






































































































































































































































































































































































































































































































































252 More on Records and Flies 

are playerName, whichSport and touchDowns. This appears to be a waste of 
space, since the other nonrelated fields in the record have to be written but 
don't contain any information. One way to avoid wasting space is to use a 
variant record, a structure that allows you to define a particular data space 
to be called up by different names. In other words, you can overlay your data 
fields. In order for you to be able to use an overlay structure like a variant 
record, some of the fields in the record structure must be mutually exclusive. 
Fortunately, several groups of fields in SportRecord are not used at the same 
time, so you can set it up as a variant record like this: 

Type 
SportType = (Baseball, Basketball, Football, Hockey); 

SportRecord = record 
playerName : String[40]; 
whichSport : SportType; 
caseSportType of {variant part} 

Baseball : (atBats: integer; 
hits : integer; 
walks : integer; 
runs : integer); 

Basketball : (twoPtFieldGoals : integer; 
threePtFieldGoals : integer; 
freeThrows : integer); 

Football : (touchdowns : integer); 
Hockey : (goals : integer; 

assists : integer); 
end; 

This declaration starts just like the earlier one, with PlayerName and 
whichSport. However, immediately after that begins the declaration of a 
variant with a case statement. This case statement is different from the 
one you have seen previously. Instead of branching the program control to 
different blocks of Pascal statements, it is used in the variant record to show 
what the variant portions are based on. In this case the variant portion is 
broken up by SportType. So for each SportType a block of variables looks 
like this: 

Enumeratedltem : (Var1 : Var1Type; 
Var2 : Var2Type; 

VarN : VarNType); 
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where Enumeratedltem is one of the possible values of the case type; for 
example, Baseball is one of the values for the SportType. The list of variables 
associated with that variant portion is then placed within parentheses. Finally, 
the structure is completed with the end statement. The functionality of the 
record structure is not changed; if playerRec is declared as a SportRecord, 
you still refer to each field like this: 

playerRec.atBats 

or 

playerRec.whichSport 

The most significant task so far accomplished is that the total record size has 
been decreased from 64 bytes to 52 bytes without sacrificing any function. 
The record size is smaller because the separate sport blocks overlay each 
other so that no space is reserved for empty categories. The largest block 
is the one for Baseball, which has four 2-byte integers. The total length of 
SportType is the sum of the fixed fields and the longest variant portion: 

playerName 42 bytes 
whichSport 2 bytes 
Baseball 8 bytes 

5 2 fixed bytes 

BaseBall is the longest variant portion at four 2-byte fields. 
When using a variant record, it is the programmer's job to make sure 

always to look at the correct variant block. For instance, don't look at atBats 
when working with a hockey player. This is no different from working with 
the original SportType. Note that if you know the value of whichSport, you 
can determine exactly which variant block to use. 

You have just completed one of the most important chapters in this book, 
all about working with disk-based files and record structures to write even 
the most sophisticated of programs. Be sure to take another look over the 
major topics of this chapter before moving on to our next subject, debugging. 

Review Summary 
1. The EOF (filename) function is the end-of-file status, which is set to 

TRUE when there are no more records in the file. 
2. Turbo Pascal supports the standard Pascal file 110 routines such as 

reset, close, read, and write, but more important, it offers several other 
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Quiz 

1/0 routines that permit more flexibility and better error handling. The 
most useful of these routines are Create, FSOpen, FSClose, SetFPos, 
FSWrite, FSRead, and FlushVol. 

3. The operator @ may be used to determine the address of a variable by 
placing it before the variable's name; for instance, address:= @myVar;. 

4. Sorting is the act of organizing records in a particular order, for example 
alphabetically or numerically. 

5. Merging is the act of combining a set of records with existing records 
so that the entire new file is properly sorted. 

6. A variant record structure allows you to overlay mutually exclusive 
blocks of fields within a record. 

1. Draw an analogy between a file to and collection of musical albums. 
2. In the program PhoneBook, what was the purpose of this statement: 

anErr := SetFPos ( refNum, FSFromLEOF, 0 ); 

3. What is the most important advantage of using variant record struc­
tures? 
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In this chapter you wlll learn: 
• Some tips on debugging programs with Turbo Pascal on the Macintosh. 
• A file-dump utility that wlll allow you to view entire contents of files. 
• A file-encryption program to protect your files from unwanted viewing. 
• How to use the debuggers available to you with Turbo Pascal on the Macintosh: 

MacsBug and TMON. 

Debugging 
Program logic up to now has, I trust, been very easy for you to follow. 
Programs only a few dozen lines long can be written and debugged in a 
fairly short time. Debug means to fix problems in programs. A debugger is a 
utility that assists the programmer in fixing the problems by allowing him to 
step through his program line by line and look at and modify variable values. 
If you run into a problem with a program, with the help of a debugger you 
may be able to single out a variable and see why it's causing you headaches. 

The Turbo Pascal package includes a debugger from Apple called Macs­
Bug. This debugger is difficult to use with Turbo for several reasons; for one, 
it is very difficult to locate code within it. MacsBug is a 68000-based de­
bugger, so if you are not familiar with 68000 assembly code, it will be even 
harder to work with. 
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As an alternative, the TMON debugger from ICOM Simulations, Inc., is an 
excellent 68000-based debugger you can purchase separately. I will briefly 
discuss each of these debuggers later in the chapter, but for now look at 
methods of debugging your programs if you don't want to get into assembly 
code. The following few debugging tips will probably come in handy some 
day, and you will be able to solve some problems without a debugger. 

First of all, closely monitor your program for such things as disk activity 
and screen display. For instance, you might notice that one string is making 
it to the screen but the next one is not, so you compare the code for the two 
strings to see what code executed between them may be causing a problem. · 
Or maybe you're working with a file-based program that is supposed to read 
and write a file on one of your disks. If the disk never starts moving before the 
program bombs out, look at the code before the disk command statements. 
With just these small bits of knowledge you can more easily locate your 
problem. 

If you're having problems with a particular variable and you're not sure 
what value it is holding, it is a good idea to use a few Writeln statements to 
display the variable at strategic locations. This is called echo printing because 
the value of the variable echoes on the screen. Although this process requires 
an extra compilation or two, it can save hours of distress. In fact, in writing 
this book I relied heavily on echo printing to solve several strange problems! 

If you start working with very lengthy programs, you may find it convenient 
to have a debug routine you can call at any time to look at particular variables. 
This is a rather awkward way to fix problems, but once you get the procedure 
written, you insert calls to it only where you need them; you do not have to 
worry about duplicating large blocks of code and remembering to remove 
them once the problems are fixed. 

If you are working with a file-building program and are able to achieve 
some disk activity, you can get some idea of whether something was actually 
written out by using the option Get Info ... from the File menu on the desktop. 
Sometimes this is all you need to see whether anything was written to the 
file. On the other hand, you may wish to find out exactly what was written 
instead of just the size of the file. For this reason I have developed a file-dump 
program that allows you to look at most of your files to see exactly what 
they contain. 

File Analysis 
Let's take a look at this program: 



Program HexDump; 

{$R+} 
{$1-} 

Uses 
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MemTypes, QuickDraw, Oslntf, Toollntf; 

Var 
1, J : integer; 
fileName : String[15); 
wait : char; 
inChar : char; 
asciiArr : array [1..16) of char; 
hexArray: array (0 .. 15) of char; 
theFile : text; 

Procedure PrintHex; 

Type 
OverlayType = record 

case boolean of 

Var 

TRUE: (along : longint); 
FALSE: (aChar : char; 

end; 

bChar : char; 
cChar : char; 
dChar: char); 

anOverlay : OverlayType; 
loNib, hiNib : char; 

{counters} 
{file to be dumped} 
{used in "Press any key ... "} 
{each character processed in file} 
{the array of characters to be printed} 
{array of hex digits} 
{the actual file to be read} 

{variant for longint and char} 

{the longint portion} 

{the four-character portion} 

{the var used for overlaying} 
{the low and high nibbles to print} 

begin {procedure PrintHex} 
anOverlay.aLong := BitAnd ($00000000, $00000000); {set all bits off} 

anOverlay.bChar := inChar; 

(*****************************************************************) 

(* BitAnd so that only get lower 4 bits *) 
(*****************************************************************) 

loNib := hexArray [BitAnd ($0000000F, anOverlay.aLong)]; 
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(*****************************************************************) 

(* BitShift 4 bits to get upper 4 bits *) 
(*****************************************************************) 

anOverlay.along := BitAnd ($000000FO, anOverlay.along); 
hiNib := hexArray [anOverlay.along shr 4]; 

(*****************************************************************) 

(* Now write them out *) 
(*****************************************************************) 

write (hiNib, loNib, ' '); 
end; 

begin 
hexArray[O] := 'O'; 
hexArray[1] := '1 '; 
hexArray[2] := '2'; 
hexArray[3] := '3'; 
hexArray[4] := '4'; 
hexArray(5] := '5'; 
hexArray[6] := '6'; 
hexArray[7] := '7'; 
hexArray[8] := '8'; 
hexArray[9] := '9'; 
hexArray[10] :='A'; 
hexArray[11] := 'B'; 
hexArray[12] := 'C'; 
hexArray[13] := 'D'; 
hexArray[14] := 'E'; 
hexArray[15] := 'F'; 
write ('Please enter the file name:'); 
readln (fileName); 
if (fileName = ") then 

fileName := 'Nameless'; 
reset (theFile, fileName, 1 ); 

{procedure PrintHex} 

{main routine of HexDump} 
{initialize HexArray to hex digits} 

{buffer size of 1 } 
(***********************************************~****************) 

(* If the file doesn't exist, display message *) 
(****************************************************************) 

if IOResult <> O then 
writeln (' NON-EXISTENT FILE ERROR!') 

else 
begin 

for j := 1 to 16 do 
asciiArr[j] := '.'; {initialize array} 



i := 1; 
while NOT EOF (theFile) do 
begin 

read (theFile, inChar); 
PrintHex; 
if (inChar IN [' '..' ... ]) then 

asciiArr[i] := inChar; 
if (i = 16) then 
begin 

write(' '); 
for j := 1 to 16 do 
begin 

write (asciiArr[j]); 
asciiArr[j] := '.'; 

end; 
writeln; 
i := 1; 
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{printable characters} 

{force out ASCllArr and go to new line} 

{put 5 blanks between hex and ASCII} 

{re-initialize array} 

{force new line} 
{reset index array} 

(*****************************************************************) 

(* Allow user to freeze screen after each line *) 
(*****************************************************************) 

if KeyPressed then 
begin 

wait := ReadChar; 
wait := ReadChar; 

{once to clear buffer} 
{again to go on} 

(*****************************************************************) 

(* Allow user to quit *) 
(*****************************************************************) 

if (wait = 'Q') OR (wait = 'q') then 
halt; 

end; 
end 
else 

i := i + 1; 
end; 

if (i > 1) AND (i < 16) then 
begin 

for j := 1 to 16 do 
write (' '); 

write(' '); 
for j := 1 to i do 

write (asciiArr[j]); 
end; 

{just increment index array} 
{while NOT EOF (theFile) do} 

{gracefully force out rest of last line} 

{3 blanks per hex Byte dump} 
{put 5 blanks between hex and ASCII} 

{if (i > 1) AND (i < 16) then} 
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close (theFile); 
end; 
writeln; 
write In; 

{else} 

write (' Press any key to continue .. .'); 
inChar := ReadChar; 

end. {program HexDump} 

The hex-character dump program is fairly straightforward, but it introduces 
a few new concepts: text files, the function BitAnd, and the operator shr. 
You may have noticed that TheFile is declared as text. This is an easy 
way of declaring a file pointer to almost any type of file. I use text here 
because I want to be able to dump different types of files and I look at 
them on a byte-by-byte basis. You may have noticed the standard Pascal file 
routines reset, EOF, read, and close. This shows that programs can be written 
with Turbo Pascal using the standard procedures and can be ported to other 
Pascal compilers and interpreters. The function BitAnd simplifies converting 
characters to hexadecimal notation for output. BitAnd takes two parameters, 
both longint types, and performs a logical AND on them. The result of a 
logical AND is determined by turning on the bits in both the parameters. For 
example, if I perform an AND on 7 and 14, I compare the binary values as 
follows: 

00000111 {7} 
AND 00001110 {14} 

00000110 {6} 

The result is 6 because only the second and third rightmost bits are on in 
both 7 and 14. 

In the program HexDump I use BitAnd to mask out 4 bits at a time from 
the byte in question. If I do a logical AND against the hex value $0000000F, 
the result will always be the 4 low-order bits of the value I AND it against. 
In this manner I can isolate the high- and low-order nibbles (a nibble is half 
a byte) of the byte we are converting. 

The operator shr (shift/right) moves bits to the right in a value. Once I have 
isolated the high-order nibble in a character using BitAnd with $000000FO, 
I need to shift the bits to the right four slots so as to finish the conversion. 
The index: 

[ anOverlay.aLong shr 4] 

takes the current value of anOverlay.aLong and returns a new value in which 
all the on bits are shifted 4 positions to the right. The opposite of this is shl 
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(shift left), which may be used to shift bits left by a specified number of 
positions. 

When you run the program, you are prompted to enter the name of the file 
to examine. The file is displayed in both ASCII and the character translation. 
For example, if you enter the file 

Hi there. 
This is what a file dump looks like. 
As you can see, even numbers look kind of funny! 
1234567890 
But, this is a very good debugging tool for files. 

Its file dump looks like this: 

48 69 20 74 68 65 72 65 2E OA 54 68 69 73 20 69 Hi there .. This i 
73 20 77 68 61 74 20 61 20 66 69 6C 65 20 64 75 s what a file du 
60 70 20 6C 6F 6F 6B 73 20 6C 69 6B 65 2E OA 41 mp looks like .. A 
73 20 79 6F 75 20 63 61 6E 20 73 65 65 2C 20 65 s you can see, e 
76 65 6E 20 6E 75 60 62 65 72 73 20 6C 6F 6F 6B ven numbers look 
20 6B 69 6E 64 20 6F 66 20 66 75 6E 6R 79 21 OA kind of funny!. 
31 32 33 34 35 36 37 38 39 30 OA 42 75 74 2C 20 1234567890. But, 
74 68 69 73 20 69 73 20 61 20 76 65 72 79 20 67 this is a very g 
6F 6F 64 20 64 65 62 75 67 67 69 6E 67 20 74 6F ood debugging to 
6F 6C 20 66 6F 72 20 66 69 6C 65 73 2E OA ol for files .. 

Each line of the dump represents 16 bytes of the file, first in ASCII and 
second in the converted-character representation. Remember, ASCII is a 
method of representing characters that is recognizable by computers. The 
hexadecimal ASCII conversion values for printable characters are as follows: 

Hex Value Character 

20 (space) 
21 ! 
22 " 
23 # 
24 $ 
25 112 
26 & 
27 
28 ( 
29 ) 

Hex Value 

2A 
2B 
2C 
2D 
2E 
2F 
30 
31 
32 
33 

Character 

* 
+ 

I 
0 
1 
2 
3 
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Hex Value Character Hex Value Character 

34 4 S9 y 
3S s SA z 
36 6 SB [ 
37 7 SC I 
38 8 so ] 
39 9 SE 
3A SF 
3B . 60 ' 3C < 61 a 
30 - 62 b 
3E > 63 c 
3F ? 64 d 
40 @ 6S e 
41 A 66 f 
42 B 67 g 
43 c 68 h 
44 0 69 i 
4S E 6A j 
46 F 6B k 
47 G 6C I 
48 H 60 m 
49 I 6E n 
4A J 6F 0 

4B K 70 p 
4C L 71 q 
40 M 72 r 
4E N 73 s 
4F 0 74 t 
so p 7S u 
Sl Q 76 v 
S2 R 77 w 
S3 s 78 x 
S4 T 79 y 
SS u 7A z 
S6 v 7B { 
S7 w 7C I 
S8 x 70 } 

Analysis of files with this program shows exactly how much information is 
written to the file on a byte-by-byte basis until the end of the file is reached. 
You may have noticed that there are several dots ( ·:) in the character 
translation that were not in the original file. The dots represent nonprintable 
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characters and those that are not easily represented on the screen. If you 
are dumping a file that starts to scroll off the screen, you can press any key 
to freeze the screen and take a closer look at that portion of the dump. To 
continue, just press a key other than Q. If you do press Q while the screen 
is stopped, the program calls the procedure Halt. Halt stops the program and 
returns you to the Macintosh desktop or the Turbo Pascal editor, depending 
upon how your program was invoked. 

As you can see, this dump utility is quite useful in many applications. Now 
look at a program that allows you to encipher data files so that nobody else 
can read them. 

Encipher/Decipher Program 
Try the following program: 

Program CiphDecip; 

{$1-} 

Var 
selection : char; 
valid : boolean; 
inFileName : String[15]; 
outFileName: String[15]; 
inFile : text; 
outFile : text; 
aChar : char; 

Procedure Encipher; 

{user's selection} 
{is the input valid?} 
{name of the input file} 
{name of the output file} 
{file pointer for input} 
{file pointer for output} 
{a character in the file} 

begin {procedure Encipher} 
ClearScreen; 
write ('What is the name of the text file?'); 
readln (inFileName); 
if (inFileName = ") then 

inFileName := 'NoNamelnput'; 
writeln; 
write ('What is the name of the enciphered file?'); 
readln (outFileName); 
if (outFileName =")then 

outFileName := 'NoNameOutput'; 
reset (in File, inFileName, 1 ); {buffer size of 1} 
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if IOResult <> 0 then 
begin 

{flag as an error} 

writeln; 
writeln (' 

end 
NON-EXISTENT INPUT FILE!'); 

else 
begin 

rewrite (outFile, outFileName); 
while NOT EOF (inFile) do 
begin 

read (inFile, aChar); 
aChar := CHR (ORD (aChar) + 1); {add one to encipher data} 
write (outFile, aChar); 

end; 
close (inFile); 
close (outFile); 
write In; 
writeln (' YOUR FILE HAS NOW BEEN ENCIPHERED!'); 

end; 
writeln; 
write (' Press any key to continue .. .'); 
selection := ReadChar; 

end; {procedure Encipher} 

Procedure Decipher; 

begin {procedure Decipher} 
ClearScreen; 
write ('What is the name of the enciphered file?'); 
readln (inFileName); 
if (inFileName =")then 

inFileName := 'NoNameOutput'; {name of nameless output in Encipher} 
writeln; 
write ('What is the name of the deciphered file?'); 
readln (outFileName); 
if (outFileName = ") then 

outFileName := 'NoNamelnput'; 
reset (inFile, inFileName, 1 ); 
if IORresult <> 0 then 

{name of nameless input in Encipher} 
{buffer size of 1 } 

begin 
writeln; 
writeln (' 

end 
NON-EXISTENT INPUT FILE!'); 

else 



begin 
rewrite (outFile, outfileName); 
while NOT EOF (inFile) do 
begin 

read (inFile, aChar); 
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aChar := CHR (ORD (aChar) - 1); {subtract one to decipher data} 
write(outFile, aChar); 

end; 
writeln; 
writeln(' YOUR FILE HAS BEEN DECIPHERED!'); 
close (inFile); 
close (outFile); 

end; 
writeln; 
write(' Press any key to continue .. .'); 
selection := ReadChar; 

end; 

begin 
valid := FALSE; 
while NOT valid do 
begin 

ClearScreen; 

{procedure Decipher} 

{program CiphDecip} 

writeln (' Please select the option you would like to do:'); 
writeln (' 1. Encipher a text file'); 
write (' 2. Decipher an enciphered file'); 
selection := ReadChar; 
case selection of 

'1': begin 
valid := TRUE; 
Encipher; 

end; 

'2': begin 
valid:= TRUE; 
Decipher; 

end; 

otherwise 
begin 

writeln (' INVALID RESPONSE ... PLEASE TRY AGAIN!'); 
writeln; 
write (' Press any key to continue .. .'); 
selection := ReadChar; 
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end; 
end; 

end; 
end. 

{case Selection of} 
{while NOT valid} 
{program CiphDecip} 

The basic premise behind the encipher program is to add 1 to every byte 
in the file and write the results out to a file. In other words, all spaces appear 
as $21, capital A appears as $42, and so on. The output file will hold your 
enciphered file and no one will be able to read it, without the algorithm behind 
the encipher program. When you need to view your file, you run the decipher 
option. The program can easily be modified to allow you to delete the original 
file or a deciphered file to a file. For those who are interested in working 
with the 68000-based debuggers available for Turbo Pascal programs, the 
next sections discuss the use of MacsBug and TMON. 

Macs Bug 
In the Misc Folder on the Turbo Pascal Utilities and Sample Programs disk 
is a file called MacsBug; this is the debugger Borland provides for use 
with Turbo Pascal. MacsBug is intended for use with assembly-language 
programs and compilers that provide an intermediate step between high-level 
languages and 68000, generating assembly-language listings. MacsBug can 
debug Turbo programs provided patience and a fairly good knowledge of 
68000 assembly language. 

To begin with, copy the MacsBug file into the System Folder of the boot 
disk you will use when you debug. When you boot from that disk, the 
regular "Welcome to Macintosh" screen will say at the bottom of the box 
that MacsBug is installed. From this point on you may never notice that you 
have installed MacsBug because no other screens are affected. 

You may invoke the debugger in one of three ways: first, by pressing 
the interrupt button on the programmer's switch on the rear left side of the 
Macintosh; a second, by placing a call to MacsBug. In order to do this, you'll 
have to explain to Turbo that MacsBug is a routine defined like this: 

Procedure MacsBug; inline $A9FF; 

If you place that declaration anywhere between the program declaration and 
the beginning of the main routine, you may invoke MacsBug simply by calling 
the procedure. The final method of invoking MacsBug is actually a safety 
measure; if a system error occurs while MacsBug is installed, MacsBug will 
automatically kick in to gear. This way, if your program does bomb out, 
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at least you can look around at variables and instruction paths to get some 
information on the crash. 

Before you use MacsBug, compile with $D, which generates debug sym­
bols, and compile the program to disk besides. $D+ allows you to look for 
your procedure and function names in the assembly listing while you are 
working in the MacsBug environment. This should help a bit in pinpointing 
specific instructions, but you still must have a good understanding of 68000 
assembly code to see how the Turbo statements are translated. You should 
compile your program to disk and start it up by double-clicking on it be­
cause memory is set up differently when you run your program from within 
the Turbo environment. 

When you do invoke MacsBug, your screen will clear and the MacsBug 
screen will take over. The instruction about to be executed will be displayed 
along with all 68000 registers-AO through A7, DO through D7, the program 
counter (PC), and the status register (SR). At this point you may start 
interacting with the debugger by entering the MacsBug commands listed 
in your Turbo Pascal manual. Below is a brief description of some of the 
more useful commands: 

? Provides help with the MacsBug debugger. 
DV Displays the MacsBug version number. 
RB Reboots the system from within MacsBug. 
EA Exits to the application running when MacsBug was invoked. 
DM [[address] number] Displays memory at the address provided for the 

number of bytes specified. 
TD Provides a total display of the registers. 
BR [address] Sets a breakpoint at the address specified. 
G Continues execution of the program. 
CL Removes all breakpoints (or selective breakpoints if CL [address]). 
S Single-step execution of the program. 
HD Provides a complete dump of heap information. 
IL [address [number] Disassembles memory beginning at specified address 

for number of bytes listed. 
Dn [value] The Dn (DO, Dl, D2) by itself will display the value of the 

specified register. If a value is placed after the register name (for 
example D 1 FFFFFFFF), that value is plugged into the register. 

An [value] Same as Dn [value] described above except works with address 
registers. 

Several other instructions are available in MacsBug. They are briefly 
described in the Turbo Pascal manual. If you are not familiar with the 
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workings of 68000 assembly, I suggest you read a book or two on the subject 
(such as The Complete Book of Macintosh Assembly Language Programming, 
Volumes I and II from Scott, Foresman and Company). Even with a good 
understanding of assembly language, MacsBug is rather difficult to use. A 
more powerful debugger, TMON, may be purchased separately from ICOM 
Simulations, Inc. Take a look at some of TMON's capabilities. 

TMON 
A 68000-based debugger for the Macintosh, TMON may be purchased 
separately at a local computer store. If you have trouble finding it, you can 
order it, at this address: 

ICOM Simulations, Inc. 
648 S. Wheeling Road 
Wheeling, IL 60090 

or call (312) 520-4440. 
Unlike MacsBug, TMON has its own small installation procedure, detailed 

in the manual that comes with the debugger. Once you have installed TMON, 
you may invoke it by pressing the interrupt button on the programmer's 
switch. This is where the real differences between MacsBug and TMON 
become apparent. 

Window-based TMON also uses the Macintosh menu environment, albeit 
in a rather bare-bones manner. You may have several debug windows open at 
a time so as to look at assembly instructions, view the heap, set breakpoints, 
and so forth. Each window may be opened by selecting the appropriate item 
from the TMON menu bar. Rather than restricting you to the conventional 
debugger interaction of entering a command and awaiting a response from 
the computer so that you may enter another, TMON allows you to modify 
instructions, registers, and so on. To do so place the cursor via the mouse 
over the item to be changed, select it just like text in the Turbo Pascal editor, 
and modify it. This debugger truly uses the Macintosh-style interface and is 
a pleasure to use. In short, you can do everything in TMON that you can do 
in MacsBug, do a good deal more, and because it is so easy to use, probably 
go further with TMON than with MacsBug. TMON is an excellent package, 
used in many software houses that write Macintosh programs. You still need 
to know how 68000 assembly language works-a handy 68000 reference 
booklet is included with the TMON package-so there is no difference in 
this regard between MacsBug and TMON, but we believe TMON is a better 
product. 
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Review Summary 

Quiz 

1. A debugger is a utility that may allow you to view your program's 
execution line by line, look at, and modify variables. 

2. Echo printing is a debugging method showing variable values at strate­
gic locations within your code. 

3. The Turbo Pascal package includes the MacsBug compiler from Apple, 
but the TMON debugger is much easier to use and more powerful than 
MacsBug. 

1. Why is it sometimes beneficial not to have access to a sophisticated 
debugger? 

2. What does the following ASCII string say? 

43 20 49 53 20 46 55 4E 

3. What is the result using BitAnd on the following values? 

A. 14 AND 3 C. 15 AND 15 
B. 8AND2 D. 3 AND 12 
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In this chapter you wlll learn: 
• How to work with some popular graphics routines available to you in Turtle and 

QuickDraw. 
• About the unique environment used to work with QulckDraw routines In Turbo Pascal. 
• How to design programs that use the mouse-oriented routines. 
• How to write and store songs using a music library routine. 
• How to use resource files and RMaker. 
• How to write event-driven programs on the Macintosh. 

Graphics 
As you probably know, the Macintosh is well known for its graphics. In 
fact, the level of graphics attainable on the Macintosh is unsurpassed in the 
microcomputer industry today. One of the reasons is the high number of 
pixels, or dots, per square inch on the Macintosh screen; the more dots in a 
given area, the crisper the resulting picture. 

In Turbo Pascal you have access to Turtle and QuickDraw, which are 
compilations of graphics routines. For various reasons these routines are 
much faster and probably easier to use than most graphics routines you could 
develop yourself. Take a look at the graphics available to you in Turtle. 
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Turtle Graphics 
Turbo Pascal offers Turtle, which allows you to create simple graphics 
without much effort. Turtle's routines let you draw figures in a manner similar 
to the Logo language's turtle graphics. Unlike many versions of Logo, Turbo 
has no cute little turtle or triangle showing the drawing tool, or pen in Turbo 
Pascal. When you use Turtle, the screen is treated as a grid whose home 
position (0,0) is in the center. Positive values on the horizontal, or x, axis 
take you to the right across the screen. Positive values on the vertical, or 
y, axis take you up the screen. You may draw on your screen with Turtle 
routines by specifying a location or by directing the pen and saying how far 
you want it to travel in that direction. There are thirteen procedures and three 
functions available in the Turtle unit; here is a brief description of each; 

Back(Distance) 

Clear 

This procedure moves the pen backward the distance specified. A negative 
distance will move the pen forward. 

This procedure clears the window and moves the pen to the home position 
(0,0) in the middle of the screen. 

Forwd(Distance) 
The opposite of Back(Distance), it moves the pen in the direction it is pointing 
for a specified Distance. If distance is negative, the pen will move backward. 

Direction := Heading 
The function Heading returns an integer value in the range 0 to 359 that 
specifies the angle at which the pen is pointing. The . value 0 means that 
the pen is pointing directly up, and any other value is the angle in degrees 
clockwise from the vertical. 
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Home 
The procedure Home places the pen in the home position in the window and 
points it straight up. 

No Wrap 
No Wrap keeps the pen from wrapping around from one side of the window 
to the other when it has gone outside the boundaries of the window. 

Pen Down 

Pen Up 

PenDown activates the pen so that drawing may begin. 

The opposite of PenDown, PenUp allows movement of the pen without 
drawing. 

SetHeading(Angle) 
SetHeading points the pen in the direction specified by Angle. As with 
Heading, an angle of 0 is straight up, and angles increase clockwise from 
0. Four constants have been declared in Turtle: 

SetPosltlon(x, y) 

Constant Name 

North 
East 
South 
West 

Value 

0 
90 
180 
270 

SetPosition lifts the pen and positions it at point (x, y). 

TurnLeft(Angle) 
TurnLeft rotates the pen counterclockwise for positiye angles and clockwise 
for negative angles. 
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TurnRlght(Angle) 
TurnRight rotates the pen clockwise for positive angles and counterclockwise 
for negative angles. 

TurtleDelay(Tlme) 

Wrap 

TurtleDelay may be used to set up a timing delay between operations; time 
is in milliseconds. 

The opposite of No Wrap, Wrap allows the pen's drawing action to wrap from 
one side of the window to the other when the pen goes outside the boundary 
of the window. 

Location:= XCor 
The function XCor returns an integer value that specifies the horizontal 
position of the pen. 

Location := YCor 
The function YCor returns an integer value that specifies the vertical position 
of the pen. 

For an example of some of the more useful Turtle routines, try the 
following program: 

Program TheTurtle; 

Uses 
MemTypes, QuickDraw, OSlntf, Toollntf, Turtle; 

Var 
aChar : char; 

: integer; 

begin 
SetPosition (-200, 125); 
SetHeading (East); 

{used for "Press any key ... } 

{program TheTurtle} 
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(*****************************************************************) 

(* First draw a rectangle. *) 
(*****************************************************************) 

Forwd (150); 
TurnRight (90); 
Forwd (75); 
TurnRight (90); 
Forwd (150); 
TurnRight (90); 
Forwd (75); 
(*****************************************************************) 

(*Now draw a circle. *) 
(*****************************************************************) 

SetPosition (100, 90); 
for i := 1 to 125 do 
begin 

TurnRight (3); 
Forwd (2); 

end; 

(*****************************************************************) 

(* Now draw a triangle *) 
(*****************************************************************) 

SetPosition (0, 10); 
SetHeading (225); 
Forwd (100); 
SetHeading (East); 
Forwd (142); 
SetHeading (315); 
Forwd (100); 
GotoXY (27, 23); 
write ('Press any key to continue .. .'); 
aChar := ReadChar; 

end. 

The output of this program, which draws a rectangle, circle, and triangle, 
is shown in Figure 13.1. Although no routines in the Turtle environment are 
explicitly used to make curved lines, you can draw curves, circles, and so on 
with creative code like this, which draws the circle: 

for i := 1 to 125 do 
begin 

TurnRight ( 3 ); 
Forwd ( 2 ); 

end; 
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TheTurtle 

0 

Press any key to continue . .. 

Fig. 13.1. 

For more sophisticated drawings you will probably want to use QuickDraw. 

Standard Macintosh Graphics 
The better to understand the concepts behind QuickDraw graphics in Turbo 
Pascal, look at the following program: 

Program Streetlight; 

(**************************************************************************) 

(* This program draws a streetlight on the standard output screen *) 
(* and flashes the three lights to different shades. *) 
(**************************************************************************) 

Uses 
MemTypes, QuickDraw; 

Var 
lightBox 
red light 

: Rect; 
: Rect; 

yellowlight : Rect; 

{The light box rectangle coordinates} 
{The red light's oval rectangle 

coordinates} 
{The yellow light's oval rectangle 

coordinates} 
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greenLight : Rect; 

loop 
count 
turboPort 

begin 

: integer; 
: integer; 
: GrafPtr; 

{The green light's oval rectangle 
coordinates} 

{loop control variable} 
{time delay for light display} 
{holds the Graf Ptr for PasConsole 

routines} 

(***************************************************************************************) 

(* Need to do the following sequence of three routines because Turbo *) 
(* defaults to using its own PasConsole info and we must save off the *) 
(* PasConsole info before calling lnitGraf and then restore it *) 
(* afterwards. Another alternative is to simply not use PasConsole by *) 
(* using the {$U-} directive and creating our own window via the *) 
(* window manager. *) 
(***************************************************************************************) 

GetPort (turboPort); 
lnitGraf (@thePort); 
SetPort (turboPort); 

HideCursor; 
SetRect (redLight, 228, 81, 253, 106); {set up all the rectangles} 
SetRect (yellowLight, 228, 112, 253, 137)·; 
SetRect (greenLight, 228, 143, 253, 168); 
SetRect (lightBox, 216, 75, 266, 175); 
FrameRect (lightBox); 
FillRect (lightBox, LtGray); 
for loop := 1 to 100 do 
begin· 

if odd (loop) then 
PenPat (black) {change the pen pattern to black} 

else 
PenPat (white); 

PaintOval (redLight); {paint the red light; black} 
for count := 1 to 5000 do 

if odd (loop) then 
PenPat (gray) 

else 
PenPat (white); 

PaintOval (yellowLight); 
for count := 1 to 5000 do 

if odd (loop) then 
PenPat (dkGray) 

{change the pen pattern to gray} 

{paint the yellow light; dark gray} 

{change to pen pattern to dark gray} 



else 
PenPat (white); 

PaintOval (greenLight); 
for count := 1 to 5000 do 

end; 
ShowCursor; 

end. 

standard Macintosh Graphics 277 

{paint the green light; gray} 

{for loop := 1 to 100} 

As you can see, the uses statement informs Turbo that I wish to use 
QuickDraw. The first item you have not seen before is Rect. In QuickDraw 
the rectangle is defined as follows: 

Rect = record 
case integer of 

0 : ( top, left, bottom, right : integer ); 
1 : ( topLeft, botRight : point ); 

end; 

Further, a point is defined in QuickDraw thus: 

VHSelect = (v, h); 
Point = record 

case integer of 
0 : (v, h : integer ); 
1 : ( vh : array[ VHSelect] of integer); 

end; 

structure is passed to several different QuickDraw routines and is used to 
specify a particular rectangle on the screen. 

The next unfamiliar type you will see is GratPtr, which points at a Graf­
Port record structure. The GratPort record structure contains a good deal of 
informaton controlling how QuickDraw operates. For a listing of the com­
plete GratPort type, refer to the description of QuickDraw in the Turbo Pas­
cal manual. I must declare the variable TurboPort as a GratPtr type for the 
following sequence of statements: 

GetPort ( turboPort ); 
lnitGraf ( @thePort ); 
SetPort ( turboPort ); 

As mentioned in the commented code, I need these three procedures because 
I am using the standard PasConsole output with QuickDraw. Generally, the 



278 Graphics, Sound, and Resources 

PasConsole output window is not used with QuickDraw, but it is indeed 
possible. Any time QuickDraw routines are used, you must first perform some 
initialization via InitGraf. ThePort is declared in QuickDraw as a GrafPtr, 
and its address passes to InitGraf for subsequent use by QuickDraw routines. 
Because I am using the PasConsole window, I first perform a GetPort, which 
retrieves the port using the variable TurboPort. Next I invoke InitGraf to 
perform the necessary initializations for QuickDraw. Finally I call SetPort to 
restore turboPort as the active port. It is not all that important to understand 
why these three procedure calls are necessary. Just remember that they must 
be invoked in that order whenever you use QuickDraw routines with the 
PasConsole output window. After I discuss the rest of the new routines in this 
program, I will show how to do the same program without the PasConsole 
output window. 

The next procedure, HideCursor, does just that: it hides the cursor so that 
it can't be seen on the screen even if you move the mouse around. A call at 
the end of the program to ShowCursor restores it. 

After HideCursor, I set up the coordinates for the light box itself and the 
three lights inside it via SetRect, whose first parameter is a Rect type, and 
the next four parameters are the left, top, right, and bottom coordinates re­
spectively. I can set up the rectangle coordinates with simple assignment 
statements, but SetRect combines four assignment statements in one proce­
dure call, minimizing the source code. 

I draw the light box by calling FrameRect with the LightBox as a pa­
rameter. FrameRect draws a rectangle with the coordinates of the parameter 
Rect. FillRect then fills in the light box with light gray, one of several shading 
constants defined in QuickDraw. 

The last section of program StreetLight is a for loop that changes the 
shading of the lights based on the function odd. For example, every time the 
loop variable is odd, the pen pattern for the red light is set to black via the 
PenPat routine. Next, PaintOval is called with redLight as the parameter. The 
routine PaintOval will draw an oval circumscribed by the parameter Rect, 
redLight in this case. Since the pen pattern was changed with PenPat, the 
redLight is drawn with black shading. On even iterations of the for loop the 
pen pattern is set to white and the redLight is drawn with white shading. The 
same logic is used to draw the yellow light with either gray or white shading 
and the greenLight with either dark gray or white shading. After each light 
has been drawn, a timing delay loop from 1 to 5000 slows the program down 
so that the color changing does not happen too rapidly. The outer for loop 
shows one way to perform simple animation on the Macintosh screen. 

In order to rewrite the program without the PasConsole output window, I 
create my own window via the Macintosh window manager. Here is how to 
rewrite the program with its own output window: 
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Program Streetlight; 

{$U-} 

(*****************************************************************) 

(*This version of Streetlight doesn't use the *) 
(* standard PasConsole routines ({$U-}) and uses *) 
(* QuickDraw to open an output window. *) 
(*****************************************************************) 

Uses 
MemTypes, QuickDraw, Oslntf, Toollntf; 

Var 
lightBox 
redlight 

: Rect; 
: Rect; 

yellowlight : Rect; 

greenlight : Rect; 

loop : integer; 
count : integer; 
windowRect : Rect; 
behind, wPtr : WindowPtr; 

begin 
lnitGraf (@thePort); 
lnitWindows; 

HideCursor; 

{The light box rectangle coordinates} 
{The red light's oval rectangle 

coordinates} 
{The yellow light's oval rectangle 

coordinates} 
{The green light's oval rectangle 

coordinates} 
{loop control variable} 
{time delay for light display} 
{Rect definition for output window} 
{window screen location and the pointer 

to it} 

SetRect (windowRect, 5, 50, 500, 300); {left, top, right, bottom} 
behind := POINTER (-1 ); {sets up window to be in front of all 

others} 
WPtr := NewWindow (nil, windowRect, 'Our Streetlight Output Window', 

TRUE, NoGrowDocProc, behind, FALSE, O); 

SetRect (redlight, 228, 81, 253, 106); 
SetRect (yellowlight, 228, 112, 253, 137); 
SetRect (greenlight, 228, 143, 253, 168); 
SetRect (lightBox, 216, 75, 266, 175); 
FrameRect (lightBox); 
FillRect (lightBox, LtGray); 
for loop := 1 to 100 do 
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begin 
if odd (loop) then 

PenPat (black) 
else 

PenPat (white); 
PaintOval (redLight); 
for count:= 1 to 5000 do 

if odd (loop) then 
PenPat (gray) 

else 
PenPat (white); 

PaintOval (yellowlight); 
for count := 1 to 5000 do 

if odd (loop) then 
PenPat (dkGray) 

else 
PenPat (white); 

PaintOval (greenLight); 
for count := 1 to 5000 do 

end; 
ShowCursor; 
DisposeWindow (wPtr); 

end. 

{change the pen pattern to black} 

{paint the red light; black} 

{change the pen pattern to gray} 

{paint the yellow light; dark gray} 

{change to pen pattern to dark gray} 

{paint the green light; gray} 

{for loop := 1 to 100} 

This version of the program executes like the first one except that the ti­
tle now displayed in the output window is Our StreetLight Output Window. I 
included Oslntf and Toollntf in the uses statement because the window man­
ager routines are defined in Toollntf. I have a few n~w variable declarations, 
including windowRect, a Rect definition of the output window. I also de­
clared a couple of WindowPtr types: behind and wPtr. WindowPtr is nothing 
more than a GrafPtr with its own definition for clarity. 

Immediately after our call to InitGraf the procedure InitWindows is in­
voked. InitWindows must be called before any other window manager rou­
tines. The cursor is hidden and a call to SetRect defines the boundaries of 
the window. Next parameters are set up for the call to the routine NewWin­
dow. The first parameter, nil, instructs NewWindow to allocate the storage 
space for our window. Next windowRect defines the boundaries Qf the win­
dow to be drawn. I pass the title to be displayed at the top of the window and 
set a Boolean flag to be TRUE if the window is to be visible and FALSE if 
not Next the parameter NoGrowDocProc instructs NewWindow to draw the 
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window without a grow box, the little box in the bottom right comer used 
for resizing windows. The parameter behind is next; it says whether or not 
this window will be displayed behind other windows. I set behind equal to 
the result of Pointer (-1), so NewWindow will place our window on top of 
all others. This is no big deal here, since this window will be the only one on 
the screen, but it is an important parameter for programs that display mul­
tiple windows. The next parameter, FALSE, tells NewWindow to close the 
window with a go-away box in the upper right comer. Finally, a reference 
constant of 0 is passed to designate this window as number 0. The call to 
NewWindow draws the window, and if you go on, the rest of the program is 
the same as the earlier version except that I perform a Dispose Window on 
wPtr. This procedure frees up the memory space used by the window. 

NewWindow takes loads of parameters and is rather bulky to use for 
several windows. Later in this chapter I will show you how to use another 
window-creation routine, GetNewWindow, requires a resource file but fewer 
parameters. 

Fun with the Mouse 
The Macintosh mouse can be used in several different ways in Pascal. Here I 
present a few useful routines that allow you to know the status of the mouse's 
button and the position of the cursor on the screen. 

The following program, TheButton, provides you with the mechanism to 
determine whether the mouse's button is being pressed or not. Try running 
this program so that you can see what sort of value the Button routine returns: 

Program TheButton; 
(*****************************************************************) 

(* This program shows how the functions Button and *) 
(* KeyPressed work. *) 
(*********************************************'*******************) 

Uses 
MemTypes, QuickDraw, Oslntf, Toollntf; 

Var 
c: char; 

begin {program TheButton} 
GotoXY (10, 5); 
write ('The value of the Button Function is:'); 
GotoXY (10, 10); 
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writeln ('(To stop, press a key on the keyboard)'); 
while NOT (KeyPressed) do 
begin 

GotoXY (47, 5); 
if Button then 
begin 

write ('TRUE (Press any key to continue)'); 
(*****************************************************************) 

(* Wait until a key is pressed so 
(*that the TRUE message can be 
(* displayed. 

*) 
*) 
*) 

(*****************************************************************) 

repeat 
until KeyPressed; 
c := ReadChar; 

end 
else 

end; 
end. 

write ('FALSE '); 
{while NOT (KeyPressed) do} 
{program TheButton} 

As you press the mouse button, the value TRUE is displayed and you are 
instructed to press a key to continue. When you press a key, the value FALSE 
is displayed. The routine Button returns a Boolean value, which you may use 
to determine any further action, for instance wait until the user presses the 
button. 

If you enjoy drawing on the Macintosh, you'll appreciate the following 
mouse-based program, which allows you to create images in the standard 
output window. When you run this program, press the mouse button while 
moving it around to draw freehand: 

Program Draw; 

(*****************************************************************) 

(* This program allows the user to make drawings on *) 
(* the standard output screen. It also has a few *) 
(* commented statements, which when un-commented *) 
(* add certain drawing characteristics. *) 
(*****************************************************************) 

Uses 
MemTypes, QuickDraw, OSlntf, Toollntf; 



Var 
loop : integer; 
count : integer; 
horizontal : integer; 
vertical : integer; 
dummy : integer; 
turboPort : GrafPtr; 
thePt : Point; 
done : boolean; 

begin 

Fun with the Mouse 283 

{loop control variable} 
{time delay for light display} 
{the horizontal position of the cursor} 
{the vertical position of the cursor} 
{temporarily holds horizontal point} 
{holds GrafPtr for PasConsole routines} 
{position of mouse} 
{are we finished drawing yet?} 

{program Draw} 
(*****************************************************************) 

(* Set up so that we can use the QuickDraw routines *) 
(* in the standard console window. *) 
(*****************************************************************) 

GetPort (turboPort); 
lnitGraf (@thePort); 
SetPort (turboPort); 

done:= FALSE; 
while NOT done do 
begin 

repeat 
if KeyPressed then 

done :=TRUE; 
until ((Button) OR (done)); 
if NOT done then 
begin 

GetMouse (thePt); 
MoveTo (thePt.h, thePt.v); 
while Button do 
begin 

GetMouse (thePt); 
LineTo (thePt.h, thePt.v); 

(* LineTo (thePt.h + 1, thePt.v + 1 ); *) 
(* LineTo (thePt.h + 5, thePt.v + 5); *) 
(* dummy := thePt.h - 255; *) 
(* thePt.h := 255 - dummy; *) 
(* LineTo (thePt.h, thePt.v); *) 

end; 
end; 

end; 
end. 

{while Button do} 
{if NOT done then} 
{while NOT done do} 
{program Draw} 
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This program uses a while loop to allow you to draw freehand on the 
screen using the mouse until a key is pressed on the keyboard. 

GetMouse returns the coordinates in the ThePt parameter of the cursor so 
that the drawing pen may be moved with the MoveTo routine. Then, while 
the button is being held down (while Button do), GetMouse determines where 
to draw a line using the routine LineTo. All three procedures are easily used 
together, since their parameters have the same meaning. 

After you have drawn with this configuration of the program, remove the 
comment marks (* and *) from the first of the five commented lines and 
see how this affects drawing. Then delete that line and remove the com­
ment marks from the next statement. These lines accentuate your freehand 
movements by drawing additional lines 1 and 5 pixels respectively from your 
current position. Finally, delete the previous line and remove the comments 
from the last three commented lines. Then see how easy it is to make mirror 
images with Turbo Pascal. Figure 13.2 shows an example of what you can 
draw using the last three commented lines: 

The many other QuickDraw routines would take an entire book to explain; 
they are listed in the Turbo Pascal manual. At this point you should be able 
to draw in Pascal by applying the pens, rectangles, paint, and so on that have 
been discussed here. But dazzling graphics aren't the only fun thing you can 

,. 

Draw 

0 0 
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do on the Macintosh; Turbo Pascal can generate sound, which you may wish 
to incorporate with your programs. Look at how to make the Mac sing. 

Making Music in Turbo Pascal 
In order to discuss how to make music on the Macintosh, I must first discuss 
data types. The following three type declarations, which are found in OSintf, 
are the only ones you need to produce music on the Mac: 

Type 
Tone = record 

count : integer; 
amplitude : integer; 
duration : integer; 

·end; 

Tones= array[0 .. 5000) of Tone; 

SWSynthRec =record 
mode : integer; 
triplets : Tones; 

end; 

The type Tone declares the basic items that make up a musical tone: count 
(or frequency), amplitude (or intensity), and duration. The array Tones sets up 
an array of up to 5001 different tone records, and SWSynthRec-for Square 
Wave Synthesizer Record-allows me to set up one record that may contain 
an entire song. Square wave synthesizer tone generation is just one way to 
produce sophisticated sounds on the Macintosh. It is one of the easiest ways 
to play simple songs, so I will w0rk with it exclusively. 

In order to play a simple song on the Macintosh, enter the varjous notes 
into the triplets field of a SWSynthRec variable, set its mode to the constant 
SWMode, declared in OSlntf, and call the procedure StartSound, whose 
syntax is 

StartSound ( PtrToSynthRec, RecSize, NextProc ); 

PtrToSynthRec is the address of the SWSynthRec variable, RecSize is the 
block of tones to play, and NextProc is a pointer to the procedure to perform 
when all sounds have been produced. We will pass the result of the Pointer 
( -1 ) function in the NextProc to produce synchronous sounds. 
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As we mentioned above, the amplitude field of Tone indicates the intensity 
of the note. The count field refers to the note's frequency, and the chart below 
shows the frequencies of notes from one octave below middle C to one octave 
above it. 

Note Count Note Count 

c 262 C (Middle) 523 
C Sharp 277 C Sharp 554 
D 294 D 587 
D Sharp 311 D Sharp 622 
E 330 E 659 
F 349 F 698 
F Sharp 370 F Sharp 740 
G 392 G 784 
G Sharp 415 G Sharp 831 
A 440 A 880 
A Sharp 466 A Sharp 923 
B 494 B 988 

In order to play an actual song it is almost a necessity to build the song in 
a file first. The following program builds a song file based on the input for 
file name, frequencies, and durations: 

Program SongBuilder; 

Uses 
MemTypes, QuickDraw, OSlntf; 

(*****************************************************************) 

(* This program may be used to create "song" files which *) 
(* will then be used in a song-playing program to create *) 
(* Square Wave music via Turbo Pascal. *) 
(*****************************************************************) 

Var 
nameOfFile: String; 
done : boolean; 
songFile : file of Tone; 
eachNote : Tone; 
moreNotes : char; 
valid : boolean; 

{song file name} 
{are we finished?} 
{file of notes (song)} 
{var for each note} 
{user's response (Y/N)} 
{is this a valid response?} 
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begin {program SongBuilder} 
write ('Please enter your song file name ... '); 
readln (nameOfFile); 
if (nameOfFile =")then 

nameOfFile := 'Nameless Song'; 
rewrite (songFile, nameOfFile); 
done := FALSE; 
while NOT done do 
begin 

write In; 
write ('What is the note"s frequency? '); 
readln (eachNote.count); 
eachNote.amplitude := 200; {set to 200 so don't have to keep 

write In; 
write ('What is the note"s duration?'); 
readln (eachNote.duration); 
write (songFile, eachNote); 
valid:= FALSE; 
while NOT valid do 
begin 

writeln; 

entering I} 

write ('Are there any more notes (Y /N)? '); 
moreNotes := ReadChar; 
case moreNotes of 

'Y', 'y' : valid :=TRUE; 
'N', 'n' : begin 

valid :=TRUE; 
done := TRUE; 

end; 

otherwise 
begin 

writeln; 
writeln ('INVALID RESPONSE ... PLEASE TRY AGAIN!'); 

end; 
end; 

end; 
end; 
close (songFile); 

end. 

{case moreNotes} 
{while NOT valid} 
{while NOT done} 

{program SongBuilder} 

The program's logic is fairly straightforward, and there are no new con­
cepts in it. It is simply a file that holds all the information for the notes to 
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the song of your choosing. The intensity or amplitude is set to 200 (each­
Note.amplitude := 200;) so that you don't have to keep on entering a number. 
You may want to remove this and insert code to give each note a unique in­
tensity. Try entering the following notes and durations for a song: 

Note Duration 

131 15 
311 15 
294 15 
262 15 
247 15 
415 15 
392 15 
349 15 
311 15 
622 15 
587 15 
523 15 
494 15 
587 15 
415 15 

All the durations are 15, which means that each note is played for exactly 
the same amount of time. Once you build the song file with this program, 
you can play it by running the following program and specifying the name 
of the SongBuilder file. 

Program PlaySong; 

(*****************************************************************) 

(* This program may be used to play song files created *) 
(* with the song-building program presented earlier. *) 
(* The songs are played via the Square Wave Synthesizer. *) 
(*****************************************************************) 

Uses 
MemTypes, QuickDraw, OSlntf; 

Var 
nameOfFile: String; 
eachNote : Tone; 
ourSong : SWSynthRec; 
index : integer; 

{song filename} 
{var for each note} 
{array to hold notes} 
{index into OurSong} 
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anErr 
good Name 
refNum 

: OSErr; 
: boolean; 
: integer; 

{error statuses for FSOpen/Close} 
{has the user entered a valid file?} 
{file path reference number} 

: char; {for "Press any key ... "} a Char 
recSize : longint; {tells file routines how large record is} 

begin 
goodName := FALSE; 
recSize := SizeOf (tone); 
while NOT goodName DO 
begin 

ClearScreen; 
write ('What SongFile do you wish to play? '); 
readln (nameOfFile); 
if nameOfFile = " then 

nameOfFile := 'Nameless Song'; 
anErr := FSOpen (nameOfFile, 0, refNum); 
if anErr = fnfErr then {File not found error} 
begin 

write In; 
writeln ('That file does not exist!'); 
writeln ('Press any key to try again .. .'); 
aChar := ReadChar; 

end 
else 

goodName :=TRUE; 
end; 
index:= O; 

(*****************************************************************) 

(* We will use Square Wave Synthesizer only. *) 
(*****************************************************************) 

ourSong.mode := SWMode; 

while (FSRead (refNum,recSize, @eachNote) <> EOFErr) do 
begin 

ourSong.triplets[index] := eachNote; 
index := index + 1; 

end; 

anErr := FSClose (refNum); 

{while (FSRead (refNum ... ) <> EOFErr) 
do} 

(*****************************************************************) 

(* Now play the song via StartSound. *) 
(*****************************************************************) 
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StartSound (@ourSong, (2 + ((index) * (SizeOf (tone)))), 
Pointer (-1 )); 

end. {program PlaySong} 

This program merely opens the song file, reads each note record, and loads it 
into the record OurSong until end of file is reached. The song is played when 
StartSound passes the address of OurSong and the size of the block of notes 
to play. This last is derived from the number of notes (index) times the size 
of a tone plus the size of the mode (2), and Pointer (-1), which plays the 
tones synchronously. 

Through these two programs you can save songs on a disk and play 
them back on the Macintosh. Try entering some of your favorite songs by 
converting the notes off the sheet music to the corresponding frequency and 
see what ratio of durations (that is, quarter notes to eighth notes and so on) is 
best for that song. StartSound can provide a lot of fun while you are learning 
how to program in Pascal. Take a look at how to use resources. 

Resources 
The Macintosh system allows you to define files that contain information 
about your program (menus, windows, and so on) and are separate from 
Turbo Pascal source code files. These are resource files, useful in just about 
all languages on the Macintosh, including Turbo Pascal. 

Suppose I want to write a program that has a menu bar across the top of 
the screen and that draws a window. I can create a resource file that looks 
like this: 

*This is a simple resource file 

Test.Rsrc 

Type WIND 
,1000 (4) 
Our Window 
50 10 300 500 
Visible GoAway 
0 
0 

Type MENU 
,1001 (4) 
\14 

;;resource ID 
;;title 
;;coordinates (top, left, bottom, right) 
;;make visible with a goaway box 
;;definition ID 
;;reference ID 

;;title (the Apple menu) 



Type MENU 
,1002 (4) 
Example 
Bomb Sounds 
Quit 

;;our Example menu 
;;Alert Box option 
;;Quit option 
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The file starts off with the comment * This is a simple resource file. Resource 
files show a comment with an asterisk at the beginning of a line; when the 
program runs, the rest of the line is ignored. You can also specify comments 
within a resource line by placing a pair of semicolons before the comment. 

I next define the output name of the resource file to be Test.Rsrc. I build the 
resource file shown above with an editor such as the Turbo Pascal editor and 
then compile it, much as I compile a Turbo Pascal program, with RMaker. 
The naming convention for resource text files and RMaker-compiled files is 
that the text files have the extension .R and compiled files have the extension 
.Rsrc. So having typed in the test resource file, I save it as Test.R. When it is 
compiled by RMaker, as you will see, the output file will be called Test.Rsrc 
because of the second line above. 

The remainder of the file Test.R contains the actual definitions of the 
window and menu items. The first line of the window definition is 

Type WIND 

which says that the following several lines define a window. In general, an 
item definition in a resource file must begin with the type XXXX statement, 
where XXXX is the name of the item type. RMaker supports 12 different 
resource types, but we will discuss only windows (Wind) and menus (Menu). 
For a detailed explanation of the other types, consult the Turbo Pascal manual 
or the Inside Macintosh publications. 

The next line in the window definition is a comma followed by the number 
1000 and a 4 in parentheses. This line represents the name and identification 
number for the resource item. The name field is optional, so I omitted it, but I 
have designated the number 1000 as the identifier for the window item. You 
can use any value from 128 to 32767 for an identifier number. The number 
4 in parentheses on this line means I wish to have this resource item loaded 
automatically. Several more attributes are discussed in the Turbo manual, 
but without the (4), the item will not be preloaded. After the (4) comes a 
comment. Again, the double semicolon tells RMaker to ignore the rest of the 
line. 

The lines 

Type WIND 
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and 

,1000 (4) 

are necessary for all of the different resource types. They are header lines 
used for all resource types with which you will work. The rest of the window 
definition contains items unique to WIND. The next line contains the words 
"Our Window" followed by another comment. In a WIND definition this line 
specifies the title to be displayed on the window. The next line contains the 
coordinates for the top, left, bottom, and right of the window. Notice that 
these numbers are not separated by commas; proper syntax in a resource file 
is just as important as in a Turbo Pascal file. 

The next line specifies two parameters: whether the window will be visible 
or invisible and whether it has a go-away box in the top left corner. The 
specific values are Visible and Invisible, GoAway and NoGoAway. The last 
two lines of the window definition specify the ID and another reference 
value; we have selected the number 0 for both. So the general format for 
a WIND-type resource definition is: 

type WIND 
name, identification# 
title 
top left bottom right 
VisibleFlag CloseBoxFlag 
Definition ID 
ReferenceValue 

(attributes) 

A window in a resource file must have this format. Also take note that this 
declaration is followed by a blank line, which must follow each resource-item 
definition. 

The last two items in the example resource file define two menus: the 
Apple menu and my own menu. The format for MENU type items is simple: 
after the two header lines, state the menu title and the options on that menu. 
My first menu definition looks like this: 

Type MENU 
,1001 (4) 
\14 

The Type MENU line says this is a menu definition; the next line states that 
the resource identification number is 1001 and it should be preloaded. The 
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last line is a little different. The \ 14 tells RMaker to use a special character 
as the title for this menu. The backslash specifies a special character and 14 
is the number of the Apple icon at the top of the leftmost menu in Macintosh 
applications. So I have defined the first Menu type to have for a title the 
Apple icon. You will see later how the various desk accessory names are 
placed under that title so they may be executed. 

The last definition in the file Test.R is the new menu, which contains the 
identification number 1002, the command to preload, the title Example, and 
the two options Bombs Sounds and Quit. Now that you know how to create 
a resource file, take a look at the resource compiler, RMaker. 

Using RMaker 
RMaker comes standard with the Turbo Pascal package and may be initiated 
by double-clicking on its icon, just like any other application. Once you have 
started RMaker, a dialog box asks you what file to compile. Notice that only 
files with the extension .R are displayed in this dialog box. Once you select 
a file on this screen by double-clicking on it or selecting it and clicking the 
open button), RMaker starts to compile the file. If any errors are encountered 
during compilation, they will be displayed on the screen. Otherwise click 
the quit button when compilation is finished. The Macintosh desktop will 
show the compiled file with the extension .Rsc. Now look at how to use 
this resource file in a true Macintosh application that uses event handling to 
interact with the user. 

Event-Handling Programming with a Resource 
File 

Up to now I have handled input from the user via several means: readln 
and a few mouse and mouse button status routines. One function declared in 
Toollntf handles virtually all the input possible from a user; this function is 
called GetNextEvent and is defined like this: 

function GetNextEvent ( mask : integer; 
Var theEvent : EventRecord) : boolean; 

Mask tells the function what type of events to return and which to ignore. 
TheEvent is a record that contains information about the returned event. Its 
structure is 



294 Graphics, Sound, and Resources 

EventRecord = record 
what : integer; 
message : longlnt; 
when : longlnt; 
where : Point; 
modifiers : integer; 

end; 

The information in the EventRecord returned from GetNextEvent may be 
looked at to determine what should be done within the application to respond. 
Take a close look at the following program, which performs event handling 
and uses the resource file I defined earlier: 

Program EvntHndlr; 

{$R EvntHndlr.RSRC} 
{$U-} 

Uses 
MemTypes, QuickDraw, Oslntf, Toollntf; 

Const 
Menu1 = 1001; 
Menu2 = 1002; 

Var 
the Event 
done 
menuH1 
menuH2 

: EventRecord; 
: boolean; 
: MenuHandle; 
: MenuHandle; 

menuResult : longint; 
whichMenu, 
Whichltem : integer; 
ourSong : SWSynthRec; 

: integer; 

Procedure SetUp; 

Var 
myWindow: WindowPtr; 

begin 
done := FALSE; 
lnitGraf (@thePort); 

{menu ID #1001} 
{menu ID #1002} 

{the event record} 
{are we finished yet?} 
{handle for Menu1} 
{handle for Menu2} 
{result of call to MenuSelect} 

{High word and low word of MenuResult} 
{array to hold notes} 
{loop counter} 

{pointer to our window} 

{procedure SetUp} 
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lnitWindows; 
lnitMenus; 
lnitCursor; 

myWindow := GetNewWindow (1000, nil, pointer (-1)); 

menuH1 := GetMenu (menu1); 
menuH2 := GetMenu (menu2); 
AddResMenu (menuH1, 'DRVR'); 
lnsertMenu (menuH1, O); 
lnsertMenu (menuH2, O); 
DrawMenuBar; 

(* Set up for notes selection in menu *) 
ourSong.mode := SWMode; 
for i := 0 to 19 do 
begin 

ourSong.triplets[i].count := 262 + i; 
ourSong.triplets[i].amplitude := 200; 
ourSong.triplets[i].duration := 2; 
ourSong.triplets[i + 20].count := 262 + 1; 
ourSong.triplets[i + 20].amplitude := 200; 
ourSong.triplets[i + 20].duration := 2; 

end; 
end; 

Procedure ProcessEvent; 

Var 
whichWindow : WindowPtr; 
whichDA : Str255; 

dumblnt : integer; 

begin 
case theEvent.what of 

{procedure SetUp} 

{the window ptr filled by FindWindow} 
{which DA to open if Apple menu 

selected} 
{blow off value returned from 

OpenDeskAcc} 

MouseDown: case (FindWindow (theEvent.where, whichWindow)) of 
lnMenuBar : begin 

menuResult := menuSelect (theEvent.where); 
whichMenu := HiWord (menuResult); 
whichltem := LoWord (menuResult); 
case WhichMenu of 

1 : begin {retrieve and open the DA} 
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end; 

Getltem (menuH1, which Item, which DA); 
if (OpenDeskAcc(whichDA) > 0) then; 

2 : case whichltem of {Example menu} 
1 : StartSound (@ourSong, 

end; 
end; 

(2 + (40 * (SizeOf (tone)))), 
Pointer (-1 )); 

2 : done := TRUE; 

HiliteMenu(O); {dehighlight menu selected} 
end; 

(* Need to handle DA activity *) 
lnSysWindow: SystemClick (theEvent, whichWindow); 

lnDrag : DragWindow (whichWindow, theEvent.where, 
screenBits.bounds); 

lnGoAway : done := TrackGoAway (whichWindow, 
theEvent.where); 

end; 
end; 

end; 

begin 
SetUp; 
repeat 
System Task; 

{case theEvent.what of} 

{program EvntHndlr} 

if GetNextEvent (everyEvent, theEvent) then 
ProcessEvent; 

until done; 
end. {program EvntHndlr} 

The $R compiler directive informs the Turbo compiler that it is to include 
the file EvntHndlr.Rsrc in the program; I renamed the file Test.R EvntHndlr.R 
and recompiled it via RMaker for use in the program. The next noteworthy 
declarations are the constants Menu 1 and Menu2, defined as 1001 and 1002 
respectively. Note that these numbers match the identification numbers in 
the resource file for the menu definitions. I define an EventRecord type 
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called TheEvent for subsequent use in event handling and declare a couple 
of variables called menuHl and menuH2, which are of MenuHandle type. 
MenuHandle is declared in Toollntf as follows: 

MenuHandle = "MenuPtr; 
MenuPtr =record 

menulD : integer; 
menuWidth : integer; 
menuHeight : integer; 
menuProc : Handle; 
enableFlags : Longlnt; 
menuData : Str255; 

end; 

The MenuHandle type variables are used in a couple of the menu-handling 
routines described shortly. 

The main routine of the program starts off by calling SetUp and then per­
forms a repeat...until loop to call SystemTask, GetNextEvent, and Process­
Event until the program is Done. The repeat...until loop is the heart of Mac­
intosh event-handling programming. The procedure SystemTask in Toollntf 
updates any desk accessory items, for example resets the clock. Then Get­
NextEvent is called, and if it returns a true value, the routine ProcessEvent 
is called. The first parameter of GetNextEvent, everyEvent, is a constant de­
fined in OSintf to instruct GetNextEvent to return every type of event it 
encounters. Before I talk about how events are handled in this ProcessEvent 
routine. I should discuss some new setup routines. 

Along with the initialization routines I discussed earlier, I invoke the 
routine InitMenus to tell the menu manager to do some work with menu 
routines. I display the window defined in the resource file EventHndlr by 
calling the routine GetNewWindow. Notice that GetNewWindow contains 
far fewer parameters than NewWindow. The format for GetNewWindow is 

WPtr := GetNewWindow ( WID, wStorage, behind); 

where WPtr is the pointer to the window, Wid is the identification number of 
the window as specified in the resource file, and wStorage points where the 
window should be stored (nil indicates that the window should be stored on 
the heap, since no local space is declared for it. Behind another WindowPtr 
type defines whether the window should be on top or behind other windows; 
the value returned by the function pointer ( -1 ) instructs the window manager 
to place this window in front of all others. These last two parameters are 
identical to the first and third from last parameters in NewWindow. The only 
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parameter introduced in GetNewWindow is the identification number. You 
need not worry about the other parameters in NewWindow, since they are 
defined in the resource file. 

I start building the menu bar for the program by calling the function 
GetMenu for both menus. GetMenu's only parameter is the identification 
number for the menu resource definition as shown in the resource file. A 
MenuHandle is returned from GetMenu and is used next in the routine 
AddResMenu. Remember how I defined the Apple menu without any menu 
options? AddResMenu automatically adds options to the menu for the desk 
accessories defined for the system. I pass the MenuHandle for the Apple 
menu (menuHl) and the string DRVR, which tells MenuHandle to place the 
options on menuH 1. · 

InsertMenu inserts each of our menus into the menu bar. InsertMenu's 
first parameter is the handle of the menu to be added. Its second is an integer 
specifying before which menu the new menu should be placed; a value of 0 
tells InsertMenu to place the menu after all others. Finally, the menu bar is 
drawn by calling the routine DrawMenuBar. The rest of the SetUp routine is 
used to define the bomb sounds made when the first option of the new menu 
is selected. 

In the routine ProcessEvent I case out on the what field of theEvent record, 
and I care only about MouseDowns. If a MouseDown occurs, FindWindow 
is called to determine where the mouse button was when the button was 
pressed. FindWindow takes two parameters, the point where the button was 
pressed (theEvent.where) and a WindowPtr type set by FindWindow to the 
window the mouse was in when the button was clicked. The value returned 
by FindWindow is an integer for which several constants have been declared: 
InMenuBar, InSysWindow, InDrag, and so on. For each of these results 
different processing must be performed. If the button was clicked in the 
menu bar (lnMenuBar), I first call the MenuSelect function. MenuSelect's 
only parameter is the where field of theEvent. It returns a long integer 
whose high-order word contains the menu selected and whose low-order word 
contains the option selected within that menu. This is why I call the functions 
HiWord and Lo Word to fill in the variables WhichMenu and Whichltem 
respectively. I case out on WhichMenu to determine whether the button was 
clicked in the Apple menu or the example menu. If the button was clicked on 
an item in the Apple menu, I must do some work to start up the appropriate 
desk accessory. First I call Getltem for the name of the desk accessory. 
Getltem's parameters are the MenuHandle for the Apple menu, the item 
selected from Whichltem, and the name of the desk accessory (or DA) to start 
up. The last parameter is filled by Getltem and passed to OpenDeskAcc. The 
value returned by OpenDeskAcc may be ignored, since any error resulting 
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from opening it will be handled by OpenDeskAcc itself. The calls to Getltem 
and OpenDeskAcc start up the available desk accessories without the user 
knowing anything further about them. 

If the second menu is selected (case whichMenu of), I know it is the 
Example menu and should either start the bomb sounds via StartSound or 
stop the program by setting done to TRUE. At the end of the block of code 
lnMenuBar I call the routine HiliteMenu with the parameter 0 to dehighlight 
the highlighted menu. 

If the result of the FindWindow ·call is InSysWindow, I must call the 
procedure SystemClick to handle activity on any open desk accessories. 
SystemClick's parameters are the record theEvent and TheWindow in which 
the button was clicked. 

If FindWindow returns the value InDrag, call the procedure DragWindow. 
DragWindow's parameters are the window pointer set up by FindWindow, 
the where field of theEvent record, and the bounds field of the ScreenBits 
record declared in QuickDraw. 

Finally, if the result of FindWindow is InGoAway, TrackGoAway should 
be called to determine if the button is released in the go-away box and to close 
the window. TrackGoAway's parameters are the window pointer returned 
from FindWindow and the where field of theEvent record. I automatically 
set the variable done to the result of TrackGoAway so that the program will 
end when the window is closed. 

That's all you need to know about event-handling programming to write 
Macintosh-style applications. I have covered a good deal of material in this 
chapter, so I suggest that you review all of the sections before continuing 
with our final chapter, which contains a few useful applications. 

Review Summary 
1. The Turtle provides you with several easy-to-use graphics routines in 

Turbo Pascal. 
2. QuickDraw defines several very useful and fast graphics routines that 

are much more powerful than those in Turtle. 
3. A pen may be used to draw pictures on the. screen in black, dark gray, 

gray, light gray, and white. 
4. Frequency is the numeric value that corresponds to the scale of musical 

notes; middle Chas a frequency of 523. 
5. The procedure StartSound allows you to produce sound on the Macin­

tosh via a Turbo Pascal program. 
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Quiz 

6. Resource files let you externally define in your programs several types 
of items such as windows and menus. 

7. RMaker compiles your resource (.R) files and creates .Rsrc files, which 
may be called up from a Turbo Pascal program. 

8. GetNextEvent is the centerpiece of Macintosh-style applications. When 
used in an event loop, it allows you to handle all user input in a highly 
structured manner. 

1. What advantage do Turtle routines have over QuickDraw routines? 
Vice versa? 

2. If I changed the coordinates for the light box in the StreetLight program 
from 216, 75, 266, 175 to 216, 0, 266, 100, what effect would that have 
on the graphics display? 

3. Given the following code, how many times would "Music" be displayed? 

while NOT TRUE do 
for i := 1 to 10 do 

writeln ( 'Music' ); 

4. What is GetNextEvent used for? 
5. What is the difference between GetNewWindow and NewWindow? 
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In this chapter you will learn: 
• A very useful electronic calendar program that can be modified quite easily by 

incorporating additional routines. 
• A program to calculate and maintain baseball batting averages. 
• A database program to catalog your album collection. 
• The concept of modularity for designing menu-driven programs. 

The Date-Minder Program 
The first program in this chapter is one I hope you will find helpful all year 
round. It's an electronic calendar that will tell you what events are coming up 
in the next 30 days. All you have to do is enter such information as birthdays 
and anniversaries. Then, when you need to see what's on the horizon for the 
next month, you select the option "View the next month of events" from the 
menu. All your calendar information will be stored on disk, so you can add 
more dates to the file at any time. 

Look at the program before I discuss it in detail. 

Program DateMinder; 

(*****************************************************************) 

(*This program may be used to create an electronic calendar*) 
(* where you can store important dates and view the next *) 
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(* month's important dates. *) 
{*****************************************************************) 

Uses 
MemTypes, QuickDraw, OSlntf; 

Const 
NameOfFile ='Important Dates'; 

Type 
MonthDayRec = record 

month : String[9]; 
numDays : integer; 

end; 

EventRec = record 
month : integer; 
date : integer; 
occasion : String; 

end; 

Var 
done : boolean; 
yearArray : array[1..12] of 

MonthDayRec; 
eventVarRec : EventRec; 
anErr : OSErr; 
refNum : integer; 
recSize : longint; 

Procedure AddDates; 

Var 
valid : boolean; 
finished : boolean; 
month : integer; 
date : integer; 
occasion : String; 
response : char; 
junkRecord : EventRec; 

begin 

{record for each month} 
{Month name} 
{number of days in month} 

{record for each event} 
{event month} 
{event date} 
{event name} 

{are we finished with the program?} 

{array of months} 
{reads/writes EventRecs} 
{error returned from file routines} 
{file path reference number} 
{tells file routine how large record is} 

{is user's input valid?} 
{is user finished adding dates?} 
{month of the occasion} 
{date of the occasion} 
{the occasion name} 
{user's Y/N response for more additions} 
{used for finding EOF} 

{procedure AddDates} 
(*****************************************************************) 

(* Need to check to see if this file exists first. *) 
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(* If it doesn't, we need to create. *) 
(*****************************************************************) 

anErr := FSOpen (nameOfFile, 0, refNum); 
if an Err= fnfErr then {File not found error} 
begin 

anErr :=Create (nameOfFile, refNum, 'DATM', 'OATS'); 
anErr := FSOpen (nameOfFile, 0, refNum); 

end; 

(*****************************************************************) 

(* Find the end of the file so that we can append *) 
(*****************************************************************) 

anErr := SetFPos (refNum, fsFromLEOF, O); 

finished:= FALSE; 
while NOT finished do 
begin 

ClearScreen; 
valid:= FALSE; 
while NOT valid do 
begin 

writeln; 
writeln; 
writeln; 
write ('What month is this occasion (1-12)? '); 
readln (eventVarRec.month); 
If ((eventVarRec.month > 0) AND (eventVarRec.month < 13)) then 

valid:= TRUE; 
end; 
valid:= FALSE; 
while NOT valid do 
begin 

writeln; 
writeln; 
writeln; 

{while NOT valid} 

write ('what date is this occasion (1-31)? '); 
readln (eventVarRec.date); 
if ((eventVarRec.date > 0) AND 
(eventVarRec.date <= yearArray[eventVarRec.month].numDays)) then 

valid := TRUE; 
end; 

writeln; 
writeln; 

{while NOT valid} 
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writeln; 
write ('What is the occasion? '); 
readln (eventVarRec.occasion); 
anErr := FSWrite (refNum, recSize, @eventVarRec); 
writeln; 
writeln; 
writeln; 
write ('do you have any more entries (Y/N)?'); 
response := ReadChar; 
if ((response= 'N;) OR (response= 'n')) then 

finished := TRUE; 
end; 
anErr := FSClose (refNum); 
anErr := FlushVol (nil, O); 

end; 

Procedure ViewDates; 

Var 
holdDateTime : DateTimeRec; 
nextMonth : integer; 
a Char : char; 

{while NOT finished} 

{procedure AddDates} 

{holds current date/time} 
{next month (for Jan. after Dec.)} 
{used for "Press any key to continue"} 

begin {procedure ViewDates} 

ClearScreen; 
GetTime (holdDateTime); {library routine which returns date} 
anErr := FSOpen (nameOfFile, 0, refNum); 
if (anErr = fnfErr) then {File not found error} 
begin 

GotoXY (30, 10); 
write ('NON-EXISTENT FILE!!!'); 
GotoXY (27, 12); 
write ('Press any key to continue .. .'); 
aChar := ReadChar; 

end 
else 
begin 

writeln; 
writeln; 
write ('**********************************'); 
writeln ('*** ***************************'); 
if (holdDateTime.month = 12) then 

nextMonth := 1 
else 

nextMonth := holdDateTime.month + 1; 
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while (FSRead (refNum, recSize, @eventVarRec) <> EOFErr) do 
if (((eventVarRec.month = holdDateTime.month) AND 

(eventVarRec.date >= holdDateTime.day)) OR 
((eventVarRec.month = nextMonth) AND 

(eventVarRec.date < holdDateTime.day))) then 
writeln (' ', eventVarRec.occasion, 'is on', 

yearArray[eventVarRec.month].month, eventVarRec.date: 3); 
write ('*********************************'); 
writeln ('****************************'); 
anErr := FSClose (refNum); 
writeln; 
write (' Press any key to continue .. .'); 
aChar := ReadChar; 

end; 
end; 

Procedure DisplayMenu; 

Var 
selection : char; 
valid : boolean; 

begin 
valid := FALSE; 
while NOT valid do 
begin 

ClearScreen; 
writeln; 
writeln; 

{procedure ViewDates} 

{user's menu selection} 
{is user's response valid?} 

{procedure DisplayMenu} 

writeln; 
writeln (' 
writeln (' 
writeln (' 
writeln (' 
writeln; 
writeln; 

Which would you like to do:'); 
1. Add dates to the file'); 
2. View the next month of events'); 
3. QUIT'); 

write (' (Enter 1, 2 or 3) '); 
selection := ReadChar; 
if (selection= '1') OR (selection= '2') OR (selection= '3') then 

valid := TRUE; 
end; 
case selection of 

'1' : addDates; 

'2' : ViewDates; 

{while NOT valid} 
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'3' : done := TRUE; 

end; 
end; 

{case Selection} 
{procedure DisplayMenu} 

begin {program DateMinder} 
recSize := SizeOf (eventRec); 
{set up table for months and number of days} 
yearArray[1 ].month := 'January'; 
yearArray[2].month :='February'; 
yearArray[3].month :='March'; 
yearArray[4].month :='April'; 
yearArray[5].month :='May'; 
yearArray[6].month :='June'; 
yearArray[7].month :='July'; 
yearArray[B].month :='August'; 
yearArray[9].month :='September'; 
yearArray[10].month :='October'; 
yearArray[11 ].month := 'November'; 
yearArray[12].month :='December'; 
yearArray[1].numDays := 31; 
yearArray[2].numDays := 28; 
yearArray[3].numDays := 31; 
yearArray[4].numDays := 30; 
yearArray[5].numDays := 31; 
yearArray[6].numDays := 30; 
yearArray[7].numDays := 31; 
yearArray[B].numDays := 31; 
yearArray[9];numDays := 30; 
yearArray[10].numDays := 31; 
yearArray[11 ].numDays := 30; 
yearArray[12].numDays := 31; 
done:= FALSE; 

while NOT done do 
DisplayMenu; 

end. {program DateMinder} 

The program has the structure type EventRec, which holds the month, date, 
and name of each occasion. The main routine performs initialization and calls 
DisplayMenu until the program is finished. The routine DisplayMenu shows 
the main menu and depending on the user's selection, calls AddDates or 
ViewDates or stops the program. 

AddDates is the routine that actually writes the event records out to the 
file. The file where these dates are stored is called Important Dates. This 
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name can be changed through the constant NameOfFile at the beginning of 
the program. At the start of AddDates the file is opened and the end of the 
file is found. Then, while the user is not finished adding records and events 
two loops are performed to validate the input for the month and date of the 
occasion. The occasion name is entered and the record is written to the file 
and the user is asked if he or she has any more entries. H there are more, 
the while NOT Finished loop is continued; otherwise the file is closed and 
control is passed back to DisplayMenu. 

The last function in the date-minder program is called ViewDates. First the 
date is determined via the procedure GetTime, which is declared in OSintf. 
GetTime returns a record of DateTimeRec whose format is also defined in 
OSintf. This record structure contains fields for month, day, and year; their 
contents designate which events stored in the file will occur within the next 
month. This if statement opens the event file and determines the next month: 

if ( holdDateTime.month = 12) then 
nextMonth := 1 

else 
nextMonth := hold Date Time.month + 1; 

As you can see, if this month is December, I want to make next month 
January. Otherwise I add 1 to the current month. 

Then, the events of the next month are displayed on the screen. A very 
long if statement is used to determine whether a month fits into this category. 
It may be helpful to split this statement into two, either of which may be true 
for the date and event to be displayed: 

1) if ( ( eventVarRec.month = holdDateTime.month ) AND 
( eventVarRec.date >= holdDateTime.day ) ) 

or 

2) ( ( eventVarRec.month = nextMonth ) AND 
( eventVarRec.date < holdDateTime.day ) ) 

Suppose today is July 10 and the event takes place on July 31; both 
segments of the case are true, since the event's month (eventVarRec.month) 
is the same as holdDateTime.month and the event's date (eventVarRec.date) 
is greater than eventVarRec.date. 

On the other hand, suppose today is July 10 and the event is on Au­
gust 5. Both segments are true here also, since the event's month (eventVar-
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Rec.month) is the same as nextMonth and the event's date (eventVarRec.date) 
is less than holdDateTime.day. 

At the end of the file it is closed and control returns to the DisplayMenu 
routine. 

Take a look at a program that allows you to maintain a file of your favorite 
baseball player's batting average. 

Batting-Average Program 
This program allows you to enter up to 20 baseball players, their number, 
number of at-bats and number of hits. It will calculate their batting averages 
and store the file on disk. 

Program BaseAvgs; 

{$A+} 

Uses 
MemTypes, QuickDraw, OSlnft; 

(*****************************************************************) 

(* This program permits the user to create a file containing *) 
(*batting averages for a baseball team. It also permits *) 
(* complete maintenance of the file as well as the ability *) 
(* to display it. *) 
(*****************************************************************) 

Const 
Team = 'BallClub'; 

Type 
PlayerRec = record 

number : String[4]; 
lastName : String[15]; 
firstName : String[10]; 
atBats : real; 
hits : real; 
battingAve : real; 

end; 

Var 
choice 
done 
aPlayer 

: char; 
: boolean; 
: PlayerRec; 

{the file name} 

{the player record structure} 
{player's number} 
{player's last name} 
{player's first name} 
{number of at-b,ts} 
{number of hits} 
{batting average} 

{use's menu selection} 
{are we finished yet?} 
{a player var} 
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arrOfPI : array[1 .. 20] of PlayerRec; {array of players} 
numOfPlyrs : integer; {current number of players} 
anErr : OSErr; {error returned from file routines} 
refNum : integer; {file path reference number} 
aChar : char; {used for "Press any key ... "} 
recSize : longint; {tells file routines how large record is} 

Procedure LoadArray; 

begin {procedure LoadArray} 
numOf Pl yrs := O; 
anErr := FSOpen (team, 0, refNum); 
(*****************************************************************) 

(* If the file doesn't exist, create it *) 
(*****************************************************************) 

if anErr = fnfErr then {File not found error} 

begin 
anErr :=Create (team, refNum, 'BAVE', 'AVES'); 
anErr := FSOpen (team, 0, refNum); 

end; 
while (FSRead (refNum, recSize, 

@arrOfPl[numOfPlyrs = 1]) <> EOFErr) do 
numOf Ply rs := numOf Ply rs + 1; 

anErr := FSClose (refNum); 
end; {procedure LoadArray} 

Procedure ReDoFile; 

Var 
i: integer; {loop counter} 

begin {procedure ReDoFile} 
anErr := FSDelete (team, O); {delete the old file first} 
anErr :=Create (team, 0, 'BAVE', 'AVES'); 
anErr := FSOpen (team, 0, refNum); 
for i := 1 to numOf Ply rs do 

anErr := FSWrite (refNum, recSize, @arrOfPl[i]); 
anErr := FSClose (refNum); 
anErr := FlushVol (nil, O); 

end; {procedure ReDoFile} 

Procedure Entlnfo; 

Var 
: integer; {loop counter} 
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response : char; 
data : real; 

begin 
LoadArray; 
for i := 1 to numOfPlyrs do 
begin 

ClearScreen; 

{user's response} 
{user's input figure} 

write ('Do you have any data for', arrOfPl[i].lastName, '?'); 
response := ReadChar; 
if ((response= 'Y') OR (response= 'y')) then 
begin 

writeln; 
write ('How many additional at-bats?'); 
readln (data); 
arrOfPl[i].atBats := arrOfPl[i].atBats +data; 
write ('How many additional hits?'); 
readln (data); 
arrOfPl[i].hits := arrOfPl[i].hits +data; 
if (arrOfPl[i].atBats <> 0) then 

arrOfPl[i].battingAve := arrOfPl[i].hits I arrOfPl[i].atBats 
else 

arrOfPl[i].battingAve := O; 
end; 

end; 
ReDoFile; 

end; 

Procedure DelPlyr; 

Var 

!Name : String[15]; 
i,j : integer; 
found : boolean; 
aChar : char; 

begin 
ClearScreen; 

{procedure Entlnfo} 

{last name of player to be deleted} 
{counters} 
{have we found the name yet?} 
{used for "Press any key ... "} 

write ('What is the last name of the player to be deleted?'); 
readln (IName); 
LoadArray; 
i := 1; 
found:= FALSE; 
while ((i <= numOfPlyrs) AND (NOT found)) do 



if (IName = arrOfPl[i].lastName) then 
found := TRUE 

else 
i := i + 1; 

if NOT found then 
begin 

writeln; 
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writeln ('THAT NAME IS NOT IN THE FILE!'); 
end 
else 
begin 

for j := I to numOfPlyrs - 1 do 
arrOfPl[j] := arrOfPl[j + 1]; 

numOf Ply rs := numOf Ply rs - 1; 
ReDoFile; 
writeln; 
writeln ('THAT PLAYER HAS NOW BEEN DELETED .. .'); 

end; 
writeln; 
write ('PRESS ANY KEY TO CONTINUE .. .'); 
aChar := ReadChar; 

end; {procedure DelPlyr} 

Procedure DoDisp; 

Var 
i : integer; {loop counter} 

begin {procedure DoDisp} 
anErr := FSOpen (team, 0, refNum); 
if anErr = fnfErr then {File not found error} 
begin 

writeln; 
writeln ('THERE IS NO BASEBALL FILE ON THIS DISK!'); 
writeln; 
write ('Press any key to continue .. .'); 

end 
else 
begin 

ClearScreen; 
write ('NUMBER NAME '); 
writeln('AT-BATS HITS BATTING AVE'); 
write ('--------------------------------------'); 
write In (' ------------------------------'); 
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for i := 1 to numOf Ply rs do 
writeln (' ', arr0fPl[i).number:4, • ', arrOfPl[i).firstName:10,' ', 
arrOf Pl [i] .lastName:15,' ', arrOf Pl [i] .atBats:3:0, 
• ', arrOfPl[i].hits:3:0,' ', 
arrOfPl[i).battingAve:3:3); 

end; 
writeln; 
write ('Press any key to continue .. .'); 
aChar := ReadChar; 
anErr := FSClose (refNum); 

end; 

Procedure sort; 

Var 
h,j : integer; 
tempPlyr : PlayerRec; 

{procedure DoDisp} 

{loop counters} 
{temporary storage for sort proc} 

begin {procedure Sort} 
LoadArray; 
for j := 1 to numOf Pl yrs do 
for h := 1 to numOf Ply rs - j do 

if (arrOfPl[h.].battingAve < arrOfPl[h + 1).battingAve) then 
begin 

end; 

tempPlyr := arrOfPl[h]; 
arrOfPl[h) := arrOfPl[h + 1); 
arrOfPl[h + 1) := tempPlyr; 

end; 

Procedure DisAve; 

begin 
Sort; 
DoDisp; 

end; 

Procedure AddPlyr; 

{procedure Sort} 

{procedure DisAve} 

{procedure DisAve} 

begin {procedure AddPlyr} 
Clear Screen; 
LoadArray; 
numOf Ply rs := numOfPlyrs + 1; 
write ('What is the player"s first name? '); 



readln (arrOfPl[numOfPlyrs].firstName); 
write ('What is the player"s last name? '); 
readln (arrOfPl[numOfPlyrs].lastName); 
write ('What is his number? '); 
readln(arrOfPl[numOfPlyrs].number); 
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write ('How many at-bats does he currently have? '); 
readln (arrOfPl[numOfPlyrs].atBats); 
write ('How many hits does he currently have? '); 
readln (arrOfPl[numOfPlyrs].hits); 
if(arrOfPl[numOfPlyrs].atBats <> 0) then 

arrOfPl[numOfPlyrs].battingAve := 
arrOfPl[numOfPlyrs].hits I arrOfPl[numOfPlyrs].atBats 

else 
arrOfPl[numOfPlyrs].battingAve := O; 

ReDoFile; 
end; 

begin 
recSize := SizeOf (playerRec); 
done:= FALSE; 
while NOT done do 
begin 

ClearScreen; 

{procedure AddPlyr} 

{main procedure} 

writeln ('Which of the following do you wish to perform:'); 
write In; 
writeln; 
writeln (' 1. Add a player to the file'); 
writeln (' 2. Delete a player from the file'): 
writeln (' 3. Enter information for a player'); 
writeln (' 4. Display the file by batting average'); 
writeln (' 5. QUIT'); 
writeln; 
writeln; 
write ('Please enter your selection:'); 
choice := ReadChar; 
case choice of 
'1' : AddPlyr; 

'2' : DelPlyr; 

'3' : Entlnfo; 

'4' : DisAve; 

'5' : done := TRUE; 
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otherwise 
begin 

writeln; 
writeln; 
writeln ('INVALID RESPONSE ... TRY AGAIN!'); 
writeln; 
write ('Press any key to continue .. .'); 
choice := ReadChar; 

end; 
end; 

end; 
end. 

{case choice of} 
{while NOT done do} 
{main procedure} 

This program introduces no new concepts and therefore should be very 
easy to understand. The menu displays four options: add a player, delete a 
player, enter information for existing players, and display the file by order of 
batting average. The program contains a separate routine for each option as 
well as three other routines used by some or all of the menu-option routines. 
These additional functions, ReDoFile, Sort, and LoadArray, are responsible 
for rewriting the file, sorting the file in the memory array, and reading the 
file into the memory array respectively. Step through this program and try 
entering a few statistics to verify that the program works as you expect. 

Record Album Database Program 
The final program I will show you is one that catalogs record albums. Having 
entered all my albums, I can either sequentially view the file or search the file 
based upon album title, artist, year of release, or an extra field for comments. 
Again, there are no concepts introduced in this program, so you should have 
no problem following the logic. 

Program Albums; 

Uses 
MemTypes, QuickDraw, OSlntf; 

(*****************************************************************) 

(* This program allows the user to create a file which *) 
(* contains records for each of his or her musical albums. *) 
(*****************************************************************) 

Const 
AlbFile = 'MyAlbums'; {the name of the file} 



Type 
AlbumType = record 

title : String[25]; 
artist : String[20); 
year : String[4]; 
xtraField : String[20); 

end; 

Var 
anAlbum : AlbumType; 
finished : boolean; 
choice : char; 
anErr : OSErr; 
recSize : longint; 
refNum : integer; 

Procedure AddAlbums; 

var 
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{the album record type} 
{album title} 
{album artist} 
{album's year of release} 
{extra field for misc. search} 

{the album record var} 
{are we finished?} 
{user's menu selection} 
{error returned from file routines} 
{tells file routines how large record is} 
{file path reference number} 

done : boolean; {Are we finished adding?} 

begin {procedure AddAlbums} 
done:= FALSE; 
anErr := FSOpen (albFile, 0, refNum); 
(*****************************************************************) 

(* If the file doesn't exist, create it. *) 
(*****************************************************************) 

if anErr = fnfErr then {File not found error} 
begin 

anErr :=Create {albFile, 0, 'ALBS', 'RECS'); 
anErr := FSOpen (albFile, 0, RefNum); 

end; 
(*****************************************************************) 

(* Find the end of the file so that we can append *) 
(*****************************************************************) 

anErr := SetFPos (refNum, fsFromLEOF, O); 

while NOT done do 
begin 

ClearScreen; 
GotoXY (10, 10); 
write ('What is the album"s title {$ to end)?'); 
readln (AnAlbum.title); 
if (anAlbum.title ='$')then {enter$ to stop} 

done:= TRUE 
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else 
begin 

GotoXY (10, 11); 
write ('Who is the artist? '); 
readln (anAlbum.artist); 
GotoXY (10, 12); 
write ('What year was the album made? '); 
readln (anAlbum.year); 
GotoXY (10, 13); 
write ('What do you want in the .extra field?'); 
readln (anAlbum.xtraField); 
anErr := FSWrite (refNum, recSize, @anAlbum); 

end; 
end; 
anErr := FSClose (refNum); 
anErr := FlushVol (nil, O); 

end; {procedure AddAlbums} 

Procedure DispTheRecord; 

begin {procedure DispTheRecord} 
ClearScreen; 
GotoXY (20, 10); 
writeln ('The album title is: ', anAlbum.title); 
GotoXY (20, 11 ); 
writeln ('The album artist is: ', anAlbum.artist); 
GotoXY (20, 12); 
writeln ('The album"s release was in: ', anAlbum.year); 
GotoXY (20, 13); 
writeln ('The extra field is: ', anAlbum.xtraField); 
GotoXY (25, 16); 
wrote ('PRESS ANY KEY TO CONTINUE .. .'); 
choice := ReadChar; 

end; {procedure DispTheRecord} 

Procedure DisplayFile; 

begin {procedure DisplayFile} 
anErr := FSOpen (albFile, 0, refNum); 
(*****************************************************************) 

(* If file doesn't exist, display message. *) 
(*****************************************************************) 

if anErr = fnfErr then 
begin 

ClearScreen; 

{File not found error} 



Record Album Database Program 317 

writeln (' THERE IS NO ALBUM FILE ON THE DISK!'); 
writeln; 
write (' Press any key to continue'); 
choice := ReadChar; 

end 
else 
begin 

while (FSRead (refNum, recSize, @anAlbum) <> EOFErr) do 
DispTheRecord; 

anErr := FSClose (refNum); 
end; 

end; 

Procedure GrpSearch; 

Var 
foundOne : boolean; 
group : String[20]; 

{procedure DisplayFile} 

{have we found a match yet?} 
{holds name of group we wish to search} 

begin {procedure GrpSearch} 
GotoXY (15, 16); 
write ('For which Group/Artist do you wish to search?'); 
readln (group); 
anErr := FSOpen (albFile, 0, refNum); 
(*****************************************************************) 

(* If the file doesn't exist, display message. *) 
(*****************************************************************) 

if anErr = fnfErr then 
begin 

ClearScreen; 
writeln (' 
writeln; 
write(' 
choice := ReadChar; 

end 

{File not found error} 

THERE IS NO ALBUM FILE ON THE DISK!'); 

Press any key to continue'); 

else {search the file} 
begin 

foundOne := FALSE; 
while (FSRead (refNum, recSize, @anAlbum) <> EOFErr) do 

if (anAlbum.artist =group) then 
begin 

foundOne := TRUE; 
DispTheRecord; 

end; 
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if NOT foundOne then 
begin 

writeln; 
writeln; 
writeln ('THAT ARTIST IS NOT ON THE FILE!'); 
writeln; 
write ('Press any key to continue .. .'); 
choice := ReadChar; 

end; 
anErr := FSClose (refNum); 

end; 
end; {procedure GrpSearch} 

Procedure Tag1Search; 

Var 
foundOne : Boolean; 
tag1 : String[20]; 

{have we found a match yet?} 
{holds tag 1 we wish to search} 

begin {procedure GrpSearch} 
GotoXy (15, 16); 
write ('What is the extra field you wish to search?'); 
readln (tag1 ); 
anErr := FSOpen (albFile, 0, refNum); 
(*****************************************************************) 

(* If the file doesn't exist, display message. *) 
(*****************************************************************) 

if anErr = fnfErr then 
begin 

ClearScreen; 

{file not found error} 

writeln (' There is no album file on the disk!'); 
writeln; 
write (' Press any key to continue'); 
choice := ReadChar; 

end 
else 
begin 

foundOne := FALSE; 

{search the file} 

while (FSRead (refNum, recSize, @anAlbum) <> EOFErr) do 
if (anAlbum.xtraField = tag1) then 
begin 

foundOne := TRUE; 
DispTheRecord; 

end; 
if NOT foundOne then 
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begin 
writeln; 
writeln; 
writeln ('THAT EXTRA FIELD IS NOT ON THE FILE!'); 
writeln; 
write (' Press any key to continue .. .'); 
choice := ReadChar; 

end; 
anErr := FSClose (refNum); 

end; 
end; {procedure Tag 1 Search} 

Procedure TitleSearch; 

Var 
foundOne : boolean; 
title : String[25]; 

{have we found a match yet?} 
{holds title we wish to search} 

begin {procedure GrpSearch} 
GotoXY (15, 16); 
write ('What title do you wish to search?'); 
readln (title); 
anErr := FSOpen (albFile, 0, refNum); 
(*****************************************************************) 

(* If the file doesn't exist, display message. *) 
(*****************************************************************) 

if anErr = fnfErr then 
begin 

ClearScreen; 

{file not found error} 

writeln (' THERE IS NO ALBUM FILE ON THE DISK!'); 
writeln; 
write (' Press any key to continue'); 
choice := ReadChar; 

end 
else {search the file} 
begin 

foundOne :=FALSE; 
while (FSRead (refNum, recSize, @anAlbum) <> EOFErr) do 

if (anAlbum.title =title) then 
begin 

foundOne := TRUE; 
DispTheRecord; 

end; 
if NOT foundOne then 
begin 
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writeln; 
writeln; 
writeln ('THAT TITLE IS NOT ON THE FILE!'); 
writeln; 
write ('Press any key to continue .. .'); 
choice := ReadChar; 

end; 
anErr := FSClose (refNum); 

end; 
end; {procedure TitleSearch} 

Procedure YearSearch; 

Var 
foundOne : boolean; 
year : String[4]; 

{have we found a match yet?} 
{holds year we wish to search} 

begin {procedure GrpSearch} 
GotoXY (15, 16); 
write ('For what year do you wish to search?'); 
readln (year); 
anErr := FSOpen (albFile, 0, refNum); 
(*****************************************************************) 

(* If the file doesn't exist, display message. *) 
(*****************************************************************) 

if anErr = fnfErr then {File not found error} 
begin 

ClearScreen; 
writeln (' THERE IS NOT ALBUM FILE ON THE DISK!'); 
writeln; . 
write (' Press any key to continue'); 
choice := ReadChar; 

end 
else {search the file} 
begin 

foundOne := FALSE; 
while (FSRead (refNum, recSize, @anAlbum) <> EOFErr) do 

if (anAlbum.year = year) then 
begin 

foundOne := TRUE; 
DispTheRecord; 

end; 
if NOT foundOne then 
begin 

writeln; 
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writeln; 
writeln ('THAT YEAR IS NOT ON THE FILE!'); 
writeln; 
write ('Press any key to continue .. .'); 
choice := ReadChar; 

end; 
anErr := FSClose (refNum); 

end; 
end; 

Procedure Search; 

Var 
done : boolean; 
selection : char; 

begin 
done := FALSE; 
while NOT done do 
begin 

ClearScreen; 
GotoXY (20, 8); 

{procedure YearSearch} 

{are we finished searching?} 
{the user's search selection} 

{procedure Search} 

writeln ('Which field would you like to search:'); 
GotoXY (20, 9); 
writeln (' 1, Group/ Artist Name'); 
GotoXY (20, 10); 
writeln (' 2. Album Title'); 
GotoXY (20, 11 ); 
writeln (' 3. Year of Release'); 
GotoXY (20, 12); 
writeln (' 4. Extra field'); 
GotoXY (20, 13); 
writeln (' 5. QUIT'); 
GotoXY (20, 14); 
write ('Please enter your selection: '); 
selection := ReadChar; 
case selection of 

'1': GrpSearch; 

'2' : TitleSearch; 

'3': YearSearch; 

'4': Tag1Search; 

'5' : done := TRUE; 
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otherwise; 
end; 

end; 
end; 

begin 
recSize := SizeOf (anAlbum); 
finished := FALSE; 
while NOT finished do 
begin 

ClearScreen; 
GotoXY (20, 8); 

{don't do anything; redisplay screen} 
{case selection of} 
{while NOT done do} 
{procedure Search} 

{main procedure} 

writeln ('Select one of the following options:'); 
GotoXY (20, 9); 
writeln (' 1. Add albums to the file'); 
GotoXY (20, 10); 
writeln (' 2. Sequentially display the file'); 
GotoXY (20, 11 ); 
writeln (' 3. Search the file'); 
GotoXY (20, 12); 
writeln (' 4. QUIT'); 
GotoXY (20, 13); 
write ('What is your choice?'); 
choice := ReadChar; 
case choice of 

'1' : AddAlbums; 

'2' : DisplayFile; 

'3' : Search; 

'4': finished :=TRUE; 

otherwise; 
end; 

end; 
end. 

{dont' do anything; redisplay screen} 
{case choice of} 
{while NOT finished do} 
program Albums} 

This program lends itself to the addition of new options and modules. The 
search routines are almost identical. When you wish to stop adding albums 
to the file, just enter a dollar sign and control will return to the main menu. 
The extra field may be used to specify the condition of the album, the owner 
of the album, the type of music, and so forth. Be sure to log some albums 
to see how easy it is. Then search for albums by a particular artist, from a 
certain year, and so on. 



Quiz 323 

Summing Up 
The date-minder program can definitely help you and your family if you 
often forget important dates. The program is modular; you can easily add 
more options to the main menu, for instance viewing the next 60 days' 
events or maybe even the entire file. Because of the modular structure of 
the program-each task having its own routine-all you have to do is add 
more options to the menu in DisplayMenu and make sure they are accepted 
as valid in the if and case statements thereafter. Then add the appropriate 
routines to the program. The baseball and album programs are both modular 
and can easily be customized. 

I sincerely hope that the information you have learned in this and all 
the preceding chapters is all you need to write your own applications. Even 
though you have finished reading this book, keep it handy for use as a quick 
reference guide when working in Turbo Pascal. 

Review Summary 

Quiz 

1. Modular structure is used in all the programs in this chapter: each 
separate task has its own routine, and more tasks can be added by 
developing additional routines. 

1. Why couldn't I have added ope to the current month to get the value 
of the next month in the date-minder program? 

2. Why do I always check the value of the atBats field before calculating 
the batting average in the Entlnfo routine? 

3. How are invalid entries handled in the main menu of the album database 
program? 



AppendixA--­
The Borland Toolboxes 
and Turbo Tutor 
Turbo Pascal Database Toolbox 
Turbo Pascal Access 
Turbo Pascal Toolbox Numerlcal Methods 
Turbo Pascal Tutor 

Borland International offers three additional products for the Turbo Pascal 
compiler. The first one, Turbo Pascal Database Toolbox, provides routines 
that sort files (TurboSort) and maintain a database (Turbo Pascal Access). 

Turbo Pascal Database Toolbox 
One part of the database toolbox calls a function that will sort an input file 
based on the specifications you provide. This function has the syntax 

function TurboSort ( ltemLength : integer; 
lnpPtr, LessPtr, OutPtr : ProcPtr ) : integer; 

where ltemLength uses SizeOf to describe the length of the items to be sorted. 
InpPtr, LessPtr, and OutPtr are pointers to routines to be executed for the 
three phases input, sort, and output respectively. These last three parameters 
are addresses and may be passed by placing an at sign(@) before the names 
of the routines. For example, to sort a file of PlayerRec type that receives 
data via an Enter routine, that uses PlayerSort to sort the players, and that 
reports results via a Display routine, I call TurboSort like this: 

SortResult := TurboSort( SizeOf ( PlayerRec ), @Enter, 
@PlayerSort, @Display ); 

Of course I declare and write the routines Enter, PlayerSort, and Display 
somewhere else in the program. The Enter routine, which lacks parameters, 
should specify how data for the players is to be put in-via screen entry or 
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file reading-and calls another Database Toolbox routine, SortRelease, to 
pass the item to be sorted. PlayerSort should be a function that returns a 
Boolean value of true if the two parameter records are in the correct sorted 
order. Finally, the Display routine, which has no parameters, should perform 
an output loop that calls SortReturn. This Toolbox routine retrieves the next 
item in the list, writes or displays it, and continues item after item until the 
Toolbox function SortEOS returns a value of TRUE, which indicates the 
whole list has been parsed. 

Database Toolbox contains two units with sorting routines: Sort and LSort. 
The routines I described above are for use with Sort, which may be used to 
sort up to 32767 items. To sort more than 32767 items use the routines in 
LSort, which have the same syntax but whose routine names are preceded 
with an L. 

Turbo Pascal Access 
The Turbo Pascal Access portion of the Database Toolbox provides prewrit­
ten routines to maintain a database. These routines are available in high- and 
low-level interface. The records in the database file may be ordered by one 
or more keys into the file. Suppose I want to index a phone book file on both 
the phone number and the name. I can do it because I have a separate index 
file that specifies the ordering of the records in the data file by field. 

The Turbo Pascal Access routines require a bit of setup via SetConst, which 
comes with the package. Once this is complete, you may write programs to 
use either low- or high-level calls to Access routines. The indexing method 
used for the database files is a B+ tree structure. The B+ tree is similar to 
the binary tree except that more than two siblings are allowed on each level. 
B+ trees are discussed in detail in Appendix B of the Turbo Pascal Database 
Toolbox manual. 

Through the low-level routines AddRec, DeleteRec, and PutRec, the data 
file may be manipulated in any way. The index files must be kept in synch 
via the routines AddKey and DeleteKey. The data file may be parsed via the 
routines FindKey, SearchKey, NextKey, and PrevKey. 

Alternatively, high-level routines make much of the index manipulation 
invisible to the programmer. The names of these routines generally start 
with a TA for Turbo Access. The database file may be handled via calls to 
the routines TAinsert, TADelete, and TAUpdate. In addition, records may 
be read via T ARead; the file may be parsed via T APrev or TAN ext; and 
it may be reset to the beginning via T AReset. The Turbo Pascal Database 
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Toolbox manual details these operations as well as several others I have not 
mentioned. The purpose of this discussion is to show you what tools are in 
the Database Toolbox and to determine if it includes the tools to satisfy your 
programming needs. 

Take a quick look at some of the capabilities of the other Toolbox package, 
Numerical Methods. 

Turbo Pascal Toolbox Numerical Methods 
The Numerical Toolbox is geared toward engineers, scientists, and students 
of advanced mathematics. The package includes routines for the following 
types of problems and solutions: 

• Roots to equations in one variable 
• Interpolation 
• Differentiation 
• Integration 
• Matrices 
• Eigenvalues and eigenvectors 
• Initial and boundary value methods 
• Least-square approximation 
• Fast Fourier transform 
• Graphics demonstrations 

If these topics are foreign to you, the Numerical Methods Toolbox may not be 
what you need. However, the graphics demonstration programs at the end of 
the manual are worth seeing. Least-squares approximation and Fourier trans­
forms are presented in the programs LSQDemo and FFTDemo respectively. 
Although this package is directed toward scientific and engineering applica­
tions, students of calculus and even algebra will find interesting routines that 
quickly solve mathematical problems. 

Borland International offers one more add-on package for the Macintosh: 
Turbo Pascal Tutor. 

Turbo Pascal Tutor 
The Turbo Pascal Tutor comes with a diskette that contains all the programs 
discussed in the manual. Anyone who wishes to learn how to program Turbo 
Pascal on the Macintosh will find valuable information in this package. It may 



328 The Borland Toolboxes and Turbo Tutor 

be used as either a tutorial for the novice or as a reference guide for the more 
experienced programmer. With over 600 pages of programming information, 
it is probably the most detailed publication on Macintosh Turbo Pascal to 
date. The accompanying disk containing all the source code for programs and 
resource files is invaluable for quickly working with the sample programs. 
The Turbo Pascal Tutor is a worthwhile investment for anyone working with 
Turbo Pascal on the Macintosh. 



Appendix B--­
Reserved Words 

These are the reserved words in Macintosh Turbo Pascal: 

and 
array 
begin 
case 
const 
div 
do 
down to 
else 
external 
file 
for 
forward 
function 
goto 
if 

implementation 
in 
inline 
interface 
label 
mod 
nil 
not 
of 
or 
otherwise 
packed 
procedure 
program 
record 

repeat 
set 
sci 
shr 
string 
then 
to 
type 
unit 
until 
uses 
var 
while 
with 
xor 
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Quiz Answers 

Chapter 1 

1. lK = 1024. 128K = 131,072, or approximately 128,000. 512K = 
524,288 or approximately 512,000. 1 meg = 1,024,000. 4 meg = 
4,096,000. 

2. An interpreter translates Pascal code on the fly as it is being executed 
and unlike a compiler, is not generally capable of producing stand-alone 
double-clickable applications. 

3. In the problem-solving phase the programming problem is defined and 
analyzed, and a general solution of the problem is developed step by 
step. In the implementation phase the general solution is translated into 
code that the computer can understand. The general solution itself is 
called an algorithm. 

4. First start the water boiling, then get an egg and drop it into the boiling 
water. A delay is executed for the length of cooking time necessary 
before the egg is removed. 

Chapter 2 

1. No 
2. The option Clear deletes the selected text and does not copy it to the 

Clipboard. 
3. Stack Windows places the edit windows on top of each other, whereas 

Tile Windows gives each window its own area of the screen. 
4. Compiling to disk results in a double-clickable application on the disk, 

whereas compiling to memory simply creates an executable version of 
the program in RAM. 

Chapter 3 

1. An identifier is a name given to a constant, type, variable, procedure, 
function, or program. 
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2. Comments are an important part of programming. They may be placed 
anywhere in the program for the purpose of explaining code steps and/or 
identifiers. 

3. At the end of the program. 
4. The proper order is const, type var. 
5. An integer takes up less memory and must always represent a whole 

number. 
6. The semicolon denotes the end of a statement in Pascal. 
7. In order of high precedence to low:*,/, MOD, DN, +, -. 
8. By the use of parentheses. 

Chapter 4 

1. Subsequent output is always started on the next line followed by a 
writeln whereas a write does not cause output to start on a new line. 

2. 65535.34 
3. You can insert blank lines via writelns with no parameters. 
4. Readln provides the programmer with the ability to request input from 

the user. 
5. if ((A < 100) AND (A > 0)) then .. .if ((A = 100) OR (A = 0)) then ... 

Chapter 5 

1. A counter determines how many times a loop is executed and an accu­
mulator gathers a total that will periodically be updated. An example 
of a counter is i as shown here: 

i := O; 
if name = 'Smith' then 

i := i + 1; 

Alternatively, an example of i as an accumulator is 

for i := 1 to 10 do 

2. It does not matter how or where you use a counter inside loop as long 
as you do not modify it for the purpose of early termination. 

3. 1 := 1; Total := O; 
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while (1 <= 5) do 
begin 
readln(UserNumber); 
Total := Total + UserNumber; 
end; 

writeln('The total is: ', Total); 

4. Begin-end pairs within a for statement denote a compound statement 
within the loop. 

5. write('How many iterations? '); 

readln(l); 
for Loop := 1 to I do 

6. A repeat. .. until loop will always execute once, since the loop test is not 
performed until the end, whereas a while loop may never be executed. 

7. Nested loops may repeatedly perform a block of code within another 
repeatedly performed block of code. 

8. Goto statements should be avoided in order to maintain a structured 
programming approach where hard-to-follow branches are not used. 

Chapter 6 

1. A function by definition returns a value separate from any parameters 
passed to it, whereas a procedure may return values only as passed by 
reference. 

2. Global variables may be accessed and changed by any routine (unless 
redefined as a local procedure), whereas local variables are limited to 
change only by the routine in which they are declared. 

3. Parameters passed as var may be modified by the called routine, 
whereas those passed with no var specification may not be changed. 

4. The $1 compiler directive may be used to check 1/0 results via the 
function IOResult to determine if unexpected input was received, for 
example a real when an integer is required. 

5. A unit is a program block that allows better program structure, modu­
larity, and separate compilation. 

6. The interface section is visible by other areas, for example the calling 
program. The implementation section is private to the unit and not 
visible by calling routines. 

7. UnitMover moves units from one file to another. It lets you make the 
Turbo program small enough to run on a 512K Macintosh. 
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1. A. 100 
B. 5 
c. 12 
D. FALSE 
E. 1 
F. 2 

2. Pascal is fun 
3. Wednesday 

Chapter 8 
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1. Although these figures started out as fixed values, they must be per­
mitted to change throughout the program in order to specify the new 
range of possible numbers after each guess. For example, if your num­
ber is 75, MinNum changes to 51 after the program's first guess so that 
the new range of possible numbers is 51 through 100. 

2. If the conditions are met in the first if statement, the second if statement 
is not executed, so the code can be simplified as follows: 

if NOT ( inDecimal >=O ) OR NOT ( inDecimal <= 65535 ) then 
begin 

writeln; 
writeln ('INVALID ENTRY ... PLEASE TRY AGAIN!'); 
writeln; 

end; 

3. I could have reversed the order of the outHex elements in the WRITELN 
statement in DecToHex to read 

writeln ( 'is', outHex[ 6 ], outHex[ 5 ], outHex[ 4 ], 
outHex[ 3 ], outHex[ 2], outHex[ 1 ], '. . .' ) 

4. Yes, 0 through 9 are written the same way in hexadecimal and base 10 
notation. 

Chapter 9 

1. Simply put, a file is a collection of records and a record is a group of 
fields. 

2. Because the purpose of a record is not to centralize data structures but 
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rather to group related items like the name, and position in program 
Base Ball. 

3. If was used to remove any possible garbage left over in memory from 
any other variables that may have used that memory address. It is 
not necessary to understand why this garbage may exist; however, it 
is important always to initialize sets just as you would initialize any 
other variable. 

Chapter 10 

1. Because it is very difficult to follow the logic of a recursive routine and 
because they can very easily cause the program to crash due to lack of 
memory. 

2. With the linked list there is no worry about reshuffling the entire list 
when an item is added; the only item affected is the one that now must 
point to the new item. 

3. 

~ 
/~ 2 4"" s 

4. A stack is a LIFO structure, in which the last item placed on the stack 
is the first to be processed. By contrast, a queue is a FIFO structure, in 
which the first item in the queue is the first to be processed. 

Chapter 11 

1. The entire collection is the file, each album is a record, and each song 
is a field for that particular record. 

2. The statement ran sequentially through the file until the end in order to 
receive new entries. 

3. Variant records can save memory space. 

Chapter 12 

1. It forces the programmer to think through the program logic more 
thoroughly without having a debugger to fall back on for help. 
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2. C IS FUN 
3. A: 2 B: 0 C: 15 D:O 

Chapter 13 

1. Turtle routines are easy to use, but QuickDraw routines are much more 
powerful. 

2. It would shift the light box up 75 pixels, but the lights would still be in 
their original position. 

3. None, since the value of (while NOT TRUE do) will never be true. 
4. GetNextEvent is used to get all input from a user via one routine. It is 

the heart of all Macintosh-style event-handling programs. 
5. GetNewWindow uses fewer parameters than NewWindow because it 

operates with a window definition in a resource file. 

Chapter 14 

1. The same problem would arise: the Succ of 12 (Succ(12)) would be 13, 
which is meaningless. So no matter how I set up that part of the code, 
I would have to take the special case of January being after December 
into account. 

2. It is checked so that I don't divide by 0. 
3. The screen is redisplayed. 
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Absolute value function, 167-168 
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Add 

modifying values of, 144, 145 
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Add routine, 138 
Advanced concepts 
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American National Standard Institute, 5 
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Appending a file, 239 
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Application programs, 181 
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Graphics, sound, and resources 
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ASCII hexadecimal conversion values, 
261-262 

Assembly language 
binary numbers and, 14 
MacsBug and, 266 

Assignment operator, 74 
values of expression and, 77 

Assignment statement 
invalid, 75 
use of, 81, 82 
valid, 74 
variables and, 74 

Asterisks, 63 
Auto Indent, 33, 86 
Auto Save, 42 

B 

Back, Turtle graphics and, 271 
Backward looping with Downto, 125 
Base 10 integers, 67 
BASIC,4 
Batting-average program, 308-314 
Begin-end pair 

examples of, 99 
Pascal programs and, 4 7 
procedure and, 13 8 
program body and, 64-65 

Beginner's All-purpose Symbolic 
Instruction Code, 4 

Bibliography, 336 
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BinaryPointer, 233 
Binary search, 185 
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16-bit integer, 67 
Bits 
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Blank lines, printing of, 97, 98 
Blank spaces, 46 
Blind pointer, 224 
Body 

of function, 148 
of procedure, 136 
of repeat statement, 126 
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Boolean End of File function, 238 
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Boolean operators, 110 
Boolean type, 206 
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Button routine program, 281-282 
Byte 

ASCII and, 16 
integers and, 67 

2-byte integer, 67 
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4-byte value, 221 
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CalcFact, 220 
CalcNDisp, 200 
Calendar program, 301-308 
Call procedure, 138-139, 149 
Carriage return, 97 
Case-sensitivity with Find What, 34 
Case statement, 111, 252, 395 
Central library, 166 
Change, 35, 36 
Characters, 66, 70-72 

identifier and, 60, 61 
Character string, printing of, 90, 91 
Checks in If statement, 111 
Check Syntax, 41 
Chr function, 175 
Clear, 32 

Turtle graphics and, 271 
ClearScreen, 185 
Clipboard, 32 
Clock Folder file, 18 
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corresponding, 238 
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Closing a file, 238 
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Coefficient scientific notation, 69 
ColorType, 204 
Command key, 53 
Comment 

block, 63-64 
declaration and, 61, 63 
embedded, 63 
line, 61, 63 
marks, 284 
resource file and, 291 
specifying, 291 

Common Business Oriented Language, 4, 5 
Comp. See Computional data type 
Compat Unit file, 19 
Compilation, 48 
Compile menu, 39-44 

functions of, 39, 40 
selecting Run from, 65, 66 

Compiler 
versus interpreters, 13-14 
MacsBug and, 266 
Turbo Pascal, 13 

Compiler directive, 63 
flag-type, 152 
$L, 155 
$0, 155-156 
parameters and, 151-157 
$R, 156 

event handling and, 296 
$U, 157 

2's complement notations, signed integers 
and,68 

Complete Pascal programs, 181 
Compound expressions, 110 

with while loop, 11 7 
Compound If statement, 108 
Comp real numbers, 69 
Computerese, 3 
Computer language, 4 
Computional data type, 203 
Concat function, 1 71-172 
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concepts 

Condition 
false, 106 
true, 106 

Conditional, 103, 104 

Index 339 

decision symbol and, 10 
Conditional If statement, 105 
Conditional structures, 130 
Connector symbol, 11 
Const. See Constant 
Constant, 62-64, 75-76 

declaring a, 75 
Turtle and, 2 72 

Constant section, 75 
Control variable, 130 

loops and, 126 
Conversion programs, 185 
Conversion values for hexadecimal ASCII, 

261-262 
Copy function, 1 72 
Copy option, 32 
Corresponding close, 238 
Cosine function, 169 
Counter-control variable, 119-120 
Counter loop, 116-117 
Count field, 286 
C program language, 5 
Create, 238 
CublnchToLiter, 185 
Curly brackets with comments, 63 
CurrentTask, 230 
Cut, 32 

D 

Database toolbox, 325-326 
Data space, 252 
Data structures 

advanced,202-217 
numeric types and, 202-203 
parallel arrays and, 208-209 
records and files and, 210-211 
sets and, 211-213 
simple arrays and, 206-208 
types and, 204-206 
using arrays, records, and sets in an 

application and, 213-216 
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Data type, 82-85 
array, 83 
declaring,66-72, 73 
defining, 73 
enumerated, 83 
handle, 221-225 
identifier and, 73 
ordinal, 83, 85 
real number, 203 
records, 83 
scalar, 85 
user-defined, 83-85 

Data values, 72 
assigning with Read and Readln, 

97-103 
Date-minder program, 301-308 
DateTimeRec, 307 
Debugger, 255 

compiler directives and, 152 
TMON, 256 

Debugging and file analysis, 48, 255-269 
encipher/decipher program and, 

263-266 
MacsBug and, 266-268 
TMON and, 268 

Decimal point, 68 
real numbers and, 68 

Decimal-to-hexadecimal conversion 
program, 191-199 

explanation of, 197 -199 
Decipher option, 266 
Decipher program, 263-266 
Decisions, 103-106 
Decision symbol, 10-12 

exit points of, 12 
Decision test, I 03 
Declarations, 62-64, 66, 75 

examples of, 99 
DecToHex, 197 
Default directory types, 43 
Delete function, 172-173 
DeleteRec, 326 
Desk Accessories for Apple Menu, 25, 26 
Diamond-shaped decision symbol, 10 
Differentiation, 327 
Directive include-file, 154 
Disassembler, 14 
Disk activity, 256 

Display routine, 326 
DIV. See Integer division 
Dots symbol, 262-263 
Double-clickable applications, 13 
Double integers, 203 
Double-precision data types, 69 
Double real variable, 203 
Downto, 125 
Drawing freehand, 284 
Dump program, 256-260 
Duration, 288 . 
$D with MacsBug, 267 
$D+ with MacsBug, 267 
Dynamic storage allocation, 230 

E 

Echo printing, 256 
Editing Turbo Pascal program, 48-50 
Edit menu, 32-33 
Editor, 13 
Edit Transfer, 29 
Edit window, 37 

after saving, 51, 52 
Eigenvalues and eigenvectors, 327 
Eigenvectors, eigenvalues and, 327 
8088 or 8086 assembly language, 14 
Electrical switches, 14 
Electronic calendar program, 301-308 
Elements, 207 
Else portion of If statement, 104 
Embedded comment, 63 
Encipher/decipher program, 263-268 
Ending value with loops, 126 
Enter routine, 324-325 
Enumerated data type, 83, 205-206 
EOF. See Boolean End of File function 
Equations in one variable, 327 
Error message, 6 

Read and Readln and, 100 
Errors, 13 
E scientific notation, 69 
Event-handling programming with 

resource file, 293-299 
EventRecord, 294 
EventRec type, 306 
Executable lines, 4 7 



Exit points, 12 
Exp function, 170 
Exponent, 69 
Exponentialnotation,68 
Expression, 77-78 

arithmetic, 77 
valid, 77 
variables, mathematical operators, and 

constants in, 77 
Extended integers, 203 
Extended real numbers, 202-203 

data types of, 69 
External storage, 17 
Extra field with record album database 

program, 322 

F 

Factorial program, 218-220 
False, decision making and, 103-104 
Fast Fourier transform, 327 
Fields, records and files, 235-236 
Field-width parameter, 94, 95 
FIFO. See First-in-first-out stategy 
FigureHex, 197 
File-building program, 256 
File-dump program, 256-260 
File-handling library procedures, 237-240 
File-handling routines. See Boolean End of 

File function 
File menu, 27-31 
File name, 243 
Files,210-211,235-254 

appending, 239 
defining, 290 
file-handling library procedures and, 

237-240 
phone-book program and, 240-245 
records and, 211 
sorting and merging, 245-251 
variant records and, 251-25 3 

Files versus arrays of records, 236-237 
Find, 34 
Finder 

Pascal disk and, 20 
RAM disk and, 20 

Find Error, 41, 42 

Find Next, 35 
dialog box for, 35, 36 

Find option, 34, 35 
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Find What, 34 
First-in-first-out stategy, 231 
First line of program, 60-61 
Flag, 14-15, 152 
Flexibility, 124, 125 
FlipFlop, 198 
Floating-point numbers, 69 
Flowchart, 7 -8 
Flowchart symbols, 8-12 
Flowlines, 10-11 
Flow of a program, 103 
Flush Vol, 240 
FName, 238 
FNum, 238 
Font/DA Mover 

application, 39 
utilities and sample programs file of, 18 

Font menu, 39 
Font Windows, 39, 40 
For loop, 212 
Format menu, 37-39 
Formatting 

output, 94-97 
program, 86 

Formula Translator, 4 
For statement, 113, 119, 119-125 
FORTRAN,4 
Forwd, Turtle graphics and, 271 
FSClose, 240 
FSOpen, 238 
FSWrite, 240 

syntax for, 239 
Function 

parameters and, 148-151 
type of, 148 

Fundamentals, 3-23 
flowchart symbols and, 8-12 
machine language and, 14 
Macintosh storage and, 14-17 
Pascal and, 4-5 
programming and, 3-4 
programming technique and, 6-8 
Syntax and, 6 
Turbo Pascal and, 12-14, 18-20, 

20-22 
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G 

Get Info 
compile menu and, 42 
dialog box for, 42 

GetMouse, 284 
GetNewWindow, 297 
GetNextEvent, 293 
GetPort, 278 
Global variables, 185 

versus local variables, 140-141 
Go-away box window, 292 
Goto statement, 130-132 

avoiding the use of, 131-132 
GrafPort record structure, 277 
Graphics, 270-285 

mouse and, 281-285 
standard Macintosh, 275-281 
Turtle, 271-275 

Graphics demonstrations, 327 
Grow box, 281 
Guess-a-number program, 186-191 

explanation of, 190-191 

H 

Halt, 263 
Handle data types, 221-225 
Hard copy 

printing,53 
of program, 53 

Header lines, 292 
Heading 

function and, 148 
procedure and, 136 
program, 46, 60 
Turtle graphics and, 271 

Hexadecimal ASCII conversion values, 
261-262 

Hexadecimal notation, 191-192 
Hex-character dump program, 256-260 
Hex values, 192-193 
HideCursor, 278 
Hi function, 177. 
High-level interface, 326 
High-order bit, 68 
High-order nibble, 260 

HiWord function, 177 
Home, Turtle graphics and, 272 
Home Cursor, 35 

I 

$1. See Include file directory 
Icon on disk, 52 
Identifier, 60, 61-62, 72-73 

invalid, 62 
legal numeric variable, 74 
naming,62 
valid, 62 

If statement, 103 
common errors with, 106-108 
compound, 108 
conditional, 105 
nesting the, 108-110 

If ... then ... else compound statement, 103 
Images, 282 
Imagewriter, 20 
Implementation of Turbo Pascal unit, 158 
Implementation phase, 7-8 
InchToMeter, 185 
Include file directory, 43, 154 
Include files, 27-28 
InDecimal, 197 
Indentation in program formatting, 46, 86 
Index variable, 119 
Infinite loop, 114, 116 
Information, 103 
lnitGraf, 278 
Initial and boundary value methods, 327 
Initial value methods, 327 
InitWindows, 280 
Inner loop, 130 
Input file, 325 
Input/output routines, 159 
Input/output symbol, 8-10 
Insert function, 173 
Inserting numbers with binary tree, 233 
InsertMenu, 298 
Integer division, 78 
Integer division operator, 78 
Integers, 66-68 

double, 203 
extended, 203 
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maximum and minumum values for, 

66-67 
range of, 202 
valid,66 

Integration, 327 
Intel-based 8088/8086microprocessors,14 
Intensity, 288 
Interactive statements, 98 
Interface 

high-level, 326 
low-level, 326 
of Turbo Pascal unit, 157-158 

Internal storage, 17 
Interpolation, 327 
Interpreter 

versus compilers, 13-14 
Turbo Pascal and, 13 

Int library function, 169 
Invalid assignment statement, 75 
Invalid identifier, 62 
Invisible window, 292 
1/0. See Input/output symbol 
IOResult, 153 

K 

K. See Kilobyte 
KeyPressed, 159-160 
Kilobyte, 16-17 

L 

$L. See Link Object file directory 
Label declaration, 131 
Label with Goto statement, 131 
Last-in-first-out traffic, 231 
Least-square approximation, 327 
Legal numeric variable identifier, 74 
Length of a string variable, 171 
Library, 166 
Library features, 165-178 
Library procedures, 237-240 
Library routines, 166, 167-177 

mathematical routines and, 167-171 
string routines and, 171-174 
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LIFO. See Last-in-first-out traffic 
Linked list, 225 
Linker, 13 
Link Object file directory, 43 

compiler directive and, 155 
Lister Folder file, 18 
Ln function, 170 
LoadArray, 314 
Local variable 

declaring, 140 
global versus, procedures and, 140-141 

Lo function, 177 
Longlnt. See Long integer 
Long integer, 202-203 
Loop 

counting, 116-11 7 
infinite, stopping, 114, 116 
inner, 130 
nested, 129-130 
outer, 130 
repeat... until, 129 
summary of, 126 
while, 114, 129 

Loop control variable, 11 7 
Loop counter, 116-117 
Looping structures, 1 l 3-13 3 

backward with Downto and, 125 
counting the, 116-117 
Goto statement and, 130-132 
nested, 129-130 
repeat statement and, 126-128 
repeat... until, 129 
for statement and, 119-125 
summing, 118-119 
while, 129 
while statement and, 114-116 

Low-level interface, 326 
Low-order nibble, 260 
LoWord function, 177 
LSort,326 

M 

Machine code, 102 
Machine-language programming, 14 
Mac II Interfaces disk file, 18 
Macintalk Folder file, 19 
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Macintosh 
communicating with Turbo Pascal, 

12-14 
memory, 14, 16-17 
mouse for, 281 
storage, 14-1 7 
window manager program, 278-289 

MacPaint, 53 
MacsBug, 255, 266-268 

commands, 267 
invoking, 266-267 

Mac screen, 94 
Main memory, 8 
Main module, 135, 136 
Main program, 185 

declarations of, 216 
logic of, 185 

Mantissa scientific notation, 69 
Mathematical calculation with flowcharts, 

10 
Mathematical order of operation, 78-79 
Mathematical routines, 167-171 
Mathematical variables, 81, 82 
Matrices, 327 
MaxGuess, 190 
Megabyte, 17 
Memory, RAM-ROM, 16-17 
Memory location, 221 
Memory requirements of data types, 221 
Menu, 25-44 

Apple, 25-26 
Compile, 39-44 
Edit, 32-33 
File, 27-31 
Font, 39 
Format, 37-39 
Search, 34-37 
Transfer, 44 

Menul, 296-297 
Menu2, 296-297 
Menu bar, 298 
MenuHandle type variables, 297 
Merging records, 245-251 
Message, printing of, 90, 91 
Metric conversion program, 181-186 

explanation of, 185-186 
Microprocessor, 14 
Misc Folder file, 19 
Mistake correction, 49 

MOD. See Modulo division 
Modular programming, 135 
Modules of program, 135 

main, 135, 136 
Modulo division, 78 
Motorola-based 68000 microprocessors, 

14 
Mouse, 281-285 
Mouse-based program, 282 
Mouse button, 281 
Mult 

procedure and, 138 
variable parameters and, 141-143 

Multiple-item Readln statement, 101 
Multi-variable declaration, 147 
Music in Turbo Pascal, 285-290 
MyDA Folder file, 18 
MyDemo Folder file, 18 

N 

Natural log function, 170 
Nested loop, 129-130, 185 
Nesting, 108 
New 

file menu and, 27 
memory and, 222 

NewString, 198 
NewWindow, 280-281 
Nibble 

high-order, 260 
low-order, 260 

NoGrowDocProc, 280-281 
NOT, 110 
Note frequencies, 286 
NoWrap, Turtle graphics and, 272 
Null string, 72 

length indicator, 72 
Numerical methods, 327 
Numerical toolbox, 327 
Numeric types, 202-203 

0 

$0. See Output file, directory of 
Odd function, 168 
Off-page connector symbol, 11 
Open, file menu and, 27 



Operating system, ROM and, 17 
Operator order of precedence, 78-79 
Optional parameter BuffSize, 237 
Options, 33 

Compile menu and, 42 
dialog box for, 33, 43 

OR, 110 
Order of precedence of operators, 78-79 
Ord function, 174-175 
Ordinal data type, 83, 85 
OunceToGram, 185 
Outer loop, 130 
Out-of-range subscripting, 207 
Output 

first line of, 96 
formatting, 94-97 

Output file 
directory of, 43 
enciphered file and, 266 

Output unit file, 160 
Overlay structure, 252 

p 

Page setup, 29 
Parallel arrays, 208-209 
Parameters, 141-157 

compiler directives and, 151-157 
field-width, 94, 95 
functions and, 148-151 
passing, 143 
passing information with, 141 
type declarations for, 144 
value, 145, 145-148 
variable, 141-145 
Writeln and, 89 

Parentheses, 64 
comment and, 63 
order of operations and, 79 

Pascal. See also Turbo Pascal 
Apple II, 5 
definition of, 4-5 
University of California at San Diego 

version, 5 
PasConsole, 185 

QuickDraw and, 278 
unit and, 159-160 

.pas extension, 44 

PasPrinter unit, 94 
Passing parameters, 143 
Past, 32 
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PenDown, Turtle graphics and, 272 
Pen movement, 271-275 
Pen pattern, 278 
PenUp, Turtle graphics and, 272 
Phase implementation, 7-8 
Phase problem-solving, 7-8 
PhoneArray, 249 
Phone-book file, 245-249 

displaying contents of, 249-251 
Phone-book program, using a file in, 

240-245 
PhoneType,243 
PlayerSort, 326 
Plus sign, 212 
Pointer, 221-230 

assigning value to, 223 
blind, 224 
var, 224 

Pointers program, 228 
Pointer type 

declaration, 228 
up arrow and, 222 

Position function, 173-17 4 
Positive values, Turtle graphics and, 271 
Pred function, 175-176 
Print, 29 

file menu and, 30 
printing program with, 53 

Printer 
preparing, 53 
sending output to, 93-94 

Printer identifier, 94 
Printing 

blank lines, 97, 98 
echo, 256 
Turbo Pascal program, 52-54 

Problem-solving phase, 7-8 
Procedure, 134-141 

call, 138-139 
execution of, 135-136 
global versus local variables and, 140-141 
passing values to, 139 
placement of, 137 
structure of, 136 
use of, 137-139 
variables with, 139-140 
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Procedure definition statement, 141 
Procedure dispose, 223-224 
Processing strategies, 230 
Process symbol, 8 
Program block, 61 

examples of, 99 
main, 185 
modules and, 65 

Program Disk, 18, 20 
Program flow 

if statements and, 106 
procedure and, 136 
of while statement, 114 

Program heading, 46, 60 
Programming 

definition of, 3-4, 6-8 
modular, 135 

Programming languages, 4-5 
machine-language, 14 

Programs, 181-201, 301-323 
application, 181 
BaseBall, 215 
batting-average, 308-314 
body of, 64-65 
controlling flow of, 103 
date-minder, 301-308 
decimal-to-hexadecimal conversion, 

191-199 
editing, 48-50 
elements of, 60-66 
encipher/decipher, 263-266 
execution speed of, 13 
file-building, 256 
file-dump, 256-260 
first, 44-4 7 
formatting of, 86 
guess-a-number, 186-191 
hex-character dump, 256-260 
metric conversion, 181-186 
phone-book,240-245 
printing,52-54 
record album database, 314,..322 
review of, 65-66 
running, 47-48 
saving, 50-52 
tape-counter, 199-201 

Program statement, 46, 4 7 
compiling programs to disk by, 155-156 
examples of, 99 

Punctuation, 205 
importance of, 81 

PutRec, 326 

Q 

Queues, 230-233 
QuickDraw graphics, 275-277 

ROM and, 17 
Quit, 31 
Quiz answers, 330-335 
Quotes 

R 

doubling single, 70-71 
single, 70 

$R. See Resource file, directory of 
RAM, 16-17, 19 
Random-access memory, 16-17 

disk package, 19 
Range with guess-a-number program, 185 
$R compiler directive, 156 

event handling and, 296 
Read, 237 

assigning data values with, 97-103 
general syntax of, 98 
input command of, 8 

ReadChar, 159-160 
Read.file program disk file, 18 
Reading a file, 238 
Read-line statement, 47 
Readln 

assigning data values with, 97-103 
general syntax of, 98 
statement, 101 

Read Me program disk file, 18 
Read-only memory, 16-17 
Real data, 69 
Real numbers, 66, 68-69 

converting, 203 
data types and, 203 
extended, 202-203 
formatting of, 96 
fractional parts in, 68 
index, 208 



Real variable 
double, 203 
standard, 203 

Record album database program, 314-322 
Records, 210-211 

data type of, 83 
declaring, 210-211, 213 
files versus arrays of, 236-237 
size of, 253 
sorting and merging, 245-251 
use of, in application, 213-216 
variant, 251-25 3 

Record structure, 25 3 
Recursion, 218-221 
ReDoFile, 314 
Relational operators, 104 
Repeat statement, 126-128 
Repeat... until loop, 129 

event handling programming and, 297 
tape counter program and, 200 
while versus, 129 

Repeat... until statement, 113, 127 
function and, 150-151 

Reserved words, 329 
Reset, 237 
Resource file, 156-157, 290 

directory of, 43 
event-handling programming with, 

293-299 
simple, 291 
syntax for, 291-292 

Resources 
event-handling programming and, 

293-299 
graphics, sound, and, 270-300 
RMaker and, 293 

RESUME option, 100 
Return, 101 
Rewrite, 237 
RMaker 

compiling, 292-293 
using, 293 
utilities and sample programs file of, 18 

ROM, 16-17 
Roots to equations in one variable, 327 
Rounding function, 168-169 
Routines, library, 167-177 
Run, 47 

compile menu and, 39 
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Run program, 47, 48, 49 
Run-time error, 41 

s 

Sample, 89 
SANE. See Standard Apple Numeric 

Environment Library 
Save 

dialog box for, 51 
File menu and, 28 

Save As 
File menu and, 28 
saving a program and, 51 

Save Defaults, 31 
File menu and, 44 

Save option, 50-51 
Saving Turbo Pascal program, 50-52 
Scalar data type, 85 
Scientific notation, 68 
Scope of variable, 140 
Scope rules, 140 
Screen, 22, 24, 25, 94, 256 
Screen dump, 53 
SearchFile, 244 
Search menu, 34-37 

functions of, 34 
Semicolons, 76-77 

errors with If statements and, 107-108 
procedure and, 136 
program heading and, 60 
uses of, 46 
writeln and, 64 

Set, 211-213 
declaring a, 212 
using in an application, 213-216 

SetConst, 326 
SetHeading, Turtle graphics and, 272 
SetPosition, Turtle graphics and, 272 
SetRect, 278, 280 
Shift Left, 33 
Shift Right, 33 
ShowCursor, 278 
Shr operator, 260 
Simple arrays, 206-208 
Simple resource file, 291 
Simple Turbo Pascal arithmetic, 79-82 
Sine function, 169-170 
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Single write statement, 92, 93 
68000 assembly language, 14 
SizeOf function, 176 
Song 

notes and duration for, 288 
playing a simple, 285 
saving on disks, 290 

SongBuilder file, 288 
Song file program, 286-287 
Sort 

batting-average program and, 314 
database toolbox and, 326 

Sorting and merging records, 245-251 
SortRelease, 326 
Sound,270-300 

making music in Turbo Pascal and, 
285-290 

utilities and sample programs file of, 19 
Spaces, 46 

program heading and, 60 
Writeln and Writeln statements and, 95 

Spelling error correction, 49 
Square root function, 167 
Square wave synthesizer tone generation, 

285 
Squaring function, 167 
Stacks, 230-233 

array and, 231 
parameters and, 147-148 

Stack Windows, 37, 38 
Standard Apple Numeric Environment 

Library, 69 
Standard Macintosh graphics, 275-281 
Standard real variable, 203 
Starting value with loops, 126 
StartSound, 285 
Startup window, 33 
Statement, 88-112 

Boolean operators and, 110 
case, 103, 111 
conditionals and, 103 
data values and, 97-103 
decisions and, 103-106 
For, 113, 119-125 
Goto, 130-132 
If, 103 

common errors with, 106-108 
nesting the, 108-110 

If statements and, 106-108 

If ... then ... else compound, 103 
procedure definition, 141 
program, 46, 4 7 
Read and, 97 -103 
read-line, 47 
Readln and, 97-103 
repeat, 126-128 
repeat... until, 113 

function and, 150-151 
Turbo Pascal, 88-112 
while, 113, 114-116 
write, 89-97 
write-line, 47 
writeln, 89-97 

Statement indentation, 46 
StepPointer, 229 
Stepwise refinement, 135 
Storage, 14-17 

external, 17 
internal, 17 

Storage medium, 8 
String,66, 70-72 

maximum size of, 71 
null, 72 
$R compiler directive and, 156 
value of, 222 

String output, 97 
String routines, 171-17 4 
String type declaration, 71-72 
Structure and syntax, 58-88 

constants and, 75-76 
data types and, 66-72, 82-85 
expression and, 77-78 
mathematical order of operation and, 

78-79 
program formatting and, 86 
semicolon and, 76-77 
simple Turbo Pascal arithmetic and, 

79-82 
Turbo Pascal program and, 60-66 
variables and, 72-73, 74-75 

Structured design, 6-7 
modular programming and, 135 
procedures and, 135 

Structured programming, 135 
unit and, 93 

Subprogram of modular programming, 7, 
135 

Subranges, 85 



Subtraction sign, 212 
Succ function, 176 
Summing loops, 118-119 
Swap function, 177 
Swap Word function, 177 
SWSynthRec. See Square wave synthesizer 

tone generation 
Symbol, 6 

;ca, 240 
decision, l 0-12 
flowchart, 8-12 
input/output, 8-10 
three dots, 262-263 

Symbol table, 42 
Syntax 

definition of, 6 
errors in, 41 
structure and. See Structure and syntax 

System 
flowchart and, 8 
RAM disk and, 20 

System error, 103 
System Error Messages, 41 

T 

T ADelete, 326 
T Alnsert, 326 
TANext, 326 
Tape counter program, 199-201 

explanation of, 200-201 
TAPrev, 326 
T AReset, 326 
TA Update, 326 
TempNumber, 197 
Terminal symbol, 8 
Termination condition of repeat statement, 

126 
Text files, 260 
TheButton,281 
TheEvent, 293-294 
Tile Windows, 38, 39 

Format menu and, 38 
TMON, 268 

debugger, 256 
window-based, 268 

To Disk, 41 
double-clickable application in, 41 
saving program and, 50 

To Memory, 41 
Tone 
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amplitude field of, 286 
arrays, 285 
type, 285 

Toolbox numerical methods, 327 
Top-down design, 135 

problem solving by, 7 
procedure and, 138 

Total record size, 253 
TotMinutes, 200 
TotSeconds, 201 
Transfer menu, 44, 45 

dialog box for, 29, 30 
file menu and, 29 

Transfer option, 31 
dialog box for, 31 

Trees, 230-233 
True condition, 106 
True or false 

condition, 114 
decision making and, 103-104 

Truncation function, 168 
Turbo compiler with semicolons, 77 
Turbo Pascal 

arithmetic, 79-82 
communicating with Macintosh, 12-14 
compiler, 13 
complete program in, 181 
creating binary tree and, 233 
database toolbox, 325-326 
disk icon, 20, 21 
editing of program for, 48-50 
first program for, 44-4 7 
getting acquainted with, 24-55 
getting ready to use, 18-20 
history of, 5 
introduction to, 5 
library features in, 165-178 
looping structures in. See Looping 

structures 
making music in, 285-290 
menu discussions of, 25-44 
parameters in. See Parameters 
printing program for, 52-54 
procedures in. See Procedure 
programs in. See Programs 
running the program for, 47-48 
saving the program for, 50-52 
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Turbo Pascal (cont.) 
screen, 25 
starting, 20-22 
structure and syntax in. See Structure 

and syntax 
toolbox numerical methods, 327 
tutor, 327-328 
unit, 157-158 
units in. See Unit 

Turbo Pascal Access, 325, 326-327 
Turbo Pascal Desktop, 22 
TurboPort, 277 
TurboSort, 325 
Turbo X.X program disk file, 18 
TurnLeft, Turtle graphics and, 272 
TurnRight, Turtle graphics and, 273 
TurtleDelay, Turtle graphics and, 273 
Turtle Folder file, 18 
Turtle graphics, 271-275 
Turtle routines, 273-274 
Turtle unit, 271-275 
Tutor, Turbo Pascl'll, 327-328 
Type declaration, 83, 285 

for parameters, 144 
Type of function, 148 
Types, 204-206 

u 

$U. See Unit file directory 
$U compiler directive, 157 
UCSD Pascal, 5 
Underscore, 62 
Undo, 32 
Unit, 157-162 

compiling, 158 
modular programming and, 11 
PasConsole information and, 159-160 
structure of, 158 
Turbo Pascal and, 93, 157-158 
UnitMover and; 160-162 
uses clause and, 158-159 

Unit file directory, 43 
UnitMover, 160-162 

dialog box for, 160, 161 
invoking, 160, 161 
utilities and sample programs file of, 18 

UnitMover window, 160, 162 
University of California at San Diego 

Pascal version, 5 
UnPack program disk file, 18 
User-defined data types, 83-85 
Uses clause, 158-159 
Uses statement, 277 
Utilities and Sample Programs Disk, 18 

v 

Valid assignment statement, 74 
Valid expression, 77 
Valid identifier, 62 
Valid integers, 66 
Valid response, 100 
Valid variable declaration statement, 73 
Value parameters, declaring, 145 
Values 

ending, 126 
midpoints of, guess-a-number program 

and, 185 
parameters for, 145-148 
procedure and, 139 
starting, 126 

Var. See Variables 
Variable declaration statement, 73 
Variable identifier, 7 4 
Variable name, 99 
Variable number, 202 
Variable parameters, 141-145 
Variables 

assigning, 74-75 
declaring, 72-73, 140, 210 
double real, 203 
global, 185 
global versus local, 140-141 
index, 119 
MenuHandle type, 297 
problems with, 256 
reading, 100-102 
readln and, l 00 
standard real, 203 

Variant block, 253 
Variant records, 251-253 
Var pointer, 224 
Vertical position on Mac screen, 94 



ViewDates, 307 
View the Next Month of Events Option, 

304 
Visible window, 292 

w 

VVhileloop, 114, 129, 185 
drawing freehand with, 284 

VVhile statement, 113, 114-116 
VVbile versus repeat ... until loops, 129 
Window 

defining a, 291 
File menu and, 27 
go-away box, 292 
invisible, 292 
resizing, 281 
Search menu and, 35, 37 
visible, 292 

Window-based TMON, 268 
Window manager program, 278-289 
WindowPtr types, 280 
WindowRect, 280 
Words only with Find What, 34 
Wrap, Turtle graphics and, 273 
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Write, 237 
output symbol of, 9 
semicolon and, 90 
statements and, 89-97 

execution of, 90 
single, 92, 93 

Write-line statement, 47 
Writeln, 64 

dislay, 96-97 
statements and, 89-97 
using, 91-93 

Writing a file, 238 

x 

XCor, Turtle graphics and, 273 

y 

YCor, Turtle graphics and, 273-275 

z 

Zoom window, 38 
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