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Progream block

Globals: A B C B1 B3
/

- N )
C::V/*% +X+A;

Bleck B3
Globals B3 A B C B1
Locals X Y
O/
y 1
C=¥Y+B+X+a;

FIGURE 15.1
Scope rules.

Nonlocal identifiers are the names inherited from an outer, nonglobal

block. A program must have at least two levels of nesting in order to have
nonlocal identifiers.
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program MAIN;
var
A, B, C: INTEGER; {Global variables}
procedure Bi; (Global procedure)
var
B, X : integer; ({local variables)

procedure B2; (Nested local proc)
var
C, Y : integer; (local variables)
begin (B2}
C:=Y +B+X+ A, (uses scope rules}
end;(B2)

begin (B1}
C:=B; [Side-effect}
end; (B1)

procedure B3; (Another global proc}
var
X, Y : integer; (Locals in diff. block)
begin (B3}
C:=Y+B+X+A; [Compare with B2)
end; (B3)

begin (MAIN}
(Experiment here)
end.

FIGURE 15.2
MAIN program.

What Block Activation Does

A program block is activated whenever it is entered and its first executable state-
ment is executed. Conversely, a program block is deactivated as soon as its last
statement is executed and control leaves the block. A procedure is activated each
time it is called and deactivated each time control passes back to the calling block.
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Local objects do not exist unless the block containing them is activated.
You can see a block become activated and then deactivated by running a pro-
gram with a local variable displayed in the Observe Window. An object is
“Unknown” if it is local to a deactivated block.

As soon as a block is entered, its local objects (Const, Type, Var) are created,
but they remain undefined until values are provided for them. The Observe
Window usually displays large negative numbers for undefined objects.

When a block is exited, all of its local variables no longer exist in main
memory; hence, they become “Unknown.” However, if a local identifier has the
same spelling as a global identifier, the value of the name object will revert to
the value of the global object. This effect will become apparent in the following
hands-on experiments.

Hands-On Blocks

Perhaps the best way to become familiar with the scope rules of Pascal is
through experience. In the following experiments you should use RUN-STEP
and put in STOPS to make your program execute very slowly. Also, open the
Observe Window and display all variables, so you can see them change values
from one step to the next.

Modify the program of Figure 15.2 so that it contains executable state-
ments, as shown in Figure 15.3. Each block contains a WriteLn to tell you it is
activated. In addition, all local variables are assigned a value so you can follow
what happens to them as the program is stepped to completion.

Initially, global variables A, B, and C are assigned the values of 100, 200,
and 300. These values will change as blocks B1 and B3 are first activated (called)
and then deactivated.

Variables A, B, and C are global variables that start out “Unknown,”
become undefined, and then finally become defined. Global variables B and C
are spelled the same as local variables: B in B1 and C in B2. Hence, you will
observe the Spelling Anomaly rule when running the program. Variable C is
modified by a side-effect in B1 and another side-effect in block B3.

Next, modify Testl by adding a call to Procedure B2 from within Pro-
cedure B1, as shown in Figure 15.4. Program Test2 calls Procedure B1, which in
turn calls Procedure B2. RUN-STEP through the program and observe the
changing values of all variables. Here is what happens when the assignment
statement inside B2 is executed:

C=Y+B+X+A, {uses scope rules}

Local object Y is referenced from within block B2 and added to nonlocal
objects B and X referenced from block B1. Finally, the sum is increased by the
amount stored in global object A referenced from the main program block. The
following values are used to compute C:
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program Test|;
var
A, B, C : INTEGER; (Global variables)
procedure B1; (Global procedure)
var
B, X : integer; (local variables}

procedure B2; (Nested local proc}

var

C, Y integer; (local variables)

begin (B2)

WriteLn('In B2');

Y:=1;

C:=Y +B + X+ A, (uses scope rules)
end;(B2)

begin (B1)
writeLn('in B1°);
X := 7; (define X, locally)
B := 2; [define B, locally)
C :=B; (Side-effect}
end; (B1])

procedure B3; (Another global proc)

var

X, Y : integer; {Locals in diff. block)

begin (B3)

writeLn('In B3");

X := 3; (define X, locally}

Y := 4; (define Y, locally}

C:=Y+B+X+A; (Compare with B2)
end; (B3}

begin (MAIN)
writeLn('In Main’);
A:=100;
B := 200;
C:=300;
Bi;
B3;

end.

FIGURE 15.3
Program Test1.
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program Test2;
var
A, B, C : INTEGER; {Global variables}
procedure Bl; (Global procedure}
var
B, X : integer; (local variables}

procedure B2; (Nested local proc)

var

C, Y: integer; (local variables}

begin (B2)

WriteLn('In B2');

Y=1;

C:=Y +B ¢ X+ A; {uses scope rules)
end;(B2)

begin (B1)}
writeLn('InB1");
X := 7, (define X, locally)
B := 2; (define B, locally}
C:=B; [Side-effect)
B2; [*exAdded to Test | %¥%xx)
end; (B1)

procedure B3; (Another global proc}

var

X, Y : integer; (Locals in diff. block)

begin (B3)

writeLn('In B3');

X := 3; (define X, locally)

Y := 4; (define Y, locally)

C:=Y +B+X+A; (Compare with B2}
end; (B3)

begin (MAIN)
writeLn('In Main’);
A:=100;
B := 200;
C:=300;
BI;
B3;

end.

FIGURE 15.4
Program Test2.
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Y is 1 from B2
B is 2 from B1
X is 7 from B1
A is 100 from Test2

C is computed as 110, but then thrown away when B2 is deactivated.
RUN-STEP through this example and convince yourself that the scope rules
work.

Simple Scope Rules

Scope rules can be simplified if you never use the same identifier for two
different objects in two different blocks.

1. The scope of an identifier is the block in which it is defined and all the
blocks (nested or otherwise) contained within the definition block.

2. Global objects are declared in the outermost (main) block.
3. Local objects are declared in their own blocks.
4. Nonlocal objects are declared in some other block.

Some identifiers may not be accessible by blocks which do not contain them.
This occurs whenever a nested block is contained within another nested block
which shields the inner nested local identifiers from access. This is illustrated by
Figure 15.1, showing local variables C and Y in B2, which cannot be accessed from
statements in MAIN or B3. In fact, Procedure B2 cannot be called from any-
where other than block B1.

Parameter Passing

Passing information in and out of a block by side-effect is considered poor form
by most programmers. Rather than commit such a faux pas, you should always
communicate information from one block to another through parameter lists.

Recall that an actual parameter is an object listed in the procedure or
function call. A formal parameter is an identifier listed in the procedure or
function heading.

There are two ways to pass information back and forth between a calling
block and a called block. The first method works for input to the called block; the
second for both input and output to the called block.

Pass-by-Value

A parameter is passed-by-value if a copy of its value is made and the copy is
assigned to the formal parameter at the time the called block is activated. The
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copy is destroyed when the called block is deactivated. Hence, this method
works only when the parameter value is an input to the called block. “Pass-by-
value” parameter passing has the virtue of causing no side-effects.

Procedure DESTINATION (A : Integer);
begin
WriteLn (A)
end;

Pass-by-value parameters are declared in the procedure heading, as shown
above. They become local objects when the procedure is activated; their initial
value is obtained from the copy of the actual parameter’s value.

Begin {MAIN}
DESTINATION {3 is the actual parameter’s value}
End. {MAIN}

The actual parameter can be any expression which evaluates to a com-
patible type. The following actual parameters are computed before a copy is
assigned to A:

DESTINATION (B « C);
DESTINATION ( Ord(Z) );
DESTINATION ( 3 » (B-5) );

Pass-by-Reference

The Var reserved word is used in the list of formal parameters to indicate that a
parameter is to be passed by indirect reference. Instead of making a copy of the
value to be passed, the rule of pass-by-reference is to pass a pointer to the value.
A pointer is like a page number in the index of this book; it tells where a word or
topic appears (its page number). The value of a pointer is the location in memory
of the actual parameter.

A Var parameter is actually an alias for the original object. The value in the
calling block is accessed and manipulated by the called block. No copies are
made, and the value is changed as if by side-effect.

Pass-by-reference has two advantages:

1. Memory space is saved because no copy is made. This may be impor-
tant when long arrays are passed.

2. The called block can return one or more computed values to the calling
block.

There is one negative aspect to “pass-by-reference” parameter passing that you
should be aware of:

Actual parameters cannot be expressions or con-
stants if they are passed by reference. Instead,
they must be Var identifiers.
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You can test this disadvantage by typing the following incorrect program in the
Pascal Program Window:

Program MAIN;
Procedure SUB (Var X : Integer);
begin
end;
Begin
SUB (2)
End. {MAIN}
Selecting RUN-GO will result in a thumbs-down error message when the
program reaches the call statement containing the constant 2 as an actual
parameter.

External Blocks

An external block is one that is not contained within the global block of your
program. There are two kinds of external blocks: (1) intrinsic functions and
procedures and (2) user-defined functions and procedures.

Intrinsic functions and procedures consist of I/O subprograms such as
WriteLn, Reset, Get, or Seek and special library functions and procedures given
in the Macintosh Pascal manual. Library routines exist for doing sound, gra-
phics, text processing, mouse I/O, and other Macintosh system operations.

User-defined functions and procedures are accessed through the “Uses”
statement. (We will not discuss this statement here. See the Macintosh Pascal
manual and the Inside Macintosh documentation for information on this advanced
feature.)

Recursion

Consider the following definition:

The sum of the first N natural numbers is equal to N plus the sum of the first
N-1 numbers; the sum of the first number is 1.

To formulate this definition, assuming S denotes the sum, we can write:
1) S(N) = N + S(N - 1) {for the first clause}
2) s(1) =1 {for the second clause}

Furthermore, let’s compute the sum of the first five natural numbers, or in
mathematical notation S(5). Substituting 5 for N, the first equation becomes:

S(5) =5 + S(4)

You need the sum of the first four natural numbers before you can compute the
value of S(5). Applying the same definition for S(4) produces:
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S(4) = 4 + S(3)
Continuing in this manner yields the following:

(a) S(5) = 5 + S(4)
(b) S(4) = 4 + SQ)
(c) SEB) =3 +S(2)
(d) S(2) = 2+ 8(1)

(e) S(1) =1 <-— according to the
second clause of
the definition

. Careful examination of this list reveals that you can use the result of (e) S(1) to

compute the result of (d), use (d) S(2) to find the result of (c), and so on through
the list of formulas until you get the value for (a) S(5). Therefore, substituting
for S(1), S(2), . . . until you reach S(5) should produce S(5) = 15.

Recursive Definition

Recursion

This example is intended to show you an example of a definition (the sum of the
first N natural numbers) used in its own definition. A definition in which the
object being defined is used within its own definition is called a recursive definition.

Before going any further, let’s analyze how the solution for S(5) was
achieved. To arrive at the solution, we reduced the problem to the slightly
simpler problem of finding the sum of the first four natural numbers and then
added 5. This process was repeated over and over again, until we reached the
self-defined value S(1) = 1.

In general, a recursive definition consists of two parts: One part relates
the final solution to an intermediate solution of a simpler form of the same
problem (i.e., S(5) = 5 + S(4) ). The second part yields a nonrecursive solution to
a specific segment of the problem (i.e., S(1) = 1).

in Pascal

Recursive solutions to programming problems are possible if procedures and
functions are allowed to call themselves. In Pascal, when a procedure or func-
tion calls itself, it is called simple recursion. Also, a procedure or function may call
a second procedure or function, which at some point calls the original procedure
or function; this is called indirect recursion.

Each time a block is called recursively, all the local variables are copied; the
new copies do not have any impact on the copies generated by previous calls.
Therefore, if a procedure is called three times from itself, at some point four
copies of its local objects exist (each object may possibly contain different
values). This idea is important to understand, so it will be illustrated in the next
experiment.
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Hands-On Recursive Function S(N)

Fire up your Macintosh Pascal, enter Program SumRec, shown in Figure 15.5,
and select RUN-GO. You should get 15—exactly the same result obtained when
we analyzed S(5) earlier in this session. In Function Sum, the local value of N is
compared with 1; if it is not equal to 1, Function Sum is called again. This
process corresponds exactly to the first part of the recursive definition pre-
sented above. If N is equal to 1, Function Sum returns 1, corresponding to S(1) =
1 in the second part of the definition.

Now, to see how the function calls are performed, open the Observe
Window and enter N as an expression. Insert a STOP sign in front of

If N =1 Then

Select RUN-GO with the Observe Window visible so you can watch as the value
of N changes. Notice that at first the value of N is 5. Select RUN-GO again. This
time, the value displayed will be 4. As you repeat RUN-GO, N will decrease by 1
until N = 1; then the final result is computed and displayed in the Text Window.

Each of the values of N corresponds to one call of Function Sum. Also
remember that for each call a copy of N is created (previous copies are not
affected). What you saw in the Observe Window were the values of different copies
of N.

Each time Sum returns from a call, its copy of N is destroyed. The copy of
N =1 is destroyed, followed by N=2,N = 3 ... until the final copy is destroyed
and Sum returns 15 to the main program.

program SumRec;
( Recursive Solution of the Sum of the first N natural number )
function Sum (N : integer) : integer;

begin
if N=1 then
Sum := 1 ( to take care of S(1)=1)
else
Sum := N + Sum(N - 1); ( this is for S(n)=n+S(n-1)}
end;
begin
writeIin(Sum(S))
end.
FIGURE 15.5

Hands-on recursion.
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When Not to Use Recursion

Most of the time, a recursive solution is the most concise and elegant solution
possible, but there are many occasions when recursive problems are best solved
using simple iteration. Figure 15.6 is an alternate solution to the summation prob-
lem using iteration. Enter and run it, to see that you achieve the same result.

Often a recursive solution is not the best solution. As a simple rule, use a
recursive solution if you need temporary storage at each stage of calculation;
otherwise use an iterative method for solving the problem. In the hands-on
example, there was no need to store temporary variables, so naturally the itera-
tive solution is more attractive.

Forward Referencing

In Pascal, all identifiers should be defined before they are used; yet there are
exceptions to this rule. One exception occurs in the definition of types, which
you will learn about later. The second exception occurs when you must use pro-
cedures or functions before they are defined in the data declaration part of a
block. In cases where it is necessary to use a procedure or function name before
it is defined, the procedure or function heading should be declared as a forward
reference (located before the procedure or function is called).

program SumNRec; ( Sum Iterative solution }

function Sum (N : integer) : integer;
var
i, j : Integer;
begin
j=0;
fori:=1toNdo
jiEjg;
Sum = j
end;
begin
Writeln(Sum(S))
end.

FIGURE 15.6
Hands-on nonrecursive solution.
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Procedure Add
(Var Result : Integer; Num1 : Integer;
Num2 : Integer ); Forward; {forward reference}

A call to a procedure can be made even before the definition of its body
appears. When Procedure Add is defined by forward reference, the actual pro-
cedure header appearing later must not include its parameters.

Procedure Add; {notice, this time parameters are not repeated}
begin
Result := Num1 + Num2
end;

This definition must appear at some point beyond the forward reference.
Program AVANTE;
Procedure HAI (X : Integer); Forward; {header only in reference}
Procedure LOW;

begin
HAI (5) {reference to a forward}
end;
Procedure HAI; {no parameters here,
begin body definition only}
WriteLn ('Hi!")
end;
Begin {AVANTE}
LOW

End. {AVANTE}

Summary

Procedures and functions are valuable because they provide a mechanism for
decomposing a large program into small, manageable parts. Divide-and-conquer
is one of the most powerful methods of solving complex problems.

The scope rules of procedures and functions are sometimes confusing.
There are two areas where they must be fully understood, however: nested
blocks and parameter passing.

First, when in doubt, always use unambiguous names in nested blocks;
this will help you avoid the Spelling Anomaly problem. Second, do not use
global identifiers from within nested blocks; this will prevent side-effects.

In general, it is a good idea to avoid nesting beyond one level. Thus, a
program should consist of a main block and many other blocks at the same level
within the main program. This convention will guarantee that all subprograms
are global and therefore can be called from anywhere in the main program or
other subprograms.
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Problem Solving

1. “Repair” Program Test2 by changing the names of identifiers that
conflict with one another; then remove all side-effects. Your new
program must use parameters to pass data between blocks.

2. Draw a diagram like the one in Figure 15.1 for the following program
and its nested blocks.

Program MAIN;

Var
X : Integer;
Function A (Y:Integer) : Integer;
begin
A=Y
end: {function A}
Procedure B (Var M : Integer);
Var
Z : Integer;
begin
Z = A(M)
end; {procedure B}
Begin {MAIN}
X :=0
B (X)
End. {MAIN}

3. A function for generating random numbers is in an external pro-

cedure library called SANE. Run the following program and report the
numbers generated.

Program RAND;

Uses
SANE; {external blocks}
Var
S : Extended; {extended arithmetic}
i : Integer; {loop counter}
Begin
S = 137;
Fori =1 To 7 Do
begin
S := Random;
WriteLn(S)
end
End. {RAND}
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4. Modify the test program in Figure 15.4 as follows, then RUN-STEP to
see what the effect is on the final value of C.
(1) Remove local variable C from Block B2.
(2) Remove the call to B3 from the main block so that B3 is not used.
(3) Leave the statement C := Y + B + X + A; as it appears in B2.

What is the effect on C?
5. Draw a diagram like the one in Figure 15.1 for the following program.

Program Test3;

Var
A : Integer;
Function T1 (A:Integer) : Integer;
Var
B : Integer;
Function T2 (B:Integer) : Integer;
Var
C : Integer;
begin
C =1,
=T1 (C)
end; {T2}

-
N
|

end; {T1}
Begin {Test3}

End. {Test3}

6. Write a recursive function to compute the pi-product defined as
follows:

pi=1+2+«.N (where N > 0)

Recursively,

pPi(N) = N « pi (N + 1) (where N > 1)
pi(1) = 1 (where N >= 1)



Session 16:

Pointers and
Dynamic Data Structures

Data types such as arrays and records that you've learned about in earlier sessions are called
static data structures because their size remains fixed during program execution. In this
session, you will learn about a class of data structures called dynamic data structures. A
dynamic data structure can grow or shrink as a program runs.

Why Do We Need Dynamic Data Structures?

Recall the program for building, sorting, and printing a list of phone numbers in
Session 10. The solution given there stored the list in an array of a fixed size.
You needed to know exactly how many phone numbers were to be kept in the
list before declaring the array size accordingly. Rarely would you know in
advance how many phone numbers to store. You can estimate the upper limit
(say 100), but what if you only need to store a relatively small amount, say, five
or ten numbers? In that case, your program would waste computer memory.
Conversely, if the phone number list exceeds 100, the array would not be long
enough and you'd need to modify the program to handle more numbers.

Addition Problem

When using an array to store a list you face the problem of how to do insertions
(or additions) to the list. More specifically, if a list of phone numbers must be
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kept in order all the time, then adding a new number will cause one or more
entries to be pushed down the list to make room for the new number in the

correct position. For example, suppose a list has the following phone numbers
ordered alphabetically:

Emily 305 452 4111
John 503 254 1114
Ted 350 542 1141

To add Molly 530 606 2128 in the right spot, you must move John and Ted to
make room for Molly. This may not seem difficult when there are only two or
three items to move, but what if there are 100 or more!

Deletion Problem

Similarly, when you delete items (a phone number, for instance) you must move
all of the items below the deleted item up.

Examples like these show that static data structures are unsuitable for
storing information whose length is subject to change. Dynamic data structures

should be used to store information that may be changed through insertion,
deletion, or addition.

Pointers

A pointer is another type like integer, real, or boolean. It is also called the reference
type because pointers are used to reference objects indirectly. A pointer variable
is a channel through which you can access other types of information. For
example, a page number in an index containing important words in a textbook
could be considered a pointer. To quickly locate the page containing information
you can’t recall, first look up the page number in the index and then turn toit. A
page number is a reference to other information just as a Pascal pointer is a

reference to other values stored in memory. In Pascal, pointer types are defined
in the following way:

APage PhonePage
Name
o >
Phone no.

FIGURE 16.1
Pointer variable referencing an object.
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Type
PagePointer ="PhonePage; {using the up-arrow}

You should read this type declaration as “PagePointer is a pointer to a Phone-
Page.” The up-arrow or caret (") symbol tells Pascal that PagePointer is a pointer
type. What it means is that a variable of type PhonePage can be accessed with a
pointer of type PagePointer.

In Figure 16.1, APage references an object of type PhonePage. Use APage ",
which is read “APage points to . . . ”, to show this association in Pascal. In gen-
eral, the following rule applies:

APage: contains a pointer value (pointer).
APage”: contains the value pointed at by pointer.

We often abuse the English language by calling APage a pointer and what APage”
points at the pointee, to keep the two separate.

Nil Pointers

Suppose you have a phone book and one of its pages is missing. Perhaps some-
one tore out the page that a friend’s number is on. Now the references to the
missing page are futile because they refer to “nothing.” Similarly, in Pascal there
is a special value for variables of type pointer called Nil, which points to nothing.
For instance:

APage PhonePage
Name
[ W——
Phone
NextPhonePage
&——

FIGURE 16.2
Two pointer variables referencing the same object.
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APage = Nil; {vacuum}

This means that APage is undefined. We usually use a special symbol such as
the “ground wire” shown in Figure 16.3 to graphically represent a nil pointer.

Operations on Pointers

The operations allowed on pointers are:

= Assigns a pointer to another pointer variable of the same type. For
example, assuming both identifiers are of the same type:

NextPhonePage := APage;

This means that both NextPhonePage and APage point to the same

object (see Figure 16.2).

Compares the value of two pointer variables for equality ( = ) or not

equality (< >). Comparing for equality, the result will be True if both

variables are pointing to the same object and False otherwise.

New (P) Creates an object of type P that can be referenced by P". For example,
to create a new PhonePage:

"
A
Vv

New (NewPhonePage) ;

Here NewPhonePage is a pointer to a PhonePage. To refer to an item in
PhonePage:

NewPhonePage".Name := 'Allen’;
or
NewPhonePage".Phone := '555 777 5124,

Dispose (P) Destroys the object referenced by pointer variable P. For example, if
NewPhonePage” currently points to the PhonePage with Allen’s
number.

Dispose(NewPhonePage);

will destroy (omit, erase) the pointee information. NewPhonePage" no
longer designates anything.

Hands-On Linked Lists

Throughout this experiment, you will develop a simple list of phone numbers
using dynamic data structures. Each time you add a new number to the list, a
new page is created dynamically and linked or connected to a previous page.
Imagine a phone book binder to which you add new pages each time you want
to enter a new number. First, you will make a program to add new numbers to
the front of the list. Then in the next section you will modify the program to
make insertions into the middle of the phone book, as well as the beginning or
end, so that it remains in alphabetical order.
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PhoneList

\Q\‘ JOHN

317-2412-4111

~—

TN IRENE

713-2411-0001

T  BAkus

—_—_—— e A —————— — - 777-888-666
Threads to connect each phone page

=

FIGURE 16.3
PhonelList with three phone pages.

The following type declarations and variables are needed, so bring up your
Macintosh Pascal and enter:

Type
PagePointer = "PhonePage;
PhonePage = Record
Name : String [20];
Phone : String [12);
Next Page : PagePointer
end;

string20 = String [20];
string12 = String [12];

Var
PhoneList : PagePointer;
NextPhone : Page Pointer;
AName : string20;
Phone : string12;
done : Boolean;
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PhonePage defines the format of each page in the “binder.” It defines a
place for the name of the person (Name); a place for the phone number (Phone);
and a place to be used for linking this page to the next page of the binder
(NextPage), if there is a next page.

NextPage is a pointer variable of type PagePointer. Notice in the first type
declaration that PagePointer points to a variable of type PhonePage.

PagePointer = “PhonePage; {points to PhonePage}

We've also defined the binder itself (PhoneList) as a pointer to the very first
page of the list. PhoneList always points to the first PhonePage. See Figure 16.3
for the case of three phone pages in the PhoneList binder.

At the very beginning, the binder (or PhoneList) is empty, so it points to
nothing.

PhoneList  Nil;
Adding to PhoneList

To add a new page to PhonelList, first create a new PhonePage. Second, record -

the information (name and phone number) and then add the new entry to the
existing list.

New (NewPage); {creates a new PhonePage that
can be referenced by NewPage}

NewPage".Name := "Albert’;

NewPage".Phone = '418 001 27871’

NewPage".NextPage := Nil;

Notice how NextPage is set to Nil because (for the time being) it is not con-
nected to any other page. Now add this new page to the PhoneList. For simplic-

ity, let’s add each new page to the beginning of the PhoneList and not worry
about ordering them.

NewPage~"NextPage := PhonelList; {first connect existing pages to
the new one}
PhoneList := NewPage; {second, point to the new page}

This is how it works: The new page will be the very first page since PhoneList is
initially Nil. The first step assigns Nil to NextPage, as shown in the “before” part
of Figure 16.4 (a). If there are some pages already in the list, then the first step
will insert a new page before the existing pages. (Refer to Figure 16.4 (b).)
Procedure AddPhone in Figure 16.5 employs the method explained above.
AddPhone is called each time a new entry is added to the beginning of the list.

Printing a Phone List

Procedure AddPhone takes care of building a list of names and phone numbers.
To print or display each PhonePage, start from the very first page pointed at by
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PhoneList PhonelL.ist

Before After *— |
T ALBERT

418-001-2781

!

(a) Addition of a new page to the empty PhoneList. —L—
PhonelList
Before ¢ > JOHN
513-419-6711
> DAVID
318-412-1109
PhoneList T
1
.- > ALBERT
After
418-001-2781
JOHN
513-419-6711

DAVID

318-412-1109

!

=

(b) Addition of a new page when there are already some in PhoneList.

FIGURE 16.4
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PhoneList
> ALBERT
> JOHN
DAVID
418-001-2781
513-419-6711
318-412-1109
AnotherPage T
(a) After: AnotherPage = PhoneList.
PhoneList
—> ALBERT
JOHN
418-001-2781 DAVID
513-419-6711
318-412-1109
AnotherPage T
(b) After: AnotherPage = AnotherPage?NextPage.

AnotherPage

FIGURE 16.5
Printing a list.

!
=

(c) Time to stop printing happens after printing last page.
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PhonelList, print it, and then use the pointer stored in NextPage to get the next
page. Repeat the same action until the last page is reached. Since the pointer on
the last page (see the page of David, Figure 16.4 (b)) is Nil, stop.

The following shows how to go from one page to the next (see Figure 16.5).

AnotherPage := PhonelList; {for first page}

AnotherPage := AnotherPage”.NextPage {for going from one
page to the r 2xt}

PrintPhones is a complete procedure to print the entire PhoneList:

Procedure PrintPhones (PhoneList : PagePointer);
Var
AnotherPage : PagePointer,;
begin
AnotherPage := PhoneList
While (AnotherPage <> Nil) Do
begin
WriteLn ('Name : ’, AnotherPage”.Name);
WriteLn ('Phone : ’, AnotherPage~.Phone);
AnotherPage := AnotherPage".NextPage
end
end; {PrintPhones}

The While statement tests (AnotherPage < > Nil) for the end of the list; if so,
the loop is terminated (AnotherPage is Nil).

To make this hands-on example complete, you need a routine to read in
names and phone numbers. The Repeat loop in the following code reads names
and numbers and adds them to the list until an empty or Nil response is entered.

Begin
PhonelList := Nil;
done := false;
Repeat
WriteLn ('Enter Name: °);
ReadLn (AName);
WriteLn ('Enter Phone #: ’);
ReadLn (Aphone);
If (AName <> ’’) or (APhone <> ’'’) Then
AddPhone (PhoneList, AName, APhone)
Else
done := true;
Until done;
PrintPhones (PhonelList);
End.

Figure 16.6 shows the complete listing of Program PhoneBook1. Type in the
program and select RUN-GO to see how it works.



202 PRINTERS AND DYNAMIC DATA STRUCTURES

program PhoneBook | ;
type
PagePointer = "PhonePage;
PhonePage = record
Name : string[20];
Phone : string[12];
NextPage : PagePointer;
end;
string20 = string(20];
string12 = string[12];
var
PhoneList : PagePointer;
NextPhone : PagePointer;
AName : string20;
APhone : string12;
done : boolean;
procedure AddPhone (var PhoneList : PagePointer;
Name : string20;
Phone : string20);
var
NewPage : PagePointer;
begin
New(NewPage);
NewPage"Name := Name;
NewPage".Phone := Phone;
NewPage" NextPage := nil;
if PhonelList = nil then
PhoneList := NewPage
else
begin
NewPage™NextPage := PhoneL ist;
PhonelList := NewPage
end
end;
procedure PrintPhones (PhoneList : PagePointer);
var
AnotherPage : PagePointer;
begin
AnotherPage := PhonelL ist;
while (ANotherPage © nil) do
begin
Writein('Name : °, AnotherPage”Name);
writeln('Phone : *, AnotherPage".Phone);

FIGURE 16.6
Listing of Program PhoneBook1. (continued on next page)
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AnotherPage := AnotherPage”NextPage
end
end; { PrintPhones }
begin
Phonel.ist := nil;
done := false;
repeat
writein('Enter Name:");
read(AName);
writeIn(’Enter Phone: ‘);
read(APhone);
if (AName ¢ ) or (APhone ¢ “) then
AddPhone(PhoneL ist, AName, APhone)
else
done := true;
until done;
PrintPhones(PhoneL ist);
end.

FIGURE 16.6 (continued)

Hands-On Linked Lists Revisited

In this hands-on experiment, you are going to modify Program PhoneBook1 to
make it more versatile. Basically, you will add a new function to delete an entry
from the list and modify the procedure for inserting new phone numbers so
that the PhoneList is always in alphabetical order.

Deleting from PhoneList

Two things must be done in order to delete a page from the list. First, locate the
name to be deleted, and second, do the actual deleting.

Procedure FindPhone in Figure 16.9 locates a specific name and number.
FindPhone starts from the beginning of the PhoneList and compares the names
in each page with the name to be deleted. If the name is found, FindPhone
returns the pointer value referencing the page (CurrentPage) and another poin-
ter value referencing the page before the one to be deleted (PreviousPage).
FindPhone also sets the Boolean variable “found” to true.

You must return the pointer to the page preceding the one to be deleted.
Remember, we used the NextPage pointer variable stored in each page to make
the connection to the next page in the list. Now if we delete the page containing
the next pointer, the location of the next page will be lost! Furthermore, the list
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DAVID
-7
318-412-1109

T 1

! JOHN : 'Y
[ —— 4

| 513-419-6711 :

| 1 pppe—
R =

Deleted page

(a) Deletion of phone page for John (16.5) without connecting the page before to the

204
PhoneList
> ALBERT
418-001-2781
page after.
PhoneL.ist
> ALBERT

418-001-2781

DAVID

318-412-1109

Deleted page

(b) Deletion preserving the connection.

FIGURE 16.7
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will “break” and your program will no longer be able to get to the page following
the deleted one. See Figure 16.7 (a). To avoid a “break” in the list and preserve
its continuity, make PreviousPage . Next Page point to the page after the one to
be deleted. See Figure 16.7 (b).

The pointer to the previous page and the pointer to the page to be deleted
are both needed to connect the list again following a deletion.

PhonelList

- ALBERT

JOHN

418-001-2781

513-419-6711 DAVID
318-412-1109

1

(a) Before deleting the first page.

PhonelL.ist

JOHN

\A

DAVID

513-419-6711

318-412-1109

r——————-- B —
] ALBERT |

o !
] |

I 418-001-2781 :

- ———— - -y

1 ]

| -1

(b) After PhonelList= CurrentPage. NextPage, and before DISPOS (CurrentPage).

FIGURE 16.8
Deleting the first page of PhoneList.
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PreviousPage".NextPage := CurrentPage".NextPage;

Finally, to dispose of the page which was just removed, insert the following
statement:

Dispose (CurrentPage); {release}

This will work fine as long as the deleted page is not the very first page;
otherwise the value of PreviousPage is Nil. Add the If statement below to take
care of this exception.

If PreviousPage = Nil Then

PhoneList := CurrentPage”.NextPage {if 1st page}
Else

PreviousPage".NextPage := CurrentPage".NextPage;

Figure 16.8 illustrates the deletion of the very first page of PhoneList.

Insertion in PhoneList

To insert new names and phone numbers in the proper locations and keep
PhonelList in alphabetical order, we must almost duplicate FindPhone. First,
search the list to find the right place to insert the new entry and then adjust the
pointer values of the new page, the page before (PreviousPage), and the page
after (CurrentPage).

When inserting a new element, three cases must be considered. First, the
page insertion might occur at the very beginning of PhoneList because either
the PhoneList is empty or NewPage should appear first alphabetically. Second,
NewPage might be inserted at the very end of PhoneList and third, it might be
inserted between two other pages. The following code handles all three of these
conditions. For the complete program listing for insertion, see Program Phone-
Book2 in Figure 16.9.

If found Then
begin
If PreviousPage = Nil Then
begin
NewPage".NextPage := CurrentPage; {insert at beginning}
PhoneList := NewPage
end
Else
begin
NewPage".NextPage := CurrentPage {insert in middie}
PreviousPage".NextPage := NewPage;
end
end
Else
PreviousPage".NextPage := NewPage; {insert at end}

The last change to PhoneBook1 makes it much easier to use. The follow-
ing commands have been added to Program PhoneBook2:
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for STOP.

for adding a new page to PhoneList.
for deleting a PhonePage.

for printing the PhoneList.

vso>®

All commands can be entered as lower-case letters, as well as in capitals. After
entering a command you will be prompted for more information if necessary.

program PhoneBook2;
type

string20 = string(20];

string12 = string[12};

PagePointer = "PhonePage;

PhonePage = record
Name : string20;
Phone : string12;
NextPage : PagePointer;

end;

var
PhoneList : PagePointer;
NextPhone : PagePointer;
AName : string20;
APhone : string12;
Command : char;
done : boolean;
procedure InsertPhone (var PhonelList : PagePointer;
Name : string20;
Phone : string12);
var
NewPage : PagePointer;
PreviousPage, CurrentPage : PagePointer;
found : boolean;
begin
New(NewPage);
NewPage".Name := Name;
NewPage".Phone := Phone;
NewPage™NextPage := nil;
if PhoneList = nil then
PhoneL ist := NewPage ( The very first time )
else

FIGURE 16.9
Program listing for PhoneBook2.
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begin
PreviousPage := nil;
CurrentPage := PhoneList;
found := false;
while (CurrentPage © nil) and (not found) do
begin
if CurrentPage”Name <= Name then
begin
PreviousPage := CurrentPage;
CurrentPage := CurrentPage”.nextPage; ( going to the next page)
end
else
found := true
end;
if found then
begin
if PreviousPage = nil then
begin
NewPage".NextPage := CurrentPage; ( insertion at the beginning }
PhoneL ist := NewPage
end
else
begin
NewPage” NextPage := CurrentPage; [ at the middle }
PreviousPage™.nextPage := NewPage
end
end
else
PreviousPage”NextPage := NewPage ( end of list }
end
end;
procedure FindPhone (PhonelList : PagePointer;
Name : string20;
var CurrentPage, PreviousPage : PagePointer;
var found : boolean);
begin
found := false;
CurrentPage := Phonelist;
PreviousPage := nil;
while (CurrentPage <> nil) and (not found) do

begin
if CurrentPage”Name = Name then
found := true
else

FIGURE 16.9 (continued)
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begin
PreviousPage := CurrentPage;
CurrentPage := CurrentPage”NextPage
end
end;
end; ( FindPhone }

procedure DeletePhone (var PhoneList : PagePointer;
Name : String20);

var
CurrentPage, PreviousPage : PagePointer;
found : boolean;
begin
FindPhone(Phonel ist, Name, CurrentPage, PreviousPage, found);
if found then
begin
if PreviousPage = nil then
PhoneList := CurrentPage”.NextPage

else
PreviousPage™NextPage := CurrentPage”.NextPage;
Dispose(CurrentPage)
end
else '
writeln('Name:’, Name, * is not in the PhoneList’)
end; ( Delete )

procedure PrintPhones (PhoneList : PagePointer);
var
AnotherPage : PagePointer;
begin
AnotherPage := Phonel ist;
while (ANotherPage ¢ nil) do
begin
writein('Name : *, AnotherPage”.Name);
writeln('Phone : *, AnotherPage”.Phone);
AnotherPage := AnotherPage”NextPage
end
end; ( PrintPhones }
begin
Phonelist := nil;
writeln(Enter Your Command:’);
readin(Command);
while (Command ¢ ‘'S’) and (Command ¢ 's’) do

FIGURE 16.9 (continued)
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begin
case command of
‘AL, 'a
begin
writein(Enter Name:");
Readin(AName);
writeln(’Enter Phone: *);
read(APhone);

InsertPhone(Phonel ist, AName, APhone)
end;

‘P,p':
PrintPhones(PhoneL ist);
D,d:
begin
WwriteIn(CEnter Name to be deleted:);
ReadIin(AName);
DeletePhone(PhoneL ist, AName)
end;
otherwise
writeIn('Invalid Command entered:’, Command)
end;
writeln(Enter Your Command:’);
readin(Command)
end
end.

FIGURE 16.9 (continued)

Summary

Use pointers to process lists which may vary in length or require insertion or
deletion. Pointers are used to reference objects indirectly.

The up-arrow" is used to designate a pointer value. Either A" or "A may
be used. A" means to reference the value that A points to. A means to declare a
variable as a “pointer to A.”

Linked list programs must be written carefully, because it is easy to change
pointer values improperly. An improperly set pointer can point off into a
vacuum and cause your program to crash. It is a good idea to draw a sketch as
we have done here, to help visualize the “before” and “after” state of your list.

Pointers cannot be displayed or entered by way of Read or Write. They are
for internal use by Macintosh Pascal. If you want to see a pointer, take up bird
dog training.

3

. |
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Problem Solving

1. Add a new command “O” to PhoneBook2 which saves your PhoneList
on a disk file as text.

2. Add a new command “R” to read the PhoneList from a text file and
build PhoneList from it.

3. Run PhoneBook2, enter the following sequence of commands, and see
what the results of each are:

a. P
b. a
Steve
513 315 1630
c.a
Anne
303 417 2211
dp
e. d
f. M
g S

4. What change should be made to the insertion process in PhoneBook2
so that the PhoneList is built in descending order, instead of ascending
order?

5. Write a program for maintaining an ordered list of names and
addresses. Use your program to build a list of acquaintances.



Session 17:

Music (Sound)

In this session you will learn how to generate sound from a running Pascal program. You
will use the sound generator intrinsic function StartSound and be introduced to elementary
music theory.

Description of Music

Mathematics is music for the mind;
Music is mathematics for the soul.

—Anonymous

If you happen to be among musicians and hear them use terms such as bright,
dark, hollow, harsh, golden, rich, raspy, woody, and reedy to describe the quality of a tone,
do not be surprised. They know exactly what they are talking about, because a
musician’s ear is trained to distinguish differences among various tones.

A computer cannot rely on subjective terms to describe the quality of
sound it can produce. The only way you can describe tones to a computer is by
using terms such as frequency, intensity, and wave form.

As an example, enter and RUN-GO the program in Figure 17.1. The
sound you hear is the single note called middle C. Program Music1 describes
middle C in terms of the frequency, duration, and amplitude of sound generated
by the loudspeaker inside your Macintosh.

213
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program Musicl;
(Your declarations)
const
MiddleC = 2967,
type
Tone = record
count : integer;
Amplitude : integer;
Duration : integer;
end; ,
SWSynthRec = record
Mode : integer;
Triplets : Tone
end;
var
Note : SWSynthRec;

begin
(Your program statements)
with Note do
begin
Mode := -1; ( Use square wave synthesizer }
Triplets.count := MiddleC;
Triplets.Duration := 80;
Triplets. Amplitude := 100;
end;
StartSound(@Note, SizeOf(Note), Pointer(-1));

end.

FIGURE 17.1
Music1.

These three attributes are defined by the integer values Count, Duration,
and Amplitude. To see what these variables do, change their values to any other
number between 0 and 255 and run Musicl again.

The Language of Music

Music has its own notation and grammar for communicating characteristics of
sound. The table in Figure 17.2 lists the musical symbols and their descriptions.
Figure 17.3 lists the meaning of each note in one octave of sheet music.
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Music symbol  Description
Whole note
Half note

Quarter note

Eighth note

Sixteenth note

Yo b > a0

Thirty-second note

Music symbol

Whole rest
m Half rest
FIGURE 17.2
Table of musical symbols.
Musical Scales

Description

Quarter rest

Eighth rest

Sixteenth rest

Thirty-second rest

Left hand repeat

Right hand repeat

Bar

Triplets

215

Music symbol Description

H
D

.| > &H ="M m

=

Pitch representations

Sharp

Natural

Flat

Slur

Dot

The source of sound is vibrating air, metal, plastic, strings, and so forth. A
high-pitched sound is caused by rapid vibration; a low-pitched sound by slow
vibration. The number of vibrations per second of sound wave, guitar string, or
piano wire is called its frequency. Musical notes are defined by their frequencies,
as shown in the table in Figure 17.4.

If the frequency of a note is doubled, we say it is an octave above the
original note; if the frequency is cut in half, we say the note is an octave below
it. The table in Figure 17.4 shows that the frequency of each higher octave note
is twice the frequency of each lower octave note. As you move from one octave
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N
)
0
0
)

(@D )

108 =Y (@) —

SV =Y

J -e-Y

“MiddleC’”" D E F G A B C D E F
(b) The G Clef (Treble)

;0-9—

o0
0
o |0

cC D E F G A B C-<"MiddleC”

— g8—e10
@‘:_51_93—05 e

“MiddleC” F G A B C D

0
o {8

(d) The Grand Staff

FIGURE 17.3
Musical notations.

FIRST SECOND THIRD FOURTH FIFTH SIXTH SEVENTH

C,330 C, 660 C,132 C, 264 C, 528 C,1056 C2112
D,37.1 D, 743 D,1485 D, 297 D, 594 D,1188 D,2376
E,413 E, 825 E 165 E, 330 E 660 E 1320 E,2640
F,440 F, 880 F,176 F, 372 F, 704 F,1408 F,2816
G495 G, 990 G,198 G, 396 G, 792 G,1584 G,3168
A 550 A, 1100 A,220 A, As 880 AG1760  A.3520
B,619 B,1238 B,2475 B,495 B, 990 B,1980  B,3960
C,660 C,1320 C,264 C; 528 GC41056 C,2112 44224

FIGURE 17.4
Table of frequencies (in Hertz) for seven octaves of the Just Diatonic Scale.
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to another, the frequency changes by a factor of two. The Just Diatonic Scale is
a musical scale in which octaves change by a factor of two. (Diatonic means
“twice-the-tone.”)

Sharp and Flat Notes

The difference between the frequency of any note and its sharp or flat can be
calculated by the ratio 25/24 or 24/25, respectively. For example, the frequency
of C sharp in the fourth octave can be calculated as shown below:

CSharp = frequency of C4 * 25/24
=264 ~ 25/24
=275
To calculate the frequency of Dy (D flat), use the following formula.

DFlat = frequency of D4 * 24/25
=297 = 24/25
= (almost) 285

Figure 17.5 displays the frequency of each note and its corresponding sharp and
flat.

Hands-On: Playing All the Notes

Now let’s modify Musicl to play all the notes on the fourth octave. First, you
must calculate the count value related to the frequency of each note.

Count = 783360 / frequency of the note (from Figure 17.4)

c# D# E Fit G A# B
c D E F G A B c
Db Eb Fb Gb Ab Bb cbh
Y275 Y 309 Y344 Y367 [ 412 Y 458 Y516 Y
264 297 330 352 396 440 495 528 Hz
285 317 338 380 422 475 507
FIGURE 17.5

Frequencies of all notes with their sharps and flats (for fourth octave),
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Insert the following constants after MiddleC in the Const statement of Pro-
gram Musicl.

D = 2638; F = 2205,
G = 1978; A = 1780;
B = 1583; HighC = 1484;

Instead of repeating the main body of Musicl seven times to play each of the
above notes, build a procedure that plays all the notes. The plan is to call this
procedure one time for each note played. Type in the following, before the main
body of your program:

Procedure Play (musicnote : Integer);
begin
end;

Now “cut and paste” (see your Macintosh manual if you need further explana-

tion) the following statements from the main program to the body of procedure
Play:

With Note Do
begin
Mode =-1; {use square wave synthesizer}
Triplets.count := MiddleC;
Triplets.Duration := 80;
Triplets.Amplitude := 100;

end;
StartSound ( @Note, SizeOf(Note), Pointer(-1) );

Your procedure should look like procedure Play in Figure 17.6 after pasting the
above and changing:

Triplets.count := MiddleC;
to:
Triplets.count := musicnote;

Finally, modify Music1 so that procedure Play is called once for each of the eight
notes, as shown in Figure 17.6. Save this program as Music2, for later use if you
like. Select RUN-GO and listen as your Macintosh plays each note in the octave.

Hands-On “Oh! Susanna”

Not all musical scores are played using the same time duration for all notes. A
note can be played for a whole beat, half a beat, and so on. Figure 17.7 (b) lists
the encoding of “Oh! Susanna” for the score shown in Figure 17.7 (a).

The sharp sign (#) is used to designate a sharp note. The digit after the
note specifies the fraction of the beat that the note should be played. For
example, B means to play “B” for one whole beat; A2 means to play “A” % of a
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program Music2;

(Your declarations)

const
MiddleC = 2967,
D = 2638; G =1978;
E=2374; A = 1780;
F = 2225; B = 1583;
HighC = 1484;

type

Tone = record
count : integer;
Amplitude : integer;
Duration : integer;
end;
SWSynthRec = record
Mode : integer;
Triplets : Tone
end;
var
Note : SWSynthRec;
procedure Play (musicnote : integer);
begin
with Note do
begin
Mode := -1; ( Use square wave synthesizer }
Triplets.count := musicnote;
Triplets.Duration := 80;
Triplets.Amplitude := 100,
end;
StartSound(@Note, SizeOf(Note), Pointer(-1));
end;
begin
(Your program statements})
Play(MiddieC);
Play(D);
Play(E);
PLay(F);
Play(G);
Play(A);
Play(B);
Play(HighC);
end.

FIGURE 17.6
Listing of Program Music2.
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beat; F8 means to play “F” % of a beat. If you look carefully, some of the notes
are followed by a dot (. ). The dot means that the length of time the note should
be played is one and one-half times the number of its beats. For example, “F.”
means note F should be played for 15 whole beats; “A2.” means note A should
be played for % of a beat.

Figure 17.8 lists a new version of Music2 (called Music3) which has been
modified to play “Oh! Susanna.” The only changes to Music2 were: (1) changing
the Play procedure to take care of variations in the beat of each note, and (2)
including a Boolean flag to notify the Play procedure that the dotted notes
should be played 50 percent longer.

Hands-On Concerto

Programs Music1, Music2, and Music3 all lack the flexibility needed for playing
any general song or melody. Program Concerto shown in Figure 17.9 is (almost)
a general program that enables you to play a variety of songs, yet is much easier
to use than the previous three programs. When you run Concerto, it prompts

—e—p— I ‘L
—T I ] . — S°
| 1 T T r
Oh Su - san-na Oh  don’t you cry for me. |'ve
. + 1
1 A 1 | I
. \Y 11
— 1 o] =
come from Al - a- bam-a With my ban-jo on my knee.

(a) “Oh! Susanna” musical score.

Af2 G. F4
Aff2 F8 F.
D4 G8 G8
D2 A4 A4
D4 c4 A4
ca c4 G4
c4 c. G4
A4 D8 F2
F4 c4 F.
G2 A4

(b) Encoding of “Oh! Susanna” musical score.

FIGURE 17.7

-3



HANDS-ON CONCERTO

program Music3;
(Your declarations)

const
GTempo = 100;
MiddleC = 2967
CSharp = 2849;
D = 2638,
EFlat = 2471;
E = 2374,
F = 2225,
FSharp = 2134;
G = 1978;
GSharp = 1901;
A =1780;
ASharp = 1710;
BFlat = 1649;
B = 1583;
HighC = 1484;
type

Tone = record
count : integer;
Amplitude : integer;
Duration : integer;

end;

SwWsynthRec = record
Mode : integer;
Triplets : Tone

end;
var

Note : SWSynthRec;

GDuration : Integer;

dot : boolean;

procedure Play (musicnote : integer;
length : integer);

begin
with Note do
begin
Mode = -1;

Triplets.count := musicnote;
Triplets.Duration := GDuration div length;
if dot then

begin

FIGURE 17.8
Program Music3.
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dot := False;
Triplets.Duration := Triplets.Duration + round(Triplets.Duration * 0.5);
end;
Triplets.Amplitude := 100;
end;
StartSound(@Note, SizeOf(Note), Pointer(-1));
end;
begin

{Your program statements}
GDuration := 900 div GTempo * 16; { Duration of a Whole beat }
dot := False;
Play(ASharp, 2);
Play(ASharp, 2);
Play(D, 4);
Play(D, 2);
Play(D, 4);
Play(MiddleC, 4);
Play(MiddleC, 4);
Play(A, 4);
PLay(F, 4);
Play(G, 2);
dot := True;
Play(G, 1);
PLay(F, 8);
Play(G, 8);
Play(A, 4);
Play(MiddleC, 4);
Play(MiddleC, 4);
dot := True;
Play(MiddleC, 1);
Play(D, 8);
Play(MiddleC, 4);
Play(A, 4);
PLay(F, 4);
dot := True;
PLay(F, 1);
Play(G, 8);
Play(A, 4);
Play(A, 4);
Play(G, 4);
Play(G, 4);
PLay(F, 2);
dot := True;
PLay(F, 1);

end.

FIGURE 17.8 (continued)
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you to enter the notes you want played. After you are done entering your
notes, it plays them all. Here is how it works.

Entering Notes

To enter each note, the following format must be used: the NoteName followed
by an optional sharp or flat symbol, followed by an optional length, followed by
an optional dot.

NoteName/Sharp or Flat /Length /Dot

Here are some examples:

A4 is a note A having a % note duration.

C#16 is a C sharp with a 1/16 note duration.

D2. is a note D with a % note duration (' + ¥ for the dot).
B_ is a B flat.

The default octave is always octave 4, # designates a note as sharp, _is
used to designate a note as flat, and . is used to express a dotted note.

When you have finished entering all the notes you want, type either END
or end.

If you'd like to play notes from an octave different from the default fourth
octave, use the O command. Typing “O” followed by a number from 1 to 7
changes the default octave to the number selected. The default octave remains
at the new selection until you enter another O command. For example:

03 sets the octave for all notes entered after it, which will be played in the
third octave.

Remember, to change back to the default octave (fourth octave) or any other
octave you need, enter a new O command.

Assumptions and Limitations of Concerto

Program Concerto assumes that all the symbols entered for the notes are
correct, so no error checking is done. Moreover, it does not check for invalid
sharps or flats—flats or sharps which have no corresponding black key on the
piano keyboard (B#, C_, E_, and F_). It also assumes a default for duration and
amplitude. To change these default values modify procedure Init, which handles
the initializations. In addition, it assumes the maximum number of notes
entered will not exceed 40. To change this limit, modify MaxNote in the Const

statement.
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program Concerto;
(Your declarations}
const
MaxNote = 41; (Max Note +1 )

type
Note = 1..7;
Tone = record
cnt : integer;
Amplitude : integer;
duration : integer;
end;
SwYnthRec = record
Mode : integer;
Song : array(1.MaxNote] of Tone;
end;
var
Freq: array[Note] of integer;
StNote : array{Note] of string;
Concert : SWYnthRec;
Oct : real;
i, NoteNo : integer;
GDuration, GTempo, GOct, TicksP16Th, GAmplitude : integer;
k : Note;
Flat, Dot, Sharp : boolean;

procedure init;

begin
Freq{1]:= 264;
Freq[2) := 297;
Freq[3] := 330;
Freql4] := 352;
Freq(S] := 396;
Freql6] := 440;
Freq[7] := 495;
StNote[ 1]:='C’;
StNote[2] := 'D’;
StNote[3] := 'E’;
StNoteld] := 'F’;
StNete[S] = ‘G

StNote[6] := "A’;
StNote[7} := 'B’;
GOct := 4;

FIGURE 17.9 (continued)
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GAmplitude := 100;
GTempo := 75;
TicksP16TH := 900 div GTempo;
Gduration := TicksP16TH * 16; { Whole Duration)
end;
function Octave (N : note;
OctNum : integer) : real,

var
O, m: integer;
Temp : real;
begin

if OctNum = 4 then
Octave := Freq[N]
else if OctNum < 4 then
begin
0 := 4 - OctNum;
Temp := Freq(N];
form:=1to0Odo
Temp := Temp / 2;
Octave := Temp;
end
else
begin
0 := OctNum - 4;
Temp := Freq(N];
form:=1toOdo
Temp := Temp * 2;
Octave := Temp;
end;
end;
function Convert (str: string) : integer;
var
i, len, No : integer;
strl : char;
begin
len := length(str);
No := 0,
fori:=1 tolendo
begin
stri := copy(str, i, 1);
No := ord(str1) - ord('0’) + No * 10;
end;

FIGURE 17.9 (continued)
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Convert := No;
end; { Convert }
function FindNote (str: string) : Note;
var
index : Note;
found : boolean;
begin
( Note: we are assuming the note exist for sure }
found := false;
index := 1;
while not found do
begin
if StNote[index] = str then
begin
FindNote := index;
found := true;
end
else
index := Succ(index);
end;
end;( FindFreq)
function Count (Frequency : real) : integer;
begin
Count := round(783360 / Frequency);
end;
procedure FndDotShFi (var str: string);
var
strl : string;
begin
stri := copy(str, 1, 1);
Sharp := false;
Dot := false;
Flat := false;
if strl ="* then
begin
Sharp := true;
delete(str, 1, 1);
end
else if str1 ="_" then
begin
Flat := true;
delete(str, 1, 1);
end;

FIGURE 17.9 (continued)

MUSIC (SOUND)
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str1 := copy(str, length(str), 1);
if str1 =" then
begin
delete(str, length(str), 1),
Dot := true;
end;
end;
procedure BuildNote (str : string);
var
stri, str2: string;
temp, period : integer;
frq: real;
index : Note;
begin
stri := copy(str, 1, 1);
index := FindNote(str1);

period := |;
if length(str) = 1 then
begin
with Concert do
begin

Song[NoteNo].Duration := GDuration;
Song[NoteNo] Amplitude := GAmplitude;
Song[NoteNo).cnt := Count(Octave(index, GOct));
end
end
else
begin
delete(str, 1, 1);
FndDotShFi(str);
if length(str) > O then
period := Convert(str),
frq := Octave(index, Goct);
if Flat then
frq:=frq*¥24/ 25
else if Sharp then
frq:= frq * 25 / 24;
Temp := Gduration div period;
if Dot then
Temp := Round(Temp * 1.5);
with Concert do
begin
Song[NoteNo}.Duration := Temp;
Song[NoteNo). Amplitude := GAmplitude;

FIGURE 17.9 (continued)
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Song[NoteNo].cnt := Count(frq);
end
end
end; { of Build Note }
procedure RdNotes;
var
done : boolean;
str, strl : string;
begin ’
writeIn('To End Entering the Notes Type End for the Note’);
Writeln;
writeIin(’Enter the Notes : °);
done := False;
NoteNo := 1;
repeat
readin(str);
if (str ="end’) or (str = 'END") then
begin
done := true;
with Concert do
begin
Song[NoteNo].Duration := GDuration;
Song[NoteNo]. Amplitude := GAmplitude;
Song[NoteNol.cnt := 0;
end
end
else
begin
stri := Copy(str, 1, 1);
if str1 =0 then
begin
str1 :=Copy(str, 2, 1);
GOct := Convert(stri);
end
else
begin
BuildNote(str);
NoteNo := NoteNo + 1
end
end
until done;
end;

FIGURE 17.9 (continued)

1
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procedure Play;
begin
Concert.Mode := -1;
StartSound(@Concert, SizeOf(Concert), Pointer(-1));
end;
begin
(Your program statements)
init;
RdNotes;
Play;
end.

FIGURE 17.9 (continued)

Structure of Concerto

Program Concerto is composed of three modules: initialization, reading notes,
and playing notes. The following is the main body of Concerto, which calls a
procedure for doing each of these three actions.

Begin
Init;
RdNotes;
Play
End.

Initialization: Procedure Init stores the frequencies of the default octave in array
Freg and sets the values of Gduration, GOct (for the default octave), and GTemp
(for the default amplitude).

Reading Notes: Procedure RdNotes reads the entered notes and calls BuildNote to
extract the musical information from the input string.

Procedure BuildNote uses FndDotShFl, Octave, FindNote, and Convert to
determine the frequency and length of each entered note. It then stores this
information in the Song array (see the definition of Concert in the listing).
Function FindNote returns the type of note entered (C,D,E,F,G,A,B). To deter-
mine whether a note is sharp, flat, and/or a dotted note, BuildNote calls the
FndDotShFl procedure. Procedure Octave is used to get the frequency of the
octave; function Convert is a peripheral function that returns a numerical value
for the duration of a note (if its length has been specified).
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Summary

What you’ve been exposed to so far is only one of three different methods for
generating sound using the Macintosh. As a matter of fact, you learned the
simplest method of sound generation, which uses the square-wave synthesizer.
Using the four-tone synthesizer you can generate tones with up to four voices
producing sound simultaneously. Using the free-form synthesizer, you can create
complex music and speech. These other two methods require much more
knowledge of the physics of sound and music than we have discussed here.

Problem Solving

1. Normal, staccato, and legato are different musical styles. Normal
notes have enough pause between them to make then distinct. Stac-
cato notes have short breaks between them, and legato notes have no
break between them.

Add an S command to Concerto to provide a staccato style by
holding each note for 3 of its length, an L command to provide a
legato style that plays each note to its full length, and an N to provide
a normal style by playing each note 7 of its length with a pause or rest
for the remaining % of its length.

2. Add new command LNnn to set the length of the notes globally. All
notes entered after the LNnn command will be played according to the
value of nn, where nn is an integer from 1 to 64. Here are some

examples:
nn=1 for a whole note
nn=2 for a %2 note
nn=8 for a % note

nn = 64 for a 1/64 note

3. Modify Concerto so that it will not accept the notes that do not have a
corresponding black key on the piano.

4. Modify Concerto to save the notes on the disk for later use.

5. Write a program that reads the notes of a melody from disk and then
plays them.



Session 18:

Graphics

In this session you will learn the elements of graphics using the Macintosh Quickdraw
procedures for drawing rectangles, polygons, and icons. We will introduce you to pixels and
other new terms used to understand how the Macintosh draws.

The Drawing Window

If the drawing Window is not already visible on the Macintosh screen, select it
from the Windows menu. This is the area where all graphics output will appear.
The Drawing Window is a window into a large two-dimensional grid which
contains picture elements called pixels. Each pixel is a small dot which can be
either black or white depending on its setting. We often use 1 to indicate a black
pixel setting and 0 to indicate a white pixel setting. Since pixels can only be 0 or
1 in value, we also call them bits.

A picture is merely a mosaic of black and white pixels. Macintosh Pascal
uses a collection of intrinsic functions and procedures called the Quickdraw library
to perform the necessary details for setting pixels. In this session, you will use
only a few of the Quickdraw routines to draw several simple pictures in the
Drawing Window.

The routines are in two separate libraries called Quickdraw1 and Quick-
draw2, respectively. In the advanced hands-on exercises shown later in this
session, you will need a uses statement at the top of your program. The uses

231
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statement tells Pascal which library routines to use during the execution of a
program.

Two-Dimensional Grid

The pixels in the Drawing Window are located by giving two numbers: a hori-
zontal coordinate and a vertical coordinate. Figure 18.1 shows how each number
ranges from -32,768 to +32,767. The upper left-hand corner of the Drawing
Window is assumed to be at location (0, 0).

To get a quick idea of how a picture is drawn from a running Pascal
program, enter and run the simple program shown in Figure 18.2. This program
moves an imaginary pen around the two-dimensional grid and “draws” the

—32768

Horizontal coordinate increase

- Origin

—32768

| 32767

Vertical coordinate increase

37767

FIGURE 18.1
Horizontal and vertical coordinates increase direction.
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program Graphl;
(Your declarations)

begin
pensize(2, 2);
MoveTo(40, 40);
LineTo(150, 40);
LineTo(150, 100);
LineTo(40, 100),
LineTo(40, 40);

end.

FIGURE 18.2
Hands-on drawing simple lines.

figures you command it to draw. Program Graph1 selects the pen size (width of
lines to be drawn) and then draws a rectangle with corners at pixels (40, 40),
(150, 40), (150, 100), and (40, 100). Let’s study how program Graph1 does its
work in greater detail.

Pensize(2,2);

Pensize sets the width of the drawing styles. Consult the Macintosh Pascal Reference
Manual for a list of different drawing sizes.

Move(40,40);
Move moves the pen to a point with horizontal and vertical coordinates (40, 40),
respectively.
LineTo(150,40);

This procedure draws a straight line from the previous pixel at (40, 40) to a pixel
with coordinates equal to (150, 40).

The other LineTo procedure calls complete the picture by drawing one
side of the rectangle each.

Rectangles

Instead of drawing the four sides of each rectangle every time you want a
rectangle in a picture, you can use other intrinsic functions that draw entire
rectangles in one operation. Automatic rectangles can be defined by specifying
the left-top and right-bottom corner coordinates. This short cut method of
drawing rectangles is illustrated in Figure 18.3.

Enter Program Graph2 (Figure 18.3) and select RUN-GO. Notice that
Program Graph2 produces the same result as Program Graphl, but Graph2
uses objects of predefined type Rect.
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program Graph2;
(Your declarations)
var
rectangle : Rect,;
begin
pensize(2, 2);
SetRect(rectangle, 40, 40, 150, 100);
FrameRect(rectangle);
end.

FIGURE 18.3
Rectangles.

Type VHselect = (V,H)
Point = Record
Case Integer Of
0:(V, H: Integer )
1 : (Vh : Array [VHselect] of Integer);
end;
Rect = Record
Case Integer Of
0 : (top, bottom, right, left : Integer);
1 : (topleft, bottright : Point);
end;
Var
Rectangle : Rect;

Variable Rectangle holds the necessary information for drawing a rectangle
whose two corner coordinates are given by procedure SetRect.

4

SetRect (Rectangle, 40, 40, 150, 100 );

Calling Procedure SetRect is equivalent to executing the following assignment
statements:

With Rectangle Do

begin
top = 40;
left = 40;
bottom := 150;
right := 100;
end;

In general, the parameters of SetRect are:
SetRect (Rectangle, top, left, bottom, right);

Next, your program must use the information set up by SetRect to actually
draw the sides of a rectangle. One way to do this is to draw a square frame
using Procedure FrameRect.
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FrameRect (Rectangle);

The width and height of the sides are specified by the width and height of the
pen which is set in Procedure Pensize. In this example, both the width and
height of Pen are set to 2.

PenSize (2,2);

Experiment with different line widths and heights by changing the parameters
of PenSize to (1, 1), (1, 2), or (1, 3) and select RUN-Go for each case.

Operations on Rectangles

Many operations can be done on objects of type Rectangle. For example, rectan-
gles can be moved around by adding or subtracting an offset value to each of
their coordinates. The contents of the rectangular areas can be erased or filled
with different patterns.

Add the following procedure calls before the End statement of Graph2 and
select RUN-GO.

OffsetRect (Rectangle, 25, 15);
FrameRect (Rectangle);

Figure 18.4 shows the program after this change. As you can see, a new rectan-
gle is framed, but offset from the original by (25, 15). Now change (25, 15) to
(-25, -15) and select RUN-GO again.

Generally, if the offset values are positive, the movement is to the right or
down; if they are negative, the movement will be the reverse, left or up.

In some cases, you may want to clear or erase the area within a rectangle.
To do so, call Procedure EraseRect. Figure 18.5 shows how to erase the area
within the second rectangle created by offsetting the first one before framing it.

program Graph2_1;

(Your declarations])
var
rectangle : Rect;
begin
pensize(2, 2);
SetRect(rectangle, 40, 40, 150, 100);
FrameRect(rectangie);
OffsetRect(rectangle, 25, 15);
FrameRect(rectangle);
end.

FIGURE 18.4
Moving rectangles.
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program Graph2_2;

{Your declarations}
var
rectangle : Rect;

begin
pensize(2, 2);
SetRect(rectangle, 40, 40, 150, 100);
FrameRect(rectangle);
OffsetRect(rectangle, 25, 15);
EraseRect(rectangle);
FrameRect(rectangle);

end.

FIGURE 18.5
More on rectangles.

Rounded-Corner Rectangles

There is a procedure to draw rectangles with rounded corners. In addition to the
coordinates of the top-left and bottom-right corners, you must provide the oval
width and height (see Figure 18.6).

Modify your program to incorporate these changes and select RUN-GO to
see their effect. The oval height and oval width of the corners are 30 and 15,
respectively.

Now change (30, 15) to (15, 30), (10, 5), and (10, 10). Select RUN-GO in
each case to see the different results.

Regions

Any arbitrary area or set of areas in the two-dimensional grid is called a region. A
rectangle can be considered the simplest form of a region. You create a region
each time you draw lines or shapes such as rectangles and ovals.

One of the most significant features of the Macintosh is its ability to
capture and store information concerning a region and then “play back” the
region at a later time. To capture the definition of a region your program must

have a variable of predefined type Region to hold the graphical information of
the region.

Type Region = Record
Rgnsize : Integer;
RgnBbox : Rect;
{optional region definition data . . }
end;
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ovalWidth ovalHeight program Graph2_4;
/ . (Your declarations)
‘ var
Y rectangle:Rect;
begin

pensize(2, 2);
SetRect(rectangle, 40, 40, 150, 100);
FrameRoundRect(rectangle, 30, 15);
OffsetRect(rectangle, 25, 20);
EraseRect(rectangle);
FrameRect(rectangle);

end

/ {draw it}

(a) Rounded-Corner Rectangle (b) Rounded-Corner Program Listing

FIGURE 18.6

Rgnsize contains the size of the region in bytes; RgnBbox is a rectangle which
completely encloses the region; the remaining components information used to
draw the picture.

Two of the most useful regions are called Pictures and Polygons. In the
following sections, you will use regions to draw and play back pictures and
polygons.

Polygons and Pictures

Polygons and Pictures are graphical objects which hold pen movements to be
played back later, using a simple procedure call. Both Polygons and Pictures are
objects containing a sequence of connected lines which are manipulated as a
single region. Pictures can be scaled to different sizes, whereas the size of a
polygon cannot be changed.

Hands-On Polygons

Program Poly in Figure 18.7 is an example of building a polygon region in
memory and replaying it later. Libraries Quickdrawl and Quickdraw2 are
needed because they contain the procedures for processing regions. Enter Pro-
gram Poly and select RUN-GO.
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FIGURE 18.7

GRAPHICS

program Poly;
uses
Quickdraw |, Quickdraw?2;
var
testPoly : PolyHandie;
begin
testPoly := OpenPoly; { define the Poly }
MoveTo(100, 150);
LineTo(100, 160);
LineTo(40, 170),
LineTo(65, 140);
LineTo(100, 150);
ClosePoly;
FramePoly(testPoly);
offsetPoly(testPoly, -30, -40);
FillPoly(testPoly, gray);
FramePoly(testPoly);
KillPoly(testPoly);

end.

Hands-on creating polygons.

FIGURE 18.8

32 ——
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32 x 32 rectangle for defining an icon.
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OpenPoly opens an object called testPoly, which captures and saves all
subsequent pen movements. MoveTo and LineTo are written to testPoly until
the ClosePoly procedure is executed; then FramePoly draws the polygon stored
in testPoly. You can replay the polygon stored in testPoly as many times as you
want in any form. For example:

OffSetPoly (testPoly, -30, -40); {move it}
FillPoly (testPoly, gray); {fill it with gray}
FramePoly (testPoly); {draw it{

These operations create another Polygon offset by (-30, -40) and fill it with a
gray background.

When you're done with a polygon, you should destroy it so that the
storage can be used by Quickdraw for other purposes.

KillPoly (testPoly); {release storage}

Creating Icons

An icon is a 32 x 32 pixel pattern. Figure 18.8 shows a 32 x 32 rectangle con-
taining an icon. To create an icon, you set each of the 32 x 32 pixels to either 1
or 0. A 1 corresponds to a black pixel and a 0 to a white pixel.

A more compact way to enter the 32 x 32 pixel pattern is to use hexa-
decimal numbers; one hexadecimal number equals four bits. For example, the
first five rows of Figure 18.8 are shown in binary and hexadecimal as follows.

1. Binary form

00000000 00000000 0000000000000000
00000000000000000000 000000000000
00000000 000000010000 000000000000
00000000000000101000000000000000
00000000000001000100000000000000

2. Hexadecimal form

00000000
00000000
00010000
00028000
00044000
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Use the following table for conversion.

Binary Hexadecimal

0000 0
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111
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Enter program Icons (Figure 18.9) and select RUN-GO. This program uses
ManFace of type IconData to store the pattern. IconData is an array of 32 ele-
ments of type Longlnt, and since each LongInt consists of 32 bits, each element of
ManFace can store one row of the icon pattern.

The intrinsic procedure for drawing icons, Plotlcon, uses a pointer to a
location in memory which contains the address of the place you've stored your
icon pattern. A pointer to an address is called a handle. The following type
definitions are needed to declare handles and pointers to locations in memory
where icon patterns are stored.

Type
IconData =Array[0 .. 31] of Longint; {the pattern}
IconPtr ="lconData; {address of pattern}
IconHandle="IconPtr; {handle to pattern}

From the type declarations above, you can define the following variables:

ManFace :lconData; {to keep actual pattern}

FacePtr :lconPtr; {a pointer to pattern}
FaceHandle:lconHandle; {pointer to the pointer pattern}
Where :Rect; {rectangle that icon is drawn within}

StuffHex converts a string of characters into an equivalent group of hexa-
decimal numbers and then stores the binary equivalent of the hexadecimal
numbers in a specific location in memory. In Figure 18.9 each StuffHex pro-
cedure call converts a string of hex characters and then copies the hex values to
four elements of array ManFace. After the first call to StuffHex, the first four
elements of ManFace contain the following.
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The @ operator extracts the address of an object—@ is the inverse of

241

ManFace [0]isO1FFFEOQOQ
ManFace [1]is03000300
ManFace [2]is06000180
ManFace [3]is0C0000C0O

o

For example, to obtain the address of array ManFace make the following
assignment:

FactPtr := @FacePtr;

This is read as “FacePtr is assigned the address of ManFace.”

Similarly, the address of variable FacePtr can be obtained by assigning the

“address of FacePtr” to FaceHandle.

FaceHandle := @FacePtr;

program {cons;
uses
quickdraw I, quickdraw2;
type
IconData = array(0.31] of Longint;
lconPtr = “IconData;
IconHandle = "IconPtr;
var
ManFace : IconData;
FacePtr : IconPtr;
FaceHandle : IconHandle;
Where : rect;
begin
StuffHex(@ManFace{0], '01FFFE000300030006000 1800C0000C0");
StuffHex(@ManFace(4], ' 18000060300000302000001863F8 IF8C");
StuffHex(@ManFace(8), ‘AOOC700AA000000AAG60060AA060060A');
StuffHex(@ManFace[ 12], 'AO00000AAO000000AA000000CA003C004');
StuffHex(@ManFace[ 16), 'E003C004400FF0044038 1C0440700E04");
StuffHex(@ManF ace{20), '400000046000000C30000008 10000010°);
StuffHex(@ManFace[24), ' 18000030080000600C0000C006000180');
StuffHex(@ManFace[28], '030003000 180060000CO0CO0003FF800");
FacePtr := @ManFace;
FaceHandle := @FacePtr;
SetRect(where, 20, 20, 60, 60);
Ploticon(Where, FaceHandle);
end.

FIGURE 18.9
Program Icons.
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The rest of Program Icons is easy. First, define the rectangular area where you
want to draw an icon and simply call Plotlcon. Plotlcon takes the pattern stored
in FaceHandle and copies it to the rectangle called Where. The Quickdraw
system displays the rectangular area on the screen at the location given by
SetRect.

SetRect (Where, 20, 20, 60, 60);

Ploticon (Where, FaceHandle);

program Picture;
uses
quickdraw 1, quickdraw2;
type
IconData = array[0..31] of Longint;
IconPtr = “IconData;
IconHandle = “lconPtr;
var
ManFace : IconData;
FacePtr : iconPtr;
FaceHandle : IconHandle;
Where : rect;
Picture : PicHandle;
PicFrame : rect;
begin
StuffHex(@ManFace[0], '0 1 FFFE000300030006000 1800C0000C0');
StuffHex(@ManFace[4], ' 18000060300000302000001863F81F8C");
StuffHex(@ManFace[8], ‘AOOC700AAO00000AA060060AA060060A");
StuffHex(@ManFacel 12], 'AOO0000AAG00000AAO00000CA003C004);
Stuf fHex(@ManFacel 16], 'E003C004400FF0044038 1C0440700E04');
StuffHex(@ManFacel20], '400000046000000C30000008 10000010°);
StuffHex(@ManFace[24], ' 18000030080000600C0000C006000180°);
StuffHex(@ManFace[28], ‘030003000 | 80060000C0O0CO0003FF800’);
FacePtr := @ManFace;
FaceHandle := @FacePtr;
SetRect(PicFrame, 20, 20, 60, 60),
Picture := OpenPicture(PicFrame);
Ploticon(PicFrame, FaceHandle);
ClosePicture;
DrawPicture(Picture, PicFrame),
SetRect(where, 70, 70, 150, 150);
DrawPicture(Picture, where),
SetRect(where, 20, 80, 30, 90);
DrawPicture(Picture, where);
KillPicture(Picture);
end.

FIGURE 18.10
Program Pictures.
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Hands-On Pictures

Pictures are in many respects similar to polygons except pictures can be scaled—
changed to a different size. In this hands-on experiment you will modify the
icon program of Figure 18.9 to capture a picture, move it, and then display it in a
reduced size. Change Program Icons to get a program called Pictures (Figure
18.10). Select RUN-GO to see the results shown in Figure 18.11.

The middle-sized face shown in the upper-left corner is the original icon
drawn in Rectangle (20, 20, 60, 60). The enlarged version is drawn in the larger
Rectangle (70, 70, 150, 150); the reduced version is drawn in the smaller Rec-
tangle (70, 80, 30, 90).

To set up and use a picture, first define a handle and a region.

Var
Picture : PicHandles; {pointer to pointer}
PicFrame : Rect; {region}

Next set the initial picture size and open a region for it.

SetRect (PicFrame, 20, 20, 60, 60);
Picture := OpenPicture (PicFrame);

Now, all operations on Picture are “remembered” so they can be played back
whenever you want. In Figure 18.10 you only need to remember one
operation—the drawing of ManFace.

Ploticon (PicFrame, FaceHandle);

To prevent other operations from being recorded as well, you must close
the picture frame.

ClosePicture;

Drawing S|

a‘

3

FIGURE 18.11
Scaling pictures.
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From here on, you can use Picture to draw different-sized replicas of the origi-
nal picture.

DrawPicture (Picture, PicFrame); {mamma bear: mid-size}

SetRect (Where, 70, 70, 150, 150); {papa bear: large-size}
DrawPicture (Picture, Where);

SetRect (Where, 20, 80, 30, 90); {baby bear: small-size}
DrawPicture (Picture, Where);

When you are done, destroy the object which contains your picture.

KillPicture (Picture); {release object}

Hands-On Text Drawings

The Quickdraw library provides a set of procedures for defining the shape and
size of textual information to be displayed. For example, you may decide to draw
characters as bold, bold and underlined, and so on. This is done by calling the ap-
propriate procedure to set up the characteristics of the textual data before
drawing. Program Text (Figure 18.12) is an example of how to do this. Enter it

and select RUN-GO to see how Quickdraw handles drawing textual
information.

program Text;
uses
quickdraw 1, quickdraw2,;
begin

Moveto(50, 50);
drawstring('Normal Text’);
Moveto(S0, 65);
TextFace([italic));
DrawString('Italic Text');
Moveto(S0, 80);
TextFace([italic, bold));
DrawString(‘italic and Bold');
Moveto(S0, 95);
TextFace([bold, underline));
DrawString(‘Bold and Underlined');
end.

FIGURE 18.12
Program Text.
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Drawing Environment: GrafPort

Imagine yourself in an art supply shop where you have access to many drawing
boards simultaneously and you are able to draw on each of them any time you
want. Furthermore, assume you have a separate set of brushes for each board
and you can adjust the size and background patterns of the canvas on each
drawing board. Since all drawing boards are equipped with their own set of
tools, none of them affects any of the others. Quickdraw provides a similar
facility which enables you to define different drawing boards called GrafPorts.

You can have more than one GrafPort in your program at the same time,
each with its own characteristics (background patterns, pen or brush size, etc.).
GrafPorts are the basis of multiple windows in Macintosh; each window is
associated with one GrafPort. Refer to your Macintosh Pascal Reference Manual for
more details on GrafPorts.

Summary

Quickdraw is the graphics library through which you can define points, lines,
regions, rectangles, ovals, polygons, and pictures. When using regions, you
must declare variables of certain predefined types before creating objects of
these types.

Quickdraw assumes all the drawings occur in a two-dimensional grid. The
horizontal coordinates in the grid increase from left to right, and vertical coor-
dinates increase from top to bottom.

Problem Solving

1. Create your own icon by hand and use Program Icons (Figure 18.9) to
draw your icon.

2. Write a program to draw a 32 x 32 pixel grid and accept input from
the mouse for defining an icon.

3. Write a procedure to print out the hex values for the icon created by
the program in Problem 1.

4. Write a program to track the mouse and draw a “rubber-band” line
from the point where the mouse button is pressed to the point where
the button is released.

5. Write a graphics program to display any card from a deck of playing
cards.



Appendix A:
An Overview of Pascal

Pascal programs consist of data and instructions. The data reside in a section
called the data declaration part, and the instructions reside in a section called the
program body. All programs begin with a program header (the first line containing
the program’s name) and end with a period.

Program MAIN;

{ Data Declaration Part}
Begin

{ Program Body }
End.

Data Declaration Part

The data declaration part has many optional subsections. The simplest form con-
tains a list of variables along with the type of each variable. Recall that a type is a
set of values. For example, all of the integer values between -32,768 and +32,767
make up a set called integer values in Pascal.

Another set of values in Pascal is called char because it contains all of the
single-letter characters that Pascal programs can process. Thus, ‘a’,’b’, . . .z’ and
‘A’,’B’, .. .Z’ (letter characters) and the remaining keyboard characters make up
the set of values called char. Character values are enclosed in single quotes to
distinguish them from names.
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A simple data declaration part contains a list of variables and their types.

The reserved word (a word having special meaning in Pascal) Var is used to specify
all variables in a program.

Var
ALFA : Char;
PAY : Real;
AGE : Integer;
YEAR : Integer;

This list can be abbreviated using commas whenever two or more variables
belong to the same type.

Var
ALFA : Char;
PAY : Real;
AGE, YEAR : Integer;

The data declaration part may optionally contain a list of constants. A
constant is an object much like a variable, except that a constant can never be
changed.

Const
N = 10; { Integer }
A="M { Char }
X =52 { Real }

The value of each constant is associated with the name of each constant. The
type is inferred from the constant value. We've noted the type in each case by
enclosing it between curly brackets. Optional notes like these are called comments

and have no effect on the program; their purpose is solely to make the program
easier to read and understand.

N is an integer constant equal to 10; A is a character constant equal to “M”;
and X is a real constant equal to 5.2.

Pascal programmers can invent new types by declaring them in an optional
type statement in the data declaration part. A new type is simply a combination
of other (previously defined) types.

Type
DAY = Integer;
YEAR = Integer;
MONTH = 1..12; { subrange of Integer }
DATE = Record
D : DAY;
YR : YEAR;
MO : MONTH,;
End;
Var
XY, Z : DATE; { user defined type}

In the example above, DAY, YEAR, MONTH, and DATE are the names
of new types created by the programmer. MONTH is a restricted integer

.

3

1
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because it can take on the values 1 through 12 and no others. DATE is a new
type with three components; D, YR, and MO. A Pascal record is a data type
consisting of components—each component possibly of different types.

X, Y, and Z are the names of three variables, each of type DATE. To access
a component of a DATE variable, you must use a dot notation as shown below.

XD { D component of X }
X.YR { YR component of X }
X.MO { MO component of X }

Finally, the data declaration part contains optional subprograms defined for a
program. A subprogram is either a function or a procedure. In both cases, the
subprogram consists of its own data and instructions. The subprograms are
defined following the Var statement.

Function MOUSE (X: Interger) :Real;

VAR
| = integer;
Begin
MOUSE = | - X;
End. { MOUSE }

Functions take on values like variables, so they must have a declared type. Pro-
cedures, on the other hand, work like statements. They do not have a type, but
rather they perform actions like any other statement in the instruction or body
part of a program.

Procedures and functions communicate with the main program by way of
a list of variables enclosed in parentheses. These are called parameters, and they
make it possible for data to flow into and out of the subprogram.

A fully configured Pascal program contains constants, types, variables, and
subprograms within its data declaration part. The optional subsections must
occur in the following order:

Program MAIN;

Const { Const first }
X = 10;

Type {. .. followed by Type }
Y = real;

Var {...thenVvar...}
zY

Function W : char; {. . .and subprograms }
begin
end;

Begin

{ program body }
End.
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Body Part

The body part contains the instructions to be carried out when the program
“runs,” and it is enclosed between a pair of reserved words: Begin and End.

Begin { start instructions }
{ executable instructions }
End. { end of body, and a period }

The instructions of Pascal belong to one of three classes: sequence, looping, and
decisions. These three allow you to write any program by combining statements
in two fundamental ways: (1) consecutive statements are done one following
the other, and (2) nested statements are done from the outer level to the inner
level, and then out again.

Program body

/\vf\‘f

yd
(a) Consecutive
Program body
i
\=
|
]
) -
) ~
o
(b) Nested
FIGURE A.1

Consecutive versus nested instructions.
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Sequence

Looping

251

The difference between consecutive and nested statement structure in
Pascal is shown graphically in Figure A.1. A nested structure resembles boxes
stacked on top of one another. A Pascal program contains both nested and
consecutive statements.

Assignment, procedure calls, and compound Begin-End statements belong to
this group. Here is an example of an assignment statement and procedure-call

sequence.

Begin { program body }
A =B + C;
WriteLn (A, B, C);

End.

The Begin-End pair is used to nest one level of statements within another layer.
The following example is exaggerated, but legal nonetheless.

Begin { program body }
Begin { level 1 }
Begin { level 2 }
Begin { level 3 }
A =B+ C;
End; { level 3 }
Endg; { level 2 }
End; { level 1 }
End. { program body }

Typically, nesting occurs in combination with other (sequence) state-
ments. The following examples show more realistic uses of Begin-End.

A loop is any section of a program which is repeatedly executed. Pascal has three
looping statements. Repeat-Until checks for loop termination at the end of the
loop; While-Do tests for termination at the beginning of the loop, and For-Do
repeats the loop a specified number of times.

Repeat
SUM = Sum + X;
N =N+1
Until N > 10;

This Repeat loop continues to execute the two assignment statements until “N >
10” becomes True.
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While N < 10 Do

begin
SUM = SUM + X;
N =N+1
end;

This While loop first tests “N < 10” and then performs the loop as long as “N <
10” is True. The test is repeated before each iteration (loop). Notice the use of a
Begin-End nested level in the While-Do loop versus the absence of the Begin-
End pair in the Repeat-Until statement. This is an inconsistency in Pascal, but
one which you must remember. The While-Do statement iterates a single

(compound) statement, whereas the Repeat-Until statement can iterate one or
more statements.

Forl :=1 To N Do
begin
SUM = SUM + X
end;

The For loop simply repeats for as long as “I” equals 1,2,3, . . . N. The value
of “I” is automatically incremented (by one) each pass through the body of the
loop. Again, notice the use of Begin-End nesting if two or more statements are
to be iterated. (This example could have been written without the Begin-End
reserved words because only one statement was to be iterated.)

There are two kinds of decision statements in Pascal. The If-Then—Else statement
is used to select one path to be followed by the program from among two

choices. The case statement is used to select one path to be followed from among
many choices.

IfA<B
Then A =0
Else B := 0;

This simple If-Then-Else statement tests the truth of “A <B”, and if it is
True, the Then clause is executed. If the test is False, the Else clause is executed.
Either “A := 0” or “B := 0” is performed; not both.

The If-Then-Else statement works for all types of data, but it is capable of
making only a two-way choice. The case statement can make a multi-way choice
but is restricted to making decisions on character, integer, and Boolean (logical
variables valued only as true or false) data types only.

CASE X Of
‘A’ . WriteLn ('a’);
‘B’ : WriteLn ('b’);
'C' : WiriteLn ('c’);
End;
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Here the type of X must be character, and which WriteLn statement is
executed depends on the value of X. If X is ‘A’, ‘B’, or ‘C’, the appropriate case
clause is executed, but if X is none of the three choices, the case statement has

no defined action (a BUG!).

An Example

The following example summarizes the features of Pascal discussed in this brief
overview. Pascal contains many more features than surveyed here; this
serves to introduce the overall nature of Pascal rather than as a reference. For
the complete story, work through the sessions.

Program MAIN;

Const

N = 10;
Type

DATA = Integer;
Var

COUNT : 1...N;
Function SUM(M:Integer) : DATA;
Var
I : Integer;
S)Y : DATA;
begin
S =0
Forl :=1 To M Do
begin
ReadLn (Y);
S=8+Y
end; { For loop }
SUM := S;
end; { Function Sum }
Begin { program body }
Repeat
Write(Enter COUNT = ’);
ReadLn(COUNT)
Until  (COUNT <= N);
WriteLn ( SUM(COUNT) )

End. { program MAIN }

This example contains a single function subprogram with its own data and
instructions. The body of SUM computes the sum of M numbers entered from
the keyboard.

The body of the main program iterates until a number less than or equal
to N is entered from the keyboard. Then the value of SUM is computed and

displayed on the screen.
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N is 10, and COUNT is an integer between 1 and N, inclusively. M is an
input parameter to SUM, and SUM is the output returned from function SUM.
S is simply a working variable used to accumulate the running total of numbers
entered through variable Y. Similarly, I is a working counter within SUM.
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Pascal Syntax Diagrams

Numbers

diglt-sequence

asy

hex-digit-sequence

al=I0y

[ atait-—comioncs }

—>|{ digit-sequence | —>
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unsigned-integer

unsigned-real

digit-sequence o digit-sequence | \ >
N scale-factor
scale-factor E Y 7 ‘}v digit-sequence }——‘

unsigned-number >{ unsigned-integer
unsigned-real
slgned-number >IL unsigned-number ]———b

sign
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Character-Strings

character-string

_*G >< ' H
(—{ strlng-characterJQ-)

string-character

~ =|any printable char except @ or CR T

Constant-Declarations

constant-declaration o] igentifier e m G

constant *#{ constant-identifier
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identifier

3
]
v



DEFINITION OF A BLOCK 257

Definition of a Block
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geclaration-part label-declaration-part |——-)

-

E’I constant-declaration-part ]—)
l type-declaration—parth
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label-declaration-part
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procedure-and-function-declaration-part
procedure-declaration
function-declaration

statement-part compound-statement |——

Types

type-declaration m ° m 0

Simple-Types

‘l ordinal-type -

real-type
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ordinal-type

subrange-type

enumerated-type
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Enumerated-Types

identifier-list

Subrange-Types

4

array-type

stmt:tured-type-lt:ier'aunerJl

Array-Types

array-type

.l index-type .
Index-type ordinal-type
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Record-Types
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fleld-list

fixed-part

variant-part
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variant

II' [rieto-ust }—s())

tag-field-type ordinal-type-identifier |—»




TYPES !

Set-Types

set-trve _o(o)-o(o0)

File-Types
String-Types
string-type
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string-type-identifier |—
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Pointer-Types
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Variables

variable-declaration identifier-list e m o

variable-reference
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variable-identifier
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Expressions

factor

| varlable—rererence
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expression
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simple-expression
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function-call
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actual-parameter-list |-j
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Statements

statement >

simple-statement
structured-statement
label digit-sequence

simple-
e-statement :lrassignment-statement

procedure-statement
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structured-statement >= compound-statement

conditional-statement
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repetitive-statement >lr repeat-statement

while-statement
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final-value
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Procedures and Functions

procedure-declaration
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Debugging Macintosh
Pascal Programs

Throughout this book you have used STOPS-IN, Observe, or Instant Windows to either slow
down or stop the execution of your programs so you could examine the effect of the running pro-
gram on one or more statements. These techniques are debugging tools, and they come in
handy for finding bugs in programs.

In general, the nature of bugs can be so different from one program to another that cate-
gorizing them is not a simple task; a solution to one bug may not work for another bug. Neverthe-
less, the following list of common bugs may be used as a general guide to finding program errors
and fixing them.

Where to Look for Bugs

1. Certain variables are not set to the correct values.

2. There are one or more infinite loops.

3. A flow control problem exists, and the segments in which the
operations are supposed to be performed are not correct.

4. A bug exists in the Pascal Interpreter itself.

You should consider the last possibility very unlikely and not jump to the
conclusion that since your program is not working, there is a bug in the
Interpreter. Pascal has been tested thoroughly before being released for public

use.
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Possibility 1: Variables Not Set to Correct Values.

The following is a partial list of cases that may cause this error.

1. You have forgotten to initialize one or more variables.

2. If their values were read in:
a. They were not read correctly.
b. The contents of the file from which they were read are not correct.
¢. You may not have read them at all.

3. If they are to be set by a procedure call:

a. Their corresponding procedure parameters may be defined as
pass-by-value instead of pass-by-reference.
b. They are not changed in the procedure.

4. A side-effect from one or more procedures and functions altered the
value of one or more variables.

5. A scope rule is not understood and the variable is not defined in the
block you are using it in.

Possibility 2: The Program Contains an Infinite Loop.

A partial list of cases that may cause this error is as follows:

1. Loop variables are not set to correct values.
2. The terminating condition is not set within the loop:

STOP := False;

While (not STOP) Do
begin

end;

3. Loop index variables are modified within the loop, so that they can
never reach a termination value.

4. Due to a flow control problem, the loop termination condition cannot
be reached.

Possibility 3: Flow Control Problem

The following is a partial list of cases that may cause this error:

1. Boolean variables and expressions are not computed correctly.
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2. The formation of a Boolean expression may not be correct:
If A< B Then....
when what you meant was:

If A>B Then....

3. Incorrect use of AND, OR, or NOT:
Not (A and B)
is incorrectly written as:
(Not A) and (Not B)
Instead of:
(Not A) or (Not B)

Possibility 4: Pascal Interpreter Has a Bug

The Interpreter as a program may have problems which cause failure in a
correct program. But as stated earlier, this possibility should be ruled out as long
as all the other possibilities have not been ruled out.

How to Locate a Bug

The general approach to locating a bug is by “divide and conquer.” Find the
portion of the program causing the bug by checking and eliminating one piece of
the program at a time.

Check the parameter declarations of all procedures, the scope rules of all
variables, and make sure there are no side effects of any kind.

Next use STOPS-IN to trace the flow of control of the program to make
sure statements are executed in the correct order. Use the Observe Window to
verify the values of certain variables, both global and local. You may want to
stop the program at certain critical places and examine the value of important
expressions using the Instant Window. In particular, examine control variables,
variables used in conditional expressions, and the value of global variables or
variables passed as parameters. Also, make sure the terminating conditions for
While and Repeat-Until loops are stated correctly and that they are initialized
correctly.
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Error Messages

This doesn’t make sense

A very general error message which will be triggered only when no
other specific error can be identified.

The name “<name>”" has already been defined at this level.

Any attempt to re-declare an identifier within a block will elicit this
message.

An invalid variable, field, or formal parameter list definition is found.
A colon might be missing.

A general error message which will be triggered by any attempt to use
an undefined identifier. {“Undefined name” in Observe}

. The name “<name>" has not been defined yet.

A general error message which will be triggered by any attempt to use
an undefined identifier. {“Undefined name” in Observe}

. A type or procedure name has been found where a variable, field

name, or value is required.

A general error message which covers this situation in many contexts.
{“Wrong kind of name” in Observe}

. A type is expected. “<name>” is defined, but not as a type.

A general error message which covers this situation in many contexts.
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10.

11.

12.

13.

14.

15.

16.

17.

ERROR MESSAGES

. A constant is expected. “<name>" is defined, but not as a constant.

A general error message which covers this situation in many contexts.

. A subrange boundary has been found whose type is not integer, char,

or enumerated.

A specific error message that can arise in any subrange definition.
Note that Longlnt is excluded as a subrange host type.

. A subrange has been found whose boundaries are not of the same

type.
A specific error message that can arise in any subrange definition.

A subrange has been found whose lower boundary is greater than its
upper boundary:

A specific error message that can arise in any subrange definition.

An array index has been found whose type is not integer, char, enu-
merated, or subrange.

A specific error message that can arise in any array declaration. Note
that Longlnt is excluded as an array index type.

An invalid enumerated list has been found.

A very general error message that can occur whenever an enumerated
type is defined explicitly or implicitly.

A semicolon () is required on this line or above but one has not been
found.

A very general error message that can occur wherever a semicolon
and only a semicolon is required (i.e., an End won’t work).

Did not find a valid result type in the heading of this function’s
definition.

Occurs whenever the result type of a function declaration is
syntactically incorrect.

A colon (:) is required on this line or above but one has not been found.

A very general message that can occur whenever a colon has been
omitted. A colon is required after a statement label, after a case
constant, and before the type of a function, variable, parameter, or a
field declaration.

Either a semicolon (;) or an Until is expected following the previous
statement, but neither has been found.

A specific error message that can occur only in the context of an open
repeat statement.

Either a semicolon (;) or an End is expected following the previous
statement, but neither has been found.
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18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
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A specific error message that can occur only in the context of an open
compound statement or case statement.

An invalid Program parameter list has been found.

A general error message that can arise whenever any syntactical error
is discovered in the parameter list of a program heading.

Uses can only appear immediately following the Program heading.

A variable or function name is expected. “<name>”" is defined, but
not as a variable or function.

A general error message that can arise whenever the name to the left
of an assignment is defined to be other than a function name or
variable name.

A period (.) is required following the last End of the program but one
has not been found.

A type is required to complete a definition on this line or above but
one has not been found.

A very general error message that can occur whenever a type is
required but not found.

An invalid formal parameter list has been found.

A general error message that can arise whenever any syntactical error
is discovered in the formal parameter list of a procedure or function
declaration.

An End is required to complete the record definition above but one has
not been found.

A field name is expected. “<name>" is defined, but not as a record.
{“Undefined field name” in Observe}

A record name is expected. “<name>>" is defined, but not as a record.
{“Undefined record name” in Observe}

A Case constant is required here but one has not been found.

A general error that will arise whenever a case statement lacks at least
one case constant.

An invalid variant definition has been found.

A general error that can arise whenever any syntactical error occurs
in a variant declaration.

The size of this String should be a number between 1 and 255 but it is
not.

A set should have elements whose type is integer, char, or
enumerated but this set does not.
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31.

32.
33.
34.

35.

36.

37.

38.

39.
40.

41.
42.

43.

44.

ERROR MESSAGES

This error can arise whenever an attempt is made to construct a set
whose base type is other than integer, char or enumerated. Note that
LongInt is excluded as the base type of a set.

The name “<name>" doesn’t make sense here.

A general error that arises when an identifier that is not a procedure
name appears in statement context.

This label has not been defined.
A Program keyword was not found at the beginning of this program.

This statement or keyword doesn’t belong here.

A general error message that will arise when statements appear in a
declaration context or declaration parts are out of sequence.

This kind of declaration doesn’t belong here.

A very general error message that arises whenever a declaration
appears in an inappropriate declaration part.

At least one constant declaration is required after the keyword Const,
but none has been found.

At least one variable declaration is required after the keyword Var,
but none has been found.

At least one type declaration is required after the keyword Type, but
none has been found.

“End.” is required at the end of a program, but it was not found.

At least one library name is required after the keyword Uses, but none
has been found.

An invalid library name has been found.

This is not allowed in the Instant Window.

A general error message that will arise whenever there is an attempt
to use declarations in the Instant Window.

The value of this constant is not numeric and may not have a sign.

A very specific error message covering the situation where an attempt
is made to put a sign before a nonnumeric value in a constant
declaration.

This does not make sense as a statement.

A very general error message that can arise whenever something that
is not a valid statement is encountered in a statement context.
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46.

47.

48.

49.

50.

51.

52.
53.
54.

55.

56.
57.
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The available memory for variables defined at this level has been
exhausted.

A fairly specific error message that will arise when a stack frame
exceeds the implementation-defined limit.

This declaration or statement does not belong here.

A fairly general error message that will arise whenever a statement or
declaration or invalid directive immediately follows the heading of a
procedure or function declaration.

A variable of this type would be too large.

A fairly specific error message that will arise when the size of a
declared type exceeds the implementation-defined limit.

Too many up-arrows are being applied to “<name>".
{*Too many up-arrows” in Observe}
Too many indices are being applied to “<name>".

A very general error message that can arise when more indices are
used in an array variable reference than are defined for the variable.
This error will also be issued when an attempt to index a non-array

variable is made. {“Too many indices” in Observe}

This attempt to assign a result to the function named “<name>”"
outside of its definition is invalid.

An assignment to a function name can only be done inside the
function itself, in order to specify the value that the function returns.

This formal parameter type should be a named type or String, but is
not.

This is an invalid variant selector.
This Case selector is not a valid expression.

An invalid list of variable names has been found.

A very general error message that can occur whenever any syntactical
error occurs in the declaration of a list of variables.

An invalid label was found on this line. A label must be a number
between 0 and 9999.

A statement has already been labeled with this label.

The control variable in this For statement is invalid because it is
defined outside of this procedure or function.
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Errors While Editing

1. Excessive nesting of expressions, statements, or record has been
detected at least once.

2. This statement is too long.

3. One or more comments containing more than 255 characters has
been truncated.

4. One or more names or constants containing more than 255 characters
has been truncated.



Appendix E:

Selected Solutions to
Session Problems

Session 1

4. Drag a window to a new location on the desk top.

Drag an icon around the desk top.

Change the size of a window.

Pulling down a menu.

Selection of menu item by pulling down a window to the item to be
selected and releasing the mouse button.

Activating different windows or icons by clicking while pointing to
them using the mouse.

Session 2

3. Locating the mouse pointer on the visible portion of the Text Window
and clicking.
4. Nothing happens (the request is ignored).

5. Move the I-beam (insertion point) to the end of the first line: click the
mouse; enter the line; then press the return key.
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Session 3

Session 4

SELECTED SOLUTIONS TO SESSION PROBLEMS

Var
Pl : Real;

WriteLn (IT'S TIME TO PARTY!);

. The content of a variable can be altered during a program, whereas
the content of a constant cannot.

o mme 0

o

Program Add;
Var
B, C : Integer;
Begin
ReadLn(B);
ReadLn(C);
WriteLn(B + C);
End.
20
4
1.95
5.0
4.0
. 123 printed
. a BUG message appeared
Program Cube:
Var
S : Real;
Begin
Write('Enter a value for S: ’);
ReadLn(S);

WriteLn('The AREA of a cube is: ', S * S * S:10:2);
End.

2.00 or 2.0 e+0 (depending on the Write statement)
36

a
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Session 5

1.  Procedure CALC_TAX (Var TAX, TAX_RATE, AMOUNT : Real);
Begin

End;

TAX := TAX_RATE » AN.MOUNT;

Procedure AREA_PERI (Var AREA : Real;
Var PERIMETER : Real;
Length : Real;
Width : Real);
Begin
AREA := Length « Width;
PERIMETER := 2 + (Length » Width);
End;

Because we need to calculate values, functions are good when only
one value is to be returned.

Session 6

1. If (Last >='A’) And (Last <= 'Z))
Or ( (Last > = 'a’) And (Last <= 'Z’) ) Then
Case Last of
'A'a’, B, b, 'C, ¢, 'D’,'d, 'E, e :
WriteLn('Tigers’),
P, f G g, HL R
WiriteLn('Lions’);
'K, 'K, L TM, 'md, N, RO, o
WriteLn('Panthers’);
P, Q) 'q, 'R, 'P,S, s, T, Y
WriteLn('Leopards’);
UL, VLYWW, X, XY Y, 2, '
WriteLn(Sabres’);
end
Else
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5. Program No5;
Var
Number : Integer;
Begin
Write ('Enter Number: ’);
ReadlLn (NUMBER);
Case NUMBER of
1,2 :
WriteLn ('No way!);
53,13 :
begin
NUMBER := NUMBER + 1;
WriteLn (NUMBER)
end;
7,11
begin
NUMBER := NUMBER - 1;
WriteLn (NUMBER)
end
Otherwise
WriteLn ('Wrong Input!’);
end; {Case}
End. {Program No5}

Session 7

1. a. Computes:

P:=1i2'3t4t5
P =120

c. Computes square of 1. . 10

1.1 = 1 =1
2.2 = 2? =4
3.3 = 3? =9
3
* 2
10 «10 = 10 = 100



SESSION 8

Session 8

5.

Program GUESS;
Const
ANSWER = 67;
Var
i : Integer;
nog : Integer;
Begin
i :==0; nog = 0;
While (i <> ANSWER) Do
begin
Write('Enter your guess °);
ReadLn (i);
If i > ANSWER Then
WriteLn('Next time enter a lower number.’)
Else
If i < ANSWER Then
WriteLn('Next time enter a higher number’);
nog = nog + 1;
end;
nog := nog + 1;
WriteLn ('You made ’,nog, ’ guesses.’)
End. {GUESS}

Procedure SUM (Var Feet2 : Integer;

Feet1 : Integer;
(Var In2 : INCHES;
In1  : INCHES) ;
Var Totin : Integer;
begin
Totln := In1 + In2;
Feet2 = Feet1 + Totin Div 12;
In2 = Totin Mod 12
end; {procedure}

285

Procedure TIC_TOC (Var HR:Hours; Var MIN : MINS; Var SEC : SECS);

Var |,J : Integer;
begin
| = SEC + 1;
SEC := | MOD 60;
J = MIN + | Div 60;
MIN := J MOD 60;
HR := HR + J Div 60

end;
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Session 9

Session 10

SELECTED SOLUTIONS TO SESSION PROBLEMS

To Procedure COPY_KBD_TO_FILE, insert
WriteL.n (Line);
after : ReadLn (Line);

1

Procedure COPY_FILE_TO_FILE (Fname1 : String; Fname2 : String);
Var
InFile : text;
OutFile : text;
Line : String;
begin
Reset (InFile, Fname1); {open input file}
Rewrite (OutFile, Fname2); {open output file}
ReadLn (InFile, Line);
While Not EOF (InFile);
WriteLn (OutFile, Line);
ReadLn (InFile, Line)
end {while}
end: {COPY_FILE_TO_FILE}

3. Procedure DISPLAY (PHBook: Book; Last: Integer);

Var
i = Integer;
begin
For i := 1 TO Last Do
WriteLn (PHBook [i]);
end; {DISPLAY}

b.
Fori:=1To N Do
List[i] := 0;
d.
j=0
i=2
While i <= N Do
begin
j =i,
Out[j]=In[i];

i =i+ 2

end {For}
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Session 11

Count :

=0,
For i:=1

to ARRAY_MAX Do
If LIST[i] > B Then
COUNT := COUNT + f1;
WriteLn ('No. of array elements > B: ’, COUNT);

program StrPrbim3;
(Your declarations)
var
str, str1, str2: string;
index : integer;
NoOfChars : integer;
begin
(Your program statements)
write(‘Enter the line: *);
Readin(str);
if length(str) = O then ( for the case that str is empty }
NoOfChars :=0
else
begin
index := Pos(’ *, str);
while (index > 0) do
begin
NoOfChars := NoOfChars + index - 1;
str2 := Copy(str, 1, index);
str1 := Concat(strl, str2);
Delete(str, 1, index);
index := Pos(’ *, str);
end;
NoOfChars := NoOfChars + Length(str);
str1 := Concat(strl, str);
end;
writeln(str1, NoOfChars);
end.

287
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Session 12

SELECTED SOLUTIONS TO SESSION PROBLEMS

program StrPrbim4;
(Your declarations}
var
str, stri, str2: string;
index : integer;
NoOfwords : integer;
begin
(Your program statements})
write(’Enter the line: °);
Readin(str);
if length(str) = O then ( for the case that str is empty }
NoOfWords := 0
else
begin
index := Pos(’ *, str);
while (index > 0) do
begin
NoOfWords := NoOfWords + 1;
str2 := Copy(str, 1, index);
str1 := Concat(stri, str2);
Delete(str, 1, index);
index := Pos(’ *, str);
end;
NoOfwords := NoOfWords + 1;
str1 := Concat(stri, str);
end;
writein(str1, NoOf Words);
end.

Calendar = Record

Months : 1..12;
Weeks : 1..52;
Days :1.7

end; {record}

1

1
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d. PERSON = Record

AGE :1.99;
SEX : Char;
Weight : 1 .. 400;
Height : 1..20
end; {record}
3. SA =1
S.TB. :='n;
S.T.C. =2
SW.D. = 5;
4. With A Do
begin
WriteLn (X);
With Y Do
WriteLn (B,C);
WriteLn (2)
end; {With}
Session 13
1. a. False
b. True
c. False
6. a.
(1, 111, 121, (3}, [1,2], [2,3] [1,3], [1,2,3]
d.

[1, [Red], [White], [Blue], [Red, White], [Red, Blue], [White, Blue],
[Red, White, Blue]

7. Y can only take one value at a time, which is either A, B, or C. X can
take more than one value up to 3 ( [A,B,C] ) or no value ( [] ). Alto-
gether, X can have up to 8 different combinations of (A,B,C) as its
value.

Session 14

1. a. Records in a sequential file must be accessed one at a time in
sequence. To get record #5, the first four records must be read and dis-
carded. In a random file, record #5 can be accessed directly—your pro-
gram need only locate record #5 with a SEEK and then read the record.
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4.

Session 15

3.

Session 16

SELECTED SOLUTIONS TO SESSION PROBLEMS

c. RESET opens a file for input, thus a RESET file can be read only.
REWRITE opens a file for output; hence a REWRITE file can be
written only. Furthermore, if an existing file is opened with a
REWRITE, its contents are lost!

STUDENT = RECORD
LastName : string[20];
FirstName : string[10];
Midterm1  : 0.. 100;
Midterm2 : 0.. 100;
Homeworks : array[1 .. 5] of 0 .. 100;
ClassStand : (Fr, Soph, Jr, Sr );
end;

1.4 et4
1.4 et4
1.7 et4
-1.5 et4
19 et4
1.2 et4
1.1 et4

. Function Pl (N : Integer) : Integer;

begin
If N =1 Then
Pl =1
Else
Pl := N« PI(N - 1)
end;

Add the following to the main program:
'0’, '0’ : SAVE( Phonelist );

before the “otherwise” keyword. Then add the SAVE procedure at the
beginning of your program.

procedure SAVE ( PhoneList: PagePointer );
Type
OutRec = record
Name : String20;
Phone : String12;
end;
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Var
FileName : string(8];
OutFile : file of OutRec;
begin
WriteLn ( 'Enter output file name:’);
ReadLn ( FileName );
REWRITE ( OutFile, FileName );
while (PhoneList <> NIL ) do
begin
OutFile ".Name := PhoneList ".Name;
OutFile “.Phone := PhonelList “.Phone;
PUT ( OutFile);
PhoneList := PhoneList “.NextPage;

end; {while}
CLOSE ( OufFile );
end; {SAVE}

Note: It is assumed that the list contains at least one element already.
Otherwise, an empty file will be created. '

2. Add the following before the “otherwise” keyword in the main program.
'R, 'r : READP ( PhonelList );
Then add the following procedure to your program.

procedure READP ( var PhoneList: PagePointer );

Type
InRec = record
Name : String20;
Phone : String12;

end;
Var
InFile : file of InRec;
FileName : string(8];
Begin

WriteLn ( 'Enter input file name:’);
ReadLn ( FileName );
RESET ( InFile, FileName );
while not EOF ( InFile ) do
begin
InsertPhone ( Phonelist, InFile".Name, Infile’.Phone);
GET ( InFile );
end; {while}
end; {READP}

Note: It is assumed that the file name is valid and that the file already
exists.
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Session 17

program ConcertoM;

(Modified version for problem 2 session 17)
const

MaxNote = 41; ( Max Note +1)

type
Note = 1..7;

Tone reco;d
cnt : integer;
Amplitude : integer;
duration : integer;
end;
SWYnthRec = record
Mode : integer;
Song : array {1 .. MaxNote} of Tone;
end;

var

Freq : array [Note] of integer;

Gperiod : integer;

StNote : array [Note] of string;

Concert : SWYnthRec;

Oct : real;

i, NoteNo : integer;

GDuration, GTempo, GOct, TicksP16Th, GAmplitude : integer;
k : Note;

Flat, Dot, Sharp : Boolean;

procedure init;

begin
Freq[1] := 264;
Freq[2] := 297;
Freq[3] := 330;
Freq[4] := 352;
Freq[5] := 396;
Freq[6] := 440;
Freq[7] := 495;
StNote[1] := 'C’;
StNote[2] = 'D’;
StNote[3] := 'E’;
StNote[4] := 'F’;
StNote[5] = 'G";
StNote[6] := 'A";
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StNote[7] = 'B;
GOct = 4;
GAmplitude = 100;
Gtempo := 75;
TicksP16TH := 800 div GTempo;
Gduration := TicksP16TH * 16; {Whole Duration}
Gperiod = 1;
end;
function Octave (N : note;
OctNum : integer) : real;
var
O, m : integer;
Temp : real;
begin
if OctNum = 4 then
Octave := Freq[N]

else if OctNum < 4 then

begin
O := 4 - OctNum;
Temp := Freq[N];
for m := 1 to 0 do

Temp = Temp / 2,
Octave := Temp;

end

else

begin
O = 4 - OctNum;
Temp := Freq[N];
for m := 1 to 0 do

Temp := Temp * 2;
Octave := Temp;
end;
end;
function Convert ( str : string ) : integer;
var

i, len, No : integer;
str : char;
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begin
len
No :
for 1 :

begin
str1 = copy(str, i, 1);
No := ord(str1) - ord('0’) + No * 10;
end;
Convert := No;
end; { Convert }
function FindNote (str : string) : Note;
var

index : Note;
found : boolean;

begin
{Note: we are assuming the note exists for sure}

found: = false;
index :=

while not found do
begin
if StNote[index] = str then
begin

FindNote := index;
found := true;

end
else
index := Succ(index);
end;
end; { FindFreg}
function Count (Frequency : real) : integer;

0;
=1 to len do

f
1

begin

Count := round(783360 / Frequency);
end;
procedure FndDotShF1 (var str : string );
var

str1 : string ;



SESSION 17 295

begin

str1 := copy(str, 1, );

Sharp := false;

Dot := false;

Flat := false;

if str1 ='# then

begin

Sharp := true;
delete(str, 1 1);

end
else if str1 = '_' then
begin

Flat := true;

delete(str, 1 1);
end;

str1 := copy(str, length(str), 1);
if str1 = '." then

begin
delete(str, length(str), 1);
Dot := true;
end;
procedure BuildNote (str : string );
var

str1, str2 : string ;
temp, period : integer;

frq : real;
index : Note;
begin

str1 := copy(str, 1, 1);
index := FindNote(str1);
if length(str) = 1 then
begin
with Concert do
begin
Song[NoteNo].Duration := GDuration div Gperiod;

Song[NoteNo].Amplitude := GAmplitude;
Song[NoteNo].cnt := Count(Octave(index, GOct));

end
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end
else

begin
delete(str, 1, 1);
FndDotShF1(str);
if length(str) > 0 then
period := Convert(str)

else

period := Gperiod;

frq := Octave(index, Goct);

if Flat then

frq := frq *24/ 25

else if Sharp then

frq := frq * 25 / 24;

Temp := Gduration div period;

If Dot then

Temp := Round(Temp * 1.5);

with Concert do

begin
song[NoteNo].Duration := Temp;
Song[NoteNo].Amplitude := GAmplitude;
Song[NoteNo].cnt := Count(frq);
end

end

end; { of Build Note }
procedure RdNotes;
var

done : Boolean;
str, str1 : string ;

begin
writeln('To End Entering the Notes Type End for the Note');
Writeln;
wrintin(’Enter the Notes . K
done := False;
NoteNo := 1;
repeat

readin(str);
if (str = ‘'end’) or (str = 'END’) then
begin

done := true;

with Concert do
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begin

Song[NoteNo].Duration := GDuration div Gperiod;
Song[NoteNo].Amplitude := GAmplitude;
Song[NoteNo].cnt := 0;

end
end
else
begin
str1 := Copy(str, 1, 1);
if str1 = 'O’ then
begin
str1 := Copy(str, 2, 1);
GOct := Convert(str1);
end
else if Copy(str, 1, 2) = 'LN’' then
Gperiod: = Convert(copy(str, 3, length(str)))
else
begin
BuildNote(str);
NoteNo := NoteNo + 1
end
end
until done;
end;
procedure Play;
begin
Concert.Mode := -1;
StartSound(3Concert, SizeOf(Concert), Pointer(-1));
end;
begin
{Your program statements}
init;
RdNotes;
Play;
end.
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Session 18

The solutions to this session are too long to present here. You should consult
the graphics reference card for help in doing these problems.
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@, 241
An operator that extracts the
address of an object.

active window, 5
A window that is active; its
controls are activated and it is on
the “top” of the desk.

actual parameters, 59
The list of function or procedure
parameters given when the
function or procedure is called.

algorithm ii, 81
A procedure for doing a calculation
in an unambiguous, mechanical
manner.

AND truth table, 65

array, 111
A collection of elements.

ASCII character set, 49

ASCII code, 49
The American Standard Code for
Information Interchange.

assignment, 32
The process of copying a value into
a variable.

assignment operator, 33

assignment operator (continued)
The assignment operator in Pascal
is :=.

base type, 93

Begin, 415
A reserved word in Pascal to
designate the beginning of a
program or a section within a
program.

binary number, ii
A string of ones and zeros, when
interpreted by a computer,
represent characters, numbers,
pictures, and instructions.

block activation, 179
The proces of running a block.

block-structure, 175
The feature of Pascal that allows
program parts to be connected
together as either separate blocks,
or nested blocks.

blocks, 175
A section of a Pascal program
containing its own data and
instructions.
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boolean, 31
A type whose values can be either
TRUE or FALSE, only.

boolean constant, 63
TRUE or FALSE.

boolean variable, 63
A variable whose value can only be
TRUE or FALSE.

boolean, operations on, 64-66

bug dialog, 18
A dialog box which appears
whenever your program cannot
continue due to a programming
error.

bugs, 271-273
An error in a program.

buttons, 20
A dialog box has special selection
boxes called buttons which are
selected by clicking them. For
example, OK and CANCEL are
buttons.

case clause, 74

case selector, 74
The ordinal value used to
determine which case dause is

executed.
case statement, 74

definition 77
char, 31,

operations on 49-50
A type whose values can be a
single letter, numeral, or keyboard

character.
CHR, 52

click-hold, 3
The act of pressing the mouse
button and not releasing the
button.

clicking, 2
The act of pressing and releasing
the button on the mouse.

close box, 5
A small rectangular region in the
upper left-hand corner of a
window (in the control bar), that
closes the window when it is
clicked.

INDEX/GLOSSARY

ClosePicture, 243

closing a window, 6
See close box.

comments, 40
Statements that are ignored by the
Pascal interpreter, but are used by
programmers to document the
program.

compiler, 12
A language translator that converts
a high-level language program into
machine language prior to running
the program. Contrast with
interpreter.

compound if clause, 70

CONCAT, 127

consecutive statements, 250

Const, 31, 92
The reserved word that designates
the list of constants used by a
program.

constant, 30-31
Objects which cannot change in
value are called constants See also
Const.

control bar, 5
A region at the top of a window
that is used to close the window or
move the window by clicking or
dragging.

COPY, 127

CRT, 1
A cathode-ray-tube; the display
screen of a computer.

cursor, 2
An arrow, vertical line, or other
graphical image which indicates the
current position of a mouse or
keyboard character.

data declaration part, 247

data structure, 137
A logical structure for organizing
information so that it can be
processed by a machine.

data type, 91

debugging tools, 271
Techniques for finding and
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debugging tools (continued)
eliminating errors in programs.
decisions, 250
declaration part, 30
The section of a Pascal program
that defines all objects used by the
program.
DELETE, 23, 127
designator, 111

An array subscript or index.

desk top, i, 2
The simulated top of a desk
showing windows, icons, and
dialogs: the metaphor used to make
using the Macintosh easy and
intuitive.

dialog, 8
A special window that is used to
communicate between the user and
the program running on the
Macintosh.

dimmed
A button, or menu item appears
dimmed (in half-tone gray) when it
is disabled—thus it cannot be
selected.

direct access file, 100
A file whose records can be directly
accessed without reading the other
records in the file.

disabled button, 20
A dialog button that is not
available for selection—it will
appear as a dimmed button.

DISPOSE, 196

dot notation, 143

dragging, 3
The act of moving the mouse while
click-holding. Dragging is used to
move graphical objects (icons,
windows) or to select an item from
a menu.

dragging a window, 7
See size box or control bar.

drawing window, 10, 13, 231
A window in the Macintosh Pascal
interpreter program where the
graphical output from a running
program is displayed.

301

editing, 22
The process of changing a
program.

eject, 11, 21
A diskette is removed from the
disk drives by first ejecting it and
then manually removing it. The
File menu contains an EJECT item
which must be selected to eject the
selected diskette.

element, 111
A single value or record within an
array or data structure.

empty string, 124
A string containing no characters,
i.e., its length is zero.

enabled button, 20
A dialog button that can be
selected.

End, 41
A reserved word in Pascal to
designate the termination of a
program or a section within a
program.

enumerated scalars, 152

EOF, 102
End of File mark.

EOLN, 101
End of Line.

external blocks, 185
Procedures or functions which are
defined outside the program that
uses them.

external file name, 101
The name of the file used by the
diskette directory.

file. 99
A collection of records stored on
diskette.
file buffer, 103, 165
file operations, summary, 173
file records, 100
The smallest unit of file storage.
file update, 169
flow control, 272
For loop, 85
formal parameters, 59



302

formal parameters (continued)
The list of procedure or function
parameters given when the
procedure or function is defined.
See also actual parameters.
forward reference, 188
A reference to a procedure or
function before it is defined.
frequency, 215
function, 53, 59, 249
A subprogram that returns and
stores a value in the name of the
function.
function call, 60
The process of activating a
function.

global identifiers, 175
Names which are accessible from
all parts of a program.
GO, 14
The GO item is used to start a
program running. See RUN.
GrafPort, 245
graphics, 231
grid, 232

handle, 240
A pointer to a pointer.
high-level language, ii
An English-like, mathematical-like
notation for communicating ideas
called algorithms to a machine.
horizontal scroll bars, 8
A scroll bar at the bottom of a
window that is used to scroll the
contents of the window
honizontally.

icon, 1, 230
A graphical symbol which
represents a program, data, or
some other object in a computer
system.

IconData 240

identifier, 29,

rules 30

Names used in Pascal to identify

INDEX/GLOSSARY

identifier (continued)
programs, procedures, functions,
types, constants, and variables.

if statement, 68, 252

INCLUDE, 128

index, 111
An array subscript or designator.

indirect reference, 184
The location, rather than the value
of a value is passed to a function
or procedure, See pass-by-reference.

infinite loop, 82, 272
A non-terminating loop. This
usually indicates an error in the
program (although some programs
are designed to run forever).

input, 35
The flow of information into a
computer system. The process of
entering information into a
computer.

INSERT, 128

insertion point, 14
A special purpose cursor that
indicates the current location of
text should you decide to enter a
character or number. The insertion
point appears when attempting to
edit text.

instant window, 43
A special window within the Pascal
interpreter program that allows
you to instantly perform a
statement.

instruction, ii
A single command that governs
the lowest level operations of a
modern digital computer.

integer, iii, 31,

operations on, 45

A whole number, usually ranging
from the smallest value that can be
stored (-32768) to the largest

number (+32767).
interactive program, 37

A program that interacts with its
user while running.

internal file name, 101
The name of a file used by the
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internal file name (continued)
Pascal program.

interpreter, iv
A language translator program that
directly interprets the statements
of some other (high-level)
language.

iteration, 81
A program iterates when a section
of the program is repeated.

key, 120
An element or portion of an
element in a data structure which
is used to identify, locate, or store
an element in a list.

keywords, 27
Special words in Pascal that cannot
be used for anything except to
construct syntactically correct
statements in Pascal. See also
reserved words.

LENGTH, 127

linked list, 196
A data structure containing
elements linked together by
pointers.

list, 115
A data structure for arranging and
storing information.

literal string, 124
A string that is self-defined. A
constant string.

locating bugs, 273

locking
A file or entire diskette may be
locked using the Get Info item
under menu File in the desk top.
Locked files and diskettes can not
be written onto.

Longlnt, 240

loop, 82, 251
An iteration in a program. See
iteration.

loop condition, 82
A condition that determines the
number of times a loop repeats.

loop counter, 82, 85
A variable that keeps track of the
number of times a loop is repeated.
looping, 250

machine language, ii
The sequence of binary numbers
which directly control the
electronic circuits of a computer.

Macintosh Pascal types (Table), 97

manifest constant, 155
A named constant, i.e. an identifier
in Pascal that is assigned a constant
value.

menu, 1, 3
A list of options which can be
selected from the desk top. A
running program is controlled by
its user through selections made
from a menu.

menubar, 3
A region at the top of the
Macintosh screen where all menu
titles appear.

modem, 105
A device for communicating with
another computer over the
telephone network.

modular programming, 54
A technique whereby a program is
sub-divided into manageable parts
called modules.

mouse, 1
A hand-controlled device used to
point and select items on the
screen of a computer.

multidimensional programming, 12
A style of programming in which
multiple windows are used to
simultaneously display many views
of a program while it is being
developed, tested, or run.

multiple windows, 12
A desk top with two or more
windows simultaneously displayed.

multiway branching, 73
See also case statement.

music, 218
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named blocks, 175
Procedures and functions.
nested blocks, 176
nested if statement, 73
nested statements, 73, 250
A statement contained within
another statement.
NEW, 196
NewFileName, 102
nil pointer, 195
A pointer that points to nothing.
nonlocal, 177
null string, 124
A string of length zero.

object, 29
A number, location of a value in
memory, program, statement, or a
series of action in a program. An
entity in a program.

observe window, 78
A special window in the Pascal
interpreter program that allows
you to view the values of variables
and expressions as it is running.

Opened from the WINDOW menu.

OK button, 25
A dialog button which you click
when you want to continue.

OMIT 128

one-legged if statements, 70
An if-then statement (without an
else clause) is called a one-legged if
statement because it lacks a second
clause.

open, 25
The process of copying a file from
diskette into main memory. See also
Restoring a Saved Program. Also
the process of preparing a data file
for access.

OpenPicture, 243

OR truth table, 65

ORD, 52

ordinal type, 94
A collection of values which can be
enumerated, i.e. can be made to
match-up in a 1-to-1
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ordinal type (continued)
correspondence with whole
numbers.

Pascal file operations, summary 173

Pascal, ii
A high level programming
language invented by Niklaus
Wirth and named in honor of
Blaise Pascal who invented one of
the first adding machines in the
1600’s.

Pascal syntax diagrams, 29, Appendix B
The complete defintion of Pascal
according to the syntax rules which
govern the formation of correct
statements in Pascal.

pass-by-reference, 184
The location of a value is passed to
a procedure or function.

pass-by-value, 183
The value of a parameter is passed
to a function or procedure.

patterns, 129

Plotlcon, 240, 243

pointer, 194
A location of an object.

pointer, operations on, 196

POS, 127

printer, 105

procedure, 53, 249
A block of program text much like
a miniature program, but with
inputs and outputs defined in a
parameter list, and with scope rules
which define an environment
within a main program.

procedure call, 55
The act of causing a procedure or
function to be activated.

procedure heading, 59
A statement containing the name
of the procedure and zero or more
input and output parameters.

procedure parameters, 57, 59
The list of input and output
variables and constants that are
contained in the procedure heading

. |
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procedure parameters (continued)
statement.
program, ii
A list of instructions which control
the operation of a computer.

program body, 30, 247

program refinement, 53
The process of successively
increasing the details within a
program by interatively modifying
until the final program is obtained.
Usually done by using
subprograms.

program statement, 29
The first line of every Pascal
program.

program text, 13

program window, 10
A window in the Macintosh Pascal
interpreter program where the
current Pascal program is entered,
displayed, edited, and run.

programming language, ii
See high-level language.

pseudo-file, 108

pull-down menu, 4
A menu that appears on the screen
only when selected, and disappears
when no selection is being made.

Quickdraw, 231
The collection of graphics routines
stored in the Macintosh ROM.
quit, 25
The current session is ended by
selecting the File-Quit item.

random access file, 100
A direct access file.
random files, 164
random retrieval, 168
Readln, 35
The intrinsic procedure in Pascal
that is used to enter data into a
running program.
real, iii, 31
operations on, 47
A real number containing a decimal

real (continued)
point.

record, 137, 249

definition, 138

A data structure consisting of
components, each component may
in turn be either a single type, or
another record.

recursion, 185
The process of a procedure or
function activation from within
itself; a procedure or function calls
itself.

reference type, 194
The collection of all locations
addressable by a Pascal program.

Repeat loop, 83

reserved words, 27
Special words in Pascal that cannot
be used for anything except to
construct syntactically correct
statements in Pascal. See also
keywords.

Reset, 101

restoring a saved program, 25
A program that has been saved can
be copied from diskette back into
the Program Window by opening it
from the File-Open menu.

reverse video, 15
The white areas are changed to
black, and the black areas are
changed to white. This is usually
employed to indicate that the
reverse text has been selected.

Rewrite, 101

RUN, 14
The run menu controls a running
program.

RUN-GO, 70

RUN-STEP, 69

running a program, 16

SAVE, 21
A program can be copied to a
diskette file so that you can get it
back later by selecting the File item
SAVE.



SAVE AS ..., 20
A File item used to save a program
under a new or different name.

saving a program, 19
A program is saved by copying it
from the Program Window to a file
on diskette. See restoring a saved
program.

scalars, 152
Simple types; char, integer, real,
and boolean.

scientific notation, 47
A notation used to express large
real numbers in compact form.

scope rules, 175
The rules which govern the ability
to access names in one subprogram
from another subprogram.

scroll bar, 5
A vertical and/or horizontal region
along the edge of a window that is
used to scroll the contents of a
window by dragging or clicking in
the scroll bar.

searching strings, 128

selecting text, 14
The act of using the mouse to
highlight text in a window. The
selected text can be edited—
removed, changed, or copied.

sequence, 250

sequential file, 100, 164
A file which is accessed
sequentially.

sets, 155

operations on, 157

An unordered list of manifest
constants.

side-effect, 176, 184
The execution of a procedure or
function has an effect on the value
of an object outside of the
procedure or function.

size box, 5

in a window, 7

A rectangular region in the bottom
left-hand corner of a window that
changes the size of a window when

INDEX/GLOSSARY

size box (continued)
it is dragged.
skeleton program, 27
A program that does nothing, but
is used as an example.
STOPS, 69
string, 123
constant, 124
declaration, 124
assignment rule, 126
A data structure consisting of a
length attribute and zero or more
characters.
string length, 124
The number of characters stored in
the string.
string, operations on, 127
strong-type, iii
A feature of a programming
language in which the variables are
restricted to take on only the
values belonging to one type. See
also type.
StuffHex, 240
subprogram, 53, 249
Functions and procedures.
subrange type, 93
substring, 130
syntax diagrams, 28
Graphical representation of syntax
rules. These diagrams are used to
help you form syntactically correct
Pascal statements.
syntax rules, 28
The rules of grammar. These rules
govern the composition of Pascal
statements.

table, 113
A data structure which stores
information in tabular form.

text editor, 12
A program that allows you to
enter, modify, delete, copy, and
move text from a window, dialog,
or desk top.

text file, 100
A special kind of sequential file
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text file (continued)
which stores text, only.
text window, 10
A window in the Macintosh Pascal
interpreter program where the
textual (text and numbers) output
from a running program is
displayed. Contrast with the
drawing window.
trash can, 3
An icon representing a place where
objects are discarded.
truth table, 65
A table showing the result of a
boolean operation on one, two, or
more boolean values.
two-dimensional array, 121
An array with two subscripts.
type, iii, 31, 91
A collection of values and the
operations that may be performed
on the collection. See data type.
TYPE, 92
A reserved word in Pascal
designating the names and
definitions of all types in a
program.
base, 93.
subrange, 93
typed file, 163
operations on, 166
Files that store heterogenous types
of data.

up arrow, 210
The colloquial term for a pointer
reference.
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use statement, 231
Designates the external procedures
used by a program.

Var, 32
The reserved word designating the
list of all variables used in a
program.

Var parameter, 59
A procedure or function parameter
that receives an output value back
from the procedure or function.

variable, iii, 32
Objects which store information
that can be changed during the
execution of a program.

variable declaration, 30

vertical scroll bar, 8
A scroll bar at the right edge of a
window that is used to scroll the
contents of the window vertically.

while-do, 82, 251
window, 1, 4-5
A region of the display screen
where text or graphics is shown
when a program is running.
With statement, 143
write protected, 19, 26
A diskette is protected from
accidental erasure by setting the
write protection tab. See locking.
Writeln, 16, 35
The intrinsic procedure in Pascal
that is used to output data from a
running program.
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—— Graphport

— Pictures

( GrafPort Routines )

procedure InitGraf (globalPtr : QDPtr);
procedure OpenPort (port : GrafPtr);
procedure InitPort (port : GrafPtr);
procedure ClosePort (port : GrafPtr);
procedure SetPort (port : GrafPtr);
procedure GetPort (var port : GrafPtr);
procedure GrafDevice{device : Integer);
procedure SetPortBits(bm : BitMap);
procedure PortSize(width, height : Integer);
procedure MovePortTo(leftGlobal, topGlobal : Integer);
procedure SetOrigin(h, v : Integer);
procedure SetClip(rgn : RgnHandle);
procedure GetClip(rgn : RgnHandle);
procedure ClipRect(r : Rect);

procedure BackPat(pat : Pattern);

( Picture Routines )

function OpenPicture(picFrame : Rect) : PicHandle;

procedure ClosePicture;

procedure DrawPicture(myPicture : PicHandle; dstRect : Rect);

procedure PicComment(kind, dataSize : Integer; dataHandle :
QDHandle);

procedure KillPicture{myPicture : PicHandle);

QUICKDRAW GRAPHICS
T. G. Lewis, Abbas Birjandi

From Macintosh™ Hands-On Pascal by T. G. Lewis and Abbas
Birjandi. Wadsworth Publishing Company, Belmont, CA.
& 1986 by Wadsworth, Inc.

Polygons
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( Polygon Routines )

function OpenPoly : PolyHandie;

procedure ClosePoly;

procedure KillPoly (poly : PolyHandle);

procedure OffsetPoly (poly : PolyHandle; dh, dv : Integer);
procedure MapPoly (poly : PolyHandle; fromRect, toRect : Rect);
procedure FramePoly (poly : PolyHandle);

procedure PaintPoly (poly : PolyHandle);

procedure ErasePoly (poly : PolyHandle);

procedure InvertPoly (poly : PolyHandle);

procedure FillPoly (poly : PolyHandle; pat : Pattern);

(1)
(1)
(1
(1)
m

(2
(2
(2
(2

i

( Oval Routines )

procedure FrameOval {(r : Rect);
procedure PaintOval (r : Rect);
procedure EraseOval (r : Rect);
procedure InvertOval (r : Rect);
procedure FillOval (r : Rect; pat : Pattern);

( Graphical Operations on Regions )

procedure FrameRgn (rgn) : RegHandle);
procedure PaintRgn (rgn) : RgnHandle);
procedure EraseRgn (rgn) : RgnHandle);
procedure InvertRgn (rgn) : RgnHandle);

nracadiira FillRan franY © RanHandle: nat © Pattarn)
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notSrcOr =5
notSrcXor =6
notSrcBic =T
patCopy = 8;
patOr =9
patXor = 10;
patBic = 11;
notPatCopy = 12;
notPatOr = 13;
notPatXor = 14;
notPatBic = 15;

( QuickDraw color separation constants )

normalBit = 0; {normal screen mapping }
InversBit = 1, {inverse screen mapping }
redBit = 4; { RGB additive mapping }
greenBit = 3;
blueBit =2
cyanBit = B; { CMYBk subtractive
magentaBit =7 mapping }
yellowBit =6
blackBit =5
blackColor = 33; {colors expressed in
whiteColor = 30; these mappings }
redColor = 205;
greenColor = 341;
blueColor = 409;
cyanColor = 273;
magentaColor = 137;
yellowColor = 69;
( standard picture comments )
picLParen = 0;
picRParen = 1;
type QDByte = -128..127;
QDPtr ="QDByte; { blind pointer }
QDHandle = "QDPtr; { blind handle }
Stra2s5 = string[255);
Patten = packed array [0..7] of 0..255;
Bits16 = array [0..15] of Integer;
VHSelect = (v, h);
GrafVerb = (frame, paint, erase, invert, full);
Styleltem = (bold, italic, underling, outline,
shadow, condenss, extend);
Style = set of Styleltem;
Fontinfo = record
ascent : Integer
descent : Integer
WidMax : Integer
leading : Integer
end;

The comments in the left-hand margin indicate whether
the declared item is to be found in QuickDraw1 (1) or
QuickDraw2 (2).

1)

m

M

m
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@
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Rect = record case Interger of

0: (top
left
bottom
right

1: (topLeft
botRight

end;

BitMap = record
baseAddr
rowBytes
bounds

end;

Cursor = record
data
mask
hotSpot

end;

PenState = record
pnLoc
pnSize
pnMode :
pnPat
nd

PolyHandle = "PolyPtr;

PolyPtr

Polygon

o

record

polySize
polyBBox
polyPoints :

end;
“RgnPtr;
“Region;
record

RgnHandle
RgnPtr
Region

rgnSize

rgnBBox

end;
“PicPtr;
“Picture;
record

PicHandle
PicPtr
Picture

picSize
picFrame

end;

: Integer;
: Integer;
: integer;
: Integer );
: Point;

: Point );

: QDPtr;
. Integer,
: Rect;

: Bits16;
: Bits16;
: Point;

: Point;
: Point;

Integer;

: Pattern;

“Polygon;

: Integer;
: Rect;

. Integer;

: Rect;

: Integer;
: Rect;

array [0..0] of Point;

{ rgnSize = 10 for
rectangular }
{ plus more data if not
rectangular }

{ plus byte codes for
picture content }

(2)
@

(2
(1

screenBits : BitMap;
randSeed : Longint;

rRectProc : QDPtr;
ovalProc : QDPtr;
arcProc : QDPtr;
polyProc : QDPtr;
rgnProc : QDPtr;
bitsProc : QDPtr;
commentProc : QDPtr;
txMeasProc : QDPtr;
getPicProc  : QDPtr;
putPicProc  : QDPtr;
end;
GratPtr = "GrafPort;
GratPort = record
device . Integer;
portBits : BitMap;
portRect : Rect;
vsfRgn : RgnHandle;
clipRgn : RgnHandle;
bkPat . Pattemn;
fillPat . Pattern;
pnLoc : Point;
pnSize : Point;
pnMode : Integer;
pnPat : Pattern;
pnVis : Integer;
txFont : Integer;
txFace : Style;
txMode . Integer;
txSize : Integer;
spExtra : Longlint;
fgColor : Longlint;
bkColor  : Longint;
colrBit : Integer;
patStretch : Integer;
picSave : QDHandle;
rgnSave  : QDHandle;
polySave : QDHandle;
grafProcs : QDProcsPtr;
end
var thePort : GrafPtr;
white : Pattern;
black : Pattern;
gray : Pattern;
tGray : Pattern;
dkGray : Pattern;
arrow : Cursor;
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( Reglon Calculations )

function NewRgn : RgnHandle;
procedure DisposeRgn(rgn : RgnHandle);
procedure CopyRgn(srcRgn, dstRgn : RgnHandle);
procedure SetEmptyRgn(rgn : RgnHandle);
procedure SetRecRgn(rgn : RgnHandle;

left, top, right, bottom : Integer);
procedure RectRgn(rgn : RgnHandle; r : Rect);
procedure OpenRgn;
procedure CloseRgn(dstRgn : RgnHandle);
procedure OffsetRgn(ran : RgnHandle; dh, dv : Integer);
procedure MapRgn(rgn : RgnHandlejfromRect, toRect : Rect);
procedure InsetRgn(rgn : RgnHandle; dh, dv : integer);
procedure SectRgn(srcRgnA, srcRgnB, dstRgn : RgnHandle);
procedure UnionRgn(srcRgnA, srcRgnB, dstRgn : RgnHandle);
procedure DiffRgn{srcRgnA, srcRgnB, dstRgn : RgnHandle);
procedure XorRgn(srcRgnA, srcRgnB, dstRgn : RgnHandie);
function EqualRgn(rgnA, rgnB : RgnHandle) : boolean;
function EmptyRgn(rgn : RgnHandle) : boolean;
function PitnRgn(pt : Point; rgn : RgnHandle) : boolean;
function RectinRgn(r : Rect; rgn : RgnHandle) : boolean;
( Graphical Operations on Reclangles )
procedure FrameRect (r : Rect);
procedure PaintRect (r : Rect);
procedure EraseRect (r : Rect);

procedure IntertRect (r : Rect);
procedure FillRect (r : Rect; pat : Pattern);

( Rectangle Calculations )

procedure SetRect(var r : Rect; left, top, right, bottom : Integer);
function EqualRect (rect1, rect2 : Rect) : boolean;

function EmptyRect(r : Rect) : boolean;

procedure OffsetRect(var r : Rect; dh, dv : Integer);

procedure MapRect(var r : Rect; fromRect, toRect : Rect);
procedure InsetRect(var r : Rect; dh, dv : Integer);

function SectRect (src1, src2 : Rect; var dstRect : Rect) : boolean;
procedure UnionRect(src1, src2 : Rect; var dstRect : Rect);
function PtinRect(pt : Point; r : Rect) : boolean;
procedure Pt2Rect(pt1, pt2 : Point; var dstRect : Rect);

( Arc Routines )

procedure FrameArc (r : Rect; startAngle, arcAngle : Integer);
procedure PaintArc (r : startAngle, arcAngle : Integer);
procedure EraseArc (r : startAngle, arcAngle : integer);
procedure InvertArc (r : startAngle, arcAngle : Integer);
procedure FillArc (r : rect; startAngle, arcAngle : Integer; pat : Pattemn);
procedure PtToAngle (r : Rect; pt : Point, var angle : Integer);

( RoundRect Routines )

procedure FrameRoundRect (r : Rect; ovWd, ovHt : Integer);
procedure PaintRoundRect (r : Rect; ovWd, ovHt : Integer);

procedure EraseRoundRect (r : Rect; ovWd, ovHt : Integer);

procedure InvertRoundRect (r : Rect; ovWd, ovHt : Integer);

procedure FillRoundRect (r : Rect; ovWd, ovHt : Integer; pat : Pattern);

— Common Procedures ——

Frame
Paint
Erase
Invert
Fill

o~ o~~~ —
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{ Point Caleulations )

procedure AddPt(src : Point; var dst : Point);

procedure SubPt(src : Point; var dst : Point);

procedure SetPt(var pt : Point, h, v : Integer);

function EqualPt(pt1, Pt2 : Point) : boolean;

procedure ScalePt(var pt : Point: from Rect, to Rect : Rect);
procedure MapPt (var pt : Point; fromRect, toRect : Rect);
procedure LocalToGlobal(var pt : Point);

procedure GlobaiTolLocal(var pt : Point);

( Line Routines )

procedure HidePen;

procedure ShowPen;

procedure GetPen(var pt : Point);

procedure GetPenState(var pnState : PenState);
procedure SetPenState{ pnState : PenState);
procedure PenSize{width, height : Integer);
procedure PenMode(mode : Integer);
procodure PenPat(pat : Pattem);

procedure PenNormal;

procedure MoveTo( h, v : Integer);
procedure Move (dh, dv : Integer);

procedure LineTo( h, v : Integer);

procedure Line (dh, dv : Integer);

( Text Routines )

procedure TextFont(font : Integer);
procedure TextFact(face : Styie);
procedure TextMode(mode : Integer);
procedure TextSize(size : Integer);
procedure SpaceExtra{extra : Longint);
procedure DrawChar(ch : Char);
procedure DrawString (s : Str255);
procedure DrawText(textBuf : QDPtr;
firstByte, byteCount : Integer);
function CharWidth{ch : Char); : Integer;
function StringWidth(s : Str255); : integer;
function TextWidth(textBuf : QDPtr;
firstByte, byteCount : Integer) : Integer;
procedure GetFontinfo(var info : Fontinfo);

(Bottleneck interface )
procedure SetStoProcs{var procs : QDProcs);

@

@
@)
@
@
@)

@)
2
@

2
(@

(2)
@

procedure StdText(count : Integer;
textAddr : QDPtr; numer, denom : Point);
procedure StdLine(newPt : Point);
procedure StdRect (verb : GrafVerb; r : Rect);
procedure StdRect (verb : GrafVerb; r : Rect; ovWd, ovHt : Integer);
procedure StdOval (verb : GrafVerb; r : Rect);
procedure StdArc (verb : GrafVerb; r : Rect;
startAngle, arcAngle : Integer);
procedure StdPoly(verb : GrafVerb; poly : PolyHandle);
procedure StdRgn (verb : GrafVerb; rgn : RgnHandle);
procedure StdBits(var srcBits : BitMap;
var srcRect, dstRect : Rect;
mode : Integer;
maskRgn : RgnHandle);
procedure StdComment(kind, dataSize : Integer; dataHandle : QDHandle);
function StdTxMeas( count : Integer;
textAddr : QDPtr;
var numer, denom : Point;
var info : Fontinfo) : Integer;
procedure StdGetPic(dataPtr : QDPtr; byteCount : Integer);
procedure StdPutPic(dataPtr : QDPtr; byteCount : Integer);

( Graphical Operations on BitMaps )

procedure ScrollRect(dstRect : Rect;

dh, dv : Integer; updateRgn : rgnHandle),
procedure CopyBits (srcBits, dstBits : BitMap;

srcRect, dstRect : Rect;

mode : Integer;

maskRgn : RgnHandle);

{ Cursor Routines )

procedure InitCursor;

procedure SetCursor(crse : Cursor);
procedure HideCursor;

procedure ShowCursor;

procedure ObscureCursor;

( Misc Utility Routines )

function Get Pixel{h, v : Integer) : boolean;
function Randon : Integer;

procedure StuffHex(thingptr : QDPtr; s : Str255);
procedure ForeColor(color : Longint);
procedure BackColor(color : Longint);
procedure BackBit (whichBit : Integer);

(1
(1
(1)
m
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const srcCopy =0 { the 16 transfer modes } (1) Point = record case Integer of; (2) QDProcsPtr = "QDProcs;
srcOr =1, 0: (v = Integer; (2) QDProcs = record
srcXor =2 h = Integer ); textProc
srcBic =3 1: (vh = array [VHSelect] of integer); lineProc
AntQrrCnanv = A and: e APV .« a

: QDPtr;
. QDPtr;
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STRUCTURED TYPES

POINTER

Snack : Qrange;

RECORD VARIANT RECORD FILE
Definition : Definition : Definition : Definition :
TYPE TYPE TYPE TYPE
Typename = RECORD Typename = RECORD Typename = FILE OF pointername =
field : fieldtype; C?SE’ :}i’eldrg'r:ne any type: 4anytype;
. ieldtype or
const : fields; TYPE
. . TEXT = FILE OF
field : fieldtype CHAR,;
END; .
const : fields;
END;
Example: Example: Example: Example:
TYPE TYPE TYPE TYPE
Class =RECORD Class =RECORD TEXT =FILE OF CHAR; listptr =4Mist;
Max : Integer; Max : Integer; VAR list = RECORD
Size : Integer; Size : Integer; Class : TEXT; item : integer;
Full : Boolean Case Full : Boolean Writein (Class, ‘Pro- next : listptr
END: OF grammingl’); END;
VAR True : (EmptySeats
Math : Class; F:all?te.ger);
Math.Size ;= 25; END: sle - ( )
Math.full := FALSE; !
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USER-DEFINED SUBRANGE SET ARRAY
Definition : Definition : Definition : Definition :
TYPE TYPE TYPE TYPE
Typename = (Const, Typename = Const.. Typename = SET Typename = ARRAY
....Const); Const; OF scalar type; [bound..bound,
Const can be any ...bound..bound]
sct;lartt)é%i L Of any type;
excep .
Example: Example: Example: Example:
TYPE TYPE TYPE TYPE
Fruit =(Apple Day = (M,TW,RF, Day = (M,TW,R/F, Day = (M,TW,R,F,
Orange, Pear); Sa,Su); Sa,Su); Sa,Su);
VAR Workday = M..F; DaySet = SET OF Schedule = ARRAY
Snack : Fruit; Day; [M..F] OF Day:

Age = ARRAY [1..
120] OF INTEGER;




TYPES TYPES
ARITHMETIC I R INPUT/QUTPUT CF IR
ABS Y = ABS(X), Y becomes IXI. X X READ READ(X), Reads a value X X X X
Y ¥ from the input file
Ccos Y := COS(X), Y becomes X X READLN READLN(X), Reads a X X X X
cos(X), X is in radians. i value from the input
SIN Y := SIN(X). Y becomes sin(X). X X fils.and advances.
¥ to the next input line
ARCTAN Y := ARCTAN(X), Y becomes X X WRITE WRITE(X), Writes a X X X X
arctan(X). ¥ :{alua on the output
ine
EXP Y = EXP(X), Y . i
R G ol WRITELN  WRITELN(X), Writesa X X X X
value on the output
LN Y = LN(X), Y becomes Inex. X X line and advances
X must be >n. I to the next output line
SQR Y := SQR(X), Y becomes x2. X X
LA TRANSFER
SQRT Y := SQRT(X), Y becomes¥X. X X UNPACK  UNPACK(X,Y,Z), The contents of packed
3 array X are assigned to the not packed
ROUND Y := ROUND(X), Y becomes X array Y starting at index integer Z.
the integer nearest X. ¥ PACK PACK(X,Y,Z), The contents of not packed
TRUNC Y = TRUNC(X), Y becomes X array X are assigned to the packed array
the integer between X Y Z starting at index integer Y.
and O nearest X. EILE HANDLING
TYPES RESET RESET(X), Sets the file X pointer to the
ORDERING c | beginning of file X.
L ¥ = PHEB(X]) ¥ hecomes X REWRITE REWRITE(X), Creates an empty file X.
thg charaoter preceecing Y Erases any file X contents.
X in the character sel.
succ Y := SUCC(X), Y becomes X y .
the character succeeding Y GET GET(X), Moves the file X pointer to the next
X in the character set. character in file X.
ORD Y := ORD(X), Y becomes the X PUT PUT(X), Places the value of the file X
position number of X Y pointer at the end of file X.
in character set.
CHR Y = CHR(X), Y becomes the X DYNAMIC ALLOCATION
character at position on num- Y NEW NEW(X), Refers pointer X to a memory
ber X in the character set. location.
TYPES DISPOSE DISPOSE(X), Frees the memory location
BOOLEAN 8 | that X refers to.
oDD Y := ODD(X), Y becomes true X
if X is odd else Y b §
becomes false.
EDLN EDLN, True if next character
is the end-of-the-line
control character.
EDF EDF, True if next character
is the end-of-file
control character.
TYPES KEY: B—boolean, C—Char, I—Integer, R—Real TYPES KEY: C—Char, F—File, I—Integer, R—Real

SCALAR
CHAR USER- INTEGER BOOLEAN  REAL

DEFINED

SUBRANGE

TYPE

POINTER

STRUCTURES
SET VARIANT RECORD ARRAY FILE
RECORD



TYPES TYPES
EXAMPLE BCIPRSU EXAMPLE BCIPRSU
= a:=b, a becomes b aaaaa a <= a<=b,true if a precedes aaa a a
bbbbb b b or a is the same as b bbb b b
* a:=b=*cifa b andc a aa >=  a>-=b, true if a succeeds aaa a a
are sets : a becomes b bb b orais thesameas b bbb b b
gnz. else a becomes ¢ cc <> a<>b,trueifais not aaa a a
. the same as b bbb b b
/ ab:/=cb/c. a becomes b g DIV  a:=b DIV c, a becomes a
’ c o b+c - the remainder b
c
+ ax=b+clfa b andc a aa "
are sets : a becomes b bb MOD atﬁ;bmﬁ(z?\:érao?egqm:s i
- buc, else a becomes c cc -
[ b+c. ¢
- ez ¢ aa MO NoTawmrsmue o
are sets : a becomes b bb
b - ¢ (bnc), else a be- € ¢c¢ AND a AND b, true only if a
comes b - c. a is true and be is true, b
< a<b, true if a preceeds aaa a else false.
b in the type definition bbb b b OR aORbDb,trueifais a
else false. true, b is true, or both b
> a> b, true if a succeeds asa a a aand b are true.
b, else false. bbb b b IN aiNb,trueifais aaa a a
= a=b,trueitais the aaa a a an etement of set b b
same as b. bbb b b
fi
! TYPES KEY: B—boolean, C—char, I—integer, P—pointer, R—real, S—set, U—user-defined
T‘ SCALAR TYPES
INTEGER CHAR BOOLEAN REAL
Imptied Definition : Implied Definition : Implied Definition : Implied Definition :
TYPE TYPE TYPE TYPE
Integer = (-~—, Char = (—,...,—).Const Boolean = (FALSE, Real = (-——E+__..
R S TRUE); - E-__ 00,
T +__E~__ +__E+__);
5
Example: Example: Example: Example:
VAR VAR VAR VAR
i Total : INTEGER Alpha : CHAR; Same : BOOLEAN, Root : REAL,
: Total := 14; Alpha :='S", Same := TRUE; Hyp : REAL;
~ Total := 2 « 46; Root := SQRT(hyp);

SYNTAX SUMMARY
T. G. Lewis, Abbas Birjandi

From Macintosh™ Hands-On Pascal by T. G. Lewis and Abbas
Birjandi. Wadsworth Publishing Company, Belmont, CA.
['1-\ «* 1986 by Wadsworth, inc.
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Macintosh
Hands-On
Pascal

Inside—
The easy way lo learning :
Pascal on the Macintosh

Pascal programming on the Macintosh becomes easv and enjovable when vou use Lewis and Birjandi's new primer.
MACINTOSH™ HANDS-ON PASCAL is special because it creates an environment that encourages vour participation from the
start. In fact, each chapter is actually a session at the Macintosh where vou'll learn Pascal concepts in close interaction
with the machine. There are also plenty of detailed examples, interesting case studies, and excellent problem-solving
sections in each chapter to reinforce what you've just learned. With this kind of hands-on experience and backup support,
you'll soon be programming Pascal on the Macintosh like a seasoned pro.

Other features:

Covers the entire Pascal language, plus the Graphics and Sound features of the Macintosh

Includes a tear-out Pascal syntax chart and a tear-oul Quickdraw reference card

Contains an appendix on debugging Pascal programs 1

Macintosh is a trademark licensed o Apple Computer, Ine |
llustration by Stephen Jacobs

ISBN 0-534-0L354-3



