






































































































































































































































































































































































































































begin 
read(stock, item); 
write('ltem: ·,item.name: 10); 
write 1 n('Quanti ty: · : 15, item.quantity : 5) 

end; 
until com in ['q', 'Q']; 

end. 

This program skeleton maps out the essentials of the program. The main program functions quite 
simply. A character is read to determine the operation to be accomplished. A CASE statement uses 
this character to determine a procedure to be executed. 

Only six characters produce results. Upper- and lowercase ''N.' and "C" trigger specific procedures. 
All other characters are handled by the ITTHERWISE clause of the CASE statement, which does 
nothing. If the character was "Q" or "q", however, it will cause the REPEAT loop to terminate. 

A printout of the stock file contents will be displayed after an ADD or a CHANGE has been per­
formed. By now, the display of a file contents is a straightforward process, so the code for this has 
been included in the first program outline. 

The data type ITEM_DATA is the most important feature in the declarations. This record defini­
tion has only two components, not enough for a realistic inventory program, but enough for demonstra­
tion purposes. ITEM_DATA is the component type for the data file STOCK. 

Obviously, the program cannot do much in its present state; the procedures are empty shells. How­
ever, the main program can be executed and tested. Later, when the procedures ADD and CHANGE 
are developed, they will be placed in a program that is known to be working. This makes it easy to 
isolate problems. If a bug emerges just after a working version of ADD is merged with the program, 
we can be fairly certain that the problem is in ADD, not in the rest of the program, which has been tested. 

The rest of the programming effort has been broken down into two tasks: development of the 
ADD and CHANGE procedures. Let's outline the things these procedures must accomplish: 

procedure add; 
begin 

{enter the name of the item to be added} 
if item is found then 

write(That item is already in inventory.') 
else 

begin 
{enter the quantity of the item} 
{add the item to the stock file} 

end { of else } 
end; {of add} 

Large portions of this outline are English phrases. Each comment indicates the need for one or 
more Pascal statements. The IF..THEN statement is outlined in nearly complete Pascal form. Howev­
er, the conditional part of the statement is obviously not a proper Pascal expression. These lines must 
be refined into Pascal statements. By developing a general outline of the procedure and by concen­
trating on each portion of the outline separately, the process of developing the procedure is broken 
down into small, manageable parts. 
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When developing such outlines, use your knowledge of Pascal to get as much into them as possi­
ble. I included an IF .. THEN .. ELSE statement outline because I was pretty sure that this was the way 
to proceed. Don't try to do too much in your first outlines of procedures, however. This is a perfectly 
acceptable first pass at the procedure. 

Now we need a similar outline for CHANGE: 

procedure change; 
begin 

{enter the name of the item to be changed} 
if item is found then 

begin 
{enter the new quantity} 
{replace the current file entry with the new one} 

end 
else 

writeln('That item is not in inventory') 
end; { of chenge } 

Both ADD and CHANGE require a method of determining if an item is already established in the 
data file. ADD must only add a new item if it has not been entered already. CHANGE, obviously, 
cannot alter an entry that is not in the file. Therefore, we will assume the existence of a function FOUND 
that will output TRUE if an item is found in the stock file. 

We can now turn our attention to refining ADD. Entering the new information is no problem. Ad­
ding the new data is possible since the file will be opened by OPEN. SEEK can be used to position 
the file window to the end of the file; then a simple WRITE will add the item. With this established, 
the rest of the procedure is easy to write: 
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procedure add; 
var 

newitem : instring; 
begin 

write('Name of item: '); 
{enter the name of the i tern to be eidded} 
reedln(newitem); 
if found(newitem) then 

writeln('That item is alreeidy in inventory.') 
else 

begin 
{enter the queint i ty of the i tern} 
item.name := newitem; 
write('Quantity on heind: '); 
read! n( item.quantity); 
{add the item to the stock file} 
seek(stock, maxlongint); { prepeire to append } 
write(stock, item); 



writeln('New item added to inventory.'); 
write In 

end { of else } 
end; {of add} 

The only thing remaining is to develop the function FOUND. The function should accept a string, 
look for the string in the name fields of the stock file, and output a Boolean value determined by the 
success of the search. At first, it may be desirable to simulate the function so that ADD can be tested. 
A dummy version of FOUND that will always output FALSE can be easily produced. This will let 
us test the ability of ADD to insert a new item in the stock file. 

function found (key: instring): booletm; 
begin 

found := false; 
end; 

• Enter the skeleton program that was introduced earlier, inserting the ADD procedure as just 
developed. Also include FOUND, which must, of course, appear before ADD in the program. 

• Test the program. You will want to increase the size of the Tuxt window to accommodate the 
wide lines of text that will be produced by the program. At the prompt, use the A option to add the 
following items: 

Item Quantity 
screw 1000 
bolt 850 
nut 700 

After each addition, a report lists all items in the inventory. Each new item is added as the last 
item in the stock file. At this point, the program will accept duplicate entries for items. Th eliminate 
this, the FOUND function must be completed. 

function found (key : instring): boolean; 
{outputs true if key is found in stock file} 

begin 
reset(stock); 
i tern.name := "; 
while ((item.name <> key)) and (not eof(stock)) do 

read(stock, item); 
fo~nd :=item.name= key 

end; 

Once a file is opened with OPEN, it retains its read/write capability even though RESET or REWRITE 
are used. RESET is used here as a convenient way to position the window to the beginning of the 
file. ITEM.NAME must be initialized since it is a global variable which almost certainly contains a 
product name. If the present value of ITEM.NAME matches the value of KEY, then the WHILE state­
ment will never execute. 
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The WHILE loop reads each component of the file as long as the key is not found or until the 
end of the file is reached. After the loop terminates, FOUND is assigned its output value based on 
whether ITEM.NAME matches the search key. If the loop terminated because a match was found, 
FOUND will be TRUE. If the loop reached the end of the file without finding a match, FOUND will 
be FALSE. 

• Include the final version of FOUND in the program, run it, and try adding a duplicate entry. 
Be sure that the program reacts appropriately to new and to duplicate entries. 

The remaining procedure is CHANGE, which is slightly more complicated than ADD. CHANGE 
must substitute a new component for one already stored in the file. This requires a three step process: 

1. Find the position of the old component. 
2. Use SEEK to position the window over the old component. 
3. Write the new component. 

Here is the CHANGE procedure: 

procedure change; 
var 

key : instring; 
begin 

{enter the name of the item to be changed} 
write('Name of item:'); 
readl n(key); 
{if found it's ok to change} 
if f ound(key) then 

begin 
writeln('ltem: ·, item.neme); 
write 1 n('Quanti ty: ·, item.quantity); 
{enter the new quantity} 
write('Enter new quantity: '); 
readln( item.quantity); 
{replace the current file entry with the new one} 
seek(stock, filepos(stock) - 1 ); 
write(stock, item) 

end { of then } 
else 

writeln('That item is not in inventory') 
end; { of change } 

Since the WHILE loop in FOUND terminated just after the old entry was found, the current file posi­
tion is one past the old entry. The expression FILEPOS(STOCK) - 1 therefore provides SEEK with 
the appropriate location. This approach borders on being a tricky one that could get us in trouble. 
In order to understand how CHANGE works, we must understand the side effect of FOUND: that 
it leaves the file window just after the matching component. It is far better to make this explicit by 
having FOUND assign the file position to a variable. We are then relying not on a side effect of FOUND 
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but on an intentionally designed feature of the function. A simple modification to FOUND accomplishes 
this without altering the main mission of the function to determine if a key item is already present 
in the file. 

• Add this variable declaration in the program's main VAR block: 

position: longint; 

• Add this line just before the assignment statement in FOUND: 

position:= filepos(stock) - 1; 

• Change the SEEK statement in CHANGE to this: 

seek(stock, position); 

• Tust the CHANGE procedure by running the program and making the following entries: 

Item: 
screw 
bolt 
washer 

Quantity: 
900 
700 
650 

The program should accept the changes for "screw" and for "bolt;• but it should reject the entry for 
"washer:' 

Here is a complete listing of the program SIMPLE INVENTORY: 

program Simple_lnventory; 
type 

item_data = record 
name : string( 1 OJ; 
quantity : integer; 

end; 
instring = string( 1 OJ; 

Y&r 
item : item_data; 
stock: file of item_data; 
com: cher; 
position : longint; 

function found (key : instring): boolean; 
{outputs true if key is found in stock file} 

begin 
reset(stock); 
item.name:="; 
while ((item.name <>key)) and (not eof(stock)) do 

reed(stock, item); 
position:= filepos(stock) - 1; 
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found := item.name = key 
end; 

procedure add; 
Yer 

newitem : instring; 
begin 

{enter the name of the item to be added} 
write('Name of item: '); 
readln(newitem); 
if f ound(newitem) then 

writeln('That item is already in inventory.') 
else 

begin 
{enter the Quantity of the item} 
item.name:= newitem; 
write('Quantity on hand:'); 
readl n( item.quantity); 
{add the item to the stock file} 
seek(stock, maxlongint); { prepare to append 
write(stock, item); 
writeln('New item added to inventory.'); 
writeln 

end { of else } 
end; {of add} 

procedure change; 
Y8r 

key : instring; 
begin 

{enter the name of the item to be changed} 
write('Name of item:'); 
readl n(key); 
{if found it's ok to change} 
if f ound(key) then 

begin 
writeln('ltem: ·,item.name); 
writeln('Quantity: ·,item.quantity); 
{enter the new quantity} 
write('Enter new Quantity: '); 
readln(i tem.quant ity); 
{replace the current file entry with the new one} 
seek(stock, position); 
wri te(stock, item); 



writeln 
end { of then } 

else 
writeln('That item is not in inventory') 

end; { of change } 

begin {mein progrem} 
showtext; 
open( stock, 'Stockfil e'); 
repeat 

write('Add, Change, or Quit?'); 
reed(com); 
case com of 

'e', 'A': 
edd; 

·c·, ·c·: 
chenge; 

otherwise 

end; { of cese } 
{display a stock listing after every successful command} 
reset( stock); 
if com in 1·a· 'A' ·c· ·c·1 then ' , ' 

while not eof(stock) do 
begin 

read(stock, i tern); 
write('ltem: ·,item.name: 10); 
writeln{'Quentity: ·: 15, item.quantity: 5) 

end; 
until com in l'q', 'Q']; 

end. 

TEXT FILES 

In addition to standard data files, Pascal has another sort of file called a text file. In many ways, 
text files behave like files of characters. There are a few characteristics, however, that distinguish text 
files from files of type Char. 

Text files may be visualized as lines in a book. The lines may be of varying length. Just as with 
standard data files, an end-of-file marker is placed at the end of the file. However, text files use an­
other marker that data files do not have, an end-of-line marker. 

Thxt files are ideally suited for the storage of text data. However, anything that can be written 
to the screen with WRITE or WRITELN can be written to a text file. This excludes structured data 
types such as records and arrays, but permits integers, real numbers, Boolean values, strings, characters, 
and enumerated types to be written to text files. Once stored in text files, READ and READLN may 
be used to retrieve the data. 
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Notice that READLN and WRITELN may be used with text files while their use is forbidden 
with nontext files. This is the case because text files are line oriented, and we must have a way of 
skipping from one line to the next. 

Let's create a text file and look at methods involved in retrieving data from it. 
• Enter this program, which will create a simple text file: 

program WriteTextfile; 
var 

txt: text; 
begin 

rewrite(txt, 'textfile'); 
write(txt, 12); 
writeln(txt, 'buckle my shoe'); 
writeln(txt, '34 shut the door.') 

end. 

Even more than with data files, writing to text files resembles writing to the Text window. Ignore 
the fact that the program is writing to a file for a moment, and visualize how it would appear if the 
same WRITE statements were placing text on the screen. 

Notice the variable declaration for TXT. TEXT is a type, similar to FILE OF CHAR. TXT is 
not declared to be a FILE OF TEXT, but simply to be of the type TEXT. 

Now we will try to retrieve the text from the file. Here is the first program we'll use: 

program ReedTextfile; 
var 
txt : text; 
s: string; 

begin 
reset(txt, 'textfi le'); 
while not eof(txt) do 

begin 

end. 

read(txt, s); 
writeln(s); 

end 

• When you execute this program, its behavior is rather puzzling. The program prints "12buckle 
my shoe" and then does nothing else. But Run at the top of the screen continues to be printed in re­
verse, indicating that the program is still running! Let's try to determine what is happening. 

• Thrminate the program by choosing Halt in the Pause menu. 
• Choose Reset in the Run menu. This forces the program to begin with a closed file, canceling 

the message you received that the file reading would continue where it left off. 
• Start the program by choosing Step-Step in the Run menu. The program will begin to execute 

very slowly. The special feature of Step-Step is that the pointing hand indicates each statement as 
it is executed. With this program, the pointing hand clearly indicates that the WHILE statement is 
executing repeatedly. This behavior is the common bug of the infinite loop; the finishing condition 
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for the WHILE loop is never met, so the loop cannot terminate. 
• The WRITE statement is executing but nothing apparently is being printed. Let's check that 

out. Change the statement as shown: 

writeln(s, ·x·); 

• Execute the program with Step-Step. Notice that an "x" is printed each time the WRITELN 
statement executes. The WRITELN statement must be printing S also. The problem, therefore, is 
that S contains no value that can be printed. 

As noted earlier, an end-of-line marker is found at the end of each line in a text file. These markers 
are placed in the file whenever a WRITELN is used to store information. WRITE statements do not 
place end-of-line markers. 

Just as WRITELN statements start new lines when writing to text files, READLN statements 
cause the program to skip to the next line after reading to any variables that are specified in the pa­
rameter list. 

The problem in the current version of the program is that READ cannot begin a new line. If a 
READ occurs when the file window is at an end-of-line marker, nothing is read. When we have tried 
to read past the end of a file, Pascal has always informed us with an error message. This will not 
happen when we try to read past the end of a line. Pascal is perfectly happy to perform the READ 
statement. In the present case, the infinite loop occurs because the READ statement can never get 
past the end-of-line marker. Therefore EOF(TXT) can never become TRUE and the program can never 
terminate. 

Notice how READ or READLN operate when reading from a text file into a string variable. 
Everything from the present window position to the next end-of-line marker is assigned to the variable. 
A single word cannot be read unless it is read one character at a time. When reading strings, be sure 
that the string variable has sufficient capacity to receive the text. Although text files can contain "lines" 
of any length, no more than 255 characters can be read into a string variable. 

• Choose Halt to terminate the program. 
• Change the READ to READLN and run the program again. The text window should look 

like this when the program is completed: 

12buckle my shoe 
34 shut the door 

Why are the lines printed differently? Actually, the text on the screen exactly reflects the way the 
text was stored in the text file. 12 was stored as an integer. Therefore, Pascal stored it in a standard 
width integer field, with leading spaces. Since we didn't include any spaces in the string 'buckle my 
shoe', none were used to separate 12 and "buckle:' 

The second line was written to the file as a single string, however; so it was stored without leading 
spaces. 

Even though the data were stored as strings, they need not be retrieved that way. 
• Try this version of REAUfEXTFILE. It retrieves the numbers as integers: 

program ReedTextflle; 
var 
txt : text; 
i : integer; 

begin 

211 



reset(txt, 'text file'); 
read( txt, i); 
wr;teln(i); 
read(txt,i); 
wr;teln(;) 

end. 

A little problem developed: the second READ could not be accomplished since the window was not 
pointing to a digit. When READ is accepting data from the keyboard, it terminates entry of a number 
when a character is read that cannot appear in data of the present type, either Integer or Real. READLN 
will ignore illegal characters, waiting for you to either type more digits or to press the RETURN key. 

When getting its data from a text file, however, READ is not so forgiving. If a READ is per­
formed and an acceptable character is not in the file window, READ aborts the program, printing 
an error message. We must be much more careful when reading from text files than when reading 
from the keyboard. 

In this case, it is necessary to move the file window to the next line so that the second READ 
will encounter acceptable data. This can be done in two ways. The program will work fine if the first 
READ is changed to a READLN. Alternatively, a READLN can be inserted ahead of the second READ. 
If this READLN contains no variable for receiving data, the only effect will be to move the window 
to the beginning of the next line. 

• Insert this line before the second READ and execute the program: 

readl n( txt); 

The two numbers will be read and printed as we wished. 
Imagine that V is a variable and the file TXT contains the string: 

98.6 degrees 

The following statement is executed: 

read( txt, 11); 

What value will be read into V if V is of type Integer? Real? Char? String? 

If V is of type 

Integer 
Real 
Char 
String 

This value is read 
98 
98.6 
9 
98.6 degrees 

READ always obtains data from a text file one character at a time. Reading stops when a character 
is encountered that is incompatible with the type of the variable that will receive the data. When V 
is of type Integer, READ stops at the decimal point. When V is Real, READ stops at the "d". Char 
variables will accept only one character, so READ terminates after that character is read. String 
variables, however can accept any data in a text file; READ does not stop storing data in a String 
variable until the end of a line is reached. READLN behaves just like READ, while data is being read. 
The only difference is that READLN moves the file window to the beginning of the next line after 
the read terminates. 
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So far, READ has caused us a great deal of trouble. Does this mean that we want to avoid using 
READ with text files? No, it means that READ and READLN must be used appropriately. Here is 
a program that is intended to read the text from TEXTFILE one character at a time. Let's see how 
well it works. 

• Enter and run the program: 

program ReedChers; 
var 

txt : text; 
ch: char; 

begin 
reset(txt, 'textfile'); 
while not eof(txt) do 

begin 

end. 

reedln(txt, ch); 
wr1te(ch) 

end 

It didn't work did it? All you got were the first characters in each of the two lines of the file: a space 
(shown as a blank line) and the character "3". After the first character in the file was read, READLN 
moved the window to the next line. In that line, after the character was read, the READLN also moved 
to the next line, which was past the end of the file. This caused EOF(TXT) to be TRUE and the loop 
terminated. 

So this is a case where READ must be used. 
• Change the READLN to READ and try the program again. 
We are back to the infinite loop. Neither READ nor READLN works. Does this mean that we 

cannot read the file using character variables? 
Actually we can do it, if we take steps to detect the end-of-line marker when it is reached. Pascal 

provides an end-of-line function. EOLN returns TRUE when the end of a line has been reached. To 
read the file, we need to read each line until EOLN is TRUE. Then a READLN is performed to move 
to the next line. To accomplish this, we will use a nested loop: 

program ReedChers 1; 
var 

txt: text; 
ch: char; 

begin 
reset{txt, 'textfile'); 
while not eof(txt) do 

begin 
while not eoln(txt) do 

begin 
reed(txt, ch); 
write{ ch) 
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end. 

end; 
readln(txt); 
writeln 

end 

The outer WHILE loop is the familiar one that reads from a file until EOF is TRUE. The inner loop 
reads the characters from a single line until EOLN is TRUE. After the line is completed, 
READLN(TXT) moves the window to the first character of the next line. A WRITELN is also per­
formed to start a new line for the text being printed on the screen. 

WRITE and READ can contain multiple expressions in their parameter lists. Anything you can 
WRITE to the screen can be written to a text file in a similar manner. The only requirement is the 
addition of a file variable to the beginning of the parameter list. 

Several of the points made or implied in this section should be emphasized: 

• READ cannot obtain data from a file when EOLN is TRUE. 
• If a READLN is performed when EOLN is TRUE, no data will be read, even if variables are 

included in the READLN parameter list. The only effect of READLN in this case is to start 
a new line in the file. 

• All data is read from a text file one character at a time, even though a READ with an integer, 
real, or string variable may capture several characters. 

• A READ terminates when a character is encountered that is incompatible with the type of the 
variable into which the date is being read. 

• READLN always moves the file window to the beginning of the next line after the read takes 
place. 

• After READLN, EOLN will always be FALSE. 
• READLN presents difficulties when reading into Char variables since only one character per 

line will be read. 
• READ presents difficulties with Strings since EOLN will always be TRUE after a string is 

read with READ. The program will hang until a READLN is performed. 
• If READ or READLN encounters a data type mismatch, the program will be aborted. 

THE USE OF THE INPUT AND OUTPUT FILES 
You have probably noticed the similarities between writing to a text file and writing text to a screen, 

or between reading from the keyboard and reading from a text file. This is not coincidental, since 
the keyboard and the screen are defined as special Pascal text files. 

Every version of Pascal predefines two files that correspond to the standard input and output devices 
of the computer. In the case of the Macintosh, input is assumed to come from the keyboard unless 
Pascal is informed differently. The keyboard corresponds to the special file INPUT. 

The normal output device with MacPascal is the Mac's video monitor. Unless we indicate another 
destination, all writing operations are directed toward the screen, which corresponds to the special 
file OUTPUT. 

Both INPUT and OUTPUT are text files. INPUT is a read only text file, while OUTPUT is write 
only. 

To direct writing to a file, a file variable is placed at the beginning of the WRITE or WRITELN 
parameter list. If no file variable appears, Pascal assumes that text should be displayed to the screen. 
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Actually, it is perfectly all right to use OUTPUT as a file parameter in a WRITE statement. These 
two statements are functionally equivalent: 

write(output, 'message'); 

wri te('message'); 

Also, these two statements have the same effect: 

read(input, s); 

read(s); 

Because they are text files, many of the problems we have encountered with text files apply to 
INPUT and OUTPUT, and in particular to INPUT. 

• Here is a program that tries to use READ to input two strings from the keyboard. When you 
run it, you will find that it does not work smoothly: 

program Strings; 
Y6r 

s : string; 
begin 

read(s); 
writeln; 
writeln(s); 
read(s); 
writeln; 
writeln(s) 

end. 

You will notice that you are only permitted to enter one string. Recall that EOLN is always TRUE 
after a string has been read by READ. The first READ causes EOLN to be TRUE, and the second 
READ does not read anything, since READ automatically ends when EOLN is TRUE. If you edit 
the program, changing each READ to READLN, it will work properly. Moral: when entering strings 
from the keyboard, always use READLN. There is no case in which READ offers advantages when 
strings are being input. 

Tuchnically, INPUT and OUTPUT are supposed to appear in a program parameter list if the 
keyboard input or screen output are to be performed. Most of the programs we have written, then, 
should have had headings like this: 

program example (input, output); 

When INPUT and OUTPUT are included in this way, the associated files are automatically opened 
when the program begins to execute. MacPascal is unusual in that these program file parameters are 
not required. These files are opened automatically for every program. 

Because INPUT and OUTPUT are opened automatically, and because they must remain open, 
standard Pascal does not allow them to be opened with OPEN, RESET, or REWRITE. However, there 
is one case allowed by MacPascal, in which it is useful to apply REWRITE to OUTPUT. The state-
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ment REWRITE(OUTPUT) will clear the Tuxt window, moving the text cursor to the top left comer. 
In later programs, this feature will be used to clear old text from the window. 

INPUT AND OUTPUT WITH MACINTOSH DEVICES 

Screens and keyboards are not the only things Pascal views as files. If you have a printer attached 
to your Mac, you can use file techniques to direct output to it. The printer is treated as a write-only 
file with the name PRINTER:. Here is a program that will print text. It assumes that a Macintosh 
compatible printer has been properly attached to your Mac's printer connector. 

program printdemo; 
var 

print : text; 
begin 

rewrite(print, 'printer:'); 
write(print, 'Aren"t you glad'); 
writeln(print, · you have a permanent copy of this sentence?') 

end. 

• If you have a printer, enter the program and run it. 
Most printers have special features that are turned on and off by sending control codes. Some 

of these codes include nonprintable characters, characters that you cannot type from the keyboard. 
For example, a character known as the ESCAPE character is commonly used. On the Apple Imagewriter 
printer, ESCAPE followed by the character "X" turns on underlined printing. ESCAPE followed by 
a "Y" ends underlined printing. 

The "X" can be written directly, but the ESCAPE must be output by using the CHR procedure. 
Recall that CHR outputs a character associated with an integer parameter. CHR(27) outputs the 
ESCAPE character. 

• If your printer is an Imagewriter, we can underline some characters in the printer demonstra­
tion program. Modify the first WRITE statement of the demonstration program to this form: 

write(print, 'Aren"t you·, chr(27), ·x·, 'gled', chr(27), 'Y'); 

You will find many other printer control codes in your printer manual. Most manuals indicate not 
only the names of the special characters but also their ASCII codes. ASCII codes are standard codes 
used to identify characters in microcomputers. Th enter these ASCII codes in WRITE statements, 
simply include them as the parameters of CHR statements. 

Often we would like to choose when text will be written to the screen or to the printer. This is 
quite possible through control of the file parameter in the program WRITE statements. However, 
because OUTPUT is a special file device, certain complications are involved. 

Normally, a file parameter is not included when a WRITE statement is expected to print to the 
Tuxt window. However, OUTPUT may appear as a file parameter, and these statements will have 
the same effect: 

write('he 11 o'); 

write(output, 'hello'); 
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Th direct output to a printer, a file parameter must be included. We would like to have a single 
statement that can easily direct output either to PRINTER: or to OUTPUT. This should be possible 
through the use of a new file variable. Suppose that we have a variable OUTFILE, which is assigned 
an appropriate value. Would this enable the following statement to write either to the printer or to 
the screen, depending on the value of OUTFILE? 

writeln(outfile, 'hello'); 

This can be determined by experimenting with two programs. Each uses an identical WRITELN 
statement, but the output goes to different places. 

program ToPrinter; 
Y8f 

outfile: text; 
begin 

rewrite(outfile, 'printer:'); 
writeln(outfile, 'This goes to the printer.') 

end. 

program ToScreen; 
Y8f 

outfile : text; 
begin 

outfile := output; 
writeln(outfile, 'This goes to the screen.') 

end. 

Individually, these programs work just fine. In TOPRINTER, a REWRITE statement is used to 
associated OUTFILE with the printer. 

However, OUTPUT is a file variable, and it cannot appear as the device parameter of a REWRITE 
statement. OUTFILE cannot be associated with OUTPUT by saying REWRITE(OUTFILE, 'OUT­
PUT'). Fortunately, it works when an assignment statement is used to associate the two files. We now 
have methods that, though different, accomplish our goals. 

However, a difficulty arises when we try to combine the statement portions of the two programs. 
• Enter the following program. Be sure to save it before you run it! 

program ToBoth; 
Y8f 

outfile : text; 
begin 

rewrite( out file, 'printer:'); 
writeln(outfile, 'This goes to the printer.'); 
outfile :=output; 
writeln(outfile, This goes to the screen.') 

end. 
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When you ran the program, the first string was successfully sent to the printer. However, before 
anything could be sent to the Text window, a major error occurred. The window you saw is displayed 
by the Mac when an error occurs that cannot be ignored or corrected. The only way out of this error 
is to click the RESTART box. This will cause a reboot of the Mac. 

• After the reboot is complete, start Pascal by opening the program you just saved. A simple 
modification will correct it so that it will run perfectly. 

The problem is that OUTFILE begins by being associated with an open PRINTER: file. Then, 
without any warning, the program attempts to ignore that association and to connect OUTFILE to 
OUTPUT. This hopelessly confuses the Mac, which has different ways of dealing with the printer 
and the screen displays. To solve the problem, the association with the printer must be completely 
broken before you attempt to establish another output path. This is done by closing the printer file. 

• Add this line before the assignment statement in the program: 

close(outfile); 

The program will now function properly. 
Let's take the inventory program from earlier in this chapter and add the ability to produce a printed 

report on demand. 
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• Make the indicated modifications to the main program: 

begin {mein progrem} 
show text; 
open(stock, 'Stockfile'); 
repeat 

write('Add, Change, Print, or Quit?'); {add Print option} 
reed( com); 
writeln; 
outfile := output; {new line} 
rewrite(outfile); 
printer:= false; {new line} 
case com of 

'e', 'A': 
add; 

'c', 'C': 
chenge; 

'p", ·p·: 
begin 

close(outfile); 
rewrite(outfil e, ·printer:'); 
printer := true 

end; 
otherwise 

end; { of case 
reset(stock); 

{add case for P} 



{display a stock listing after every successful command} 
if pos(com, 'aAcCpP') > O then {add p and P} 
while not eof(stock) do 

begin {add OUTFILE to} 
read(stock, item); {writeln stments} 
wrile(outfile, 'Item: ·, item.name : 10); 
writeln(outfile, 'Quantity:·: 15, item.quantity: 5) 

end; 

if printer then 
begin 

for i := 1 to 40 do 
write(outfile, '='); 

writeln(outfile); 
c 1 ose(out fi1 e) 

end; 
until com 1n ['q', 'Q'J; 

end. 

{new IF statement} 

• Three variable declarations must be added to the VAR block of the program: 

outrtle: text; 
i : Integer; 
printer: boolean; 

Now to examine the program revisions. These new statements: 

outfile := output; 
rewri te(outfi le); 
printer:= false; 

associate the text variable OUTFILE with the file OUTPUT. The REWRITE is done simply to clear 
the Text screen. PRINTER is set to FALSE so that the new IF statement will normally not execute. 

A new case has been added to process a Print request: 

'p', ·p·: 
begin 

close(outfile); 
rewri te(out f i 1 e, 'printer:'); 
printer:= true 

end; 

{case for P} 

First, OUTFILE is closed. This does not close OUTPUT, which will still be used as the default file 
for text output. MacPascal does not permit OUTPUT to be closed. (Don't count on this with other 
versions of Pascal!) 

Following the close, OUTFILE may be reopened with the device PRINTER:. Subsequent output 
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then is directed to the printer. The Boolean variable PRINTER is set TRUE to enable this IF state­
ment at the end of the main program: 

if printer then 
begin 

for i := 1 to 40 do 
write(outfile, '='); 

writeln(out file); 
close(outfile) 

end; 

The FOR loop draws a double line on the printer to separate entries. After this, a WRITELN starts 
a new line and OUTFILE may be closed. OUTFILE is now free to be reassigned to output at the 
top of the REPEAT loop. 

• Be sure to try the new addition to the program. You will immediately see that the ability to 
print reports adds greatly to the value of the inventory program. 

MANIPULATING THE FILE BUFFER 
Recall that two distinct actions occur when READ is applied to a file: 

1. The data in the file window is assigned to the variable in the READ parameter list. 
2. The window is moved to the next item in the file. 

Similarly, when a WRITE takes place, these two things happen: 

1. The value of the data variable in the WRITE parameters is stored in the file window. 
2. The window is moved to the right. 

On occasion, it is desirable to have separate control over these functions. This requires us to look 
more closely at the sequences of events that surround the reading and writing of data in files. 

We have frequently referred to a file window. Tuchnically, this window is known as the file buffer. 
The file buffer is a place in the computer's memory that contains the one value in the file that we 
can manipulate at any given moment. 

Whenever a file is opened, Pascal automatically creates a file buffer variable. This variable has 
the same name as the file-type variable that is associated with the file, except that it is tagged with 
a circumflex: " " ". For example, this statement: 

rewrite(det fi1 e, 'empl oyee_dete'); 

automatically creates the variable DATFILE ". It is through the file buffer variable that data is read 
from or written to the file. 

Early in the chapter, a data file was diagrammed using a box to indicate which item of data was 
in the window. The window corresponds to the file buffer variable. 

The value in the buffer variable is always available to the program. A simple assignment state­
ment can be used to extra this value. For example: 

i := t•; 
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The buffer variable may also appear in more complex expressions such as: 

i := round(f" I 3); 

Thus it is no problem to extract data from a file. However, this alone does not move the file buffer 
to the next component in the file. To move the buffer, GET is used. 

get(f); 

moves the file buffer to the next component in the file F. The buffer variable then takes on the value 
of this new component. 

It may be seen, therefore, that READ combines these two operations. 

reed(f, i); 

is equivalent to these two statements taken together: 

i :: f"; 
get CO; 

If GET is applied when no next component exists, EOF(F) becomes TRUE and the value of F "' 
is undefined. 

Th store a value in the file buffer it is merely necessary to assign the value to the buffer variable. 
For example: 

f" :: i; 

Following such an assignment, it is necessary to use PUT to store the file buffer in the file and to 
move the buffer forward in the file: 

put(f); 

Thus, WRITE can be expressed in terms of an assignment statement and a PUT. 

write(f, i); 

performs the same task as these two statements: 

f" :: 1; 
put(f); 

If EOF(F) is TRUE, PUT appends the value of F"' to the end of the file and EOF(F) remains 
true. The value of F" is undefined, as it always is when EOF(F) is TRUE. 

YOUR PASCAL VOCABULARY 
You now know the following Pascal words. New words are printed in bold face type. 

Reserved Words 

PROGRAM BEGIN END I/AR 

TO PROCEDURE FUNCTION CONST 

TYPE DO 
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Statement iypes 

Assignment ( := ) Compound 

FOR .. TO FOR .. DOWNTO 'w'HILE REPE A T..UNTIL 

IF .. THEN lf .. THEN .. ELSE CASE WITH 

Data Types 

BOOLEAN CHAR INTEGER REAL 

STRING DOUBLE EXTENDED LONGING 

ARRAY RECORD FILE 

Graphics Data iypes 

RECT POINT FONTINFO 

Procedures 

READ READLN 

WRITE W'RITELN 

NOTE 

FRAMERECT PAINTRECT FRAMEOl/AL PAINTOl/AL 

INVERT RE CT INVERTOl/AL 

MOVETO LINETO LINE 

PENPAT PENSIZE PENMODE 

OETMOUSE 

SHO'w'TEXT SHO'w'DR AW' ING SETDRAW'INGRECT SETTEXTRECT 

INSERT DELETE 

TEXTFONT TEXTFACE TEXT SIZE W'RITEDRAW' 

RESET REYRITE OPEN CLOSE 

SEEK OET PUT 

Operations 

+ I 

DIV MOD 

>= <= 
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<> = 
NOT AND OR IN 

Functions 

ROUND TRUNC SIN cos 

RANDOM ORD SLICC PRED 

BLITTON 

LENGTH COPY CONCAT POS 

OMIT INCLUDE STRING'w'IDTH STRINGOF 

EDF EOLN FILEPOS 
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Chapter 13 

iD Instant 

LJ&I\] 
penpol( llgroy) : 
p1rn1tovel(60 . 5, 195, 200) ; 
penpol(dkgray) : 
pensize( 10, 3) : 
frerneovo1(30. 1 O, 120, 190); 
invertrect.(50 . 40, 160. 180); 

::;:::::;::;::::;:::;:;:;:;:;:;:;:;:;:;:::;:;:::: ::l:i:~:j : ~:i:i:::::::;;;::::;:::·!· :· ····· . 

Searching, 
Inserting, and Shuffling 

The need to order data in arrays or files is frequently encountered. Most often we simply want to 
display the data in alphabetical or numerical order. However, many processes are made easier or faster 
if data are stored in ordered form. A good example is the process of searching for an item in a large 
array. As this chapter will demonstrate, a search can be performed much faster if it can take advan­
tage of the ordered nature of an array or file. 

There are two ways to produce ordered arrays and files. If the data are not presently ordered, 
it can be sorted. However, sorting can be a time consuming process. If the data is already in the desired 
order, new items can be simply inserted into their proper locations, saving considerable time. This 
chapter will examine two techniques of inserting data into files and arrays. Sorting, a more complex 
topic, will receive a chapter of its own. 

Occasionally, it is desirable to randomize the order in which data are stored. When writing a card 
game, for example, it is necessary to shuffle the deck. The last program in this chapter will demonstrate 
a method of shuffling the data in an array. 

TOPICS COVERED IN THIS CHAPTER 

• Sequential searching of arrays 
• Binary search techniques for arrays and files 
• Inserting new data into ordered arrays and files 
• Shuffling of arrays 

SEARCHING FOR DATA IN ORDERED ARRAYS: SEQUENTIAL SEARCH 

The most obvious way to look for one item in an array is to examine each element in turn until 
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the desired element is found. This can be done with a simple loop, the strategy employed by this 
program: 

program I ookup; 
const 

size= 676; 
type 

shortstring = string[2]; 
stringarray = array[ 1 .. size] of shortstrin! 

var 
a : stringarray; 
s : shortstring; 
Joe, i, j : integer; 
time: longint; 

function lookup (s : shortstring; 
e : stringarray) : integer; 

var 
i : integer; 

begin 
i := 1; 
while (i < size) and (a[i] <> s) do 

i :: i + 1 ; 
if a[i] = s then 

lookup:= i 
else 

lookup:= -1 
end; 

begin 
showtext; 
for i := O to 25 do 

for j := O to 25 do 
a[i * 26 + j + 1] := stringof(chr(i + 97), chr(j + 97)); 

repeat 
write('type string to look for: '); 
reedln(s); 
if length(s) > O then 

begin 
write In; 
time:= tickcount; 
loc := lookup(s, a); 
write('the lookup took '); 
writeln({tickcount - time), · 60ths of a second'); 
if loc >= 0 then 
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writeln(s, · is element ·, Joe) 
else 

writeln(s, · was not found'); 
end 

until length(s) = O 
end. 

The main program begins by using nested FOR loops to create an array with 676 elements. The 
values in the array range from 'aa' to 'zz'. This is a rather complex loop for its size and deserves some 
examination. Each pass through the inner loop, the expression I • 26 + J + 1 is used to index the 
array. If you substitute values, you will discover that the expression counts from 1 to 676 as the nested 
loop executes. 

For example, if I is 0 and J is 12, the array index will be 13. Or, if I is 21 and J is 5, the array 
index will be 552. Perform some value substitutions of your own to be sure you understand how the 
array index is produced. 

The CHR function outputs characters, determined by adding the values of I and J to 97. The lower­
case letter "a" has an ordinal value of 97. Therefore, when I is 0, the expression CHR(I + 97) outputs 
the character 'a'. When I is 25, the expression outputs the character 'z', which has an ordinal value of 122. 

Each loop counter variable is used to produce a character. These characters are assembled into 
a string by the STRINGOF function, and the strings are stored in the array. Since the J loop is nested 
within the I loop, J counts from 0 to 25 before a new value is determined for I. The first pass through 
the J loop, therefore, the strings 'aa' through 'az' are stored. I is then incremented, causing the next 
J loop to store the strings 'ha' through 'bz'. The final result is that the array A will contain strings 
from 'aa' to 'zz' in alphabetical order. 

After the array is established, a REPEAT loop is used to control the remainder of the program. 
First the program requests a string to search for. If you enter a string of zero length (one entered 
by pressing the Return key without typing any characters), the IF..THEN statement will not execute 
the compound statement that calls the LOOKUP function. A string of zero length also terminates 
the REPEAT loop. 

Since we will be comparing the time requirements for two search strategies, I have included 
statements to determine how long the lookup takes. TICKCOUNT outputs the time since the Macin­
tosh system was last started. The output of TICKCOUNT is a long integer that represents elapsed 
time in 60ths of a second. Before a lookup is begun, the current value of TICKCOUNT is stored in 
the variable TIME. 

The program then calls on the function LOOKUP, which determines if the string in S is found 
in the array A. Immediately after the lookup is completed, the elapsed time is calculated and printed. 

LOOKUP is a very simple function. It accepts two parameters, a string variable and a string ar­
ray. LOOKUP also depends on the value of the global variable SIZE, the value of which is the number 
of elements in the string array. A WHILE loop is used to examine each element of t:)ie array, continu­
ing until the value of i equals the value of SIZE or until a match is found. After tlie loop -terminates 
an IF statement checks to determine if the search string was found, in which case A[i] will equal S. 
If S was found, the THEN clause outputs an integer representing the location of the string in the 
array. If the string was not found, then -1 is output. 

The value output by LOOKUP is used to determine which message will be printed by the IF state­
ment in the main program. 

• Try the program, searching for the strings 'aa', 'mz', and 'zz'. Notice that considerably more 
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time is required to find 'zz' than 'aa'. Almost four seconds is needed to find 'zz' while 'aa' is found 
in about a tenth of a second. This time increase is to be expected since 676 comparisons must be 
made to find 'zz', but only one is required for 'aa'. 

On the average, this version of LOOKUP must perform half as many comparisons as there are 
elements in the array. As the array size increases, the average search time also increases. Imagine 
relying on this approach with arrays having several thousand elements. If a great number of lookups 
were to be performed, we would probably find ourselves wishing for a faster strategy. 

A BINARY SEARCH STRATEGY 
This faster strategy may be discovered by playing a simple game. Have a friend determine a se­

cret number between 1 and 1000. Your job is it guess the number. Your friend is allowed to make 
only the following responses: 

• If your guess is too low, your friend can say, "That's too low:• 
• If your guess is too high, your friend can say, "That's too high:' 
• If your guess is correct, your friend can tell you so. 

How many guesses, on the average, do you need to determine the number? If you are just guessing, 
you probably are not doing too well. 

If you are using an optimum strategy, however, you will never need more than ten guesses. In 
fact, you can always guess a number between one and one million in 17 guesses or less! 

The strategy is a simple one: always guess the middle number in the range of numbers that may 
contain the unknown number. In that way, you can always eliminate half of the remaining possibilities. 

For example, if the number is between 1 and 1000, guess 500. Whether you are high or low, you 
will eliminate half the numbers. If you were low, the number is between 500 and 1000. Guess 750 
for your second guess. High this time? Guess 625. Each time, half of the remaining numbers are 
eliminated from consideration. This search style is called a binary search. 

This approach can be directly implemented in a procedure. 
• Substitute this version of LOOKUP for the version presently in the program: 

function lookup (s: shortstring; 
e: stringarrey) : integer; 

.Yer 
midpoint, bottom, top : integer; 

begin 
bottom:= 1; 
top:= size; 
repeat 

midpoint := (bottom + top) div 2; 
if s < e(midpoint) then 

top:= midpoint - 1; 
if s > e(midpointl then 

bottom := midpoint + 1; 
until (s = e(midpoint)) or (bottom> top); 
if bot tom <= top then 
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• 

lookup:= midpoint 
else 

lookup:= -1 
end; 

Run the program and search for the strings 'aa', 'mz', and 'zz' again. Compare the search times 
to the times you obtained when the first version of LOOKUP was being used. Here are the times 
I got when I was testing the different search strategies: 

Search Sequential Binary 
String Search Search 

aa 5 12 
mz 157 6 
zz 220 13 

The times you obtain can vary, sometimes by a large amount. I occasionally timed binary 
searches of more than a second. These erratic times occur because a single microprocessor is control­
ling every function in the Macintosh. Pascal is sharing the microprocessor with the screen display, 
the clock/calendar, the mouse machinery, and so forth. If one of these functions demands attention, 
Pascal may be temporarily slowed. Most of the times you obtain, however, should be similar to the 
times in the chart. 

When searching for 'aa', the binary search required more time than the sequential search. When 
searching for 'zz', however, the binary search was the winner by an overwhelming margin. The binary 
search for 'mz' was very fast since 'mz' was one of the first array elements examined by the procedure. 
It is readily apparent that the binary search is faster in the majority of cases. 

The only catch with the binary search is that the array must be sorted in alphabetical order. If 
the array is the least bit disordered, we cannot guarantee that a target will be found with a binary 
search. In those cases, a sequential search is the only method guaranteed to find the target. In fact, 
the order of data in an array is irrelevant with a sequential search, and a search on a disordered array 
generally proceeds as quickly as a search on an ordered array. 

Let's examine the way the binary search procedure works. BOT'IOM and TOP are the variables 
used to indicate the range c,f array elements that has not yet been eliminated. We will call the part 
of the array that has not yet been eliminated the searr:h space. As the procedure begins, the search 
space includes the entire array. BOT'IOM receives the initial value of 1, while TOP is assigned the 
value in SIZE. As in the first version of the procedure, a value must be assigned to SIZE somewhere 
else in the program. 

At the beginning of the loop, the middle element in the array is found by summing BOT'IOM 
and TOP and then dividing by 2. During the first pass through the REPEAT loop, MIDPOINT has 
a value of 338. The array element A[338] has a value of 'mz'. 
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Now, one of three things will happen: 

• If S < A[MIDPOINT] then we can eliminate the array from MIDPOINT up to TOP. TOP is 
therefore given the value of MIDPOINT - 1. 

• If S > A[MIDPOINT] then we can eliminate the array from BOT'IOM up to MIDPOINT. BOT­
TOM is therefore given the value of MIDPOINT + 1. 

• The only remaining possibility is that S = A[MIDPOINT]. In this case, the search is completed 
and the REPEAT loop is terminated. 



There is one more way to end the loop. During the search process, TOP will be decreasing in 
value and BarTOM will be increasing. If the string in Sis not found in the array, a point will be 
reached at which TOP will be found to be less than BarTOM. 

The last step in the function is to test TOP and BarTOM to see if the search string was found. 
If TOP is still greater than BarTOM, the string was found and the value of MIDPOINT becomes 
the value output by the function. Otherwise a - 1 value, which indicates to the calling statement 
that the search was a failure, is output. 

BINARY SEARCHES IN FILES 
The binary search technique is extremely useful with files also. Here is a demonstration program 

which does for files what we have just done for arrays: 

program lookup_file; 
type 

shortstring = string[2); 
stringfile = file of shortstring; 

Y&r 
s : shortstring; 
loc, i, j : integer; 
time : longint; 
a: stringfile; 

function lookup (s : shortstring; 
var lookfile: stringfile): integer; 

Yer 
midpoint, bottom, top : longint; 

begin 
seek(l ookfil e, maxi ongi nt); 
bottom:= O; 
top:= filepos(lookfile); 
repeat 

midpoint := (bottom + top) div 2; 
seek(lookfile, midpoint); 
if s < lookfi le· then 

top := midpoint - 1; 
if s > lookfile· then 

bottom := midpoint + 1; 
until (s = lookfile') or (bottom> top); 
if bottom <= top then 

lookup := midpoint 
else 

lookup:= -1 
end; 
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begin 
show text; 
open(a, 'strings'); 
for i := O to 25 do 

for j := o to 25 do 
write(a, stringof(chr(i + 97), chr(j + 97))); 

repeat 
write(' type string to look for: '); 
reedln{s); 
if length(s) > o then 

begin 
writeln; 
time:= tickcount; 
loc := lookup(s, a); 
write('the lookup took'); 
writeln((tickcount - time), · 60ths of a second'); 
if Joe >= O then 

writeln(s, · is element ', Joe) 
else 

writeln(s, · was not found'); 
end 

until length(s) = O 
end. 

The file variable is passed to LOOKUP as a variable parameter. This is the only way file variables 
may be passed as parameters to procedures. Attempts to use a value parameter with a file variable 
will produce an error message. 

Notice the use of the file buffer variable in the LOOKUP procedure. By using this variable, it 
became unnecessary to read the current file component into a variable. 

Most of the program is quite similar to the programs you have been working with. By now, you 
should be able to analyze this version and determine how it works. 

• Run the program and look up several strings. Notice that it rarely takes more than a second 
to find an item in the file. Much of this time is spend just accelerating the disk in the disk drive. If 
you enter a new string as soon as one is printed, the search will start while the disk is still turning, 
resulting in a greatly shortened search time. 

INSERTING DATA INTO ORDERED ARRAYS 
If an array is stored randomly, a binary search is of no value. In a disordered array, only looking 

at each element in turn can guarantee finding a given string. Since data are not always neatly ar­
ranged, we will often need to turn to techniques for rearranging the data into ordered form. 

One way to arrange the data is to sort the array in which it is stored. 1\vo techniques of sorting 
will be examined in the next chapter. At that time, we will see that sorting is a time consuming task. 
The faster of the two sorts we will consider requires ninety seconds to sort an array containing a thou-
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sand elements. Often, therefore, it is good practice to store the data in the array such that it is already 
in ordered form. 

This is done by inserting new data into the array in its correct position. This is a simple enough 
process. Imagine that an array is storing these five integers: 

4 6 7 9 

To insert the integer 5 into this array, the first step is to find its proper location. This may be done 
by simply comparing 5 to each element of the array in tum. Here, 5 is compared to the first element: 

1 4 6 7 9 

t 
5 

Since 5 is greater than 1, we move on to the next location, comparing 5 to 4: 

4 6 7 9 

t 
5 

5 is also greater than 4, so we continue: 

4 6 7 9 

t 
5 

6 is the first integer in the array that is greater than 5. We now know where 5 should be inserted 
into the array. However, in order to place 5 in its proper position, all of the greater integers must move 
up one position. 

The first step in accomplishing this is to store 5 in the element that currently holds the value 
6. The array now looks like this: 

4 5 7 9 

However, when this is done, the 6 is lost. In order to save it so that it can be restored to the array, 
a temporary variable must be created. Before 5 is stored in the array, the current value of the array 
variable is copied into the temporary one. We will represent this by placing the 6 below the arrow: 

4 1 

t 
6 

Moving one more position, the 7 is stored in the temporary variable and the 6 is stored in the array 
in place of the 7. 

4 5 6 9 

t 
7 

After another such exchange, 9 is stored in the temporary variable, and the array looks like this: 

4 5 6 7 

t 
9 
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All that remains is to add 9 to the end of the array: 

4 5 6 7 9 

Here is a procedure that performs such insertions on an integer array. The type KARRAY is sim­
ply an ARRAY[l..100] OF INTEGER. The procedure relies on a global variable SIZE to indicate the 
number of data items that have been stored in the array. 

procedure insert (int : integer; 
Ynr i nterrey : kerrey); 

Y8r 
temp : integer; 
pointer: 1 .. mex; 

begin 
pointer:= 1; 
while (intarray[pointer] <= int) and (pointer<= size) do 

pointer:= pointer+ 1; 
whi 1 e pointer <= size do 

begin 
temp := interrey[pointer]; 
intarrey[pointer) := int; 
int := temp; 
pointer:= pointer + 1 

end; 
size:=size+ 1; 
intarraylsize] :=int; 

end; 

The first thing the procedure must do is to locate the place where the value in INT should be 
inserted. This is done with a WHILE statement: 

pointer := 1; 
while (intarray[pointer] <= int) and (pointer<= size) do 

pointer:= pointer+ 1; 

The variable POINTER is used to index the array, starting with the first element. The WHILE loop 
simply increments the pointer until INT is greater than INTARRAY[POINTER]. POINTER now in­
dicates which array element INT should be stored in. The WHILE loop will also terminate if POINT­
ER becomes larger than SIZE; this indicates that INT must be stored as the new last element of the 
array. 

Another loop is used to insert the value of INT and to move the remainder of the array up: 
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while pointer<= size do 
begin 

temp := intarray[pointer]; 
intarray[pointer) := int; 
int := temp; 



pointer:= pointer + 1 
end; 

TEMP is used to store the current value of INTARRAY[POINTER]. After that value is saved, INT 
can be stored in the array variable. 

Returning to the example array presented earlier, here is the array after the 5 has been inserted. 
Also shown are the values of the variables involved: 

4 5 7 9 

INT= 5 TEMP =6 POINTER= 3 

Now the value of TEMP must be stored in element 4 of the array. 
We cannot simply store TEMP in INTARRAY[4], since this would cause the value of INTAR­

RAY[4] to be lost. We must store 7 in a temporary variable, just as was done with 6 before 5 was 
stored. Does this mean that we need yet another temporary variable? 

The solution is to assign the value of TEMP to INT. Since the value of INT has already been 
stored in the array, nothing is lost. Once the value has been stored in INT, TEMP may be used to 
store the 7 from INTARRAY[POINTER]. 

The moral is that when swapping the values of two variables, you always need a third variable 
which can be used to temporarily store one of the values. 

After INT contains the next value to be stored, POINTER can be incremented and the loop can 
repeat. Using this strategy, the sample variables would have these values at the bottom of the loop: 

4 5 7 9 

INT =6 TEMP=6 POINTER= 4 

The procedure is now ready to repeat the loop, thus storing 6 in position 4 and moving 7 into the 
TEMP variable. 

After the 7 has been stored, TEMP will still have a value of 9, the last value of the original array. 
This is stored in the array with a final WRITE statement. The procedure also increments SIZE, since 
an element has been added. 

size := size + 1; 
interrey(sizeJ := int; 

• Tu test the procedure, run this program, which will insert 100 randomly selected integers into 
an array. When you type it in, be sure to include the procedure INSERT, which we just examined: 

program Insertion; 
const 

mex = 100; 
type 

kerrey =array( 1..maxl of integer; 
var 

meinerrey: kerrey; 
x, count : 1 .. mex; 
size : O .. mex; 
time : longint; 
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{include procedure INSERT here} 

begin { main program } 
showtext; 
size := O; 
time := tickcount; 
for- count := 1 to max do 

i nsert(abs(random), mai narray); 
time := (tickcount - time); 
for- count := 1 to (max div 1 O) do 
begin 

for-x := 1 to 10 do 
write(mainarray((count - 1) * 10 + xJ: 6); 

wrHeln 
end; 
writeln('time required:·, time I 60: 1 o: 2) 

end. 

The expression ABS(RANDOM) is capable of generating the full range of positive integers. Each 
in turn is inserted into INTARRAY with the INSERT procedure. 

After all the integers are inserted, a final pair of loops prints out the contents of the array. The 
loops are nested and configured so that ten values will be printed on each row of the screen. 

Following printout of the array, the elapsed time is printed. This time is calculated using the methods 
we examined when doing lookups earlier in the chapter. 

• Try the program. Examine the final values in the array to confirm proper operation of the 
program. Also, make a note of the time required. We are about to see if we can speed up the insertion 
process. 

IMPROVING INSERTION WITH A BINARY SEARCH 

When looking up values, we found that the process could be speeded up by using a binary search 
strategy. The first part of INSERT uses a sequential search. Can we speed up the procedure by im­
proving the search strategy? 

A binary search for INSERT is a bit more complicated than it was in LOOKUP since the search 
must do more than simply locating an item in the array. If the item is not found, the search must 
indicate where it should be inserted. Several more possibilities must therefore be considered. For 
example: 

• What should happen if the new value is greater than the last value in the array? 
• What should happen if the new value is smaller than the first value in the array? 
• Where should the new value be inserted if it does not match a current value in the array? 

These questions are all taken into account by the following function, which outputs the position at 
which the value of INT should be inserted into the array: 

234 

function location (int: integer; 
intarrey : karray) : integer; 

Yltr" 

bottom, top, mid: integer; 



begin {location) 
if size = O then 

1 ocetion := 1 
else 

begin { # 1 ) 
bottom:= 1; 
top := size + bottom - 1; 
if int > intarray[top] then 

location := top + 1 
else if int < intarray[bottom] then 

location:= 1 
else 

begin { -2 } 
repe8t 

mid:= (top+ bottom) div 2; 
if int> intarrey[mid] then 

bottom := mid; 
if int <= intarray{mid) then 

top:= mid; 
until (int > intarray(mid]) ond (int <= intarray[mid + 1]); 
location := mid + 1 

end {for begin -2} 
end {for begin # 1 ) 

end; {location} 

If SIZE = 0 then there are no values in the array that the new value may be compared to. In this 
case, LOCATION is simply given the value of 1. If SIZE is greater than 0, the ELSE part of the IF 
statement performs all of the possible comparisons. 

A series of IF..THEN statements examines the various possible locations for INT. If INT is greater 
than INTARRAY['IOP], it should be inserted at the end of the array and LOCATION is assigned the 
value of 'TOP + 1. If INT is less than the first element of the array, it should be inserted at the begin­
ning of the array. LOCATION is then assigned a value of 1. If neither of these conditions holds, then 
the procedure must look for the data's location within the array. 

If an exact match for INT is not found, the insertion point for INT will fall between two array 
elements. Therefore two conditions must be met to determine if the proper location has been deter­
mined. As one example, if INT is greater than INTRARRAY[5] and INT is less than or equal to 
INTARRAY[6] then INT should be inserted in position 6. 

Th adapt it for use with insertion, several changes must be made to the original binary search 
strategy: 

• If INT > INTARRAY[MID] then BOTTOM is assigned the value of MID instead of MID+ 1. 
This is done since INTARRAY[MID] may be the array element that is just less than INT. 

• The second test changes the INT< INTARRAY[MID] test to INT< = INTARRAY[MID]. 
• If INT < = INTARRAY[MID] then 'TOP is assigned the value of MID instead of MID-1. 
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• The test to end the REPEAT loop contains two conditions that must be met, where one suf­
ficed with the LOOKUP function. 

Some modification of INSERT is required to take advantage of the LOCATION function. 
• Remove the following lines from the present version of INSERT. 

pointer:= 1; 
while (1nt8rr8y(pointer) <= int) and (pointer<= size) do 

pointer:= pointer+ 1; 

• Replace these lines with this statement: 

pointer:= Joc8tion(int, interrey); 

• Add the new function LOCATION to the program INSERTION, just before the INSERT pro­
cedure. 

• Run the program and note how long it now takes to insert 100 values into the array. It is a 
bit faster than the version that used sequential search, but not a lot. 

There are two parts to an insertion: searching for the new location, and inserting the value. While 
the search can be speeded up by applying a binary search strategy, there is not much we can do to 
accelerate the insertion process. We cannot get out of swapping each pair of elements from the inser­
tion point to the end of the array. Unfortunately, it is the insertion, not the search that takes the most 
time. The new insertion method is faster than the old one, but not remarkably so. 

Insertion is a useful technique but it has its limitations. For one, it is difficult to use insertion 
to change the order of an already sorted array. Suppose, for example, that we had an array of records. 
We could insert the data according to one field, perhaps a name field. Suppose that we wished to rear­
range the data by another field, possibly by age. To do this with insertion, the array would have to 
be copied to another array. This is time consuming and wasteful of computer memory. 

• Change the value of MAX in the CONST block to 1000. How long does the program take 
to build an array of 1000 elements by using insertion? Do this only when you can bear to part with 
your computer for awhile, since it will take over an hour. 

Insertion is most useful when a relatively small number of items must be added to an array that 
is already ordered, or when items are added one at a time with other actions coming between the 
additions. When many new items are being added to the array all at once, it may be faster to use 
one of the sorts introduced in the next chapter. 

INSERTING DATA INTO FILES 

Performing insertions on files is not greatly different from performing insertions on arrays. Much 
of the difference in the procedures results because the program can address only one file component 
at a time, while the array version could address array components with much greater freedom. 

One of the oddest problems that we must solve with file searches results because FILEPOS can­
not be used to tell if a file contains one or no components. Normally, to find the number of components 
stored in a file, we need simply use SEEK to find the end of the file, and then determine the file posi­
tion with FILEPOS. The value output by FILEPOS is the number of components in the file, remember­
ing that the first component is numbered as zero. 

However, we will illustrate that this will not work if no data have been written to the file. Assume 
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that the following statements have been executed on a brand new file, where F is declared to be a 
FILE OF INTEGER: 

open(f, 'testfile'); 
seek( f, maxi ongi nt); 
wri tel n(fi lepos( f)); 

The WRITELN statement will print the number 1. Remember that this is a new file that has 
never been written to. Also remember that the first component of a file is component number 0. Since 
FILEPOS(F) outputs a value of 1, we might be fooled into thinking that component 0 contained valid 
data. 

In fact, the following statements will produce an identical result to the ones just discussed: 

open(f, 'testfile'); 
write(f, 123); 
seek(f, mexlongint); 
write 1 n(f i lepos( f)); 

FILEPOS outputs the same value whether the file contains one data component or none. It would 
be more convenient if the first example output 0, since this would indicate that no data had been stored 
in the file. 

In the present situation, we cannot use FILEPOS to determine if a file is new or not. The solution 
to the dilemma is to ignore component 0 of the file, since we can use FILEPOS to determine if data 
has been stored in component 1. 

The majority of the changes in the INSERT and LOCATION procedures were needed to adapt 
the program from arrays to files. Here is the file insertion program: 

program File_lnsertion; 
type 

shortstring = string[20); 
stringfile = file of shortstring; 

Y8J" 

s, s 1 : shortstring; 
sfile: stringfile; 
time: longint; 

function location (sl : shortstring; 
Y&J" lookfile: stringfile): integer; 

Y8J" 

bottom, top, mid: longint; 
s2, s3 : shortstring; 

begin {I ocat ion} 
seek(l ookfil e, maxi ongi nt); 
if filepos(lookfile) = 1 then 

location:= 1 
else 

{see if it's the first entry} 
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begin {#1} 
bottom:= 1; 
top := fi1 epos(l ookf i 1 e) - 1; 
seek(! ookfil e, top); {see if it be 1 on gs on top} 
reed(lookfile, s2); 
H s 1 > s2 then 

location:= top + 1 
else 

begin {#2} 
seek(lookfile, 1); {see if it belongs on bottom} 
reed(lookfile, s2); 
H sl < s2 then 

location := 1 
else 

begin {#3} 
repeet 

mid := (top + bottom) div 2; 
seek(lookfile, mid); 
read(lookfile, s2); 
if s 1 > s2 then 

bottom := mid; 
if sl <= s2 then 

top:= mid; 
seek(lookfile, mid); 
read(lookfile, s2, s3); 

until (sl > s2) and (sl <= s3); 
location:= mid+ 1 

end {for begin #3} 
end {for begin #2} 

end {for begin # 1} 
end; { locetion} 

procedure insert (s : shortstring; 
var insertfile : stringfile); 

var 
temp : shortstring; 

begin 
seek(insertfile, location(s, insertfile)); 
while not eof(insertfile) do 

begin 
reed(insertfile, temp); 
seek(insertfile, filepos(insertfile) - 1); 
write(insertfile, s); 



s :=temp; 
end; 

write(insertfile, s); 
end; 

begin {main program} 
showtext; 
rewrite(sfile, 'stringdat'); { clear out the file } 
close(sfile); 
open(sfil e, 'stri ngdat'); 
write(sfile, "); {something has to be in component o} 
repeat 

write('String to insert: '); 
readln(s); 
if length(s) > O then 

insert(s, sfile); 
seek(sfile, 1 ); 
writeln('The file contents are:'); 
while not eof(sfile) do 

begin 
read(sfile, s 1 ); 
write(s 1, · ') 

end; 
writeln; 

unt i1 1 ength(s) = O; 
end. 

• Run the program and enter several strings. Add strings that belong in the beginning, the end, 
and in the middle of the list of strings that is built, to demonstrate that the demonstration program 
really does work. 

The main program in this version begins by clearing the file. This means that data stored during 
one running of the program will be erased at the beginning of the next. Often, however, we want files 
to accumulate data, retaining it even if the program is stopped and rerun. To retain the previous en­
tries, simply remove these lines: 

rewrite(sfile, 'stringdat'); 
close(sfile); 

After the file is opened, an empty string is stored in the first component. Pascal will not allow 
us to store data in the second component until the first (numbered zero, remember) has been filled. 
The empty string is just a place holder, and has no further effect on the program. 

I think you will be able to puzzle out the file version of this program. I have kept the different 
versions of INSERT and LOCATION fairly similar, so you should be able to compare them easily. 
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The big difference in the new version was the need for more variables so that the values of two file 
components could be examined in the same statement. 

SHUFFLING 
Every once in a while we need to randomize an array. This necessity probably arises most com­

monly in games, but other situations suggest themselves. If you are writing a multiple choice test, 
you might wish to present the answer selections in randomized order so that students could not 
memorize the positions of the answers, for example. 

Compared to insertion, shuffling is a piece of cake. The approach is simple: 

1. For each element in the array, randomly select an element from the rest of the array. 
2. Swap the two elements. 

A simple FOR loop is all we need, as is shown by this procedure: 

procedure shuffle {var a : stringarray); 
Y8f" 

i, j : integer; 
temp : shortstring; 

begin 
for i := 1 to size - 2 do 
begin 

j := rand{i + 1, size); 
temp := e(i); 
e(i) := e(j]; 
a(j] :=temp 

end 
end; 

The procedure uses the RAND function, which we defined in Chapter 7, to select a random number 
between 1 and SIZE. This number is used along with i to index the array when the values are swapped. 

It is only necessary to loop until i is equal to SIZE - 2. This will leave two array elements from 
which the random selection may be made: A[SIZE] and A[SIZE-1]. No point is served by incre­
menting i to SIZE - 1 since only one value would remain as potentially selectable. 

Using parts of the LOOKUP program used earlier in the chapter, here is a program that uses 
SHUFFLE to randomize a 676 element array. The array is originally built of two character strings 
sorted alphabetically, using techniques we have previously examined. Since we already know these 
statements produce an ordered array, the array is not displayed. You may wish to print out the array 
to verify the fact that it starts out in an ordered condition. 

• Enter the program, including SHUFFLE where indicated: 
After the array is initialized, it is shuffled and printed out. 
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program shuffle; 
con st 

size= 676; 



type 
shortstring = string(2); 
stringarray = array[ 1 .. size) of shortstring; 

¥ar 
a: stringarray; 
s : shortstring; 
i, j : integer; 

function rand (lowlimit, toplimit : integer): integer; 
begin 

rand:= random mod (1 + toplimit - lowlimit) + lowlimit 
end; 

{ Insert the SHUFFLE procedure } 

begin 
showtext; 
writeln('lnitializing the array.'); 
for i :=Oto 25 do 

for j :=Oto 25 do 
ali * 26 + j + 1) := stringof(chr(i + 97), chr(j + 97)); 

writeln('Shuffling the errey.'); 
shuffle(e); 
writeln('Here it is:'); 
for i := 1 to size do 

write(e[i]: 3) 
end. 

I didn't bother to time the shuffling since it is not being compared to another technique. It takes 
a fair amount of time since the array is quite large. Since you will probably be working with smaller 
arrays, you should find the speed of SHUFFLE to be quite adequate. 

YOUR PASCAL VOCABULARY 

You now know these Pascal words. New ones are printed in bold face type. 

Reserved Words 

PROGRAM 

00 

TVPE 

Statement lYpes 

BEGIN 

PROCEDURE 

OF 

Assignment ( := ) Compound 

END YAR 

FUNCTION CONST 

241 



FOR .. TO FOR . .DOWNTO WHILE REPEAT .. UNTIL 

IF..THEN IF .. THEN .. ELSE CASE WITH 

Data 'fypes 

BOOLEAN CHAR INTEGER REAL 

STRING [JOUBLE EXTENDEC> LONGING 

ARRAY RECORD FILE 

Graphics Data Types 

RECT POINT FONTINFO 

Procedures 

REA(l READLN 

'w'RITE 'w'RITELN 

NOTE 

FRAMERECT f'AINTRECT FRAMEOVAL f'AINTOVAL 

INYERTRECT INVERTOVAL 

MOVE TO LINETO LINE 

PENPAT PENSIZE PENMOOE 

OETMOUSE 

SHOVTEXT SHO'A'DRA't/ING SETDRA'ir'INGRECT SETTEXTRECT 

INSERT DELETE 

TEXTFONT TEXTFACE TEXTSIZE WRITEDRA'ft' 

RESET RE't/RITE OPEN CLOSE 

SEEK GET PUT 

Operations 

+ * I 

DIV MOD 

>= <= 

<> = 

NOT AND OR IN 
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Functions 
ROUND TRUNC SIN cos 

RANDOM ORD suc:c: PREC> 

BUTTON 

LENGTH COPY CONCAT POS 

OMIT INCLUDE STRINOWIDTH STRINOOF 

EOF EOLN Fll.EPOS TICKCOUNT 
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Chapter 14 

Instant 

L!&D~J 
penpet (I tgrey); 
pa1 nt.ovel(60. 5 . 195, 200) , 
penpet(dkgray); 
pensize( 1 o. 3) ; 
f rarneove1(30, 10. 120, 190), 
i nvertrect.(50. 40, 160, 180) ; 

Sorting 
Sorting is the process of reordering data that have already been stored. While this can be done with 
both files and arrays, efficient sorting of files is beyond the scope of this book. However, reasonably 
sized files may be sorted by reading the contents into an array, sorting the array, and restoring the 
data to the file, so you are not totally out of luck where files are concerned.' 

The first sorting technique we will discuss is called the bubblesort. This is not a very efficient 
sorting method, but it has the virtue of being easy to understand. Quicksort, the second sort we will 
look at, is much faster and much more complex. 

TOPICS COVERED IN THIS CHAPTER 

• Using bubblesort with arrays 
• Improving bubblesort when arrays are only slightly disordered 
• Using quicksort 
• Performance comparison of bubblesort and quicksort 

BUBBLESORT 

The principle of bubblesort is that consecutive elements of the array are compared and swapped 
if they are out of order. When this is done enough times and in a thorough way, all of the elements 
will wind up in their proper positions. 

To illustrate, picture an array containing five integers, arranged as follows: 

4 5 8 2 
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The sort proceeds from left to right, comparing each pair of elements. If a pair is out of order, the 
elements are swapped. First the program compares the first two elements, 9 and 4, which are underlined 
for clarity: 

8 2 

Since 9 is greater than 4, these numbers must be exchanged. After the swap, the array looks like this: 

4 9 5 8 2 

:Next, the second and third elements are compared: 

4 8 2 

Again a swap is performed. Bubblesort proceeds to test the rest of the pairs. Here is the sequence 
of events that follows the comparison above. In each case, the two numbers being compared are under: 
lined. If a swap is called for, it will be reflected in the next line. 

4 5 

4 5 

4 5 

~ ~ 2 

8 ~ ~ 

8 2 9 

This completes the first round of comparisons. Notice that one element, the 9, has been placed in 
its proper position. On each pass, Bubblesort will always place at least one number in its final position. 

We cannot count on the other numbers, however. 8 started out in its correct location but was moved 
to a new location. The other elements tended to move left, toward their final locations. Bubblesort 
gets its name from this tendency for elements to move to their proper positions, much as bubbles 
drift up through a liquid. 

With one pass completed, we start again at the left: 

1 ~ 8 2 9 111J :rll'"'P 

4 §. ~ 2 9 t11J :.-i .. ·.Jp 

4 5 ~ ~ 9 :.-i1•'.JP 

4 5 2 8 9 ~11,f l)f" s1Jrti11; p.J:.-s 

The 8 and 9 were not compared this time, since the 9 was guaranteed to be in its proper position 
after the first sorting pass. Similarly, the 8 will be correctly positioned after the second pass. This 
means that only the first three elements need be considered in the next attempt: 

i ~ 2 8 

4 ~ ~ 8 

4 2 5 8 

In the final pass, only one comparison must be made. After that comparison, the array will be sorted. 
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Bubblesort has a very clear plan of attack, which is easy to program. Here is a bubblesort pro­
cedure. The array to be sorted is passed as a variable parameter to the array INT, which is simply 
an array of type Integer. The procedure expects the global variable SIZE to indicate the number of 
elements that are stored in the array: 

procedure bubblesort (var int : intarray); 
var 

count, temp, top : integer; 
begin 

for top:= size downto 2 do 
for count := 1 to top - 1 do 

end; 

if intlcountl > int[count + 11 then 
begin 

temp := intlcount); 
int[countl := int[count + 1 ); 
int[count + 1) := temp 

end; 

The procedure consists of two FOR loops. The inner loop performs a comparison pass through 
the array. The outer loop repeats the inner loop until the sort is complete. 

Let's examine the inner loop first. With COUNT equal to 1, this loop begins by determining if 
INT[l] is greater than INT[2]. If this is the case, the compound statement swaps the values of the 
two variables. A swap always needs a third, temporary variable and requires three steps. This is how 
a swap would be made between INT[l] and INT[2]: 

1. Store INT[l] in the variable TEMP. 
2. Copy the value of INT[2] to INT[l]. 
3. Store TEMP, the original value of INT[l], in INT[2]. 

After INT[l] and INT[2] have been compared, the loop compares INT[2] to INT[3]. Eventually, 
every pair in the array will be examined. 

The inner loop assigns to COUNT the values of 1 through TOP-1. Therefore, the comparisons 
repeat until INT[TOP-1] has been compared to INT[TOP]. 

The value of TOP is taken from the outer loop. This loop counts down, starting with the value 
of SIZE. During the first pass through the array, TOP will point to the last element in the array. Recall 
that each pass is guaranteed to place one value in its final location. Since the first pass assigned 
INT[TOP] its final value, there is no need to examine that array element again. For this reason, the 
outer FOR loop decrements TOP by 1 for each pass through the array. 

The outer loop counts down only to 2. When TOP has a value of 2, then the inner loop will count 
from 1 to TOP-1, that is, from 1to1. This means that the inner loop will execute only one time, com-
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paring INT[l] to INT[2]. This is the last comparison that needs to be made. After this one, the loop 
has been sorted. 

• Here is a program that demonstrates bubblesort. Enter the program, inserting BUBBLESORI' 
where indicated: 

program SortDemo; 
const 

max array = 1 00; 
type 

intarray = army( 1 .. mexerreyJ of integer; 
ver 

integers : i nterrey; 
i : integer; 
size : 1 .. mexerrey; 
time : longint; 

procedure showerrey (integers: interrey); 
ver 

i, j, k: integer; 
begin 

for i := 1 to (size div 1 O) do 
begin 

end; 

for j := 1 to 1 O do 
begin 

k := (i - 1) * 10 + j; 
write(integers(k) : 6); 

end; 
writeln 

end; 
k := k + 1; 
while k <= mexerrey do 

begin 
write(integers(k): 6); 
k := k + 1 

end; 
writeln 

{ Insert BUBBLESORT procedure here} 

begin 
showtext; 
for i := 1 to maxarray do 

integers(i] := random; 
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size:= mexerrey; 
showerrey( integers); 
time:= tickcount; 
bubb 1 esort( integers); 
writeln('time required: ·, (tickcount - time) I 60: 6 : 2); 
showerrey( integers); 

end. 

The main program starts by building an array containing 100 randomly selected integers. This 
array is displayed by SHOWARRAY before BUBBLESORT is called. When the sort is completed, 
the array is displayed again, along with the time required to sort it. SHOWARRAY is a nice pro­
cedure for displaying the data in arrays. In this configuration, it prints the data in rows of ten items 
each. The first nested loop prints the array items from 1 to MAXSIZE DIV 10. A final WHILE loop 
is required to print any remaining elements; if, for example, MAXSIZE is 105, 5 array elements will 
remain unprinted after execution of the nested IF loops. 

• Enlarge your Tuxt window to the full width of the screen. Then run the program, paying at­
tention to the length of time required for the sort. About 40 seconds will be needed. 

The array that was sorted in this program started out in a highly disordered condition. Occasionally, 
we must work with arrays that are very nearly in sorted order. This might happen when a few array 
items were updated while most remained the same. How does bubblesort perform when an array is 
only slightly disordered? 

• Add these lines to the end of the main program: 

integers(75) := 30000; 
time := tickcount; 
bubblesort(integers); 
writeln('time required: ·, (tickcount - time) I 60: 6: 2); 
showerrey( integers); 

The first new line makes a single change in the sorted array. It is very unlikely that this changed 
item will be inserted in its expected position. The result is an array where the first 7 4 items remain 
in their correct positions. This array is sorted and then redisplayed. 

• Run the program. How long does the second sort take? You will probably find that it requires 
fully half of the time needed for the first sort. This is a lot of work simply to get one item into position. 

Even though most of the array was still in order, BUBBLESORT insisted on making all of the 
comparisons that is made the first time the array was sorted. This is especially wasteful since 30000 
was probably in its proper position after the first pass. The only time savings resulted because fewer 
swaps had to be performed. It would be nice to have a way to stop sorting if a pass is made without 
finding any required swaps. That would mean that the array was in order and that BUBBLESORT 
could cease. 

A few changes will do the trick. This modification of BUBBLESORT uses the Boolean variable 
DONE to indicate whether or not any swaps were made in a pass. The outer FOR loop from the pres­
ent version is replaced by a REPEAT loop: 

procedure bubblesort (ver int : interrey); 
ver 

count, temp, top : integer; 
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done: boolean; 
begin 

top:= size; 
repeat 

done := true; 
for count := 1 to top - 1 do 

if int(count] > intlcount + 11 then 
begin 

temp := int(count]; 
int(count] := int(count + 1 ]; 
int(count + 1) := temp; 
done := false 

end; 
top := top - 1 ; 

until done or (top < 2); 
end; 

Before each comparison pass, DONE is assigned the value TRUE. Any exchange within the inner 
loop will change the value of DONE to FALSE. If no exchanges are made, DONE will remain TRUE 
and the REPEAT .. UNTIL loop will terminate. 

• Install this new version of BUBBLESORT and try the program again. This time, the second 
sort of the array should require only one or two seconds, quite an improvement. 

If you are very patient, try the following steps to sort a very large array with BUBBLESORT. 
• Remove the last five lines from the end of the main program. There is no need to try resorting 

the array in this experiment. 
• Change the value of MAXARRAY to 1000 and run the program. 
• Go to lunch. The sort will take over an hour to complete. You can see why we need a faster 

sort on occasion, even though it is harder to understand. 

QUICKSORT 
Quicksort uses a different approach to sorting. In this sort, the data in the array are repeatedly 

divided into groups that fall above and below some middle value. These groups are themselves divid­
ed, and the resulting groups are divided again. This process continues until each group contains just 
one member, at which point the array is sorted. 

Here is a sample set of integers to be sorted with Quicksort: 

289J65471 

Th begin the sort, a middle value must be selected around which to divide the data. Ideally, this value 
should be the median of all of the values, but it turns out that it is too time consuming to calculate 
the median each time it is needed. Instead, the general practice is to use whatever value falls in the 
middle position of the array. 

As· we will see, this approach can result in the selection of some very inefficient dividing points. 
By and large, however, the acceptable choices outweigh the bad. 

There is a rationale for choosing the middle member of the array as the dividing point. If the 
array is in some degree of order, the middle number is likely to be near to the median value for the 
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array. For arrays that are only slightly disordered, this will result in a more efficient search. 
The index for the middle value can be calculated by summing the index values for the first and 

last items in the group to be sorted. This sum is divided by 2, using DIV, to yield the midpoint. In 
the present case, the bottom index is 1 and the top index is 9. Therefore, the index to the dividing 
point is calculated as (1 + 9) DIV 2. The resulting index is 5, so the value of the dividing point in 
this case is 6. 

The next step is to divide or pa,rtition the data into two groups: data less than the value of the 
dividing point and data greater than or equal to it. Such a division on the example array will result 
in the following arrangement, where the gap between the numbers indicates a partition between the 
two groups: 

21 435 6978 

This process must be repeated with the subgroups. In the first group, the dividing point would be 
4 and this configuration results: 

213 45 6978 

When dividing the "6 9 7 8" group, the dividing value is 9. Earlier we noted that simply taking the 
middlemost element of the group would result in our accepting some rather poor choices. In this situa­
tion, 9 is such a choice, since it only allows us to partition one value off from the group. The data 
are now arranged like this: 

213 45 687 9 

Here are the rest of the partitions that are performed to completely sort the list: 

213 45 687 9 

23 45 687 9 

2 3 4 5 67 8 9 

2 3 4 5 6 7 8 9 

Now each group has been reduced to having only one member, and the sort is complete. 
Here are the tasks that must be accomplished by Quicksort: 

• Selecting the index for the dividing value 
• Partitioning the data into two groups, one less than the dividing point and the other greater 

than or equal to it 
• Repeating the Quicksort process on each of the resulting subgroups. 

We have already seen how a dividing value may be calculated. We will require variables to keep 
track of the array index values for first and last elements of the group that is currently being exam­
ined. These variables will be called FIRST and LAST. If the array is named INTARRAY, the dividing 
value is determined by the expression: INTARRAY[FIRST + LAST) DIV 2]. This value will be as­
signed to the variable DIVIDER. 

Here is the sample array. The values pointed to by the index variables FIRST, LAST, and DIVIDER 
are indicated as F, L, and D: 
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Next the array must be partitioned. This requires that we create two new index variables to point 
to the array data; Pl and P2. Initially, Pl will index the first element in the array and P2 will index 
the last. The array can be pictured like this: 

2 8 9 3 6 5 4 7 I 
Pl P2 
F D L 

The first step in the partitioning process is to move Pl right until it encounters a value that belongs 
to the right of the dividing value: 

2 8 9 3 6 5 4 7 I 
Pl P2 

F D L 

Next, we move ~2 left until it points to a value that is less than the divider. Since P2 is already 
pointing to 1, it need not be moved. 

The values pointed to by Pl and P2 are now exchanged: 

2 1 9 3 6 5 4 7 8 
Pl P2 

F D L 

Again, Pl is moved right and P2 is moved left until each points to a value to be exchanged: 

2 9 3 6 5 4 7 8 
Pl P2 

F D L 

Following the exchange the array looks like this: 

214365978 
Pl P2 

F D L 

Again the pointers are moved 

214365978 
P1 P2 

F D L 

and the values they find are swapped: 

214356978 
P1 P2 

F D L 

When the pointers are moved again, we find that they have crossed. Since Pl is greater than P2, we 
know that this pass is completed. The subgroups have now been partitioned. 

21435 6978 
P2 P1 

F D L 

Here are the statements that execute a single pass through the data: 
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repeat 
while intarray(p 11 < divider do 

pl :: pl + 1; 
while intarray(p2J > divider do 
p2 :: p2 - 1; 
if pl <= p2 then 

begin 
swap(intarray[p 11. intarray(p2)) 
pl :: pl + 1; 
p2 :: P2 - 1; 

end 
unti I p 1 > p2; 

The values of Pl, P2, and DIVIDER will be established before these statements are executed. This 
portion of the procedure performs three functions: 

1. The first WHILE loop increments Pl until it indexes an element that belongs in the second 
part of the array. 

2. The second WHILE loop decrements P2 until it indexes an element that belongs in the first 
part of the array. 

3. Provided that the value of Pl is not greater than P2, the values in the selected array elements 
are swapped, using a procedure SWAP, which will be defined later. 

After a swap, Pl is incremented and P2 is decremented, preparing the procedure to search for more 
data to be swapped. The REPEAT loop is terminated when Pl and P2 cross, indicating that no more 
swaps need to be made with this particular dividing value. 

Next, a strategy must be found for sorting the two subarrays that have been created. The first 
subarray consists of the elements from INTARRAY[FIRST] through INTARRAY[P2]. The second 
subarray consists of the elements from INTARRAY[Pl] through INTARRAY[LAST]. 

It turns out that this second subarray is not difficult to process. All we need do is assign the value 
of Pl to FIRST and repeat the sort. 

However, it is not so easy to repeat the sort with the first subarray. The thing that is needed is 
a way to remember the portions of the array that still require work. The tool we will use is called a stack. 

A stack behaves exactly like a paper spindle in an office. When using a paper spindle, we remember 
something by writing a note and sticking it on the top of the spindle. We can add as many notes as 
we like. Later when we need to retrieve something that was stored, we can remove the top piece of 
paper from the spindle. It is important to observe that the last note placed on the spindle is always 
the first one taken off. 

A stack can be implemented using two things: an array in which to store data and a pointer variable, 
which points to the last item added to the stack. We start with an empty array and a pointer variable 
which has a value of 0. In fact, a pointer value of 0 is used to indicate that the stack is empty. 

Storing an item in the stack is known as "pushing the data onto the stack:' A push requires two 
actions: incrementing the pointer variable and storing the data into the array element that is pointed to. 

Here is a procedure that pushes an integer onto the array STACK. STACKPOINTER is a global 
variable that indexes the stack array. 
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procedure push (int : integer); 
begin 

stackpointer := stackpointer + 1; 
stack[stackpointer] := int 

end; 
The action of retrieving data from the stack is called "pulling". A pulling procedure is also needed: 

procedure pull (var int : integer); 
begin 

int := stock[stockpointer]; 
stackpointer := stackpointer - 1 

end; 

Now we have a tool for storing the indexes for subarrays that have not yet been sorted. When 
such a subarray is identified, its beginning and ending indexes are pushed onto the stack. Later, they 
may be retrieved in the proper order for continued sorting. This process will soon be examined in detail. 

We can pull the pieces together now. Here is the complete QUICKSORT procedure: 

procedure quicksort (var intarray : intarray); 
Yer 

p 1, p2, divider, first, 1 ost, stackpointer: integer; 
stack : array[ 1 .. 50] of integer; 

procedure push (int : integer); 
begin 

stackpointer := stackpointer + 1; 
stack[stackpointerJ := int 

end; 
procedure pull (var int : integer); 
begin 

int := stack[stackpointerl; 
stackpointer := stackpointer - 1 

end; 
procedure swap (var i, j : integer); 

Yer 
temp : integer; 

begin 
temp := j; 
j := i; 
i :=temp 

end; 

begin 
stackpointer:= O; 
push( 1 ); 
push(size); 
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repeat {outer repeat loop} 
· p·u11(lesl); 
pull(first); 
p 1 := first; 
repeat { middle repeat loop } 

p2 :=lest; 
divider:= intarray((first + last) div 2); 
repeat { inner repeat loop } 

while intarray(pl] <divider do 
p 1 := p 1 + 1; 

while intarray(p2] >divider do 
p2 :: p2 - 1; 

if pl <= p2 then 
begin 

swap(intarray(p 1], intarray(p2)); 
p 1 := p 1 + 1; 
p2 := p2 - 1; 

end 
until pl > p2; {end of inner loop} 
if first < p2 then 
begin 

push(first); 
push(p2); 

end; 
first:= pl 

until first >= l8st 
until stackpointer = O 

{ end of middle loop } 
{end of outer loop} 

end; 

QUICKSORT contains three local procedures: PUSH, PULL, and SWAP. Since these procedures 
must always be present for QUICKSORT to work, they were included within its structure. In this 
way, the entire procedure can be easily copied into other programs. Earlier I said that procedures could 
contain just about any feature that a program could contain. Here we see that procedures can contain 
their own procedure, and by implication, their own functions. These procedures and functions, just 
like the variables created within the procedure, are limited in scope and are not available globally. 

The first action in the main part of the procedure is to initialize the stack. First 1 and then SIZE 
are pushed onto the stack. When these values are pulled, the complete array will be sorted. 

The procedure contains three nested REPEAT loops: 

1. The outermost one ensures that every entry pushed onto the stack will be pulled. 
2. The next loop repeats the passes through the loop, pushing values of unsorted subarrays onto 

the stack. 
3. The innermost loop makes a single partition pass through one section of the array. 

This gets a bit complicated. Let's examine the procedure as it sorts the sample data we used earlier. 
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Here are the key variables and their values, along with the contents of the stack: 

STACK: 

>9< 
I 

INT ARRAY: 

Pl = undef"med 
P2 = undefined 
FIRST= I 

2 8 9 3 6 5 4 7 t 

DIVIDER = undefined 
ST ACKPOINTER = 2 
LAST= 9 

The STACK array is depicted vertically, in keeping with the stack metaphor. STACKPOINTER 
currently has a value of 2, pointing to the second element of the stack, which is 9. The item that is 
currently being pointed to by STACKPOINTER is enclosed like this: > 9<. The first element of the 
stack is 1. 

INTARRAY is the array to be sorted. The data in INTARRAY are depicted horizontally, as has 
been our practice in this chapter. 

Tu begin, the starting values are pulled to start the sort. Then the values of Pl, P2, and DIVIDER 
are calculated. Now the variables have the following values. The array values that are currently pointed 
to by Pl and P2 are indicated. 

STACK: INT ARRAY: 2893654 7 I 
Pt P2 

9 Pl= I DIVIDER= 6 
I P2=9 ST ACKPOINTER = 0 

) < FIRST= t LAST= 9 

P2 obtained its value from the top value in the stack and Pl was assigned the second value. 
DIVIDER has been calculated to have a value of 6. 

Numbers are not erased from the stack when they are pulled. They are simply ignored when the 
stack pointer is below them. Right now, STACKPOINTER has a value of 0 and the stack is consid­
ered to be empty. Since the stack pointer does not point to an element of the array, the pointer is 
shown as empty like this, > < . 

Control now passes to the innermost REPEAT loop. The first WHILE statement at the beginning 
of this loop acts to point Pl to an array value that belongs in the second half of the array. Then the 
second WHILE statement points P2 to a value that belongs in the first half of the array. The variables 
now have these values: 

STACK: INT ARRAY: 2 8 9 3 6 5 4 7 I 
Pt P2 

9 Pl =2 DIVIDER= 6 
1 P2=9 ST ACKPOINTER = 0 

) < FIRST= 1 LAST= 9 

After this, the array values are swapped. Then Pl is incremented, and P2 is decremented. Here 
are the values of the variables at the bottom of the inner loop: 

STACK: INT ARRAY: 2 I 9 3 6 5 4 7 8 
Pl P2 

9 Pt =3 DIVIDER= 6 
I P2=8 STACKPOINTER = 0 

) < FIRST= I LAST= 9 

The inner REPEAT loop executes again, selecting another pair of values for exchange. After the 
exchange is complete, this is the state of the variables: 
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STACK: INT ARRAY: 2 1 4 3 6 5 9 7 8 
Pl P2 

9 Pl =3 DIVIDER= 6 
I P2= 7 STACKPOINTER = 0 

) < FIRST= 1 LAST= 9 

One more exchange can be made, after which the variables look like this: 

STACK: INT ARRAY: 2 I 4 3 5 6 9 7 8 
P2PI 

9 Pl= 6 DIVIDER= 6 
I P2=5 ST ACKPOINTER = 0 

) < FIRST= 1 LAST= 9 

At this point, two important things have taken place. The partition is complete: all of the array values 
to the left of the 6 are less than 6, and all of the values to the right of 6 are greater than 6. 

The other important event is that Pl is now greater than P2. This is the signal for the inner RE­
PEAT loop to terminate. Since FIRST is less than P2, both FIRST and P2 are pushed onto the stack. 
In this way, the procedure remembers that the array from INTARRAY[FIRST] to INTARRAY[P2] 
remains unsorted. 

After the values are pushed, FIRST is assigned the value of Pl. Right now, the variables have 
these values: 

STACK: INT ARRAY: 2 1 4 3 5 6 9 7 8 
P2 Pl 

>5< P1 =6 DIVIDER= 6 
1 P2= 5 ST ACKPOINTER = 2 

FIRST= 6 LAST= 9 

The procedure has now reached the bottom of the second REPEAT loop. Since FIRST is still 
less than LAST, this loop cannot terminate. We return to the top of this middle loop, this time to parti­
tion INTARRAY[6] through INTARRAY[9]. After the variables are set up for the new pass, things 
look like this: 

STACK: INT ARRAY: 2 I 4 3 5 6 9 7 8 
Pl P2 

>5< Pl =6 DIVIDER= 9 
1 P2= 9 ST ACKPOINTER = 2 

FIRST =6 LAST= 9 

Another partition pass is made. This time, however, only the last four array elements are exam­
ined. The dividing value now is 9. After the first exchange, the values of the variables are: 

STACK: 

>5< 
I 

INT ARRAY: 

Pl =8 
P2=8 
FIRST= 6 

2 1 4 3 5 6 8 7 9 
P1 
P2 

DIVIDER= 9 
ST ACKPOINTER = 2 
LAST= 9 

Pl and P2 now point to the same array element. Not surprisingly, therefore, the next pass through 
the loop cannot find any values to exchange. Pay careful attention to the two WHILE loops. In the 
first, Pl is incremented until it points to the last element in the array. However, since INTARRAY[P2] 
is already less than DIVIDER, P2 is not decremented and retains the value of 8. Since Pl was in-
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cremented, Pl and P2 cross, ending the inner loop, and resulting in the following condition: 

STACK: 

>5< 
1 

INTARRAV: 

P1=9 
P2=8 
FIRST= 6 

2 1 4 3 5 6 8 7 9 
P2 P1 

DIVIDER= 9 
ST ACKPOINTER = 2 
LAST= 9 

The inner loop terminates and the middle loop takes over. Since FIRST is less than P2, FIRST and 
P2 are pushed onto the stack. FIRST is then assigned the value of Pl. Now the variable have these 
values: 

STACK: >8< INTARRAV: 2 1 4 3 5 6 8 7 9 
6 P2 P1 
5 P1=9 DIVIDER= 9 
I P2= 8 ST ACKPO INTER = 4 

FIRST= 9 LAST= 9 

At this point, notice that FIRST and LAST share the same value, indicating that only one value re­
mains in the sublist, and that no more sorting of the sublist is needed. Since FIRST = LAST, the 
middle REPEAT loop terminates. 

Control now passes to the outer REPEAT loop. Since STACKPOINTER in not 0, this loop ex­
ecutes again. 

The first thing done at the top of this loop is to pull two values from the stack. LAST receives 
the value 8, and FIRST receives the value 6. These values correspond to a portion of the array that 
is not yet completely sorted. Here are the variable values after Pl is assigned the value of FIRST. 

STACK: 8 INT ARRAY: 2 1 4 3 5 6 8 7 9 
6 P1 P2 

>5< P1=6 DIVIDER= 9 
1 P2 = 8 ST ACKPOINTER = 2 

FIRST= 6 LAST= 8 

The procedure is now preparing to sort the array from INTARRAY[6] through INTARRAY[8]. After 
P2 is assigned the value of LAST and DIVIDER is calculated, the procedure is ready to make another 
partition pass: 

STACK: 8 INT ARRAY: 2 1 4 3 5 6 8 7 9 
6 P1 P2 

)5< P1=6 DIVIDER= 8 
1 P2 = 8 ST ACKPOINTER = 2 

FIRST= 6 LAST= 8 

Here is the condition after this pass is made: 

STACK: 8 INT ARRAY: 2 1 4 3 5 6 7 8 9 
6 P2 P1 

>5< P1=8 DIVIDER= 8 
1 P2= 7 ST ACKPOINTER = 2 

FIRST= 6 LAST= 8 

Since Pl now exceeds P2, the inner loop ends, returning control to the middle loop. This loop pushes 
FIRST and P2 to the stack and sets FIRST equal to Pl with this result: 
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STACK: >7< INT ARRAY: 2 1 4 3 5 6 7 8 9 
6 P2P1 
5 P1=8 DIVIDER= 8 
1 P2= 7 ST ACKPOINTER = 4 

FIRST= 8 LAST= 8 

Since FIRST is equal to LAST, the middle loop terminates. 
The STACKPOINTER has a value greater than 0, and the outer loop repeats. The top two 

values are pulled, and the process continues. Here is the condition before the middle loop executes again: 

STACK: 7 INT ARRAY: 2 I 4 3 5 6 7 8 9 
6 P1 P2 

>5< P1 =6 DIVIDER= 6 
1 P2= 7 ST ACKPOINTER = 2 

FIRST= 6 LAST= 7 

Only two values are contained in this portion of the array, and they are already in order. Pl will not 
be incremented since INTARRAY[6] is not less than DIVIDER. However, P2 is decremented, with 
the result that Pl becomes equal to P2. 

This causes an interesting swap to be made. Pl and P2 both point to the same variable. Therefore 
no essential change is made. The important thing is that Pl is incremented and P2 is decremented, 
causing Pl to become greater than P2. Now the inner loop terminates. Here are the variable values 
at the end of the inner loop. 

STACK: 7 INT ARRAY: 2 1 4 3 5 6 7 8 9 
6 P2 Pl 

>5< P1 =7 DIVIDER =6 
1 P2= 5 ST ACKPOINTER = 2 

FIRST= 6 LAST= 7 

Control now lies with the middle loop. Since FIRST is greater than P2, no values are pushed onto 
the stack. The array is now sorted from INTARRAY[6] through INTARRAY[9]. 

Next, FIRST is assigned the value of Pl, which is 7. FIRST and LAST now have the same value, 
and the middle loop terminates. Control reverts to the outer loop. 

Since the value of STACKPOINTER is greater than 0, the outer loop executes again. It starts 
by pulling the two remaining values from the stack, producing this condition: 

STACK: 7 INT ARRAY: 2 1 4 3 5 6 7 8 9 
6 P2 P1 
5 P1=7 DIVIDER= 6 
1 P2=5 STACKPOINTER = 0 

> < FIRST= I LAST= 5 

The complete sorting process is ready to begin again, this time sorting array elements 1 through 
5. I will not explain the rest of the sort, since the process is the same for this part of the array as 
it was when the last four array elements were sorted. 

There is one difference: when this half of the array is completed, STACKPOINTER will have 
a value of 0 at the end of the outer loop. This is the signal that the sort is completed and that the 
procedure can terminate. 

The process we have just been through is called hand simulation. There is nothing the computer 
can do that we cannot do with a pencil and a piece of paper, and I have just simulated the operations 
of the QUICKSORT procedure for you. Hand simulation is useful when a complex program must be 
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"reverse engineered," so that we can figure out how it works. Hand simulation is also a powerful, 
if tedious, debugging tool. If you have tried without success to get a program to work, try hand 
simulation. 

The QUICKSORT procedure may be substituted for BUBBLESORT in the demonstration pro­
gram. Try the following experiments: 

• Replace BUBBLESORT with QUICKSORT. Be sure to change the procedure call in the main 
program so that it calls QUICKSORT instead of BUBBLESORT. 

• With MAXSIZE set to a value of 100, how long does quicksort require to sort the array? Is 
this a significant improvement? 

• Change MAXSIZE to 1000 and run the program again. Is quicksort faster than bubblesort? 
• Change MAXSIZE back to 100. Install these lines at the end of the main program: 

integers[75] := 30000; 
time := tickcount; 
qui cksort( integers); 
writeln('time required:·, (tickcount - time) I 60: 6: 2); 
showerrey( integers); 

• Run the demonstration again. Is quicksort a good sort to use when only a few items are out 
of order? Interestingly, quicksort does not do as well as the second version of bubblesort. Quicksort 
has no way of shutting itself off when the array is in order. 

If you have understood the explanations of quicksort, you are now a master of one of the most 
powerful sorts available. If you found the going a bit heavy, don't worry. You can use the sort without 
fully understanding it. Just remember that variable types will have to be adjusted to accommodate 
different array types. You will need to change the type and perhaps the name of the INTARRAY pa­
rameter as well as the type of TEMP in the SWAP procedure. 

YOUR PASCAL VOCABULARY 
This chapter was tough enough without adding any new vocabulary items. Thke a break. 
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An Improved Inventory Program 
To pull the previous lessons together, this concluding chapter will present a more complete inventory 
program. There will be very little in the program that is new to you, but that in itself contains an 
important bit of knowledge. You now know enough to build some interesting and fairly complex 
programs. 

Since not much in this chapter is new, discussion will not be very extensive. If you have mastered 
the first fourteen chapters, you will not require a great deal of explanation. However, you will encounter 
one or two new things, such as a strategy for deleting items from files. 

THE INVENTORY PROGRAM 

The program is quite long. In fact, it could not be much longer and still be able to fit on a 128K 
Macintosh. Because of its size, I will print it only once. You will probably wish to enter the entire 
program before reading the discussion that follows. 
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program inventory (input, output); 
type 

item_d8t8 =record 
n8me : string[20); 
qu8ntity: integer; 
price: re8l; 

end; 
comstring = str1ng[40]; 
stockfile = flle of item_data; 



var 
item: item._data; 
stock : stockfile; 
com: char; 
size : longint; 

procedure fulltext; 
var 

r: rect; 
begin 

with r do 
begin 

top := 50; 
left := O; 
bottom:= 325; 
right:= 510; 

end; 
settextrect(r); 
show text 

end; 

function realinput: real; 
var 

s: string(lO); 
r: real; 
i : integer; 
ok : boolean; 

begin 
repeat 

readln(s); 
s := concat('O', s); 
ok := true; 
for i := 1 to length(s) do 

if pos(copy(s, i, 1), '.0123456789') = O then 
ok := false; 

if not ok then 
writeln('Only digits and periods allowed. Please reenter.'); 

until ok; 
readstring(s, r); 
realinput := r 

end; {of realinput } 

procedure displayitem (item: item_data); 
var 

261 



262 

len : integer; 
begin 

with item do 
begin 

Jen := length(name) + 2; 
writeln('ltem name:' : 12, name : len); 
writeln('On hand:' : 12, quantity : len); 
writeln('ltem price:· : 12, price : len : 2); 

end; { with } 
writeln 

end; 

function lookup (s: item_date; 
var lookfile : stockfile) : longint; 

var 
midpoint, bottom, top : longint; 

begin 
bottom:= 1; 
reset(lookfile); 
top:= size; 
repeet 

midpoint := (bottom + top) div 2; 
seek(lookfile, midpoint>; 
if s.neme < lookfile·.name then 

top:= midpoint - 1; 
if s.neme > lookfile·.name then 

bottom := midpoint + 1; 
until (s.neme = lookfile·.name) or (bottom > top); 
if bot tom <= top then 

lookup := midpoint 
else 

lookup := -1 
end; { of lookup } 

procedure insert (item : item_dete; 
var infile: stockfile); 

var 
temp : item_date; 
i, location : longint; 

begin 
temp.name:="; 
while (filepos(infile) <=size) end (temp.name< item.name) do 

reed(infile, temp); 



if temp.name>= item.name then 
begin 

location:= filepos(infile) - 1; 
for i :=size downto location do 

begin 
seek(infile, i); 
read(infile, temp); 
write(infile, temp) 

end; 
seek(infile, location); 

end; 
write(infile, item); 
size := size + 1; 
temp.quantity := size; 
seek(infile, O); 
write(infile, temp) 

end; { of insert } 

procedure add; 
var 

item : item_data; 
begin 

write('(Press RETURN to cancel add) Name of item:'); 
reedln(item.neme); 
if length(item.name) > O then 

if (lookup(item, stock) >= 0) then 
writeln(That item is already in inventory.') 

else 
begin 

write('Price of item:'); 
item.price := reelinput; 
write('Quantity on hand: '); 
readl n( item.quantity); 
insert(item, stock); 
writeJn('New item added to inventory.'); 
writeln 

end {of else} 
end; { of add } 

procedure buy; 
var 

item : item_data; 
qty : integer; 
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recnum : longint; 
begin 

write('(Press RETURN to cancel buy) Item to buy: '); 
reedln(item.neme); 
if length(item.m1me) > O then 

begin 
recnum := lookup(item, stock); 
if recnum < O then 

writeln(That item is not in inventory.') 
else 

begin 
write('Quantity to buy: '); 
reedln(qty); 
seek(stock, recnum); 
reed(stock, item); 
item.quantity:= item.quantity+ qty; 
seek(stock, recnum); 
write(stock, item); 

end { of else } 
end { of if} 

end; { of buy } 

procedure delete; 
Y8r 

ch: char; 
item: item_data; 
i, recnum: longint; 

begin 
write('(Press RETURN to cancel deletion) '); 
write('Name of item to delete: '); 
reedln(item.neme); 
if length(item.name) > O then 

begin {of if •1} 
recnum := lookup(item, stock); 
if recnum < 0 then 

writeln('No entry was found for that item.') 
else 

begin 
seek( stock, recnum); 
reed(stock, item); 
displayitem(item); 
writeln('Do you wish to delete this item? y or n'); 
reed( ch); 



if ch in ('y', 'V'] then 
begin {of if •2} 

size := size - 1; 
seek(stock, O); 
item.quantity := size; 
write(stock, item); 
for i := recnum to size do 
begin 

seek(stock, i + 1 ); 
read(stock, item); 
seek(stock, i); 
write(slock, item); 

end {of for} 
end { of if •2 } 

end {of else } 
end {of if •o 

end; { of delete } 

procedure find; 
var 

item : item_dete; 
recnum : longint; 

begin 
write('(Press RETURN to cancel find) Name of item to find:'); 
readln( i tern.name); 
if length(item.neme) > O then 

begin 
recnum := lookup(item, stock); 
if recnum < O then 

writeln('No entry wes found for that item.') 
else 

end 

begin 
seek(stock, recnum); 
reed(slock, item); 
di sp 1 eyi tern( i tern) 

end 

end; { of find } 

procedure reprice; 
var 

item : item_dete; 
recnum: 1ongint; 
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beg1n 
wrtte('(Press RETURN to C8nce1 reprice) Item to reprice:'); 
reed In{ 1tem.neme); 
1f 1ength{item.n8me) > o then 

begin 
recnum := lookup(ftem, stock); 
if recnum < O then 

writeln(Thet 1tem is not in inventory.') 
else 

begin 
seek(stock, recnum).; 
reed(stock, Hem); 
writeln('Current price:·, item.price: 3: 2); 
wrfte('New price: '); 
ftem.prfce := reolfnput; 
seek(stock, recnum); 
write{stock, ftem) 

end { of else } 
end { of ff } 

end; { of reprice } 

procedure se II; 
var 

item : item_dote; 
qty: integer; 
recnum : longint; 

begin 
write('(Press RETURN to cancel sell) Item to sell: '); 
reedln(item.neme); 
if length(item.name) > O then 

begin 
recnum := lookup(item, stock); 

if recnum < O then 
wrfleln('That item is not in inventory.') 

else 
begin 

seek(stock, recnum); 
read(stock, ttem); 
writeln('Vou hove ·, item.quantity: 1, ·on h8nd.'); 
write('Quantity to sell:'); 
readln(qty); 
if qty> ftem.qu8ntity then 

writeln('Vou don"t hove thet meny. ') 



else 
begin 

ttem.queinttty := ttem.queint1ty - qty; 
seek(stock, recnum); 
wnte(stock, item) 

end; { of else} 
end { of else } 

end { of 1f } 
end; { of sell } 

procedure totals; 
var 

item : item_dete; 
total : reel; 
1 : longint; 

begin 
total := O; 
wrtte('ltem:': 20, 'Price:·:. 10); 
wrtteln('Quent ity:' : 15, '$ in inventory:· : 20); 
write('-----·: 20, ·------·: 10); 
writeln('---------·: 15, ·---------------·: 20); 
seek(slock, 1 ); 
for i := 1 to size do 

begin 
reed(stock, item); 
with item do 

begin 
write(name: 20, price : 1 O : 2); 
writeln(Quantity: 15, price* Quantity: 20: 2); 
total := total + price * quantity 

end; { of with } 
end; { of for} 

writeln(' · : 45, ·---------------· : 20); 
writeln{'Total value of inventory: · : 45, total : 20: 2) 

end; { of totals,} 

procedure peck; 
var 

item : item_deta; 
backupfile : file of item_dete; 
i : longint; 

begin 
writeln('Packing the file'); 
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rewri te(beckupf i 1 e, 'Backup Stockf i 1 e'); 
reset(stock); 
for i :=Oto size do 

begin 
reed(stock, item); 
write(beckupfile, item) 

end; 
reset(beckupfi le); 
rewri te(stock); 
while not eof(beckupfile) do 

begin 
reed(beckupfile, item); 
write(stock, item) 

end; { of while } 
end; { of peck } 

begin {main program} 
hideell; 
fulltext; 

{REMOVE COMMENT BRACKETS FROM NEXT LINE AFTER DEBUGGING} 
{hi de cursor;} 
{REMOVE COMMENT BRACKETS FROM NEXT TWO ST A TEMENTS} 
{IF PROGRAM SHOULD CLEAR THE STOCK FILE ON STARTUP } 
{rewrite(stock, 'Stockfi le');} 
{close(stock);} 

open( stock, 'Stockf i le'); 
seek(stock, mexlongint); 
if filepos(stock) <= 1 then 

begin 
item.quentity := O; 
rewri te(stock); 
wri te(stock, i tern) 

end 
else 

begin 
seek(stock, O); 
reed(stock, item); 
size:= item.quantity 

end; 
repeat 

write In; 
writeln('(Add, Buy, Delete, Find, Reprice, Sell, Totels, Quit)'); 
write('Enter Commend: '); 



reed(com); 
rewri te(output); 
case com of 

·e·, 'A': 
add; 

'b', 'B': 
buy; 

'd', ·o·: 
delete; 

'f', 'F' : 
find; 

'r', 'R': 
reprice; 

·s·, ·s·: 
sell; 

't', 'T' : 
tote ls; 

·q·, 'Q': 

otherwise 

end { of case } 
until com in ('q', 'Q'); 
peck; 
rewri te(output); 
showcursor 

end. 

If you have entered the program, you will find it easy to refer to the parts of the program in your 
MacPascal program window as you continue with the chapter. You may find it helpful to run the pro­
gram, trying a few of the options that are available. The screen prompts should be fairly self-explanatory. 

THE DECLARATION PART 
The inventory program is oriented around the record type ITEM_DATA, which contains three 

fields. The file type STOCKFILE is declared to be a FILE OF ITEM_DATA. The other variables 
and types will be explained as they are used. 

An important variable is SIZE. It will be used throughout the program to keep track of the number 
of records that are stored in the stock file. Although it is doubtful that the file would ever grow that 
large, SIZE and all file indexing variables will be of type LONGINT. 

THE MAIN PROGRAM 
Several setup actions are performed at the beginning of the main program. The first is to use 

HIDEALL to conceal all of the Pascal windows. This program is so large that these windows must 
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be concealed to prevent the program from running out of memory on a 128K Mac. When the program 
ends, you will have to restore the Program window manually. 

Next the program calls FULLTEXT, a procedure that enlarges the Tuxt window to fill the screen. 
HIDECURSOR conceals the mouse cursor. This, incidentally, can be a dangerous thing to do un­

til a program is thoroughly debugged. If the program enters an infinite loop, the only way to escape 
is to select Halt from the Pause menu. This is rather difficult to do if you cannot see the mouse cursor. 
For this reason, the procedure call is set off in comment brackets. When you are sure that the pro­
gram is operating properly, remove the brackets to activate the procedure call. 

The next two optional statements use REWRITE to clear the contents of the stock file, which 
is then closed. When these statements are active, the stockfile will be cleared every time the program 
is run. Normally, however, we want the file to retain the inventory contents from one session to the 
next. If the comment brackets are left around these statements, the program will start out with the 
same inventory information that it had at the end of the last session. 

The stock file is opened next. The first entry in the file will be used to store the file size. The 
structure of ITEM_DATA includes an integer field named QUANTITY. This field will be used to 
store the size. After the file is opened, the program checks to see if FILEPOS(STOCK) < = 1. If it 
is, then the file may be new, and it is necessary to store a file size entry in position 0 of the file. 

SIZE is assigned the value of ITEM.QUANTITY which is the current size of the file. 
The bulk of the main program consists of a fairly large CASE statement. Again we see the ease 

with which a large program may be planned through use of a CASE statement. Before writing a single 
procedure, I could plan all of the options that would be available along with the names of the pro­
cedures that would execute the options. 

If the "Quit" option is selected, the program exits the REPEAT loop. The concluding statements 
include a call to a PACK procedure. This procedure is part of the deletion method that is implemented 
in the program. More on this later. 

THE FUNCTIONS AND PROCEDURES 

Now for an item-by-item tour of the program. Let's just start back at the top and work down. 

The Function REALINPUT 

This function addresses a problem that appears often in interactive programs: user input error. 
Since users often make typing errors or misunderstand instructions, it is a good idea to include special 
procedures as needed to help with data input. This procedure will accept only positive, real numbers. 

When an illegal character is typed when reading to a real variable, the READ procedure terminates. 
Unfortunately, a user who intended to type "12.34" might accidentally type "12.3r", in which case, 
Pascal accepts only "12.3". Unless we do some checking, the program will go on, but it will be pro­
cessing the wrong data. 

REALINPUT accepts input into a string variable. READ will accept any characters in a string 
variable, stopping only when the Return key is pressed. If a user types "12.3r", he or she may simply 
hit the Backspace key and correct the error before pressing Return. 

Once the string is entered, however, it must be checked to ensure that it contains only digits and 
periods. This is done with a loop which uses the POS function, examining each character to see if 
it is contained in the string. '.0123456789'. If an illegal character is found, a message is printed, and 
the user is asked to enter another number. 
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. We should note that the procedure does not prevent the user from entering more than one period 
in the number. 

Once it has been determined that the string contains only periods and digits, READSTRING is 
used to read a real number R from the string S. Recall that READSTRING works about like READ 
except that it reads from a string instead of from a text file. It is the value in R that is output by 
the function. 

The Procedure DISPLAYITEM 

The program will be displaying the contents of item records quite often. The DISPLAYITEM 
procedure makes this easy to do. 

The Function LOOKUP 

This is a variation on the LOOKUP function introduced in Chapter 13. It has been adapted to 
work with data of type ITEM_DATA. TOP determines the last component in the file that will be 
examined by this procedure. The value of TOP is determined by the value of the global variable SIZE. 
The deletion method we will use prevents us from using the EOF function to find the last file compo­
nent. Otherwise the procedure is quite similar to the version developed in Chapter 13. 

The Procedure INSERT 

After all of my preaching about binary search and insertion techniques, you may wonder why this 
procedure uses a sequential search to find the point in the file at which the new data should be in­
serted. The explanation has to do with memory limitations. I started working on the program using 
a binary approach, but soon ran out of memory. Since an inefficient program is better than one that 
won't fit on the computer, a sequential search is not such a bad deal. We saw in Chapter 13 that inser­
tions were not dramatically improved through use of a binary search strategy. 

An additional difference in this version of the insertion procedure should be noted. In Chapter 
13, the procedure started at the insertion point and worked toward the end of the file as it moved 
items up. In this version, the top elements are moved up, starting from the top end of the file and 
working downward to the location where the new item should be inserted. This is done with a simple 
FOR..DOWNTO loop. The benefit of this method is that only one SEEK must be performed for each 
item that is moved up. On a large file, this should result in some improvement in performance. 

Since INSERT adds an item to the stock file, the file size must be incremented. This is done by 
the last five statements in the procedure. SIZE is incremented, and its value is stored in the first com­
ponent of the stock file. By storing the new size every time it is changed, the size is preserved in case 
an error terminates the program abnormally. If the size were not saved each time, a program malfunc­
tion would cause the value of the SIZE variable to be lost. In this case, the size stored in the file might 
not agree with the actual number of items in the file. 

The Procedure ADD 

This procedure asks for the name of an item to be added to inventory. First, a lookup is per­
formed. If the item name already appears in the inventory file, the new entry is rejected. 

If this is a new item name, the QUANTITY and PRICE fields are input, and the record is in­
serted into the stock file. 

Like most procedures in this program, ADD gives the user a way out if the request to add an 
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item was made by mistake. If the user enters an empty string by pressing Return without typing 
anything, the. rest of the procedure will be ignored. Otherwise, the user would have no choice but to 
enter an unwanted item and then to delete it. 

The Procedure BUY 
This procedure locates an item in the stock file. This item is read from the file, modified, and 

stored back in the file. Much of the procedure is similar to ADD, requiring little further explanation. 

The Procedure DELETE 
After locating the data that the user has asked to delete, the procedure displays the record and 

requests a confirmation of the deletion. Unless the user types "y" or "Y", the deletion is aborted. 
When an action on the part of the user might cause an accidental loss of valuable information, it is 
generally good policy to confirm the user's choice. 

The deletion is performed by moving each of the later file components down one position. Sup­
pose a file contains the following items: 

apple banana orange pear eof 

If we would like to remove "banana" we simply move "orange" and "pear" down like this: 

apple orange pear pear eof 

Even though "pear" was copied down to the next component, the last component retains.its old value. 
Unfortunately, there is no way to remove this component and to move the end-of-file marker down. 

Now we can see the need for the SIZE variable. We cannot remove the last component, but we 
can tell th~ program to ignore it by decrementing SIZE. Procedures can then use SIZE instead of 
EOF to determine where the last active component in the file is. 

When program execution is terminated with the Quit option, a procedure named PACK will be 
used to remove the file components that are no longer being used. 

The Procedure FIND 
FIND simply calls LOOKUP to determine if an item is in the stock file. If the item is found, 

DISPLAYITEM is used to show it. 

The Procedures REPRICE and SELL 
These procedures are almost identical to BUY. 

The Procedure TOTALS 
The procedure simply prints out a list of the items in inventory, along with some totals. Since 

the Thxt window will only display a few lines, you may wish to modify this procedure so that the out­
put will be sent to a printer. 

The Procedure PACK 
This procedure is not really necessary, but it serves two nice purposes. First, it removes the dead 
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elements that deletions may have created at the end of a file. It also creates a backup file that contains 
the same contents as the stock file. This file can be used if the stock file is damaged. It is very impor­
tant with business programs to create extra copies of data files so that vital data will not be lost if 
a storage disk is damaged. 

First the procedure copies the active components in STOCKFILE into the file BACKUP 
STOCKFILE. Then, since the backup file does not contain the deleted components, the procedure 
clears STOCKFILE with REWRITE and copies BACKUP STOCKFILE back to STOCKFILE. When 
this is complete, the files will be identical, but the inactive components will have been removed. 

If the original copy of STOCKFILE is damaged, simply change the name of BACKUP STOCKFILE 
to STOCKFILE, following the instructions in your Macintosh manual. 

You may want to copy the backup copy to another storage disk. If you do that, the original disk 
could be destroyed, and you would still have a backup copy of the file on another disk. Th do this, 
you must know the name that was assigned to the second storage disk when it was formatted. Read 
about formatting in the Macintosh manual. 

Suppose that your second disk was named ''ARCHIVES:' To place BACKUP STOCKFILE on 
that disk, simply add ARCHIVE: to the file name. With this example, you would change the REWRITE 
statement to: 

rewrite(backupme, ·Archive:Backup Stockfile'); 

CONCWSION 
That's it. There was nothing too difficult in the program, was there? I hope you will study it carefully. 

Even better, dream up some new features that you can add. If you own a 512K Mac, you can really 
expand it. If you have a 128K Mac, you may have to remove some of the current procedures to make 
room. FIND is probably not a very important procedure since TOTALS is available. 

When you are working with large programs that approach the memory capacity of your Mac, it 
is a good idea to save the program before you run it. Occasionally, something may happen that can 
cause Pascal to experience a fatal error, losing the program. If you have saved it to disk, you can always 
recover the most recent copy. 

If you have gotten through the entire book, you can be proud of yourself. Almost everything was 
probably new, and I know some of it was difficult. Therefore, my congratulations. If you caught the 
programming bug, and if you can't wait to do something new, that's even better. At its best, program­
ming can be as fun and as challenging as an activity can get. 
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Appendix 

The Macintosh 
Pascal Character Set 

Here is a chart containing the characters that may be printed in MacPascal. Each character is associated 
with a number, representing its ordinal position in the type Char. Therefore, to print the character 
0, write the expression CHR(l89). 

For the characters from 32 to 127, these numbers are equivalent to the ASCII codes for the 
characters. ASCII (the American Standard Code for Information Interchange) is a widely used 
standard that assigns numeric codes to characters. You will often see references to ASCII codes in 
reference books. Above 127, the standard does not apply, and the Macintosh designers were free to 
add characters of their own selection. 

You will notice that the list begins at 32. The characters below 32 are not printable characters. 
Instead they are used in various ways to control computer operations. For example, these characters 
are often used to control printer functions. Since the required characters vary depending on the equip­
ment, and since the names of these characters are somewhat esoteric, I have chosen to leave them 
out of the table. Consult your equipment manuals to see which ones apply. 

The font used in the Thxt window is Monaco. The actual characters you get will depend on the 
font being used in some cases. You have no control over this in the Text window, but you can control 
the font when writing text in the Drawing window. 

THE PROGRAM 

Incidentally, here is the program that was used to produce the table: 

program cherecters; 
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const 
lest=218; 
first= 32; 
columns= 5; 



Yer 
i, j, x: integer; 

begin 
showtext; 
x := ((last - first) div columns + 1 ); 
for i :=first to first - 1 + x do 

begin 
for j :=Oto columns - 1 do 

if (i + x * j) <= last then 
write(i + x * j: 5, chr{i + x * j): 3); 

writeln 
end 

end. 

PRINTABLE CHARACTERS IN MACINTOSH PASCAL 

32 59 86 v 113 Q 140 0 167 J3 194 ... 6 

33 60 < 87 w 114 r 141 c 168 ® 195 I 
34 . 61 88 )( 115 s 142 e 169 © 196 f = 
35 ti 62 > 89 v 116 t 143 e 170 TM 197 z 
36 $ 63 ? 90 z 117 u 144 e 171 198 0 
37 I 64 @I 91 I 118 v 145 e 172 .. 199 « 
38 &. 65 A 92 \ 119 w 146 173 ~ 200 » 
39 . 66 B 93 l 120 x 147 174 IE 201 ... 
40 ( 67 c 94 . 121 y 148 175 a 202 
41 ) 68 D 95 - 122 2 149 176 00 203 A 
42 * 69 E 96 123 { 150 n 177 ± 204 ;;. 
43 + 70 F 97 a 124 I 151 6 178 i 205 0 
44 71 G 98 b 125 } 152 0 179 ~ 206 CE 
45 - 72 H 99 c 126 ~ 153 0 180 ¥ 207 c:e 
46 73 I 100 d 127 154 6 181 j..t 208 
47 I 74 J 101 e 128 A 155 0 182 3 209 -
48 0 75 K 102 f 129 ~ 156 u 183 I 210 " 
49 1 76 L 103 9 130 ~ 157 u 184 TI 211 

,, 

50 2 77 M 104 h 131 E 158 0 185 1J 212 I 

51 3 78 N 105 i 132 N 159 Q 186 I 213 I 

52 4 79 0 106 j 133 ti 160 t 187 g 214 .,. 

53 5 80 p 107 k 134 0 161 0 188 Q 215 ¢ 

54 6 81 Q 108 1 135 6 162 ¢ 189 0 216 y 
55 7 82 R 109 m 136 6 163 £ 190 Ee 

56 8 83 s 110 n 137 8 164 § 191 s 
57 9 84 T 111 0 138 6 165 • 192 (., 

58 85 u 112 p 139 8 166 qr 193 
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* operator, 17 
I operator, 17, 18 
<operator, 78, 79, 179 
=operator, 78, 80, 81, 179 
< = operator, 78, 79, 179 
> = operator, 78, 79, 82, 84, 179 
< > operator, 78, 81, 179 

A 
AND operator, 77, 79, 80 
apostrophes, 12-14, 15 
array type, double-dimension, 

147-151 
array type, single-dimension, 137-139 
arrays, shuffling of, 240, 241 
arrays, sorting of, 244-259 
ascent text characteristic, 186 
assignment statement, 41-42, 50 

B 
bar graph, 140-144 
baseline, 186 
BEGIN, 25, 36, 55, 93 
block, 119 
Boolean operators, 77-79 
Boolean Type, 40-41, 130 
Boolean variables, 88 
bubblesort, 244-249 
buffers, file, 220, 221 
bugs, 12, 13 
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Index 
bugs, nested, 89-93 
bugs, rules, 93, 94 
BUTION function, 64, 65 

c 
case of Pascal text, 13 
CASE statement, 94-98 
Char type, 39, 40, 47, 48, 58, 59, 130 
OHR function, 131 
clicking, 4 
CLOSE procedure, 198 
Command key, 35 
comments, 28 
compound statement, 55, 85 
CONCAT function, 180 
CONST block, 103 
constants, 103 
coordinates, 21, 56, 103, 165, 166 
COPY function, 181 
COS function, 101, 102, 103 
cursor, mouse, 4 

D 
data, ordinal, 39, 130 
data, scope of, 119 
default, 179 
DELETE procedure, 183 
descent text characteristic, 188 
Desk Accessories menu, 4 
devices, 216-221 

DIV operator, 18, 19, 78, 98 
Do It box, 12, 14 
double clicking, 5,9,27 
double type, 127 
dragging, 11 
Drawing window, 56 
drive, disk, 2 

E 
editing 3-7, 32-36 
editing, deletion, 6 
editing, Insertion, 4 
editing, replacement, 5, 33-35 
editing, search, 33-35 
editing, selection of text, 5, 6 
ELSE, 5, 6 
END 25, 55, 93-95,180 
End.of-Line marker, 6, 211 
Enumerated types, 131, 132, 151 
environment, programming, 1 
EOF function, 197, 200 
equipment required, 2 
errors, off-by-one, 70, 182, 201 
exponential notation, 17, 18, 127 
expressions, 8, 14 
Extended type, 127 

F 
field parameters, 18 
file buffers, 220, 221 



file components, 196 
File menu, 22, 28, 29 
filenames, 27 
file type, 197, 198 
file variables, 197, 220, 221 
FILEPOST function, 201 
files, random access, 200 
files, sequential access, 200 
files, text, 209-213 
fonts, 201 
FOR..DOWNTO statement, 53 
FOR. .TO statement, 49-63 
formal parameters, 121, 122, 124 
forward references, 112 
FRAMERECT procedure, 21, 22, 165 
functions, built-in, 19 
functions, user-defined, 110-118 

G 
GET procedure, 65, 123 
GETFONTINFO function, 186-188 
GETMOUSE procedure, 65, 123 
global variables, 119 
GO, 25, 70 

H 
Halt, 66 
hand simulation, 258 
HIDECURSOR procedure, 270 

Icon, 3 
IF .. THEN statement, 80-94 
IF..THEN .. ELSE statement, 81-94 
INCLUDE function, 180 
Input file, 214-221 
INSERT procedure, 181 
insertion point, 4, 6, 7 
insertion with arrays, 230-235 
insertion with files, 236-240 
Integer type, 47, 48, 130 
integers, 16, 17, 47, 48, 130 
INVERTOVAL procedure, 22 
INVERTRECT procedure, 22 

L 
LENGTH function, 179 
LINE procedure, 102 
LINETO procedure, 58, 102 
local variables, 119 
loop, infinite, 66 
loops, nested, 65, 66 

M 
MAXINT, 130 
MAXLONGINT, 130 
menus, pulldown, 4 
MOD operator, 18, 19, 78, 115, 116 
mouse cursor, 4 
MOVETO procedure, 58 

N 
nested loops, 65, 66 
NOT operator, 77, 78, 80 
Note Pad, 4-7 
NOTE procedure, 21 
null statement, 32, 51 
numbers, real, 17, 18 

0 
Observe window, 67, 70 
ODD function, 145 
off-by-one errors, 70, 182, 201 
OMIT function, 145 
OPEN procedure, 200 
opening programs, 29 
operator, NOT, 77, 78, 80 
operator, OR, 77, 80 
operators, Boolean, 77-79 
OR operator, 77, 80 
ORD function, 131 
ordinal data, 39, 130 
ordinality, 39 
OTHERWISE, 95, 96 
output file , 214-221 

p 
PAINTOVAL procedure, 22 
PAINTRECT procedure, 21 
parameters, 8, 107, 108 
parameters, formal, 121, 122, 124 
parameters, value, 121, 122, 124 
parameters, variable, 121-124 
parentheses, 14, 20, 79 
Pascal procedure statements, 1 
Pause menu, 66 
pen patterns, 145-147 
PENPAT procedure, 22 
periods, 25 
point size text characteristic, 186 
POS function, 182, 184 
precedence, 20, 78-80 
PRED function, 39, 40, 130 
printer device, 216-221 
printer, lmagewriter, 2 
printing procedures, built-in, 8 
printing procedures, user-defined, 

106-108 
procedure statements, 1 
program heading, 30 
program name, 30, 31 
programming environment, 1 
PT2RECT procedure, 167 
PTINRECT function, 168 
pulldown menus, 4 
PUT procedure, 221 

Q 
Quicksort, 249-259 
Quit, 22 

R 
radians, 101, 102, 111 

random access files, 200 
RANDOM function, 115 
random numbers, 115-118 
READ procedure, 47, 48, 197, 198, 

200, 209-215, 221 
READLN procedure, 44-47, 209-215 
real numbers, 17, 18 
Real type, 47, 48, 126-129 
record type, 159-164 
records, variant, 170-176 
rectangles, 174-176 
references, forward, 112 
REPEAT..UNTIL statement, 67-75, 85 
reserved words, 44 
Reset, 66 
RESET procedure, 197, 198, 205, 221 
retrieving programs, 29 
REWRITE procedure, 195-197, 221 
ROUND function, 19, 20, 102 
rules, bugs, 93, 94 
Run menu, 25, 26, 66 

s 
saving programs, 27-30 
scope of data, 119 
search, binary, 227-230, 234-236 
search, sequential, 224-227 
SEEK procedure, 201, 204 
semicolons, 14, 25, 31, 32, 51, 55, 85, 

93, 94, 106 
sequential access files, 200 
SETDRAWRECT procedure, 166 
SHOWDRAWING procedure, 166 
shuffling of arrays, 240, 241 
simulation, hand 258 
SIN function, 101-103 
sorting of arrays, 244-259 
stack 252-258 
statements, procedure, 1 
Step-Step, 210 
Stops in, 68. 
String type, 40, 47, 48, 178, 181 
STRINGOF function, 180, 190 
strings, 13, 14, 16, 17 
STRINGWIDTH procedure, 188 
style of text, 186 
subrange types, 133, 134 
SUCC function, 39, 130 
swapping values of variables, 246 

T 
text characteristic, 186 
text editing, 3 
text files, 209-213 
Text type, 210 
text, style of, 186 
TEXTFONT procedure, 185 
thumbs-down graphic, 14 
TICKCOUNT function, 226 
type, Boolean, 40-41, 130 
type, String, 40, 47, 48, 178, 181 
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type, Text, 210 
TYPEFACE procedure, 186 
types, subrange, 133, 134 

u 
undefined variables, 51, 52 
user-defined functions, 110-118 

v 
value parameters, 121, 122, 124 
Var block, 41-43, 45 
variable parameters, 121-124 
variables, 41-43 
variables, Boolean, 40-41, 130 
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variables, file, 197, 220, 221 
variables, global, 119 
variables, local, 119 
variables, swapping values of, 246 
variables, undefined, 51, 52 
variant records, 170-176 

w 
WHILE statement, 63-66, 72, 73 
window, Drawing, 9, 10 
window, Instant, 11,12 
window, Menu, 11, 32 
window, Text, 9, 10, 186 

window, Untitled, 9, 10 
windows, active, 9 
windows, closing, 9 
windows, moving, 11, 
windows, opening, 9 
windows, scrolling bars, 10, 14, 133 
windows, size handle, 10, 11 
WITH statement, 161 
words, reserved, 44 
WRITE procedure, 14-20, 195-198, 

200, 211, 221 
WRITEDRAW procedure, 185 
WRITELN, 13-20, 198, 210, 211 
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MacPascal Programming 
If you are intrigued with the possibilities of the programs included in MacPascal Programming (TAB 
Book No. 1891), you should definitely consider having the ready-to-run disk containing the soft­
ware applications. This software is guaranteed free of manufacturer's defects. (If you have any prob­
lems, return the disk within 30 days, and we'll send you a new one.) Not only will you save the 
time and effort of typing the programs, the disk eliminates the possibility of errors that can prevent 
the programs from functioning. Interested? 

Available on disk for the Macintosh with at least 128K and Macintosh Pascal at $19.95 for each 
disk plus $1.00 each shipping and handling. (Note that Macintosh Pascal must be purchased from 
your computer dealer.) 

r-----------------------------------• I I I I'm interested. Send me: 

_____ disk for Macintosh with at least 128K and Macintosh Pascal (6239S) 

____ TAB BOOKS catalog 

I 
I 
I 
I 
I 
I 
I 

_____ Check/Money Order enclosed for $19.95 plus $1.00 shipping and handling 
for each disk ordered. 

____ VISA _____ MasterCard 

I Account No. -----------

1 Name 

Expires -----------

I Address I 
I City State Zip I 
I I 
I Signature I 
I I 
I I I Mail To: TAB BOOKS INC. I 
I ~~~ I 
I ~~~~~~M~4 I 
I I I (Pa. odd 6% '81es tax. Onie,. outside U.S. m"'• be p'9poid wtth lnlomollonol money o"'9'8 In US. doll"'") I 
I TAB 1891 I 

~-----------------------------------· 
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Ready-to-Run Programs (No. 1830---$11.50 paper; 
$16.95 hard) 

Word Processing with Your ADAM™ (No. 1766---$9.25 
paper; $15.95 hard) 

The First Book of the IBM PCjr® (No. 1760-$9.95 paper; 
$14.95 hard) 

Going On-Line with Your Micro (No. 1746-$12.50 paper; 
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MacPascal Programming 
Drew Berentes 

Discover how easily you can master 
Pascal language for the Macintosh with this user-friendly guide! 

Pascal is an increasingly important computer language that's not only 
easy to learn, it's especially effective when combined with the unique features 
of the Macintosh! 

Now, with the easy-to-follow learning techniques highlighted in Berentes 
new MacPascal guide, you'll be amazed at how quickly you can begin us­
ing this versatile language to understand and use the full programming 
abilities and user-friendly characteristics your Mac was originally designed 
to display. 

MacPascal Programming uses a building block technique to teach you 
the essentials of writing real working programs right from the start. Leading 
off with the basic features of the language, you'll cover progressively more 
detailed functions in logical sequence ... using actual program examples. 

Data types, text output, graphics and music, control statements, strings, 
and more are explained in detail. With this background, more complex con­
cepts such as repetition, files, new data types, and binary searching fall easily 
into place. You'll see how a Pascal program is constructed, what each func­
tion "does" when entered into the computer, how to get the most from Mac's 
exceptional graphics, and how to integrate sound into your programs. Plus, 
you'll find such extras as: 

• A fully worked out Inventory program. 
• A complete listing of Pascal reserved words, procedures, and 

functions. 
• An exceptionally well-documented approach to taking advantage of · 

the Mac's user interface. 
• Hands-on guidance in applying Pascal to real-life problem-solving. 
Drew Berentes is a training designer for Texas Instruments and is cur­

rently working towards his Ph.D. in the use of computers in education. He 
is also the author of TAB' s well-received Apple® Logo: A Complete Illustrated 
Handbook. 
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