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Infroduction

Why should you buy this book instead of one of the five other books about the
Commodore 64 sitting next to it on the shelf? Because this is not just another
introductory BASIC text that shows you how to program the Commodore 64 to
deal blackjack or play Beethoven’s “Eroica.” The Commodore 64 Guide to Data
Files and Advanced BASIC is intended for the serious-minded Commodore 64
owner who wants to learn how to solve the sophisticated, substantial problems
that they originally bought a computer for.

The key to writing advanced programs is knowing how to use data files. How-
ever, very little instruction is available on their use and on the different program-
ming techniques used with files. This Guide is intended to fill that void.

Three assumptions have been made by the author. First, that you have access
to a Commodore 64 with a disk drive. Second, that you have knowledge of BASIC
programming: IF, GOTO, strings, how to write, run, and store a program. Finally,
that you have a desire to apply the Commodore 64 to tasks you already do man-
ually, from tracking stocks, to tracking horses, to tracking movie stars.

Among the many topics covered in The Commodore 64 Guide to Data Files
and Advanced BASIC are:

Files and the Disk Drive—an overview of the disk system.

Sequential Files—when and how to use them and various programming tech-
niques.

Relative Files—when and how to use them and various programming tech-
niques.

Advanced Input/Output—how to get the keyboard and screen to do what you
want.

Program Design Techniques—what to consider for designing better programs.

Advanced BASIC statements and structures.

These topics are not just introduced to the reader. They are presented along with
programming techniques and program design considerations to develop a sense of
how things fit together in the scheme of BASIC programs.

A major goal of The Commodore 64 Guide to Data Files and Advanced BASIC,
is to provide and alternative to the Commodore 64 manuals in an exanded and
comprehensible manner. No longer will you have to spend sleepless nights deci-
phering the 1541 disk drive manual in an attempt to understand file handling. All
that information (and more) is clearly presented with detailed discussion and
examples. To provide a quick reference, all instructions and syntax are laid out in
a reference manual style.



Included both as a programming example and as an example of program design,
is MAGICFILER. MAGICFILER is a publication-quality database manager for
the Commodore 64, which compares in features to many other database managers
now being sold. MAGICFILER will help you to easily store and manipulate large
amounts of information. Written in BASIC, MAGICFILER is developed and
explained on a section basis, showing how a major program is designed, con-
structed, and programmed. A complete, ready-to-type BASIC listing is also
included.

The Commodore 64 Guide to Data Files and Advanced BASIC will provide you
with the knowledge necessary to harness the power of your Commodore 64. After
reading this book, you will have the ability and confidence to tackle problems that
you thought were beyond your grasp.



basic
review: the
iIMmportant
statements

This chapter is intended to review and sharpen your
understanding of four of the most powerful structures in BASIC; the
IF statement, the FOR loop, subroutines and arrays. Taking a few
minutes to review this material will help you get the most out of the
rest of the book. Included also are several pertinent Simons’ BASIC:
extensions to Commodore BASIC. If you are not familiar with
Simons’ BASIC, see Appendix A.

decisions, decisions

One of the most powerful features of any programming language is its ability
to make decisions. By comparing values, the IF statement can decide which state-
ments to execute next. IF expression is true THEN do this statement.

Graphically it could be represented like this
109 IF A=7 THEN GOTO 209

Here is an example of an IF statement.
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Is
Expression
True?

No

Statement

Fig. 1.1

The expression checked in this example is A=7. If it is true, then the GOTO is
executed, otherwise it is skipped. The GOTO is optional. The equivalent state-
ment is 108 IF A=7 THEN 208.

The possible comparisons that can be used in an expression are

= is equal to

<> is not equal to

> is greater than

>= is greater than or equal to
< is less than

<= is less than or equal to

An expression can also be just a constant or variable. These expressions are
all legal

IFA > 100 THEN 200
IFA > B THEN 200

IF A+7 > B THEN 200

IF A+7 > B-3*4 THEN 200

a pop quiz

18 INPUT A

20 IF A > 10 THEN 38
25 PRINT ''LESS"

3@ PRINT ''MORE"

49 END
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IF 7 was entered, what will the output be?
O.K,, time’s up.

The output is

LESS
MORE

Note that if a line 27 were added,

18 INPUT A

20 IF A > 10 THEN 30
25 PRINT ''LESS"

27 GOTO 4@

30 PRINT '"'MORE"

4@ END

the output would now be only

LESS

Expressions can be combined with logical operators. What'’s a logical opera-
tor, you ask? It is an algebraic notation that combines the answers of two expres-

sions by an operator to produce a single value.

108 IF A=3 AND B=4 THEN 400
The preceding expression uses the AND operator. For the GOTO 400 to be exe-
cuted, A must equal 3 and B must equal 4. The table of results for a logical opera-

tor, such as AND, is called a truth table. The truth table for AND is

Expl AND Exp2 IS Result

True True True
True False False
False True False
False False False

A second logical operator is OR. With OR, only one side of an expression
must be True for the whole expression to be True. The truth table for OR is

Expl AND Exp2 IS Result

True True True
True False True
False True True

False False False
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The only logical operator left, and the easiest to understand, is NOT. NOT
simply reverses the value of an expression.

NOT(True) is False.
NOT(False) is True.

Let’s try a few examples.

Assume A=4, [=4, and J=10. Is the expression (A=I)AND(NOT(] > A)) True or
False?.

To evaluate this expression, we must first deal with what is inside the innermost
levels of parentheses.
(A=DAND(NOT(] > A))
We can now rewrite it like this
True AND (NOT{(True))
Reducing once more we get
True AND False

Which is of course False.
Try this one on your own.
IF (I+4 >=J) OR (NOT(I=3)AND(J <A))

The answer is False. If you got it wrong, try again. Remember to start with the
innermost set of parentheses.

The colon : is used to separate multiple statements on the same line. Multi-
ple statements may be placed after THEN, but this could be confusing.

180 IF A=4 THEN PRINT "'YES":GOTO 128
118 PRINT "NO"
120 END

What is printed? Will the GOTO be executed regardless of the value of A? If
A equals 4, it will print YES, then GOTO 120, otherwise NO will be printed.
What is noteworthy is that multiple statements after THEN are either all exe-
cuted together or not executed at all. They are a matched set. This can lead to an
unexpected problem in this situation

18 FOR I=1 TO 1@:IF K=3 THEN 18@:NEXT I

What’s the problem here? Since NEXT is placed after THEN, it will only be
executed when K equals 3. If K is not 3, then the loop is not complete and is exe-
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cuted only once. This can be a very confusing bug to find since no error message
is created. Instead, the program just doesn’t act the way it is expected to. This
type of bug is known as a logic error. The program runs fine, but the results are
€rroneous.

an iffy example

Let’s write a program that reads three values and finds the largest. This is triv-
ial, I know, but it’s a good demonstration of the concept.

18 INPUT A,B,C

20 L=-99 :REM SET LARGEST VALUE TO A SMALL NUMBER
38 IF A>=B THEN L=A: GOTO 59

4@ L=B

58 IF C>L THEN L=C

68 PRINT ''THE LARGEST WAS",L

78 END

Pick a few sets of input and follow them through the program.

IF THEN ELSE

Many programming languages (but not BASIC) have a possible second clause
in the IF statement, called ELSE. When ELSE is used, there are two mutually
exclusive statements connected to the IF: one which is executed only if the
expression is True (THEN), and one which is executed only if the expression is
False (ELSE). A typical Pascal statement might look like this:

IF A=5 THEN WRITE(C''FLIP'")
ELSE WRITE(''FLOP');
WRITE(''FLUP');

Either FLIP or FLOP is printed depending upon the value of A. FLUP is
written in either case. Since we are not fortunate enough to have an ELSE state-
ment, we must simulate it. There are several good ways to do this.

180 IF A=5 THEN PRINT "FLIP'":GOTO 120
110 PRINT "FLOP'" :REM ELSE CLAUSE
120 PRINT "'FLUP"

or

188 IF A<>5 THEN PRINT "FLOP'':GOTO 120
118 PRINT "FLIP' :REM THEN CLAUSE
1208 PRINT ''FLUP"
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In both cases one of the two clauses was executed and then control was branched
around the other. In cases where a large number of statements are to be executed,
an alternate structure is needed, as demonstrated below.

180 IF A=5 THEN 300
110 REM ELSE STATEMENTS START HERE

290 GOTO 509
308 REM THEN STATEMENTS START HERE

490 REM THEN STOPS HERE
500 PROGRAM COMES BACK TOGETHER HERE

Graphically it could be represented like this.

Is

. No
Expression —
True?
e N\
Statement Statement
[75] [7p]
<5 g
[«b)
25 y v 125
S S
w wn
Statement Statement

Fig. 1.2

FOR loops

When designing a programming language, programmers look for groups of
statements that are commonly executed together with an eye towards combining
these statements into a single, more powerful one.
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A common example: Let’s write a BASIC program to print the numbers 1 through
10 and their squares.

191 =

20 PRINT I, IxI

39 1=1I#+1

49 IF I=10 THEN 20
50 END

Here, a loop was formed that will iterate ten times. What are the separate compo-
nents of this loop?

The Initialization

The Body

The Increment

The Check and Branch

Here is the same program with its components pointed out.

18 I =1 :REM INITIALIZE

20 PRINT I,I*I :REM LOOP BODY

39 I=I+1 :REM INCREMENT

49 IF I<10 THEN 20 :REM CHECK AND BRANCH
50 END

The FOR Loop takes care of most of these components automatically.

19 FOR I=1 T0 10
280 PRINT I, I*I
30 NEXT I

With the FOR Loop, a variable and its first and last values are given. The variable
(in this case I) is first assigned the value 1 and the loop body is executed. When
the NEXT statement is hit, the variable is incremented and tested. If it is less than
or equal to the final value, the program branches back to do the loop body again.
In this example, the loop body is executed ten times, once for each value of I from
1 to 10. When I equals 11 the loop ends and the following statement is executed.
To be a little more formal, the actual form of the FOR statement is

FOR variable=initial value TO final value STEP increment value.

We have not seen the STEP option yet because we have always used its
default value of one. If we want the variable to be incremented by a value other
than one, we specify it after STEP.

18 FOR K= 18 TO 28 STEP 2
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This would add two rather than one to K each time. The values of K would be
10,12,14,16,18,20. A negative STEP can also be used to subtract a number from
the variable instead of adding to it.

18 FOR P2 = 18 TO 5 STEP -1
28 PRINT P2;
3@ NEXT P2

This would print: 1098765

If line 10 read FOR I= 273 to 371, how many times would the body of the
loop be executed? If you subtracted 273 from 371 and got the answer 98, you get
an A for effort (shouldn’t that be an E for effort?), but the correct answer is 99.
Why? Well just remember that there are 10 numbers between 1 and 10 inclusive,
so we must subtract.

Final value 371
— Initial value 273

98
Thenaddl 1
To get 99

nested FOR loops

5 I1=9

18 FOR K=1 T0 3
20 FOR J=1 T0 2
38 1=I+1

4@ NEXT J

50 NEXT K

68 PRINT I

What would be printed by this example?

The result printed is 6. Why? This situation is described as nested FOR loops.
The inner loop is executed for all values of ] and for each value of K in the outer
loop. This can be better illustrated by adding a line 35.

5 1=0

19 FOR K=1 TO
20 FOR J=1 TO
39 I=I+1

35 PRINT K,J
4@ NEXT J

50 NEXT K

60 PRINT I

3
2
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The output would look like this:

W WNIIN -
N-=2DNN-_2N =

more FOR examples

How could we write a program to calculate the factorial ! of a number, e.g.,
31=3%2%], 41=4%3%2%]

10 INPUT '"'ENTER NUMBER';N

20 F=1

30 FOR I=1 TO N

4P F=F*I

50 NEXT I

68 PRINT N;'' FACTORIAL IS ";F

Let’s assume N is 4 and track the FOR loop as it executes.

I F

- 1

1 1

2 2

3 6

4 24 The final value of F
Done

How about a program to raise a number to a power?

18 INPUT ''BASE NUMBER'';B
20 INPUT ''POWER';P

30 AN=1

49 FOR I=1 TO P

50 AN=AN * B

60 NEXT I

78 PRINT ''ANSWER IS''; AN

All that was done here was to use a FOR loop to multiply B by itself, P times.
Let’s assume B is 4 and P is 3.
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I AN B P

- 1 4 3

1 4 4 3

2 16 4 3

3 64 4 3
Done

FOR loops are important to us for three reasons:

1. It is easier to write a program with them than without them.

2. They are handy when using arrays. (Arrays will be reviewed later in this
chapter.)

3. They execute faster than a loop written without a FOR. In the example
on squaring numbers the FOR loop executed in .6 seconds, the other
loop in .66 seconds. That's a 10% improvement which can be vital in
time-dependent situations.

subroutines

Question: What can make a program

o More organized?
e Easier to write?
o Easier to read?

e Shorter?

Answer: Subroutines.

If a program must execute the same set of instructions several times, we can
place those instructions in a subroutine. A subroutine is a section of a program
that is not executed in the same sequence with which we are familiar. The code in
a subroutine lies dormant until it is called upon to execute by the program. When
the subroutine is called it becomes active and executes. When it is done, it trans-
fers control back to the statement after the statement that called it. This is best
illustrated by an example.

18 GOSuB 109

20 PRINT ''BACK"

30 END

99 THE SUBROUTINE STARTS HERE
108 PRINT '"'HERE"
118 RETURN

The output is

HERE
BACK
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What happened? The lines were executed in this order: 10,100,110,20,30.
The subroutine (lines 100 and 110) is called with the GOSUB statement. When it
is encountered, it does the same thing as a GOTO, except the line number of the
GOSUB is saved as a mechanism for the subroutine to find its way back to the
main program. The RETURN statement (not to be confused with the return key
on the keyboard) reverses the process, taking the address saved by GOSUB and
branching to the line after that address. In this case it was line 20.

Another example:

10 A=4

2@ GOsuB 60
3p GOsuB 69
4@ PRINT A
5@ END

60 A=A+1

78 RETURN

What will be the output? The correct answer is 6. The subroutine at line 50 is
called twice, by the GOSUB on line 20 and by the one on line 30. Each time it
returns to the line following the one that calls it.

Subroutines can also call subroutines, as shown in this example

19 A=4

20 GOSuB 50
30 PRINT A
49 END

58 A=A+2

60 GOsuB 180
79 RETURN
100 A=A-1

118 RETURN

What will be printed? The answer is 5. The lines are executed in this order:
10,20,50,60,100,110,70,30,40. We can think of this example in terms of levels. The
program is originally on level 1. Each GOSUB drops it down one level and each
RETURN raises it up one level

Main Program Main Program

GOSUB 50 Return

Subroutine 1 Subroutine 1

GOSuUB 100 Subroutine 2 Return

Fig. 1.3
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a look inside

Obviously, in the last example, more than one return address must be saved if
the program is to find its way back to the original starting point and more than
one location will have to be used to save the return addresses. A stack is used for
this purpose. A stack is a LIFO (last-in, first-out) structure. Picture a stack of
dishes on a table. You always take a dish from the top of the stack and always
place a dish back on top of the stack. The action of placing something on top of
the stack is called a push, and taking something off the stack is called a pop.
Return addresses are handled in the same way. When a GOSUB is executed, the
return address is pushed on the stack. If two GOSUBs have been executed, the
address on top is that of the most recent GOSUB. A RETURN pops one off the
top. Through this mechanism, it is possible to keep track of the proper address to
return to without a lot of fuss.

It is obvious that these examples are trivial, but later on we will use subrou-
tines that contain instructions we wish to execute from different sections of a pro-
gram. This will save both memory space and the trouble of retyping the same
code more than once. For example, we will use subroutines that position the cur-
sor and that accept input from the keyboard.

When we use subroutines, we generally use certain variables to send informa-
tion to the routine. Certain other variables are used to return information back to
the main program. This sending of information back and forth between subrou-
tines and a main program is called parameter passing.

arrays

The need for arrays can be demonstrated with three short examples.
Question: Write a program that reads two numbers and finds their average.

Answer: 18 INPUT A,B
20 AV=(A+B)/2
3@ PRINT AV

Question: Write a program that reads four numbers and finds their average.

Answer: 18 INPUT A,B,C,D
28 AV=(A+B+C+D)/4
38 PRINT AV

Question: Write a program that reads 100 numbers and finds their average.

What is the difficulty here? We would need 100 distinct variables to handle
this problem in the same way as the others, but the handling of so many variables
would be awkward at best, and sometimes even impossible. Arrays provide a solu-
tion to this problem. An array is a set of variables, all called by the same name.
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“How can that be?” The answer is that they actually have two names. Each indi-
vidual variable in an array (called an element) is referred to by two names, the
array name and a subscript. Rather like a family name and a first name. The rules
for naming arrays are the same as for variables: up to two characters starting with
a letter, plus the subscript, which is a number. Unlike regular (scalar) variables,
arrays have to be declared in the beginning of a program. The DIMENSION
statement is used for this purpose.

16 DIM AC10)

This creates an array A with 11 elements named A(0), A(1), . . . ,A(10). Note: Com-
modore BASIC differs from many others in this respect. In other BASICs only ten
elements would be created, A(1) through A(10). In most examples we will ignore
the zero element, since it is usually easier to program without it. Don’t forget that
the variable A still exists as a variable independent of the array named A. Arrays
are usually pictured as lists.

>

>

>

>

>

>

>

>

~ AN N AN N~~~ e~~~
O — = = T = — = —= — -

oO|Cojojojo]Jo|o]lolojo]lo

>

Fig. 1.4

Assignment statements for array elements look like you would expect them to.
Both the array name and subscript are used.

18 A(3)=4
20 A(5)=6
30 AC1B)=A(3)

The same array after the above statements are executed would appear like this.
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o =l ol Foll Holl Holl Noll IF N Noll Foll Ne

Fig. 1.5

The real power of arrays comes with using variables as subscripts and then chang-
ing the subscripts in a FOR loop. As the old song goes, FOR loops and arrays “go
together like horse and carriage.”

some examples
19 DIM B(4)
280 FOR I=1 T0 &
39 B(I)=I
4@ NEXT 1

The resulting array looks like this

B(1) 1
B(2) 2
B(3) 3
B(4) 4

Fig. 1.6

pop quiz

Do the same thing as above except reverse the order of the numbers, i.e., end
up with an array that looks like this
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B(1) 4
B(2) 3
B(3) 2
B(4) 1
Fig. 1.7
The answer is

18 DIM B(4)

20 FOR I= 1 T0 4

39 B(I)=5-1

4@ NEXT 1

Most people would have come up with this code instead

20 FOR I= 4 TO 1 STEP -1
39 B(I)=I
4@ NEXT I

This will produce the same result as the original example B(4)=4. . ., except that
the array will be filled from the bottom up. What was needed was a way to have
the values assigned to the array decrease as the subscripts increase. The B(I)=5-1
is a cute trick that probably was not obvious to you. A more brute force attack
might have produced:

15 K=4

20 FOR I=1 TO 4
39 B(I)=K

49 K=K-1

50 NEXT I

Here the value assigned to the array is no longer tied to the subscript.

Now let’s see the solution to the averaging problem presented earlier.

19 DIM AC108)

19 REM LOOP TO READ IN VALUES

20 FOR I=1 TO 109

38 INPUT A(I)

4@ NEXT 1

49 REM THIS LOOP FINDS THE AVERAGE
50 s=§

68 FOR I=1 TO 108
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78 S=S+A(I)
80 NEXT I

99 AV=S/100
100 PRINT AV

lotto player

Lotto is a game run in many states as a form of legalized gambling. Players
pick 6 numbers out of 40, trying to match the official 6 numbers picked. Having
the Commodore 64 pick the numbers seems as good a method as any. An array is
used to keep track of numbers already generated to eliminate duplication. If you
are not familiar with the method of generating random numbers, here is a short
review.

The RND function creates a number at random between 0.0 and 1.0.
INT(RND(0)*40) creates a number between the integers 0 and 39 inclusive. Since
the range we want is 1 to 40, simply add 1.

X=INT (RND (8) *40) +1
First we set up the array

5 DIM A(6)
pick a number

10 N=INT(40*RND(@))+1
check to see if it is a duplicate

20 FOR K=1 TO 6
39 IF ACK)=N THEN 10:REM DUPLICATE FOUND
4@ NEXT K

new number found, assign it the array

45 CT=CT+1: REM COUNTS HOW MANY FOUND
50 A(CT)=N

check to see if we have six numbers

55 IF CT=6 THEN 70

68 GOTO 10

78 PRINT '"THE NUMBERS ARE"
88 FOR I=1 TO 6

85 PRINT A(I)

99 NEXT I
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two-dimensional arrays

Arrays come in multi-dimensional versions as well. Two-dimensional arrays
have their elements arranged in a grid of rows and columns.

16 DIM B(3,2)

This statement dimensions an array of 3 rows and 2 columns. The row is always
specified first. Array B can be pictured like this

Columns
0 0 0
Rows 0 0
0 0
Fig. 1.8

Each element in the array has to be identified by two subscripts, one for the row
and one for the column, such as B(row,col.). The address of each element in this
array is

B(1,1)|B(1.2) | B (1,3)
B (2,1) | B (2,2)
B (3.1) | B (3,2)] B (3,3)

Fig. 1.9

The use of a two-dimensional arrays is not much more difficult than a single
dimensional array once you get accustomed to manipulating the two separate
dimensions.

Using our array B, let’s add up the contents of the elements in the first column.
To access each element in a column, we must hold the subscript for that column
constant as we vary the rows.

18 FOR I=1 TO0 3
20 S=S+B(I,1)
30 NEXT 1

To add up the contents of a row, such as the second row, we hold the subscript
for the row constant and vary the columns.
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18 FOR J=1 T0 2
2@ S=S+B(2,J)
30 NEXT J

Arrays are one of the most powerful and useful structures in BASIC. They
will be used extensively as new concepts are introduced in future chapters.

simons’ BASIC extensions

Simons’ BASIC includes several new loops and instructions which are very
useful in programming. If you are not familiar with Simons’ BASIC, turn to
Appendix A.

IF expression THEN true statement :ELSE: false statement

Simons’ BASIC includes the IF. THEN..ELSE statement. The merits of this
instruction have already been discussed, only the syntax needs to be described.

IF I=4 THEN PRINT "YES' :ELSE:PRINT "NO"

The ELSE is encased by two colons. Unfortunately the entire statement is still
limited to two screen lines.

RCOMP:true statement:ELSE:false statement

RCOMP repeats the test done in the most recently used IF. THEN..ELSE
statement. Using RCOMP limits the readability of a program and is a bad pro-
gramming practice. In a program very tight for memory space, RCOMP can be
useful, otherwise it should be avoided.

REPEAT..UNTIL condition is true

REPEAT is an extremely powerful loop found in most of the newer program-
ming languages, such as Pascal, C, and Ada. The REPEAT loop operates by exe-
cuting the statements in the loop’s body then checking if the condition is true. If
the condition is not true, the loop body is executed again, and so on.

110 REPEAT
120 PRINT I,
130 1=1+1

148 UNTIL I=5

In this example the output is : 0 1 2 3 4. The REPEAT loop can be graphically
represented as shown in Figure 1.10.

Notice the essential difference between the REPEAT and the FOR loops. With
the FOR loop, the number of iterations is known before the loop starts to execute.
This is called a bounded loop. With the REPEAT loop, the number of iterations is
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Statements

Is
Expression
True?

No

Fig. 1.10

not known, but is dependent upon action in the loop body. This is called a free
loop.

Two more points about the REPEAT loop:

1. The statements in the loop body are always executed at least once.

2. The condition must be altered in the loop, otherwise an endless loop will
occur. For example, the following loop will execute infinitely.

100 1=0

110 REPEAT
128 PRINT I,
138 UNTIL I=5

REPEAT it again, sam

In the following example, a REPEAT loop is used to remove any leading
blanks in the string D$.

188 INPUT D$

110 IF D$=""" THEN 158

1280 REPEAT

130 IF LEFT$(D$,1)=" " THEN D$=RIGHT$(D$,LEN(D$)-1)
148 UNTIL LEFT$(D$,1)<>' '* OR LEN(D$)=0

158 REM program continues here
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faking REPEAT

The REPEAT loop can easily be simulated without any Simons” BASIC
statements. Here is the same program except with no REPEAT loop

198 INPUT D$

118 IF D$='"' THEN 158

120 REM START OF LOOP

130 IF LEFT$(D$,1)="" " THEN D$=RIGHT$(D$,LEN(D$)-1)
148 IF NOTC(LEFT$(D$,1)<>" " OR LEN(D$)=@) THEN 139
150 REM program continues here

LOOP/EXIT IF condition/END LOOP

Simons’ BASIC includes another new loop structure. In this loop the check
of the condition can be placed anywhere in the loop body. The condition is
checked by the EXIT IF statement. The loop is formed by the LOOP and END
LOOP statement bracketing the statements in the body of the loop. Here is the
same program segment rewritten with LOOP..END LOOP.

1080 INPUT D$

126 LOOP

138 EXIT IF D$="'

148 EXIT IF LEFT(D$,1)<m ¢
150 D$=RIGHT$(D$,LEN(DS)-1)
170 END LOOP

180 REM program continues here

This structure can also be used without the EXIT IF to purposely form an endless
loop. This is sometimes done to prevent a user from breaking out of a program.

procedures

Procedures are the same as subroutines. The only difference is that they are
named and are called by a different statement. The reason for procedures is to
make programs more readable and understandable by giving self-explanatory
names to subroutines.

PROC procedure name/END PROC

The PROC statement is used to label a subroutine. The procedure name can
be any string of characters. END PROC is used to end a procedure and is equiva-
lent to the RETURN statement. PROC can also be used to label a section of code
in a program. When this is done, the END PROC statement is not used.

EXEC procedure name

EXEC is equivalent to the GOSUB statement. The only difference is that a
procedure name is used instead of a line number.
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CALL procedure name

CALL is equivalent to the GOTO statement. It is used to branch to a labeled
section of code rather than to a procedure. This creates a confusing situation,
since procedure names are used to label both procedures and sections of a pro-
gram that are not procedures. When a program is written with CALLs instead of
GOTOs, the Simons’ BASIC RENUMBER function can be used.

10 A=4

20 B=3

39 EXEC ADDEMUP
4@ PRINT A,B

50 CALL ENDIT
188 PROC ADDEMUP
110 A=A+B

128 END PROC

140 PROC ENDIT
158 PRINT '"ALL DONE"
168 END

In this example, the PROC statement was used to label both a procedure
ADDEMUP and a program section ENDIT. The output would be 7 and 3. The
line were executed in this order: 10,20,30,100,110,120,40,50,140,150,160.
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Many programs that you may write will require the user of the
program to enter data while the program runs. As a programmer,
you must choose the method by which data will be accepted. This
function of requesting and accepting data from the screen is one
of the most important aspects of programming. It is known as the
user interface, that part of a program which interacts with humans.
A well-designed and easy-to-use user interface makes a program
more desirable to use and therefore user-friendly. In this chapter
we will develop several user-friendly input routines and techniques
as well as some output techniques. Some knowledge of both
subroutines and strings is required.

INPUT

Commodore BASIC provides two commands to accept data from the key-
board, INPUT and GET. The INPUT statement in its simplest form is

18 INPUT A
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INPUT halts the running program and displays a question mark on the
screen with the blinking cursor next to it. It then waits for the user to enter some
data followed by a carriage return. The value that is entered is assigned to the vari-
able A. In the above example, since the variable A is a numeric variable, a number
must be entered. If characters were entered instead, the operating system (also
called the Kernal) would display the error message REDO FROM START?? and
then wait for the correct data to be entered.

The statement, 18 INPUT A$ accepts for input a string of up to 255 characters
and assigns it to the string variable A$. Any of the keyboard characters, including
the numbers, the graphics set, and the screen codes, could be entered.

When INPUT is executed, the prompt ? is displayed. This is not very
descriptive and would leave most users wondering what to do next. To let the user
know what input is expected and at the same time cut down on some of the frus-
tration of dealing with a computer, BASIC allows us to include a prompt with the
INPUT statement.

18 INPUT "ENTER YOUR AGE'";AG
when run will display
ENTER YOUR AGE?

This is an improvement over just the ? prompt. Notice the semicolon before the
variable AG. This is the only syntax permitted, and omitting it is a common
source of errors.

validity checking

Often, in a program, a value to be entered must fall within a certain range.
Checking to see if what is entered is valid is one of the most important and, unfor-
tunately, one of the most tedious aspects of developing user-friendly programs.

One approach to validity checking is to display an error message when invalid
input is entered and then prompt the user to enter the data again.

186 INPUT '"ENTER YOUR AGE'';AG$

280 AG = VAL(AGS)

30 IF AG > @ AND AG < 190 THEN 68

35 REM HERE IS THE ERROR MESSAGE

4 PRINT'"PLEASE CHECK AND REENTER AGE"
56 GOTO 1@

60 REM CONTINUE PROGRAM HERE

The IF statement in line 30 checks to see if the input falls in the proper range of 1
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to 99. Notice how the INPUT statement accepts a string that is then converted to
a number with the VAL function. This is done to prevent the system error mes-
sage from appearing if a non numeric value is entered.

In a slightly different approach, when an invalid value is entered, the program
will beep, display an error message for two seconds, and then clear the screen to
start over.

18 PRINT CHR$(147) :REM CLEAR THE SCREEN
20 PRINT '"'ENTER"

30 PRINT "A FOR ADD"

4@ PRINT ''S FOR SUBTRACT"

50 INPUT "ENTER SELECTION';T$

60 IF T$=""A" OR T$="S' THEN 110

69 REM INVALID INPUT

70 PRINT '"REENTER SELECTION"

80 GOSUB 508 :REM CALL BEEP ROUTINE
90 FOR I=1 TO 150@:NEXT I:REM DELAY
189 GOTO 19

110 REM CONTINUE PROGRAM HERE

Note that line 80 calls a subroutine at line 500 that will cause a beep to sound.
This routine, which is a series of POKEs into registers of the SID chip (the Com-
modore 64’s sound synthesizer), will not be explained in this book, but the routine
is yours to use. For more information on using the SID, refer to the Commodore
64 User’s Guide.

the beep routine

508 POKE 54296,15 :POKE 54277,8

501 POKE 54278,240 :POKE 54273,14

502 POKE 54272,37 :POKE 54276,17

503 FOR V=1 TO 58 :NEXT V

504 POKE 54276,8 :POKE 54277,0 :POKE 54278,0
505 RETURN

the keyboard buffer
“When your fingers hit a key, a lot of stuff happens inside”

—An eight-year-old philosopher

When a key is pressed on the keyboard, it causes a long sequence of steps to
be performed by the computer. The Kernal takes the ASCII code corresponding
to that key and places it into the keyboard buffer in first in, first out order (also
known as FIFO or a queue). The keyboard buffer is a special set of ten memory
locations whose job is to hold characters that are typed on the keyboard until they
are requested by an INPUT or GET statement. The buffer allows you to type
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faster than the program is processing the input and yet not lose the data. This
type of setup is sometimes called a type-ahead buffer. It is common in devices
that print more slowly than they process data, such as printing calculators and
cash registers. To see the effect of the keyboard buffer, try this short experiment:

18 PRINT "ENTER A NUMBER"
28 FOR I=1 TO 13@8@: NEXT I
38 INPUT A$

What happened? If you entered the data at the prompt, it wasn’t echoed (printed)
until after the loop on line 20 completed. Where was it in the meantime? In the
keyboard buffer, of course.

the GET statement

For simple applications, the INPUT command is very useful, but, as noted
before, there are several drawbacks to using INPUT:

1. The ? prompt is always there whether you want it or not (just like
crabgrass).

2. A carriage return must be entered.

3. The input is always echoed (printed on the screen), which is undesirable
in certain applications. There are a few other problems that we will soon
see.

A second statement that accepts input from the keyboard, GET, will give us more
flexibilty.

GET a$

GET takes a single character from the keyboard buffer and assigns it to the
variable specified (in this case A$). The character is not echoed to the screen.
Since GET works by taking the first thing it finds in the keyboard buffer, if noth-
ing is there that’s what it takes, nothing; or what we call the null string. The null
string is a string that has no contents. It is written with two double quotes next to
each other like this '"'". So, when using GET, it is necessary to see if a character
was got or not.

18 GET T$ :IF T$ =""" THEN 18

This will check the character that was picked up. If it is null, it then repeats the
GET until a character is entered.
a common use of the GET statement

In programs it is common to “freeze” output on the screen until the user hits
a key. This is simple to do.
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PRINT whatever

PRINT "<HIT ANY KEY TO CONTINUE>"
GET A$:IF A% =""" THEN 900

GOTO 100

Here the GET on line 900 loops until any key is hit. Notice nothing is done with
the variable A$. It is a dummy argument used only because GET requires a vari-
able be used as its argument.

Another common use of the GET is in situations where you want only a sin-
gle character entered and don’t want to have to enter a carriage return. A good
example of this is in a menu (a list of possible program options).

100
105
110
120
140
150
160
170
180
190

PRINT CHR$(147):REM CLEAR SCREEN
PRINT "DINNER CHOICES"

PRINT '1) STEAK LA COMMODORE
PRINT "2) FISH FOR 64

PRINT "ENTER SELECTION ';

GET A$ :IF A$=""" THEN 150

A = VAL(A$)

IF A<1 OR A>3 THEN 180

PRINT A$ :REM ECHO CHOICE

ON A GOTO 200,300,400

Notice that on line 180 we have to print A$, since GET didn’t. In order to print
A$ next to the ENTER SELECTION prompt, the PRINT on line 140 ends in a
semicolon, which causes no carriage return to be performed after the PRINT.

function keys
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Maybe the most mysterious feature of the Commodore 64’s keyboard is those
four brown keys sitting snobbishly by themselves on the righthand side of the key-
board. These are the function keys, (labeled f1, {3, {5, {7 on the top, and {2, 4, {6,
f8 on their sides). By simply pressing them, you have the power to command pro-
grams to perform miraculous tasks. I hate to be the one to bring bad news, but
function keys are not what they are cracked up to be. As a matter of fact, if you
really want to get down to it, there is no difference between the function keys and
the other keys, except that the function keys are provided as sort of generic keys
for programmers to define in their program. Like all the other keys, they produce
an ASCII code when pressed, but since they are unlabeled, programmers usually
use them to allow users to specify options in a program. For example, in a word
processor program, fl might mean delete a word. In machines without function
keys, CTRL-D would have been used for this task. Thus the function keys replace
the need for complex key strokes. Granted, this is not a great advantage, but some
people find it useful.

The ASCII codes for the function keys are listed below.

f1-133
f3-134
£5-135
f7-136
f2-137
f4-138
f6-139
f8 - 140

Using function keys is quite simple; for example, to see if f1 has been entered.

18 GET A$ :IF A$ = '''" THEN 10
280 IF A$=CHR$(133) THEN GOTO 308

The ASCII code of the key pressed is examined to see if it is the desired function
key. If it is the program branches to the designated line.

a better INPUT routine

As we noted before, the many drawbacks associated with the INPUT state-
ment make it almost too dangerous to use in a program. Some of these problems
are:

1. Many applications require a limit be placed on the maximum number of
characters that can be entered (e.g. when entering a Social Security num-
ber or when trying to make sure that input doesn’t wrap around the
screen to the next line). The INPUT statement is not able to provide this
type of limit.
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2. The INPUT statement will “bomb”, causing the program to stop and an
error message to be displayed if more than 77 characters are entered into
a string variable.

3. The INPUT statement, like a sleazy bar, will let just about any character
enter, including the screen codes and the graphics characters. Limiting
data entry to a range of characters would cut down on potential mistakes
by a user.

4. While using the INPUT statement, the delete key can erase not only the
typed characters, but the prompt and anything else on the screen as well.
A most undesirable attribute.

In order to avoid these drawbacks, we can easily design a subroutine which
can be used instead of INPUT. Some of the features we would want to include
are:

1. The ability to limit the set of characters that will be accepted as input.
2. The ability to limit the length of the string input.

3. The ability to stop the DELETE key when it gets to the end of the
entered string.

A good way of developing a complex program is to write it first in pseudo-
code. Pseudocode is a cross between English and BASIC in which the instructions
are not written, but described in detail. [ have found this to be far more valuable
and helpful tool than flowcharting. Once a program is written in pseudocode, it is
simple to convert it to BASIC.

A. Accept a character from keyboard
If it is a carriage return, then RETURN
If it is a delete, GOTO B
Check for valid character and length of string
IF OK
Add character to string
Print character

GOTO A

B. 1f LEN(string) >0 then
remove rightmost character from string
Erase character on screen

GOTO A
As you might expect, this routine will be built around GET.

805 GET T$: IF T$='""' THEN 885

The only problem with using GET is that no cursor is displayed. Displaying a cur-
sor, preferably blinking, is a prerequisite for any good input routine. Below we will
see how to simulate a cursor.

The routine will concatenate (place together in the same string) the individ-
ual characters entered into the the string TES$. In line 805, we picked up a charac-
ter from the buffer. Now let’s examine it.
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1. If it is a return, then input is complete and RETURN from the
subroutine.

2. If it is a DELETE, then delete the last character if there is one and
GOTO 805 to get another character.

3. If it is a legal character and the number of characters is under the limit,

accept it and GOTO 805.

First let’s check the character entered.

810 IF T$=CHR$(13) THEN RETURN: REM WE HAVE A CARRIAGE
RETURN

815 IF T$=CHR$(28) THEN 860: REM DELETE KEY

819 REM CHECK IF A VALID CHARACTER

820 IF T$<CHR$(32) OR T$>CHR$(95) THEN 8685

At this point we have a legal character falling in the range of the capitalized
letters and numbers. Before we add it to the string being built, TES$, let’s see if
TES is at the maximum length by comparing its length to the maximum length
represented by LI

825 REM WE HAVE A GOOD CHARACTER

830 IF LEN(TE$)>=LI THEN 805

840 TE$=TE$+T$: REM ADD CHARACTER TO STRING
850 PRINT T$; :REM ECHO THE CHAR.

855 GOTO 8@5: REM GO BACK FOR MORE

At 860 we handle the delete key. We have to check TE$ to see if there are any
characters to delete and then remove the rightmost character from two places, the
string TE$ and the screen. To erase from the screen, we backspace (CHR$(157))

over the spot, print a space, and then backspace again. Please note that
BS$=CHR$(157).

860 IF LEN(TE$)=@ THEN 885: REM NOTHING TO DELETE
861 REM DELETE IN TWO STEPS

865 TE$=MID$(TES,1, (LENCTE$S)-1))

878 PRINT '* ";BS$;BS$;'" '";BSS;

875 GOTO 885

Now all that is left to be done is to intialize TE$ and a string containing the back-
space character at the start of the routine.

808 TE$='""":BS$=CHR$(157)

We must also do something about simulating the cursor. First you must real-
ize that the cursor has nothing magical about it. It is just an alternating positive
and reverse space that is constantly written to the screen by the Kernal in a fash-
ion similiar to what we will now do (except that it is done in machine language).
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We can simulate the cursor by calling a small subroutine from inside our GET
line.

805 GET T$:G0SUB 90@:1F T$='"" THEN 805

Now on every iteration of that loop, the routine at line 900 is called. At 900 we
simply alternate the writing of a blank in reverse and normal mode. This will give
a blinking effect. To keep the speed of the blinking slow, we will write the blank
only every tenth time the routine is called. We will use FL (for flip) to keep track
of which mode we will print in reverse (—1) or normal (+1). When the blank is
printed FL will be flipped for the next time. CT keeps tracks of how many times
the routine has been called since the last time it was printed

998 CT=CT+1

985 IF CT<>18 THEN RETURN: REM DONT PRINT THIS TIME

998 IF FL=1 THEN PRINT ' '';BS$;

910 IF FL=-1 THEN PRINT CHR$(18);' '";CHR$(146);BS$; :REM
PRINT IN REVERSE

915 CT=@ :REM RESET COUNTER

928 FL=FL*-1 :REM FLIP FL

925 RETURN

If you want to change the speed of the blinking, just adjust the number tested for
on line 905.

Here is the input routine all together. If you have the diskette that is
available to accompany this book the routine can be found in the file named
BETTERINPUT.

808 TE$='""":BS$=CHR$(157) : FL=1

805 GET T$:G0SUB 90@:1IF T$='"' THEN 805

818 IF T$=CHR$(13) THEN RETURN: REM WE HAVE A CARRIAGE
RETURN

815 IF T$=CHR$(20) THEN 86#: REM DELETE KEY

820 IF T$<CHR$(32) OR T$>CHR$(95) THEN 885: REM RANGE OF
LEGAL CHARACTERS

825 REM WE HAVE A GOOD CHARACTER

830 IF LEN(TE$)>=LI THEN 885

840 TE$=TE$+T$: REM ADD CHARACTER TO STRING

858 PRINT T$; :REM ECHO THE CHAR.

855 GOTO 8@5: REM GO BACK FOR MORE

859 REM DELETE KEY

860 IF LEN(TE$)=@ THEN 885

861 REM DELETE IN TWO STEPS

865 TE$=MID$(TES$,1, (LEN(TE$)-1))

878 PRINT ' '';BS$;BS$;'" '';BS$;

875 GOTO 8085

908 CT=CT+1
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985 IF CT<>1@ THEN RETURN: REM DONT PRINT THIS TIME

988 IF FL=1 THEN PRINT ' '"';BSS$;

918 IF FL=-1 THEN PRINT CHR$(18);' '';CHR$(146);BS$; :REM
PRINT IN REVERSE

915 CT=@ :REM RESET COUNTER

928 FL=FL*-1 :REM FLIP FL

925 RETURN

To use the routine place the length of the input in variable LI in the main pro-
gram and call it. For example:

300 PRINT "ENTER SOCIAL SECURITY NUMBER';
319 LI=9:GOSUB 808 :REM CALL INPUT ROUTINE
315 SS$=TE$ :REM USE STRING RETURNED

frapping function keys

Many programs use function keys to allow the user to enter a program option
at any point in the program, even while entering other data. Typically, this is done
in a word processing program when standard characters are typed to the screen
and function keys are used to activate functions like delete, search, etc. This is a
simple technique based upon the routine we just developed. After a character is
read with the GET statement, a check is made to see if it is a function key. If it is,
a subroutine is called to process it. Just one line must be added to our input rou-
tine, which tests the ASCII value of the character to see if it one of the function
keys.

817 IF ASC(T$)>=133 AND ASC(T$)<=148 THEN GOSUB subroutine

masked input

In some applications it would be useful to have a flexible input routine that
would display as a prompt a mask(or form) for the desired data. The purpose is to
give the user a guide while entering data. For example:

ENTER SOCIAL SECURITY NUMBER: . . . —-..- .
The routine to do this is quite interesting and challenging to write. It should be

general enough to

e Allow different masks to be used.
e Allow different punctuation symbols—-/, :, —, etc.
e Allow limiting the range of input at each position.

Here is the pseudocode:

e Display mask
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e Move cursor over rightmost position
e Set mask pointer to 1
o Examine mask for first position

A. Accept a character (GET)

If it is a carriage return, RETURN

If it is a delete, GOTO B

If it is position for a letter, check validity
If not valid, GOTO A

If it is position for a number, check validity
If not valid, GOTO A

Place character in string

Increment mask pointer

If pointer > LEN(mask), GOTO A

Check next mask position
If position for a letter or number, GOTO A
If punctuation, skip past it & add symbol to string
GOTO A

B. Decrement pointer
Remove deleted character from string

Replace dot or punctuation symbol
GOTOA

writing the routine

The general form for the mask is “9X-99” where
a9 is a position for a number
an X is a position for a letter

the - is a punctuation symbol

The variable M$ will hold the mask, M$="9X-99”

Points to be considered in writing the routine are

e Allow only the proper input in each position
e The user should not enter punctuation symbols
e The punctuation symbols should be jumped over by the delete key

The basic strategy is to

e Display the mask with .’s in the input positions
e Backspace to the first position

e Use a pointer (I) and the MID$ function to look at the proper input
foreach position as it is being entered

Variables Used
M$ holds the mask
LI length of mask
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I current position in mask
TE$ string being built
T$,C$ scratch strings

If you have the available diskette you can find this routine in a file named
MASKEDIN.

307 REM **kkkkhkkkkkkkhkkkkkkk

398 REM * INPUT WITH MASKS *

300 REM **kkkkkkkkkhkkhkhkkkkkk

409 LI = LEN(M$)

405 TE$=""

406 BS$=CHR$(157) :REM BACKSPACE
407 FS$=CHR$(29) :REM FORWARD SPACE
408 REM

409 REM **DISPLAY MASK**

419 FOR I=1 TO LI

415 T$=MID$(M$,1,1)

420 IF T$="9" OR T$="X" THEN PRINT '".'";:GOTO 439
425 PRINT T$;

430 NEXT I

435 FOR I=1 TO LI:PRINT BS$;:NEXT
436 REM

437 REM

440 1=1 :REM SET POINTER

442 C$=MID$(M$,1,1)

445 GET T$:IF T$='""" THEN 445

446 IF T$=CHR$(13) THEN RETURN
447 IF T$=CHR$(20) THEN 609

448 IF I>LI THEN 445

449 REM

450 IF C$="'X"" THEN 465

454 REM **ACCEPT A NUMBER*x

455 IF T$<"@'" OR T$>"9'" THEN&44S
460 GOTO 470

461 REM

462 REM

464 REM **ACCEPT A LETTER88

465 IF T$<"A" OR T$>'"'Z'" THEN 445
466 REM

467 REM

470 PRINT T$; :REM PRINT CHAR.
475 TE$=TE$+T$

488 I=I+1 :REM INCREMENT POINTER
490 IF I>LI THEN 445

497 REM

498 REM



499
500
510
520
539
540
550
580
590
595
600
604
605
606
619
615
630
659

positio
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REM **CHECK NEXT MASK POSITION*=*
C$=MID$(M$,I,1)

IF C$="9" OR C$="'X"" THEN 442

PRINT FS$; :REM SPACE PAST A PUNCTUATION
TE$=TE$+C$

I=1+1

GOTO 442

REM

REM

REM **DELETE**

I=I-1 :REM DECREMENT POINTER

REM CHECK POSITION ON LEFT
C$=MID$(M$,I,1)

TES=LEFT$(TES, LENCTES)-1)

IF C$="9" OR C$="'X"" THEN630

PRINT BS$;:1=I-1:G0T0 685 :REM JUMP PUNCTUATION
PRINT BS$''.''BS$;

GOTO 445

ning the cursor for output
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Commodore BASIC lacks the facility to position the cursor to a specific
screen location prior to a PRINT. This hampers the development of many pro-
grams. Fortunately, there is a solution to this problem. The Kernal contains a call-
able routine which can place the cursor at any XY position on the screen, where X
is a horizontal position from 0 to 39 and Y is a vertical position from 0 to 24. This
Kernal routine, called Plot, is somewhat difficult to use, requiring a machine lan-
guage routine to access it. We must use a BASIC subroutine to POKE the
machine language routine into an area of memory unused by BASIC (the tape 1/
O buffer starting at location 828 is used). Then the machine language routine
must be executed with a SYS command. Finally, after the machine language rou-
tine has executed, we must RETURN from the BASIC subroutine.

1000
1005
1910
1815
1020
1825
1930
1835
1040
1045
1850
1855

L0=828

POKE LO, 162
POKE LO+1, Y
POKE LO+2, 168
POKE LO+3, X
POKE LO+4, 24
POKE LO+5, 32
POKE LO+6, 248
POKE LO+7, 255
POKE LO+8, 96
SYS LO

RETURN
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For example, to start printing at position X=0 Y =4, the code to include in a pro-
gram is

100 X=@:Y=4:G0SUB 1008
110 PRINT "THIS IS AT £,4"

input screens

Input screens display a screen full of prompts for the user and then start
accepting data at the first prompt. This gives the user a sense of entering a full
page of information at a time. Most systems require a lot of data entry to use
them. In writing screens, we will use both the mask and the direct cursor position-
ing routines which have already been developed in this chapter. We will use five
arrays to keep track of the prompts, the masks, the X and Y positions, and the data
entered. We will cycle through the arrays displaying the prompts and the masks at
their proper positions. Then the mask routine will be called at each prompt in the
screen to accept the data. The data that is entered was stored in an array, INS.
There is a problem in that we first want to display the masks after the prompts,
but the mask routine accepts input right after displaying the mask. The solution is
to display all the masks, without using the mask routine, by using simple PRINT
statements. Then, when the mask routine is called, we will position the cursor at
the beginning of the mask. When the mask is redisplayed by the routine, it will be
superimposed on the one already on the screen. The mask routine has to be
altered slightly to use the masks from an array.

variables used

arrays
X & Y holds the position for the prompts
PR$ holds the prompts
M$ holds the masks
IN$ holds the input accepted

99 PRINT CHR$(147)

95 REM DISPLAY PROMPTS AND MASKS

180 FOR I =170 3

118 X=X(I):Y=Y(I):GOSUB 19@@:REM CALL POSITION ROUTINE
120 PRINT PR$(I);M$(I);

138 NEXT I

135 REM GET INPUT

140 FOR I= 1 T0 3

150 X=X(I)+LEN(PR$(I)):Y=Y(I):GOSUB 1@80@: REM POSITION
CURSOR ON MASK

160 GOSUB 988 : REM CALL MASK ROUTINE

170 IF TE$='"X" THEN 788 : REM NO MORE INPUT

180 INS(I)=TES
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190 NEXT I
209 REM PROCESS DATA

GOTO 100

Below is the sample screen:

SOCIAL SECURITY NUMBER: ...-..-...

N

screen memory and ascii

The Commodore 64 screen is composed of a grid of 25 rows (numbered 0
through 24) and 40 columns (numbered 0 through 39). This yields 1000 possible
locations on the screen. Each location on the screen has a controlling memory
address associated with it. The memory addresses 1024 to 2023 are reserved for
this purpose. What is displayed on the screen is dependent on the contents of
each memory location. Each possible value from 0 to 255 in that location displays
a different character on the screen. The screen display codes are listed in Appen-
dix F. Here is a brief summary.

Letters A.Z Codes1..26
Numbers 0..9 7 48..57
Reverse letters A..Z ”129..154
Reverse numbers 0..9 ”176..185
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A character can be displayed on the screen by POKEing its code into the
proper screen memory position. For example, to place an A in the upper left-hand
corner of the screen, POKE 1024,1; for a reverse A, POKE 1024,129. The memory
location of any position on the screen can be determined by the formula
Loc=1024+X+Y*40. A character on the screen can easily be changed to reverse
video by PEEKing the proper location, adding 128 to the value, and POKEing it
back into the location. We will later use this technique to simulate a cursor. Unfor-
tunately, the codes used as screen codes do not coincide with the codes used to
represent characters everywhere else in the computer, such as in a string variable
or in a file. The other code used is known as ASCII (American Standard Code for
Information Interchange). The ASCII codes are listed in Appendix E of this book.

screen reading input

None of the input routines we have explored allows the use of the left and
right cursor keys to edit the information being input. A routine that has this facil-
ity is more complex and challenging to write than the previous examples. When
the cursor is moved, it must display the character that is underneath it. This was
simple when there was no character under the cursor, but if the cursor is moved over
a character, we must find the character underneath the cursor. A second problem
involves handling the changes made to the string being built. Using the string
functions for this would be very clumsy. The solution hinges on changing our
approach to one more like that used by the Kernal for input. This new routine will
display the characters on the screen and allow for the use of the cursor keys, but
will not build the string until the carriage return is entered. Then the routine will
build the input string by scanning the characters on the screen and concatenating
them into one string. Here is the psuedocode for the routine. This routine can be
found in the available diskette in a file named “SCREENREADER.”

A. Accept input (GET) with blinking cursor
If it is a left arrow GOTO B
If it is a right arrow GOTO C
[f it is a carriage return GOTO D
Check the character’s validity
If valid:
Print on screen
Increment position counter for next character

GOTO A

B. Print character under cursor (just in case it is in reverse mode)
Decrement position counter
Print cursor left character (CHR$(157))
GOTO A

C. Print character under cursor
Increment position counter
Print cursor right character (CHR$(18))
GOTO A
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D. FOR I= first position TO last position
Convert screen code to ASCII code
Add character to string TE$
NEXTI

cursor routine

e PEEK screen memory for character at cu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>