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INTRODUCTION

This book is a collection of ideas, techniques and
about 30 programs and sub-routines for a personal computer.
The actual computer used was a Sharp MZ-80K on which each
of the programs have been tested.

The computer was equipped with dual disk drives and

48K of random access memory. But, most of the programs
will run with smaller memories on machines without disk
drives. Also, users of other personal computers will find

that the techniques are easily applied to their machines.

The MZ-80K is not as well known as some of its rivals,

but it does compete very favourably. It is extremely
rugged and 1is particularly well suited to domestic and
educational applications. But I felt that the factors

holding back this computer were the standard of the manuals
and the lack of available software. Hopefully, this book
will clarify the contents of the manuals, particularly in
regard to:

screen output
keyboard input
file handling

These operations are of crucial importance to getting data
into and out of the MZ-80K or any other computer. If you
can program your way around these areas, the rest of a
program is easy!

I am most grateful to the Sharp Corporation for the

extended loan of an MZ-80K, and for their help and advice
during this project.

December 1981
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1. GETTING STARTED

This is not a book about BASIC programming - it is
concerned with techniques that will be wuseful to
programmers or teachers. But, it is necessary to have a

quick review of the MZ-80K implementation of BASIC. This
should be equally useful to users of this and other
machines. I shall assume that you already have some
knowledge of BASIC.

1.1 BASIC Commands and Statements

On the MZ-80K and most other personal computers,
there are two ways of using BASIC: in direct mode or in
statements.

1.1.1 Statements

As you know, BASIC statements are numbered when used
in a program. The MZ-80K supports most of the familiar
statements (such as LET, IF......THEN, FOR......NEXT)
although some less familiar ones need a little
explanation:

Format Example Explanation
ON x GOTO (list) 100 ON B GOTO Control is passed to
200, 300, 400 line 200 if B is 1,

to 300 if B is 2 and
to 400 if B is 3

ON x GOSUB (list) 100 ON GOSUB Similar to ON..GOTO,
200, 300, 400 but control passes
to a subroutine

MUSIC string 10 MUSIC "CDEFG" Sound 1is output in
the sequence defined
by the characters in
the string

TEMPO value 20 TEMPO 5 This determines how
quickly MUSIC is
played

DEF FNx(y) 30 DEF FNP(Y)=Y$2+1 The value of 10%+1
is assigned to B

40 B=FNP(10) using the function
definition of line
30
GET wvalue 50 GET X The keyboard is

scanned for a single
key-press. Line 50
looks for a numeric
key




GET string 60 GET AS Line 60 accepts any
key
PRINT 70 PRINT "ABCD" Both text and/or

special graphics
characters can occur
in PRINT statements.
I8 clears the screen
and [ moves the
cursor down

"EE¥IOE"

SIZE 10 PRINT SIZE Displays the amount
of unused memory in
bytes

TIS 10 TI$="000000" Set the internal
20 PRINT TIS clock (line 10) and
display the time
(line 20) in hours,
minutes and seconds

There are, also, the expected functions and string
processing statements, as well as PEEK, POKE and other
statements which access the RAM. These will be introduced
later.

If, after trying a BASIC program, you need to make
changes to it, the MZ-80K has a versatile screen editor.
This enables you to list part of the program and to modify
a line by using:

1) The insert key, to include extra characters.
2) The delete key, to remove extraneous characters.

3) The cursor keys to select where (1) and (2) will be
performed. The cursor Kkeys can also be enclosed
within PRINT strings.

There are some very minor differences between the
BASIC statements on the cassette and disk versions of the
MZ-80K. Unlike some machines, the MZ-80K loads the BASIC
interpreter into RAM from disk or tape. This enables new
dialects to be developed, and we will probably see further
enhancements in the future.

1.1.2 Direct Commands

Certain commands are only executed in "direct mode" -

this simply means that no line number is used. Examples
are:
LOAD "program name" (load a program from disk or
tape)
SAVE "program name" (copy it to disk or tape)

LIST 100-500 List the program to the




LIST/P screen or printer

CONT Continue execution after
pressing BREAK.

Some other commands can appear in direct form or as
statements:

NEW (erase the previous program)
or 100 NEW

CLR (set all wvariables to zero,
or 20 CLR and all strings to null)

You can also execute any BASIC statements in the
direct mode:

A = 5+3: PRINT A

This gives you an immediate calculator mode, even in the

middle of a program. Notice that multiple statements are
separated by a colon, up to a maximum length of 80
characters. I often use this mode to check the current

values of variables in a program that I am developing.

1.2 Arithmetic on the MZ-80K

Variable names are one letter or one letter followed
by a letter or a digit. Variable names longer than this
are only significant in the first two characters, so "ABC"
is equivalent to "AB" as a variable.

Simple BASIC arithmetic expressions are written in
normal algebraic form, as with most dialects of BASIC.
But, all results are rounded to 8 digits, which can cause
problems where precision is of importance - for example in
stock control or accounting programs.

As a first example of the pitfalls of trusting too
much in a computer, consider the simple program:

10 K=0

20 INPUT I
30 K=K+I
40 PRINT K
50 GOTO 30

With small values of I, everything proceeds normally.
But, in time, for any value of I, K eventually exceeds the
normal 8 digit representation (such as 12345678) and is
expressed in exponential notation:

0.1567E+16

where "E" means "10 raised to the power". Whilst this
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does permit very large or small numbers to be expressed
approximately, it must be realised that the last digits
are lost. For example,

0.2345 E+10

is a representation of
2345000000

Although this may be the true result of a calculation, it
is more 1likely that the trailing digits have been lost.
On a point of BASIC format, if you wish to INPUT numbers
in E format, you must type them complete with signs, such
as 0.2345E+10. Do not omit the + sign. E format numbers
input with digits before the decimal point are
automatically adjusted:; so, an input of 24.26E-09 is
stored as .2426E-07.

If rounding errors are a problem to you, there are
several ways round the problem, mostly using changes of

base. For example, a many-digit number can be re-
expressed by grouping the digits in sets of 3. This
expresses the number to base 1000. Full details are given

in the MZ-80K manual.

Division can also be a problem. All results are
rounded to 8 significant figures. Thus,
PRINT 5/3

gives 1.6666667.

Both numeric and string arrays are available on the
MZ-80K. In each case, the maximum length of an array is
256 elements, and the maximum width 1is 2 columns. So,
these are valid DIM statements:

10 DIM V(3,4)
20 DIM AS$(100)
30 DIM AS$(20), BS$(10,12), X(150)
But these are incorrect:
10 DIM VE(3:p10522) - too many columns
20 DIM AS$(256) - too many elements, since
A$(0) is the first one.

Arrays can be dimensioned dynamically so that space is not
wasted:

40 INPUT"Array size?";Al
50 DIM BS$(Al)

1.3 Program Design

Most of the programs in this book are described in
words. I do not use many remark (REM) statements because
they are tedious to write and it is all too easy to leave
incorrect REMs in programs. I also dislike flow charts,
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as readers of my previous book "Successful Software for
Small Computers” will know.

My preference is for a simple program description
language (PDL) to describe the operation of a program. I
have used PDL in this book only to describe the more
complex programs, although I always used PDL to design the
programs. Briefly, here is a summary of the PDL method:

1. There are 5 types of program sub-units:
(a) the simple sequence - just a series of actions.
(b) the alternative clause:

if (this is true) then do something
else do some other thing

end if

(c) the choice unit:

case of
(1) action 1
(2) action 2
(n) action n

end case

This selects from several alternatives

(a) the iteration unit:
while something is true
do
a sequence of actions
end do

(e) The repetition unit:
repeat
a sequence
until a condition is true
Unlike (d), this will execute at least once

Alternatively, using a for loop as a special
case of repetition:

For var:= start until end step increment
carry out

e )

simple sequence

next var

Note that a BASIC FOR...NEXT 1loop always
executes at least once.

2. Standard actions such as print or input can be used
in PDL.

3. Any program, of any complexity, can be expressed as an
appropriate linear sequence of PDL units.



12

6.

PDL discourages backward GOTO's, as these lead to
program complexity.

There is a direct and simple method of translating a
PDL design into a BASIC program.

It is virtually certain that a properly designed PDL
sequence will, when coded into BASIC, work first time.

Although space does not allow a full exposition of PDL in
this boock, I do recommend its use. Some examples are
found in the following chapters.
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2. CHARACTERS and STRINGS

2.1 Characters
2.1.1 Keyboard Characters

The characters available on the MZ-80K include all
of the letters of the alphabetic, digits, and graphical
symbols ( many of them useful, some a 1little unusual).
You can see what they look 1like from the ASCII character
table in the manual, though you should note that some of
these are incorrectly depicted as black on white, and
should be reversed.

To investigate them for yourself, you can not simply
use an INPUT/PRINT pair because this will not permit. you
to display characters such as the one represented by the
delete key. A Dbetter method is to use the single
character GET statement, as in this short program:

B8 PEIMT"PEESS B EEY"
118 GOSUE 1666
1260 PRIMT AkE.HE
136 S0TO18G
L AEE:IF AEF="7" gOTO 1988
lE1e TR E
{328 RET HFH
Line 1000 uses the GET statement, and waits until it

notices something other than a null character from the
keyboard. It then converts AK$ into its numeric ASCII
code and prints this together with the character itself.
You can discover some dguite interesting characters -
carriage return "looks like" ¢ and the delete key
resembles a small car or flying saucer! Equally
interesting, you can discover that the cursor keys do not
have a printable symbol, but they do have ASCII codes:

Cursor key

ASCII Code number

Right 19
Left 20
Up 18
Down 17
ASCII codes below 32 are all reserved for special
functions (such as the cursor) and for printer control.
As you will see throudghout this book, the GET
statement is used extensively. There 1is a similar

statement for obtaining numerical values:
100 GET X : IF X=0 THEN 100

110 PRINT X
120 G TO 100

This ignores any keys other than 1 to 9.
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You may also find GET to be a useful way of
"freezing" a program temporarily:

100 REM - start of program

400 GET AS$ : IF AS$="" THEN 100
410 GET AS$ : IF AS$="" THEN 410
420 GOTO 100

This will cause the program to pause at line 410 whenever
a key 1is pressed. Press it again, and the program
continues!

2.1.2 Using ASC (string) and CHRS (expression)

From the previous section, we have found that
ASC(AKS) returned the numeric ASCII code of whatever AKS
happened to be.

Similarly, ASC("F") returns the ASCII code 70. If
the brackets enclose a quoted string of characters such as

ASC("FRED")

only the first character 1is examined, so the result is
still 70. To generalize, ASC can examine anything other
than a null string "". The string can also be specified
in terms of the string operators such as MIDS$, introduced
later.

CHRS is the reverse of ASC. It converts a valid
ASCII code into its ASCII character. Therefore

PRINT ASC(70)

will  print ~ F. This enables you to print unusual
characters (such as flying saucers) and such unprintable
items as quotation marks. The " has a code of 34, so this
will work:

10 PRINT "THIS IS THE";CHRS(34);MZ-80K;CHRS$(34)

CHRS ( ) can be used to display the entire range of
allowed symbols with this simple program:

10 FOR I=1_.TO:255
20 PRINT CHR$(I)
30 NEXT I

Note that, although 1line 20 prints all of the ASCTI
characters, the special function keys are not simulated
through CHRS. Thus "clear screen" has ASCII gode 22, but
PRINT CHRS$(22) has no effect. -
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2.2 Character Strings

As you saw in the ASC(string) examples, a string is
a sequence of ASCII characters. By analogy with numeric
variables, string variables are used to store internal
representations of strings. Any numeric variable followed
by $ is a valid string variable; for example:

AS
B$
01§

String arrays are defined similarly. They must be
declared in a DIM statement, for example

DIM AS$(20)
or DIM Q2$(20,30)
or DIM Q2$(20,30),AS8(20)
or DIM AS$(X,2)

The last example illustrates dynamic dimensioning.

Storage is allocated initially on the basis of 1
byte for each string variable or element of a string
array. Thus DIM AS$(200,2) has an initial overhead of
approximately 400 bytes. As characters are placed into
strings, their memory requirement increases at a rate of 1
byte per character, so the string "12345" consumes just 2

more bytes than "123". But, space is quickly consumed by
string arrays, which are subject to a maximum of 256
elements and to two columns. Thus, DIM AS$(10,4) is

acceptable, but DIM A$(200,200) will cause an immediate
"out of memory" error.

Large string arrays also slow programs down. For
example, the simple program, below, uses a two-dimensional
string to "white-out" the screen:

1 FEIMT"E"
16 R ;.

A

i
(00

Tl Al

4

HEXT T

E0TO 96

This is not intended as a good "whiteing" method but,
interestingly, if you deliberately increase the DIM to

10 DIM A$(100,100)

the program slows down appreciably. So, over-dimensioned
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strings reduce both the speed of your program and waste
space.

2.2.1 STRS (expression) and VAL (string)

In some applications, a numeric variable must be
stored as a character string. For example, you may wish
to find the position of the decimal point in 45.893; this
is easier if the equivalent character string is examined.
“This is where STR$( ) comes in. Any numeric constant
or expression can be converted into its string equivalent:

Q$= STR$(48.2) fills Q$ with "48.2"
and
Al=48.2 : Q$=STRS$(Al) has the same effect.

The VAL function has the reverse effect. Tt
converts a string into a number:

A$="48.2" : Q=VAL(AS$) assigns 48.2 to Q

But, 1if the string contains any non-numeric characters, a
zero is returned, as in:

PRINT VAL("5 POUNDS")
2.2.2 Musical Strings

For those with a musical ear, the MZ-80K has a
built-in sound output module. Sounds are output by a
statement such as

100 MUSIC MS$

where M$ is a character string composed of any mixture of
the letters C,D,E,F,G,A or B, representing the notes of a
complete scale. Also, the [ and Ej select the lower or
upper octaves in which the string will be played. A
semitone is represented by # and a rest by R. Except for
their obvious features, musical strings can be processed
in a program exactly as any other character string. For
example, these 3 1lines convert your computer into a
rudimentary piano:

TEM
GE

PO T

2

ed Bt e g ]
T

oy
A

Since any string can be stored, you might like to devise a
means of saving your best tunes!
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2.3 Manipulating Strings

Apart from the CHR$, ASC, VAL and STR$ functions,
there are several ways to manipulate strings:

String functions
There are three functions for the examination of
parts of strings:

LEFTS(string, n) selects the first n characters. So,

10 AS= "SHARP MZ-80K"
20 PRINT LEFTS$(AS,5)

prints the word SHARP. In an expression, LEFTS$ must always
appear on the right hand side, as in:

30 B$=LEFTS (AS$,6)

RIGHTS (string,n) selects the last n characters. Change
line 20 to

20 PRINT RIGHTS (AS,6)
and the program will print MZ-80K.

MIDS(string,m,n) selects the characters in the string
teginning at position m and continuing for n-1 characters.
Therefore,

20 PRINT MIDS$(AS,2,4)
will select the word HARP from our test string.

LEN(string) measures the length of a string. If you add
this statement:

30 PRINT LEN(AS)

you obtain 12 (not 11, since a blank space is a wvalid
character).

Strings are concatenated (joined together) with the +
operator, this being the inverse of the LEFTS$, RIGHTS$, or
MIDS functions. For example,

TO Ao=tg"

20 BS$="HARP"
30 C$"MZ-80K"
40 DS$S=AS+BS$S+CS
50 PRINT DS$

Concatenation can include string variables, string
constants, string expressions and string functions. Here
are some examples:
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10 As="G"
20 B$S=AS+"BEECH"
which produces the string "G BEECH"
This one uses the CHR$ function:
10 B$="THIS IS A QUOTATION MARK" + CHRS$(34)
and
10 C$="MERRY CHRISTMAS"
20 D$="HAPPY + RIGHT$(CS,9)
would give a seasonal greeting, HAPPY CHRISTMAS

A particular use of concatenation is in conjunction
with the GET statement. This short program uses the little
subroutine from the beginning of this chapter to construct
a character string of a fixed length:

10 U=10

20 C=10

30 B$=" "

40 GOSUB 1000

50 PRINT AKS$

60 B$S=BS$S+AKS: C=C+1l
70 IF C = U THEN 90
80 GO TO 40

90 STOP

This forces the user to type a 10 character string, which
is stored in B$. This technique is useful in applications
requiring specific user inputs. You can use it with the
cursor control to get the user to fill in a reply to
prompts such as:

ENTER day, month, year: --/--/--

The completed string can then be checked for validity.
This is a necessary alternative to a simple INPUT statement
in many commercial programs.

2.3.1 User-Defined Functions

Quite a few more functions are needed in most string
processing applications, but these have to be constructed
by the programmer (i.e. you!) as needed. Here are some
examples:

User Defined Keys

Using the same 3-line subroutine as before, both the
character and ASCII code of any Xey can be obtained,
without displaying the character.This enables you to re-
define any key. For example, you may wish to use the left-
arrow (not the left-cursor) to delete a whole line. The
subroutine in this program will do that:
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Note that CURSOR is available on Sharp's Disk BASIC or it
can be simulated (see page 22).

Other definable keys might perform the following
functions:

Move the cursor at 45°angles
Delete a word, rather than a single character
Force the user to choose or avoid certain keys

This last application is often useful. You can prevent the
delete key, for example, from being used by something like:

10 GOSUB 1000

20 IF NK<>96 THEN 40

30 CURSOR 0,24 : PRINT "DELETE NOT ALLOWED"
40 PRINT AKS

50 GO TO 10

2.3.2 Additional String Functions

INSTRING

This searches a string, AS$, for another string, BS,
and records its starting position in AS$ if it is present.
Otherwise it finds a value of zero.
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Thus, if AS$ is "QWERTY" and BS$ is "ER", AB will be 3.

STRING$ (n, "“character")

This produces a string of n characters such as
++++++++++, that may be used in tables or graphs:

The character is stored in KS$.

REPLACE (stringl,a,string2,b)

A string can be wholly or partly replaced by another.
Replacement begins at the a'th character of string 1, using
b characters from string 2.

RFET

LIREH

For example, if:

string 1(A$) = "ABCDEF"

A=3
string 2( B$)= "RST"
B=2

then, string 1 becomes:
ABRSEF

This function enables you to search for particular
character sequences in lines of characters, and to replace
them if you wish. For example, you can use it to change
the spelling of particular words.
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STRING COMPARISON
Sharp BASIC only supports string equality:
IF AS =B$ THEN PRINT "strings are equal"

Single characters can be compared by their ASCII codes but,
often you need to know which string precedes another,
alphabetically. One rather complex method partially
achieving this result is shown in the Disk BASIC manual. A
simpler method is to pad out each string with blanks and
then to test the ASCII codes of each character. This
ensures that a string "ABC" is greater than "AB" and vice-
versa. This routine returns a value of 3 for equality, 2
if AS precedes B$ and 1 if A$ follows B$ alphabetically:

586 REM-STRIMG COMPARTS0H
515 Kig=d
=4
: AlF=AEHRIGHT
E1$=E$+RIGHTS:

IF AiF=E1F THEH SF=3:
: FOR Z2=1 TO ¥
MIDECRLEF. 22 150
HIDECRLE. 2.
HEST Z2

4558 RETUREH

Although written for 40 character strings, it is easily
extended to the maximum length of 256 characters. Note
that only the upper case letters are in ascending ASCII
code sequence, so comparisons of strings with lower case
letters in them is unpredictable.

2.3.3 Building Subroutine Libraries

You may find it wuseful to «collect a library of
routines such as those above. All you need to do is is
store them as a program on tape or disk and:

(L) Use high 1line numbers, so that your actual
program precedes the library.

(2) Make a note of the variable names used in the
subroutines, so that you can avoid them in your
program.




3. SCREEN INPUT/OUTPUT

3.1 Extended PRINT Features

We have already seen most of the PRINT features, but
some others are useful.

TAB (expression)

When used in a print statement, this moves the
cursor to the value of the expression, which must lie
between O and 255 inclusive. If the expression does not
give an integer result, the cursor is moved to the next
lowest integer. So

PRINT TAB(10);"#" prints in column 10
PRINT TAB (O);"#" prints in the left-most
column
PRINT TAB(79);"#" prints in the right-most
column
PRINT TAB(150);"#" prints in column 70
but both

PRINT TAB(-1);"#"
and
PRINT TAB(256);"#"

produce errors.

Note that a semicolon is essential after the TAB for its
correct operation. .

SPC (expression)

This is identical to TAB except that any characters
between the present cursor position and the value of the
expression are replaced by spaces. The TAB simply moves
the cursor.

CURSOR (X,Y)

This function, available on Sharp's Disk BASIC,
moves the cursor to the horizontal position given by X
and the vertical position Y. X must be between 0 and 39,
Y must be between O and 24. Although CURSOR is not
available on the standard cassette BASIC, it can be
simulated by a subroutine such as:

2500 PRINT"@";
2510 FOR Yl=l to Y
2520 PRINT"@";
2530 NEXT Y1

2540 FOR X1=1 to X
2550 PRINT"®';
2560 NEXT X1

2570 RETURN
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@is the screen "home" character (upper left).
With such a routine, you replace CURSOR (X,Y) with
X = value: Y = value : GOSUB 2500

Note that this is only applicable for X and Y not
equal to zero, since FOR loops are executed at least once.
You can overcome this with the SET instruction described
later in this chapter.

3.2 Formatted Output

The standard methods of printing are

* Along the line
* Down a column

Whilst this is convenient for small amounts of data, some
extra control is usually necessary since, after 25 lines,
the screen scrolls upwards. This causes the top line of
data to disappear from view. One way to prevent this is
to count the output 1lines to a "clean" screen and to
freeze the output when the screen is full. For example,
this program prints the values of angles and their sines:

20 A=0

30 L=1 : PRINT"E"

40 PRINT "ANGLE";A;"SINE";SIN(A*7/180)

50 L=L+1 : A=A+5

60 IF L=20 THEN 80

70 GO TO 40

80 PRINT : PRINT "PRESS ANY KEY TO CONTINUE";
90 GET A$ : IF A$="" THE 90

100 GO TO 30

This displays the results fairly neatly, page by page. It
is, of course, a rather specific application but the
technique can easily be extended. The only snag is that
when the value of "A" increases from, say, a 2 to 3 digit
number, it shifts the second column over by an extra
space. This can happen part way down the screen, slightly
upsetting legibility.

A more flexible approach is shown in the subroutine
COLUMNS, below. This prints any data as a column, or set
of columns, down the screen. When the bottom of the
screen is reached, it will attempt to print (if there is
room) a fresh set of columns to the right of the present
column. It carries on in this fashion until the screen is
full, at which point the user can clear the screen for
more data. This makes for the most efficient use of the
screen.

The secret behind this subroutine is that the data
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is generated and then stored as a string before printing.
Strings are easier to control than numeric fields. The
logic of the subroutine is as follows:

initialise x-min, y-min, x-max, y-max
if y=top then output-string:=header
else output-string:=data-string
end if
length:=(length of output-string)
if y # y-max then if (x + length)>x-max
then wait for user to clear screen
else print output-string;y:=y+l
end if
else y:=y-min:x:= x + length (data-string)
print output-string;y:=y+1
end if

A user of this subroutine needs to put some work into
arranging the data string, but it is fairly simple. In
the example, there are two numbers - the angle (I) and its
sine. These are stored in S1$ and S2$ in line 15 of the
example. In line 20, the purpose of LEFTS(BS,4-LEN(S1S$))
is to add leading blanks to force S1$ to have a total
length of 4 characters. The blanks are then concatenated
with S1$, 3 further blanks and then S2§. No extra blanks
were used for S2$, although you may prefer them. As an
exercise, use LEFTS on the string S2§$ to print the first 5
characters, and then print sets of 3 columns of data.

Demonstration Program

L eheLe SIHE®
S FRIHNT'E"
i r(:F I—-H T‘i

[

F B, 24 PRIMNT"FRESS
GEET Hf IF gF="" THEM 5L
IF A$="S" THEW o
EOTO SR
M

Py s
1_‘1 n

]

=2
2]

4
50
&

A AR )

5
S

0 =
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The subroutine
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3.3 PRINT USING

Some computers provide a PRINT USING option to
format data prior to printing. Although not designed for
paged output, it does permit you to print data exactly as
you want it.

In this section, we present a simplified PRINT USING
subroutine which allows you to format data within a "mask"
of this type:

B EEF LY
The # specifies the position of each digit in the value to
be displayed. The tf4} indicates that exponential format
is required.

Here are some examples:

Datum Mask As printed

48.92 4. 44 48.92

48.926 #H HH# 48.93 (rounded up)
418.93 ##.#4 *418.93 (over flow)
4.3 #H. 44 4.30 (leading zeroes suppressed)

0.00001 #.#tttt .1E-04

In the following subroutine you need to supply

(1) XV, the value to be printed
2) MTS$S, the format mask (e.g. #.###)

X$ is then printed out in the precise representation of XV
required.

The program makes use of most of the string handling

techniques seen so far. In lines 8900-8935, the input
value is examined for a decimal point or for the existence
of "E" notation (line 8925). Lines 8940-9015 examine the

mask, MT$, and the rest of the program matches the mask to
the value of XV in string form. Lines 9115-9300 are used
for rounding up a value to the required number of decimal
places. If a value is already in E format, the E notation
is automatically used.

Some further techniques of input/output are covered
in the next two chapters.
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4. INTERACTING with PROGRAMS

4.1 Menu Selections

Many programmers fall into the trap of starting with
a simple idea, then adding "bells and whistles" until the
logic behind the program is incomprehensible. A Dbetter
approach is to use "structured programming" methods to
break a complex program down into simple sub-units. These
sub-units are often implemented as BASIC subroutines, so
it is necessary to have an efficient way of communicating
with them.

The way to do it is to design the program like this:

Main Program
User Menu

l — —_— - —
BT
N - —= = —
1. 2 3
New Menu
Each block has a specific function. Some blocks may

themselves contain menus to provide a finer selection of
user actions. One advantage of this approach is that each
block can be developed and tested separately, without
interference from extraneous program lines. Data required
by more than one subroutine can be defined in the main
program, which also contains the menu. Remember, of
course, that variable names must be carefully chosen since
if, for example, the variable X is set to 9 in any
subroutine it will reset X in any other subroutine.

Menus can be designed in several ways. One is the
"Chinese Take Away" method where a user selects a number
or letter from a list. An example is shown below,
complete with a sample program to produce the menu. In
this case, the possible user choices are stored in a
string, AS. The user presses a key and, using the MIDS
function, the string AS$ is examined for his selection. If
the key is not contained in AS, the menu is re-displayed,
otherwise the correct subroutine is selected:

A$= "ABC"

subroutine subroutine subroutine
1000 2000 3000
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Example Menu

ot MATH MEMU s

CHy Hew Customsr

CEY Delete Customer from fils

Dy}
£

StooR

Tves H.B or C:B

Example Menu Module

REM- MATH MEMLU

FRINT"E"

CURSOR 18, 43FRINT "% MATH MEHU
A$="AEC"

N
T

P ed e B B e vER D O T D T 30 L eE T

o T e R T T

FRIMT (A Hew Customer”
tPRIMT Gelete Customse from Fils®
FFIHT”ﬁ Shop”

hET 2% IF Li“""ThEH it
FREIMT k#:
FOR I=1 TO LA
IF FF=MI0$A$. 1. 13THEHN 138
HEKT I
SOTO 1S
FEM= g 2o to
oM I GhsuUe 1HE Axiete
FEM- ask the user
GOTO 15

subenut ine

iz nEst choics

P Tl et e RN N B N N S O R O N

On returning from a subroutine (in line 130), the menu is
re-presented. It may be necessary to pause before
clearing the screen, if the user has to read the screen
output from a subroutine.
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A variation of this menu scheme is to select from
the menu with a cursor. This is similar to ticking the
item you require, as in this example:

S Raly'

1 T

B ¥ulyl o

A Ruly & : -
it

A Ruly'

FREIMNT"Yiou
STRTEMEMT

End=E AR Ao

FREETE

EATION!

The program requires little explanation. CP is used to
record the current cursor position, from 1 to 5 in the
example. The + and - keys are chosen to move the cursor,
subject to CP being maintained betwen 1 and 5. Line 105
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erases the 0ld cursor before displaying the new one. This
technique is substantially extended in a "screen-handler"
described later in this chapter. Before describing more
advanced techniques we need, however, to understand the
PEEK and POKE commmands.

4.2 Simplified PEEK and POKE

The PEEK (address) statement is used to examine a
memory location and to return the value of the data item
it finds. This has no effect on any location in memory,
but only certain areas of memory are worth PEEKing. The
MZ-80K RAM is arranged like this:

Hexadecimal Decimal

0000 0
Monitor

1000 4096 (4K) /N
stack and work
area

1200 4608
BASIC
and 48K RAM

program area

6000 24576
Optional
memory
expansion P
DOOO 53248
Video
RAM
E0OO 57344
Peripheral
control
FFFF 65535

An example of a PEEK is
B=PEEK (4509)

If you print out the value of B, a value of 32 is
obtained. Interestingly (?) this is NOT because 32 is

stored at location 4509, but because the designer of the
system would prefer that you did not find out what is
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really therel All PEEKs into addresses in the Monitor
stack, BASIC and program areas yield a value of 32.

So, looking for more interesting areas, PEEK into
the peripheral control area (61440-65535) and you will
find a wide variety of contents. But, the most useful
area, for our purposes, is the video RAM. The screen on
the MZ-80K contains 1000 locations which are treated as an
addressable area of memory - hence the term "memory mapped
display". There are 25 lines of 40 characters that make
up the total of 1000. Therefore, the "visible" part of
the video RAM only extends from 53248 +to 54247.
Presumably, the rest of the RAM is for larger screens!

The values obtained from PEEKing into the video RAM
(screen) are the display codes of the MZ-80K. These are

shown on the next page. They are not the same as the
ASCII codes (also overleaf) which are the ones used with
functions such as CHR$. The major differences are:

There are 255 display codes (including 4 spaces)
corresponding to the permutations of bits in an 8-
bit byte (00000000 to 11111111 inclusive).

The many extra characters are useful for graphics:
they are not depicted on the keyboard.

It is an unfortunate fact that the ASCII and display code
sequences do not parallel each other. Therefore, there is
no easy way to go from a PEEK value to an ASCII statement
such as CHRS( ). In almost every case, some form of
look-up conversion of display =-—# ASCII has to be used.




The following are the ASClI codes for characters:

Note: The code is based on the decimal system. [SP] represents a space.

Code | Y™ | Code | Y™ | Code | code | S| code | ™ | ode | Y™ | Code |

2| | e 9% | & | 128 10 | Q | 192 | F | 224 |
3| | es 97 | H | 129 | BB || @ |19 | |25 [
3s | [ | 66| [B| o8| X |13 | P |62 | Z | 194 | g | 226 | T}
35 (B3| 67 | (@ 99 | £ (131 | [ | 1.3 | W |95 | " |27]|H
3% | Ky | 68 [ B | 100 | k | 132 | K |164 | S |19 | | 228 | 3
37 69 100 | > [ 133 | |15 | U |97 | [C | 22} 8
38 | B} | 70| I@l |02 ] ¥ |14 ] 3 |wee | j | 108 230 | 4
s [l | n| & | 03| @ |3 (| e 5 |19 | ]| 23| [
o | M@ 2| 1@ |0 | @ 3| N |68 O |20|[]]22]0
I )| 73| QB | 105 | w | 137 169 | Kk | 201 233
42 74 106 | b | 138 | O 10| f j202| ] | 23
435 BB (sl | 107 | K [ 130 | ¢S | v 23| R | 25
a | K| 76| 108 | K |140 | K] [ 172 | (Il | 204 | [@] | 236 | [
a5 I | =7 109 | K |14} [Y ]3| 0O 20| ™| 23| N
6 | B | 78 1o | 4 | 142 | [ j 174 | 3 | 206 | 5] | 238 | |/
47 7 | @ fm | F @@ jolor| D |w]| O
48 | [0 | 8o | I9d | 112 | B |14 | © | 176 | N | 208 | Td | 200 O
49 | g1 | @ | 3| H |4 | B | 177 200 | & |21 |
50 82 | [@ | 1me | 8 || e || Y |20]|F | 24|
51 | 83 | B | 115 | 2 | 147 e m |2 | | 243 | K4
52 84 116 | = (148 | N 8o | [d | 212 [ | 244 [J
53 85 17 | & {1 [ B w1 | A |23 | C |25 P
54 | [B | s 118 | g | 150 | t 182 | N | 214 | 70 | 226 | B
55 a7 [t o | 1 | oQ  fassss O 25 | T | 207
s6 | B) | 88 ol [F:| 182 |°h fessy | | 20 | ™ G2 | E3
57| B | s 2 | N | s | 2 | es | A |27 | = | 20| (T
ss | [ | o 122 | Iy [1a| b |18 O |28 20|
9 | H 91 123 1) 155 X 187 = 219 | B | 25 | BB
60 92 124 | @& | 156 | d | 188 | O | 220 252
61 | B | 93 26 Fe) 57 | ¥ 189 Y. | 220 | B }es3 | il
62 94 126 | 7 | 158 | P | 190 | B4 | 222 | B | 250 | |\
63 95 127 159 | ¢ | 191 | [N | 223 | g™ | 255 | ffm
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The following is the display code of the MZ-80K. The code is based on the decimal system.

Code | | code | | o | S| code | S| cove | S| cade | T | code | | cove | a7
0 32| [0 | 64| [Pl | 96 | [ | 128 160 | ] | 192 | & | 224
1 || 33| EB| 5| 3| 97 | EB|120| @ |61 B5 | 193 225 | 7]
2B 3¢| | 66| | 98| |30 b |162| ] | 104 226 | [J
3| @] 5| K| 67| [ 9| Bl || c |63|E |19 227 | K
4| [B| 36 e8| [3|100 | Y |132| d | 184 196 228 | ®
5 37| B | e 101 | (B 1133 € | 165 | N | 197 229 | 5%
6 8| @] 7o|E3|102| BA 34| f |166]| BF | 198 230 | M
7@ 39 713|103 | Ml |135|Q |167|[3 19| @ |23 |BF
8 20| B | 7 104 136 | h | 168 | P |200| H | 232 | ®
RN | BEEIRE ORERE 105 137§ |80 | N2 T 3| K
10| RE| 22| B | 74| [@] | 106 138 | j | 170| B |202| K |23 | K]
1 s B 5| B\ 07 139 K [ 171 G |203] %K [235]
12 | W) s« K| 76| N |08 ||| | [172] & |204] bk | 236 | GH
13 as | WA | 77| [N | 100 141 M | 173 | () | 205 | ¥ | 287 |
1w | M| | B 8| P|rvo|d|w2|n |174] A|2s| @ ]|238{
5 @ | |- o H | m|Bl1|o 1750|207 T |20
16 |[B]| 48| 0| 80 12| 1 |14a| P | 176 [ | 208 240
17| @] 9| ]| 8 13| [J (15| Q |177| |209| [B|241] 5]
18| [B}] 50| | 82 114 | [T {146 r | 178 210 | /] | 242 | (9
w || 5| O] s| K215 0w |s |179|[Y]211| B3| 2e3| [
20 52| 5| sa| M| 16| 5 (148 | t |180| K] | 212| &= | 244 | [u]
21 || 83| ]| 8 17| [ 149 | U | 181 213 | 7] | 245 | ]
22| W| sa|™ | s6|[4]|18| 2 |1s0| v |182|[]|214| [F | 246 [
23 | WY | s5| 1| 87 o | N |15 | w | 183 [] | 215] &) | 247 | B
24 | B4 | s6| =S | s8 120 | |52 | x | 184 | [N | 216 [@ | 248 | [&
25 57| (1| so | M| | L |13y |185) ] |217| ] |249] [
2 | P4 | 58| wm | 90 122 | ™ 54| 7 (186 | [ | 218 | [N | 250 | (§
27 || 59| M| o 123 M| 15| & | 87| 7] | 219] o | 251 |
2IMWle| 3] 921[gd12a) 16| A | 88| P4 | 220| & | 252 | fau
209 [ F) | er | ]| 93|R/] |25 0|57 |0 (18| H |221{[4 |253]| [Bal
30 {[H| 62| ] 94 |H |126| wa [ 158 [T ]190| 5| 222 /] | 254 | o)
3| M| es! 1| o5 | 1127 | (W|159| 5] |191| @ | 223| ) {265 | BE

Note: [SP] represents a space or blank.
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The complementary statement to PEEK is POKE , having
the form

POKE (address, value)

0 to 65535 (decimal) 0 to 255
S0 to SFFFF (hexadecimal)

Note that hexadecimal notation can be used for POKE (in the
form $nnnn) but not for PEEK. Valid POKEs would be:

10 POKE (53400,129)
20 POKE ($62B6,115) °

Line 10 places the display code for "a into location
53400. Since this 1lies in the video RAM area, the letter
"a" will actually be displayed on the screen.

The video RAM is the only safe place to POKE into; if
you POKE into the monitor RAM area, you will modify its
contents. Only do this when you have a thorough grasp of,
for example, the monitor and of machine code programming.

Although the various string functions are commonly
used for screen output, PEEK and POKE are often more useful
- especially in graphical applications. These only involve
the video RAM, and to avoid POKEing outside this safe area,
we can use the general formula:

Start of video RAM (53248)

POKE (Si:E;ET‘C)
Displacément f;~\\~\\\\\‘\\\\ Display Code

(0 to 1000) (0 to 255)

The POKE technique has a particular advantage over PRINT:
the video RAM (together with the rest of RAM) is
continuously scanned by the processor. Therefore any
change in the contents of the video RAM is almost
immediately displayed.

For example, we can see all of the display code
symbols with a simple POKE program. There are 256 display
codes and we can print them with, say, 3 spaces between
each one as follows:

]

]

ia : H=4a

15 g

2R FOR D=@ TO 255

I\ POKE i+ THET 3. D

48 JI=T+3

SE IF Jr46 THEW I=sI+1i: J=@
£0 HEXT [

%
kX

SOTO Fa
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Notice how quickly the program displays its output. In
this program, SS is the start of video RAM, H is the line
width (40 characters) and D is the display code.
Therefore, Line 30 initially pokes the symbols at every
third location along the top line. When J, the horizontal
counter, exceeds 40, it is reset to zero and the line
counter (I) is incremented by 1. The formula used is
simple:

Start of video + (40 x line position) + number of spaces
across

Getting slightly more ambitious, we can use a
particular display code and POKE it at different positions.
For example, the next program simulates a random meander of
character 202 ( a little man) around the screen: Lines 40
to 90 generate a random choice of North, South, East or
West and adjust the line position (LP) or row position (RP)
accordingly. Of course, we must ensure that we do not
wander off the screen, and that is the function of lines
100-130. Each run of the program will give a different
result. (But is it Art?!)

4

5

4@

56

8 LF=LF+1:

£3 GOTD 188

e LP=LP-1: GO0TO 1846

ToOG0TO 18m

o8 RF=REP+1: GOTO 160

25 G0TO 188

98 RF=FF-1

168 IF LP=LM THEM LP=8: RP=RP+i
118 (8 THEM LP=LM: EF=FF-1
126 ! M THEM EF=FEH

138 IF R THEH EFP=@

148 FOKE CSS+RPwH+LF . ZG2

1568 GOTO 46

In this program, you can see the advantage of POKEing
compared to PRINTing - the output speed for our randomly
directed characters is very fast. Random character display
is particularly useful for games.

Certain other POKEs are of occasional use. POKE
4509,1 causes a bleep to be sounded each time a key is
pressed. Silence is restored by POKE 4509,0.
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4.3 Using PEEK and POKE for Output Processing

These statements are commonly used 1in graphics
applications. Some examples are shown in the next chapter.
Another aspect is in the processing of data on the screen.
This is illustrated with two examples: dumping the screen
contents to a printer and the use of protected fields.

4.3.,1 Screen/Printer Dumping

Although the MZ-80K has LIST/P and PRINT /P
statements, there is no standard way to output a screen
full of information to the printer as and when you want it.
One way around this is to PEEK at each location on the
screen to obtain the display codes, convert them to ASCII
codes and print the answer - tedious, but it works!

In this next program, the ASCII equivalents of the
display codes are stored in DATA statements. The program
reads the ASCII codes into an array S( ) running from
S(0) to S(255). This array is used as a "look-up"” table
since the display code is used to directly index S( )
That is, given a display code D, S(D) contains the
equivalent ASCII code.

Lines of ASCII text are built up as follows:

1) The loop starting at 9030 sets the row number
from O to 24. A character string, S$, 1is
initially set to a blank.

2) The loop starting at 9050 PEEKs at each position
on the present row and stores the display code
in SV.

3) The function CHR$(S(SV)) converts the display
code into the equivalent ASCII code and produces
the ASCII character.

4) The character is concatenated into the string S$
until the end of the current row and, in line
9090, it is printed out.

Since the display table is larger than the ASCII
table, some simple expedients have been adopted: if there
is no exact correspondence, the most similar ASCII
character is substituted; where no substitution is
possible, such as the symbol with display code 227 ( ), a
blank is substituted.

This program was used to prepare all of the computer output
for this book. You can use it, as I did, by use of the
SWAP command (see later p. 83) or if you only have a
cassette system, by adding it to your programs as a
subroutine.
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4.3.2 Screen Handler Routines

In most BASIC programs, the user is prompted line-by-
line for input:

WHAT IS THE VALUE OF X? 237

VALUE OF Y? 49
WHAT IS THE NAME OF THE FILE? PAYROLL

In this short dialogue, the user responses are in bold
type. The problems with this standard approach are:

What do you do if the data you keyed in five lines
ago is wrong?

You only see one prompt at a time, not the whole
picture.

What do you do about adjacent prompts, such as:

INPUT X : 500.3 INPUT Y : 492.7
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In this latter case, the first response might be so long as
to partly obliterate the second prompt.

So, what we need for this "form-filling" type of
application is a technique that offers these facilities:

A screen-full of prompts can be presented
simultaneously.

Any previously-entered data can be corrected.
The length of a user response can be controlled.

Programs offering such facilities are called '“Screen
Handlers". Alternatively, people talk about "Protected
Fields".

The program below is an example of a very simple
screen handler. The responses are stored in the string
array EF$(NP), so that they can either be used as straight
text or with the VAL function, converted to numeric values.
As a general point, string input is much safer than
numeric; the latter will "break" the program if a string is
input.

Since even this simple example 1is a relatively
complex program, here is a two-level description of its
operation:

Overview

After displaying the user prompts, a cursor is placed
against the first prompt. The cursor keys are used to
select any particular prompt:

R move to a previous line

Y move to the next line

[5) move one space to the right
Eﬂn@ve one space to the left

Corrections are made by over-typing any errors. When all
of the prompts have been correctly answered press SHIFT and
CLR to accept the screen. In the demonstration program,
this simply causes the input data to be printed although
you would normally use the data for some other purpose.

The layout of the screen 1is determined by the
associated DATA statements. The first DATA specifies the
number of fields. Subsequent ones are of the form:

DATA "prompt-string", "length of reply"

Blank lines are specified by

DATA "O" B non



40

Detailed Design

The operation of the program is easiest to describe
mainly in program description language, by reference to
sections of numbered lines. The use of PEEK and POKE is
described in section (3):

(1) Lines 1 to 1086

This is the initialisation section. Data entered by
the user is stored in the array EF$ ( ).The 2-dimensional
string array PF$( , ) is filled from the DATA statements
such that the element PF$(I,1l) contains the prompt string
and PF$(I,2) specifies the maximum length of the user

input. For example, PF$(I,1) is "Name" and PF$(I,2) is
"20", so that the first line to be typed by the user must
not exceed 20 characters. The initialisation process is

described by:

for i:=1 until field-max
do
read field (i), length(i)
print field(i)
for j:=1 until length (i)

do
print: =,
end do
end do
row:=1 ; char:=field(row)+l ;dup:=char

max—-char:=dup+length (row)-1

In this description, field (i) and 1length (i) denoted
PF$(i,1l) and PFS(i,2).

(2) Line 1090 to 1300

Using similar notation to the above, we have a loop
structure:

while key # CLR
do
if key = oror orE or
then
change row (RP) or char (C?
0%nd check the new values
else
//kXey is not a control character//
call insert (key
print key
char:=char+1l
//check the value of "char"//
end if

The range checking on RP and CP is carried out in 1lines
1210 - 1260.
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(3) Lines 5000 - 5090

In this section, a cursor flashes at the present
insertion position until the user presses a Kkey. The
symbols used include:

CC is 1 (cursor on) or -1 (cursor off)
SS is the start of video RAM
PT controls the on/off period
SL is the line length
symbol := current character //use PEEK//

repeat

if cursor = TRUE then print " [ "
else print symbol end if

cursor := FALSE

until key # null
(4) Lines 6000 - 6050

This simply breaks down the present string EF$(RP)
into two halves and inserts the new character at the
present cursor position, allowing for the 1length of the
prompt string. Remember that "dup" 1is a copy of the
initial cursor position at each row. So, for the first
row, if the user has typed FARM, we would have:

C)DP=5
Name FARM
[ crms

So, DP is fixed but CP is variable, depending on the use of
thel[€] and{3] keys.

If the user backspaces to the letter A, we have DP=5 and
CP=6. The action of lines 6000 - 6050 in response to a
key-press of "I" is as follows:

DP=5, CP=6

TIs/Fép%M\T2$
I

F
\ F\‘lgRM DP=5, CP=7
The cursor moves to the letter R, and so on.
Program Listing

PROGRAM NAME: FORMS3

(The listing begins overleaf)
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FRIHT"E"

TORE

FERD HF: REM... HUMBEE OF FIELDS

FEM-EF% iz the enter fisld. F $ iz the erovected field
DIM EFFCHP I PFEIMF. 2
FOR I=1 TO HFP

FEQD FFECI. 10, PFECTL 20
D=t EF.;,:I‘;l:n 1"

J=1 TO UALCFF$0I. 200
CIa=EFFCIa+" O

rFIHT FFECI. 133" ";5¥F

‘—F‘I“T”THE
ik 'Hr 3
=l EMOPFFCT ] 004
MF=0F+al ‘—'Ffi

& K 'y f_”“” ' ';" |
Af—""" THFd FC FR-1:
AE="E" THEM C :
HE="E" THEM C i
HEERT TAE H”H ruuruh.ue

[}

HOTO 1256

= THEH FOKE PR,
FOEE FF.CH
FOR I0=1 TO PT

EFT ﬂf' IF AE="" THEM 5875

SOTO =a9a

T’ ;F_”yll

IF 1 THERM Ti:

1 T THEH
Tf—i1¢+H$ T2 $

i EFECRP =TS

EETURH

T -:E_” e




DETH
LETH
DATA
LETH
DETH

DETH

HE=T

FEM-FEINT THE
FREIMT"E"

FOR I=1 TO MHF
FRINT EF$cIx

FEMastdbetadobaob bbb bbobubssob kb g duid
DRTH =

“r1l1l"~”A ".-;;'l':]"
NSt et B,
L e e
"oyt oy ™
"Fost cad

o "E'":' AL

I
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The program listing is followed by an example run which
could be used to provide input to a mailing label program.
One advantage of a screen-driver such as this is that it

helps a non-expert user to avoid errors or,

made, to permit easy correction.

Fost ‘x Ildl-— . ”' .

_____ o
piahy

ulw-p

e
1if

Sh

G i

when errors are



5. SIMPLE COMPUTER GRAPHICS

In addition to performing calculations, your MZ-80K

can:
Draw illustrations
Play games
Plot data

It really is very simple to get good results and - no -

you do not have to learn machine code programming!
5.1 Composing Pictures

There are four main ways to draw a picture on the
screen:

1. PRINT

2. POKE

3. CURSOR strings or CURSOR statements
4. SET and RESET

The first three are particularly useful for general
drawing applications

PRINT

This is simplest of all. You simply use the special
graphics characters as you see them on the keyboard. For
example,

10 PRINT " "
20 PRINT * a
30 PRINT * %

More complex shapes are tedious to design like this, so a
short-cut is to draw the picture on the screen with the
various graphics characters and then add the print
statements. Here is an example:

e B B Al ik e w e wlbe s e s e h B s

=
)
=
F.
F
[
i
B
=
il




45

The aeroplane was drawn on the screen, When I was happy
with it, I simply typed 100?", 110?" down the side of the
picture and so on to change the picture into a program (?

is shorthand for PRINT on the MZ-80K). If you RUN the
program, the little plane moves up the screen, followed by
another....... and another..... and so on.

An alternative to PRINT is POKE, described earlier.
The justifications for this are that POKE gives a whole
range of symbols and that PEEK, in conjunction with POKE,
opens some new possibilities. We will see some of these
later but let's see how far PRINT will take us.

Considerable flexibility is added when we use PRINT

in conjunction with the cursor control characters. These
enable you to build up a "cursor string" and then to print
it anywhere, almost instantaneously. The cursor keys [

MBl@must not be confused with the arrow symbols on the
keyboard - which simply represent arrows! Cursor keys can
be used in a string like this:

as="--ME | M EI

If you print A§, the diagram is:

The cursor itself moves to the right after printing each
character, hence the need for the extra cursor-lefts in
AS. The real use of cursor strings 1is in printing
pictures just anywhere. For example, this 1litle program
lets you print any one of 5 shapes anywhere on the screen:

1 FRIMT "E"
16 FEHD A¥
s SOR B.@ IMFUTYFIGURE COLDE "iFC
R FE TORE
5 HEST 1

PRI
x4

FOR I=1 TO Fu: =
1HF,HF s *

Al fF:
M POSITION "3H.Y

)

o

]

iy oEmER ] 8 R PR, .
...-’HTH b i R "u lrguuaﬂa: Eu T E:.:: :'m

vl

(A R R RN

Beb fote ok ot e = f (T

o

T T
[l
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Here is some typical output of all 5 shapes:

kI3'B5s1#M6n 30, 20

If you extend this 1library of shapes, you can easily
assemble a complex picture from its smaller units. Also,
unlike the fixed PRINT statements, you can add your
library of shapes to every program you write with a great
saving in effort. The only limitation is that no string
can exceed 256 characters including cursor control
characters. This precludes really large pictures.

5.2 Animation and Games

Convincing animation is the most difficult area of
graphics, when we are restricted to BASIC. With small
objects, there is no problem. For example, this program
moves a star alternately back and forth across the screen,
making use of the cursor control characters:

CRIMTEY
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And this is an equivalent program using CURSOR:

186 PRIMTE"
118 Fo =

115 g: FRIMTY 3
126 FRIMT"#"3
12a

laa STEF -1
143 FRINT® "
oo @ PRIMT"#";
160 HEMT 1

178 50TO 118

Although this method is limited, it will permit you
to construct simple games. The following example draws a
small car-like object (ASCII character 96) which moves one
step to the right each time a simple sum is answered
correctly. The object of the game is to move the car from
the start to finish points in the shortest time possible.
Various musical effects are included, but the simple
animation 1is in lines 570-585. In the accompanying
picture, our user has just completed the course:

a’l‘a }g?hardor‘?

gogr Time was 17seconds
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i FRINT_"E"

S oml=EsE=8

ZOIMFUT "WHICH OPERATION o+ or =4 I
4 IF {SfF="4"3+0(5F="-"1 THEM !

S S0To

2 Sl=Sl+5SE=50+0

18 FEIMT"E"

28 TEWMPD 4

22 MUSICTCDEFSY

SEY HASRES RE HE

180 = 1H =4t HE=301 ¥S=0

185 1'L’E“"L_ 5N

1i@ 43¥C+1=PEIHT”*“

11z E YO+l FREIMT &Y

145

146 E THEH 1&8

156 54

155

1&@ C"CDEFubFEDI"

181 VEEPRINT"Wour Time wos "1URLITISE: Yzeconods®
185 FEINT"Raain™ "3

166 bET H$- IF AE="" THEH 1&&

178 IF AE="H" THEM 134

181 CURSORE.1:FRINT"E bit hordse? "3
182 GET A%: IF afF="" THEH 152

183 IF AfF="%" THEH 4

124 GOTO 1@

i9a STOF

SEG H=IHTOSI+RHDC L 2 Y= THTOS2+RHDCL 10

IF SH="+" THEM Z=k+%: GOTOSLS
{ THEH Z0Q

LA FSERETRFCY D
ViR PRINTY i
VERFRINT 2%
Va1 FRINTY 5

sHP’ﬂF
CURSOR
CURS0R
MuUsIC "

CLURS ﬁF WL YO+l THRUT A
IF H*h THEH STE

8 T N T o ¢ B

1
K

B
i
B
1
5

(=
!
£
7
)
{E]
1
=
=t
A

FOTO
CURSOR i
EARCEARS )
iHF-HF AL YCIPREINT CHEZC9:
FEETURH

! FRIMTCHR$OEE

When we try to move more complex shapes, life becomes

trickier. Vertical movement can be simulated to some
extent just with PRINTs, as shown early in this chapter,
but for flexibility, POKE or CURSOR commands are

necessarye.
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In each case, th® technique is to draw the picture
in one position, then to re-draw it and erase all remnants
of the o0l1d picture. For example, to move a picture from
left to right, we can compose the picture inside a box
with blanks down the left-hand side. Then, when the
picture moves to the right, the blank edge erases the old
left edge of the picture:

N e

X
N : N gicture

Ao e

Picture
—>

Ao e D

This diagram attempts to show the superimposition of two
consecutive picture positions.

By way of demonstration, this next program uses this
technique to draw the action in a "Donkey Derby". The
picture of a donkey is represented in a two-dimensional
array (H) of display codes, which are interpreted as
shapes as shown below. Notice that the use of POKE is
useful here as the symbol for a little man (¥ ) to sit on
the donkey is only available in the display code table:

0 0 0 202 185, 118 215 %7 4, D“U:
H (3,7)= 0 158 67 67 67* 0 0 =«/ a7 N
0 216112 0 0 215 0 S

Line 2040 contains the screen addresses at which the
donkeys are initially drawn, using subroutine 1000. The
heart of the programming is from lines 360 to 390 in which
the donkeys are randomly moved from left to right. This
is quite a favourite with my children!

PROGRAM NAME: Donkey Derby

FRIMT “E"_: CURSOR
FOR I= 1 TO UQ LxEI
I C=1@8:HH=4: REM...
4 FFIHT "’.'K‘IH HHH {’u‘li
& FPRIMT s o
& GET A#:
? FRIMT R¥
18 IF ax="RE" THEH 1%
12 IF A$="3" THEH S0@
14 HOTO & -
1% RESTORE
2B READ M.H
0 DIM HOMaMIFod. 20
46 FoR I=1 70 #
45 FOR J=1 TO H
S8 RERD HOI..J:
2 MERT T

HEST I

=

s
2ot
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(Donkey Derby program contd)

TOHEMT I

PRINT'E
IJET g
FEINT Hf

FRI ﬂ' AR RTa TS
PEOTHEM 416

b e T

£3 0
o
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(Donkey Derby example run)

Do G

-
=

Winner is no. 2 Ploasohpress a key ...

The next stage is to move pictures in any direction,
not just left to right. This time, let us use the CURSOR
command to position a cursor string. It is necessary to
blank~out the remains of the picture after each of the
four major possible directions of movement. One way to do

this would Dbe to surround the picture with a blank
border:
/////
. Picture

T,

Then, as the picture moves, the blank border erases the
0ld, unwanted parts of the picture. This is a little
wasteful of space, and a better method is to have four
separate borders to use as required. For example, to move
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the picture downwards: erase the top segment then print
the picture one space down:

///C/j/c/ blank i erased
Plctur%/+ _? - =
// VAR W////

+

picture

/1

This technique is used to good effect in the following
interactive game for children, which gives practice in

hand-eye coordination. A" random maze is drawn (lines 10
to 70) then a spider (the cursor string in line 1010) and
fly are drawn. The cursor keys are used to move the

spider through the maze to the fly:

PROGRAM NAME: MAZE

Here is a photograph of the screen:

And here is a listing of the program:
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Program Listing:

F; _‘I‘HEH

--L
TEHFH 7
REM——~ DREEW MAZE
FOR I=1 T0O 3
!:i$=" i
F=RHDL s
IF E:T THEH &8
AFE=FAF+"E": GOTO 78
H$ H$+|I 113
IF LEMOAF» =38 THEH 28
FEINT "EORBEn +LEFT#(AF. 3
HE'T I

TERINT"E":
FRINTE";

TPRINT™E"
FRINT"H":

EH— :ET P THE STRIMGS
F‘E_Tl !FE

e ettt et o ot ke ot T ] T ] i e e e G o] e
o e T ] e ed B e ST S T T T D T 131

0 O S T T O T T O

L HUE HLI F#

FEH MHHE :rICEF
Hi_ i "

FE=nF: GET A¥F

IF CRF="R" 3+ AfF="0" v+ (OF="G" 1+ RE="8" THEH 316
HE=F$

& M=RESCiAF 16

O FOGEOTO 348, Ze0, 388, 4846

GOTO 554

&
B
148

g H'+FEE}'IT1 1 PAPEER {LH4EE Y IFFEA
LR S0E Vi PREIMT HUE:
55 W=Ne+l: C=C+d4@: GOTO 528
: FE”*‘ PSR
EEK (C~4B8 3 +FEER (C~-Z20+FPEEK T30 IF FE<: B THEM
Wi FREIMT HL#:
—4@: GOTO 528
- piaht
I APEEE (C+d 3 HPEEE CCHE3: IF FRe - B THEH 505
u.”: FRIMT UL#:
+1 GOTO SZE

”_”_1' H

REM-= mo

oy
PRI L N E RS KR

X1

1 -k R
WIFRINT URE
C—-1s GEOTO 526
EOTO ﬁﬁu

5
1
i
5
5
S

PR R R R |

PRI

GOTO 218
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CALGHT IT!
OF: HF-WF: FRIMT® "

¥
MUSTC i e "

GOTO 1
REMauphdogod
DATA". 033
CATA" 32 31 "
LATA"EE 28 28
paTA"

CRTHE B .

DETA"+"

The blank borders Hu$, HL$, VLS and VRS are stored
in the DATA lines 1020-1050. These strings erase the top,
bottom, left or right of the picture. The main part of
the program is in lines 300 to 570. It consists of a case
construction:

bbb

23, E
"iﬁ “—gu RBRH §

fa

bode e pede juts fede e e §F] U] LS} LY

repeat
case of
cursor down
if no obstacle below then move spider down
end if
cursor up
if no obstacle above then move spider up
end if
cursor right
if no obstacle to the right then move spider
right
end if
cursor left
if no obstacle to the left then move spider
left
end if
end case
until spider reaches fly

Obstacles are detected by PEEKing at the positions to be
occupied by the spider. For example, before moving right,
we PEEK like this:

W a S

s ’ | e PEEE

T e

The PEEK locations are +3, +43 and +83 locations from the
top left hand corner of the spider.

You can make this game more of a challenge by
randomly POKEing or PRINTing new barriers, and making
holes appear in o0ld ones. Quite frustrating!

5.3 Picture Storage

In the first part of this chapter, you saw how to
design a simple picture and then print it out onto the



55

screen. It is also easy to store the pictures that you
produce, either on tape or disk, and to play them back
later.

One way to do this is to design the picture, as
usual, on the screen and then to PEEK at each location.
The display codes returned with each PEEK are then
recorded in a file. The problem is complicated a little
by the fact that the cursor must be controlled in the
program. All this means is that we have to distinguish
the cursor codes from all other keys. Finally, we have to
tell the program when the picture is complete. In the
following program, we did this by choosing "K" as the "end
of picture" key.

FRINTYG7s *THE FILTURE WILL EE. STOREL OH FILE CRIVE"
FRINT"NO. 2. IMN THE FILE -FICTURE"

- FRINT"Fress anm kev to start:'s

BET A%: IF A$="" THEM 1G&7

& FRIMT E": "B";

FOR =1 TO 18@:HEXT I:RRINT &0

IF Ag="" THEH 11%

" THEM 156

THEM PRIMT"E": :50TO
THEM FREIMT"G": : GOTH
THEM FREIMT"E": ¢ GOT
THEH PRIMT"E"::GOTO 214

L

(A

FREINT Af:
GOTO 1168
FRIMT'E "3
OH ERRORE GOTO 256
BEEETE- Pl URIETHRES
GOTO 288

RESUME HEXT

‘MHF:H #1 FD”u“FI!THFE“

‘The picture can be stored on tape or disk. The commands
for file handling in Sharp BASIC are, in fact, almost
identical in either case. This particular program uses
the disk BASIC commands to write the screen contents to a
sequential file called PICTURE. To re-play the picture, a
very small second program reads the PICTURE file and POKEs
the display codes back to the screen:




rFIHT“E“

= JHTH S
a8 REM-THE ABOUVE LIME HALTE THE PEOGRAM

And here is a sample output:

LOVE AND THE COMPUTER...

A VALENTINE CARD FOR SOMEONE SPECIAL'

Just think of the money you'll save on Valentine cards!
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5.4 Plotting Data and Functions

5.4.1 Which Way Round?

The easiest way to plot graphical representations of
data is "sideways on". For example, a schoolteacher may
have some percentage marks in DATA statements. All he
needs to do is to scale them to a number not exceeding the
screen width and then plot them as a character string, like
this:

PRINT 1
FRINT
HEXT .
DATA 1n,bn1;a.5u 7@, 9, 55, 45, 48, 35, 55

4 GOTO &
FE Mk o R L 3% S L) T SR RRU LT EB% TRUTES SR AT S0 T3 Tk Sh S S
A FEM. ... STRIMGE

AFE="": IF H=8 THEM I330

FOR I=1 T4 M

RE=0F+EE

HEST I

FETURH

As you can see, S tells us how many marks to expect, and
the marks are then scaled to between O and 25 in line 130.
They are printed out with the help of our STRINGS
subroutine:

Similarly, you can plot a curve such as sin (x). This has
values from -1 to +1 (not suitable at all for the MZ-80K),
so scaling is essential before plotting. This time, we can
use the TAB function:
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FEIMT'E"

THRFUT"START. STER UALUES ":0.55

L=1: FRIMT"E"

F=H+55

FRINT"AHGLE": &1

FREINT TAEC1Gx: TABCZ2S+104S I M Asn 186 33
L=lL+1% H=H+
IF L=28 THEHM =26

SOTO 48
FEIMNT:FRIMT"Frezs any
GET ffF: IF As="" THEH
GOTO 38

And here is some sample output from this program:

SHELE
OHELE
SHELE
AMGLE
SHGELE
OHGLE
HHELE
GHELE
GHELE
AHELE
AHELE Z
GHELE 2
HHhLE

S el X I N O S

X by

LU T O O
-+

AR
s

HHi;u_E !
AHGELE
AHELE
HHGLE 3

It is a little more difficult, but far more effective, to
draw such pictures the correct way round. One solution is
to use a "line buffer" - a string variable that is used for
the temporary collection of output data.

For example, to draw a histogram of vertical bars, we
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could start with a line buffer, AS$, initially blank, and
equal in 1length to the number of bars. The bars are
constructed, with the line buffer, as horizontal slices:

= Tag S Eptldiade
N ] 1 1

o, s el

1 & !

! ///;/// fyi/ !
Each slice is of course the line buffer itself. We add one
character (e.g. a block) each time a block is to appear in
a particular position. In the diagram above we could be
looking at the tops of bars 2, 3 and 4. If we have a set

of n values to be represented, by n bars, we can proceed as
follows:

1, Find the highest value in the 1list and record its
position , p, lying from 1 to n.

2. Insert a character, such as Qz in the 1line buffer
(i.e. in a string such as AS).

Bls Look for the next lowest values and insert Za into
A$, corresponding to their positions in the list.

4. Continue until the lowest values have been
identified.
This next program uses this idea. It starts from the
highest value and steps down towards the lowest, filling AS$
as it goes. A small refinement is that the bars are 3
characters wide, to give Dbetter visual impact. In
particular, notice the use of the string subroutines from
section 2.3.2, in building up AS. Also, the y axis is

annotated by using a plain bar or a -1 in 1lines 6080 -
6100.
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Histogram Program

ITERURL=UT

MAM, URALUE= UM STEF SIZE=US: TICK
- THE USLUES RBRE RLEERDY SCHELED &
A UM US. UT, HE
[IH LEHE
: Tl l HE:

-y 18
)
oL
et
ﬁnq

FEAD Wil MEXT I
‘r& 4-?9U41n

$_"": IF M=8 THEHM 3538
FOR I=1 TG M
FE=OF+HE
HE=T I
FETURH
FEM-STRIHG REFLACEMEMT
E=LEHE$?
HL=A-1: BAR=LEHAFI-A-B+1
IF AL<e THEM AL=8: AR=LEMCAZ)
# IF AR<E THEM AR=G
5 Al#=LEFTFCRE. AL
‘BOAZE=RIGHT$AE. AR
AfE=R1$+EE+R2¥
FETURH
A8 RFEM- HISTOGREAM FLOTTER
FRIMTYE"
' EF=" UiE0SUE 3560
JixE THEM 8328
GOTO &£1s4
FOR I=1 TO HE
IF Wla==Up THEM cB8&5
SOTO &3878H
Ef=" E "i1f=2+I+1: GOSUE 4800
HEXT I
IF BESCUM-UTHINT OB, 1+UM-UT 000, 83l THEH &106
FEIMT TREiZ 21"

&9 GOTO 118

S1868 PRIMT UMsTABCS "4 "3
=185 EEM~FEIMT BLUFFEER
118 FRIMT &%

2148 LiM=Up=-11s

S150 GOTO &8l

fled FEINT TAEC=::

tleS FOR I=]1 TO HE (PEINTY ": @ HEXT I
178 PRINWT

SZEE BEETUREH

x:"“. E‘ Hiz " 1]

aR1E IMPUT Bf.A

SEze GhsUE 4EE

FREIMT A¥f
GOTOZE1E

DR s i)



61

5.4.2 Approximation of Geometric Shapes

There are two main ways of producing regular
geometric shapes: use the special graphics characters to
compose a picture or use seguences of straight-line
segments to approximate a picture. The first method was
used in section 5.1 and we now see how to use the
approximation scheme.

All geometric shapes, e.g. circles or rectangles, can
be approximated by sequences of straight 1lines, as shown

below: /////_~
circle approximation
/
-
g . 3
curve approximation

Using Solid Line Segments

Even horizontal or vertical straight 1lines are
approximated. For example to draw a straight 1line, we
could write:

FORzE-==1 TO:N: ::PRINT: "=; = NEXT: I
But this is only exact to one whole "-" character (display
code 195), fractions are not allowed!

The attraction of this approach is that figures
produced with characters such as "-" are continuous. But,
to draw more complex shapes than a single line requires a
little more thought.

The first problem is that the screen on the MZ-80K,
like many other micros, is not square. The aspect ratio
(height:width) is, in arbitrary physical units,
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approximately 50:65, but the ratio of columns:rows 1is
25:40, which is not the same:

)

25 rows of| 50

40 characters l

< 65 S
So, a conversion factor has to be applied from the physical
screen dimensions to the actual printing position. In

other words, we will design our picture in the 50 x 65
world, then convert the values into the 25 x 40 character
positions. The conversion factors are:

40/65 = 0.615
25/50 = 0.5

horizontal
vertical

So, to plot a line, we now refer solely to the design area,
as if it were a sheet of graph paper:

4\

(5,8) (50,8)

AN
7

From now on, the TV screen will be called the PROBLEM SPACE
and the array of printing positions, the DISPLAY SPACE. In
this example, we can easily draw an approximation to the
line:

10 F1=0.615 : F2=0.5

20 INPUT X1,Y1 : H1=F1*X1l : VI=F2*Yl
30 INPUT X2,Y2 : H2=F1%X2 : V2=F2*Y2
40 CURSOR H1,V1

50 FOR I=1 TO H2 : PRINT "-": NEXT I

Of course, this is of limited use, because it will only
draw horizontal lines from left to right. In order to draw
a rectangle, for example, considerably more care is
required. One way of drawing the necessary vertical and
horizontal lines is to concatenate a string as a sequence
of actual characters and cursor movements. The figure is
then represented by a single string which can be positioned
anywhere. Restricting ourselves to straight lines, here is
how we build up such strings.

First of all, let us presume that the cursor is initially
located as follows:
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bottom-top

right-left left-right
-cu rsor

top-bottom
So, each of the 4 horizontal and vertical lines is
positioned differently with respect to the cursor's start
position. Now let's see how to draw each line.

l. Horizontal line, left to right

Simple! Just use a character such as [ since, as it
is drawn, the cursor moves automatically to the right:

¢ hew cursor position

=
Z:J/}ast segment drawn

2. Horizontal line, right to left

More tricky! The first line segment is to be printed
to the left of the starting position, so the cursor must be
moved left then the character is printed. But because this
is followed by the cursor moving to the right, yet another
cursor-left is needed. So, the sequence is:

e~ —%

3. Vertical Line, top to bottom

Similarly to the above, we print the vertical
segment, causing also an inadvertent shift to the right;
then move the cursor down, and to the left i.e.

[ <]

4. Vertical Line, bottom to top

No doubt you can figure this one out for Yyourself.
The sequence is:

For example, to draw a vertical line of length L
downwards from screen coordinates X, Y we could write:

10 INPUT "Length":L

20 LA = F2*L

30 INPUT X -and ¥¥; X,¥
40 X1 = F1*X : Y1 = F2%Y
50 AS = nun
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60 FOR I = 1TO LA
70 AS = AS+" L&’

80 NEXT I

90 CURSOR X1, Y1 : PRINT AS

Fl and F2 are the scaling factors, used earlier.

To draw a rectangle, you simply join together four strings
correctly, taking care that the cursor does not obliterate
any previous part of the figure. The following program
contains a subroutine to do this, allowing you to draw any
number of rectangles on the screen. The size of the
rectangle is 1limited only by the wupper 1limit of 256
bytes/string. This limitation can be overcome by, for
example, using CURSOR to draw each side of the rectangle.

PROGRAM NAME: SOLIDLINES

ﬂé 5': 3
THpUTY
IIFHT

g HEIGHT ":p%.E3
SIGIH "1 HE, Y8
o

REM- 0 TAMELES

i‘_ o

FOR I=1 TO LPif$=O$+li$: HEMT I
FOR I=1 TO HZ:pf=Q0f HEXRT I
FOR I=1 TO LZ:A$ HEXT 1

Hf ‘-{'J_I!HH

HEHT

e

'FTHFH

5.4.3 Using SET and RESET

Some microcomputers provide a range of chunky
graphics characters based on a 6x2 picture element:

e.ge.

The height and width of this element
is roughly the same as that of any other character. They
are commonly used in Viewdata-type graphics and are
referred to as "Pixel Characters", and the small squares
are "Pixels"
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The MZ-80K is slightly different, since its

pixel
characters are square:

Also, each pixel character 1is surrounded by a very small
border, so the pixel character is not uniformly white. You
can see what these characters look 1like by POKEing the
display codes 241 to 255 into the video RAM. There are no
equivalent ASCII characters.

Although these pixel characters are useful in graphics,
more flexibility is obtained by being able to position a
single pixel at any position within a Dblock. Since this
requires twice as many horizontal and vertical screen
locations than with the normal PRINTs or POKEs, this form

of presentation is commonly referred to as "double-density
graphics":

,L/_\

normal character width and height

Theréfore, the screen must now be addressed in
terms of 80 columns of 50 rows:

0 column 49

row

49

To distinguish double~density from the single-density mode,
two new commands are used - SET and RESET. For example:
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SET 25,45

illuminates a pixel in row 25, column 45. While
RESET 25,45

extinguishes it.

In this chapter, SET and RESET are used in graphics
programs. But, for a short illustration, try this:

1. PRINT €

10 X = INT(RND(80))
20 Y = INT(RND(50))
30 SET X,Y

40 GET A$: IF AS$="" THEN 10
50 GET AS$: IF AS$="" THEN 50
60 GOTO 10

Eventually this will cause the screen to fill with pixels.
Lines 40 and 50 are stop/restart switches such that the
screen printing stop if a key is pressed, and pauses until
a key is pressed again.

A serious side to this program is that it enables you to
investigate just how random the RND function really is!.

5.4.3.1 Double Density Curve Plotting
It is quite easy to draw geometric figures with the SET

and RESET double density graphics commands. Since SET
draws a small, square pixel, almost any line can be

represented: & [
& -
. & R % & B B w
straight line 45° line

Notice that the 1line is not quite continuous due to the
pixel border.

With this technique, the most important procedure is
the drawing of a line in any direction, anywhere on the
screen. If we can do this, any other figure can be
approximated as a series of such lines. A 1little
trigonometry is necessary to devise a suitable procedure.
Imagine the line on the screen to be superimposed on a set
of cartesian axes, running along the top and left-side of
the screen:

> X

<
<&
<
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Any point on the line is given Dby:
Y = mX+c

where m is the slope of the line, and C is its intercept on
the Y axis. For any two points, we have:

(Y-¥1) = m(X-X1)
or, X=X1+ (Y-Y1)

m is computed from the start point (X1,Yl) and end point
(X2,Y2) of the line to be:

m = (Y2-Y1)/(X2-X1)

So, to plot a line from X1,Yl to X2,Y2 we could increment Y
in steps of 1 from Yl to Y2, calculate the new X at each
point, and use SET(X,Y). This is very nearly correct but
it is only accurate when (Y2-Yl) is of greater magnitude
than (X2-X1). Otherwise, gaps appear along the line:

Y2 O

Ll
SRS 4 =

3 N
+ 4

Yl X1 T X2

In this example, (Y2-Y1l) equals 4 so that only 4 possible
points can be calculated. Therefore, we must increment
along the longer of the two directions, even though some
points will be over-plotted. An algorithm incorporating
this idea is as follows:
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procedure draw (x1,yl;x2,y2)
if start-point = end-point then return

else
step-x=sign(x2-x1); step-y=sign(y2-yl)
if length (x2-x1))length(y2-yl)
then m:=(y2-yl)/(x2-x1);npts:=x2-x1
else m:=(x2-yl)/(y2-yl):npts:=y2-yl
end if
end if
while
not at end point
do
if npts =x2-x1
then y:=y+(step-y)
x:=x+m(y-yl)
else
x:=x+(step-x)
yr=y+m(x-x1)
end if
SET(x,y)
end do
return
A program based on this routine is shown below. The
coordinate system is the '"problem space" - an imaginary

piece of paper 65 units wide by 50 units high. As for the
solid 1line method, a conversion is necessary from the
problem to display space. Since we are using double
density graphics, with 80 pixels across and 50 vertically,
the factors are 1.23 and 1.00. These are used in line
510.

Subroutine dashed-line
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This routine can also be used to draw approximate
curves, as demonstrated in this circle-drawing program:
PROGRAM NAME: CIRCLES

The straight-line segments are drawn in lines 2030~2070.

CURZOR ¢

THPUT "RALIUS "R

IHFUT @ T A i
IfiF‘lT : I TIHEG.YE

n’_[l 4:_; :'_.._4 [ SR ET OO g I

-l

i EUC
KA OO i

Lt 1ot o

AERA R RN

RETLRH

As you can see from the specimen plot below, the results
are far from perfect, but are certainly better than
nothing!




70

5.4.3.2 Graph Plotting

This is a really useful application of the double
density technigues illustrated so far. Many people,
especially in the scientific area, need to plot graphs
similar to this:
o~
b

C
X
ot

z

/

For example, a least squares analysis may have been applied
to some experimental data. In the simplest case, the
equation of the line is:

y=mx+c

Now the values of x and y used by the experimenter will not
bear any resemblance to the 65x50 picture space that we
have used Ybefore. Also, we may not want to use the whole
of the picture space for our graph, but just some window:

0,0 65
a a
min 7 max
b min
< picture space
window

b max

50

The window can be described by variables a and b for
its width and height. This enables us to express the
experimental Xy and y.values in picture coordinates



71

x_and :
B AP
_ + ®max 2min ( x —x
*5 T ®min . e e,min)
xe,max Xe,min
-1 _ PraxPmin _
yp T “max . e ye,min)

Ye,max Ye,min

Although these equations lock horrendous, they are just
common sense. They enable you to transfer x,y data from
the experimenter's world to a selected window on our
picture space. In a moment, we will see that this method
is used to plot a line between two particular x values,
knowing also the gradient, m, and y_.~ intercept,C.

The final stage is to draw the axes. This is easiest
with solid line graphics. All this entails is the drawing
of two straight lines, aligned such that:

the - axi asses through x =x = 0
Yp Xls p g e *p

the xp axis passes through ye-yP 0
These are useful observations since we can simply
substitute x = 0 and y_ = O into the above equations and
find immediately the vafues of a for the y-axis and b for
the x-axis. Any self-respecting graph has tick-marks on
the axes, and this is again easy if we simply say how many
are required. To do this, we simply use the variables D1
and D2 (line 66) to divide up the axes (lines 5190-5500)

required. Notice that the +tick character can not be
superimposed after the axis has been drawn since, for
example, a character would erase part of the axis line

leaving Jjust the tick. Therefore, a complete character .
must be used.

All of this is Dbrought together in the following
program with a test run following it. We have cheated a
little by supplying the minimum and maximum values of x_,
together with the gradient and intercept. In a real-life
application, you would have to calculate them.

Program Name

1

R I N R I N I DR SO R

15 g 1

L]
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(Details of program AXIS2 continue here)

(Nx
N
AR

]

3 REM-USE
Ef=-HHD

o e

1..,.,_.

RAR RN RN
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(Program concludes here)

THEH S14a
»0 THEM 3138
SV GOTO 5158
GOTO Sis8

a
]

I

(5}

&

5]

&

A EO=Rhk

8 EEM- DREAW =-F
8 FOR I= HH TO A
8 CURSOR FI+I.F4sBEE: PREIMNT'-"3
E MEXET I

= HDU TI
E; .,

£}
5

T P U e ] P e D

=

ot

A
)

FEnf

ook Gk ke fod ok ok ke ook e fonde ke

T”‘EHTI+E”

I0E CURSOR AHAFI. BG+F4-1:PRINT
318 CURSOR AS+F3 Ba+F4-1:PRINT
S6E RETURH

IR R TR [y QR Ry R Q) QU I R Ry W R R I L O

TEST RUN

LUF'HF FI+R0 F4+TY: FRIMNT"F':
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This 1is a very neat demonstration of the use of Dboth
single- and double- density graphics in one program. The
only way to produce reasonable graphics is to practise
doing it for yourself. As an exercise, try to plot the
grgph of a curve such as sin(x) or a quadratic equation,
ax” + bx + c.
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6. FILE HANDLING FUNDAMENTALS

So far, all of the data we have produced has
disappeared when the power was turned off. But, the data
can be permanently recorded onto either cassette or floppy
disk, in much the same way that recordings of music are
made on a hi-fi. In each case, the recording surface is a
magnetizable medium such as ferric oxide.

There are two ways of organizing the recorded data,
and in each case a collection of related data is called a
"file". We can have either:

a sequential file: the data items are recorded
one after another. So, you can only find a
particular item by starting from the first one.

a direct access file: any item can be retrieved
almost equally quickly by specifying some
reference number!

An example of a sequential system is the familiar cassette
tape recorder. By comparison, a direct access method is
used when selecting a track on a long-playing record.

6.1 Terminology

Files are often divided into sets of data called
records. Each record consists of one or more data items.
It is usually convenient to put sets of related data items
into a record, such as employee name, department and
salary. Then, when a record is obtained from a file, a
complete set of usefully~related data is obtained:

name department salary
record 1| Cookson Sales 7000
record 2 Jones Service 6000
record 3| Lambert Sales 6500

record n

This organisation is similar to that of a card index or

filing ¢abinet. Usually the records would be arranged in a

physical order that related to one particular aspect or

field of the record. In our example there are 3 fields:
Field 1 Field 2 Field 3

name department salary
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We might decide to arrange the records in alphabetical

order of field 1l: i.e., for the employee names as shown.
The result is called a sequential file, and you simply
examine each record until the required one is found. This

type of file can easily be stored on either tape or disk.
Alternatively, a record can be accessed by translating the
contents of a field (e.g. a name) directly into a physical
location. This is called a direct access file, and is only
of use with disk storage.

6.2 Data Files on Tape and Disk

Before delving into how data files are organised for
efficient usage, we need to know the fundamental commands
that control the storage and retrieval of data on the two
media. The cassette system is simplest to understand, but
has some limitations. Fortunately, the more comprehensive
disk system has many similar commands to the cassette
system, therefore making it easy for the MZ-80K user to
move from one to the other.

6.3 The Cassette System

The LOAD and SAVE commands for BASIC programs are
probably well known to vyou. In order to process data
files, there are the following additional commands:
(line-number) WOPEN"filename"

This allocates an area of temporary RAM storage,

called a buffer, into which data is transferred and then
stored onto cassette.

Data

generation fill buffer empty ; Cabsitte
in buffer buffer

program

For example, 100 WOPEN"NEWFILE"
(Line number) PRINT/T (data list)

This statement outputs data, generated by the
program, into the buffer. The buffer is emptied when it
contains 128 bytes or when the CLOSE command is executed.
For example, 150 PRINT/T V1,AS,T
INPUT /T (data list)

This reads data from cassette, requiring the data
types, string or numeric, to correspond with the order in

which they were output. For example,

190 INPUT/T X,BS,Y
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would be an acceptable way of reading the data that had
been written by the preceding PRINT/T.

ROPEN (file name)

When this statement is executed, the tape is wound on
until the computer locates the named data file, which is
then able to be read by the INPUT/T statement e.g.

170 ROPEN "NEWFILE"
CLOSE

This must be used whenever a file has been written to
or read from. In the former case, it has the additional
property of emptying the file buffer.

6.4 The Disk System
6.4.1 Disks and Disk Drives

A floppy disk is organised with the data recorded in
concentric tracks:

TRACK

SECTOR
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The read/write head of the disk driv

. e unit moves
the disk surface: st

« [ —

The head is positioned above the selected data track. On
the MZ-80K each track can contain up to 2560 bytes of
information, and there are 35 tracks available on each side
of the disk, giving 179,200 bytes of storage per disk
drive. The diameter of the disk is 54". A disk with this
amount of storage is said to be: Double sided, single
density.

Rather than store the data continuously along each
track, it is more efficient to divide the disk into
sectors. The boundaries between the sectors are placed
onto the disk by the initialisation system program. Data
input or output begins at sector boundaries, and data is
transferred to and from the disk in units of one sector.
Allocating the sector boundaries and attending to data
input/output are Jjust some of the requirements of the Disk
Operating System (DOS) software.

The DOS is also responsible for:
storing and retrieving program and data files.
managing space on the disk as efficiently as
possible (e.g. after deleting a file, the space

is marked as "available").

identifying the type of file (program,
sequential, direct access or system).

security of file access.
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Of course, you could write separate programs yourself that
would accomplish all of these tasks. The purpose of using
DOSs, however, is is to provide the user with a
comprehensive set of utilities without having to bother
about the nitty-gritty of disk organisation.

Before DOS can be used, it has to be loaded from the
system disk, supplied with the disk drive, into RAM. This
is done under the control of the in-ROM monitor program.
So, when the computer is first turned on, you will see:

** MONITOR SP' - 1002*%%*
*

Since the DOS is the first program to be loaded, the
process of taking it from disk to RAM 1is called "boot
strapping" since, so to speak, it 1lifts itself by its own
boot laces. (Why not "boot lacing"?......Il've no ideal).

DOS is loaded or '"booted" complete with the disk
BASIC interpreter as follows:

Insert the Master disk into a disk drive.
Type "FD", then in response to

BOOT DRIVE? Type 1 or 2 since the Master disk can
be inserted into either drive 1 or 2.
Drive 1 is assumed if you simply press
the CR key.

The system responds with:

* SHARP BASIC SP-6015
27188 BYTES
READY

Notice that the remaining RAM is reduced (from 48000 bytes
in the example) due to the lengths of the files which
constitute DOS and BASIC.

6.4.2 Disk Utilities

The DOS supports a number of essential programs
called utilities. These are connected with:

Initialisation (S-Diskette INIT)

Before a disk can be used, the sector boundaries must
be recorded, together with a minimum of system information
such as the location of the directory. Initialisation is
often referred to as "formatting".
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Copying (DISKETTE COPY)

For security, at least one copy of your programs
should be made. If you are using a new diskette, it must
be initialised. An old disk (containing data) may be used
but the DOS may initially reject it, even though it is
formatted. If this happens, demagnetize the disk with a
bulk eraser, and re-initialise it.

Tape to Disk (FILING-CMT)

Cassette programs can be transferred from cassette
tape to disk and, because the dialects of BASIC are so
similar, you run these programs just as any other BASIC
program. But, unlike BASIC programs, you must return to
the monitor (by typing "!") and re-boot the system before
you can continue.

6.4.3 Disk BASIC

There are very few differences between the
computational abilities of cassette and disk BASIC. There
are four new or updated commands within the BASIC language:

1) CURSOR X,Y
2) Up to 10 USR machine code functions are allowed
31) RESTORE is allowed to refer to a 1line number.

RESTORE now moves the DATA pointer to a particular
line of data

4) INP and OUT are followed by @, rather than #, since #
now refers to a buffer associated with a file (or
with a USR function)

There are also many commands specifically concerned with
program-files or data—-files on disk:

6.4.3.1 Direct Mode Commands

These are used in conjunction with BASIC program
files:

DIR[A][/P]

With this and the other commands, square brackets
indicate that the enclosed parameters are optional. DIR
lists a directory of the names of the files on a disk onto
the screen. If a disk drive (d) is specified, such as
DIR2, the directory for the file in drive 2 is shown. If d
is omitted, drive 1 is assumed. DIR with the /P gives more
information:
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Notice that:

After displaying the directory on the screen, you can
position the cursor against a selected program file
and 'over-type BTX with, for example, RUN, LOAD or
DELETE.

The display stops when a screen-full of filenames has
been 1listed. The next screen-full is listed after
any key is pressed.

After a DIR or DIR/P has been executed, the system
presumes that files will be selected from the drive
number you used, unless you over-ride this condition
(see next section).

With the exception of SAVE, the following commands can be
used on their own, or they can be typed against a selected
program on a directory listing:

SAVE [FDA4@V,1l]"program name"

This command stores the BASIC program currently in RAM to
disk. If the first two parameters are omitted:

SAVE "TEST"

then the program will be stored on the disk most recently
referenced by a DIR command. Thus, if you have previously
typed DIR2, program TEST will stored on drive 2. If7a
program of the same name exists the error message ER42 is
returned which, as you will see from the list at the end of
this chapter, means that the file has already been
"registered". Therefore, you can not accidentally over-
write an old file. The file drive number and volume number
(v) are optional and are described at the end of this
chapter.
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NOTE

if you save a blank file name
i.e. SAVE"" you will DESTROY
access to all files on the
diskette.

LOAD [FD4@V, ]"program name"”

This is the reverse of SAVE: it transfers a
previously-saved program into RAM. Remember that if you
omit the FD parameter, the system will automatically search
for the file on the directory most recently listed with a
DIR.

RUN [FD4e@V,] ["program name"]

RUN with no other parameters will execute the program
currently in RAM. If a file name is specified, the program
specified by the file name will be LOADed and then RUN.

6.4.3.2 Statement and/or Direct Mode Commands

This next group can be executed either as a numbered
line in a BASIC program or in direct mode. Whilst some
(such as DELETE) can be applied to data or program files,
some (such as SWAP) can only be used with program files:

DELETE [FDd@V,] "filename"

The  file is deleted from the disk and the file name
disappears from the directory. The space occupied by the
file is returned to a free storage area so that new files
can be stored.

RENAME [FDd@V,] "filename 1", "filename 2"

The contents of a file are unaltered, but its name is
changed from the first file name to the second.

CHAIN [FD4@V, ], "program name"

The current program transfers control to the
beginning of a new program identified by "file name". This
over-writes the o0ld program, but the values of all
variables are preserved so that they can be used by the new
program. It can be used when a program is too large for
the RAM, and can be split into smaller, connected parts.
Obviously, the execution time is increased because of the
physical disk access required.

SWAP [FDd@V], "program name"

This is similar to CHAIN except that, when the new
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BASIC program has been executed, control returns to the
statement after the SWAP in the original program

PROG2

Program 1

SWAP "PROG2 ——€?—//’

So, this is the disk version of a subroutine. But, unlike
a subroutine, the SWAPped program may not itself SWAP with
another program. Both CHAIN and SWAP can be used to load
a program in the middle of some other program. This is
useful since LOAD can only be executed as a direct mode
command .

LOCK [FDd@V, ]"file name" UNLOCK [FDJd@V, ]"file name"
These permit a small degree of security to be added:

LOCK FD2"TEST"

Program TEST on drive 2 can no longer be deleted or
changed, until we type

UNLOCK FD2"TEST"

A locked file has an asterisk against it in the directory
listing.

Since LOCK and UNLOCK can be used as statements, they
can be used in conjunction with a password to add a further
level of security.

6.4.3.3 Data File Commands

The third and final group are concerned solely with
data files. Their operation is discussed in detail in the
next two chapters, but, briefly, there are 5 sequential
file commands:

WOPEN#n, [FDA@V, ]"file name"
Opens the file output and places the file name on the
directory

ROPEN#n, [FD3@V, 1"file name"
Open the file for input

PRINT#n, (1ist of variables)
Prints the values of the variables onto the file

INPUT#n, (1ist of variables)
Reads variables from the file
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CLOSE[#n]

Closes the file for input or output. If the file has
been WOPENed, any data in the output buffer number "n" is
physically written to the file.

KILL[#n]

Unlike CLOSE, this simply cancels a WOPEN, and
prevents any data being written to the file.

If #n is omitted, CLOSE or KILL applies to all files
currently open.

There are 3 direct access file commands:
XOPEN#n, [FD4@v, J"file name"

This opens a specified direct access file for reading
or writing.

PRINT#n(r), (1ist of variables)

Outputs the variables to the direct access file
XOPENed with buffer n. The first variable is output into
record r, the next into record (r+l) and so on.

INPUT#n(r), (list of variables)

Reads the values of a 1list of variables, starting
with the value in record r.
For both PRINT and INPUT, r can be a numeric integer or an
expression. KILL and CLOSE can also be used with direct
access files.

6.4.,3.4 File Condition Commands

These are concerned with detecting particular
conditions that occur with file processing:

End of file detection
IF EOF (#n) THEN line-number

This transfers control to a specified line number when the
end of a file with buffer number n is encountered.

Error processing
A general error condition can be detected by:
ON ERROR GO TO line number
A specific error is handled by:

IF ERN=error number THEN line number
or IF ERL=line number THEN line number
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In either case, the line to which we jump will take some
action to correct the error. One general statement for
error correction is:

RESUME [NEXT or line number or 0]

If no parameter is specified, the program returns to the
line in which the error occurred. NEXT causes the
subsequent line to be executed. A line number transfers
control to a specific line, while O causes control to be
passed to the beginning of the program.

6.5 The FD and @ parameters

Disk file commands in this chapter have been of the
form:

command[FDA@V], "filename"

where d = number of the drive (1 to 4) containing the
required disk
V = a reference "volume" number from which we can

identify a particular disk

These optional parameters enable you to direct output to or
from a particular disk drive, and ensure that a specified
disk is being used, if necessary.

As you can see from the form of the commands, both
the FD and @ parameters are optional. Also you can omits:

the comma
the second quotation mark

So, the simplest form of this family of commands is:
command"filename

Normally, the file name is enclosed in a program, this
means that you must explicitly refer to a filename such as:

SWAP FD2, "NEWPROG"

But what if the program was not always NEWPROG? In that
case, you would prefer to input the file name and file
drive

100 INPUT"New file name";F$
110 INPUT"File drive";DF

Then, you must specify the file drive with a simple POKE
sequence:

120 POKE $49AC,DF-1:POKE $49AB,0:POKE $62BC,DF-1
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The $ indicates that 49AC, for example, is a hexadecimal
number. You can now type:

130 SWAP F§$

This enables you to select any file without changing the
program.

Of course, the POKE sequence 1is omitted if a
directory has been listed and you simply want a file from
that directory. You can then type:

100 INPUT"File name";F$

110 SWAP F$

But, this needs to Dbe used with care. For example,
consider this sequence:

1. The user 1lists the directory on drive 1, which
contains a write-protected Master disk.

2 He loads and runs a program on disk drive 2....
3 He then selects a new program, using SWAP, such as:
SWAP FD2, "SCREEN-DUMP".

All goes smoothly, until the system attempts to store a
copy of the program loaded in step 2 onto the currently-
active disk; which, because of step 1 is drive 1. The disk
in this drive is write-protected so, disaster! The manual
does not warn you about such pitfalls so, the safe way is
to specifically select the disk drive (using the above
POKEs) every time!
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7. SEQUENTIAL FILES on TAPE and DISK

Sequential files are organised with the data written
in the same order as it must be read. In the case of
cassette tape, there is no real alternative. With disks,
there is a choice of sequential or direct-access files, but
the sequential organisation is much simpler to understand,
before getting to grips with the mysteries of direct-access
addressing problems.

7.1 Cassette Data Files

Cassette data files are created by the following
sequence:

1) Open a named file with the WOPEN (write-open)
command.

2) Use the PRINT/T command to output the data to the
file.

3) Close the file using CLOSE.

For example, this short program stores the employee data
from section 6.1 onto a file called STAFF:

WOFEN"STAFF"
PRINT"E"

IHPUT "Hame (222 to find
IF M$="Z22" THEM 178
IMPUT"Dept: "3D¥

4 -
!

Iralid zalary .. tey a3ain®: GEOTO

FRIMT"ER": GOTO 120
F'F':IHTT HEEE” = o h i
CLOSE

EMD

After typing RUN, the screen displays:
)L RECORD PLAY (i.e. press both the record and
play buttons on the cassette

recorder).

the cassette starts and we see:

WRITING STAFF (a "leader" is being written on the
tape so that the file can be found
later)

The cassette stops and we are asked to input the name,
department and salary.
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Notice that the program checks that the salary is numeric
and positive, with the VAL statement.

The cassette remains stationary until the CLOSE
statement. This is because the data is stored in a
temporary buffer; CLOSE causes the data to be output .
This is very efficient, and avoids the long gaps that would
exist on the tape if each data item were immediately output
to the file. The buffer was described in the previous
chapter.

We now have a sequential file, safely stored on tape.
We can think of it as a representation of the employee data
in records:

[name, department, salary]

although, on cassette tape, the data items follow each
other and there are no actual physical records.

To read this data back, we need a very similar
program. The data could be read into string arrays or, as
we have done, simply displayed on the screen:

188 ROPEM"ZTAFF"

118 FRIMTUE"

112 IHPUTST HE.DE.5F

115 IF HE="ZZZ" THEM 175
128 PEIMT"Mams @ "iHF
128 FRIMT"Dept: "iDF

148 FEINMT"Salaev: "iSf
15 FREIMT"BE": 5070 112
1 CLOSE

1 ERD

When the program is running, we see:

FOUND STAFF
LOADING STAFF

The original data is then displayed on the screen.
Although this sounds simple, a word of caution:

Be sure to store your data files on a different cassette
from your program files, since the computer does not check
to see if the cassette already contains data. There is a
real risk of losing your data, and it is unwise to use
cassette data files for important applications. Let us now
look at the greater number of facilities offered on a disk
system, but still retaining the simplicity of sequential
files.
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7.2 Sequential Disk Files

As a bare minimum, the user of any sequential file
needs to be able to:

set up a new file, and put records into it
append records to an old file

delete records from a file

search for a particular record

list a file

With a disk system, these operations can be implemented
easily. We will deal with each of these topics, pointing
out the disk BASIC commands needed, and then will
demonstrate a complete program.

Setting up a new file

To add records to a file which does not yet exist,
the sequence is simple:

1) Open a named file for output
e.g. 20 WOPEN#1l, "NEWFILE"
or, 1if the file drive has been selected with
the POKE method of selection
e.g. 100 WOPEN#4,F$
where F$ is a string variable.
The integer following # is a buffer number; as
with cassette files, a buffer is a small area
of temporary storage. Normally, one buffer is
associated with each file, and data 1is
initially transferred to the specified buffer
(up to 10 are allowed). The transfer of data
from the buffer area to the physical file only
happens after a CLOSE or when the buffer is
fulls.

2) Write the data records to the buffer:
PRINT#n, (list of variables)

For example, 1if weach record on the file
consists of one numeric variable and one string
variable, and if we have already WOPENed a file
with buffer number 3, we could write:

50 PRINT#3,V1l,BS

The disk drive will remain stationary because
the data is being written .to a buffer, not to
the file.

3) Close the file:
line-number CLOSE [#buffer-number ]
The disk drive will start, and the contents of
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the Dbuffer are +transferred to the file
associated with the buffer.

e.g. 50 CLOSE#2

If no buffer 1is specified, all files are
closed. Until a CLOSE is executed, any new file
in a preceding WOPEN will not appear on the
directory. After a CLOSE, any new file is put
onto the directory and any data in a buffer is
physically written into that file. Finally, an
end-of-file (EOF) marker is placed at the end
of the file.

Appending records to an old file

You might imagine that this would enable you to add
records to the end of an already-existing file:

1) WOPEN the file

2) Find the end of it

3) Write the new records at the end
4) Close it

Unfortunately, step 2 requires us to read data from the
file, but step 1 has only enabled us to write data to it.
To read data from a file, you need the ROPEN statement, as
in:

200 ROPEN#1, "NEWFILE"

But step 3 requires the file to be WOPEN! Since a file can
not be simultaneously ROPEN and WOPEN, a different solution

is needed. In terms of a design, here is one possible
solution:
1) Open the file for reading, using ROPEN:

100 ROPEN#1,F1$

2) Open a temporary file for writing:
110 WOPEN#2,F2$

<! Copy the file, (in this case F1l§) into the temporary
£ T1e 28y Do this by reading from F1$ until the
end-of-file marker is detected with the EOF
statement. Note that the type of variable (string or
numeric) in an INPUT statement must correspond to the
type of data on the file. In this example, a file
was originally written with one numeric and one
string variable per record.

This loop will carry out the copying:

110 ROPEN#1,F1$§
110 WOPEN#2,F2$%
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120 INPUT#1,A,B$

130 IF EOF(#1) THEN 160
140 PRINT#2,A,B$

150 GO TO 120

160 REM.....CONTINUE

4) Since the temporary file is WOPEN, write the new
records to this file:

start
copy of
0ld records

end
new
records

5) CLOSE both files.
6) Delete F1§
7) Rename F2$ as F1$

So, the temporary file F2$ has now replaced the original
file F18. It contains the original data plus the new
records.
Searching for a record

Simply open the file for reading:
100 ROPEN#1,F1$

and examine each record with a suitable algorithm. In the
simplest case, this will be an examination of a numeric

key: when the search identifies the key , stop, since
there is a unique answer. If the records are not unique
(e.qg. several with the same numeric key), continue

searching. In either case, keep checking for the end-of-
file marker as no error condition arises when input
proceeds past the end of the file.

Deleting a record

To save space on the file, unwanted records must be
deleted. You can do so by a procedure like this:

input search-key
repeat
input (from main file)
call check-record (search-key,hit)
//hit="true" if record contains search-key //
if hit=false then print (to temp-file) end if
until end-of-file

The subroutine check-record simply finds if a record
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contains a particular piece of information, called the
"search key". The temporary file now contains only the
required records. This file is re-named as the main file,
exactly as we did when adding records to a file.

Listing a file

After all of the complications of addition and
deletion, this is simplel You 3just ROPEN the file, read
the records and print them. You only have to decide if the
screen or printer are to be used. And, of course, you
must check for the end-of-file marker.

7.2.1 Filing your Holiday Photographs: an example

application
For some time, I have tried to organise my large
collection of colour slides. Now, with the MZ-80K, I seem
to have solved it! Every slide can be given a one-line

description plus a unique identification number, such as:
The children on the beach [1980/49]

The reference number tells me that the slide is number 49
in the 1980 box.

Here is a program which stores such records in a
sequential file, and enables me to add new items, delete
0ld ones, find a particular title, or 1list the whole 1lot.
There 1s an exact correspondence to the various steps
described in detail above. Some particular points are:

Lines 100-267: control module to select subroutines
(see section 4.1). On returning from a
subroutine, line 266 "freezes" the screen until
a key is pressed. Lines 101-105 select the
file and disk drives to be used. So, you are
not limited to a single file. If one disk
contains both the program and data files, the
POKE can be omitted.

Lines 290-520: module to add items to a new or existing

file. If it is a new file, line 355 will cause
error number 40 (non existing file). Line 330
detects this condition, causing 1lines 360 to
390 (which copy the main file to a temporary
file) to be skipped. Also, a variable F is
changed from 2 to 1, so that the new records
are directed immediately to the newly-formed
main file.

Finally, if an old file is being updated, subroutine 8000
is called to rename the temporary file.
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Lines 600-760: deletion module; this uses suproutine -
5000, which is the INSTRING routine of section

2.3.2 to examine each record for a keyword.
Error detection is used 1in case of, for
example, a user trying to delete from an empty

file.

The rest of the program is very straightforward.

PROGRAM NAME: SEQ-DEMO

i
1
1
1
1
1
i
i
i
1
i
1
1
1
i
1

88 PRIMTUE":"BED  FILE MAIMTEMAMCE FROGRAM [BED-
al IMFUT"Which disk drive? "3D0F

2 IHPUT"lhich §ile? ":F#

I TE="TEMF-FILE"

4 REM- SELECT DATA FILE DREIVE.

= POKE #4900, LF-1:FPOKE $490E, 8:FOKE £6IBC, DF-
£ PRIMT'E"

o CURSOR .16

8 FREIHNT"SZelect

1t add new items®
@ PREIMT" 2 ta oo :
86 PREINWNT" 3 to search”
& FREINT! 4 to list®
@ FPREIMT" S ota end!

CLURSOR 8.
&8 GET HF: I
g FEIMT Af:
K "15.._ i3 1 ‘— 4: i

FOR I=1 TO LEMoME:

IF AF=MIDEME. 1.1 THEH 2&0
HE=T I
FEIMT*E "1z hHTM {6
OF T G0SUE 2 B
FRIMT"EOFrezz ars Lo e
GET RAF: IF Ag="d THEH CEE
EOTO 185
FEM#o HRRRRS
REM- APFEHE *
FREIMT"E";
8 O ERREOR
SE WOFEH #2.T%
I55 REOFEM #1.F%

JeE IMFUT #1.F¥

IF EOFCH#1» THEH 4Z@
FREIMT #2.F%

EOTO Zed
FEINT"BEFile ":F#$:" iz cuprently emetBEY
CLOSE #1: WOPEH #1.F#: REM- rsaizter FE
FEIHNT"EOHsw item informat iom, "

FEIMT "
FEIHT"BhOescript ioms

THFUT D
FEIMNT "BReference: "

IHFUT F%

Ff=0F+"  <SREF: "+Pg+" v
FREIMT #Z.E%

FEIMT"ZBOny more (YoMITY:
GET B#: IF Qf="" THEM 490
FEIMT R#

S: PRINT"Ortion? "3
Ag="" THEM 13@

'1'[)-—-‘-

S0 52 B0 S TR0 NS T 0 S92 B0 S S Y S S S B SRR L
IE=-MOLULE
SRLGITION MODULE

)T T A

)
!

S s
SRR WY
SRR RN

.,._4
[ RN R B R B By O s

B Tt s s T CHY s
J A e e e D

o,
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454 IF Ag="v" THEM 428
36 IF AF="H" THEH S@@

FEH =Capy
= E0DSUR S8R
B RETLUREM

PSR = g B T TR TR T S TR TR R S S R T Sk TR TR T S S e SR TR SRR o R
A8 REM- DELETION E-HMODULE

g1 FRIMTUE": "OIF DELETION MODULE
=]

5}

EA
15|

(AR R

& W EREOR GﬂTu FEE
£ FOFPEH #1.F%

WOFEM #2.7%
IHFUT"Eevword or phrassd "3EF
IMFUT #1.F¥
IF EOFcC#1» THEH 740
GOSUE S00oo
IF 8B=8 THEH 78
FREIHT " B e U
FRIHT R, "Onv

FPRIMNT "Iz this to be delst
i BET A$: IF fgE="" THEH Bﬁ
FRIHT A#: Iﬁ =ttt THEI FRINT"EEIten deletedBOm:

4 (T

=

ed OWoHIT M

745 #FIHT*ﬂﬂFhSzHJd end of File."

FETHFH
7 FE!"‘* wslenls odeade

a0 REM-— =EﬂFFH MOGULE

FEIMT'E": "D SERRCH MODULE

ROFEH #1.F%

A IMFUT"Eevword or search phroset

oM ERRORE GOTO 1148

IHFUT #1.F#

IF EOFC#LY THEH 1136

F EOEUE Soad

IF AEBE=8 THEH &8

FEINT " B s s i e R e B i s,
FRIMT Ff,vanu

FRIMT"Frezz a key to continug ,.."

GET AF: IF ="' THEM 1118

GOTD 284
FRIMNT"OES

X

,._.
2

i
[N

=
-]
T O

U

I
u}
@

F EMD OF FILE EFEE

1
1
i
i
i

fo 22 R HE S0 R R £ 1 o o 132 M T B B o A R S R o v 2R
; THE FILE

FRINT"E": "OIF LIST MODULE
OH ERREOR GOTO 1416

FOPEM #1.F¥

FRIMT"Outeut to printer (YeH»?"s
GET AF: IF AE="" THEM 1Z:@
FRINT AF

F=0: IF AF="Y" THEH F=i
THPUT #1.F#

IF EGFC#LY THEM 14808

2R PRIMT R#: IF P={ THEM FRIWT-F R

GOTO 738



FEIMNT
GOTOL 268
CLOZE
RETURH

AR e AR A N |

—
L

REM= IMSTRIMG FUMCTIOH
F=LEHIRF: B=LEMCES)
AE=0

FORE I=1 TO A-BE+i

i

oo fa
AR RN Ry R R R R R Rk ey iu ]

GOTO 58
ABE=1: 0
HEST 1
FETURHM

e
07O S@ave

4
4
4
5]
i
&
&
(K]
5]
15
5
5

1
1
i
1
1
:_z;_l;

4 REM- FILE CHAMGER

A5 PRIMT"Chongins files ...
4 DELETE F#

A REHAME T#.F¥#

4 RETURH

2 EMD

Here

The original file:
A RAIMY DAY IW MAHCHESTER

QR SUMMER HOLIDEY IH THE LAKE LIS
TREF:

THE CHILDREM OH THE EEACH
A FICTURE OF OUR MEW HOUSE
OURE HEW AEREIVAL  <REF:
A UIEW OF EDIMEURGH <REF:

Searching for a record containing

SERRCH MODULE

Hevword or zearch rhrozet

IF MIDE(R$. [.Br=EF THEM 03

1‘...._,..
on

1k

“REF:

1‘

HOUSE

[y SRR R o T o B o o o o ok o o o o o o o o i s G i

< F‘ E H EITHITR TR0 SF S BE SRS 0 12 18 180 S 0K RE 2R R R AR R R R R R ki

> it

"HOUSE":

A FICTURE OF OUR HEW HOUSE

CEY LD O ANUE .

<REF:

1981

are some example uses of the program.
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Deleting the first record to contain 1980 in its reference:

CELETION MOLULE

]

L2

Fevward opF phrazed 1958

1
i

e
X
=
e
e
e

THE CHILDREM O THE EBERCH <REF: 19

1

thiz to be deleted WoHT Y

i

You could make several changes to this program:

1) If your file is small enough, read the records
into a string array such as R$(100). Storage
will quickly be used, but response times will
be improved.

2) If many records have to be deleted, include a
bulk erase routine. To do this, add an extra
"flag" character at the beginning of a record:

flag data

You can set "flag" to O for a normal record, or to 1
if the record is to be deleted. Your program could
then whisk through the file, deleting all records
with "1" as the first character.

7.3 Keyed Sequential Files

In the preceding section the order of the records was
unimportant. But, in many applications, the records must
be in strict ascending or descending order as dictated, for
example, by a part number. This can make life very much
easier when confronted with a question such as:

"List the products with part numbers between 5001 and
5420"
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You could use an unordered file, but you would have to make
420 separate queries! If the file were ordered, you would
simply specify the range of part-numbers:

input start,end //e.g. 5001 and 5420//
repeat
read record
until part-number>=start
print record
repeat
read record; print record
until part-number>=end or end-of-file

An ordered file of this type, with associated numeric

keys, 1s called a keyed sequential file. Subject to
storage limitations, it can be read into two or more
arrays, representing a "key-table", as shown below:

K(50) DS (50)
numeric array K D string array
of —» |E A | <&——of
50 elements Y. T 50 elements

S A

To find a particular record, you can either:

1) Scan through the array K( ) until you find the
desired key.

Or 2) Use a bisection method: read the middle key:; if
this 1is less than the desired key read the
middle key of the upper half, and so on.

Sorting the file

It is relatively easy to construct a master file with
the keys, such as part numbers, in ascending order. But,
imagine that a company is despatching and receiving parts
with these numbers:

part number quantity date
1016 25 6/9/82
4029 i 7/9/82
3071 -82 7/9/82
1782 73 8/9/82

If this data is recorded onto a file, it will obviously be
jumbled in terms of part numbers. Such a file is called a
transaction file, and it is much more useful if it is
sorted into the same order as the master file, which, in
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this example, records the total stock situation:

01d Master File
merge-) New Master File
Daily Transaction File

The "merge" operation boils down to matching the ordered
Master and transaction files against each other:

Master
1016 data
1017 data
Transaction
1782 data 1016 data
<§\~““ﬁ>1782 data
3071 datag———>3071 data
M 4029 data
4029 data

The stock levels in the master file are adjusted, giving
the new master file which, on the next daily pass, becomes
the old master file.

There are many ways of sorting the transaction file.
First, let us assume that the volume of data is such that
the important data in the transaction file can be read into
a key table in RAM. Arrays are limited on the MZ-80K to a
maximum length of 256, so this is a slightly limiting
factor. Problems of string storage can be eliminated by
only storing numeric data; the text description can remain
on file.

Therefore, all we have to do is sort the key table,
giving us the sorted transaction file. It-.is. “onky
necessary to sort the keys themselves, so long as the
algorithm will remember which data are associated with
which keys. This is called a "tag" sort, since each key is
tied to a particular piece of data. There are many forms
of tag sort, but a simple one is based on the well-known
"bubble" sort:

procedure bubble-tag//for an array "key" of length n//
j:=n
repeat

mk ¢ =0

for is=1 untilig=L

do
if key (tag(i))>key(tag(i+l))
then mk:=1 ; copy:=tag(i)

tag(i):=tag(i+l) ; tag(i+l):=copy

jr=9-1
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end if
end do
until mk=0 or j=2

The sequence key(tag(l)), key(tag(2)),.... 1is now in
ascending order. All we have to do is trace through the
array ‘"key" from key(tag(l)). Merging of the stock file
with the sorted transaction is straightforward, Dbut it
needs careful control over the sequence of processing the
two sets of data. In the following program design, two
pointers are used: i refers to the number of a record in
"stock-file" and j is the index of the tag, i.e. tag(j),
which locates the correct transaction datum. It can be
thought of as a pointer to the j'th record in a sorted
transaction file:

procedure
i:=1 ; read stock-key // from file "stock"//
j:=1 :; read trans-key // from file "trans"//
while not end-of "stock"

do

if not end-of "trans"
then if trans-key>stock-key
then output stock-record //unchanged//
i:=i+l ; input stock-record
else
if trans-key = stock-key
then update stock-record ; output stock record

j:=j+l1 ; input trans record
else print "error in part number"
end if
end if

end do

7.3.1 Stock Control: An example of a keyed sequential file

The above technigques will now be illustrated in a
simple stock control program. This is NOT intended for a
real commercial application, but it does illustrate a
number of features. An important aspect is that it uses
the SWAP command so that only the bare minimum of BASIC
program is in RAM at any one time. This maximises the
possible size of the key-table and gives a realistic
application of SWAP. Since this command involves disk
accesses, it does slow the response time and you may wish
to re-design the program without SWAPping, so long as the
key-table size is carefully tailored.

The program consists of a control module and four
process modules:
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CONTROL

SWAP SWAP SWAE%~ SWAP
! \
Create Add to Update List any
stock transaction| [the stock file
~file file file

Each module has a uniform design:

entry

POKE the number of the disk
drive containing the data
file.

Process

POKE the number of the disk
drive containing the program

exit *

The POKEs are essential if, as is likely, the data files
(stock master file, transaction file) are on a different
disk from the one containing the program.

Each record is of the form:
<Part number, description, quantity, date>

Whenever the transaction file refers to a particular part,
the date is also changed to show when a change was made.

The various modules are listed below with Dbrief
descriptions:

The Control module (STOCK-MENU)
This presents a menu of choices, and routes the user to the

correct program. Line 140 selects the disk drive
containing the program files:

sis) GROSTOCE COMTREOL

165

116 DRIVE MD. FOR “FILES® DISH
115

117 PR, MO

113

178 F2$="TRANS": F4$="SCRATCH
145 7 AT, DF -1 POKE FOKE $£2E0. P~
156 FRINT"1. CHAMGE THE &1 ‘

168 FRINT"Z. CHAMGE THE OH FILE"
{76 PRIMT"I. UFDATE THE
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FRIMT"4., EsAMIHE A FILE

A4 FRIMT"S. STOR
. CURS0R 8,15
FEINT "Choosze o pumbee 01
GET 8%: IF Af="" THEH 258
FRIMT 8#:
[ME="12345"
FOR I=1 TO S
IF AF=MIDFMFE. 1.1 THEH 358
HE=T I
A FRIMT"G"+CHRE$( 3
4 0M T G070 I70, 386, 330, 4040, 586
SRR S TDL}—LFEHTE'-hﬂTD 45
SWAF " TEAN-CREATE": GOTO 458
JEFUURDETE" : GOTO 458
SWARTFLIZT"
FEINT"FRESS AHY EEY TO DISPLAY HMEMU":
GET Af: IF Af="" THEH 4&0
GOTO 185
EHD

e 50 g

[ 5 QO < CAO RN R |
Do RN B (R ) )
T T

STOCK and TRANS are the stock and transaction files.
SCRATCH is a file used for temporary storage.

File lister

This examines a file, either for a particular entry,
or for its entire contents. Lines 142-146 search for a
matching key and, because of the variable lengths of the
files in the records, blanks are added (line 144) so that
the records are listed as neat columns, to fit onto a 40
character screen:
166 FEM- LIST Ay FILE )
181 FOKE $49AC.DF-1: FORE $44HE G FORE $82BL.DF-L
182 REM- SET UF ELAME FORMAT STREIHG
183 BE=" ": LB=1@
184 REM- HD IS THE HO. OF FIELDES
1688 HD=3 B
{no OM ERROR GOTO ZES
118 PRIMT"E"
126 IMFUT"Hame of file op "EMD":iFE
125 IF F&="EMD" THEHW 388
126 PRINT"Output to erinter (YoHIT"3
127 GET A$: IF AF="" THEM 1Z7
128 IF CR$="y" +(AF="H"» THEM 13Q
129 G070 127
138 PRIMT a#f
131 IMPUT"Kevword for # for alld "i5F
35 ROFEH #1:F#%
146 RE="": F=0
141 FOR I=1 70O pbs IHPUT #1.51F
147 AlF=LEFTHIR1$. LBy OF=RIGRTHFIBIF LENI S
142 IF (AZF=Sfr+0SE="w") THEHM F=1
144 LA=LEMIAL$:: Rf=RE+O1s+RIGHTFOBE LE-LAY
14 HEET I
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IF EOFC#13 THEW 198
IF Ag="4" THEH 1&2
IF F=1 THEM FRIMT R#
GOTO 178

IF_F=1 THEM FRIMT-F R#
GOTO 148

FREINT:  PRIMT"SXN EHD OF FILE % FREIMT
CLOSE

GOTO 218

FREIMTU"ERROR IH FILE HAME®

REEM- HOTE THAT -“RKILL W WOT “CLOSE " I3 USEL

EILL #1
GOTO 128
FORE #4200
EMLx

2OP-1:FOEE #4908, BiFORE $#82BC. DF-1

g

e 1T
1

If an invalid file name is selected, the error detection
statement in line 108 transfers control to lines 200-210 in
which the KILL cancels the current ROPEN statement.

A typical file listing is shown below:

lare of file op
Lo Rrinter
o Do # fopoal

LEICH
221 FEMTH:-ME 2@

FOMICH FO- 1@

FUTICH AL 16

241 MAMIVA-ZE 14 18182
258 CAMOM BE-1 15 18182
2585 HIKOH EM 25 iz
Zra MIMOLTA b 4 28,

RN OEMD OF FILE %kX

Stock Creation module. Program name: (STOCK-CREATE)

This is very similar to the unkeyed file maintenance
program presented previously. If you have not already done
so, you should read its description and compare it with
this program. It contains submodules for:
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1) Appending new items (lines 300 to 520)
If the stock file is not empty, this checks that

new items are typed in sequence, thereby ensuring
that the stock file is in ascending order.

2) Deletion (lines 600 to 760)
the user chooses an item for deletion by its part
number. If the item is present, its description

is presented, and the user must verify that it is
to be deleted.

3) Insertion (lines 900 to 1120)
New items can Dbe inserted with part numbers
before existing numbers. The insertion date is
requested, so that the wuser <can see when
additions were made. The insertion mode is
intended for the occasional new item, whereas

appending (step 1) is intended for a batch of new
items.

Note that numeric input 1is never used 1in this
program; instead, character strings are input and, if they

should be numeric, they are converted with the VAL
function. A resultant value of zero or less will always be
unacceptable, and such an error is gueried. (See, for

example, lines 425 and 426):

(Details of program start here)

PH=25%3

FRIMT"E": "STOCK FILE MODULE®
REM- SELECT DATA FILE CRIVE.
E F49AC.DF-13FOKE $49AB. BIFOKE #5

a4
Kb

A =
18 PRIMNT"Se
28 PEIMT®
@ PRIMT!
48 PRINT®
S8 FEIMT

e

W CURSOR B, 15: PRIMNT Oetion? "3
GET G#: IF AF="" THEM 158
FRINT OF: 38" -
ME="1234"

FOR I=1 70 4

IF OF=MIDEFMEI. 1
HEAT I -
FRIMTYE ":: GOTO 1=2
OM 1 GOSUE 300, a0, 988, J0Eg

GOTO 18z

FEM—- AFFEHD SUB-MODULE
ri"ﬁ

O ERRECORE GOTO 488
WOFEH #2.F4%

ROFEM #1.F1¥




IHF‘UT #1 SFP.DEGL Ti

IF EOFc#1>» THEH 416

Fl=F

FEIMT #2.F.DE.0.7F

GOTO Zed

FEIMT"The Stock File iz Currently empty"
GOTO 428
FEIMT"The Current
IHFUT"Fleasze 1
THFUT"Fart
F=URLCPEr: T =

IF F:=FM THEH 422

EOTO 428

FEIMT"MAS, FART HUMEER IS5 ":FM: GOTO 425
IF F" S THEM 435

1T

KN
1

4
4
4

b 1T

hi:hc"f PHrT ﬂD. iz "iPi

()

1E F‘gl THEH 45@
FRIMT"OUT OF SEGUEMCE": 50T 425

; FFIHT“#QIr,tf 0. TE
Fi=F

!_:;HT l 475

A
o
(n)

&
£

F?H !HF E Ck
EOZUE 209
FETURH
FEM- DELETIOM SURE-MOLCUILE
W4§H$lmﬂlmu

SRR

TN v L

i thE“ #l.Fi#

WOFEH #2.F4%

IHF’UT #1 2 F'l » £:'$3 ;:-!.1 Tf
IF EﬂF'#lW THEH 748
IF P<xF1 THEH TZ8
FEINT"Descriptions "iDF

IHFUT"I= thiz to be delsted? ":if#
ALFE=LEFT$/R%E. 13

IF ALFE="y" THEH 738

FREIMT #Z.F1.0%.8.7T%

GEOTO &e@
CLOSE
FRIMT"ER
HOSUE =
RETUEH
REM-IMSERT SUB-MOLULE
FREIMT

IHPUT"Hew sart number. o
P=UALCPEy: IF Po=8 THEH 2
IF F:PM THEH 217

GOTO 326
FPRIMT"MAS.

O
R R ]

=3
¢
!
E
=
¢

e
R

wl oof stock file®
[1

=X

5]

o R ) R

ol

9;3,_. ,;‘ to Stop e Fi—

L0 L

B3] SN ]
b ke o et e 70 500 T 0]

el T R b L

RN

FERET HUMBER IS "iFM: GOTO S14
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2Z8
238
R HH EFFHF EﬂTH 1186
S48 ROFEM #1.F1#
258 WOPEM #2.F4#
2EE IHFUT #1.FP1.DF.0.TF

T8 IF EOFC#1» THEM 1ig@

& IF Fi:F THEM 1866

S8 G0TO 1888

BRE IMPUT"Descrirption of new item "iD1F
16 THPUT"Quant ity "i10F

B15 oi=UALog$Er: IF Qi4=6G THEH 1814
B2 IMPUT"Today "= date "iTLE

=
fx]

FRIMT #2.F.D1#.01.T1%

R Pl Pl b b b bk ok ok ok e et b ek e et 1 L )

A48 REM- RESET P TO MEHIMUM S0 REST OFE FILE Iz COPIEDR

858 P=FM

BEE FEINT #2.F1.0%.0.TF

878 GOTD 260

igg CLOSE

185 FPRIMT"End of stock fils"

118 GOsSUE s@ed

1268 RETURM

BEE POKE $490C.DF-1: FORKE #4908 43
8 EMD
A REM=- reramins

¢ O ERREOR GOTO 220
5 PRIMT'ESE,.... rleass
1-DELETE F1¥
A6 REMAME F4%.F1#
4 FETURH

The initial menu is presented as follows:

2T0CK FILE MODULE

_______

to appetd
T )jo—-ll-fy

o o) P

o fini—ﬁ

Option? 4

You would use this module to produce the initial file of
stock items. We have used STOCK as the file name of F1S$.
An example file was printed out in the description of the
previous module. You now need to produce a transaction
file to show the quantity of each item bought or sold
during some period of trading. The production of this is
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described below.
The Transaction Module (program name: TRANS-CREATE)

This accepts the transactions in any order, and
stores them in file F2S$. The name TRANS was chosen for
F2$. Both F2$ and F1$ have the same record format but, for
user convenience, neither the item description nor the date
are input by the user. Here is a listing of the program.
Notice that lines 235-242 produce a flashing cursor, since
the GET function is used to respond to line 230:

18968 REM-CRERTE TROHSACTION FILE

118 PRIMTUEY

1268 FOEE F4200,0F- FAPRE QI FOKE $RZBEC.OF-1
1368 FEINT'CEESTE TR TION FILE®

148 OM EREOR GOTO

126 WOREH #1.F2%

198 CURSOR 8.5

IHPUT "BOFart nupber
F=UAL ¢
iFF
BnTﬂ

stops"iFE

LI

Ffa: IF

999 THEH

#FiHT”ruA or Zell
Ff—l
IF Cr

Lo=-000 O HE
FEIMT Af

IF AF="E" THEH
IF HfF="S" THEH 296

GOTO 236

B I

FEM- USE DUMMIES FOR FORMAETTIHG
[‘ — “":»“_lrér?l LR1}

FRIMT #lvpaDiagﬁgi
GOTO 286

EILL #1

CURSOR ©.15
FEIMT"H TRAMSACTION FILE HLPFMi" 2
FRIMT"Do voy warnt to S R B4
GET AF: IF fAfF="" THEH SH&
PRIMT A%

IF 4 =t THEM 597

T action file delsted,”
udT' FEE
= CLOZE
rHE FORE #F4%AC,DF-1: POKE #4%0E.8: FOKE $SEZBO.DP-

718 EMD
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A typical dialogue with this program is as follows:

Fart pumber (9999 o stopllDEh
Buant ity Z
By -
By

R

Fart number O
Buant ity &
Buy or Sell

m
]
T
0
-_l
m

Fart rumber (9229 to stordZZl
Guantity 19

Buyr or Sell

m
]
bt

Fart number D393
Gt ity
By or

Fort pumber (9939 1o stopld

And the resultant file looks like this:

Harme of File or I
Output to srinter O¥OHT
Fevwoprd Cor # for all?

DMK -5 Y
221 DLy & DM
221 DLy -1 pLry

241 DMy -z DMLY

wH% OEHD OF FILE =K%

Stock File Update

This requires the sorted transaction file to be
merged with the current stock file. The sorting is
performed in lines 160 to 330 using the tag sort previously
described. The part numbers (keys) are stored in the first
column of the array A(NT,2) ; the second column of the
array stores the transaction quantities. The design
previously presented is followed faithfully:
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( 188 REM-UFPDRTE & SORT HHuHLE
185 PRIMT"E":" SORT & STOCK FILE®
167 IHPUT"BR Fleaze t date "i1TlE
112 POEE #49RC.0F-1: F FEZED.DF-1
115 DIM QUMT s BOMT. 20
128 O ERROR GOTD 2
128 WOFEH #2.Fd%
148 ROPEM #1.FZ#F: FOPEM #3.F1#
158 HF=G
155 FRIMNT"ERSorting transaction fils,..B0"°
168 THRFUT #1-F.DF.0.0F
178 IF EOFC#1» THEM 128
175 MF=HF+1: AHF. 13=F1 QoHF. 20=0
126 GOTO 168
198 REM- ZORT USIME AcI.12
ZEE FOR I=1 TO HF: O0Ix=I: HEHT I

N
2

J=HF

fl=i

G OFOR I=1 TO J-1

A IF RO 10-RCD I+ .1 THEH 228
GOTO Zaa

C=00Ta: O0loa=04T+10s O0I+10=C2 =1
HEST 1

IF M=8 THEM Z48
IF J=2 THEH -
T=T—“1 : x_;]ﬂTl [
FEM- LIST HOW SORTED

b

488 REM- UPDATE THE FILE. F1 & F2 ARE FLAGS
4832 PEIMT"EBMeraing with stock file... B0
4E5 T=8

465 e

416 HEE

41z *HEH 48

S FEH— CHECE FOR EMD OF TERMSACTIONZS LIST.
IF Fi=1 THEH 456

IF SudcTe.12>F THEH 436

G GE0TO 494

8 FRINT #2.F,0%:0: T4

bﬂTn ;
@ IF AOCTr. 1x=F THEM 518
i hHTl =ﬁ

23 T#=Ti¥
S48 REM- IF TE STS FARIL. P CAM MOT BE IM FILE
S50 FPRINT'Error in transaction fils.®
555 FRIMNT"Part ro. “3RCOCTI103" dpwalid,®
SeR GOSUER 1oas
EEE GOTO 412
48 REM- FILE COFIER
45 FRIMTYES..... please wiit,...00"
&5 CLOSE

DELETE Fif
S REMAME Fd£.F1%
FEE GOTO 2E0H
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FEM- IHCEEMEMT TREAMSSCTION FOIMTER

T=T+1

Fl=a

IF T:HMF THEM Fi=1

RETURH

FEM- ITHCREMEHMT STOCK RECORD

F2=g

IHPUT #3.F.D%.0.T%

IF EOF<#Zs THEH Fz=

RETUREN

FRIMT" s+ UPDATE ABAMDOHED +
FRIMT"# Check all files are OF ¢

B PRIMT "ERROR ":ERM:"™ IM LIME “:ERL

1 CLOSE

FORE #49AC,DP-1:POKE $£490B.8: POKE $82BEC.DFP-1

EMEIs

Whilst the program is running, messages are displayed to
tell you that the transaction file is being sorted, that
merging is occurring and, finally, that the temporary file
F4$ is being renamed as F1$. This now contains the updated
stock records. Any item affected by this update has a new
date allocated to it. So, by examining printed copies of
the stock file, you can see at a glance which items are
moving quickly. Also, you will have accurate reports of
current stock levels. This would be useful if our
hypothetical camera shop had a number of branches, with
stock records maintained on the "head office" computer.

If you wish to use this as the basis for a real-life stock
control program, the following improvements could be
included:

1:) Use a screen handler routine (see section 4.3.2) to
input data.

2) Make improvements on the data-vetting - in
particular, ensure that pre-set ranges are not
exceeded. For example, you must not be able to buy
more than say, 100 cameras without the system
querying it.

3) Stock values could be included, so that the listing
of a file is accompanied by a statement of the
present total stock value.



8. DIRECT ACCESS FILES

Direct access enables you to select any record
equally quickly, wherever it is located in the file. This
is in contrast with sequential files, when each record must
be processed until the required one is found. In this
chapter, we survey some of the methods of file handling
that require direct access. Each of these is concerned
with a balance of 2 factors:

Speed of response
Ease of amendment

In each case, these factors will be compared. But first of
all, we examine how direct access files are stored, and
what BASIC commands are needed to manipulate them.

8.1 File Organisation

On the MZ-80K, records in a direct access file are
limited to a maximum length of 16 bytes. Since one byte
represents one character, this means that only 16
characters can be stored in in one record. Alternatively,
one numerical data item can be recorded:

Record
Number Contents
<&—— 16 bytes—3p
1
2
3
4

On many other microcomputers, the record length is greater.
For example, the TRS-80 has a fixed record length of: 256
bytes. But this is often a disadvantage, as it can lead to
wasted space if, for example, the records are only filled
with 10 byte strings. The shorter record length of the MZ-

80K leads to more efficient disk storage. Longer strings
are easily accommodated simply by Jjoining together the
requisite number of records. For convenience, such a

sequence will be called a "block". For example, the string
below can fit into into a block of 4 records:

Record
I NOW IS THE TIME
FOR ALL GOOD MEN

2
3 TO COME TO THE A
4 ID OF THE PARTY

block
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In order to produce a file that contains information of
this type, the following sequence is needed:
1) Open the file
XOPEN #n, [FDA@V, ]"filename"

where n is a buffer number, and the other parameters are as
described in the previous chapters. For example,

100 XOPEN #1,FD2, "RANDOM"
This associates file RANDOM with buffer number 1.
2) Print the records

PRINT #n, (expression),list of variables

The first variable will be written to the record
pointed at by the value of the expression; the second
variable goes into the next record and so on. For example:

200 PRINT #1,(20),AS$,BS

This will place the contents of string A$ into record 20,
and of B$ into record 21. Similarly,

230 X=10
240 PRINT #2, (X+1), "NOW", "AND AGAIN"

will store "NOW" in record 11 and "AND AGAIN" in record 12.
3. Close the file
In an identical manner to sequential files we type
CLOSE[#n]
where #n 1is optional, and refers to a particular buffer.
This causes any buffer(s) to be emptied and for the file
name to be registered on the appropriate directory. A
direct access file is identified by "BRD" in the directory

listing.

To read from a direct access file, a similar sequence
is followed:

1) Open the file
Use XOPEN, exactly as above

2) Read a record
INPUT #n(expression), list of variables

For example:
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300 INPUT #1(10),AS

This inputs the contents of record 10, in the file
associated with buffer 1, into A$. Similarly,

305 X=5
310 INPUT #1(X),A$,BS,CS

This inputs the contents of records 5, 6 and 7 into AS$, BS
and C$.

You can continue to INPUT from an XOPENed file.
Also, you can freely mix the file INPUT and PRINT
statements - you do not have to close the file as you did
with a sequential file. There are, however, some points to
watch out for:

L) The file name is not registered on the directory
until a CLOSE is executed.

2) The types of variables must correspond in both INPUT
and PRINT. You can not read a record containing
string data into a numeric variable.

3) There is no end-of-file marker. So, you can not
detect if you are attempting to input from beyond the
end of the file. In fact, new records can be

inserted both into the existing range of records, or
beyond the highest numbered one:

NFIXIET]
record 2
[/ 7/ 7]/
Al [ /]
N
n
insert insert at
at 5Scord 2 y record n + 10
LT ALl 1
ol Ll ] 4 2
3 (L[] 3
s YTTHTo, 4
n
el S E
In this diagram, filled records are shaded. As you can

see, insertion at (n+l10) simply extends the file.
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8.2 Simple Access Methods

We can not expect a user to know the exact location
of each record in a direct access file. Also, it is likely
that "blocks" of records will be used, so the retrieval of
data from a file is not straightforward.

The first step in setting up an easily-useable file
is to construct a header block. This is a block of records
that describes the file; it will normally be read at the
beginning of any direct-access program to make subsequent
file-handling easier. This is an example header:

records T 7 length of header
2 PAYROLL file description
3 1000 maximum length (in blocks)
4 250 actual length
5 4 records per block
6 29/1/82 date when last changed
7 10 first data record

Whilst great flexibility is possible in header design, the
first record is useful if the header is more than 1 record
in length. The last record tells us where the data record
is located, if it is not immediately after the header:

HEADER

AN

block 1

block 2 Data blocks

block n

The easiest method of direct access file maintenance for
small files (up to say, 200 items) is by the use of a key
table. This is a simple device to convert user-oriented
data (e.g. a name or part number) into a block or record
number. The key table is usually small enough to reside in
an array in main memory, though it will be stored in
permanent form as a file. Compare this with the use of key
tables for sequential files, section 7.3. |
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For example, a key table of part numbers might be
stored in an array P( ):

P (i,1) P(i,2)

10958 30
12149 )
13826 74
/\/\ N
48179 8
Part number Record number

So, given a part number, we simply scan through P(i,1)
until we find it and, immediately, P(i,2) tells us which
record in the main file to inspect. This record might
contain the quantity in stock. If more information than
this was needed, P(i,2) would point to a block of records.

We can easily write a program to use a key table for
retrieval, but firstly we must construct the direct access
file. A short program will suffice wich simply puts new
data blocks at the end of the current file, as required.
Here is the program description: .

In lines 1000 to 1080 a file header is created of the form:

record 1 : file description
: data block length
starting adress of data blocks

2
3
4 file length

Lines 1500 to 1670 take input data from the user and write
it to the data blocks. In our example, the data blocks are
of length 3 and the first such block begins at record 10.
The records in each block refer to:

(1) description of a component
(2) part number
(3) quantity

Program Name: MAKE-DIRECT

FEM-COMTROL BLOCK FOR [LA., FILES

FRINTEY

IMFUT "Mame of file "iF#

THFUT "Huabe e of o cdirdive "i0F

FIOKE $490QC.0F -1 FO FAOE. B POKE $82BC. DF-1
CURSOR 8.6 j
FRIMT"1: Initialiszse the §fils®

FRIMT"2: Bdd tao itV

PRINT"Z: List it"

MT"4: Stop®

CLHESOR 8,12

FREIMT"Choose a rumber "3

SE




66 GET A$: IF A$="" THEN 260
76 FRINT A$:
1 S§="1234"
FOR I=1 TO LEM(S$)
86 IF OF=MID$(S$. 1,10 THEH 338
8 HEXT I
26 PRINT'E ": GOTO 2

248
. O I GOSUE 1@&@.1553,1?59,2599
A FEIMT"Fress any key to contings”

1 GET Af: IF Ax="" THEH 416
6 FRINT'E"
GOTD 199
S o o 4 B B R T R R SRR S RS R R S R T R R R

4 REM-IMITIALISE

FRIMTY"E": "IHMITIALIZATION"; "BOED"
IHFUT"File descristion: ":[F¥
IHFUT"Block lemath: "iBLEF

BL=UALCBLEX: IF BLIL THEM 1926
THPUT"Start ing add POMIEAE
OED SH=URLCSH$»: IF SR 1835

344
1876
1aaa
1186
15608
1518
1526
153
1546
1568
157a
1580
1585
1528
1e8E
1ela
1eza

Pt ke ot ok ek e
~.1 = *nf =] T T

SRS o I R I 5 S

Do o e Bt B R S Bl et

=

)

&
Fi
L=
&
o
(5]
1

]
B
54
&
5}
5}
&

] ] g e

0000

"y
X
=

=

T e S T S

m
e

FA

2B2E

AOFEM #1.F#%
FFIHT #1010, DF . BL. SR, 8
CLOSE
RETUREH
F‘E M b SE K K TR TR O 3 S B ORI S R R R Y 3 O oK B o 2R R K
FREM- ADD TO FILE
FEIMT"E": "ARD MODULE": "DR23Y
HOFEM #1.F#%
IMPUT #1013, DF%.BL.SA.FL
FRIMT"Addit icn®":
GET A%: IF Af="" THEH 158
FEINT R¥
IF B#f="H" THEH l&5H
FL=FL+1
FOR I=1 TO BL
FRIMT"Line "sI:
IHFPUT Af
FRIMT #1oSR+cFL-1+BL+I-10. 0%
MEXT I
GOTO 1540
FRINT #1dd4y.FL
CLOZE
FETLUREM
FEMsdobpbogobobob bbb spodobp s g b g
FEM-LIST A FILE
PRINT'E": “LISTING OF FILE *"3F#:" DROD"
KOFEN #1,F$

G IHPUT #1413, DF$.BL.SA.FL

FOR J=1 TO FL

FOR I=1 TO BL

IHFUT #1<SA+0T-12#BL+I-10. 0%
FRINT AfF:"gR":

HEXT I

FEINT "DBm"

MEST J

CLOSE

FETURH

REM-ZTOF

FRIMT"BE": "EMD» OF FROGREAM"
EHD

115
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Notice that the data is stored as string text in each case.
This avoids data entry errors. Finally, lines 1700 to 1810
list the file contents as shown below:

component part number quantity
ITMTERFRACE 1169 o
FKEYEORRD 1251 E
CHELES 253 29
FHFER 1712 S
LISEETTES 1421 =g
FOMER FACE 1425 5

You may wish to add further features that will enable you
to edit or delete from the file.

In order to calculate the correct record number, the
following equation is used:

record number = (SA + (FL-1)*BL + I -1)

A e

Starting Length of Block Position

address file, length of record
of data including within
blocks this block block
A little experimentation will prove this formula. For

example, if

sA = 10
FL = 1 (i.e. this is the first block)
BL = 3
I =1 (the first record in the block)

then, the record number of the first record in the first
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block is 10:

1 7~

2

3 Header

4 \

5

6

7

8

9

10

First Data Block

N4

We can now write the key-table program. This is

extremely simple:
Lines 120 - 140: select the file required

Lines 1000 - 1020: read the header, telling us the block
length (BL) starting address (SA) and
file length (FL)

Lines 1030 - 1080: read the part-numbers into the array
elements P(I,1) and set P(I,2) to the
block number (I)

Lines 1100 - 1220: compare an input part-number with the
entries in P(I,1) and if a match is
found, read the contents of block I.

Here is the program:

REM- SELECT DISE DREIVE
FRIMT"E"

IMFUT "Mames of file: “iFF

IHPUT "Which disk deiue: "i[0F
PORE #4900, 0F-1:FOKE #490B.8:F
FREIMT"SRELEMD RATION OF
EEM#sdeppohgobg +w++++++++++7++++++

18868 REM- READ HEADER IMFO.

18ie S0FEM #1:F#

aza IMPUT #1412 DF#.BL. 5R.FL

1878 REM-- FEAD IM EEY TAELE

1848 DIM POFL. 20

i9se FOR I=1 TO FL

18ed IMFUT #10SA+0I-1s+BL+15.Fil. 15
187 Pol.2o=1

1aga HEXT I

1898 REMastbsddembbb b opopoiotob koo ok
1iga IMFUT"ZEEFart o, ©-999%9 fo stopls "iFh
1165 IF PH=-2999 THEH Zo8&

i1 FOR I=1 TO FL

11268 IF PH=F(I.1» THEM EM=FCI.Zx: GOTO 1284
1138 HERT I
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1148 FRINT"BBHo such number,
1158 GOTO 1166
1198 RFEM..... GET THE RECORD
1208 THPUT #1(SA+CBH-1#BLIRE. B, CF
S PRIMT"SS : L
FEINT"  pame":"part Ausber", "auamt it

[N R N XN

1 FREIMT A$:E$:C#

1 FRIMT" u
1226 G0TO 1166

2888 EMD

And this is an example dialogue:

Fart no. (-399%8 to stopdd 1251
FELME Fpart number Fuant ity
EEYEOARD 1251 3

You could easily enhance this program to provide updating
facilities and other features. Also, you could include the
file creation program simply as an extra option. If you
run this program, you will find the response speed to be
almost equally fast for any part number, soO long as the
file is small (up to 100 or so items). In fact, the
maximum length of file is 255 blocks since this is the
maximum permitted size of an array subscript. For larger
files, the response speed worsens, and there are 4 possible
methods to improve on this:

(1) With only one array (up to 255 items) order the
part numbers in sequence so that a "bisection”
method can be applied.

(2:) Use more than one array, such that each array
refers to a sub-file of the main file.

(3) Store the key-table in a file, rather than an
array.
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(4) Use a "hashing" method. This is discussed in
the next section.

8.3 Hashing Methods

As you have seen, key tables are fine for small
files, but their performance degrades as the files
lengthen. An alternative is the "hashing" or "randomising"
method which, although slightly more complex, does have the
following advantages:

(1) No searching is required, hence very fast
response is achieved.

(2) Insertion is Jjust as easy as deletion.

(:3) Storage capacity is limited only by the allowed
size of a file.

(4) Names, rather than numbers, can be used for
easy retrieval.

In a hashing scheme, the key (e.g. part number, or
text name) is converted into a numerical value. For
example, if the key is K$, one method is to sum the ASCII
values of its component characters:

100 H=0

110 FOR I=1 to LEN(KS)
120 H=H+ASC (MID$ (K$,I,1)
130 NEXT I

The idea is then to use H (the hash value) as the address
of a record (or block) witin a direct access file. The
problem with our simple scheme, above, is that different
keys will often sum to the same value of H (e.g. STOP gives
the same value as POTS). A modificaton is to change 1line
120~tos :

120 H=H+I*ASC (MIDS$(KS,I,I)

which weights the ASCII values depending on their position
in KS$.

The next step is to use the hash value to point to a

valid file location. In the hashing scheme, it is
desirable to ensure that input keys select uniformly from
the allowed range of file addresses. There are many ways

to do this (see references at the end of this chapter) but
one simple scheme, using the RND function on the MzZ-80K is
as follows:

1) Initialize the RND function using a zero or
negative argument.
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2) Select a random number in the range required.

For example, having obtained H, we can compute a file
address, ID, in a file of length HT as follows:

140 R=RND(0)
150 FOR I=1 to H-l: R=RND(1): NEXT I
160 ID= INT (HT*RND(1))+1

The beauty of this is that, although the RND function is
used, the value of ID is entirely predictable for a given
value of H and HT. Also, ID values are uniformly spread
from 1 to HT , which is important, as you will see later.

As with any type of file processing, we need to add
new items, delete o0ld ones and search for particular
information. Under a hashing scheme, these actions are
handled in a consistent manner:

1) Hash the input key to a file location, and examine
the information found at that location.

2) If the information stored at that location matches
the input key, go ahead and display the contents of
the block, or if deletion 1is required, erase the
block.

3) If the location is empty, the new input key can be
stored there, together 'with other data in the
subsequent records of the block.

The only problem is that two non-identical keys may hash
to the same file location. So, in case (2), we find that
the stored key in the file does not match the input key.
Similarly, in case (3), when trying to add a new item to
the file, the location is found to be occupied. This
situation is called a "collision" and many schemes have
been devised to avoid the problem and to solve it when
collisions occur. You can now see why a uniform random
scheme was chosen, so that input keys would hash to points
all over the file. If, after doing this, collisions still
occur, all we can do is to abandon the first location and
try another. The simplest method is to step onto the next
location, but many better schemes have been devised, as
exemplified in the next program.

PROGRAM NAME: HASHING3

In this program, we bring together the above ideas.
Referring to the 1listing, lines 9020 to 9078 select the
initial hashing value. The only improvement on the above
scheme 1is, in 1line 9070, to compute the remainder of H
divided by HT, so that line 9077 is not delayed by very
large values of H. Lines 9080-9550 use a scheme to handle
the collision problem which occurs:
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1) If deletion or display of an item is needed
(OP=1) and the input key does not match the
stored data

or 2) An item 1is being added (OP=2) and the file
contains data at that location.

Briefly, the scheme used is a highly-efficient "non-
linear offset" scheme described in one of my previous
books (see references). Though I take no credit for it,
one advantage is that it examines all locations other than
the original, once only. In order for this to happen, the
length of the file should be a prime number of the form
43+3.

Some values are:

3j Prime
31 127
62 251
125 503
254 1019

The rest of the program is straight-forward, using
blocks of data records as described earlier. The file has
a header block which, in our case, was:

record number : contents
1 HASHING DEMO file description
2 503 file length
3 4 block length
4 10 start address
/\/\/\/\N\/
empty
10 start of file first data block
T

Program: HASHING3

BEH- HREATAE EEAE
FFI%T”E‘
FEM FOR TESTIMG.
THFUT"Harme of fils
THRPUT "Humbe e of di
FORE #4900, OF-1:
HWEH#LHE
THPUT #141is.DFE.
IF DF$="" THEH ;i H
CURSOR GL &
FRIMT"1: Hodd o
FEIMT"Z2: Delet:
FRIMT"Z: [
FRIMT"4:
FRIMT" S

l],l

|:I', 1ot
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CURSOR 8,12

FFIHT”EHDQ:E BN SIRICT. =3
GET A¥: IF SF="" THEM 2588
FRIMT A#:
SE="1Z345"
FOR I=1 TO LEMISED
IF Af=MIDE

HERT 1
FRINT"S
O T GOsUE
FEIMT"Fress any key to contin

GET A: IF AF="" THEM 418

FEIMT"E"

GOTO 198

SRR O SRR S D T B TS S B B O T o8 B o oR S R SR AR R R R TR S

FRINT"E": "BESACCITION MODLLEZSE"
LHr”T" BB Ireut kewr "ikE

'IHT"F41,
- 1{-DL|,.
CriFt ion

FUF p= 1

FRINT #14Sg+:
ME=T I
FETURER

FE Ptk sboshogesbdobopshogodobshobodoudobofogudibe sopopodusidng
REM- DELETE

FREIMT"E": "BEEDELETION MoDULEZDRY
IHF' IT"Search kevt "1kE

FRIMT"Con 't fimod it'": GOTO 2986

Bl
THPLT #10SR+0I0-10+BL+I-1 0, K FRINT KF
HEST 1

FREIMT:PREINT" Iz this to bs delsted?"s
GET Af: IF @s="" THEM 2838

'“IHT HE

THEH FRIMT #LOSR+0I0-10%E00,"

SR T T B 0 o o o 1 s o8 o

fﬁfWT”E"‘”“SEHEQECH MOLULEZREY

e 2
FEM-CLOSE DOWH
CLOsE
EML
F‘ E H 2 o2 B SR TR R SR SR s o o o o SR PR R R T SRS S R oS S0 B S R SRR R o S




FEM-IMITIALISE
FEINT"E": "BBRINITIALISE & FILERES
IMFUT"File dezcription? "i10F£

THFUT"Maxdimum lernatt Shlocks:
HT=UALHT$>: IF HT‘1 THEH

"iHTH

IHFUT"Elock lemath rro"iglE
EL “RLCELE}: LE cL'I THEH
1 oddr . “iSEE

DT e o I o o R I e O on

LB
FRIHT #1153, 0F$.HT. FL~nH

AL o J o O ocn on oo on
E ol el el e A B R R I o B R B O B )

o2t bt b 50 000 000 =] T ] o e

T o

FEIMT #ICSH+HT*EL?:" a3
5128 EETURH
S500 REPMw: 28 2 2 H TR T B BPTES T3 X L3RRS EPe 0t [P SR TS PRSP IPRR PV PP PRY
SEEE REM-HRSHIMG FUMCTION
ﬁUIH “T=a

A M=LEMOEE
H=8
4 FOR I=1 TO LEMHoE®:
3 H=H+I+ESCMIDFEE. I,
@ HEST I
A HI=HsHTE  H=IHTOHT#OHI-THTdHL 300
3 R=RHDCE:
T FOR I=1 TO H-1: E=RHD<{1:t MEMT I
If=TMTCHT#RMDC 120 +1
IH==HT
FEM- MW USE ID TO FIMD THE RECORD
IF IM<HT THEH Sl
2 EOTO 2e8s
THPUT #10ZH+0
= OM OF S0 OTo =
3 FRIMTOFTIOH BT
F Ef= LEFT$ T 00 THFH ET=1:2307T0 2608
GOTO =500
IF LEFTH(I$.10=" " THEM ¥T=1:30

i)

SEEE [H=IH+Z

2518 ID=I0+0ES{IH

D528 IF IDAHT THEHW ID=I0-H
FODR GOTO SE90

SEEE RETURM

123

FFIHT""SFL_-I‘I;D- Wit . dmditinlizins.,. .. 5000

Here is an example dialogue with the deletion module:

nEhETIJH MODULE

O N NN N ]
e TR
o

o TWET

o TIE
0

| I
=
T

i

Notice that initialisation (subroutine 5000)
empty file to the maximum required length.

extends an
This makes

addition (subroutine 1000) much faster than it would be if
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the file had to be extended (often by hundreds of records)
with each addition.

When you run this program, try inputting names and
addresses as part of a data bank. Notice that any item is
added/retrieved/deleted equally quickly. You could use a
program like this to store client records or names and
phone numbers. The only points to note are:

1) A hash scheme does not allow you to retrieve sets of
data (e.g. all names that begin with B)

29) You have to use exactly the same key to retrieve or
delete an item as the one you used to add it to the
file. This can be assisted by keeping a directory
of all of the keys on some other small file
(possibly just a sequential file) in case you forget
the keys!

8.4 Linked-List Files

In complete contrast to hashing, we turn to linked-
list files. These belong to the larger group of "dynamic
data structures" in which each item is related to every
other by some linking mechanism.

The 1linked 1list can be thought of as a series of
connected boxes, each of which represents a data block:

1 2 3

data > more blocks

data——.|data - >

Each block contains a pointer record in addition to the
data records. If we Dbegin at block 1 and follow the
pointers, the entire 1list will be encountered. The usual
purpose of a linked 1list is to keep a file organised
according to some sequencing criterion, such as
alphabetical order. This can be applied to a mailing
list: each data block can be a name and address and, by
following the pointers, the entire mailing 1list is
produced in aphabetical order.

This is a very attractive scheme, especially since
insertion and deletion are handled in such a way that the
ordering is always maintained, no matter how much we mess
around with the file. The only drawback is *hat, to find
a particular item, you start from the beginning of the
list in a similar fashion to a sequential file. Since the
linked list is so attractive, let us see briefly how to
organise one, following one set of rules:

1) Use a direct access file of, say, n blocks.

2) Initialise the file as two linked lists: the (so
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far) empty data list and a fully 1linked "“free-
storage" 1list from which new blocks are obtained.
Initially, the set up is like this:

1 2 3 n
LIST
SENTINEL = =17 mast w i
The "list sentinel" is not wused for data storage.
Instead, data blocks will be attached, as needed, to the
sentinel block. A free-storage pointer (F) is needed to

identify the first available free block. As shown, F is
equal to 2.

3.) To add blocks to the data list, connect the sentinel
block to the data blocks by a pointer, and change F
accordingly. So, after connecting 2 blocks we have:

1 2 3 4 n
LIST g N _]_)
SENTINEL data M data 3 e end
F is now 4.
4) Output the data file by starting at block 1 and
following the pointer until a "null" pointer is
found. In the above list, the null is represented

by. —> *, telling us to stop.

5:) To insert a new data block in its correct position,
get a block from free storage, find where it should
be inserted, and change the pointers to include the
new block:

1 2 3 4

LIST FRED HARRY GEORGE

SENTINEL | | e 5 ]
& P

F is now 5. /C;‘

This shows block 4 being linked in alphabetically, from
which you will see that the physical sequence of blocks
bears no necessary resemblance to its logical order.

6) To delete a block, connect it to the beginning of the
free storage chain and adjust the pointers. For
example, to delete FRED:
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1 2 4 3
LIST FRED GEORGE HARRY
SENTINEL | il >

FREE STORAGE
LIST

You can now see why this is called a "dynamic" structure:

unwanted blocks are returned for immediate re-use, and the
system is completely self-maintaining. F is now 2, so
block 2 is the first available block for future insertions.

It is easy to follow these rules to produce a useful linked
list program in BASIC.

PROGRAM: LINKER2
In the following program, there are four modules:

1) Initialisation (lines 2000-2337): this sets up a
header record containing:

a) Number of records/block (up to 8)

b) Index number: if the file contains names an
d addresses, you could index the file on the
name, so the index number would be 1 (for line
1). But, instead, you can index on any part of
the address if you wish. For example, if your
data block contained the town on line 4 (i.e.
record 4), you would produce a file
alphabetically ordered in terms of towns, if
you set "Index Number" to 4.

c) Maximum file length (blocks)
d) Actual file length (blocks)
e) Free storage pointer (initially 2).

All 5 items are stored in one record using subroutine 7500.
This is an efficient means of storing data:

4012310000000 2

N e N
Block Max T. Actual Free
length length length Storage

Index pointer
number

The free storage list is created in lines 2190-2240 by
placing a pointer at the end of each block. The end of
list character (-1) is inserted into the free storage chain
in line 2310 and in the sentinel block in line 2320.



2) Output (Lines 3000-3139)

of the Dblocks, or Just
particular keyword in the index record.

This simply follows the
data list through its pointers,

either outputting all

those

that

contain a

3) Insertion (lines 4000-4590) This finds the insertion
position (lines 4025-4090) and then gets a block from
free storage (lines 4100-4220).

updated.

The header block is

4) Deletion (lines 5000-5710) When the data block is
found, the user is asked to confirm that it is to be

deleted.

This is a fairly complex program,

simple to use.
example output:

Listing of Linker2

186 REM-COMTROL BLOCE
185 PRIMT"E"

118 IMFUT "File romse?"3F¥
128 IMPUT"Humber of disk

138 POKE $4%AC.DF-1:POKE £490E . @13

1468 OH ERROR GOTO 560
145 CURSOR 8.&
S FRIMT"1: Inditdialize the file
168 PRIMT"Z: Outeut the fils"
178 PRIMT"Z: Insert an item”

@ FRIMT"4: Delete an item™

8 FRIMT"S: Stop"

S CURSOR 8,12
&
5

GET a#: IF AF="" THEH Zzig
rFIHT A
i-._lli "'4:(1

FUR I=1 TO LEMOSE?
1 IF AF=MIDF Z%. 1.1 THEH 256
ME=T I
FRIMT"S "-EHTH 195
oM I -GOTD ZE Jutsnis
FRIMT"EREROR IH LU
EILL #1

GET f#: IF Af="" THEM 1818
FRIMT"E"

GOTO 143

D

P RN { AN

FEM-IHITIALIZATION

i

i

1

seaE R

TaEl O ERREOR GOTO 2335

TRES HOFEH B1.F#

2Eie PRIMTVE"

2012 PRIMT“"WARMIMG - initiclisot
ZE14 FRIMT"Do sou owont o cont
Ais SET Of: IF AfF="" THEHM :
2617 FRIMT Of: IF 8f="4" THEM

The program is

FRIMT:FRINT "Chooss o number ]

drive "iDF
FORE %2

i
4

i1

2}

S PRIMTYERROR “sERH:" IH LIHE "2
g

1

1,

FRIMT"Fress any kev fo continue

i

1

=

LAy

ERL

o g G TR SRR B T0 SR T3 T8 2103 B o ik R ot o o o S R o

although it is very
listed Dbelow,

with some

"
content s
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t ok

X
{2

b

THE HERDER SUBROUTIHE

2 50 H B0 S S0 T S S S SR S R 5

"""H—-!? !Tr-‘( !T Qi ![x! !L[;
OH ERREOR GOTO 3135
HAOFEH ¥1.FF

FEIMTYE": "Outeut §eo
FEIMT"Outeput to prints
Ir HE=YT THEH

F Ag="y" THEW FF=1

H{HT"ﬂﬁUPPEH? 1
EIHT
EIMT BFls

0 L(T“‘ i
f Tun LimE
'T“_

o .F'F‘

OTo

i:: L

B0Erd
i TF\;—}T px-i‘ ‘[l [~E“

2 T R S0 S S S R S S
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& REM- IHSERETION
1 FRIMT"E": "Irnssrtion Routins®iPRINT
OH ERECE GOTD 47206
“OFEH #1.F#
GEOSUE TEad
IF FR<e=-1 THEW 4826
FRIMT"Ho more space!"s S0TO 4268
DI TEOLE
FRIMT"Tyrpe mew item (P1LE-137" lines
FOR I=1 TO LE-1 ‘
FREIMT'LIME "sIz®: "3z IHFUT TE0I:
HEST I
FL=1
THPUT #1
IF FT< =
GOTO 4118 _‘
IMFUT #ix‘F;~ 1wl B+SF . 0F
BE=TH(
13( 1= HE 4':
SE=2 THEH JEIE
bUTU 3186
FL=FT: GOTO 4836
FEM- SET & FREE HODE
Wi=FF
IHFUT #10FFP+LED . HF
FREM-UFDRTE HERDER
A AF=AF+1: FP=HF: GOSUE 7508
5 FOR I=1 TO LB-1
HOPREIMT B100b-10slB+I0, THOI
HE=T 1
FEM-COMMECT TO REST OF CHEIM
FRIMT #10WsLEBXFPT
REF= COMHECT FIRST FRET OF (HREIH
FREIMT #1dFLsLEX. U
FRIMT"Arny mor H
A GET AF:IF afF="v TnEh 44
i FEIMT AF
IF AFE="y" THEM 4812
CLOSE: G0OTO ig@@
FRIMTYEREDR DURIMG IHSERTIOHT
% }ILL

i COMPARTZ0N

Al $=O$+RIGHT#¢
B1$=B$+RIGHTE

HEST
RETLIEH
|2 SN S IR TR S SRR S R SR S R R R SR B R R
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«
H

517
L=FT

bt

e

THEH

IR RS VLR T L |

[ ! fin}
[ ] ke
Trou ot b
1w i
it}

FHAF$+FFSE

el

IF Q=

[

IF Ag=""
h gl

=)

n 11

Tign
I =
a

T 1

' TH

L

T

)

P

4 et

T c..-_
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4

) DR AR D i

0 00 =
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A

A small set of output is shown below:

Ot Pt
it gt

Current lemathi 2 Mas

Flense
Life Ao, 1 of the items to be 14

. PoR- 193 T0 LE-1

THEUT #1¢0PT-13#LE+] 0.0
FRIMT Af

IF FF=1 THEH FRINMT-F A#F
MEST 1

FRIMT: IF FF=1 THEH FRIMT-F
RETLURH

From Fils “HIL'L_IE'
Lo printse Y

=i

Lovre the hewwcrd 10

o bype T to list them all.#
ALBERTO

ERHE =

THITTI
HAMFE

CHRETWR

16 MT

I
METOH

IGHT
FLERSAMT

HEHﬁgﬁTLE

Ermd of

listing

H HT— OEOTOD Tlsd

131
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The data file was stored on drive 1, with the name MAIL-
LIST. The maximum file length was set to 100 blocks, each
of length 4. The index record was line 1, giving a 1list
sequenced on the first (name) entry.

8.5 1Index Sequential (ISAM) Files

Of the methods discussed so far, hashing gives the
fastest response, while the linked list was slower, but at
least it kept the items in the correct order. A compromise
scheme which gives fast response and keeps the items in
order is called the "Index Sequential Access Mode" or ISAM
method.

A simple example of an ISAM is provided by KOLDERUP
(see references). He forms an alphabetic index for each
letter of the alphabet: the A entry in the index points to
the first record that begins with A; the "B" entry to the
first record beginning with "B" and so on. Then to find
any entry, you simply scan through the index to find the
initial letter of your keyword, follow its pointer, and
examine Jjust one small part of the main file. An
alternative, which overcomes the 16 byte record length
limitation, is to divide the main file into small
sequential files; in this case you simply LOAD the small
file required.

The only problem is that these simple ISAM's assume that
the file can be sorted in main memory. Unfortunately, in-
memory sorts are only applicable to a hundred or so items,
principally Dbecause of limitations of array space.
Therefore, if the file is small enough for an in-memory
sort, you would be better to choose a simpler method than
ISAM. So, let us examine the basis of a realistic ISAM.

Any ISAM uses an index to determine the block
address in an ordered direct access file from which to
start. This is visualised below:

Index File Main File
key l’-—‘——*‘—’~—”ﬂa?
key 2—
key 3 data
Koy 4\\ blocks
key 5
key ©
etc.

Given an input key, we:

1) Scan the index file until a key (K ) is found which
is greater than the input key.
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2) Go back to the preceding key (K. .) in the index
file, and follow its index pointer "tO the main file.

3) Inspect just that part of the main file between K,
and Ki-l

Therefore, only a small part of the file has to be
searched.

The index file is constructed as follows:
1) Sort the main file into the desired order.

2) For every n'th block in the main file, write both the
key and the block number to the index file. Block 1
must be the first entry in the index file, otherwise
the first n-1 Dblocks are 1inaccessible. Also the
final entry in the index file has a key much geater
than any expected key (such as zzzzzzzZz......... ).

If the file is very large, making a good candidate
for an ISAM, we must devise a means of sorting the main
file. Many methods exist, although most of them involve
several passes through the main file. A scheme which is
admittedly slow, but which needs only one pass to sort any
file, is the threaded binary tree sort. This is easier to
picture than to explain:

Each key from the main file is allocated a block of
two records: one to store the key itself and one to store
left and right pointers:

Key

left-pointer right-pointer

Now, imagine that tﬁe keys to be sorted are as follows:
CAT, MOUSE, APE, ELEPHANT, HIPPO

The first key is entered into block 1 and its pointers are
each set to zero:

I
CAT
0 0

The second key 1is aphabetically greater than CAT, so the
right-pointer of CAT is changed to 2:

1

CAT
0 2

MOUSE
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APE precedes CAT, so the left pointer of CAT is set to 3.
Also, we need to know which block follows APE, so we must
set the right pointer also. But, to indicate that CAT is
at a higher 1level than APE, we set the pointer to a
negative value, to indicate that it is a back-track:

MOUSE
0 0

The next two items are added, to give:

\ ELEPHANT
0 5

A
This is a complete binary tree.
The beauty of this is that if:
1) You start at block 1 and
2) Follow the left pointers as far as possible then.you
have found the first alphabetic item.
3) Examine the right pointer. If it is negative, it

must be a back-track, so go back to the block
identified by the absolute value of the pointer,
otherwise:

4) If it is positive, it is simply a right pointer, so
follow it to the next block and go back to step 2.

Continue in this fashion until you find a right pointer of
zero. You have then decoded the 1list of blocks into
alphabetic order, as shown above by the dashed line. This
is why it is called a threaded binary tree.

A complete program will now be described, which
sorts any length of file using this method, and then forms
an ISAM index to the file.
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PROGRAM NAME: ISAM2
The program consists of these main modules:
Sort module (lines 1000-1430)

A direct access file, F$, of unsorted Dblocks is
opened. A new file, T$, is opened in line 1045 with the
name composed of F$ concatenated with IND. It is assumed
that F$ has already been produced with a program such as
MAKE-DIRECT from section 8.2. File F$ has a 3-line header
specifying:

Block length
Current file length
Starting address

There are two subroutines, 5500 and 6000, to
retrieve information on any block in T$ and to create a
new block.

Indexing Module (lines 2000-2160)
This creates the index file, TTS$, by producing 2-
line blocks of the form:

(1) key
(2) address in main file

for every ID'th record. ID is the "indexing density";
e.g. if ID = 10, every tenth record is indexed.

Search Module (lines 4000-4310)

This compares a query key with the entries in file
TTS$, the contents of which are stored in array I$(IL,2).
This gives an index size of 255, which is adequate. For
example, with an indexing density of 10, the index would
refer to a main file of over two and a half thousand
blocks. When an entry in the array is found which is
greater than the query key, lines 4160-4270 cause part of
the threaded binary tree file, T$, to be inspected for the
desired key. Notice that entries are found even when only
part of the key is known.

Here is a complete listing of the program:

Program: ISAM2

6@

g a

124 nam:f

126 ";DF

148 OF -1
145 © - '
158 FFIHT"i J “tothe Fils"

1ed FFIHT" £H i OF 1]‘;:_;{&', it

178 FRIMT"Z: it”

173 FEIHT"4'

186 CURSOR
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FEM-STREIF THE TwEE & FHFH I1[E
FEIMT"EListirna & Inod AR U Detx ¥
FRINT"E" : IMFUT"B8Humber of
T#=F£+STREFCIR s TTH=TH+"IH
AOPEH #1.F%: WOFEH #b bk
THPUT #1012, E 2Pl Tk
IHFUT #3001
FRIMT"I=
GET A#:
FEIMT R#

IF fAf="H" THEM ZzZ@liz
THPUT" ITrdesima der o HE RN
FEINT"File row being indsxes
IR=2: k=0

FRIHT "BBLiztima of all ":FL3" eecords 40 773F 30 7050
J=1

EOSUE SS86

IF LTL1T4EJT LJ: GOTO 2
k=k+1: FEM - ITHCREMEMT rEEuF[ COUMT

FOR I=1 TO BL

IHFUT #10SA+BL+dI-10+1-1 . AFFIFEINT FFE

95 MEXT 1
97 FPRINT

IF A$="H" THEH

IF RS EL ik b ST THEMW 2118

*IE+1} T¥: IHE=Ip+E

FIiT #3

1 THEH ~14L
J: GQOSUE S588
2828

IJUTI I

2 IF A$="H" THEM 2150
13 FRIMT #3CIR. "2

JE=5TRECIR-20: PRINT #_
CLOSE
RETURH

R IR S 30 TR SES S B BN SR T 168 o6 TR S 0K SE S R O e o iR

0E EQRCH

FFIHT"E"; Lew senrch modiul
IHFUT "B8MHumber of indss=ing
TR=UALCIRE . IF [R=@ THEH
TH=F£+3TR$FC IR : REM- GSSI
TTH=TF+" IHL"
SOFEM #1.F#%: S0OFEW #2.TF: SOPEMH #3.77#
THFUT #1010:BL.FL.ZH
IHMPUT #3015 10
DIM I#0IL.20
FOR I=1 TGO h_
IHFUT #3 X
IHFUT #30Z#1+
ME=T 1
IMPUT"EBS0ue 1 kew? 104

s TRE

H OTREE MAME
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41733 La=LENQE
3135 I=1
3148 AF=0F: BF=I1F0],12: FOSUE 47
4142 IF ZP=1 THEM I=I+1: G0TO 4
4158 IF =ZP=3 THEM J=URL<{I$: 1.
4155 REM- HOW FOUMD A UALUE » 0f
A1e@ IF I=1 THEH 4274
416d J=UALCTF(I-1.202
4168 REM-FIHD FIDHT FlIhT:F
41&8 GOSUB ==aa

T-HEL: y
FOSHE &
IF LJ=8 THEM J=LJ: GOTO 4180
Ef= LFFTs AJE. LG EOSUE 4580
IF . THEH 4248
IF SF=2 THEH 427ﬁ
IF RJI=8 THEM 427
IF RJ=8@ THEH J= FT. GOTO 4188
A J=-RJ: GOSUE SSa@: SOTD 4195
8 PRIMT"EBEITEM FOUMD, ..D00"
8 FOR I=1 TO 4: IHFUT #1{1+:L+T
S FRINT"EEIz this the item ¢
. GET ARF: IF AA$="" THEM 4Z&&
IF ARF="Y" THEH 4228
C PRINT"EOComt inudina, .. . B0 GOTO 4218
3 PRIMT"EE ITEM HOT FOUMD"
CLOSE

ke 1_!‘]

3

SOTO42

.,_

I B IO o R e

L= RO W o B x|

-,

LIF3 FRIMT LIF: MEKT I

RETURH
PRINT"!!!! INDEXKIMG ERROR !!!!"

"1 REM-

LEMORESD
LEMCES D
GOTO 4558

HlI‘H$+FIhHT
E1#=BF+FIGHT:
IF H1£ Elf THE

MID$CEL$, 22130 THEN 3
CMIDECE1%. 22,133 THEH SP

5 RETUEH

£ : F;fEM:{::{»::-}::+::+::+::+::+::+::+::+::+::v}::f:;f;:-}::+::—}-::+::+::+::{-::-|-::+:7}::+::+::+:;+::+::1‘-:

FEM - FtTFIE”E IHFD O ITEM T

A IHPUT #20T+2-10. 8T8 RE

28 L= ”H'»LEFTI RE. 200y RI=UOLCRIGRTSIRES S

S48 RETLURH

EEM$$$$$$$$$*$$$$$$$$$$$$$$$$$$$$$

REM- FRIMT T THE TREE
STEECLF Y FPF=5TRFCRF?

FRINT #2(T#2-13.K$.R$
RETURH
Jx E:EH:+::+:>}::{:9}::~}::+::+: b T B 8 SR SRS KB T o T S0 % SH S 2 H SR IR B R SR e

48 BLAMES

H l'jHTH 455
TEOTO 485
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‘This is part of the unsorted file (I used a list of Sharp
dealers:

‘BCS EQUIF LTD
ERIZTOL
ALIOH

R T T
HZ7 -4 23338

DECIMAL LT
ERISTOL
FLIOH

BZ272-294591

JTSHERWOOLRS
LUTOH
BED=

GSoz-41262

BCGE EQUIF LTD
FEACIMG

BERKS
BY34-54815

HEWEERFE LTD
HEWBUREY
BERKS

BEI5-38565

IMTERFRACE LTC
AMERZHAM

BLCES
BZ483-22387

CHSH FEG SERVICE
CHESTER

CHES

B244-317543

And here is part of the sorted list:
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E ErfebIEHT
SCOTLAND

H224-ETR526

Lﬁ

ARDEM DRTA FROC.
LEICESTER
LEIC

T =
Lo aia—200055

PFE EHHIF LTE

HTT4—.4H1€

BOG SHOR EQUIFR.
FRIGHTOM
DELOH

= I 0

=
b
r

-42E33E
BITS & PCS
WET HEFB“
‘I‘L‘F

With an indexing density of 5, the response time was 5
seconds. With a density of 25 (every 25'th dealer
indexed) the response time rose to 10 seconds, and so on.

Here is an example of how the program responded to
the query key "NEW":

fuery kevy7HEW

ITEM FOUMD. ..

HEWBEAR LTD

CHEADLE HEATH

STOCKEPORT

Be1-9491-22%6

I= this the item (Y-HX7?

Contiruing. ...
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This is an interesting example since there two Newbear
stores so, having found a match in one block, the system
is now continuing to examine subsequent blocks in the
threaded binary tree.

Conclusion

This is the most advanced method in this chapter.
In its present form, the sorting module is VERY slow
(but dependable). You can speed it up appreciably by
outputting Dblocks to T$ only when both pointers are
positive, as they will never change subsequently. This
avoids frequent disk accesses to a rather slow device.

I hope that this chapter - indeed the whole book - has
given you food for thought. If I have one message, it is
this: "There is never a single answer to a computing
problem. Computer science is common sense, and your

answers are probably as good as minel".

Further Reading on Disk Files

1. For a general background, read Succe§sful Softyare
for Small Computers by G. Beech (Sigma Technical
Press, 1980), section C2: "Data Files"

2, For a quick review, try "How to decide on a suitable
file organisation method", by M. Collier - in
Practical Computing July 1979, p44

85 The hashing method is described in "ﬁashing
revisited”, by R. T. Vizzone in Microcomputing May
1980, p78

4. A good article on linked lists is (despite the

title), "Saving disk space with control programs",
by B. White in Practical Computing, December 1979,
p2l
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Animation
Append
Arithmetic
ASC

ASCII

Block
Boot

Case

Cassette
CHAIN
Charaéter
CHRS

CLOSE
Collision
Commands
Comparison
Concatenation
CURSOR

Cursor keys
Cursor string

Data file

DEF

DELETE

Deletion (files)
Design

Direct access
Direct mode
Display code

DOS

Double density

EOF
Error control
Exponential

Field

File buffer
Format
For.,.next
Free storage
Freezing

GET
Geometry
Graphics

Hashing
Header
Histogram

INDEX

46

14
13

LEL

If...then
INPUT#n
INPUT /T
INSTRING
Iteration

Keyboard
Keyed files
Key table
KILL

LEFTS

LEN

Line buffer
Linked-list
LOAD

LOCK

Master file
Memory map
Memory mapped
Menu

Merge

MIDS

MUSIC

Musical string

Mul:iple statement

ON--GOSUB
ON--GOTO
Operating system

PDL

PEEK

Pixel

Plotting (data)
Pointer

POKE

Precision
PRINT

PRINT /T

PRINT USING
Program design

RAM, video
Randomising
Records
RENAME
Repeat--until
Repetition
REPLACE
RESET

32
119
75,111



RIGHTS
ROPEN
Rounding
Run

SAVE

Screen handler
Screen to printer
Sector

Sentinel
Sequential

SET

Sorting

SpPC

Statements
Stock file
String

String array
String function
String, musical

Strings, comparison of

14,15
15
17
16
21

STRINGS
STRS
SWAP

TAB

TEMPO

Threaded tree
Transaction file

UNLOCK
Updating
User-defined keys

VAL
Video RAM

While (loop)
WOPEN

XOPEN

143

20
82
22

134
97

83
90,109
18

16
32

11
76,83

84




ABOUT THIS BOOK

The Sharp MZ-80K is a very popular personal computer,
offering excellent value for money. This book enables
users of this - and other machines - to:

* Produce computer games and other graphics software
* Understand how to store and process data on
cassette or disk.

These technigques are seldom covered in standard programming
books.

Graham Beech is the author of several books, and is
the owner of Sigma Technical Press - a fast growing
publisher in the computer software area.
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