

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































19.5 Macaveats

There is a very unfortunate consequence of out-of-range errors in long-
int arithmetic not causing error conditions, and that is that some out-
of-range errors for integer assignments give spurious results. For
example, execution of the following program segment prints 0!

var
i :integer;

i :== Maxint;
i:=4*sqr(i + 1);
Writeln(i : 1)

The Reference advertises that if a variable of type computational
is printed without an associated fraction-length, then it is treated as an
integer value. This is not the case in Macintosh Pascal 2.0. The
simplest way to print a variable of type computational without a
decimal point is probably to use the required function round.

19.6 Further reading

(1) Atkinson, L.V. and Harley, P.]J. (1983). An Introduction to
Numerical Methods with Pascal. Reading, Mass: Addison-
Wesley.

An introductory numerical analysis text, with programming
examples in Pascal.

EXERCISES

19.1 What happens in Macintosh Pascal when the following statement is
executed?

var
i : integer;

i := (Maxint + Maxint) div 2

19.2 Evaluate (9.9 + 9.9) / 2.0 in Mad Mac’s Pascal.

19.3 Suppose r and x are variables of types real and extended, respectively.
Is there a value of X such that executing r := X gives overflow but exec-
uting r := 1/ X does not give underflow? Why? And what about vice
versa?
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19.4 Suppose the values of a real-valued function f are to be summed at
n + 1 equally spaced points from a to b, where n = 1. Two solutions
are given below; they share the common context:

var
sum : real; { sum of function values }
delta:real; { =(b—-a)/n}
i :count; {in0..n}

delta := (b—a)/n;
sum := 0.0;

Which solution is preferable? Why?

() var (1)
x :real;
X = a;
fori:=0tondo fori:=0tondo
begin sum := sum + f(a + i * delta)

sum := sum + f(x);
X := X + delta
end

19.5 Trace the execution of the following Mad Mac’s Pascal program. Before
you do so, try to predict what happens.

var
epsilon : real;
epsilon := 1.0;

while 1.0 + epsilon > 1.0 do
epsilon := epsilon / 1.0E1

19.6 What happens when the following Mad Mac’s Pascal program is
executed?

var
x :real;

X = 1.0;
while true do
x:=x+1.0

19.7 Working with real variables, calculate the sum:

1
+ o o +
2 32 10002
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by summing the values in both increasing and decreasing order. Re-
peat the process with extended variables. Explain the results.

19.8 Show by example that it is possible for a sequence of additions or sub-
tractions to produce a result with an arbitrarily large error relative to
the exact answer.

Hint: Repeatedly subtract a relatively small number.

19.9 The action:

Set RightAngled 1o true if the triangle is right-angled,
otherwise false

can be implemented with three applications of sqr, rather than the four
given in the text. Do so.

19.10 The quadratic equation:
x2 +150x +2=0

has the following two roots:

—150 + V1502 — 8

x] = > and

-150 — V1502 — 8
2

X2 =

Which root would procedure roots in the text calculate first?

19.11 Consider the two versions given in the text of the calculation of
Vx? +y2

(@) Show by example that there are values of x and y such that the
direct computation produces overflow in Mad Mac’s Pascal, but
the other does not.

(b) Ditto for underflow.
(c) Repeat (a) and (b) in Macintosh Pascal, but using real precision.
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19.12 Implement the following procedure in Standard Pascal. Since the
values are stored, it would be folly to use the one-pass method.

const
MaxIndex = ...;

type
index = 1..MaxIndex;
data = array[index] of real;

procedure MeanAndVar (var x : data;
n : index;
var mean, variance : real);
{ Computes the mean and variance of the values in x[1..n]. }

Test the procedure on the data used in Figure 19 4.
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Figure 20.1
Initial values of two
pointer-variables.

20.1 Introduction

Pascal’s structured types enable many common forms of information to
be represented and manipulated. But there are many occasions where
more flexibility is needed, to handle information of variable size, or
which has interrelationships among its components that are more
complex than those inherent in arrays, records, files, or Pascal’s limited
form of sets.

No programming language can hope directly to provide as many
kinds of structured-types as programmers invent uses for. Pascal in-
stead provides a low-level (and hence very general) device which can
be used to construct a limitless variety of data structures, by permitting
components to be dynamically created and linked during execution.
The device is called the pointer.

A pointer is a value that points to a variable. In Pascal, each
pointer is constrained to point to a variable of a fixed type; moreover,
the variable must be created dynamically by the program, rather than
declared in a block. This allows data structures to be created which
have a lifetime unrelated to that of any instance of any particular block.
Variables and data structures that are created and destroyed under dir-
ect control of the program are called dynamic; those used:heretofore
are called static.

20.2 Pointer types

Like all other values, a pointer has a fixed associated type,Acalled a
pointer-type. A pointer-type is created by placing the symbol ~ in front
of the type of the dynamic variables to be pointed to, which is called

p1 p2
? ?
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the domain type of the pointer-type. A pointer-type is not classed as
either a simple-type or a structured-type:

type: simple-type | structured-type | pointer-type | type-identifier
pointer-type:  type-identifier

Like any other type, a pointer-type may be named and used to
declare static variables. For example:

type .
CharPtr = char;

var
p1, p2 : CharPtr;

They are initially undefined, as shown in Figure 20.1.

20.3 The fundamentals of pointers
20.3.1 THE SPECIAL VALUE nil

The value nil is a value of every pointer-type. (In this respect its role is
like that of the empty set [] for set-types.) A pointer-variable that has
the value nil is defined, but it does not point to anything. Continuing
with our example, after execution of:

p1 := nil

we have the situation depicted in Figure 20.2. General pointer assign-
ments are described in Subsection 20.3.3.

20.3.2 CREATING A DYNAMIC VARIABLE

A dynamic variable is created by calling the required procedure new.
If p is a variable of a pointer-type with domain-type 7T, then the
procedure call:

new(p)
creates an anonymous (i.e. unnamed) dynamic variable of type T with

an undefined value, and assigns a pointer to this variable to p.
Although the dynamic variable has no name, it can be accessed by the

p1 p2

nil ?
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Figure 20.2
After execution of
p1 := nil.

477



Figure 20.3
After execution of new(p2).

Figure 20.4
Afaer execution of
p2 ='a’.
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pi p2

nil ?
pl p2
nil > 'a’

referenced-variable p~ (as long as p points to it). The relevant syntax
rules are:

variable: entire-variable | component-variable | referenced-variable
referenced-variable: pointer-variable
pointer-variable: variable

For example, after execution of:
new(p2)

we have the situation depicted in Figure 20.3.

A referenced variable can be used like any other non-entire-
variable of its type. (Not being an entire variable means, for instance,
that it cannot be used as a control-variable of a for-loop.) For example,
after execution of:

p2" :="a

we have the situation depicted in Figure 20.4.

*20.3.3 POINTER ASSIGNMENT

A pointer-variable may be assigned any value of the same type. To en-
sure that this stringent assignment-compatibility rule is met, obey the
following principle:

Principle Name each new pointer-type with a type-definition, and
declare pointer-variables using the type-identifier.

We have seen already that the type of nil is determined by con-
text, permitting it to be assigned to any pointer-variable. But the most
common form of pointer assignment is to assign the value of one
pointer-variable to another. After so doing, the pointer-variable on the
left of the assignment symbol points to the same dynamic variable as
does the pointer-variable on the right, or to nothing if the latter’s value
is nil. For example, after executing
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Ya)

p1 := p2

we have the situation depicted in Figure 20.5.

There are no operators producing values of a pointer-type, but it
is permitted for the result-type of a function to be a pointer-type. A
pointer assignment may therefore have a function-designator on the
right-hand side. The ability of Pascal functions to return pointers to
arrays, records, and sets (but only dynamically created ones) can be
exploited in the implementation of abstract data types in Pascal; refer
to the ‘Further reading’ section of this chapter for details.

20.3.4 COMPARING POINTERS

The only operators that may be applied to pointers are the relational
operators = and <>, which may be used to compare two pointers p
and ¢ of the same type. The expression:

p=q
gives true if both p and ¢ point to the same dynamic variable, or are
both nil; otherwise it gives false. The expression:

p<>4q

gives the same result as does not (p = q). For example, in the situa-
tion depicted in Figure 20.5:

p1 = p2 gives true
p1 = nil gives false

No other operators are applicable to pointers. Like values of

enumerated types in Standard Pascal, pointers have no external re-
presentation, and therefore cannot be read from or written to text files.

20.3.5 DISPOSING OF DYNAMIC VARIABLES

The disposal of dynamic variables (as well as their creation) is under
program control. The pointer variables p1 and p2 used in our
examples. above are static variables because they are introduced by a
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Figure 20.5
After execution of
p1 = p2.
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variable-declaration; they are created at the start of execution of their
block, and are destroyed when execution of that block finishes.
However, a dynamic variable pointed to by a pointer-variable
does not cease to exist when the pointer-variable is destroyed. There
may, for instance, be another pointer-variable which points to it, and
which outlives the original pointer-variable. A dynamic variable con-
tinues to exist until it is explicitly disposed of with the required
procedure dispose. If p is a pointer-variable, then execution of:

dispose(p)

disposes of the dynamic variable pointed to by p, and makes p undef-
ined. It is an error if p is undefined (before the call) or contains nil.

After execution of the above call, not only is p undefined, but so
are all pointer-variables which were previously equal to p (i.e. pointed
to the recently deceased dynamic variable). Many implementations will
fail to record this fact by storing a suitable value in these other
pointer-variables, in which case they are known as dangling refer-
ences, and can give rise to catastrophic errors. Similar disasters can
attend the disposal of a dynamic variable that is in use (as a variable
parameter, or a record-variable of a with-statement); that, of course, is
an error, but it too may go undetected.

Moral Pointers are the least secure aspect of Pascal, and must be
used with extreme caution.

20.4 Linear structures

The only reason to declare a type like CharPtr is pedagogical: it en-
ables pointers to be discussed in the simplest possible context. The
main use of pointers is to enable dynamic data structures to be created;
the way to do so is to employ dynamic variables that have pointers as
components.

The simplest kind of dynamic data structures represent
sequences of values of some type 7. They may be constructed by
creating dynamic variables of a record-type with two fields, one con-
taining a value of type T, the other containing a pointer to a dynamic
variable of the same type.

For example, sequences of characters can be created by first
defining the following types:

type )
ComponentPtr = “component;
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head ftail X ch 2

link ?

component = record

ch : char;
link : ComponentPtr
end;

Notice that the type component is used in the definition of type
ComponentPtr before it is defined. The use of an identifier as the
domain-type of a pointer-type is permitted in a type-definition if the
identifier is defined later in the same type-definition section. This is the
only exception to Pascal’s policy of definition before use.

Now suppose the following variables are declared:

var
- head, tail : ComponentPtr;

After execution of:

new(head);
tail := head

we have the situation depicted in Figure 20.6. We note that:

tail” is a dynamic variable of type component
tail".ch is a component of type char of that dynamic variable
tail”.link is a component of type ComponentPtr of that variable

The variablg tail".ch can therefore be assigned a character, and the
variable tail .link made to point to a new dynamic variable of type
component, by executing:

tail”.ch i=c’;
new(tail .link)

We now have the situation depicted in Figure 20.7. By making tail
point to the most recently created dynamic variable, and then repeating
the above step, another component can be added to the dynamic data
structure pointed to by head; and so on as long as desired. The data
structure is called a (singly) linked list.
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Figure 20.7

head m ch e

link

link

Here is a procedure that uses the techniques discussed above to
in the link field of
recognized. As an
exercise, desk-check a call of this procedure using diagrams like those

create a linked list from the input data. It stores nil
the last component, enabling the end of the list to be

above.

procedure ReadList (var head, tail : ComponentPtr);

{ Creates a linked list of dynamic variables containing the }
{ characters in the rest of the input line in order; sets head }

{ and tail to point to the first and last components. }
begin { ReadList }
if eoln then
begin
head := nil;
tail := nil
end
else
begin
new(head);
tail := head;
Read(tail".ch);
while not eoln do
begin
new(tail".link);
tail := tail".link;

Read(tail".ch)
end;
tail”.link := nil
end;
Readin

end; { ReadList }

A sequence can be represented also by an array. The advantages
are that extra space is not needed for pointers, and that the value in a
given position can be found in constant time. The advantages of using
the length of the
sequence (whereas an array must be declared that is large enough for
the maximum possible sequence), and that values may be inserted and
deleted in constant time (provided the necessary pointer(s) are given).

For example, here is a procedure to insert into our sequence of

a linked list are that the space needed is linear in

characters:
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cursor

cursor Figure 20.8

(a) Before execution of
ch ‘a’ ch 'd’ insert(cursor, 'n’).

(b) After execution of

/ " insert(cursor, 'n’).

link — link —1

(a)

. —/—> link link /_» link /—> h

()

procedure insert (ch : char;
var cursor : ComponentPtr);

{ Inserts a component containing ch after component cursor”, }
{ and updates cursor to point to the inserted component; }
{ assumes cursor is not nil. }

var

TempPtr : ComponentPtr;

begin { insert }

TempPtr := cursor.link;

new(cursor".link);

cursor := cursor’.link;

cursor’.ch := ch;

cursor’.link := TempPtr
end; { insert }

The updating of cursor facilitates repeated insertion at the same point.

Figure 20.8 shows the situation before and after the following

procedure-call:

var
cursor : ComponentPtr; { points to a component of the linked }
{ list with first component head™ }

insert ('n’, cursor)

Insertion into an empty linked list, and insertion before the first

component, cannot be handled by procedure insert. For this reason
linked lists are often equipped with a dummy first component, in

which

case procedure insert as written suffices in all situations.
A component can be deleted from a linked list in constant
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time if a pointer to the previous component is given. Writing the
corresponding procedure is left until Exercise 20.11. It can be unrea-
listic to require a pointer to the component preceding the one to be
deleted; for that and other reasons components may be given two
pointer fields, and the extra one used to point to the preceding
component (if any). The resulting dynamic data structure is called a
doubly linked list. It is still classified as linear because components can
only be accessed sequentially.

20.4.1 IMPLEMENTING A STACK USING POINTERS

Because of the low-level nature of pointers, and the insecurities inher-
ent in their use, it is advisable to avoid direct manipulation of pointers
in favor of high-level operations on the abstract objects that pointers
are used to represent. Ideally, an abstract data type should be
designed, and implemented using pointers when appropriate. A pro-
grammer should avoid thinking in terms of pointers when engaged in
high-level problem-solving.

One of the simplest and yet most common abstract data types is
the stack. A stack is a possibly empty sequence in which both inser-
tions and deletions take place at the front, called the top. It is also
called a LIFO list, because the Last value In is the First value Out.
Two examples are the stack of trays in a cafeteria, and the run-time
stack used to allocate space for executing subprograms in Pascal. The
abstract data type stack consists of a type, together with just four
associated operations: creating an empty stack, adding a value to a
stack (said to push the value onto the top of the stack), removing a value
from a stack (said to pop the top value), and testing if the stack is
empty.

A stack may be implemented as an array (as is usual for Pascal’s
run-time stack) or a singly linked list. We shall choose the latter
implementation. We must provide a Pascal type stack, and a subpro-
gram for each of the four abstract operations. Macintosh Pascal relaxes
Pascal’s strict order for definitions and declarations in a block, permit-
ting the following code to be retained as a unit. (A block may start
with arbitrarily many sections of definitions or declarations, in any
order, provided definition still precedes use.)

{ ADT stack: CreateEmpty, empty, push, pop. }

{ A stack is an initially empty sequence to which values may be }
{ added at the front, and from which values may be removed }

{ from the front. }

type R
StackltemPtr = ~Stackitem;

Stackitem = record
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value : char;
next : StackitemPtr
end;
stack = StackltemPtr;

procedure CreateEmpty (var s : stack);
{ Sets s to the empty stack. }
begin { CreateEmpty }
s := nil
end; { CreateEmpty }

function empty (var s : stack) : Boolean;
{ Returns true if s is the empty stack, otherwise false. }
begin { empty }
empty := s = nil
end; { empty }

procedure push (ch : char; var s : stack);
{ Adds ch to the top of s. }

var

top : StackitemPtr;

begin { push }

new(top);

top”.value := ch;

top”.next := s;

s = top
end; { push }

procedure pop (var s : stack;
var ch : char);

{ Removes the top value from the stack, storing it in ch; }
{ assumes s is not empty. }

var

top : StackitemPtr;

begin { pop }

top :=s;

ch := top”.value;

s := top .next;

dispose(top)
end; { pop }

{ end of ADT stack }

The initial comment informs the programmer of the information avail-
able to the wuser of stacks (rather than the implementor): the type
stack, and the subprograms CreateEmpty, empty, push, and pop.
That comment, and the headings of each of the subprograms, are all
the user should be concerned with.

After executing:
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Figure 20.9

value | 'c’ value | b’ value | '@’

next next nil

next

var
s : stack;

CreateEmpty(s);
push(’a’, s);
push(’b’, s);
push(’'c’, s)

we have the list depicted in Figure 20.9.

We have actually implemented a stack of characters. For a stack
of values of some other type T, it is only necessary to replace each in-
stance of char by 7. Since the stack is a parameter of each subpro-
gram, as many variables of type stack may be declared as desired, each
representing an independent stack.

Here is an alternative implementation of procedure Print-
ReverseOfLine from Chapter 18, in which a stack is used rather than
recursion:

var
s : stack; { of characters read before last }
ch : char; { last character read }
begin { PrintReverseOfLine }
CreateEmpty(s);
while not eoln do
begin
Read(ch);
push(ch, s)
end;
Readin;
Write('Reverse of line: ’);
while not empty(s) do
begin
pop(s, ch);
Write(ch)
end;
Writeln
end; { PrintReverseOfLine }

Figure 18.1 (not 20.1) shows the Text window after a test run. Note
that there is no need to dispose of the dynamic variables at the end of
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the procedure, because éach one created by calling push is disposed of
by calling pop.

20.5 Non-linear structures

By equipping dynamic variables with two or more pointers, dynamic
data structures may be created which have more complex interrelation-
ships between their components than do the linear ones met pre-
viously. We shall examine one such non-linear structure, the binary
search tree.

20.5.1 BINARY SEARCH TREES

A binary search tree is a restricted kind of binary tree. A binary tree is
an arrangement of values of some type, which either contains no
values, when it is called the empty binary tree, or consists of a dis-
tinguished value called the root, and two other binary trees, called the
left subtree and the right subtree. This is a recursive definition that
permits infinite binary trees; we are interested only in those that con-
tain finitely many values.

Trees are traditionally drawn upside down in computer science.
Figure 20.10 shows four binary trees of integers; tree (a) is the empty
tree; each of the others contains the alphabetically preceding tree as its
left subtree. The root of a tree is said to be at level 0, the roots of its
left and right subtrees at level 1, and so on. The maximum level of a
value in a tree is called its depth. Trees (b)-(d) in Figure 20.10 have
depths 0, 1, and 2, respectively.

The empty binary tree is a binary search tree. A non-empty
binary tree ¢ is a binary search tree if and only if it has the following
properties:

(1)  each value in the left subtree of ¢ < the root of ¢;

(2)  each value in the right subtree of ¢ = the root of ;
(3)  both subtrees of ¢ are binary search trees.

ONONO )
ONO O
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Four binary trees of
integers.
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Figure 20.11

A binary search tree of

integers.

e
SEp
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The type of values in the binary tree must have an ordering defined on
its values.

In Figure 20.10, (a), (b), and (c) are binary search trees, but (d)
is not. Figure 20.11 shows a larger example of the species which con-
tains the same values as the tree in Figure 20.10(d).

Binary search trees have many uses in programming. Their main
advantage over linked lists is that the time needed to insert or search
for a particular value is order the depth of the tree. A binary search
tree of depth n can have as many as 2"*! — 1 values. (Trees (b) and (c)
in Figure 20.10 are examples with n = 0, 1, respectively.) So the
time-complexity to insert or search for a value in such a tree is logar-
ithmic, as compared to the linear time needed for linked lists. It has
been shown that the average-case complexity for random binary search
trees is also logarithmic, but the worst case can be linear, because a
tree can have the form of a list.

Below is a Pascal implementation of binary search trees as an
abstract data type. Note that procedure destroy is provided to dispose
of a tree when it is no longer needed. Note also that procedures insert

‘and destroy are recursive, as is natural when processing a data

structure that is recursively defined.

{ ADT BinarySearchTree: CreateEmpty, empty, insert, left, right, }
{ root, destroy }
{ A BinarySearchTree t is a binary tree such that t is empty or }
{ each value in the left subtree of t < the root of t, and }
{ each value in the right subtree of t >= the root of t, and }
{ both subtrees of t are BinarySearchTrees. }
type )
BinarySearchTree = "node;
node = record
value : integer;
left, right: BinarySearchTree
end;
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procedure CreateEmpty (var t : BinarySearchTree);
{ Sets t to the empty binary search tree. }
begin { CreateEmpty }
= nil
end; { CreateEmpty }

function empty (t : BinarySearchTree) : Boolean;
{ Returns true if t is empty, otherwise false. }
begin { empty }

empty :=t = nil
end; { empty }

procedure insert (val : integer;
var t : BinarySearchTree);
{ Inserts val into t; assumes t is not a subtree of a BST. }
begin { insert }
if t = nil then
begin
new(t);
with t” do
begin
value := val;
left := nil;
right := nil
end
end
else if val < t".value then
insert(val, t".left)
else
insert(val, t".right)
end; { insert }

function left (t : BinarySearchTree) : BinarySearchTree;
{ Returns the left subtree of t; assumes t is not empty. }
begin { left }

left := t".left
end; { left }

function right (t : BinarySearchTree) : BinarySearchTree;

{ Returns the right subtree of t; assumes t is not empty. }

begin { right } ’
right := t .right

end; { right }

function root (t : BinarySearchTree) : integer;
{ Returns the root of t; assumes t is not empty. }
begin { root }
root := t".value
end; { root }
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procedure destroy (var t : BinarySearchTree);
{ Disposes of t, leaving t undefined. }

begin { destroy }
if t <> nil then

begin
destroy(t . left);
destroy(t".right);
dispose(t)
end
end; { destroy }

{ end of ADT BinarySearchTree }

Program ShowTree in our final case-study shows how this
abstract data type may be exploited. Exercise 20.20 gives a more
practical example.

20.6 Case-study 12: Drawing a binary
search tree

20.6.1 SETTING OF THE PROBLEM

We shall write a program that constructs and draws a binary search
tree. Writing the program is an exercise in using the abstract data type
BinarySearchTree, and is also our most challenging exercise in using
recursion. The program can function as a experimental means of study-
ing binary search trees. ’

20.6.2 SPECIFICATIONS

The program should prompt the user to type a sequence of integers
and to hit the Return-key immediately after the last integer. It should
construct a binary search tree by starting with an empty tree, and in-
serting each integer as it is read. The tree should be displayed in the
Drawing window after the last integer has been read.

With one exception, the display should be a picture in the style
of those in the text, i.e. the tree should be upside-down, values at the
same level should be drawn at the same vertical level, and values in a
left (right) subtree should appear to the left (right) of the root of that
subtree. The exception is that values are to be centered in boxes rather
than circles, with connecting lines drawn between the closest corners.
(For a sneak preview of an acceptable style, see Figure 20.12.)

20.6.3 WRITING THE PROGRAM
The first refinement is very simple:
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abstract data type BinarySearchTree as defined in the text

var
t : BinarySearchTree; { built from input values read so far }

begin { ShowTree }
CreateEmpty(t);
Prompt for input, read each input value, and insert it into t;
Draw t

end. { ShowTree }

The next refinement uses a familiar schema for processing input
values followed by an end-of-line marker:

type
InputValue = a subrange of integer;

var
value : InputValue; { last input value read }

{ Prompt for input, read each input value, and insert it into t }
Prompt for input values followed by a Return ;
while not eoln do
begin
Read(value);
insert(value, t)
end

We leave the option of restricting the input values so that their re-
presentations in the drawing are not too large.

We are left with the action Draw t, and prepare to refine it by
completely determining its specifications. We have some freedom in
the horizontal placement of boxes. We could place them as in Figures
20.10 and 20.11, where space is left for each possible value at the last
level. But we decide instead to draw boxes as close as possible (con-
sistent with the specifications), to enable wider trees to be drawn with-

Figure 20.12:
A picture of a binary
search tree.
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Figure 20.13 ~e—BoxWidth —
A blow-up of a box.

Border :‘
\ BRI

BoxHeight

I 11

J [T [ 1

out clipping. The Drawing window is notionally regarded as a grid. As
shown in Figure 20.12, which corresponds to the tree given earlier in
Figure 20.11, one value appears in each successive column from the
left, and values at successive levels appear in successive rows from the
top. It is convenient for graphics calculations to number the rows and
columns of the grid from zero onwards.

The details of the placement of boxes are fleshed out by Figure

- 20.13 and the accompanying definition of three constants:

const
Border = ...; { width of border around each box }
BoxWidth = ...;
BoxHeight = ...;

An attractive property of the drawing scheme illustrated in
Figure 20.12 is that a subtree has the same shape as a complete tree,
with its placement depending only on the row of its root and the
column of its leftmost value. This suggests that the complete tree may
be drawn by calling a procedure which uses a recursive call to draw
each subtree. So tentatively we refine the action Draw t with:

type
count = 0..Maxint;

procedure DrawTree (t : BinarySearchTree;

RootRow, { row for root of t }

LeftCol : count); { column for leftmost value of t }
{ Draws t with given RootRow and LeftCol. }

DrawTree(t, 0, 0)

Let us now consider the implementation of DrawTree. We real-
ize that left(t) can be drawn first, since the row of its root and its left-
most column are both known (RootRow + 1 and LeftCol respectively).
The rightmost column used to draw left(t) determines the column for
root(t). This information therefore needs to be returned by an output
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AR, RR + 1 AR,

«
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parameter. Since left(t) may be empty, it is conceptually clearer for the
first unused column to be returned. Let us call this output parameter
NextFreeCol. So after drawing left(t), the position of the box for
root(t) is known, as are the leftmost column and the row of the root for
the drawing of right(t). But we have overlooked the links — for these
to be drawn, the columns used for the roots of the two subtrees need to
be returned. So we introduce another output parameter, RootCol.

DrawTree is now sufficiently general for it to be used recur
sively. The full heading is now:

procedure DrawTree (t : BinarySearchTree;
RootRow, { row for root of t }
LeftCol : count; { column for leftmost value of t }
var NextFreeCol, { least unused column >= LeftCol }
RootCol : count); { column of root of t (if t is not empty) }
{ Draws t with given RootRow and LeftCol, and returns }
{ NextFreeCol and RootCol (if t is not empty). }

The relevant parameters are shown in Figure 20.14 (abbreviated by
omitting their lower-case letters). Also shown are the parameters for
the recursive calls; they are in smaller type, and equipped with a sub-
script: [ for left(t) and r for right(t). The broken links in the drawing
represent the paths to the leftmost and rightmost values in the two sub-
trees; they may pass through intermediate values.

Implementing DrawTree is now straightforward; the obligation
to define the two output parameters causes no difficulties. We stop the
presentation of the development of the program at this point, because
the remaining refinements concern the graphics and employ the usual
techniques.

20.6.4 THE COMPLETE PROGRAM

The comment in the heading of DrawTree is extended to define the
format of the drawing more precisely. The term in-order refers to a
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particular order in which to process the three components of a binary
tree. Those most commonly used are:

pre-order: root, then left-subtree, then right-subtree;
in-order: left-subtree, root, right-subtree;
post-order: left-subtree, right-subtree, root.

Procedure destroy in the abstract data type BinarySearchTree proces-
ses values in post-order.
Here is the complete program:

program ShowTree (Input, Output); )
{ Prompts user to input a number of non-negative integers, then }
{ constructs and draws a binary search tree containing them. }

procedure DrawStringC (s : string);

{ Draws s with the center of its base line at the current pen }
{ position; leaves the pen position at the end of the string. }
as given in Chapter 14

abstract data type BinarySearchTree as defined in the text

const
Limit = 999; { maximum input value }
PointSize = 12; { size of text for drawing of tree }

type
InputValue = 0..Limit;
count = 0..Maxint;

var
value : InputValue; { last input value read }
t : BinarySearchTree; { built from input values read so far }
dummy1, dummy2 : count;
{ dummy actual output parameters for DrawTree( ... ) }

procedure DrawTree (t : BinarySearchTree;

RootRow, { row for root of t }

LeftCol : count; { column for leftmost value of t }

var NextFreeCol, { least unused column >= LeftCol }

RootCol : count); { column of root of t (if t is not empty) }
{ Draws t with given RootRow and LeftCol, and returns Next- }
{ FreeCol and RootCol (if t is not empty). The Drawing window }
{ is considered as a grid, with rows and columns numbered }
{ from 0 onwards. The values are disposed one per column in }
{ in-order. The row of a value is RootRow + its level. Each value }
{ is drawn in a box; if a value is a root (of a subtree), its box }

494 PROGRAMMING USING MACINTOSH PASCAL



{ is linked to those for the roots of its subtrees. }
{ Global ADT: BinarySearchTree. }
const
Border = 5; { width of border around each box }
BoxWidth = 25;
BoxHeight = 15;

var
SubrootCol : count; { column of root of a subtree of t }

procedure SetTopLeft (row, col : count;
var corner : Point);
{ Sets top-left corner of box for value in given row and col. }
{ Global consts: BoxHeight, BoxWidth, Border. }
begin { SetTopLeft }
SetPt(corner, Border + col * (BoxWidth + 2 * Border),
Border + row * (BoxHeight + 2 * Border))
end; { SetTopLeft }

procedure DrawNode (row, col : count;
int : integer);
{ Draws a box containing int at (row, col) on grid. }
{ Global consts: BoxHeight, BoxWidth, PointSize. }
{ Global subprograms: SetTopLeft, DrawStringC. }
var
corner : Point; { top-left corner of box at (row, col) }
begin { DrawNode }
SetTopLeft(row, col, corner);
FrameRect(corner.v, corner.h, corner.v + BoxHeight,
corner.h + BoxWidth);
MoveTo(corner.h + BoxWidth div 2, corner.v +
(BoxHeight + PointSize) div 2);
DrawStringC(StringOf(int : 1))
end; { DrawNode }

procedure DrawLink (row, FromCol, ToCol : count);
{ Draws a line between the closest corners of the boxes }
{ at (row, FromCol) and (row + 1, ToCol). }
{ Global consts: BoxHeight, BoxWidth. }
{ Global subprogram: SetTopLeft. }
var
FromTL, ToTL : Point; { top-left comners of the boxes }
begin { DrawLink }
SetTopLeft(row, FromCol, FromTL);
SetTopLeft(row + 1, ToCol, ToTL);
if ToCol > FromCol then
begin
MoveTo(FromTL.h + BoxWidth — 1, FromTL.v
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+ BoxHeight — 1);

LineTo(ToTL.h, ToTL.v)

end

else

begin
MoveTo(FromTL.h, FromTL.v + BoxHeight — 1);
LineTo(ToTL.h + BoxWidth — 1, ToTL.v)

end

end; { DrawLink }

begin { DrawTree }
if empty(t) then
NextFreeCol := LeftCol
else
begin
DrawTree(left(t), RootRow + 1, LeftCol, RootCol, SubrootCol);
DrawNode(RootRow, RootCol, root(t));
if not empty(left(t)) then
DrawLink(RootRow, RootCol, SubrootCol);
DrawTree(right(t), RootRow + 1, RootCol + 1, NextFreeCol,
SubrootCol);
if not empty(right(t)) then
DrawLink(RootRow, RootCol, SubrootCol)
end
end; { DrawTree }

begin { ShowTree }
TextSize(PointSize);

CreateEmpty(t);
{ Read each input value and insert it into t }
Writeln('Input integers in range 0.., Limit : 1, ’, then hit Return.’);
while not eoin do
begin
Read(value);
insert(value, t)
end;

DrawTree(t, 0, 0, dummy1, dummy2)
end. { ShowTree }

Note that procedure TextSize is called in ShowTree rather than
DrawTree, to avoid unnecessary repeated calls when DrawTree is
called recursively.

Figure 20.15 shows the screen after a test run.
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20.7 Further reading

(D

Liskov, B. and Guttag, J. (1986). Abstraction and Specification in
Program Development. Cambridge, Mass: MIT Press.

A second-level text illustrating a systematic high-level approach
to program organization. Examples are in the programming-
language CLU, a more modern and higher-level language than
Pascal, but Chapter 7 shows how to adapt the techniques to
Pascal. Not easy reading.

EXERCISES

20.1
20.2
20.3

Do Exercise 20.2.
What does Exercise 20.1 contain?

Given the following situation:
p1 p2
[+t ] [ =]
(a) Show the effect of executing:
p1" = p2"
(b) What is the value of p1 = p2 afterwards?
(c) What is the value of p1” = p2" afterwards?
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20.4

20.5

20.6

20.7

20.8

20.9

20.10

20.11

20.12

20.13

20.14

20.15

One of the complications in using pointers is that aliasing of dynamic
variables is common. Give examples from three figures in the text.

In Figure 20.8(b), what is the value of:
(@) cursor’.ch? (b) cursor”.link".ch?

Desk-check a call of ReadList when the input stream is in the state:
cee TdogD...

What does the first procedure insert do if cursor is made a value-
parameter?

Hint: Parameters of pointer-types follow the usual rules.

Implement the following procedure:

function present (ch : char;

head : ComponentPtr) : Boolean;
{ Returns true if ch is present in a component of the chain }
{ pointed to by head; otherwise returns false. }

Rewrite the first procedure CreateEmpty so that it creates a linked list
with a dummy first component.

Rewrite function present from Exercise 20.8 to apply to a linked list
with a dummy first component.

Write a procedure that is given a pointer to a component in a linked
list with a dummy first component, and deletes the following
component (which it may assume to exist).

Rewrite the first procedure CreateEmpty so that it creates a doubly
linked list from the input data. Both the forward pointer in the last
component and the backward pointer in the first component should be
set to nil.

Add an operation to the abstract data type stack that destroys a given
stack (i.e. disposes of its dynamic variables).

Desk-check a call of PrintReverseOfLine when the input stream is in
the state:

vee Tabcl:l...

Figure 20.9 should apply on termination of the first loop.

A queue is a possibly empty sequence in which values are inserted at
the end and removed from the front. Its social use has been perfected
by the British.

(a) A queue is also called a FIFO list. Why?

(b) Implement a queue as an abstract data type. Provide operations
CreateEmpty, empty, enqueue (to add a value), dequeue (to re-
move a value), and destroy.
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Hint: Represent a queue by a record containing fields head and
tail that point to the first and last components respectively in a
singly linked list.

(c) Using the ADT operations only, write a procedure that queues the
values in the input data in their order of appearance.

20.16 Give an example of a binary tree of depth 3 with only 4 values.

20.17 Procedure insert for the abstract data type BinarySearchTree has a
specification that is violated by the recursive calls in its body. Explain
this apparent contradiction.

20.18 Give a non-recursive implementation of procedure insert for the
abstract data type BinarySearchTree.

20.19 Add an operation to the abstract data type BinarySearchTree that re-
turns true if a given value appears in a given binary search tree, and
false otherwise.

20.20 Write a program to produce a concordance. It should read a text file,
number the lines, and produce an alphabetical listing of each word
(other than common words like ‘a’ and ‘and’) together with a list of the
line-numbers of each occurrence, in non-decreasing order.

This is a substantial programming project. You should use the follow-
ing data structures:

® a binary search tree for the set of common words which are to be
ignored;

® a binary search tree containing all the words appearing in the text
(so far) together with a queue of the line-numbers of their
occurrences.

20.21 Write a function that returns the depth of a binary search tree.

20.22 Using your answer to the previous exercise, modify program Show-
Tree so that it draws a binary search tree in the style of the trees in
Figures 20.10 and 20.11; i.e. it should reserve a column for each value
of the largest possible tree with the same depth as the given one (a so-
called complete tree, like trees (b) and (c) in Figure 20.10).
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APPENDIX

A.1 The goto-statement

I became convinced that the goto statement should be abolished from
all “higher-level” languages.
— E. W. Dijkstra, letter to Communications of the ACM, March 1968

Once upon a time, programming languages did not have adequate
means for expressing conditional and repetitive execution. They relied
instead on a very low-level statement called a goto-statement, which,
in conjunction with some form of conditional statement, could be used
to control the execution of a program. Pascal has a restricted form of
goto-statement, an appendix left over from its evolution from these ear-
lier languages. In this appendix we describe it for the sake of complete-
ness of our description of Standard Pascal.

Pascal permits an arbitrary statement to be labeled with an un-
signed number between 0 and 9999, called its label. Labels must be
declared like identifiers; the label-definition-part comes at the very start
of a block:

block: label-declaration-part
constant-definition-part
type-definition-part
variable-declaration-part
procedure-and-function-declaration-part
statement-part

label-declaration-part: label label-list ;

label-list: label ... , label

label: unsigned-integer

statement: label : unlabeled-statement

unlabeled-statement: simple-statement | structured-statement

Although a label has the same syntax as an unsigned-integer, it is not,
and may not be used as, an integer.
Labels obey the same scope rules as identifiers. Additionally,
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each label may be used to label a statement only once in its scope, and
that statement must be in the statement-part of the same block as the
label-declaration-part (not an enclosed block). For example:

label
13;

begin { of block }
13: Writeln(ERROR: ... ');
end { of block }
A goto-statement is a new kind of simple-statement:

simple-statement: empty-statement | assignment-statement |
procedure-statement | goto-statement
goto-statement: goto label

The goto-statement must be in the scope of its label, though it may be
in a block enclosed in that scope. Here is an example:

if UpTheCreek then
goto 13

Informally, the effect of executing a goto-statement is to continue exe-
cution at the statement with the given label (as if execution had reached
there by normal means). So in the given example, the statement:

13: Writeln(ERROR: .. ")

would be executed, and then the statement following it, and so on.
Note that if execution reaches a labeled statement by normal means, it
is still executed, so the above example is not very realistic.

The goto-statement does not sit well with structured statements,
and restrictions are accordingly imposed:

° a goto-statement may not transfer control into a structured-
statement, or into a component statement of a conditional-
statement or while-statement, or into the component statement-
sequence of a repeat-statement, from outside. For example:

... goto 2; { ILLEGAL }
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if a > b then
1: max := a { a useless label }
else

begin
2.
goto 3; { permitted }
. goto 1; { ILLEGAL }
goto 2; { permitted }

end;
3:..

o A goto-statement may have a non-local label only if the state-
ment with that label is at the outermost level of statement-
nesting in its block.

The effect of executing a goto-statement can be quite
complicated, especially if its label is non-local, when it may cause pre-
mature termination of several calls of subprograms. Goto-statements
also tend to undermine the programmer’s firm ground; e.g. the
number of executions of a for-statement may not be the usual function
of its initial- and final-expression. For these and other reasons, goto-
statements are best avoided. Not one is used in this book outside this
appendix.

An arguably justifiable use of a goto-statement is to halt a pro-
gram prematurely on discovering an error from which it is impossible
to recover — perhaps when processing complex input data. For such
occasions a single label and special procedure suffice:

label
0; { end of program for premature halts }

procedure ErrorHalt (subprogram, ErrorMessage : string);
{ Prints an error message containing the parameters, then halts
program. }
begin { ErrorHalt }
Writeln(ERROR: program halted in subprogram ’,
subprogram, '’);
Writeln(’ * : 7, ErrorMessage);
goto 0
end; { ErrorHalt }
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b;gin { program-identifier }
0:
end. { program-identifier }

The label is attached to an empty-statement at the end of the program-
block’s statement-sequence.
Here is an example that uses this setup:

begin { Processinput }

if (0 <= SSN) and (SSN <= 999999999) then
accept(SSN)
else
ErrorHalt('Processinput’, StringOf(SSN : 1,
" is an illegal social security number.’));

eI:l'd.:l; { Processinput }
If SSN has the value —31766, then the program will print:

ERROR: program halted in subprogram ProcessInput:
—31766 is an illegal social security number.

and then halt.

A.2 Syntax diagrams

Wirth originally presented the syntax of Pascal with syntax diagrams,
and it has since become common to do so. Since the reader may come
across this syntax notation in lectures or other books, we provide here
a brief explanation.

A syntax diagram consists of a group of items with pairs of items
connected by arrows; there are unique arrows called the entrance and
the exit. Each item is a syntactic term (defined by its syntax diagram)
or a symbol. A sequence of symbols is generated by the diagram if and
only if it can be obtained by following arrows from the entrance to the
exit, accepting the symbols encountered on the way in order. If a
syntactic term is on the path, a sequence of symbols generated by its
syntax diagram must be accepted in its place.

For example, Figures A.2.1 to A.2.4 are syntax diagrams defin-
ing a movie-marathon as done in our notation in Exercise 5.1.
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Rocky

—> Figure A.2.1
l ‘ original
Horror Picture Show
Godzilla versus ——C—> identifier

» original Figure A.2.2
movie
Son of
original ————s numeral

K} PR R PR idan
Il [} v \'} Vi Vil Vil IX X
L L L |
CREED) T mahon

The term identifier is defined in Figure A.3.19. Note that the syntactic
term Son-of-sequence is not used, and that no indication is given of the
preferred layout.

A.3 Syntax diagrams for Standard Pascal

Our path emerges for a while.
— Ernest Dowson, Vitae S umma Brevis

Figures A.3.1-A.3.22 constitute the complete syntax of Standard
Pascal. The terms letter and digit denote the letters of the English
alphabet and the decimal digits, respectively.
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Figure A.3.1 ey . Z . . .
program ———> program —— identifier ( —> identifier-list —s )
C > ; » block > . -
(1

—

\—consthidentiﬁer——=—->com'tant—>;ﬁ

[—typeT—idenuﬁer—»=—>type—>;ﬁ

—
N> var —(-> identifier-list —a : ——a type ——> ;
— )

\—~—= procedure-heading > w
N—» function-heading _j
N> procedure — > procedure-identifier ;
\—> functlon — = function-identifier :J ?
A D
‘_L directive - _

\— begin —» statement-sequence » end -
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~ - type-identifier > Figure A.3.3
type

N > ( > identifier-list > ) /

\———> constant ———s .. ——» constant —————

- > A type-identifier ——————

N—» packed ﬁ

—

N—> array —s [ type ] — of — type —
_

N—s> record ————» ﬁeld-,list —» end A

N> set » of > type A

—» file > of = lype /

) - Figure A.3.4
) field-list
identifier-list > > type - >

N> case w‘type-idemiﬁer — of j
constant—L:—» ( —> field-list —) T;

\

Figure A.3.5
— procedure —— identifier -L ( — formal-parameter-list —> ) L» procedure-heading
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Fi A3. . .
ﬁlg:l;:n_hga?ﬁng — function —— identifier L ( — formal-parameter-list —s ) %

( > ! » type-identifier 2>

Figure A.3.7

formal-parameter-list ( T
~ » identifier-list —» . —» type-identifier
N—> var J

= procedure-heading /

\ > function-heading /

Figure A.3.8

statement
statement-sequence ) ¢
;- DI
> <

RS
3
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» unsigned-integer -

3 )

T variable > |= ———3 expression ————/
Junction-identifier —f

N—» procedure-identifier T ( — actual-parameter-list —»-) 7—/

N—> begin — > statement-sequence > end /

Ns If = expression —» then — statement T else —» statement 7/

\—» case ———» expression » Of
’
constant —j—> . —3 statement ; end —

N—s> while ——» expression ——s do —> statement ———
N—> repeat —» statement-sequence —» until —» expression ——————

N—a fOr —> variable-identifier —s ;= —» expression j

to downto

u—» expression —» dO0 —» statement ————/

N—> goto — > unsigned-integer /]

N—» with tvanabiejv do ———» statement —————— A -

. J

Figure A.3.9
statement
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Figure A.3.10
actual-parameter-list

Figure A.3.11
expression

Figure A.3.12
simple-expression

Figure A.3.13
term

( » expression )

variable

Junction-identifier

procedure-identifier
— = simple-expression )
B RSN

<= >= |

[ O

\_9‘*/

k——+<—/

=i

~

——— factor
L w \v }v nld and
Jfactor J J ) J J

510 PROGRAMMING USING MACINTOSH PASCAL



~ » unsigned-integer » Figure A.3.14

factor
- —» unsigned-real >
N » constant-identifier )
- > string /
N > nil v
N > variable y
N——» function-identifier T actual-parameter-list 7—J
N — not » factor ——————
N————> ( —————— expression > ) _
- — Set J
— > ] > Figure A3.15
set
expression
L .. —> expression
= unsigned-integer » Figure A.3.16
constant
}: + j unsigned-real
- constant-identifier
» String
variable-identifier » Figure A.3.17
field-identifier _/ [ m ] variable
. —> field-identifier
o A
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Figure A.3.18 ( > identifier ) >
identifier-list

—_— letter

Figure A.3.19
identifier and directive letter =
digit

Figure A.3.20 C > digit D) >
unsigned-integer

digit > . > digit
Fii A3.21 ( > ‘]
ung;g::d-real ) ( ) f
E

Etj(zdigit D

Figure A.3.22 j
string _— ACT’ any-printable-character-except-' f >’ >

A.4 EBNF syntax notation

What can we do about the unnecessary diversity of notation for syntac-

tic definitions?

— Niklaus Wirth, title of letter to Communications of the ACM, November
1977, proposing a new notation for syntactic definitions.

The Standard, Cooper’s Standard Pascal User Reference Manual, the
description of SANE in the Technical Appendix, and some books on
Pascal, use a syntax notation called Extended Backus Naur Formal-
ism, or EBNF for short.

A syntax rule in EBNF is called a production, and has the
form:

syntactic-term = definition

A definition is a sequence of objects of the following forms.
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Syntactic object | Meaning
” text” the literal sequence of symbols zext
syntactic-term a member of this syntactic class
object, | object, | either object, or object,
[ object ] either object or nothing
{ object } a sequence of zero or more copies of object
( object ) object (used only to bracket alternatives)

A sequence of symbols is in the syntactic class denoted by a
syntactic term if it can be obtained from the definition of the unique
production with that term on the left-hand side. Here are EBNF
definitions equivalent to the definitions in Exercise 5.1:

original = "Rocky” [ "Horror Picture Show” ] |

"Godzilla versus” identifier { identifier } .
movie = Son-Of-Sequence original | original numeral .
Son-Of-Sequence = { "Son of” } .
numeral = "II” | "IN” | "IV" | "V* | "VI” | "VII” | "VIII" | "IX? | X7 .
movie-marathon = movie { ”,” movie } .

A.5 Notes on Lightspeed Pascal

You ain’t heard nothin’ yet, folks.
— Al Jolson, in The Jazz Singer (the first talking film), 1927

Lightspeed Pascal supports a slightly extended version of the
Macintosh Pascal programming language, and a significantly enhanced
programming environment. Since every feature of Macintosh Pascal has
a counterpart in Lightspeed Pascal, what is said about the former
applies, perhaps in a modified form, also to the latter.

Wherever Lightspeed Pascal usage is at variance with that of
Macintosh Pascal as described in the text, or offers new possibilities, a
numbered canned-L icon is found in the margin of the text. The
identically numbered note in this appendix documents the Lightspeed
Pascal usage.

CHAPTER 1

1.1  The startup disk for Lightspeed Pascal is LP1.System.
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Sour(:e_‘[]ptions

Run_»_l]ptions...

Save a.Copy As

1.2

1.3

2.1

2.2

23

24

2.5

2.6

Double-clicking on the LP1.System icon produces a window like
that shown in Figure A.5.1. Note that neither scroll bar has a
scroll box because all icons in the window are completely vis-
ible.

The Lightspeed Pascal programming environment is entered by
selecting the Lightspeed Pascal icon, a Lightspeed Pascal pro-
gram icon, or a Lightspeed Pascal project icon, and then open-
ing it (or by just double-clicking on the icon).

CHAPTER 2

If Lightspeed Pascal is entered by opening its icon, only its
menu bar appears. To prepare to edit a new program, choose
New from the File menu. A Pascal editing window appears
which functions like Macintosh Pascal’s Program window. Do
likewise if entry was by opening a project icon. There is no need
at this stage for the Text or Drawing window.

There is no Search menu in Lightspeed Pascal: the search
commands are found in the Edit menu. Note that Find What...
corresponds to What to find... in Macintosh Pascal.

Although editing is possible at all times, the Lightspeed Pascal
programming environment can only be controlled when a project
is open — see Note 4.1. Choosing Source Options... from the
Project menu opens a dialog box that displays a sample of the
font in use in the editing, Instant, and Observe windows. It is
possible to cycle through the available fonts by clicking on arrow
buttons (one for each direction). The Indent and Tab Stops
values may also be changed. In order to line up comments and
statements, these two values should be the same; setting them to
the size of the font works well. Note that files with Tabs will not
be properly formatted if opened when no project is open.

The various options for the Text window can be controlled by
choosing Run Options... from the Project menu.

Lightspeed Pascal’s File menu additionally provides the
command Save A Copy As..., which functions like Save As...
except that the title in the active editing window does not
change, because it is not associated with the copy that has been
saved. This command is useful for making backup copies.

The information in an editing window may only be saved as
Text Only or Entire Document. Only choose the latter when
you wish to remember stop marks (see Section 4.3.3 of the text).

Several editing windows may be open at any time, although only
one is active. Their titles are the names of the associated files, or
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2.7

2.8

2.9
2.10

2,11

2.12

2.13

2.14
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have the form Untitled followed by a number if newly created
and not yet saved. The editing windows are listed at the bottom
of the Windows menu. A diamond mark at the left of a name
signifies that the corresponding editing window has been
changed since it was last saved.

Copying between programs is easier in Lightspeed Pascal,
because it permits multiple editing windows to be open. First
ensure both the editing window containing the text to be copied,
and the one to receive it, are open. Then make the former
window active, and Copy (or Cut) the desired text from it. Fin-
ally, make the latter window active, and Paste into it. There is
little need for the Note Pad or Scrapbook desk accessory.

The user’s guide for Lightspeed Pascal is the first part (Chapters
1 through 15) of the Manual: Anon. (1986). Lightspeed Pascal
User’s Guide and Reference Manual Version 1, 1st edition., USA:
THINK Technologies, Inc.

First open a new editing window.

Since new editing windows are empty, there is no need initially
to type the Backspace-key.

The commands Find What... (corresponding to Macintosh
Pascal’s What to find...), Everywhere, Find, and Replace are
chosen from the Edit menu.

Do the following instead. First choose New Project from the
Project menu, and name the project ‘temp’. Then you may
choose Source Options... from the Project window to change the
font and set Tab Stops and Indent Width. At the end of this

step, choose Close Project from the Project window, then choose
Delete... from the File menu to delete project ‘temp’.

Open a different editing window, but do not close the current
one (YouGuess3) beforehand.

Copy a section from the newly opened editing window into
YouGuess3. Then close the newly opened editing window, and
revert to the saved version of YouGuess3.

APPENDIX
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Figure A.5.2 ERee—=]
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CHAPTER 3

3.1 Running the program is not so simple in Lightspeed Pascal. See
Notes 4.1 and 4.2.

3.2 To rerun a program, you need only choose Go.

3.3 The language reference manual for Lightspeed Pascal is the
second part of the Manual (Sections 1 through 10).

CHAPTER 4

4.1 In Lightspeed Pascal, an executable program is constructed in
the context of a single project, by compiling one or more editing
files (one of which is the main program), and adding libraries of
precompiled subprograms. All of the programs that we shall
create use two libraries called MacPaslLib and MacTraps.
Accordingly, we can save work by first creating a generic project
containing these two libraries. To do so, enter Lightspeed
Pascal by double-clicking on its icon, and choose New Project
from the Project menu. A dialog box appears. Name the project
Generic Project, and associate it with the disk you will use to
create and store programs, by using the Eject or Drive buttons
(as described in Section 2.7 of the text) until that disk’s name
appears at the top right of the dialog box. Then click the Create
button. The Project window appears (as shown in Figure
A.5.2), and its title appears at the top of the Windows menu.

Now choose Build from the Run menu. If either library cannot
be found, a dialog box appears asking if you want to search for
the library. Click the OK button. A dialog box appears like that
for Save As... shown in Figure 2.4. Insert the LP2.Libraries
disk, and open the library. You will be asked a question about
‘SUBSEQUENT (by build order) Project entries’. Click the Yes
button. The libraries are copied into the file on your disk, and
the Project window shows the size in bytes of each library. Now
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4.2

4.3

4.4

4.5
4.6
4.7
4.8

4.9

choose Close Project from the Project menu, and Quit from the
File menu to leave Lightspeed Pascal.

In future, whenever you want to create a new project (i.e. exec-
utable program), select the Generic Project icon by clicking on it
once, choose Duplicate from the desktop’s File menu, and name
the copy appropriately. Then double-click on the new project’s
icon to enter Lightspeed Pascal with the Project window dis-
played.

A program cannot be run until it is compiled and linked to the
libraries that it uses. To add the active editing window to a
project, choose Add Window from the Project menu. The con-
tents may then be compiled and added to the project file by
choosing Build from the Project menu, after which the program
may be executed by choosing Go from the Run menu. But it is
sufficient just to choose Go — if the editing window has not
been compiled, or has been changed since last compiled, Build
will be automatically chosen. Also, if Confirm Saves in the Run
menu is active (as indicated by a bullet to its left), you are given
the opportunity to save the editing window before execution.
Alternatively, you may activate either the Auto-Save or the
Don’t Save option.

To halt execution of a Lightspeed Pascal program, click on the
bug spray can icon in the top right corner of the screen.

Note that the pointing hand will only enter procedures or func-
tions when the Step Into Calls option in the Debug menu is en-
abled (signified by a check mark to its left). If the Auto Show
Finger option is enabled, the editing window containing the
hand is made active, to ensure the hand is always visible. Each
of these options changes status when selected.

Step-Step is called Trace in Lightspeed Pascal.
Stops In is in the Debug menu.
The stop feature is switched off by rechoosing Stops In.

The Do It button is active only when execution of a program
has commenced but has not yet finished (i.e. when the pointing
hand is visible, or can be made so).

We assume that program YouGuess3 is in the active editing
window, and the project has been built (and can therefore be
executed).

APPENDIX
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CHAPTER 5

5.1 Lightspeed Pascal uses four additional reserved words:
unit implementation interface inline

CHAPTER 9

9.1 QuickDraw is implicitly supported by Lightspeed Pascal.
Besides SANE, other libraries provided are FixMath, for
manipulating fractional numbers, Graf3D, for 3-dimensional
graphics, Speech, for synthesized speech, and Profile, for
gathering statistics concerning the execution of a program.

9.2  Since unit is a reserved word, change Unit to TimeUnit through-
out.

9.3 QuickDraw is described in Appendix C of the Manual, and
SANE in Appendix D.

CHAPTER 10

10.1 This implementation of ran exploits the fact that integer ar-
ithmetic in Macintosh Pascal is carried out in type longint — see
Section 19.1 of the text. This is not the case in Lightspeed
Pascal (or Standard Pascal). Accordingly, change the expression
determining the result to

lower + trunc((Random + 1.0 + Maxint) / (2 * (Maxint + 1.0)) *
(upper — lower + 1))

CHAPTER 11

11.1 Lightspeed Pascal version 1.0 does not permit an element of a
packed array to appear in the variable-list of a Read or ReadIn
statement, although this is permitted by the Standard.

11.2  Since unit is a reserved word, change Unit to TimeUnit through-
out.

CHAPTER 14

14.1 There is a bug concerning procedure delete in Lightspeed

Pascal version 1.0. A call has no effect when the string to be
deleted from is a variable formal parameter (of some subpro-
gram).
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CHAPTER 15

15.1 An abstract data type should be represented in Lightspeed
Pascal as a unit, which is a collection of strongly related defini-
tions and declarations. In order to use a unit, either a main pro-
gram or another unit must mention it in a uses-clause; see Sec-
tion 16.4.4 of the text.

An abstract data type supporting variable-length strings is
supplied by the following unit:

unit CharString;
interface
const
MaxStringLength = ...;
type
StringLength = 0..MaxStringLength;
Stringindex = 1..MaxStringLength;
CharString = record
ch : packed array[StringIndex] of char;
length : StringLength
end;
{ represents the string ch[1], ch[2], ..., ch[length] }
function length (var s : CharString) : StringLength;
{ Returns the length of s. }
procedure concat (s1, s2 : CharString;
var result : CharString);
{ Sets result to s1 concatenated with s2; }
{ assumes length(s1) + length(s2) <= MaxStringLength. }
headings of subprograms implementing other abstract operations
implementation
function length;
begin { length }
length := s.length
end; { length }
procedure concat;
var
i : Stringindex;
begin { concat }

end; { concat }
the remaining function and/or procedure declarations
end. { CharString }

Note that the type-identifier string has been changed to CharString
because string is a reserved word in Lightspeed Pascal.

APPENDIX
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A unit has the following syntax:

unit:
unit-heading ;
interface-part
implementation-part
end .
unit-heading: unit wunit-identifier
unit-identifier: identifier

The interface part declares those constants, types, variables, functions,
and procedures which are to be made available when a uses-clause
mentions the unit. Only the headings of procedures and functions are
given. Also, any unit used by this unit must be named in a uses-
clause; this goes for direct uses and indirect ones via the interface parts
of other units (see Section 8.5 of the Manual).

interface -part:
interface
uses-clause
interface-declaration-part

interface-declaration-part: constant-definition-part |
ype-definition-part | variable-declaration-part |
function-heading | procedure-heading

The implementation part specifies the implementation of the subpro-
grams in the interface part, omitting their formal parameter lists. To
do so, further constants, types, variables, and subprograms may be
declared (the latter in full), but they are not available to users of the
unit.

implementation-part:
implementation
implementation-declaration-part

implementation-declaration-part: constant-definition-part |
wype-definition-part | variable-declaration-part |
procedure-or-function-declaration

Units have some attractive properties:

] They provide a simple form of information hiding; i.e. they give
the programmer some control over which declarations are made
available to users of a unit, and which are reserved for strictly
internal use. This principle is fundamental to advanced pro-
gramming, because it enables the different levels of abstraction
in a program to be distinguished (and rules out many
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sources of error). Units are only partially successful in this re-
spect. For example, because type CharString must be defined in
the interface part, its implementation as a record cannot be
hidden from the user of the unit, although it is very desirable to
do so.

] They permit modular programming, in which a program is
broken up into a collection of modules (groups of strongly re-
lated declarations), the interfaces between which are carefully
controlled. This is a higher-level extension of the concept of
subprograms, and offers similar, additional, and substantial
advantages.

° They permit separate compilation. Only those modules which
have been changed since last compiled need be recompiled.

° They permit the programmer to create his or her own libraries
of precompiled subprograms. Only the interface parts of these li-
braries need be made available for use, just as the SANE unit on
LP2.Libraries does for the SANELib library. See Chapter 9 of
the Manual for the details.

Note that the order of the files in the Project Window is
important. A unit file must appear before any file which uses it.

The cursor changes into a hand when over the list of file names, g’?
permitting a file to be grabbed and moved elsewhere in the list.

Note also that the order of unit-names in a uses-clause obeys a
similar rule.

15.2 Lightspeed Pascal does support packed records.

CHAPTER 16

16.1 The QuickDraw2 library is implicitly but not explicitly known
to Lightspeed Pascal. Therefore the uses-clause must be deleted.

16.2 Lightspeed Pascal does support packed files.
16.3 This bug is not present in Lightspeed Pascal.

CHAPTER 17
17.1 Lightspeed Pascal does support packed sets.

CHAPTER 19

19.1 Integer arithmetic is carried out in type integer, unless a con-
stant, variable, or function result of type longint is involved.
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[DINIVIR] Guess

The philosophy is the same as that for mixed integer and real ar-
ithmetic. Note that the required functions abs and sqr give a
result of the same type as the actual parameter. Thus, e.g.,
sqr(Maxint + 1) and sqr(600), for example, both give overflow
(the former because its argument does), but sqr(32768) and
sqr(long), where long is a longint variable with value 600, both
evaluate correctly.

There are anomalies with abs in Lightspeed Pascal version 1.0;
e.g. abs(Maxint + 1) and abs(Maxint) + 1 both give —-32768.

19.2 If overflow checking is disabled, integer arithmetic also works
this way in Lightspeed Pascal. But you are urged to leave over-
flow checking enabled, as signified by the V-option (to the left
of the file name in the Project window) being boxed.

19.3 Provided the V-option is enabled, integer arithmetic in Light-
speed Pascal is secure.

19.4 This is not the case in Lightspeed Pascal version 1.0:
$19999.00 is printed.

19.5 Before adding roots to a project, add the SANE unit and the
SANELIib library (from LP2.Libraries).

19.6 Evaluation of i + 1 gives an error in Lightspeed Pascal. But
note that zero would still be printed if i were declared to have
type longint.

CHAPTER 20

20.1 Not only should it be retained as a unit, but it should be
implemented as a unit; see Note 15.1 above.

20.2 This abstract data type should also be implemented as a unit.

20.3 If the abstract data type BinarySearchTree is implemented as a

unit, instead of incorporating the code in the text in the pro-
gram, the program-heading should be followed by the following
uses-clause:

uses
BinarySearchTree;

SOLUTIONS TO SELECTED EXERCISES

S.1

S.2

Since unit is a reserved word, change Unit to UnitLength
throughout.

This gives an error in Lightspeed Pascal.
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SOLUTIONS TO
SELECTED EXERCISES

So whoever thinks up all these problems is the biggest nonghead on
the face of the earth.
— Jane Enright, letter to the Brisbane, Australia, Courier-Mail,

30 May 1986, complaining about high-school algebra.

Chapter 1

1.1 The effect of an algorithm may depend on input data.

1.2 There is an algorithm for playing tic-tac-toe that cannot loée.

1.4 Algorithm (a) is more abstract; algorithm (b) depends on a
particular representation for numbers.

15 1k.

16 2%8-1=262143.

1.7 By following the sequence of instructions with an instruction

that (conditionally) sets the PC to the address of the first instruc-
tion in the sequence.

Chapter 3

3.1

3.2

3.5

Yes; because0 s xmody <y - 1.

Execution of the statement adds 1 to the current value of
number.

program EvenOdd (Input, Output);
{ Reads a number and indicates whether it is even or odd. }

SOLUTIONS TO SELECTED EXERCISES
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var
num, rem : integer;
begin { EvenOdd }
Readin(num);
rem := num mod 2;
if rem = O then
Writeln(’even’)
else
Writeln('odd’)
end. { EvenOdd }

Chapter 5

5.1 (a) (i), (i1), (iv), and (vii) (since Son and of are identifiers).
(b) Rocky.
(d) Yes.

52 (a) -2; (b) 0; (c) 32767 (in Macintosh Pascal); (d) 9.
5.4 See the solution to Exercise 5.11.

55 (a) 0.001; (b) 0.3333...; (c) 0.3333...; (d) 4.0; (e) I;
® -l.0.

56 (@@ 'Q; (b) 'O (© x5 (@ 'Z.
Only (c)’s value is guaranteed by the Standard.

5.8 (a) const
Cost1 = 22; { cost in cents of first ounce }
CostExtral = 17; { cost of each additional (part) ounce }

(b) cost := Cost1 + trunc(weight) * CostExtrai;
if weight = trunc(weight) then
cost := cost — CostExtra1

5.10 (a) abs(x) <= abs(y)
(b) (0 <= x) and (x <= 5)
(¢) (x<O0)or(x>5)
(d) x>=0)or(y>=0)

5.11 (a) NrBoxes := NrWanted div 20;
NrSingles := NrWanted mod 20;
NewBoxOpened := NrSingles > NrLoose;
NrLoose := (NrLoose — NrSingles) mod 20
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5.12
5.14

5.15

5.18
5.20

5.21
5.24

5.26

5.28

(b) NrBoxes := (NrWanted — NrLoose) div 20;
if NrWanted <= NrLoose then
NrSingles := NrWanted
else
NrSingles := NrLoose + (NrWanted — NrLoose) mod 20;
NewBoxOpened := NrSingles > NrLoose;
NrLoose := (NrLoose — NrSingles) mod 20

IsEven := not odd(n)

We give only the new values of the variables.
(@ i=215r=-100.0,c ="";

(b) i =215,r=-100.0,c = —’;

(© i=215¢c="-,r=100.0;

(d) r=215.0,i=-1,c ="E’;

(e) i=215r=-150,c="'5".

Writeln('The speed of light is approximately ’,
LightSpeed : 1 : 2,” miles per second.’)

Write('$’, cost/ 100 : 1 : 2)

It means that the loop will execute forever (until the program is
halted manually).

Any integer > 16 384 (in Macintosh Pascal).

There would be no way of telling the last statement in the
statement-list.

begin
A

S,;
while not » do
begin
AT

S,
end
end

(b) because an underscore () cannot appear in an identifier;
(c) because a hyphen (-) cannot appear in an identifier;

(f) because a period (.) cannot appear in an identifier;

(g) because a single-quote (*) cannot appear in an identifier;

SOLUTIONS TO SELECTED EXERCISES
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(h) because downto is a reserved word.

5.29 Because the case of a letter is unimportant except in strings.

Chapter 6

6.2 var
hours12 : integer; { 12 hour clock’s equivalent of hours }

{ Given time on 24-hour clock is hours:minutes, print time on }
{ 12 hour clock. E.g. for 0:00 print "12:00am’, for 9:09 print }
{’9:09am’, for 12:00 print '12:00pm’, for 23:59 print '11:59pm’ }
{ Set hours12 = 12-hour version of hours }
if hours = 0 then
hours12 := 12
else if hours > 12 then
hours12 := hours — 12
else
hours12 := hours;
{ Write time on 12-hour clock }
Write(hours12 : 1, ’’, minutes div 10 : 1, minutes mod 10 : 1);
if hours < 12 then
Writeln('am’)
else
Writeln('pm’)

6.3 (a) value <= limit
(b) value > limit
(¢) (value < -2 * limit) or (value > limit)
(d) (value < —limit) or (value > limit)

6.7 (a)
V= Xy;
repeat
Set v = the next member of the sequence (after v)
until v has property P
(b) var

m, { a number > n to be tested for primality }
d : integer; { a candidate for a divisor of m }

{ Set NextPrime = the least prime > n }

m:=n;
repeat
m:=m+1;
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{ Set d = least divisor >= 2 of m }
d:=2;
while m mod d <> 0 do
d:=d+ 1
untild = m;
NextPrime := m

6.8  Muit32 := ((x + 31) div 32) * 32

6.12 for OrdOfChar := 0 to 255 do
Write(chr(OrdOfChar))

6.17 {Setsum=1+2+3+..+n,gvenn>=0}
sum:=n* (n + 1) div2

6.18 var
i : integer;

{Setsum=1+12 +1/3 + ... + 1/n,given n>=0}
sum := 0.0;
for i := n downto 1 do
sum :=sum + 1.0/i

6.19 var
ch : char;

{ Set unused to number of characters in rest of line and skip to }
{ next line }
unused := 0;
while not eoln do
begin
Read(ch);
unused := unused + 1
end;
Readin

6.20 var
FibNr, NextFibNr, { two successive Fibonacci numbers }
temp : integer;

(a) { Print the Fibonacci numbers <= limit }
FibNr := 0;
NextFibNr := 1;
while FibNr <= limit do
begin
Write(FibNr);
temp := NextFibNr;
NextFibNr := NextFibNr + FibNr;
FibNr := temp
end

SOLUTIONS TO SELECTED EXERCISES
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(b) var
i : integer;
{ Print the first n Fibonacci numbers, given n >= 0 }
FibNr := 0;
NextFibNr := 1;
fori:=1tondo
begin
Write(FibNr);
temp := NextFibNr;
NextFibNr := NextFibNr + FibNr;
FibNr := temp
end
More careful solutions are needed to avoid computing un-
necessarily large numbers.

6.21 (a) {d = least divisor >= 2 of m }
(b) { m >= 2} (from context)

Chapter 7

7.1  function IsLetter (ch : char) : Boolean;
{ Returns true if ch is a letter, otherwise false. }
{ N.B. Assumes both upper- & lower-case letters contiguous. }
begin { IsLetter }
IsLetter := ('a’ <= ch) and (ch <= 'Z’) or
(A’ <= ch) and (ch <= 'Z’)
end; { IsLetter }

7.2 (a) function even (i : integer) : Boolean;
{ Returns true if i is even, otherwise false. }
begin { even }
even := not odd(i)
end; { even }
(b) function even (i : integer) : Boolean;
{ Returns true if i is even, otherwise false. }
begin { even }
even:=imod2 =0
end; { even }

7.9 function ForceUpper (ch : char;
upper : Boolean) : char;
{ If ch is a lower-case letter and upper is true, }
{ returns the upper-case version of ch, else returns ch. }
{ N.B. Assumes both upper- & lower-case letters contiguous. }
begin { ForceUpper }
if upper and ('a’ <= ch) and (ch <= 'z’) then
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ForceUpper := chr(ord(ch) + ord('A’) — ord(’a’))
else
ForceUpper := ch
end; { ForceUpper }

7.12 function ipf (n : integer) : integer;
{ Assumes n > 1; }
{ returns the least prime factor of n. }
var
d : integer; { candidate for a divisor of n }
begin { Ipf }
if not odd(n) then
Ipf:=2
else
begin
d:=3;
while (n mod d <> 0) and (sqr(d) < n) do
d:=d+ 2;
if n mod d = 0 then
Ipf:=d
else
Ipf:=n
end
end; { Ipf }

The efficiency of the function can be further improved by pre-
computing the square root of n and thereby avoiding the re-
peated calls of sqr.

7.13  function product (x, y : integer) : integer;
{ Retums x *y. }
var
sum, { accumulates answer }
temp : integer;
begin { product }
{ Arrange x, y such that abs(x) <= abs(y) }
if abs(x) > abs(y) then
begin
temp = x;
X:=Y;
y := temp
end;
{ Adjust signs if necessary to ensure x is non-negative }
if x < 0 then
begin
X 1= —X;
y:=-y
end;
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{ Set product = x *y }
if x = 0 then
product := 0
else
begin
sum := 0;
while x <> 1 do
begin
if odd(x) then
sum := sum + y;
x := x div 2;
yi=y*2
end;
product := sum +y
end
end; { product }

7.14 Our solution extends the function to negative integers.
function gcd (x, y : integer) : integer;
{ Returns the greatest common divisor of x and y; }
{ assumes x and y are not both 0. }
var
temp : integer,;
begin { gcd }
x := abs(x);
y := abs(y);
while x <> 0 do
begin
temp = Xx;
x := y mod Xx;
y := temp
end;
ged =y
end; { gcd }

Chapter 8

8.3 The illegal calls are as follows:

(a) because '1’ is not assignment-compatible with type integer;

(c) because sum is not an integer variable;

(d) because sum is not assignment-compatible with type
integer

(e) because round(sum) is not an integer variable;

(f) because O is not an integer variable.
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8.4

8.5

8.6

8.10

8.11
8.13

@

(b)

NN =N
OON MDON

(a) NrWanted, NrLoose.

(b) NrLoose, NrSingles, NrBoxes, NewBoxOpened.
(c) NrLoose.

(d) NrWanted.

(e) NrLoose, NrSingles, NrBoxes, NewBoxOpened.

procedure WriteStats (total1, total2, sum, jobs : integer);
{ Writes number of jobs (jobs); if jobs > 0, writes total time on }
{ each processor (totall1, total2), and average time of job- }
{ completion (sumvjobs). }
const
start = 'The total time used on processor’;
begin { WriteStats }
Writeln;
Writeln(jobs : 1, ’ jobs processed.’);
if jobs > 0 then
begin
Writeln(start, " 1 =, total1 : 1);
Wiriteln(start, ' 2 =, total2 : 1);
WriteIn('The average time at which jobs complete =,
sum/ jobs : 1 :1)

end;
end; { WriteStats }

WriteStats(TotalTimeOn1, TotalTimeOn2, SumOfCompletionTimes,
JobCount)

a and b should be value-parameters. Better — the procedure
should be rewritten as a function.

1 is printed because b and max are aliased to big.

The attempted definition of the constant pbase is in the scope of
the declaration of the integer variable base.

Chapter 9

9.1

(2 x Maxint + 1)> = 4294836 225.

SOLUTIONS TO SELECTED EXERCISES
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9.2 Assuming all the pixels are visible: (a) 3; (b) 15.
9.3 22 (assuming all the pixels are visible).

9.5 procedure DrawDots (n, gap : integer);
{ Draws n dots in a horizontal line, separated by given gap; the }
{ pen is left at top-left corner of dot farthest from its initial }
{ position. }
var
i : integer;
begin { DrawDots }
if n > 0 then
begin
Line(0, 0);
fori:=2tondo
begin
Move(gap, 0);
Line(0, 0)
end
- end
end; { DrawDots }

9.6 var
MarkerAt, { horizontal coordinate of next marker }
time : integer;
{ Draw and label markers for time axis }
time := 0;
MarkerAt := Left;
while MarkerAt <= MaxWidth do
begin
{ Draw and label next marker }
MoveTo(MarkerAt, base);
Line(0, Drop);
Move(—PointSize div 2, PointSize);
WriteDraw(time : 2);
{ Update time and MarkerAt }
time := time + 2;
MarkerAt := MarkerAt + 2 * Unit
end

9.10 Dist = HeadWidth.

9.11 A single empty statement.

Chapter 10

10.1 An enumerated type, naturelment .
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10.2
10.3

10.4

10.6

10.7

10.9

10.11

See the solution to Exercise 10.11.

const
MaxSecret = 10;

var
secret : 1..MaxSecret; { the number to be guessed }
guess : integer;

pe
index = 0..15; { type of row or column of character set table }

procedure PrintMonth (m : Months);
{ Prints the string corresponding to the identifier of m. }
begin { PrintMonth }
case m of
January :
Write('January’);
elc.
December :
Write('December’)
end { case }
end; { PrintMonth }

(i) The answer to an exercise is not necessarily of type operand.

(ii) Incorrect answers may be input.

{ Set op to a random operation }
case ran(0, OrdOfLastOp) of

0:
op := plus;
1:
op := minus;
2:
op := times
end { case }

program Calendar (Input);

{ Draws a month by month calendar for 1988. }

{ Run with Drawing window occupying the full screen; }
{ hit Return to draw each successive month. }

type
Years = 1753..9999;
Months = (Jan, Feb, Mar, Apr, May, Jun, Jul, Aug, Sep, Oct,
Nov, Dec);
MonthLengths = 28..31;
Days = (Su, Mo, Tu, We, Th, Fr, Sa);
function NextDay (ThisDay : Days) : Days;
{ Returns day after ThisDay. }
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begin { NextDay }
if ThisDay = Sa then

NextDay := Su
else
NextDay := succ(ThisDay)
end; { NextDay }

function LengthOfMonth (month : Months;

year : Years) : MonthLengths;
{ Returns number of days in given month for given year. }
as given in Chapter 10

procedure DrawStringC (s : string);

{ Draws s with the center of its base line at the current pen }
{ position; leaves the pen position at the end of the string. }
see Chapter 14

procedure DrawCal (year : Years;
Jant : Days);
{ Draws a month by month calendar for given year, with }
{ January 1st on day Jan1; waits for user to hit }
{ Return-key before printing new month. }
{ Global subprogram: LengthOfMonth. }
var
month : Months;
FirstDay : Days; { first day in month }

procedure DrawMonth (month : Months;
NrDays : MonthLengths;
var FirstDay : Days);
{ Draws calendar for given month having NrDays days and }
{ first day on FirstDay; updates FirstDay to first day }
{ of next month. }
{ Global subprogram: NextDay. }
const
Top = 32; { top left corner of rectangle for month'’s }
Left = 40; { calendar is at (Left,Top). }
BoxWidth = 40; { width of box for each day }
CharSize = 12; { character size in points (default: 12) }
var
NrRows : 1..6; { number of rows in month’s calendar }
TopBox, LeftBox : integer; { top left corner of box for day
is at (LeftBox,TopBox) }
day : Days; { current day }
DayNumber : 1..31; { number of current day }

procedure DrawHeadings;

{ Draws month and day headings for month’s calendar. }
{ Global consts: Top, Left, BoxWidth, CharSize. }
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{ Global vars: month, year (parameters of DrawMonth). }
{ Global subprogram: DrawStringC. }
var
day : Days;
begin { DrawHeadings }

MoveTo(Left + 7 * BoxWidth div 2, Top — CharSize — 5);
DrawStringC(StringOf(month, ’ ', year : 1));
for day := Su to Sa do
begin
MoveTo(Left + ord(day) * BoxWidth + BoxWidth div 2,
Top — 3);
DrawStringC(StringOf(day))
end
end; { DrawHeadings }

begin { DrawMonth }
TextSize(CharSize);
NrRows := (NrDays + ord(FirstDay) + 6) div 7;
{ Clear Drawing Window }
EraseRect(0, 0, Maxint, Maxint);
{ Paint gray background for calendar }
PenPat(gray);
PaintRect(Top — 1, Left — 1, Top + NrRows * BoxWidth + 1,
Left + 7 * BoxWidth + 1);
PenPat(black);

DrawHeadings;

{ Set coordinates of box for first day }
TopBox := Top;
LeftBox := Left + ord(FirstDay) * BoxWidth;

day := FirstDay;
for DayNumber := 1 to NrDays do
begin
{ Erase box for day }
EraseRect(TopBox + 1, LeftBox + 1, TopBox
+ BoxWidth — 1, LeftBox + BoxWidth — 1);
{ Draw DayNumber in box }
MoveTo(LeftBox + 2, TopBox + CharSize);
WriteDraw(DayNumber : 1);
{ Advance day and set coordinates of its box }
day := NextDay(day);
if day = Su then

begin
TopBox := TopBox + BoxWidth;
LeftBox := Left
end
else
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LeftBox := LeftBox + BoxWidth
end;
FirstDay := day
end; { DrawMonth }

begin { DrawCal }
FirstDay := Jan1;
for month := Jan to Dec do
begin
DrawMonth(month, LengthOfMonth(month, year), FirstDay);
Readin
end
end; { DrawCal }

begin { Calendar }
DrawCal(1988, Fr)
end. { Calendar }

Chapter 11
11.2 (a) 2; (b) error: 0 subscript is out of range; (c) 2; (d) 5.

11.3 var
op : operation;
i : 1..0rdOfLastOp; { = ord(op) }

{ Define OpWithOrd }
OpWithOrd|[0] := plus;

op := plus;
for i := 1 to OrdOfLastOp do
begin

op := succ(op);
OpWithOrd[i] := op
end

11.4 procedure PrintFrom (LowScore : ScoreRange;
var h : histogram);
{ Prints each score s and its frequency h[s], }
{ for s = LowScore, ... , MaxScore, in two headed columns. }
{ Global const: MaxScore. }
var
score : ScoreRange;
begin { PrintFrom }
Writeln( 'score frequency’ );
for score := LowScore to MaxScore do
Writeln(score, h[score])
end; { PrintFrom }

11.7 Count the examination scores, and take special action if there are
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none. This approach is best because it is simple, natural, and
efficient.

11.10 Yes.

11.11 One way is to use schema Truncated Safe Linear Search:

function DifferAt (var m1, m2 : message) : Extendedindex;
{ Returns 0 if m1 and m2 are identical, otherwise the }
{ least index at which they differ. Global const: Length. }

var
i : index;
begin { DifferAt }
i=1;
while (i < Length) and (m1[i] = m2][i]) do
i=i+1;
if m1[i] = m2[i] then
- DifferAt := 0
else
DifferAt := i

end; { DifferAt }
Another is to use schema Boolean Safe Linear Search; we prefer
the former as it avoids a Boolean variable.

11.13 Because all elements in Afleft..right] need to be examined.

11.14 Yes, because NrLeft = 2 in the body of the for-loop.

11.16 function NumberOfinversions (var A : values;
n : count) : count;
{ Returns the number of out-of-order pairs of elements in A[1..n]. }
var
i, j : index;
answer : count;
begin { Number of Inversions }

answer := 0;
fori:=1ton — 1do
forj:=i+ 1tondo

if A[j] < Ali] then
answer : = answer + 1;
.Numberofinversions : = answer
end; { NumberOfinversions }

11.18 procedure reverse (var A : values;
left, right : index);
{ Reverses the order of the values in Alleft..right]. }
{ Global subprogram: swap. }
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var
d : 0..Maxint; { Afleft + d], Alright — d] are to be swapped }
begin { reverse }
for d := 0 to (right — left — 1) div 2 do
swap(A[left + d], Alright — d])
end; { reverse }

Another solution may be given using a while-loop that incre-
ments left and decrements right in its body.

11.19 procedure ArraySwap (var V : values;
a, b, ¢ : index);
{ Swaps the array sections V[a..b — 1] and V[b..c]. E.g. if }
{a=4,b=7,c=11,V[4.11] = (2, 4, 6, 8, 10, 12, 14, 16), }
{ after the swap V[4..11] = (8, 10, 12, 14, 16, 2, 4, 6); }
{ assumes 1 <= a < b <= ¢ <= MaxIndex. }
{ Global subprogram: reverse. }
begin { ArraySwap }
reverse(V, a, b - 1);
reverse(V, b, c);
reverse(V, a, c);
end; { ArraySwap }

11.20 procedure PerfectShuffle (var OldDeck, NewDeck : deck);
{ Sets NewDeck by splitting OldDeck exactly in half and }
{ merging the cards, alternating between one half and the }
{ other; the first card should come from the second half. }
{ E.g. if NumberOfCards = 8 and OldDeck contains }
{ (c1, c2, 3, c4, c5, c6, c7, c8), then NewDeck should be }
{ set to (c5, c1, c6, c2, ¢7, c3, c8, c4). }
{ Global const: NumberOfCards. }
var
i : number;
begin { PerfectShuffle }
for i := 1 to NumberOfCards div 2 do
begin
NewDeck[2 * i — 1] := OldDeck[NumberOfCards div 2 + iJ;
NewDeck[2 * i] := OldDeck]i]
end
end; { PerfectShuffle }

11.22 The jobs are scheduled in input order. So the rest of the pro-
gram can be tested before procedure sort is written.

Chapter 12
12.1 { Set total = sum of elements in A[1..n] }
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12.2

12.3

12.4

12.6

12.8

12.9

total = 0.0;
{ Invariant: total = sum of elements in A[1..i— 1] }
fori:=1tondo

total := total + AJi]

The invariant applies just before the next value of i is compared
ton.

The invariant for Truncated Safe Linear Search is:
a<v <), and P(x) = false fora < x < .
Our version.
procedure split (var A : values;
n : index);
{ Rearranges A[1..n] so that the negative values precede the rest. }
{ Global subprogram: swap. }
var
left, right : index;
begin { split }
right := n;
left := 1;
{ Invariant: A[1..left — 1] are negative, A[right + 1..n] are }
{ non-negative, 1 <= left, and right <=n. }
while right > left do
if Alleft] < 0 then
left ;= left + 1
else if Alright] >= 0 then
right := right — 1
else
begin
swap(A[left], Alright]);
left .= left + 1;
right := right — 1
end
end; { split }
(a) Ali]<Ali + 1] for NrLeft<i<n.

(b) Ali]<A[j]lifl si<NrLeft<j=<n.

Order logn, since a bounded number of operations is executed
for each decimal digit, and n has order logn decimal digits.

Order 1, i.e. constant.

12.11 Let n be the number of jobs in the input data.
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(a) Order n, since each job is processed in a bounded number
of operations.

(b) Order #* (in the worst-case), since the call of sort dominates
the running time.

12.12 Implement sort with a more efficient algorithm.

12.13 Let n be the number of elements in the array-section.
(a) Order n.

(b) Order n?, since the elements may be shifted order n places.

12.14 var
increasing : Boolean;
{ Set k = maximum value such that A[1..k] are in non-
decreasing order }
k:=1;
increasing := true;
{ Invariant: increasing = true iff A[1..k] are in non-decreasing
order,and k <=n}
while increasing and (k < n) do
if Ak] <= Alk + 1] then
k:i=k+ 1
else
increasing := false

12.17 (a) Yes.
(¢c) Order nlogn.

Chapter 13

13.1 (a) if square[row, col] = Empty then
square[row, col] := X

(b) for row := 1 to 3 do
for col := 1 to 3 do

square[row, col] := Empty

13.2 (a) function CostOfStock (store : StoreNumber) : count;
{ Returns the total cost in cents of the stock held by the }
{ given store. Global var: cost. }

var
total : count;
item : ltemType;
begin { CostOfStock }
total := O;
for item := Barbie to Uzi do
total := total + stockitem, store] * costitem];
CostOfStock := total
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13.3

13.4

13.6

13.7

end; { CostOfStock }

(b) { Print the total cost of the stock held by each store }
for store := 1 to NrStores do
Writeln('Total cost of stock held by store ’, store : 1,
" is $’, CostOfStock(store) / 100.0 : 1 : 2)

No, because temp and stock[cube] do not have the same type.
The following changes permit it:
type
ltemStock = array[StoreNumber] of count;
inventory = array[ltemType] of ltemStock;
var
temp : ltemStock;

(b-a+ 1) X ({d-c+ 1)ifa < band c < d; otherwise 0.

procedure transpose (var A : matrix; n : index);
{ Revolves A[1..n, 1..n] 180 degrees round its major diagonal; }
{ i.e. the i'th row becomes the i'th column, and vice versa. }
{ Global subprogram: swap. }
var
i, j - index; { Al[i, j] and A[j, i] are to be swapped }
begin { transpose }
fori:=2tondo
forj:=1toi—1do
swap(Al[i, I, Alj, i)
end; { transpose }

function symmetric (var A : matrix;
n : index) : Boolean;
{ Returns true if A[1..n, 1..n] is symmetric, otherwise false. }
var :
i : 1..Maxint;
jrindex; {in1.i—1}
OK : Boolean; { true iff all elements before Alj, j] (in row-major }
{ order) are equal to their transposed images. }
begin { symmetric }
i=2;
j=1
OK := true;
while OK and (i <= n) do
if A[i, j] <> A]j, i] then

OK := false
else
ifj<i-1then
ji=j+1
else

SOLUTIONS TO SELECTED EXERCISES

541



begin { Set (j, j) to first element in next row }
i+1;

i=i

ji=1
end,;

symmetric := OK

end; { symmetric }

13.10 procedure VFlip (var A : matrix;
rows : Rowlindex;
cols : Collndex);

{ Revolves A[1..rows, 1..cols] 180 degrees round its central }
{ vertical axis. l.e. Alr, 1] is swapped with A[r, cols], }
{ Alr, 2] is swapped with A[r, cols — 1], etc. }
{ Global subprogram: swap. }
var
row : Rowlindex;
col : Colindex;
begin { VFlip }
for row := 1 to rows do
for col := 1 to cols div 2 do
swap(A[row, col], A[row, cols + 1 — col])
end; { VFlip }

13.11 procedure ScreenToGrid (x, y : integer;
var row : Extendedindexi;
var col : Extendedindex2);
{ If screen position (x, y) is in grid, sets (row, col) to }
{ cell containing (x, y); otherwise sets row and col to 0. }
{ Global consts: Offset1, Offset2, Maxindex1, Maxindex2, Gap. }
begin { ScreenToGrid }
if (Offset2 <= x) and (x < Offset2 + MaxIndex2 * Gap) and
(Offset! <=y) and (y < Offset! + Maxindex1 * Gap) then
begin
row := (y — Offset1) div Gap + 1;
col := (x — Offset2) div Gap + 1

end
end; { ScreenToGrid }

13.14 Simply increase NrShades to 5, change the comments for vari-
able shade and procedure SetUp to remove the proviso about
white being added, and change the body of procedure SetUp.
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Chapter 14

14.1
14.2

14.5

14.6

14.7
14.8

14.10

(@ '’ (b) 't (c) undefined.
(@ '#’; (b) undefined.

The rest of the current input line is stored in line[1], and the
next two input lines are stored in line[2] and line[3] respectively.

procedure append (var extra, f : text);
{ Appends extra to f; assumes f is being written, extra has }
{ already been associated with an external file if necessary, }

{ and no line of extra contains more than 255 characters. }
var

line : string; { a line of extra }
begin { append }
Reset(extra);
while not eof(extra) do
begin
ReadIn(extra, line);
Writeln(f, line)
end
end; { append }

Process Lines, hopefully.

(a) procedure PrintCycle (s : str100);
{ Prints each of the length(s) cyclic permutations of s, }
{ one per line. }
var
i :0..100;
begin { PrintCycle }
for i := 1 to length(s) do
Writeln(copy(s, i, length(s)), copy(s, 1, i — 1))
end; { PrintCycle }

(b) function CyclicPermutation (s1, s2 : str100) : Boolean;
{ Returns true iff s1 is a cyclic permutation of s2. }
begin { CyclicPermutation }

CyclicPermutation := (length(s1) = length(s2)) and
(pos(s1, concat(s2, s2)) <> 0)
end; { CyclicPermutation }

function ShortForm (name : string) : string;

{ Assumes that name consists of 1 or more first names followed }
{ by a surname, with successive names separated by one }

{ space. Returns a name consisting of the initial letters of the }

{ first names, in order, each followed by a period, then a space }
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{ and the surname; e.g. if name = 'Martin Luther King’, then }
{ 'M.L. King’ should be returned. }
var
initials : string; { initials of first names deleted from name }
i : Stringindex; { = pos(’ ’, name) }
begin { ShortForm }
initials := "
i .= pos(’ ’, name);
while i <> 0do
begin
initials := concat(initials, copy(name, 1, 1), '.");
delete(name, 1, i);
i ;= pos(’ ’, name)
end;
ShortForm := concat(initials, ’ ’, name)
end; { ShortForm }

14.13 procedure compress (var s : string);
{ Assumes s is a string of words separated by 1 or }
{ more blanks; removes blanks so that successive words }
{ are separated by one space. }
var
t : string;
i : Stringindex;
begin { compress }
t:=",
i :=pos(’ ', s); { N.B.: 2 spaces }
{ Invariant: as given }
while i <> 0 do

begin
t := concat(t, copy(s, 1, i));
while s[i] =’ * do

i=i+1;
delete(s, 1, i—1);
i := pos(’ ’, s) { NB: 2 spaces }
end;
s := concat(t, s)
end; { compress }

14.17 Replace:

FindField(’Path: ’, PathToMe)
with:

GetPath(PathToMe)
where GetPath is declared as follows:

procedure GetPath (var path : string);
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{ Reads lines from mailbox until one starting with 'Path’ }
{ is found; if next character is ’: ’, sets path to rest of }
{ line; otherwise assumes ’(n): ' follows, and path is }
{ assembled from rest of line and next n — 1 lines. }
{ Global var: mailbox. }
{ Global subprogram: FindField. }
var
Pathinfo, { rest of line starting with 'Path’ }
line : str; { line of received message }
LinesInPath, i : count;
ch : char;
begin { GetPath }
FindField('Path’, Pathinfo);
if Pathinfo[1] = ':’ then
path := copy(Pathinfo, 3, length(Pathinfo))
else
begin { assume Pathinfo = (n): first part of path }
ReadString(Pathinfo, ch, LinesInPath, ch, ch, ch, path);
for i := 1 to LinesinPath — 1 do
begin
Read(mailbox, line);
insert(line, path, length(path) + 1)
end
end
end; { GetPath }

Chapter 15

15.3 (a) type
time = record

hour : 0..23;

minute, second : 0..59
end

(b) procedure tick (var t : time);
{ Advances t by 1 second. }
begin { tick }

with t do
begin
if second < 59 then
second := second + 1

else
begin { advance to next minute }
second := 0;

if minute < 59 then
minute := minute + 1

else
begin { advance to next hour }
minute := 0;

hour := (hour + 1) mod 24
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end
end
end { with t }
end; { tick }

15.5 procedure GetMousePt (var pt : Point);
{ Sets pt to the position of the mouse. }
begin { GetMousePt }

GetMouse(pt.h, pt.v)
end; { GetMousePt }

15.6 type
bar = record

b : array['a’..’z’] of integer;

end;
foo = array[1..10] of bar;
T = record
a : foo;
c:'a..z’;
d:1.10;
end;
var
x,y:T;

15.9 function relationship (var s1, s2 : string) : relation;
{ If s1 and s2 are identical, returns Equal; otherwise returns }
{ LessThan if s1 precedes s2 in dictionary order, or }
{ GreaterThan if vice versa. }

var
MinLength : StringLength; { min of length(s1), length(s2) }

i : 1.Maxint; { in 1..MaxStringLength + 1 }
same : Boolean;

begin { relationship }
{ Set MinLength }
if s1.length <= s2.length then
MinLength := s1. length
else
MinLength := s2. length;
{ Set i = first index at which s1 and s2 differ, or MinLength + 1 }
{ if all existing characters in matching positions are identical }
same := true;
i:=1;
while same and (i <= MinLength) do
if s1.ch[i] = s2.ch]i] then
i=i+1
else
same := false;
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{ Return result }
if i <= MinLength then
if s1.ch[i] < s2.ch[i] then
relationship := LessThan
else
relationship := GreaterThan
else
if s1.length < s2.length then
relationship := LessThan
else if s1.length > s2.length then
relationship := GreaterThan
else
relationship := Equal
end; { relationship }

15.10 See the definitions of the abstract data types stack and Binary-
SearchTree in Chapter 20 for stylistic guidelines.
(a) type
complex = record
re, im : real { real & imaginary parts }
end;

15.12 procedure DragARect (DownAt : Point;
var r : Rect);
{ Assumes mouse button was pressed at location DownAt, and }
{ is still down; repeatedly draws and erases the frame of the }
{ rectangle with top-left corner at DownAt and bottom-right }
{ corner at current mouse position, until the mouse button is }
{ released. Only the last rectangle’s frame remains; }
{ its coordinates are returned in r. }
begin { DragARect }
with r do
begin
r.topLeft := DownAt;
GetMouse(r.botRight.h, r.botRight.v);
FrameRect(r);
while button do
begin
{ Erase frame of old rectangle }
PenPat(white);
FrameRect(r);
{ Define and draw frame of new rectangle }
GetMouse(r.botRight.h, r.botRight.v);
PenPat(black);
FrameRect(r)
end
end { withr }
end; { DragARect }
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Chapter 16
161 1.

16.2 procedure CreateDiffFile (var ValuesFile : FileOfValues;
var GapsFile : FileOfGaps);
{ Sets i'th component of GapsFile to the difference between }
{ the (i + 1)’th and i'th components of ValuesFile; }
{ assumes values in ValuesFile are non-decreasing. }
var
old, new : 0..MaxValue; { successive components of }
{ ValuesFile }
begin { CreateDiffFile }
Reset(ValuesFile);
Rewrite(GapsFile);
if not eof(ValuesFile) then
Read(ValuesFile, old);
while not eof(ValuesFile) do
begin
Read(ValuesFile, new);
Write(GapsFile, new — old);
old := new
end
end; { CreateDiffFile }

16.5 We show the state of the file after execution of each statement.

>

5
=
o

intfile
| 1 | 9 | 8 [ 7

I

intfile intfile"

1 {98716 ?
1] 1 ]
intfile intfile®
1 {9 Ls 7 6—| | 9 |
intfile intfile”
| 1 | 9 | 8 | 7 ]j | | 8 |
intfile intfile
| 1|9 107 L 6 | | 7 |

16.6 { Add 1 to the n’th component of inffile }
seek(intfile, n — 1)i
Write(intfile, intfile” + 1)
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16.7 Maxint = 32767.

16.8 (a) Because ErrorPosFile” will be undefined for the last error
message.

b) Appe:nding a component to ErrorPosFile giving the file-
position at the end of the last error-message in ErrorFile.

Chapter 17
171 (@) 2°=64; (b) 2° =32; (c) 27-2° = 9.

172 (@ [2,3,4]; ) [ © [2,-1,0,1,2]; (@) [2 4, 6];
(e [0,'1,°27 @ [T, 7]

174 (@ [0,2,4,5,6,8]; (b) [5]; () [0,4,6]; (d) [2 8]
17.5 (a) true; (b) true; (c¢) false; (d) false; (e) true; (f) true.

17.6 (a) GetTextStyle(TypeFace)

(b) { Add underline to the current text style if it is not already }
{ present }
GetTextStyle(TypeFace);
TextFace(TypeFace + [underline])

(c) { Remove extend and condense from the current text style }
{ if both are present in it }
GetTextStyle(TypeFace);
if [extend, condense] <= TypeFace then
TextFace(TypeFace — [extend, condense])

17.7 IsPangram := letters = ['a’..'’2’]

17.8 (a) chin[Y’,y]
(b) chin[0.9]
(©) chin['0..chr(ord('0’) + b — 1)]
(d) ord(ch) in [0..31, 127]

17.11 const
LastRow = ... ;
type
RowNumber = 1..LastRow;
RowAssignment = set of 'A’..'F’;
assignment = array[RowNumber] of RowAssignment;
var
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assigned : assignment; { assigned[r] is set of assigned seats in }
{rowr}

17.13 type
BinaryNumber = array[0..MaxExponent] of Boolean;
{ the i'th element is true iff bitiis 1 }

17.14 Because the result-type of a Pascal function cannot be a set-type.

17.16 First, because it is unlikely that the winning invariant is true in-
itially.

17.17 Yes. For example, suppose the non-empty piles have sizes 7, 4,
and 5. Then taking 6 from the pile of 7, 2 from the pile of 4, or
2 from the pile of 5 makes the winning invariant true.

17.18 Take 5 from the pile of 8.

Chapter 18

18.2 (a) function factorial (n : count) : count;
{ Returns n! }
begin { factorial }
if n = 0 then
factorial := 1
else
factorial := n * factorial(n — 1)
end; { factorial }

(b) function factorial (n : count) : count;
{ Returns n! }
var
i : 0..Maxint;
product : 1..Maxint;
begin { factorial }
product := 1;
fori:= 1tondo
product := i * product;
factorial := product
end; { factorial }

(¢) The time-complexity of each algorithm is order n. The
space-complexity of the recursive algorithm is order n; that
of the other is constant (order 1). These measures are not
very meaningful in this situation, because the result of the
function grows very rapidly.
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18.3

18.4

18.6

18.9

18.11

function reverse (s : string) : string;
{ Returns the reverse of s. }
begin { reverse }
if length(s) <= 1 then
reverse := s
else
reverse .= concat(reverse(omit(s, 1, 1)), copy(s, 1, 1))
end; { reverse }

function power (x : real;
n : count) : real;
{ Returns x to the power n. }
begin { power }
if n = 0 then
power := 1
else if odd(n) then
power := X * power(x, n — 1)

else
power := sqr(power(x, n div 2))
end; { power }

function gcd (x, y : count) : count;
{ Returns the greatest common divisor of x and y; }
{ assumes x and y are not both 0. }
begin { gcd }
if x = 0 then
ged :=y
else
ged := ged(y mod x, x)
end; { gcd }

function surrounds (x, y : BoxNr) : Boolean;
{ Returns true iff box x contains box y, not necessarily }
{ directly; assumes x, y <= NrBoxes. }
{ Global vars: NrBoxes, around. }
begin { surrounds }
if around[y] = 0 then
surrounds := false
else if around[y] = x then
surrounds := true
else
surrounds := surrounds(x, around[y])
end; { surrounds }

N.B. Procedure try directly references the parameter n and the
local variables digit, number, and sum of procedure powers.

Parameters could be added to avoid this, but there is little point
because try is only meant to be used by powers.
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const
MaxNrDigits = ... ; { maximum number of decimal digits }

size = 1..MaxNrDigits;
count = 0..Maxint;
procedure powers (n : size);
{ Prints all non-negative numbers with n decimal digits that are }
{ equal to the sum of the n’th powers of their decimal digits. }
var
digit : array[0..MaxNrDigits] of 0..9;
{ digit[i] = chosen i’th digit (multiple of power(10, i), }
{i=0,1,..,n=-1}
number : count; { number corresponding to chosen digits }
{ N.B. without zeros for unchosen digits }
sum : count; { sum of n’th powers of chosen digits }

procedure try (m : count); { min0..n—1}
{ Assumes digitfm + 1..n — 1] and corresponding number and }
{ sum defined; prints all numbers with these digits fixed that }
{ are equal to the sum of the n’th powers of their digits. }
{ Global vars: n, digit, number, sum. }
{ Global subprogram: power. }
var
d : 0..9; { m’th digit of trial number }
dpower : count; { = d to the power n }

begin { try }
ford:=0to9do
begin
digitim] := d;

number := 10 * number + d;
dpower := power(d, n);
sum := sum + dpower;
if m = 0 then
begin
if sum = number then
Writeln(number)
end
else
try(m - 1);
sum := sum — dpower;
number := number div 10
end
end; { try }

begin { powers }
sum := 0;
number := 0;
try(n —1)

end; { powers }
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18.13 We give a complete program.

program HilbertCurve;
{ Draws a Hilbert curve of order Order. }
const
Order = 4; { of Hilbert curve }
TopAt = 20; { Top-left point of curve ... }
LeftAt = 20; { ... is at (LeftAt, TopAt) }
type
direction = (up, down, right, left); { relative to screen }
UnitMoves = array[direction] of Point;
var
vector : UnitMoves; { vector[d] is change to position }
{ to move 1 unit in direction d }

procedure SetUp (var v : UnitMoves);
{ Sets v[d] = change to position to move 1 unit in direction d. }

const s
Unit = 4; { length of unit move (unit vector) } @
begin { SetUp } S.1

SetPt(v[up], 0, —Unit);

SetPt(v[down], 0, Unit);

SetPt(v[right], Unit, 0);

SetPt(v(left], —Unit, 0)
end; { SetUp }

procedure Hilbert (d1, d2, d3, dOther : direction;

i : integer);
{ Draws i'th order Hilbert curve starting at current position; }
{ leaves pen at end of curve; d1 is direction of 1st connecting }
{ move; sim. for d2, d3; dOther is direction other than d1-3; i.e. }
{ 1st order curve is drawn with: move d1, move d2, move d3. }

procedure move (dir : direction);
{ Moves and draws line one unit in given direction. }
{ Global variable: vector. }
begin { move }
Line(vector{dir].h, vector([dir].v);
end; { move }

begin { Hilbert }
ifi > 0 then
begin

Hilbert(d2, d1, dOther, d3, i — 1);
move(d1);
Hilbert(d1, d2, d3, dOther, i — 1);
move(d2);
Hilbert(d1, d2, d3, dOther, i — 1);
move(d3);
Hilbert(dOther, d3, d2, d1, i — 1)
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end
end; { Hilbert }

begin { HilbertCurve }
SetUp(vector);
MoveTo(LeftAt, TopAt);
Hilbert(right, down, left, up, Order)
end. { HilbertCurve }

Chapter 19

19.1 The value Maxint is assigned to i.

19.2 (9.9,0) + (9.9,0)/ (2.0,0) = (2.0,1) / (2.0,0) = (1.0, 1), so the
result is 1.0E1 (ten).

19.3 Yes, because underflow can be avoided by keeping an un-
normalized representation. An example is X = 1E40. The
phenomenon does not occur the other way around.

19.4 Solution (II) is preferable because it avoids the accumulated
roundoff errors occurring in (I).

19.5 The successive values of epsilon are (1.0,0), (1.0,-1), (1.0,-2),
whereupon the loop stops.

19.6 The value of x eventually reaches (1.0,2), representing one
hundred, and thereafter does not change.

19.9 { Set RightAngled to true if the triangle is right-angled, }

{ otherwise false }
RightAngled := abs((sqr(a) + sqr(b)) / sqr(c) — 1.0) <= tolerance

19.10 x,.

Chapter 20

20.1 See the solution to Exercise 20.2.

20.2 A pointer to Exercise 20.2.

20.3 (a)

p1 p2
(=] (3]
(b) false.
(c) true.
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204

20.5

20.7

20.8

20.11

20.13

In Figure 20.5, p1” amd p2” are diffgrent names for the same
dynamic Yariable. Sirr}ilarly with head” and tail" in Figure 20.6,
and head .ch and tail .ch also in Figure 20.6.

@ 'n’; (b) d.

It inserts the component correctly, but does not update the
actual variable parameter corresponding to CUrsor.

function present (ch : char;
head : ComponentPtr) : Boolean;
{ Returns true if ch is present in a component of the chain }
{ pointed to by head; otherwise returns false. }
var
cursor : ComponentPtr;
found : Boolean;
begin { present }
cursor := head;
found := false;
while not found and (cursor <> nil) do
if cursor™.ch = ch then
found := true
else
cursor := cursor’.link;
present := found
end; { present }

procedure DeleteNext (cursor : ComponentPtr);
{ Assumes cursor points to a component in a linked-list with a }
{ dummy first component; deletes the following component }
{ (which is assumed to exist). }

var

unwanted : ComponentPtr; { pointer to unwanted component }

begin { DeleteNext }

unwanted := cursor’.link;

cursor” link := unwanted".link;

dispose(unwanted)
end; { DeleteNext }

This implementation makes s undefined (unless it is initially
nil).
procedure destroy (var s : stack);
{ Disposes of s, leaving s undefined. }
var
unwanted : StackltemPtr; { points to a component of s }

begin { destroy }
if s <> nil then

begin
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while s”.next <> nil do
begin
unwanted := s;
s := s".next;
dispose(unwanted)
end;
dispose(s)
end
end; { destroy }

20.16 The tree consisting of only the leftmost branch of the tree in
Figure 20.11.

20.17 The comment is the specification for the user of the abstract data
type, not the implementor.

20.19 function present (val : integer;
t : BinarySearchTree) : Boolean;
{ Returns true if val is present in t; otherwise returns false. }
begin { present }
if t = nil then
present := false
else if t".value = val then
present := true
else if val < t".value then
present := present(val, t".left)
else
present := present(val, t".right)
end; { present }

20.21 type
DepthValue = -1..Maxint;
function depth (t : BinarySearchTree) : DepthValue;
{ Returns the depth of t if t is non-empty, otherwise —1. }
var
DepthLeft, DepthRight : DepthValue; { depths of subtrees of t }
begin { depth }
if empty(t) then
depth ;= -1
else
begin
DepthLeft := depth(left(t));
DepthRight := depth(right(t));
if DepthLeft > DepthRight then
depth := 1 + DepthLeft
else
depth := 1 + DepthRight
end
end; { depth }
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Syntactic terms are printed in izalics; their associated page numbers re-
fer to their definitions, the last of which is the final version; a page
number in italics refers to a syntax diagram. Reserved words are
printed in boldface Helvetica, and identifiers in Helvetica.

Absolute value, 62
Abstract data type,
484491
BinarySearchTree, 488
stack, 484
Accumulator (AC), 4
Action
choice, 103
high-level, 41, 273
high-level, as comment, 102
repetitive, 86
sequence of actions, 101
actual-function, 449
actual-parameter , 163, 449
actual-parameter-list, 70, 510
actual-procedure, 449
actual-value, 70
actual-variable, 163
Ada, 7, 36
adding-operator, 70
Address, 4
Algorithm, 2
Aliasing, 162, 497
All Occurrences button, 31
Alphabetic order, 67
Analog computer, 3
and, 67 ‘
ANSI (American National Standards
Institute), 36

370-371, 426,

apostrophe-image, 66
Apple menu, 24
Application, 9, 12, 27
array, 235, 251, 300
Array, 233-235
of arrays, 300, 318
conformant, parameter, 449
general, 300
multidimensional, 297, 300, 301
operations on entire, 237
packed, 250, 301
parallel, 378
section, 241, 303
two-dimensional, 298-300
type, 233
see also Index
array-type, 235, 300
array-variable, 235, 300
Assertion, 273
as documentation, 281
executable, 283
expressing an, 274
valid, 273
see also Invariant
Assignment
statement, 42, 74
symbol, 42
to pointer, 478
Assignment-compatible, 73, 219, 228,
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Assignment-compatible (Contd.)

235, 252, 386-387, 409, 478
assignment-statement, 73, 142
Average, 468

b (byte), 4
base-type, 407
Basic, 37, 39
Beep, 83
begin, 39, 46, 84
Binary digit (bit), 4
Binary number as set, 412415
Binary search, 246, 282, 287
Binary search tree, 487, 490
Binary tree, 487488, 499
Bit: see Binary digit
Bit-mapped, 6
block, 90, 142, 155, 215, 501, 506
Block, nesting, 166
Block-structured, 166
Body of loop, 46, 86, 88
Boolean

constant, 67

expression, 67

function, 76

value, 67

see also Logical, operation
Boolean, 61, 67
Boolean-expression, 84
Brightness control, 10
Bug, 52, 275

concerning files, 401
Burning-in, 16
Byte, 4

Calling-diagram, 204
Cancel button, 27
case, 218, 371
Case Is Irrelevant button, 98
Case-label, 373
case-label-list, 218
case-list-element, 218
Case-statement, 86, 218
Case-study
number 1, 113-120
number 2, 123-125
number 3, 180-190
number 4, 190-201
number 5, 220-226

Case-study (Contd.)
number 6, 253-264
number 7, 308-325
number 8, 348-355
number 9, 393401
number 10, 415426
number 11, 441445
number 12, 490-496

Cases Must Match button, 31

CAT (computer-assisted teaching), 220

Catastrophic cancellation, 464
Cell, 4
Central processing unit (CPU), 3, 6
char, 61, 65
Character, 65
apostrophe, 66
blank, 66
bracket, 42
bracket, curly, 39
colon, 27
comma, 32
constant, 66
control, 65
exclamation-mark, 74
hyphen, 525
period, 525
question-mark, 42
semicolon, 21, 32
set, 65
single quote, 40, 66, 525
space, 66
underscore, 93, 525
character-string, 66
Character-string, 92
Chip: see Silicon chip
Choose Printer: see Desk accessory
Circular shift, 294
Clicking, 10-11
double, 11, 12, 18, 22, 28
triple, 11, 22
Clipboard: see Windows menu
Close box, 14
Clover symbol: see Key
CLU, 496
Column of 2-d array, 300
Column-major order, 304
Command
dimmed, 14
keyboard equivalent of, 15
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Command (Contd.)

symbol, 14, 29
comment, 91
Comment, 39, 273

for high-level action, 102
Compatible (with type), 219, 408
Compiler, 8
Complex number, 381
Complexity (of algorithm), 286-287
Component, 361

of file, 384

variable, 233
component-type, 235, 300
Component-type of file, 384
component-variable, 235, 300, 332, 363
compound-statement, 84
Compound statement, 46, 84
computational, 459, 471
Computer, 3, 9

digital, 3

program, 3

programming language, 3

system, 9
Condition, 43, 67

of loop, 88

simplifying a, 107-109
Condition-controlled repetition, 86
Conditional statement: see If-statement
const, 46, 71
constant, 71, 511
Constant, 71, 286

definition, 46, 72

definition, implicit, 213

Maxint, 61

Maxlongint, 456

pi, 72, 460
constant-definition, 71
constant-definition-part, 71
Constant-definition-part, 46
constant-identifier, 67, 71
Contiguous, 67
Coordinate

QuickDraw, 177

system of screen, 394

see also Origin, Point
Cosine, 64
CPU (central processing unit), 3, 6
CPU-time, 285
Cursor, 10, 44

Cursor (Conid.)
arrow, 10
dragging a, 11
I-beam, 10, 21
wrist watch, 10

Dangling reference, 480
Data structure

dynamic, 475, 476

linear, 480

non-linear, 487

static, 476
Debugging, 52, 272
Decimal

notation, 61, 63

point, 63

representation, 412, 413
Declaration, 4142

before use, 147

before use, exception to, 481
Defensive programming, 132, 206
De Morgan’s laws, 108-109
Denominator, 116, 381
Desk accessory, 24, 28, 328

Choose Printer, 24

Note Pad, 28

Puzzle, 328

Scrapbook, 28
Desk-checking, 128-130

a procedure, 203

a recursive subprogram, 439

specifications, 291
Desktop, 10
Diagonal

major, 326

minor, 304
Dialog box, 14, 335

contents window in, 26, 27
digit, 61, 92
digit-sequence, 61
directive, 438, 512
Directive, 437
Discriminant, 465
Disk, 5

access time, S

ejection of, 16

floppy, 9

hard, 6

icon, 12
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Disk (Contd.)

initializing, 26

locked, 10

transfer rate, 5
Disk-symbol, 10
Display screen, 6
div, 43, 61-62
Divisor, 104
do, 45, 86, 121, 219, 366
Document, 12
Documentation, 273, 281
Do It button, 54
downto, 122, 219
Drawing

circles, 179

lines, 178

outside the Drawing window, 184

ovals, 179

rectangles, 179

strings, 347

text, 180
Drawing window, 20, 44, 177
Drive button, 26

EBNF (Extended Backus Naur Formal-
ism), 58, 512
Echoing of input, 334
Edit menu, of Macintosh Pascal
Copy, 22, 28
Cut, 22, 28
Paste, 22-23, 28
Select All, 22
Editor, 7
Efficiency, 284288
Eject button, 26
element, 408
element-list, 408
Element of array, 233
else, 43, 84
Empty Folder, 16, 18
empty-statement, 90
empty-string, 337
end, 39, 46, 84, 218, 363
End-of-file, 76, 385, 391
signal, 83
End-of-line marker, 75, 77, 79, 82, 331
entire-variable, 235, 300
enumerated-type, 213
Enumerated type, 213-214

Enumerated type (Contd.)
1/0, 227
Equality, approximate, 465
Error, 52
coping with an, 130, 205-206
message, 25
out-of-range, 215, 456
representation roundoff error, 460
roundoff, 462
run-time, 42
system, 25
see also Bug, Overflow, Typo, Under-
flow
Execution, 3
stepwise, 53
stopping, 53
tracing, 54, 129-130
Exponent, 458
Exponential, 286
expression, 70, 510
Expression, 68
to evaluate an, 42
expression-list, 300

factor, 70, 140, 408, 511
Factorial function, 450
false, 43, 67
Fetch execute cycle, 5
Fibonacci
function, 432
numbers, 432
Field: see Record, field of
field-designator, 363
field-identifier, 363
freld-list, 363, 507
field-width, 80
FIFO list: see Queue
file, 384
File, 7, 383
buffer, 332, 385
component of, 384
empty, 385
external, 331, 384, 385, 386
external name of, 385, 390
external text, 334
input position, 76
internal, 331, 384, 385, 386
management of, 15-16
merging, 388
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File (Contd.)
opening a, 385, 390
opening to edit, 27-28
packed, 401
position, 331, 385
random access, 390-391
reading a, 386
read/write access, 390
sequential, 331, 384388
in Standard Pascal, 385
system, 8
variable, 385
writing a, 385
see also Text file
file-buffer, 332
File menu, of desktop, 26
Duplicate, 15, 18
New Folder, 16
Open, 14, 15, 18
File menu, of Macintosh Pascal, 26
Close, 28
Open..., 28
Page Setup..., 28
Print..., 28
Quit, 15, 29
Revert, 27
Save, 26, 27
Save As..., 26, 27
file-type, 384
file-variable, 332
Sfinal-expression, 122
Finder, 12
fixed-part, 363
Folder, 12
Font, 180
name, 24
for, 122, 219
For-loop, 277; see also For-statement
Formal parameter, 141
of file-type, 385
see also Parameter
formal-parameter-list, 144, 508
formal-parameter-section, 144, 163, 448
Formatting style
by hand, 133-134
indentation, 21
use of empty lines, 106
see also Indent Width, Tab Stops
for-statement, 122, 219

For-statement, 89, 122, 219-220
control variable of, 219
problem with Macintosh Pascal’s,

227-228

forward, 438

Fractional part (of real number), 61

fraction-length, 80

function, 144, 438

Function, 62
applying to argument, 140
argument of, 62, 140
definition of, 142
dummy, 204
heading, 141
implementation with array, 312, 319
invocation, 145, 165
parameter, 446
testing, 152
transfer, 64, 66
user-defined, 141-143
writing a, 147

function-body, 144

Sfunction-declaration, 144, 438

Function-declaration, 142, 164

function-declaration-part, 142

Function, defined in text
AliNonZero, 239
answer, 224
CategoryOf, 217
choose, 338
compose, 447
concat, 368
CostOfStock, 540
CyclicPermutation, 543
depth, 556
DifferAt, 537
empty, 489
even, 528
factorial, 550
Fibonacci, 433
field, 353
FirstNonZero, 238
ForceUpper, 144, 528
gcd, 438, 530, 551
gcdi, 438
gecd2, 438
GreaterName, 447
GreaterSSN, 447
IndexOf, 280
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Function, defined in text (Contd.)

IndexOfMax, 247

InGrid, 320

IsDigit, 141

IsLetter, 528

left, 489

length, 368

LengthOfMonth, 219

loge, 448

Ipf, 145, 150, 529

max, 320

next, 262

NextDay, 533

number, 414, 422

NumberOfinversions, 537

plural, 338

power, 143, 551

present, 555, 556

product, 529

ran, 222, 226, 320, 422

relationship, 546

reverse, 344, 551

ReversePath, 353

right, 489

root, 489

ShortForm, 543

sorted, 244

surrounds, 551

symmetric, 541

WrongPos, 289
Sfunction-designator, 70
Function-designator, 140, 146
Sfunction-heading, 144, 508
Sfunction-identification, 438
Sfunction-identifier, 70, 438
Sfunction-parameter-section, 448
Function, predefined, 62, 140-141

BitXor, 457

Button, 315

concat, 342

copy, 343

CopySign, 467

filepos, 391

include, 345

length, 342

NewFileName, 335, 385

NewRgn, 396

OldFileName, 335, 385

omit, 345

Function, predefined (Contd.)
pos, 344
Random, 226
StringOf, 341
StringWidth, 347
TickCount, 196
Function, required, 62, 140
abs, 62, 64
arctan, 64
chr, 66
cos, 64
dispose, 480
eof, 68, 76, 332, 333, 387, 390
eoln, 68, 77, 79, 332, 333
exp, 64
In, 64
new, 477
odd, 68
ord, 66, 212, 213
pred, 66, 212, 213
round, 64
sin, 64
sqr, 62, 64
sqrt, 64
succ, 66, 212, 213
trunc, 64

Garbage in, garbage out, 206
Gced (greatest common divisor), 152
General picture, 242, 246, 275, 279,
280, 282; see also Invariant

Geometric problems, 304-308
Global, 169

file variable, 351
goto, 502
goto-statement, 502
Goto-statement, 501-504
Graphics, Macintosh, 176-180
Gray-scale, 309
Grid line, 177

Halt, premature, 503
Hanoi, towers of, 434
Hardware, 3

Heapsort, 286
Hexadecimal number, 93
Hilbert curve, 453
Histogram, 209, 232
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Icon, 10, 12, 331
identifier, 92, 512
Identifier, 92

region of, 167

scope of, 166
identifier-list, 72, 512
if, 43, 84
Iff (if and only if), 67
if-statement, 84
If-statement, 43, 84-86

ambiguous, 85
Imagewriter, 6
Implemented (in Pascal), 103
in, 411
Indent Width, 24
Index, 234, 235
indexed-variable, 235, 300
Indexed-variable, 234-236
index-type, 235, 300
index-type-list, 300
initial-expression, 122
In-order, 493, 494

Input, 75, 330, 332, 334, 351, 355

Input
checking, 121
with enumerated type, 227
statement, 40, 43, 75
stream, 75
see also Reading input values
Input/output (I/0), 75
device, 3, S, 6, 75
quasi, 340
Input/output device, 331
input-statement, 76
Insertion point, 21, 22

Instant window, 24, 54, 80, 132

Instruction register (IR), 4
integer, 41, 61, 456
Integer, 61
arithmetic, 456457
arithmetic, insecurity of, 471
constant, 61
nearest, to real number, 64
part of real number, 64
representation of, 456
Interactive, 7, 81
1/0, 47, 81
Interpreter, 8
Interval of values, 109

Invariance Theorem, 276-279, 283
Invariant (assertion), 242, 249, 275-276
correctness proved with an, 276-277

testing with, 283
uses of, 346, 352, 357, 413, 538
winning, 415
see also General picture
ISO (International Organization for
Standardization), 36
Pascal, 449

k (kilo), 4

Key
auto-repeat, 30
Backspace-key, 23, 82
Caps-Lock-key, 28-29
clover (command) symbol, 14, 28, 29
Enter-key, 54, 83, 132
Return-key, 21, 82
Shift-key, 29
space-bar, 82
Tab-key, 24

Keyboard, S, 6, 7, 331

Key field (for sort), 378

label, 501
label, 501
label-declaration-part, 501
label-list, 501
letter, 92
Letter, 67
letter-or-digit, 92
Library, 149, 397
LIFO list: see Stack
Lightspeed Pascal, 8, 513-22
Line, of text file, 331
Linear search, 238, 239, 287, 420; see
also Schema
List, linked, 481484
Loader, 8
Local, 155
variable, 165
Localization, 141
Location, 4
Logarithm, 64, 286
Logical
equation, 108
operation, 68, 107
longint 61, 391, 456
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longint (Contd.)
arithmetic, 457, 471

Loop, 88
choosing form of, 125
deriving condition of, 107, 278
developing a, 278
initialization for, 278
nested, 106

M (mega), 4
Mac-character-string, 337
Machine instruction, 4
Macintosh, 6, 9
System Disk, 328
Macintosh Pascal, 8, 12, 36
editor, 19
icon, 15
Program disk, 10
Program disk icon, 12
Reference Manual, 44, 48
Technical Appendix, 207
2.0 Update, 27, 29
User’s Guide, 29
Utilities disk, 27, 29
Mac-string-type, 336
Mad Mac, 463
Magnetic tape, 390
Mantissa, 458
Mean, 468
Memory, 3, 4
main (primary), 4-6, 284, 287
secondary, 4-6, 331
Menu, 10
bar, 14
opening a, 14
see also Apple menu, Edit menu,
File menu, Pause menu, Run
menu, Search menu, Special
menu, Windows menu
MiniNim, game of, 190
Mips, 4
Mnemonic name, 73
mod, 42, 62
Modularity, 149
Modula-2, 7, 36, 170
Moral (of programming), 31, 83, 294,
296, 312, 364, 377, 445, 480
Mouse, 6, 10, 44
msec (millisecond), 5

" multiplying-operator, 70

Next button, 24

Next prime problem, 103, 111, 128,
136

nil, 477

Nim, game of, 269, 415; see also Mini-
Nim, game of

Non-local, 169

not, 67

Noughts and crosses: see Tic-tac-toe

Number-crunching, 330

Numerator, 116, 381

Numerical analysis, 470

Numeric computing, 455

O (notation), 288
Observe window, 24, 53, 54, 132
of, 218, 235, 300, 372, 384, 407
Open button, 28
Operand, 61
Operating system, 8
Operator, 42, 61
Boolean, 67
integer, 43, 62
real, 63
relational, 43, 253, 341, 410, 479
set-valued, 409
or, 67
Order
of complexity, 285-288
of evaluation, 69
non-decreasing (increasing), 244
Ordinal
type, 212-215
value, 67
Origin (in coordinate system), 44, 177
otherwise, 93
Otherwise-clause, 228
Output, 78, 330, 331, 332, 351, 355
Output, 78
device, 6
field, 48 ‘
field width, 80
fraction length, 80
heading for, 118
parameter, 165
statement, 39, 78
stream, 75, 78
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Ourtput (Contd.)

of string, 253

see also Writing output values
output-statement, 78
output-value, 78, 80
output-value-list, 78
Overflow, 461

packed, 251, 301
packed-string-type, 264
Paper tape reader, 5
Paradigm, programming, 109
Parameter, 44, 157
correspondence, 165
input, 164
mechanism, 163
output, 165
value, 157-159, 164
value array, 238
variable (var), 159-161, 164
variable array, 238
see also actual-parameter , Aliasing,
Formal parameter
parameter-type, 144, 337
Parity, 416
Pascal, 7, 36, 449
Pattern (predefined type), 178, 316
Pattern
background, 179, 396
predefined, 178, 316
Pause menu, of Macintosh Pascal, 53
Halt, 53
Pen, 177-178, 364
PenState (predefined type), 364
Performance evaluation, 284
Permutation, cyclic, 356
Phantom rows and columns, 326
Pixel, 6, 177
Placeholder, 39, 110
Point (predefined type), 364, 379
Point (in coordinate plane), 177, 180
Pointer, 476-480
pointer-type, 476, 477
pointer-variable, 478
Pointing with mouse, 10
Polynomial-time algorithm, 286
Pop (off stack), 484
Portability, 7
Postcondition, 128, 202, 274

Post-order, 494
Power-down, 16
Power notation, 63, 80
Power-on switch, 10
Power-up, 18
Precedence of operator, 69-70
Precondition, 128, 202, 274
Predecessor, 212
Pre-order, 494
Pressing, 11
Prev button, 24
Prime number, 103
Principle (of programming), 115, 118,
121, 126, 127, 128, 129, 131, 132,
149, 162, 164, 170, 182, 186, 192,
197, 198, 227, 236, 239, 240, 259,
278, 279, 281, 283, 291, 307, 367,
370, 378, 390, 439, 440, 442, 445,
457, 460, 465, 470, 478
Print
a program, 28
a screen image, 28
Printer, 6
dot-matrix, 6
Problem size, 285
Problem solving, 100
goal-directed, 279
high-level solution, 102
with invariants, 278
language independent, 104
using pictures, 307
Procedural language, 104
procedure, 163, 439
Procedure, 44, 153
call (invocation), 156, 161, 165
desk-checking, 203
dummy, 269
heading of, 155, 192
parameter, 448
parameterless, 155
precondition of, 202
postcondition of, 202
statement, 44
testing a, 203
use in programming, 206
utility, 198
procedure-and-function-declaration-part,
155
procedure-body, 163
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procedure-declaration, 163, 438 Procedure, defined in text (Contd.)

Procedure-declaration, 155, 164 PerfectShuffle, 538
Procedure, defined in text pop, 485
powers, 551

append, 336, 353, 542 PrintAnswer, 224
ArraySwap, 538 PrintBoxSide, 155
binary, 414, 422 PrintCharacterSet, 158
ChangeFormat, 399 PrintCycle, 543
compress, 544 PrintErrorMessage, 392
CreateDiffFile, 548 PrintFrom, 536
CreateEmpty, 485, 489 PrintMonth, 533
DeleteNext, 555 PrintReverseOfLine, 433, 486
destroy, 490, 555 PrintRow, 157
display, 321 PrintTest, 224
divide, 276 push, 485
DragARect, 547 ReadList, 482
DrawAxes, 187, 262 ReadReply, 223
DrawCal, 534 ReadSex, 216
DrawDots, 532 ReadTimes, 260
DrawEmptyGrid, 320 ReadWord, 374
DrawHeadings, 534 replace, 346
DrawlLink, 495 ReplaceAll, 346, 369
DrawMatch, 198, 421 reverse, 537
DrawMonth, 534 roots, 466
DrawNode, 495 RotateAnti, 306
DrawRect, 188 schedule, 160, 188, 262
DrawStringC, 347, 494 ScheduleAll, 261
DrawTree, 494 ScreenToGrid, 321, 542
empty, 485 ScrollUp, 398
EndTest, 225 Sendinfo, 354
EraseMatch, 199, 422 SetTopLeft, 495
ErrorHalt, 503 SetUp, 321, 323, 553
FillCell, 321 ShowlLine, 399
FindField, 353 ShowStyles, 444
FindOut, 200, 423 simulate, 323
getmax, 172 SkipRestOfMessage, 354
GetMousePt, 546 sort, 246, 249, 250, 285, 446
GetPath, 544 Sortindexes, 261
Hanoi, 435 split, 539
Hilbert, 553 swap, 261
insert, 483, 489 SymmetricDifference, 412, 422
introduce, 199, 223, 322 422 test, 224
LabelRow, 421 tick, 545
MinorFlip, 305 transpose, 541
move, 200, 423, 553 try, 552
NewTest, 223, 362, 366 VFlip, 542
NumberColumns, 156 wait, 199
NumberJobs, 260 WritePersonalPronoun, 216
ParameterTest, 171 WriteStats, 531
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procedure-heading, 163, 507
procedure-identification, 439
procedure-identifier, 439
procedure-or-function-declaration, 155
procedure-parameter-section, 448
Procedure, predefined, 44

Procedure, required, 44

get, 333, 387

pack, 252

put, 332, 385

Read, 43, 76, 77, 227, 333, 334,
339, 387, 401

AddPt, 454
close, 391
delete, 345
DisposeRgn, 396
DrawChar, 347
DrawlLine, 179
DrawString, 347
EraseOval, 179
EraseRect, 179
FrameOval, 179
FrameRect, 179
GetMouse, 44
GetPen, 364
GetPenState, 365
insert, 345
InvertCircle, 179
InvertOval, 179
InvertRect, 179
Line, 179
LineTo, 178
Move, 178
MoveTo, 178
open, 390, 391
PaintCircle, 179
PaintOval, 179
PaintRect, 179
PenPat, 178
PenSize, 178
ReadString, 341
ScrollRect, 395
seek, 390
SetDrawingRect, 394
SetHalt, 462
SetPenState, 365
SetPrecision, 467
SetPt, 454
SetRect, 377
ShowDrawing, 395
SysBeep, 196
TextFace, 412
TextFont, 180
TextSize, 180
WriteDraw, 180, 347

Readin, 40, 43, 76, 77, 82, 333
Reset, 333, 386

Rewrite, 332, 385

unpack, 251

Write, 40, 46, 79, 80, 227, 332, 386
Writeln, 39, 46, 79, 332

Procedure-statement, 156, 161
program, 90
program, 90, 397, 506
Program, 3, 39, 90
decomposition, 272
execution of, 90
maintenance, 272
modification, 272
parameters, 331, 355
running a, 52
saving a, 26
schemas, 110
segment, 103
testing a, 275
transformation, 289
program-block, 90
Program counter (PC), 4
Program, defined in text
Arithmetic, 222
Calendar, 533
CharacterSet, 124, 158
EvenOdd, 523
HilbertCurve, 553
IdiotSheet, 397
JobScheduler1, 119
JobScheduler2, 187
JobScheduler3, 259
Letters, 236
MailMinder, 352
Major, 392
MergelntFiles, 388
MiniNim, 198
Nim, 420
Primes, 148
RandomWalk, 319
ShowTree, 494
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Program, defined in text (Contd.)

stats, 469

test, 171, 434

TestlIsDigit, 142

TestSort, 248

TextStyles, 443

WhileTest, 87

YouGuess, 38

YouGuess2, 40

YouGuess3, 45
program-heading, 90
program-identifier, 90
Programming, 6

environment, 8

language, high-level, 7

methodology, 272

style, 73

with procedures, 175

see also Defensive programming
Program-parameter, 385, 386
Program window, 20, 21, 24, 53

left margin of, 53
Prompt for input, 38, 83
Proof

of correctness, 275

of termination, 277
Push (on stack), 484

Quadratic equation, 465

Queue, 499

QuickDraw, 176, 207, 226
QuickDraw1, 176, 397
QuickDraw2, 397

Quicksort, 286

Quotient, 61

Radians, 64

RAM (random-access memory), S, 6
Random-access file, 331, 390-391
Random walk, 308

randSeed (predeclared variable), 226
Reading input values, 77
ReadIn-statement, 76

Read-statement, 76

Read/write access to file, 390

Real arithmetic, 458-464

Real constant, 63

Real number, representation of, 458
Real type (Macintosh Pascal)

Real type (Macintosh Pascal) (Contd.)
double, 63, 459
extended, 63, 459
real, 61, 62, 459

record, 363

Record, 359, 361
assignment, 362, 363
dot notation for, 361
empty variant of, 373
field of, 361
field-name of, 361
packed, 379
selective updating, 362
type, 361
types, predefined, 364

Records, case-studies involving, 377

record-section, 363

record-type, 363

record-variable, 363

Record-variable, 361

record-variable-list, 366

Rect (predefined type), 376

Recurrence, 288, 414, 440

Recursion, 432
base-case of, 436
depth of, 440
fundamental principles of, 436
infinite, 440
mutual, 437
see also Recursion

Recursive
definition, 432
function, 433
procedure, 433

Recursive subprogram, 437
desk-checking, 439
executing, 439

referenced-variable, 478

Referenced-variable, 478

Reference, the, 44, 48

Refinement, 102

Region of identifier, 166

Register, 4

relational-operator, 70

Relational operator, 43, 68, 213, 341,

479
Relative error, 463
Relatively-global, 169, 170
Remainder, 42
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repeat, 88-89
repeat-statement, 88
Repetition, 86
Reserved word, 21, 39, 92-93
Reset, first call of, 385
Resources, 284
Restart a program, 53
result-type, 144, 337, 479
Rewrite, first call of, 385
RgnHandle (predefined type), 396
ROM (read-only memory), 6
Rounding of real number, 64, 80
Row-major order, 303, 317
Row-major processing, 311
Row of 2-d array, 300
Run menu, of Macintosh Pascal, 25, 52

Check, 26, 32, 52

Go, 38, 52, 53, 54

Go-Go, 53

Reset, 53

Step, 53, 131

Step-Step, 53, 54, 131

Stops In, 53

Stops Out, 53
Run-time

check, 214

error, 42

stack, 440

Same type, 216, 251
SANE (Standard Apple Numeric Envir-
onment), 176, 207, 397, 467
Save As
Application, 27, 29
Object, 27
Text, 27
Save button, 27
scale-factor, 63
Schema, program
Boolean Safe Linear Search, 245,
246, 537
Check Interactive Input, 121, 208
Column-Major Processing, 304
Complex While Loop, 112, 245, 290
For Decreasing Values In An Inter-
val, 122, 123, 195
For Increasing Values In An Interval,
122, 124, 183, 184, 257

Interactive I/O, 112, 116, 232, 256
for n nested loops, 445
optimistic linear search, 238, 245
Process File, 388, 402
for processing input values followed
by an end-of-line marker, 491
for processing a string, 351
Process Lines, 340, 543
for rectangular array-sections, 303,
311, 314, 317
Row-Major Processing, 303
sentinel search, 241, 244, 245
Sequential Search, 110, 238
Sequential Search After First, 136
Sequential Search With Processing,
111
for set construction, 415
Truncated Safe Linear Search, 239,
241, 245, 536, 539
Scope, 166, 366
rules, 166, 167, 501
Scroll
arrow, 13
bar, 13
box, 14
Search menu, of Macintosh Pascal, 23
Everywhere, 24, 27
Find, 23
Replace, 23
What to find..., 23, 98
Sentinel, 243
Separate Words button, 31
Sequence of values, 480
set, 407
set, 511
Set, 405, 407
Boolean operations on, 410
construction of, 408
empty, 408
packed, 408, 426
relational operators for, 410
see also Operator, set-valued
set-constructor, 408
set-type, 407
Shift-clicking, 11, 22
Side-effect, 164, 276
Sierpinski curve, 454
sign, 61
signed-integer, 61
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signed-real, 63
Significand, 458
Significant digits, 465
Silicon chip, 4, 5
simple-expression, 70, 510
simple-statement, 90, 156, 502
simple-type, 216
Simple type, 233
Sine, 64
size-attribute, 336
Size box, 13
Software, 6-9
Software-hardware hierarchy, 9
Sort
bubble, 249, 250, 282
insertion, 282
New Improved Bubble Sort with
Early Termination, 250, 286
selection, 247, 249, 287
Sorting, 246, 247
Sound generator, 6
Space-complexity, 287
Space-filling curve, 452
Special menu, of desktop
Empty Trash, 16, 18
Shut Down, 16
special-symbol, 92
Special-symbol, 92
Specification, 272, 274
desk-checking, 291
language, 274
Spreadsheet, 9
Square, 62
Square root, 64
Stack, 484, 498; see also Pop, Push

Standard input stream, 331, 332, 333

Standard Pascal, 36
Standard, the, 36, 48
Startup disk, 10, 18
statement, 90, 501, 509
Statement, 38
statement-list, 84
statement-part, 90
statement-sequence, S08
State-variable, 227
Stepwise refinement, 100-103,
272, 273
Stop mark, 53, 132
Stopping-value, 113

string, 93, 337
string, 512
String, 252
assignment, 337
comparison, 253, 341
concatenation, 342
constant, 252
empty, 337
fixed-length, 330
function, 342
implementing variable-length, 367
input/output, 339
length of, 337, 368
in Macintosh Pascal, 336
output of, 253
processing, 330
searching a, 344
in Standard Pascal, 250
type, 252, 264
variable, 252, 253
variable-length, 337
string-character, 66
string-element,, 66
string-element-sequence,, 66
Stub, 205, 269
structured-statement, 90, 366
Structured statement, 44
structured-type, 235, 251
Style (predefined type), 407
Styleltem (predefined type), 406
Subprogram, 44, 144, 155
independent, 158
modular, 149
as parameter, 445
see also Calling-diagram, Testing
subrange-type, 214
Subrange type, 214, 284
Subscript, 235
manipulation, 304
Substring, 343
Successor, 212
Swap values, 74
Symmetric
array section, 326
difference, 412
Syntax, 21, 58
chart, 59
diagram, 59, 505
high-level, 90
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Syntax (Contd.)
low-level, 91
System Folder, 18
System program, 8
Tab Stops, 24
tag-field, 372
Tag-field, 372, 377
term, 70, 510
Terminating a session, 16
Test-driver, 203
Testing, 52, 127, 272
bottom-up, 204
by execution, 130
functions, 152
with invariants, 283
procedures, 202
top-down, 204
text (required type), 331
Text
alignment of, 347
editing, 23
highlighted, 22
mode, 180
processing, 329
selected, 22
style of, 180, 406
Text file, 330
avoiding, 389
parameter, 336
reading a, 333
writing a, 332

Text window, 20, 24, 38, 331

then, 43, 84
Three dots, 59
Tic-tac-toe, 17
Time-complexity, 285
Title bar, 12
to, 122, 219
Token, 91

separation of, 91, 93
Top of stack, 484
to-symbol, 122, 219
Translator, 7, 52, 437
Transparent, 221
Transportable, 36
Trash

can, 10, 12, 16, 18

folder, 16
Trick, programming, 227

true, 43, 67
type, 215
type, 216, 235, 336, 476, 507
Type, 41, 60
host, 214
structured, 233, 250
unstructured, 144
type-definition, 215
type-definition-part, 215
Typeface, 406
type-identifier, 144
Type size, 180
Typo(graphic error), 131

Undefined value, 42, 72
Underflow, 462
unlabeled-statement, 501
unpacked-structured-type, 251, 363, 384,
407
unsigned-constant, 70
unsigned-integer, 61, 512
unsigned-real, 63, 512
until, 88, 89
Untitled, 20, 22, 39
Updating a value, 165
User-interface, 194
uses, 93, 397, 467
uses-clause, 397
Uses-clause, 397, 467

value-parameter-section, 144
var, 41, 72, 73, 160, 164
variable, 76, 235, 300, 478, 511
Variable, 41, 71, 73

anonymous, 477

declaration, 72

dynamic, 396, 477

initialization, 73

quasi, 145, 146
variable-declaration, 72
variable-declaration-part, 72
Variable-declaration-part, 41, 46
variable-identifier, 73
variable-list, 76
variable-parameter-section, 163
Variance, 468
variant, 372
Variant

change of, 375, 377
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Variant (Contd.)
nested, 373
record, 371
records, restrictions concerning, 377
undiscriminated, 375
variant-part, 372
VDU (visual display unit), 5
Vertical bar, in syntax notation, 60
VHSelect (predefined type), 379
View menu, 18

while, 45, 86
While-loop, 275
while-statement, 86
While-statement, 45, 86-88
Window, 12-14
see also Drawing window, Instant
window, Observe window,

Window (Contd.)

Program window, Text window
Windows menu, of desktop, 12, 16, 18
Windows menu, of Macintosh Pascal,

24

Clipboard, 23, 28

Font Control..., 24, 180

Instant, 54

Observe, 54

Preferences..., 24
with, 366
with-statement, 366
With-statement, 366-367
Word, 4
word-symbol, 92
Word-symbol, 92
Writeln-statement, 78-79
Write-statement, 7879
Writing output values, 78-81
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USING MACINTOSH® PASCAL

Paul Pritchard

If you have been looking for a serious book on programming which uses Macintosh Pascal or Lightspeed

Pascal, then you have found it. This book is aimed squarely at Computer Science students who are taking
anintroductory course in computer programming, where the language is Pascal and the computer is the

Apple Macintosh. It provides a rigorous and comprehensive introduction to Pascal programming and will
be of interest to any serious user of the Macintosh computer.

Highlights:

Emphasizes problem-solving and the top-down development of programs using program schemas and
invariants

Clearly separates the concerns of learning to program, learning the Pascal language, and learning to use
the Macintosh

Includes a complete account of ANSI Standard Pascal and shows where it differs from Macintosh Pascal -
and Lightspeed Pascal

Provides a complete coverage of string-processing and random-access files, and an extensive treatment
of graphics programming

Written in a clear, readable style with plenty of case-studies, projects, exercises, homework problems and
selected solutions

Assumes only high-school level mathematics and does not require previous computing experience
Software supplements available for both Macintosh and Lightspeed Pascal.
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so many well-chosen examples! A text with an enlightened and early treatment of the function and
procedure, with a solid discussion of scope issues! A text that knows how to discuss recursion! A text
with a neat chapter on programming methodology and correctness concerns! A text whose example
programs are so neat and clean! A text with a sense of humor! A text that | would have liked to write!”
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