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 K0$(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 Z.5 =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, ZS = FRE(0) is placed 

at frequent intervals. 

REM -- PROGRAM INITIALIZATION -—~- 

D#=CHRS (4) 

SFs=" " 

FORI=1TO7 

SFe=SPE+ SF 6 

NEX TI 

DIMEO (21) 

22 SFPS=SPS+LEF TS (SPS, 127) 

ZS=FRE (0) 

FRINTD$; "OFEN RECORDS,L74" 

2 RF S="RECORDS":RL=72 

FRINTDS 

PRINTDS: "OPEN EEY, L255" 

ve EP S="REY"selLe254 

60 FPRINTDS 

REM =-10100-0490 CONTROL SECTION -= 

HOME 

O PRINTTAB(1O) s "REY FILE TEST 

1 PRINT : 

FRINTTABR(S) 3 "1 TINULLACTZE FIle SY 

O PRINTTAR(S);"2 FUT A NEW RECORD IN FILE" 

140 PRINTTARCS) § GET A RECORD, GIVEN THE KEY" 

1590 FRINTTAR(S)3"4 GET NEXT RECORD, GIVEN A KEY" 

160 PRINTTARCS) 3"S DELETE A RECORD" 

170 FRINTTAR(S)3 "6 ALTER AND REPLACE A RECORD" 

180 | NT 
"eh 

PRENT "ERROR == ENTRY MIST Res tl Gl 

GOTOLEO 

240 ONNGOTOSO¢ 

aioe TAN Oh 91) lan hey eed 

260 END 

499 REM =-- O800-0699 INITIALIZE FILES FUNCTION —- 

SOO ELB=CHR# C127) 

rat es OL 

Kd 

TS (SPS, RL) 
FORT=1TQ100 
PRINTD®s "WRITE "“sRhPe:", Rs 1 
PRINTBLS 
ERINTDS 
NEXTI 
FRINTDSs "WRITE "sRESs", RO" 
FPRINTO 
ERINTDS 
GATOLOO 
REM == G700-0899 FUT NEW RECORD FUNCTION -— 

HOME 
PRINTT@B(@) a "FUT NEW KEY @ND RECORD IN FILE" 
PRINT 
INFUT'NEW KEY? "akg 
EINK 
GOSUB7S00 



760 

PALO) 

7BO 

790 

Webs 

hepa 

BOO 

Bio 

B20 

B30 

B40 

aso 

860 

870 

880 

BPO 

B95 

ROD 

900 

1O3¢ 

1040 

1LO99 

1100 

L290 

1400 

1410 

1420 

1499 

L500 

15S: 

1560 

1570 

1580 

1590 
1600 

APPENDICES 

IFE=1THEN790 

FRINT"ERROR - DUFLICATE KEY" 
GOTO730 

Z5=FRE (0) 
INFUT"NAME? "a Ne 
INPUT"ADDRESS? "3 A4 
INFUT"CITY? "20% 
INPFUT"STATE? "29% 
INFUT"ZIF CODE? ":zc% 
INFUT" IS THE ARCVE CORRECT (Y/N)? "3 QK4 
IFORS="Y"THENB90 
TFORS="N" THEN7OO 
FRINT'ERROR - PLEASE ENTER Y OR N" 
BaTaAs40 
GASUB7O00 
BOTALOO 
REM =~ 0900-1099 GET RECORD FUNCTION -- 

HOME 
FRINTTAR (11); "GET RECORD GIVEN THE KEY" 
PRINT 
INFUT" KEY? "aks 
BOSUR7SO0 
IFE=OTHEN9B80 
FRINT'KEY NOT IN FILE" 
Gata 
FRINT"NAME 2 "sNg 
FRINT"ADDRESS 3 "sA® 
PRINT'CITY, STATE & ZIF 2 “sC%e", "sSee" "270% 
PRINT 
FRINT'PRESS RETURN WHEN FINISHED VIEWING" 
BGETOKS 

GaATALOO 
REM -— 1100-1299 GET NEXT FUNCTION —= 

HOME: 
FRINTTAB (11), °GET NEXT GREATER KEY" 
ERINT 
INFUTMEEY? "aks 
GOSURBOOO 
ITFE=OTHENL 180 
FRINT'END QF FILE":FRINT" THERE 18 NO GREATER KEY" 
BATOLLALO 
ERINT'KEY 2 "9 ke 
BATAPBO 
REM -—= 1500-1499 DELETE RECORD FUNCTION -~ 

HOME 
PRINTTAB (11) 4 "DE 
ER INT 
INFUT"EEY Ta D 

ND" THENL OO 

ETE & RECORD" 

E (QR END? "GQkes 

M1390 

Y NOT FOUND & NOT DELETED" 

IFE=0TH 
PRINT" 

ERINT"} DELETED 
PRINT'PRESS RETURN WHEN FINISHED VIEWING" 
GETORS 
GATALOO 
REM =~ 1500-1499 ALTER Re 

HOME: 
FRINTTAB CLO) "CHANGE DATA IN A RECORD" 
PRINT 
INFUT"REY? "gk 
GOSUEB7S00 
IFE=OTHEN1560 
PRINT"ERROR — KEY NOT FOUND" 
GOTOIS1O 
PRINT'1, NAME : "sN% 
FRINT"2. ADDRESS : "ZA% 
PRINTS. GITY s "Cs 
PRINT'4. STATE : "38% 
FRINT'S. ZIP CODE : "3ZC% 

IRD FUNCTION -— 
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1610 

1620 

1620 

1640 

1650 

1660 

1670 

1675 

Ui OaZs 

1680 

1682 

1685 

1687 

1690 

1492 

1693 

1697 

1700 

1702 

Rhee ta 

6000 

6009 
6010 

6018 

4040 

6045 

6060 

6065 
6070 

6075 

6077 

6080 

6089 
6090 

6095 

6190 

61058 

6140 

S149 

6l50 

6160 

6170 

6175 

6180 

6189 

190 
6198 

ONT 

62ROO 

210 

6215 

6220 

6249 

250 

6260 

PRINT 
INFUT"ENTER, NG. QF FIELD TO CHANGE? "4 NF 

IFNF# 1 THENT O&O 

IFNF«=STHEN1 670 
FRINT"ERROR - ENTER NO. 1 TO 3" 

GATOL620 
ONNFGOSUB1680, 1685, 1690, 1695, 1700 

GOSUBRIOO0O 

GOTQLOO 
INFUT"NEW NAME? "ANS 

RETURN 

INFUT"NEW ADDRESS? "4 AS 

RETURM 

INFUT"NEW CITY? "3Cs 

RETURN 

INFUT"NEW STATE? "4 S% 

RETURN 

INFUT'"NEW ZIF CODE? "32% 

RETURN 

REM -- 6000-6999 RECORD FILE SUBROUTINES —— 

END 

REM --— 6010-6080 FACE RECQRD —— 

R2$=LEFTS (SF&, 20) 

ES=KS+RSS 

ES=LEFTS (eS, 10) 

N#=NS+RES 

N#=_LEFTS (N®, 20) 

AS=AS+KES 

AS=LEF TS (AS, 20) 

C$=CE+R2S 

C#=LEFTS$ (CH, 16) 

2 S$=S$+tRes 

S$=LEFTS# (S$, 2) 
ZC$=ZC$+" " 
ZCO®=LEFT& (ZC$, 5) 
RE=KS+NS+AS+CS+SSEH+ZCS 
ZS=FRE (0) 
RETURN 
REM -~- 6090-6140 UNFACK RECORD -— 
R*=RE+LEFTS (SES, 72) 
ES=LEFTS (RS, 10) 
N&=MID$ (RH, 11,20) 
AS=MIDS (RS, 51,20) 
Ce=MID$ (RS, 51,14) 
S$=MIDS (RS, 6742) 
ZCS=MID& (RE, 69,5) 
ZS=FRE (0) 
RETURN 
REM -- 6150-6180 GET RECORD RY NUMBER -- 

ZR=N: ZL=RL: ZFS=RES 
GOSURIOL140 
Ri Z 
ZS=FRE (0) 
RETURN 
REM -- 6190-6240 FUT RECORD RY NUMBER —— 

GOSUBLORZ RC 

ZS=FRE (0) 

RETURN 

REM —- 6280-6304 GET NEXT AVAILABLE RECORD 
FRINTD$;"READ "sRF%;",RO" 
INFUTFER 
FREFR+1 
FRINTDS 
PRINTD$; "WRITE "“SRFSs",RO" 

FRINTFR 

FRINTDS 

ZS=FRE (0) 

RETURN 

NUMBER 



6309 

6210 

6400 

6410 

6420 

6422 

6424 

6426 

6430 

6440 

6450 

6460 

6465 

6470 

6480 

6485 

6490 

6500 

6505 

6510 

(DAE 

7900Q 

7O19 

7020 

FASO 

7040 

7QOSO 

7OS2 

7OS4 

79709 

7980 

7985 

7990 

7100 

Cen Ee 

EUs iow) 

7120 

7130 

7499 

7a00 

7510 

Toe2o 

7330 

7540 

73542 

7544 

Plaka, @) 

7560 

Asse) 

7580 

Pc sar coef 

BO00 

B499 

BS20 

B40 

8542 

8544 

BS46 

BS SO 

BS60 

APPENDICES 

REM -- 6310-6510 SEARCH FOR KEY —~ 
RIS=LEFTS (SF, 10) 

ERS=ES+E LS: EN=O 

FORI=1TO10 

EN=KN+ASC (MID$ (H,1,14)) 
NEXTI 

EN=EN-INT ((CEN-1) 746) *6 

ZF$=KF $2 ZL=EL as ZR=KNs GOSUELO140 
EYS=Z% 

FORI=17TQ1 

RIS=MIDS (KEYS, TK12-11,12) 

IFLEFT$ (K1%, 10) =LEFTS (E&, 10) THENGSOO 
NEXTI 

EIS=CHRS (127) 

FORZ1=1TQ09 

E1$=K16+CHRS (127) 

NEXTZ1 

FORI=17TO21 

IFLEFT$ (1%, 10) =MID$ (KY#, Tk12-11,10) THENS480 
NEXTI 

ZS=FRE (0) 

RETURN 

E=1 

ZS=FRE (0) 

RETURN 

E=0 

ZS=FRE (0) 

RETURN 

REM --— 7000-7499 FUT NEW RECORD AND KEY -- 

GOSURG6310 

IFE=2THENRE TURN 

IFE=1THEN7O40 

E=1; RETURN 

GOSUBS250 

FL=INT(FR/100) 

FS=FR-F1x100 

ES=LEFTS$ (R$, 10) +CHRS (Fi+1)+CHRS (F2+1) 

GOSUBYS500 

ZFS@=EF Rs ZLS=KL: ZS=EYS 

ZR=EN 

GOSURILO2Z20 

GOSURS60O10 

N=FR 

GQSUBRG190 

E=0 

RETURN 

REME 700-7999 SET (RECORD == 

GOSUB4G310 

IFE=OTHEN?7S40 

E=1 

RETURN 

FI=ASC (MIDS (Eh 1$,11,1))-1 

2=ASC (MIDS (E1$,12,1))-1 

N=FLikKLOO+F2 

GOSUR6150 

GOSUR6090 

E=0 

RETURN 
REM -- 8000-8499 GET NEXT ~-- 

STOF 

REM —-- 8300-8999 DELETE KEY AND RECQRD -- 

GOSUB6210 

IFE=0OTHEN@5S40 

E=1 

RETURN 

EB=ECHRE C127) 

FORZ1=27TQ012 

EG=E G+ CHR (127) 

NEXTZ1 

GOSUB9SOO 

ZFS=KEF Se ZLSKRLs ZH=h VS 

207 
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5 ZRekN 
70 GOSUBLOZ20 

) ESO 
BE85 ZS=FRE(O) 
8590 RETURN 
8999 REM —- 9000-9499 RESAVE RECORD ~- 
9OOO GOSUBESLO 
9O10 IFE=OTHENIO40 
9ORO E=1 

9020 RETURN 

9040 Fi=ASC (MIDS (R16, 11,1) 3-1 

9O4V! ASE (MIDS CEU, 12. 1-2 

9044 Nee LK LOO+F 2 

9080 GOSURSOLO 

IOSUBELIO 
8) 

9OBO RETURN 
ARP 

OSOO 

MEXTZ1 

EOS CL) Shs 

RY $= 

sad FORZ ILS O21 

SOO EYS=EYb+EO8 (Z1) 

9270 NEXT Z1 

9380 RETURN 

10139 REM *x* 10140 GET ZF,ZR *x 
LO140 PRINTDS; "READ "3 ZF$_",R"3 ZR 
150 Zenu 

10160 FORZ1=1TOZL. 
10170 GETZ1s 
1LO1GO ZH=ZH+Z14 

NEXTZ4 
20 FRINTDS 

» THERIGHTS (2%, Zl.) 
| FRINTDS 
RETURN 
REM xk 1LO220 FUT ZFy ZR xx 

FRINTD®; "WRITE yZF%y "R's ZR 
: TOZL. 
SRINTMIO® (26,244 1)3 
NEXTZ4 

LORRG RETURN 

Listing E.12 

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 STRING$. 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. 



9 REM -~ PROGRAM INITIALIZATION —~ 
10 D$=CHRE (4) 
2 SP$=" " 

FORI=1T0Q7 
SFH=SFS+SF4 
NEXTI 
DIMEO$ (21) YS (100) 
SFS=SPS+LEFTS (SEH, 127) 
ZS=FRE (0) 
PRINTD$;"QFEN RECORDS,L74" 
RF$="RECORDS": RL=73 

40 FRINTDS 
SO PRINTD$; "OPEN KEY" 
S2 FRINTD$:"READ KEY” 
60 FORI=1T0100 
70 INFUTKY$ (1) 
gO NEXTI 
90 PRINTD¢; "CLOSE KEY" 
99 REM ~~ 0100-0490 CONTROL SECTION ~~ 
100 HOME 
110 PRINTTAR(10);"KEY FILE TEST 
115 PRINT 
120 PRINTTAB(S):"1 INITIALIZE FILES" 
130 FRINTTAR(S);"2 FUT @ NEW RECORD IN FILE" 
140 PRINTTAR(S)3"3 GET A RECORD, GIVEN THE KEY" 

4 130 FRINTTAR(S) 3; "4 GET NEXT RECORD, GIVEN A KEY" 

160 PRINTTAB(S)3"5 DELETE A RECORD" 

170 PRINTTAB(S)3"6 ALTER AND REPLACE A RECORD" 

180 PRINT 

ENTER NUMBER OF SELECTION ¢ "aN 

RERUN MERROR SENTRY “MUST RE i ia 

GOTO199 

QNNGOTOSOO, 700, 900, 1100, 1300, 1500 

BRINTDS = 2CLOSe™ 

END 

RE Mia O500-0699 INITIALIZE FILES FUNCTION 

S06 NEXTI 

FORT=1TQ100 

NEXTI 

GOSUB6450 

BRit=LEFTS (SF, 73) 

FORTS. TO1¢ 

Z#=Bilss ZL=HRL 

600 FPRINTD$; "WRITE RECORDS" 

610 FRINTO 

620 FPRINTDS 

650 GOTOLOO 

699 REM —-— O700-O899 FUT NEW RECORD FUNCTION -— 

700 HOME 

710 PRINTTABR(8);"FUT NEW REY AND RECORD IN FILE" 

720 PRINT 

730 INFUT"NEW REY? "yk 

740 ENBS=E 6 

750 GOQSUB75S00 

760 TFE=1THEN790 

770 PRINT"ERROR - DUPLICATE KEY" 

792 ZS=FRE (9) 

798 INFUT"NAME? "4 NS 

800 INFUT"ADDRESS? ";A% 

B10 INFUT"CITY? "Cs 

APPENDICES 209 
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INFUT"STATE? "35% 

INFUT"ZIF CODE? "ZC 
INFUT"IS THE ABOVE CORRECT (Y/N)? "5 Ok 

B50 TFOR$="Y" THENB9IO 

860 TFOR$="N" THEN700 
870 PRINT'"ERROR - FLEASE ENTER Y OR N”" 

88O GOTOB49O 

890 GOSUB7ZO0O 

89S GOTALOO 
899 REM =- 0900-1099 GET RECORD FLINCTION —— 

900 HOME 
910 FPRINTTAB(CI1)¢ "GET RECORD GIVEN THE FREY" 

220 PRINT 

INFUT"REY? "sks 

PRINT RE T IN FILE" 
GaTO 

980 FRINT'NAME 3 "3N% 
990 PRINT"ADDRESS » "3A 
1000 PRINT"CITY, STATE & ZIF : “sCs", “sS%s" "370% 

210 PRINT 
ITER 

.OZ0 GETOKS 
1940 GOTOLOO 
1099 REM -= 1100-1299 GET NEXT FUNCTION ~- 
1100 HOME 
1110 PRINTTAB (11), "GET NEXT GREATER KEY" 
1120 FRINT 
1i2O INFUT"EEY? “sks 
1140 GOSUERSOOO 

1150 TFE=OTHENL180 
1160 PRINT’END OF FILE"SPRINT” THERE IS NQ GREATER KEY” 
1170 GOTOL12¢ 
1180 PRINT"KE 
1190 GOTAVaO 

REM -~ 1300-1499 DELETE RECORD FUNCTION -- 
HOME: 
RINTTAR (11) 3 "DELETE & RECORD" 

PRINT 
INFUT"EEY TQ DELETE (QR END)? "sks 
TFE$="END"THENLOO 
GUSUBBSOO 
IFESOTHENLS90 

OD FRINT'EEY NOT FOUND & NOT DELETED" 
o GOTAL400 

290 FRINT'SEY DELETED" 
1400 FRINT'FRESS RETURN WHEN FINISHED VIEWING" 
1410 GETORS 
1420 GATALOO 

REM --~ 1500-1699 ALTER RECARD FUNCTION —- 
HOME 
FRINTTAR (10) ;"CHANGE DATA IN A RECORD" 
PRINT 
INFUT"EEY? "gk 
GOSUER7SOO 
IFE=OTHENIS69 
FRINT'ERROR - KEY NOT FOUND" 

3 RETURN WHEN FINISHED VIEWING" 

es 5] a 

: OC 

me 

1S50 

L600 

La7o 

1580 

aa) 153 

14600 

L&10 

1620 

MAME sigs 

"TOE 

"sC% 

INT'4,. STAT Te ee) 

AGS A fetheirp elie (REND) Ss Gy Nie 2 

NT 

O INFUT"ENTER NO. OF FIELD TO CHANGE? "4 NF 

1630 =I THENI 630 

1640 HENLE 7O 

16590 IR ENNIS Se Eee Wee Tite en 

1660 : 

1670 

a ea Tce) 

1690, 1695, 1700 



1677 GOTOLOO 

CNFUIT "NEW 

UFM 

UT MET 

RETURN 

TNF UT" NEW 

2 RETURN 

INPUT "NEW 

RETURN 

TMF UT" NEW 

RETURN 

REM 

NAME? "aN 

SEG SE 5 

1700 

1702 

nI99 

6000 

6009 

6010 

FAG SEARO} shes UN eras 

000-4999 RE 

4070 
407" 

6080 

6089 

6090 

& “t 

6140 

S149 

4150 

S140 

6190-62406 

ZFS=RFS 

ZL=RIL 

Z$=RS 

GOSUBLOZ20 

ZS=FRE (9) 

RETURN 

[eth es 
FRINTDS; "READ 

INFUTFR 

FR=FR+1 

FRINTDS 

PRINTDS,; "WRITE 

PRINTER 

FRINTDS 

ZS=FRE (0) 

RETURN 

PRES eee OMe to a 

KI G=LEFTS (SF, 10) 

KO=E +E 1 Ss KN=O 

Li=Os;L2@=101:L4=0 

We 1 OB Ga gts AG Ue Aap 

6250-6304 GET NEXT 
“ORFSs", RO" 

"eS RESS RO" 

SEARCH 

IFLEFTS$ (i$, 10) >LEFTS(EYS ¢ 6260 

6270 

Fates 

IFLEFTS# (Ee, 10) “LEFT# (KR Y% (LS), 19) THENLS ‘ 
3), 10) THENLI=L3 

IFLEFT# (E$, 10) =LEFTS (KY (LS) , 10) THENG4.3¢ 

SUBROUTINES 

RECORD 

BY NUMBEF: 

FUT RECORD BY NUMBER —- 

FOR KEY -- 

AVATLABLE RECORD 
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6380 L4=L4+i 

6390 TFL4« TTHENGS40 

6400 KE LELEFT® (KY$ (100), 1) =CHRS (127) THENE=1 

6410 IFLEFTS (ES, 10): “LEFTS (EY$ (LS) « 10) THENL 3 

a Set 

-- 6450-65940 RESAVE KEYS GN DISK -- 

PRINTD#s "QPEN KEY" 

PRINTDS; "WRITE REY" 

IRT=17TO1O0 

FPRINTEY# (T) 

6480 NEXTI 

6490 PRINTD$; "CLOSE KEY" 

6540 Pl 

IPF 

7OOO 

7OLO 

7000-7499 FUT NEW RECORD AND KEY —— 

=? THENRE TURN 

ITTHEN7040 

7O7O FORT=997OL 

TOTS EYSCI+1) =F 

7O8O MEXTI 

7TOBS EYS$ CLS 

7090 GOSUBS 

7190 BC 

7110 

AQ 

dae 

PFEO00~ 7999 GET RECORD == 

Fi= ASC (MIDS (E18, ei ow 

Qa ree ASC (MIDS (E16, 12 aia! 

7544 N=Fik1lOO+F2 

73590 GOSUBS1IS0O 

7560 GOSUBR6090 

7379 E=0 

7380 RETURN 

7I99 REM” == 8000=8499 GET NEXT —= 

8000 GOSUBSS10 

BOO2 K1IS=CHRS (127) 

8004 FORI=2TO12 

BOO06 E1LS=Kh1$+CHRE (127) 

8908 NEXTI 

BO10 IFE= ITHENSOS a0) 
B8O20 

8O30 SLOOTHENSBOSO 

BO40 TFEY$ (LS) <E1&THENG040 

8050 E=1 

BOS RETURN 

BO6O FI=ASC (MIDS (RKY$ (LE), 14,1))-1 

BO62 F2=ASC (MIDS(EKY$S$(LS),12,1))—-1 

8064 N=FLiX1LOO+F2 

8970 GOSUR6150 

89O8O GOSUB6O9O 

8N90 E=oO 

8100 RETURN 

REM -- 8500-8999 DELETE KEY AND RECORD —— 

GOSUBG310 

TFE=OTHENSS40 

E=1 

RETURN 

FORT=LATO99 



BS50 EYS (1) =KY¢(I+1) 

8560 NEXTI 

BS562 EY (100) =CHRS$ (127) 

8364 FORI=2TO12 

8266 EYS (100) =KY$ (100) +CHRE (127) 
8568 NEXT I 

B70 GOSUBS450 

BS80 E=O 

8585 ZS5=FRE (oO) 

BS90 RETURN 

8999 REM -- 9000-9499 RESAVE RECORD —— 
9900 GOSUBRGA1O 

IFE=OTHEN?040 

NeO E=1 

90320 RETURN 

9040 Fi=ASC (MIDS (h1$,11,1))-1 

9042 F2=ASC (MIDS (K1%, 12,1) .—1 

9044 N=FIKLOO+F2 

9050 GOSUB6OLO 

9960 GOSUBS1L9O 

9070 E=0 

9O80 RETURN 

SATO REM == 9S INSERT Ks AT FOS 

935900 FORZL=17TO21 

hOB (Z1)=MIDS (CE YS, Z1k12-11,12) 

NEXTZ1 

=hS 

9340 EY$=EO8 (1) 

9550 FORZI=27T021 

9560 EYS=EYS+EO® (Z1) 

GS7O MEXTZ1 

9580 RETURN 

1O139 REM Xk 10140 GET ZF,ZR xx 

10140 PRINTD#&: "READ "SS ZFHa" Ra ZR 

1OLS0O Zg=" 

190160 FORZI=1TO2ZL. 

LOU7O4GE T2413 

19180 Z$=79+Z146 

LOL9Q MEXTZ 1 

19200 FPRINTD® 

202 L$=RIGHTS (2S, Zl.) 

24 FRINTD 

RETURN 
REM kk QO FUT ZF a ZR xX 

FRINTDS& 5 PAs SPA St ard Ala 

FORZ 1. TOZL 

FRINTMIOS (2%, 21,195 

MEX TZ i 

PRINT 

PRINT OS 

RETURN 

Listing E.13 

I 
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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 MID$ function. 

Note that the string variable KW$ is introduced in the subroutine start- 

ing at line 7000 to replace one of the STRING$ functions. KW$ 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 STRING$ 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 —— 

10 D$=CHRS (4) 

P2ySRs= 

14 FORI=1TQ7 

16 SFS=SPS+Srs6 

18 NEXTI 

20 DIMEO$ (21) 

22 SFPS=SPS+LEFTS$ (SES, 127) 

24 ZS=FRE (Oo) 

30 FPRINTDS$; "QFEN RECOQRDS,L74" 

S32 RF*="RECORDS":RL=73 

40 FRINTDS 

30 PRINTDS: “OQFEN REY,L2esS" 

we EFS="REY" Ss EL=254 

60 PRINTDS 

70 PRINTD$; "READ EEY,R1i" 

72 GETRMS 

74 FORT=1TO254 

76 GETZS 

78 RMB=RMS+Z4H 

80 NEXTI 

82 FRINT 

9O FPRINTDS 

DOE Mig Gas CUO C= OA Oo SE CNTR Chas Ss Ea CatieD CnN Mesa 

100 HOME 

1TLOCR SENDA COD Ss VEY FTEE TEST 

11S PRINT 

120 FRINTTAR(S) 3 "4 AON Peta 7A SS hall el Ssh 

130 PRINTTABR(S) s"2 PUT A NEW RECORD IN FILE" 

140 FPRINTTAR(S) 3s" GET A RECORD, GIVEN THE KEY" 

150 PRINTTAB(S) 3 °4 NEXT RECORD, GIVEN A KEY" 

PCOUPR ONT TAR Ganis oo SEER AT EAA SiG Cle ID 

179 FRINTTAB(CS)3"6 ALTER AND REFLACE A RECORD" 

180 PRINT 

INEUTY ENTER NUMBER OF “SEIEEET TON) sus N 

TFN=0O THEN 

IFN 1THEN22 

TFN =6THEN? 

FRINTSERROR — ENTRY MUST BE 1 TQ 6" 

BGOTOLI9O 

ONNGOTOSOO, 700,900, 1100, TEO0, 1S00 

PRINTD $s “ClLOosee 

260 END 

499 REM -- O800-0699 INITIALIZE FILES FUNCTION -- 
SOO RMb=CHA$ CL) 

SO2 FORTHERTORS4 

2O4 RMG=RMS+HCHRS C127) 

306 NEXTI 

SOB ZFS=EFSs ZLekLs Z$=RMSs ZR=1 

S10 GOSURLOR2O 

SLs FT$ (SF, 12) +RIGHTS (RMS, 242) 

wLl4 Z ie 

S16 GOSUBLORRO 



S50 Z$=LEFT# (GES, RL) 
S52 ZF¢=RFS: ZL=RL 
860 FORZR=1TOLOO 

GOSUBRLOR20 
MEX T ZR 
FRINTD$; "WRITE "gRFSs", RO" 

600 FPRINTO 

610 PRINTDS 
620 GOTO 
699 REM —-— 0700-0899 FUT NEW RECORD FUNCTION —- 
700 HOME 
710 PRINTTAB(8) ;"FUT NEW KEY AND RECORD IN FILE" 
720 PRINT 
730 INFUT"NEW KEY? “sig 
740 ENG 
780 GOSUB7SO0 
760 TFE=1THEN790 
770 PRINT'ERROR — DUPLICATE KEY" 
780 GOTATS0 
790 KS=kKNS 
792 ZS5=FRE (0) 
795 INFUT"NAME? "SNe 
BOO INFUT" ADDRESS? "sA% 
810 INFUT"CITY? "sce 
B20 INFUT"STATE? "39% 
820 INFUT"ZIF CODE? ":zC% 
840 INFUT"IS THE ABOVE CORRECT (Y/N)? “Saks 
B50 TFOKS="Y"THENG9O 
860 IFORG="N"THEN7OO 
870 PRINT'ERROR - PLEASE ENTER Y GR N" 
sso GOTOS4a 
890 GOSUB7O00 
895 GOTALOO 
899 REM -- 0900-1099 GET RECORD FUNCTIGN == 
900 HOME 
910 PRINTTAR(11);"GET RECORD GIVEN THE KEY" 
920 PRINT 
BO INFUT"KEY? "gk 

940 GOSUET 

960 PRINT" ZY NG INF TCE” 

970 GOTOORO 

980 FRINT' NAME = "aN 

990 PRINT ADDR "SAS 

1¢ OOO TRRENT CLiY, STATE & ZIP 2: MECsy, “Fase Ms Zs 

FRINT 

FRINT'PRESS RETURN WHEN FINISHED VIEWING" 

| D GETOE $ 

1040 GOTOLOO 

OO Seema Nic eee Ch a bee oe ob INE Xa RUNG Tl GIN sa 

1100 HOME 

FRINTTAR (11) "GET NEXT GREATER KEY" 

PRINT 

TNF UT "REE 

GOTOPE 
REM -- 13200-1499 DELETE RECORD FUNCTION — 

HOME: 

FPRINTTAB C11) 9 "DE 

PRINT 
INPUTMEEY TO DELETE (QR END)? "yks 

= ND "THIEN 1 OO 

A RECORD" 

j FQUND & NOY DELETED" 

3OTOI 400 

1 PRINT'KEY DELETED® set ; 

1400 PRINT'FRESS RETURN WHEN FIN(SHED VIEWING 

THERE IS NO GREATER KEY" 

APPENDICES 215 
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1410 GETOKS 
1420 GOTO1OO 
1499 REM =-— 15900-1699 ALTER RECORD FUNCTION —-. 
1500 HOME 
1502 FRINTTAB(10); "CHANGE DATA IN A RECORD" 
1504 PRINT 

INFUT"EKEY? "SES 
GOSUET SOO 
IFE=OTHENIS60 

1540 PRINT'ERROR - KEY NOT FOUND" 
1580 GOTAISLO 
1560 PRINT" 1, NAME : "aN% 
1570 PRINT"2. ADDRESS «: "sAt 
1580 PRINT"S. CITY + "sc 
1590 FRINT"4. STATE + "3S 
1600 PRINT"S. ZIF CODE : "3ZC% 
1610 FRINT 
1620 INFUT"ENTER NQ. QF FIELD TO CHANGE? "yNF 
1630 TFNF <1 THENL4650 
1640 ITFNFS=STHENI470 
1650 PRINT'ERROR - ENTER NO. i TO 5" 
1660 GOTQL620 
1670 ONNFGOSUB14680, 1685, 1690, 1695, 1700 
1675 GOSUEFOOO 
1677 GOTALOO 
1680 INFUT'NEW NAME? "aNd 
1682 RETURN 
1685 INFUT"NEW ADDRESS? "sAS 
1687 RETURN — 
1690 INFUT"NEW CITY? "act 

RETURN 
INFUT'NEW STATE? "sos 
RETURN 
INFUTYNEW ZIF CODE? "yz 
RETURN 

REMI => GU0O0-6999) RECORD: POR SURROUTI NEG. —— 
6000 

6009 

6019 

6010-6080 PACK RECORD ~~ 

(AG, 20) 
$ 

O0GO 

6065 

6070 

60738 

6077 

6080 

S089 
6090 

Nt=M IDS CRS 

A$=MTIDS CRS 

Pag se Ds CRE, 

EM == 6150-6180 GET RECORD RY NUMBER -— 
6150 ZR=NzZL=RL: 2E$=RFS 
6160 GOSUBIO140 
6170 R$=Z4% 
6175 ZS=FRE (0) 
6180 RETURN 
6189 REM ~- 6190-6240 FUT RECORD BY NUMBER —- 
6190 ZR=N 
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6195 ZFS=RFS 

6197 ZL=RL 

6200 Z$=RS 

6219 GOSUBR1O220 

ZS=FRE (0) 

RETURN 

6249 REM -- 6250-6304 GET NEXT AVAILABLE RECORD NUMBER -— 
6250 PRINTD$; "READ "SRFS,", RO" 

6260 INFUTFR 

6270 FR=FR+1 

6280 FRINTDS 

6290 FRINTD$; "WRITE "3 RFs", RO" 

PRINTER 

FRINTDS 

ZS=FRE (©) 

RETURN 

REM -- 6210-65190 SEARCH FOR KEY -- 

EI=LEFT# (SF, 10) 

; ASHE LSS ENESCO 

sLe=10O;L4=o0 

TS=INT((LA+L2) /2) 

IFMID# (RM, LS, 1) =CHR# (127) THEN6GS40 

ER=ASC (MIDS (RMS, L 

70 ZF#=EF Ss ZR=RR+L: ZL 

& GOSUBLOL4O 

EY = Z$ 

: IFLEFT$ (RE Y$, 10) SLEFTS (Fh, 10) THENGS40 

6390 bk 

5400 IN+1¢ TFENeR2 1 THEN6440 

6410 TFLEFT# (es, 10) =M1ID$ (ER YS, ENK1 2-11, 10) THENSE58¢ 

6420 a ner ouanencc ic 

6430 GOTQ6400 

6440 LHS 

6450 L4=L4+1 

6460 TFL4A£ 4 THEN6G 340 

6470 

6480 es t+ 1 

6490 (MIDS (RM, 03, 1)) 

a SHR (127) 

FORZ1 =ETOI2 

BRIS=K1S+CHRE C127) 

65106 Ne ee 

6508 1 127 THENRE TURN 

ae i , PeE CURB LET RoRE SS 

Att 

6560 TFL. 42, ATHENG 340 

SOTHENGSO0O 

INT" KEY FILE INITIALIZATION ERROR!" 

ASC) 

6590 E1IS=MIDS (EK YS, RE NKLS-11,12) 

6600 RETURM 

6610 E=1 

6420 GOTO6E90 

6999 REM : 

7oOaO & : 

7OLO 2THENRETURN 

7020 TFE=1 THEN7O40 

s E=1: RETURN 

7040 GOSUB6250O 

7O4S EZS=EYS 

7OSO TFRB=1L27THEN7180 

7060 IFLEFTS (ES, 10) LEFTS$ (ER Z%, 10) THENEN=1 

7962 FORT=1TO21 

7064 KO$(LT) =MIDS(EZ$, Ik¥12-11,12) 

7066 NEXTI 

7068 FORI=21TOKN+1STEF-1 

7OOO-7499 PUT NEW RECORD AND EEY —— 

217 
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7O7O KO8 CL) =hOSsCT-1) 

7O72 NEXTI 

7O74 FL=INT (CF R/100) 

7O76 FR-FIxk1OoO 

7O7S8 KOS (KN) =LEFTS$ (ES, 10) +CHRE (FA+1) +CHRE (F241) 

7OBO EYH=EOS C1) 

7OBS FORTH=2TOQ21 

7O84 EYS=KYS+E OS CT) 

7086 NEXTI 

7OBB ZFS=KFSs ZL=EL 2 ZREEB+1 

7TIIO ZHEEEVS 

7O92 GOSUBRLO2Z2O 

7190 GOSURSO10O 

O N=FR: GOSUBR6190O 

E=0 

1 IFMIDS (FE YS, 241,1)=CHR# (127) THENRE TURN 

S32 EW$=CHRSE C127) 

FORT=1TQ7 

EWS=EWE+E WS 

NEXTI 

EWE=EWS+LEFTS (EWS, 127) 

L4=O2; FORT=17T0103 IFASC (MIDS (RM$, 1,12) =127THEN7T144 

7145 IFASC (MIDS (RMS, 1,1) ) SL4THENL4=ASC (MIDS (RMS, 1, 19) 

7144 NEXTI 

7146 T=0 

7148 T=I+1:s TFASC(MIDS (RMS, 1,1) 0<: 

7150 RWH=RMS 

71S2 RMS=LEF ITS (RWH, 1) +CHRS (1. 

7154 EX#$=MID# (ER YS$, 121, 134 

7156 EZS=MIDS (EVE, 1,1 

7158 ZFS=hF Ss ZLEk 

7160 GOSUBIO : 

7162 Z% $2 Z 3 ae 

7164 ZS=RMS+LEF TS (EWE, 244) 52 

7170 E=O: RETURN 

7180 L4=0 

71is2 

7184 

7142 

SBTHEN? 148 

+1) +RIGHTS (RWS, 10-1-1) 
TH (KWH, 120) 

PS (EWE, 124) 
ZH=KYS 

RECORD =+— 

RETURN 

F1l=ASC (MIDS (E1$,11,1))-—1 

» FS=ASC(CMID# (HIG, 12, 1))—1 

N=F IX LOO+FR 

GOSUBS1S0 

GOSUBSO9D 

D E=O 

7EBO0 RETURN 

7999 REM -- 8000-8499 GET NEXT —- 

HOO ES=KS+LEFTS (SFH, 10) sE=ASC (MIDS (EE, 10,19) +1 

BOLO ES=LEFTS$ (h$, 9) +CHRS (E) 

BOZO GOSUBR6S10 

8030 ITFE=OTHEN7TS40 

8040 TFLEFT$ (E16, 1) = CHR (127) THENBO60 

8050 EFE=1; RETURN 

8060 E=0; GOTO7S40 

8070 GOSUR6150 

8980 GOSUR6090 

BO9O E=O 

8100 RETURN 

8499 REM -- 8500-8999 DELETE KEY AND RECORD -— 
8500 GOSUR6210 

8510 ITFE=OTHEN8S40 

8520 E=1 

QS20 RETURN 



8540 FORI=1TO?1 
8542 KOs (1) =MIDS (KEYS, 1K12—11, 12) 
8544 NEXTI 
8550 FORI=ENTOZO 
8555 KOs (1) =kOs (141) 
8857 NEXTI 
8560 KOs (21) =CHRS (127) 
BS62 FORI=2TO1? 
B564 KOS (21) =KO$ (21) +CHRE (127) 
8566 NEXTI 
B70 EYS=KO$ (1) 

2 FORT=27T021 
EYG=KYB+EOB CL) 
NEXTI 
Z$=KY$s ZES=KF Ss ZL=kKLs ZRSEB+ 1 

a5ao GOSUBLORZ0 
BEGO 
8600 Z5=#FRE (O) 
R610 RETURN 
SPAS eal aiM i ei 9000-9499 RESAVE RECORD ~~ 
9000 GOSUBRGZLO 

IFE=OTHEN9O40 

E=1 
9O20 RETURN 

9O40 FI=ASC (MIDS (R18, 14,1))—-1 

9042 FB=ASC (MIDS (h16, 12, 1))—1 

9044 N=FIKLOO+FR 

9O8O GOSUB6OLO 

9060 GOSUBRGI9O 

9970 E=O 

9OBO RETURN 

9499" REM == 9500 INSERT is AT FAS 

: FORZI=1TO21 

BOS (Z1)=MIDS (RY, ZIk12-11,12) 

NEXTZ1 

BOS CT) kg 

EY $=hO® C1) 

FORZI=27021 

EY BEY B+E OB CZ 1) 

370 NEXTZ4i 

9380 RETURN 

1OL39 REM *xk 10140 GET ZF,ZR xXx 

190140 FRINTD#; "READ "5 ZFSs "RAZR 

LO1SO Zg=" " 

19160 F 

1O170 

1O180 

101990 NEXTZ41 

LO200 FPRINTDS 

10202 Z$=RIGHTS$(Z$, ZL) 

190204 FPRINTD& 

10210 RETURN 

REM XxX 1OR2O FUT ZF4aZR X* 

PRINTDS: "WRITE “as ZF 8p", RU ZR 

FORZL=17TOZL 

PRINTMID$ ¢Z%, Z1,1)5 

MEXTZ 1. 

PRINT 

10270 FRINTDS 

LO280 RETURN 

Listing E.14 

ri 
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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. 

~ 18000 PUSH FR == 
"READ FREE LIST, RO" 

2 INF LUT MR 

1S FRINTD S$ 

2 TENRGLTHENLSoOSo 

260) NAN Re 1 

SO7O PRINTDS 
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PRINTD$; "WRITE FREE LIST, Ro" 
PRINTER 
PRINTDS 
PRINTD$; "WRITE FREE LIST, R":NR 
PRINTER 
PRINTDS 
E=O 

RETURN 
Fe E MM more ene % rt sone 

PRINTD$s "READ FREE LIST, RO" 
INFUTNR 
FRINTOS 
NREENER-E A 
TFNRS =1OOTHENIS270 
Ex I 
RETURN 
FRINTD$; "WRITE FREE LIST, RO" 
PRINTNR 
PRINTDS 
FRINTD$; "READ FREE LIST, R'gNR-1 
INFUTER 
PRINTDS 

RE TURN 

Listing E.15 

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 BY NUMBER -— 

6150 ZR=N: ZL=RL: ZFS=RFS 

6160 GOSUBIO140 

6179 R$=Z4 

6175 ZS=FRE (0) 

6180 RETURN 

6189 REM -- 6190-6240 FUT RECORD BY NUMBER --~ 

6190 ZR=N 

6195 ZFS=RFS 

6197 ZL=RL 

6200 Z$=RS 
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6210 

$215 

6220 

6249 

6250 

6260 

6270 

6280 

6290 

6200 

6350 

6260 

370 

6372 

6374 

6380 

6290 

6400 

6410 

6420 

6430 

6440 

6450 

6460 

6470 

64280 

6490 

6500 

6804 

6506 

6508 

63510 

6565 

6570 

6600 

6610 

6620 

E999 

7OQOD 

7OLO 

7O20 

TORO 

7040 

TO4AS 

JORQ 

TOASO 

TIO! 

TOE4 

TOES 

7968 

7TO7O 

TOS 

7074 

GOSUBIOR2O 

ZS=FRE (0) 

RETURN 
REM -- 6250-6304 GET NEXT AVAILABLE RECORD 

PRINTD$:; "READ “sRF&s", RO" 

INFUTFR 

FR=FR+1 

FRINTDS 

PRINTDS; "WRITE "“SRFS3". RO" 

PRINTFR 

FPRINTDS 

ZO=FRE (0) 

RETURN 

REM s3=) 6210-63510 (SEAREH FOR REY =. 

KIt=LEF TS (SP8,CA C9) ) 

ES=ES+E TL Ss EN=O 

Li=Or;LA=CA (9) sL4=oO 

LS=INT.C (Li+L2) 7/2) 

TFMID# (RM$,L2, 1) =CHRE (127) THEN6S40 

EBR=ASC (MIDS (RM$,L3,1)) 

ZFS eEP St ZREEB+Ls ZLSRL. 

GOSUBILOL40 

BY R= 2 6 

TFLEP TS (EY$, CAS) ) SLEFTS (h&,CAC9) ) THENGS49 

EIN=O 

ENeEN-+ da DFEN=CA (10) THEN6440 

IFLEFTS (Ki, CA (9) )=MID& (KY, (EN-1) XCA (7) 41, CA (9) ) THENSS BO 
TFLEFTS$ (8S, CA (9) ) EMI DS (KEYS, (KN-1) XCA (7) +1, CA(9) ) THENSS BO 
GOTOQ6400 

L4=L4+1 
IFL4<CA (11) THENG S40 

La+i 

=AS(C (MIDS (RMH, LA, 1)) 

$=CHR$ (127) 

FORZ1=2T0OCA (7) 

LS+CHRE (127) 

t 

E=¢ 
KAS=MID$ (EYS, (EN-1) ¥CA (7) 41,CA(7)) 
RETURN 
E=1 
BOTO6S90 
REM =~ 7000-7499 FUT NEW RECORD AND KEY —- 

GOSUR6Z10 
IFE=2THENRETURN 
IFE=1THEN7O40 
E=1: RETURN 
GOSUR6250 
EZ SEK 
IFES 127 THEN7 180 
TFLEFT$ (i$, CA(9)) <LEFTS (EZ, CA (9) ) THENENS 4 
FORI=1TOCA (10) 
KO® (0) =MIDS (EZ$, (L-1) CA (7) 41,007) ) 
NEXTI 
FORT=CA (10) TOEN+1STEF-1 
HOS CL) sKO$ (L—1) 
NEXTI 
FA=INT(FR/100) 

NUMBERS 



TOTES 

7O78 

7980 

7OB2 

7984 

7TOQB6 

7988 

TOPO 

TOS 

7190 

7110 

Tats) 

Tests} 

7160 

FLPO 

TASS 

7499 

7500 

TSO 

7520 

735320 

7540 

7542 

7544 

73550 

Tao 

7ore 

7TSBO 

Vere? 

8000 

BO10 

8040 

8050 

BO60 

BO70 

8080 
BO90 

8100 

B499 
8500 

BS10O 

BS 20) 

8520 

8540 

8542 

APPENDICES 

F2=FR-Fik1LO0 

EOS CEN) =LEFT$ (kh, CA (9) ) +CHRE (F141) +CHRE (FE+1) 
EY $=KO C1) 

FORT=27T0CA (10) 

EYS=KYS+EO (1) 

NEXT I 

ZFS SEF Ss ZL=KL ss ZREER+ 1 

ZHEKY H 

GOSUBLOZ2O 

GOSUR6O1O 

N=FRs GOSUB6190 

E=0 

IFMIDS(EYS, (CAC1O) -1) ¥CA(7) 41,1) =CHRS (127) THENRETURN 

Eee eat SE) 

NEXTI 
EWS=KWS+LEFT$ (EWS, 127) 
L4=O:FORI=1TOCA (15) : TFASC (MIDS (RM$, 1, 1) )=127THEN7144 
IFASC (MIDS (RMS, I, 1) ) >L4THENL4=AS8C (MIDS (RMS, Ty 1)) 
NEXTI i 
I=0 
T=I+1: TFASC (MIDS (RMS, 1,1))4 
RWS=RM 
RMS=LEFTS (RWS, 1) +CHRE (L4—1) +RIGHTS (RWS, CA CLS) 1-41) 

X$=M TD (KEYS, CA CLS) CACL2)) +LEP TS CeWs, CA (14) ) 
Bees Lee Oita Sere ue £5112) > 

SRTHEN7 148 

L4= L4ti:IFL4< =1OTHEN?7 184 

STQF 

IFASC (MIDS (RMS, L441, 1) 21 27THEN7182 

EE=ASC (MIDS CRM, 144 1)):ZES=KPOs ZL=KLs ZR SOSUELOLTAO 

SN+ 1s TFMID$ (YS. C(&N-1) XCA (7) +1, 1) 5 CHRE (127) THEN7TI9O 

GOTO7OSO 

REM == 7500-7999 GET RECORD: -— 

GOSUB6319 

IFE=OTHEN75S40 

E=1 

RETURN 

Fi=ASC (MID$ (E1%,CA(9)+1,1) 

B=ASC (MIDS (E1%,CA(7),1) 

N=Fix1l1OO+F2 

GOSUBR6150 

GOSUBR6090 

E=0 

RETURN 

REM -- 8000-8499 GET NEXT -- 

KS=K$+LEF TS (SEH,CA(9) ) sE=ASC (MIDS (ES, CAC9),1)) 

ES=LEFT$ (ES, CA(9) -1) +CHRE (E) 

GOSUB6210 

IFE=OTHEN7TS40 

IFLEF TS (1%, 1) <CHR# (127) THEN8B960 

E=1: RETURN 

E=0; GOTO75S40 

GOSUB6150 

GOSUBR6090 

E=0 

RETURN 

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

GOSUBR6210 

IFE=OTHENBS40 

E=1 

RETURN 

FORTI=1TOCA(19) 

KOS (T) =MIDS (KY, (1-1) KCA(7)41,CA(7) ) 

223 
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8544 NEXTI 

8550 FORISENTOCA (10) -1 

KOs (1) =kO# CI+1) 

NEXT I 

BO C21) =CHRS (127) 

FORT=2TQCA (7) 

BOs (CA (19) ) =KO# (CA C10) ) +CHRE (127) 

NEXT I. 

8570 
e572 TOCA C10) 

8574 BEYB=RYS+E OS (1) 

83576 NEXTI 

8578 Z$=K YS: ZFS=khF Ss ZLEKL a: CREER+ 1 

8580 GOSURLOR2O 

QS590 E=0 

84600 ZS=FRE (0) 

8610 RETURN 

8999 REM == FO00-9499 KESAVE RECORD —— 

9000 GOSUERGI10 

IFE=OTHEN?O40 

E=1 

RETURN 

O FL=ASC (MIDS (CE 1S, CAC9)+1,4)) 

, FR=ASC (MID$ (Eh 1%,0A07),1)) 

N=F Lk 1LOO+FR 

9050 GOSUR6O1O 

9960 GOSUBS619O 

9O7O E=a 

9080 RETURN 

NEP Ante cochead Da RO UUM Gey Etec ys Amy Ten elhey ve cao 

93500 FORZI=1TOACA CIO) 

oO EOS (ZL) =M IDS (CE YS, (Z1-1) ¥CAC7)+1,C807) > 

NEXTZ1 

EOS CT) ahs 

KY $k Od C1) 

9250 FORZL=27TOCA (10) 

PIOO EYSSEYBFEOB OZ 1) 

NEXTZ1. 

A RETURN 

190129 REM kk 10140 GET ZF.ZR xx 

10140 PRINTDSs; "READ "3 ZF¢:s",R"2 ZR 
LOTSO) Zhe 

10160 FORZ1=17TOZL. 

1O170 GET Z1¢ 

1O18O ZH=Z$+714 

1O19O NEXTZ1 

2 PRINTDS 

Z$=RIGHTS# (27%, ZL) 

FRINTDS 

RETURN 

REM kk 10220 PUT ZF,ZR kx 

FRINTDS; "WRITE "3 ZF$3",R"3 ZR 

FORZI=17TOZL. 

PRINTMIDS (Z%,Z1,1)3 

NEXT 24 

FRINT 

O FRINTDS 

IZ2ABO 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 STRING$ 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 



226 APPENDICES 

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. 

D$=CHR (4) 
PRINTD$; "QF EN PROGRAM" 
PRINTDGs "WRITE FROGRAM" 
LIST10, 

5 PRINTD&s "CLOSE" 
END 

Ob he 
fas 

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 D#=CHRS (4) 

Pe UNE Ueda e tes ios 

14 PRES 

16 FPRINTTS 

20 FPRINTsFRINT 

21 FPR#O 

INFUT PRESS RETURN FO Last? 

25 D#=CHR& (4) 

24 PRINTD®; "OREN FROGRAM" 

30 PRINTD#; "READ FROGRAM" 

40 ee 

4a Ss 
SO = 

60 I[FCS=CHR#E (12) THENLOO 

70 AB=AS+CSH 

BO GOTOSO 

190 PR#. 

110 FRINTAS 

120 FR#O 

120 GOTOQ40 

Listing E.18 

"Os 

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 D#=CHR# (4) 
12 INFUT"STRING TO SEARCH? ",S5¢ 

14 LSO=LEN (SSS) 

24 PRINTDS; "OF EN FROGRAM" 

=O PRINTD®; "READ PROGRAM" 
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4 Aga" 

SO G 4 

I CHS (10) THEN TOO 

7O A $+ 

8O GOTOSO 

i GQRI=1TOZIA-LS+ 4 

120 TFMID$ (AS, [,LS) =SS#THENL = 4 

130 NEXTI 

TFL=OTHEN4O 

Listing E.19 

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 ae 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. 



KEY FILE 

KILOBYTE 

M 

MACRO-STATEMENT 

MEGABYTE 

MEMORY 

MICROCOMPUTER 

MICROPROCESSOR 

MINIFLOPPY 

NESTING 

NYBBLE 

PARAMETER 

PROGRAM FILE 

PUSH DOWN 

RAM 

GLOSSARY 

The index for a record file. This could also be used 
to refer to both the key and the record file. 

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. 

Abbreviation for megabyte. Se MEGABYTE. 

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. 

1,048,576 bytes. This is another storage unit like the 

kilobyte, but about 1,000 times larger. See also 

KILOBYTE. 

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). 

Any computer using a microprocessor as its main 
CPU. See also MICROPROCESSOR; CPU. 

A single integrated circuit (‘‘chip’’) with all of the 
logic functions for a computer. It is the base for a 
microcomputer. 

A trademark of Shugart Associates, now in common 

use, meaning a 5%-inch diskette or minidiskette. 

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. 

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. 

In subroutines, a variable whose value controls, to a 

greater or lesser extent, what the subroutine is to do. 

A file in which is stored program statements. See 

FILE. 

This is another term for a bubble sort. See 

BUBBLE. 

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. 

231 
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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, 55, 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 

INDEX 233 

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/O), 151 

terminology, 15 

tracks, 1 

tree-structured method, 53, 89, 115, 176 

variables, 109 

virtual array, 154 
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