

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































25

MORE
COMPONENTS

In this final chapter we'll look at a smorgasbord of other useful components. The
selection is, of course, arbitrary. We could have included lots of other kinds of com-
ponents, but these are useful and demonstrate several more OOP concepts we
should touch on. We'll look, to varying degrees, at

Trees and “treeability”

A general node class

A general binary search tree software component
Array objects for open array parameters

|
|
|
]
B Streams in brief
| |

Filters

Trees and “‘Treeability’’

So far we've looked at software components based on lists. Another common kind of
structure in computer science is the tree, and the most commonly used tree is the
binary tree.

Whereas a list strings nodes together linearly, a tree strings them together hier-
archically. A doubly linked list node has a previous node and a next node (unless it’s
at one end of the list). A tree node has a “parent” and zero or more “children,” each
a node. The first node in the tree, which has no parent, is called the “root” node. In a
tree, a node can be at the root, at the terminus of a branch (a leaf), or somewhere in
between (an interior node). Usually, a tree node doesn't contain a pointer to its
parent node—although we can build such a pointer in. A tree node does contain
pointers to its children. Figure 25-1 on the next page illustrates the three kinds of
tree node positions and the parent-child relationships among tree nodes.
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Root node

Node with three children / Node with two children

/

Interior
nodes

Leaf nodes Node with one child

Figure 25-1.
Structure of a tree.

Trees can be binary (a maximum of two children per node), trinary, and so on. The
nodes of a totally general tree such as the one shown in Figure 25-1 can have any
number of children, even varying numbers of children, per node. Some kinds of
trees are adjusted after each addition or removal to “balance” the tree. The adjust-
ments keep the tree more efficient and easier to work with. One advantage of tree
structures is that we can use them in a way that allows us to access a given node
much more quickly than if the node were in a list. For more on the care and feeding
of trees, see your local data structures text.

‘'Treeability’’

By analogy with lists, we'll consider a property that might be called “treeability.” An
object is “treedble”—that is, it can be added to a tree—if it descends from a class
called TTreeable. TTreeable greatly resembles TDoublyLinkable:

type
TTreeable = object(TLockable)

fRightChild, fleftChild: TTreeable;

procedure [Treeable;
procedure SetRight(o: TTreeable);
function RightOF: TTreeable;
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procedure Setleft{o: TTreeable);
function LeftOf: TTreeable;
end; { Class TTreeable }

- But, having considered the TTreeable class, we're not going to implement it.

TNode, a General Node Class

A hypothetical example will illustrate why T7Treeable is a bad approach. Suppose
that we have some object O that we'd like to use in a list at one point and in a tree
later. What should O’s class descend from? It appears to need both TDoublyLinkable
and TTreeable properties. Of course, both TDoublyLinkable and TTreeable descend
from TLockable, a contender to be their common ancestor class, but TLockable lacks
any kind of linkability or treeability whatsoever.

We need a more general strategy. Recall the problems we had in Chapter 19 with
using the pointer-based TLinkedList in PicoApp (or in MacApp or TCL). The most
common kinds of .data in an application framework all descend from the frame-
work’s view class. But in order to be both a node in TLinkedList and a view in
PicoApp, an object had to descend from both TDoublyLinkable and TPicoView. In-
tegrating the two separate class hierarchies proved to be difficult—not impossible,
but with some negative side effects. In the end, we decided to put our emphasis on
the array-based class TList instead, even though it, too, required a small adjustment
to PicoApp to make its node locking work well.

We really face two problems: the problem of storing the same object in lists, trees,
and other data structures at different times and the related problem of integrating
data structures with application frameworks. TList is a good start toward a solution,
but implementing trees and other nonlinear data structures inside an array turns out
to be pretty complicated. Is there a better, more general solution, then?

Toward Real Generality

The real problem with software components such as TLinkedList and a similarly im-
plemented tree stems from our using a piece of data as itself a node in the structure.
In such a setup, the data object—a TInteger, for example—inherits node properties
from its TLinkable and TDoublyLinkable ancestors (or their tree equivalents). That
avenue seemed attractive back in Chapter 18, and we later saw how much more
storage it saved than rival lists implemented with old-fashioned record-type nodes.

But despite the savings, if components built with data objects as nodes are going to
throw up roadblocks when we try to use them as we’d like to in PicoApp and in rela-
tion to other kinds of structures, we might need to rethink the approach.

Let’s look at two alternatives. The first falls back on the traditional linked-list,
linked-tree structure that stores object-type data in a field of a record-type node. We
considered this model briefly in Chapter 18. The second alternative does use objects
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for nodes but separates “nodeness” from data objects. Each node object has an in-
stance variable of type TObject in which it stores its data. Any descendant of TObject
can be stored in such a node, and there’s no conflict with PicoApp or other struc-
tures. We can put the same data object into a TList, an old TLinkedList (provided we
install the data in a 7TNode and then add the TNode), a revised TLinkedList (built
from the start with TNodes), a TBinarySearchTree, or any other structure that
doesn't require data objects to know how to be nodes.

The Old Old-Fashioned Way

In a traditional linked list, a node declaration would look something like this:
ty

pe
NodePtr = ANode;
NodeHandle = ANodePtr;

Node = record
data: TObject; { Space for data }
next: NodeHandle; { Links }

prev: NodeHandle;
end; { Node Record }

This structure resembles the structure of a TDoublyLinkable: It has space for data (in
an instance variable) and two links, one to the next node in the list and one to the
previous node.

But the data is kept separate. We can store any object whatsoever in the data field.
And the data item does not have to be a subclass of Node, of TDoublyLinkable, or of
anything else—except TObject.

List methods can still work perfectly well with the data. To add a new item to the
list, for instance, an addition method first creates a new, dynamically allocated block
of storage in the heap for a Node record pointed to by a NodeHandle. Then the addi-
tion method stores its input data in the new Node’s data field. Finally, the addition
method links the node into the list in the appropriate place.

That’s not much different from the way we did it in TLinkedList. The addition
methods simply skipped the intermediate step of creating a new node object. They
linked the data object itself into the list because the data had inherited linkability
and double linkability from its ancestors.

Of course, we noted that a traditional record-based list takes quite a bit more heap
space than a TDoublyLinkable-based list. The record-based list needs to allocate two
blocks in the heap for each list element: one block for the node and another for the
data object stored in the node. Each block has 8 bytes of block header overhead. In
the space-saving department, both TZinkedList and TList outperformed TOldList, as
we called it.
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The New Old-Fashioned Way

Now let’s modify the traditional scheme a bit. Instead of allocating a record-based
node for each list element, we’ll use a node object. But, like the old-fashioned
record-based node, our node object will have a separate field for storing the actual
data. We've again separated nodeness from data objects. Here are some initial
declarations:

TNode = objecH{TObject)

fData: TObject; { Space for data }
fNext: TNode; { Links }
fPrev: TNode;

procedure INode (itsData: TObject);
procedure SetNext (node: TNode);
function NextOf: TNode;

procedure SetPrevious (node: TNode);
function PrevOf: TNode;

procedure SetData (itsData: TObject);
function DataOF: TObject;

en;l; { Class TNode }

A TNode instance is an object that can hold a piece of object-type data descended
from TObject and that can be linked with other TNodes. It has methods for setting
and getting all its fields and for initializing itself.

Notice the listlike field and method names: fNext, fPrev, SetNext, and so on. This
node model would be a suitable replacement for the nodes in a redesigned
TLinkedList. But what about trees? We’'ll get to that topic shortly.

The important aspect of TNode is that the data and the node are not the same entity.
We’'ll have no problem integrating lists or other structures made of TNodes with
PicoApp or anything else.

A More General TNode

It’s not essential that the TNode class used for lists be the same as the class used for
trees. But let’s at least consider a way to make one class do double duty.

Picture the structure of a doubly linked list against the structure of a binary tree.
Figure 25-2 on the next page helps us to compare the two. Normally, we visualize a
list extending from left to right across a page. The head is at the left end, and the tail
is at the right. The nodes are doubly linked, so each node points to its predecessor
(on the left) and its successor (on the right). Each node is also pointed to by both its
predecessor and its successor. A binary tree, on the other hand, begins at the top
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List Tree

Structure of a nhode Structure of a node

Previous Next Left Right
node node child child
Figure 25-2.

TNodes in a doubly linked list and a binary tree.

with a single node, the root. Each node, including the root, has the ability to point to
two child nodes. And each node is pointed to by its own parent node, to which,
normally, it doesn’t have a “back pointer.”

The structures are dissimilar: One is linear, the other hierarchical. And in a doubly
linked list, we can traverse both forward and backward, but in a tree, we can tra-
verse only downward.

Yet the nodes are considerably alike: A list node has two links and a slot for data; a
binary tree node also has two links and a slot for data. The only differences between
the kinds of node are the naming conventions used for their links and the methods
that operate on the nodes. A list node uses fPrev and fINext; a tree node uses fLeft
and fRight to refer to its left and right children.

What’s in a name? A lot—and yet not so much. Maybe we can work out a solution to
the name problem.

We picture a tree node’s children hanging from the node’s left and right links, so we
name the children for that spatial arrangement. It’s not much of a conceptual leap to
think of list nodes in a similar way: Instead of “previous” and “next,” suppose we
refer to a node’s predecessor as the node on its left and its successor as the node on
its right. That’s natural enough when we visualize the list strung out from left to right

on a page..
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Let’s give up the traditional list terminology and adopt more treelike terms instead,
all in the name of generality and reusability. We just have to remember how to think
about a list—it goes from left to right, with the head at the left and the tail at the
right. Here’s a new and more thorough node declaration based on this way of
thinking:

type
TNode = object{TObject) { Note ancestry }
fData: TObject; , { Space for data object }
fLeft, fRight: TNode; { Previous and next or left child and right }
{ child }
fStructure: Integer; { Structure type--specifies list or tree }

fErrorHandler: TErrorHandler; { Error-handler object }

procedure INode (data: TObiject; treeOrlist: Integer; eh: TErrorHandler);
procedure Setleft (o: TNode);

procedure SetRight (0: TNode);

function LeftOf: TNode;

function RightOf: TNode;

function NumberOfChildren: integer; { Used only in trees}
procedure SetData (data: TObject);

function DataOf: TObject;

procedure SetErrHandler (e: TErrorHandler);

function ErrHandlerOf: TErrorHandler;

function Clone: TObject;

override;

procedure Free;

override;

function TypeOf: Str30;

override;

end; { Class TNode }

The final version, which you can see in the file UNode.p on the code disk in the
folder Binary Tree, Ch 25, has more methods, but this is a good start.

TNode’s Ancesiry

We've made TNode a descendant of TObject rather than of TLockable. We don't plan
to lock the nodes themselves. We'll lock the data the nodes contain because con-
sumers might have outside references to the objects they store in a list or a tree, but
no consumer is likely ever to have an outside reference to a node. Nodes are a
mechanism entirely internal to a list or tree.

When a list or tree adds a new data item, it creates a new node to hold the item and
locks the data—not the node.
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Locking TNode’s Data

The fData instance variable in TNode is of type TObject. As long as locking is not in
effect, the consumer can store any TObject descendant in that field, regardless of
whether it also descends from TZockable.

By default, lists and trees are initialized with locking enabled. A list or a tree will au-
tomatically lock all data objects unless the consumer calls SetLocking(false) right af-
ter initializing the list or tree or any time the structure is empty. That’s the way we
did it in TList. SetLocking(false) works only if the structure is currently empty, and
normally we’d call it only right after initialization.

For convenience, we’ll also add Lock, Unlock, and Locked methods to TNode. These
methods take care of locking and unlocking a node’s data, calling upon the data
object’s own TLockable fields and methods.

The consumer doesn’t have to make nodes, doesn’t have to install his or her data in
nodes, and isn't responsible for locking the data. The list or tree does all of that. But
the consumer is responsible for adding only unlocked TZockable data as long as the
structure is enabled for locking.

TNode’s Methods

Almost all the node methods work for both listlike structures and treelike structures.
The exception is TNode.NumberOfChildren, which indicates by its very name that
it’s meaningful only for trees. It returns the value 0 (no children under this node), 1,
or 2. If a consumer did happen to call NumberOfChildren for a list, though, the
method would correctly return O or 7—a list node either has a successor node or it
doesn't.

The rest of TNode’s methods are ambidextrous, working for both kinds of structure.
That means we could build a new TLinkedList or a TBinaryTree using TNode.

In a list, we set a node’s link to its predecessor by sending the node a SetLeft més-
sage, passing a reference to the predecessor node. To set a node’s link to its suc-
cessor, we send the node a SetRight message. To get a reference to the predecessor,
we send LeftOf, and to get a reference to the successor, we send RightOf.

In a tree, Setleft and LeftOf refer to a node’s left child; SetRight and RightOf refer to
its right child.

Both lists and trees can use the Clone and Free methods. To empower these methods
for both list-type and tree-type structures, we've included in 7Node an fStructure
instance variable of type Integer. For a list-type instance, we set fStructure in all
nodes to the constant kList, which equals 1, and for a tree-type instance, we set
SStructure in all nodes to kTree, which equals 2.
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The data structure object sets its nodes to the proper structure type in INode:

procedure TNode.INode (data: TObiject; treeOrlist: Integer; eh: TErrorHandler);
begin '

self.fStructure := treeOrlList; { Values are kList or kTree}

self.fData := data;

if self.fErrorHandler = nil then

self fErrorHandler := NewErrorHandler;

{ A new node doesn't point fo anything else }

self.fleft := nil;

self.fRight := nil;
end; { TNode.INode }

Then other methods, such as Clone and Free, can use the value that represents the
structure type to implement list or tree behavior.

TNode.Clone does different things depending on whether the structure type is a list
or a tree. Here’s TNode’s Clone method—keep in mind that the overall list or tree
object has a Clone method of its own, which calls this one to copy nodes:

function TNode.Clone: TObject;
override;
var
temp: TNode;
begin
if self.fErrorHandler <> nil then
self.fErrorHandler.SetError(kNodeNoErr);
temp := TNode(inherited Clone); { Clone self (this node), and then... }
if self fData <> nil then
temp.fData := self.fData.Clone; { clone self's data }

case self.fStructure of
kList: { Clone following nodes in the list }
begin
if self.fRight <> nil then { Clone next node }
temp.fRight := TNode(self.fRight.Clone);
Clone := temp; { Return a reference fo first following node’s clone }

end;
kTree: { Clone both left and right children and their }
{ children, recursively }
begin

if self.fleft <> nil then { Clone left child }
temp.fleft := TNode(self.fLeft.Clone);
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if self.fRight <> nil then { Clone right child }
temp.fRight := TNode(self.fRight.Clone);
Clone := temp;
end;
otherwise
begin
if self.fErrorHandler <> nil then
{ Tree or list not specified }
self.fErrorHandler.SetError(kAmbiguousStructure);
Clone := nil;
end;
end; { case }

end; { TNode.Clone }

For a list (fStructure = kList), the TNode.Clone function recursively clones the next
node (which recursively clones its next node, which...). When all the recursive calls
have unwound, we have a copy of the list, with all its fRight (= fINext) links correctly
set. That’s what the nodes can do. It’s up to the list object’s own Clone method to
hook up the fLeft (= fPrev) links, reset its fMark if it has one, and so on. The node’s
Clone method presented here doesn’t do anything about fLeft links.

For a tree (fStructure = kTree), the TNode.Clone function recursively clones the
root’s left child (which recursively clones its left child, which...) and then recur-
sively clones the root’s right child. At each level of recursion, the node at that level
will send a Clone message to its own left child and then, when that message returns,
send a Clone message to its own right child. Here’s the tree cloning code:

if self.fleft <> nil then { Clone left child }
temp.fleft := TNode(self fLeft.Clone);
if self.fRight <> nil then { Clone right child }

temp.fRight := TNode(self.fRight.Clone);
Clone := temp;

The first if statement sends the current node’s (self’s) left child a Clone message (if
the left child exists). The second if statement does the same for self’s right child.
Once the left and right subtrees under the current node have been copied, the refer-
ences to them are stored in the left and right child references of temp, the copy of
self. Finally, temp is returned as the result of the Clorne function for the current node.
As each node’s Clone function returns, it hands back a complete copy of all
children, grandchildren, great-grandchildren, and so on, for that node.

Each node is responsible for cloning the subtree hanging from its own left child link,
cloning the subtree hanging from its own right child link, and cloning itself, includ-
ing references to its copies of the left and right subtrees. The process is like the node
cloning for TLinkedList in Chapter 20. If you followed the recursion there, you’ll be
able to work it out here.
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Freeing the nodes of a locked list or tree poses some special problems. As we free
the whole data structure, we have to

B Unlock each node’s data object (fData)
B Possibly free the node’s data object
B Free the node itself

That turns out to be a bit tricky as we move down the structure from node to node.
In order to free each node, we need the list’s or tree’s fSignature value that was used
to lock the node’s data originally. But the Free method, as inherited from TObject,
takes no parameters, and we can’t simply add parameters to an override.

We'll write a new method, TNode. PRIVATERelease, instead of using TObject’s Free.
We prefix the method name with PRIVATE because we don’t want consumers to call
the method.

PRIVATERelease takes two parameters: an Integer signature and a Boolean value,
killData. The signature is used to unlock the node’s data item. If killData is true,
PRIVATERelease instructs the node to destroy its data item by sending the data a
Free message. If killData is false, the data item is not destroyed. We make it possible
to free the node object without freeing the node’s data because the consumer might
need the objects in the list or tree after their roles in the data structure are over.

PRIVATERelease unlocks the node, optionally frees the node’s data, and sends
recursive PRIVATERelease messages to the node’s successor (in a list) or its children
(in a tree). When those recursive calls return, PRIVATERelease calls

self.Free;

to free the node object. At that point, all of the node object’s successors or children
have already freed themselves.

CAUTION: You'll seldom see or use the message self.Free. Notice that we
sent this message from within a PRIVATERelease method, not from an over-
ridden Free method. In this context, it’s safe—the node’s inberited Free
method is called. But if you called self Free from inside the node’s over-
ridden Free method (if it bad one), you'd be recursively calling the same
method again, and again, and again, with no base case to stop the
recursion.

Here’s the code for PRIVATERelease:

procedure TNode.PRIVATERelease (signature: Integer; killData: Boolean);
begin
if self.fErrorHandler <> nil then
self.fErrorHandler.SetError(kNodeNoErr);
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{ Unlock this node and then release its successors or children }
{ When all successors or children are released, free this node }
if TLockable(self.fData).Unlock(signature) then
begin
case self fStructure of
kList:
if self.Right <> nil then { Free next node }
self.fRight.PRIVATERelease(signature, killData);
kTree:
begin
if self fleft <> nil then  { Free left subtree }
self.fLeft.PRIVATERelease(signature, killData);
if self.fRight <> nil then { Free right subtree }
self.fRight.PRIVATERelease(signature, killData);
end;
otherwise
if self.fErrorHandler <> nil then
self.fErrorHandler.SetError(kAmbiguousStructure);
end; { case } '

if killData then { Destroy data if indicated }
self. fData.Free;
self.Free; { Nodes inherit Free }

end { We're calling Free from PRIVATERelease }
else if self.fErrorHandler <> nil then
self fErrorHandler.FatalError(kUnauthorizedFree);
end; { TNode.PRIVATERelease }

TNode Error Handling

Like TDoublyLinkable, TNode is not descended from TErrorHandler but merely
contains a field for holding a TErrorHandler object (the “composite object” ap-
proach we looked at in Chapter 8). INode might instantiate an error-handler object
and install it in fErrorHandler; or the list or tree might install a reference to its own
error-handler object in each node by means of the eb parameter so that all nodes
could use the same error handler as the list or tree itself. Treating TErrorHandler
this way also reduces space overhead a little because we need only one 4-byte field
for the handler instead of inheriting two integer fields and a Boolean field—a small
savings, but a savings nonetheless.

TNodes vs. Record-Type Nodes

Now that we’ve seen both a traditional record-type node and the new TNode, let’s
figure out which is better.

The traditional node, because it’s a record, inherits nothing. The space cost per node
is 12 bytes—4 each for the data and the two links—plus an 8-byte block header,
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plus a separate block for the data object. Let’s say that the data object is a TInteger,
which has 2 bytes of data and 2 bytes for its class link, plus its own 8-byte block
header. To store the TInteger instance in a traditional node, we’d need 32 bytes.

TNode inherits no instance variables from TObject, but it does require 2 bytes for a
class link, 4 bytes for data, 8 bytes total for left and right links, 4 bytes for an error
handler (which is lacking in the traditional node but could be added), 2 bytes for the
SStructure field, and 8 bytes for the node’s block header—for a total of 28 bytes.
When we add in 12 bytes for a TInteger object, the total is 40 bytes.

So a TNode costs 8 bytes more per node (4 if we discount the error handler). That
might be enough in some cases to make us prefer the old-fashioned record-based
node. The old-style node can also be made to be ambidextrous in exactly the same
way as the object-type node, so it will work for both lists and trees.

But there’s one more consideration on 7Node's side. A record can’t be extended
without directly revising source code. TNode, as a class, can be extended by means
of subclassing. Suppose we need a node type for trinary trees, say. A TTrinaryNode
class can be derived easily, and it will still work in lists as well as trees.

The bottom line? A good class library will have both record-type nodes and object-
type nodes, and various lists and trees built from both kinds. If space is at a pre-
mium, the old-style node is cheaper. If extensibility is more important than space,
TNode is preferable.

Our example binary search tree class will be constructed with 7Nodes.

Real Trees

Just as TDoublyLinkables provide the raw material for lists but don't actually build
the lists, TNodes provide the raw material for both lists and trees. But we still have to
build the structures.

To implement some particular kind of tree object, we’d need to write a tree object
class for it: for instance, a binary search tree class. This class would have methods
that call the TNode methods to implement the structure and characteristics of a bi-
nary search tree—which is only one of many different kinds of tree. The tree class
would be the tree equivalent of TZLinkedList or some other linked list component.
We'll look at a binary search tree class a little later in this chapter.

Beyond Binary

With its fLeft and fRight fields and corresponding methods, TNode is optimized for
binary trees, the most commonly used kind. To implement trees of higher “degree”
(more children per node), you can subclass TNode to add more fields and methods.
One naming scheme is to retain Left and Right and add new children in between as
A, B, C, and so on. Methods would include SetA, BOf, and the like.
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To implement a completely general tree, with any number of children at each node,
you might create a special node class and, instead of individual child fields, install a
list of node objects in each node. Then the node could install its children in the list.

A Binary Search Tree Software Component

A binary search tree is often used to implement the abstraction of a search table—in
compilers, databases, file managers, and so on—because it allows fast access. A bi-
nary search tree also has useful properties for sorting data. Each node contains some
data and references to two children. A data field of the node is used as a key field to
establish an ordering relationship for the nodes in the tree. Suppose we have a bi-
nary search tree in ascending order. Let’s look at the data value of a node: The node
will have a data value greater than the values of any of its left children (or their
children), and less than the values of any of its right children. Figure 25-3 illustrates
binary search trees with nodes in ascending and descending order. The relationship
between a node and its children is defined in a way that prohibits duplicate values.

For nodes added in this order: 6-4-8-2-5-7-10-1-3-9-11

Binary tree in ascending order Binary tree in descending order
if added node < this node then if added node > this node then
add to left add to left
else add to right else add to right
Figure 25-3.

Ascending and descending order in binary search trees.

When we add a node to a search tree, our addition method has to search for the right
place to insert the node according to our tree’s ordering principle. Let’s assume as-
cending order—we might be ordering strings alphabetically, say, with one string per
node. First, the new node’s data is compared to the root node’s. If it's equal, the
duplicate is suppressed—it isn’t added. If the new node is greater than the root, the
comparison is moved to the root’s right child. Each comparison moves to the left or
the right child until there is no left or right child to move to. Then the new node is
added as the child of the appropriate node.
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Removing a node is trickier. Removing a leaf node (one with no children) is no prob-
lem. But removing an interior node (or the root) calls for reconstructing the tree after
the target node has been clipped out. If the node to be removed has only one child,
that child simply moves up to replace it. But if the node has two children (which
could, in turn, have children of their own), it must be replaced with its proper suc-
cessor. This is neither a data structures book nor an algorithms book, so we’ll avoid
the messy details. Consult any standard data structures text, and examine the code
in the TBinarySearchTree.Delete method on the code disk.

Binary Search Tree Objects

A binary search tree object resembles a list object, such as a TList, to some extent.
The tree object is a manager object that contains an instance variable of type TNode
to point to the root node. The root node, in turn, has fIeft and fRight instance vari-
ables to point to its two children. And so on. We build the tree by inserting new
nodes as either left or right children according to the algorithm for inserting nodes in
a binary search tree.

Here’s a simplified binary search tree class. (The real one on the code disk has more
instance variables and methods.)

" TraversalOrders = (preorder, inorder, postorder);
typs
TBinarySearchTree = object(TLockable)

fRoot: TNode; { First node of the tree }
fAscendingOrder: Boolean; { Used to make tree ascending or descending }

procedure [BinarySearchTree (ascending: Boolean);

function TypeMatches {o: TObject): Boolean;

procedure Insert (o: TObject; s: TTreeSearchKey);

function Delete (s: TTreeSearchKey): TObject;

function IsPresent (s: TTreeSearchKey): Boolean;

function Find (s: TTreeSearchKey): TObject;

function PreorderTraversal (node: TNode; a: TTraversalAction;
level: Integer);

functian InorderTraversal (node: TNode; a: TTraversalAction);

function PostorderTraversal (node: TNode; a: TTraversalAction);

procedure DisplayTree (order: TraversalOrders);

function Clone: TObject;

override;

procedure Free;

override;

function RootOf: TNode;
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function AscendingOrder: Boolean;
procedure Clear(ascending: Boolean);
function TypeOF: Sir30;
override;

end; { Class TBinarySearchTree }

The tree class provides methods to insert and delete nodes, to determine whether a
value is present in the tree, and to find and return a given node’s data. For Delete,
IsPresent, and Find, we pass in a TTreeSearchKey object, which provides appropri-
ate instance variables, an Init method, and Equals and LessThan methods that can
be used for data comparisons. The idea is very much the same as in lists.

The TBinarySearchTree class also provides a display method and methods to tra-
verse the tree, visiting each node in the tree in some order and accomplishing some
task at each node. We've already been through the difficulties of doing some arbi-
trary action at each node of a list. It’s the same here, and the solution parallels one
we came up with in Chapter 23 for TList: using a traversal action object. In this case,
we pass an object of a TTraversalAction subclass to one of the traversal methods.
For the display method, we specify the order we want for the display: preorder, in-
order, or postorder. This means that overriding TObject’s Display method won't work
because TObject.Display has no parameters. Instead, we create the method Display-
Tree, which takes one “order” parameter. If the parameter is inorder, the traversal
will return nodes “inorder.” Figure 25-4 illustrates a partial inorder tree traversal that
would call the Display method. DisplayTree shows the tree’s nodes in the specified
order by traversing in that order and calling each node’s Display method.

Traversal sequence

Pass node 4
Fass node 2
Display node 1
Dieplay node 2
Digplay node 3

Display node 4

Figure 25-4.
A partial inorder tree traversal. Visits go first to a node’s left child, then to the node,
and then to the node’s right child.

The AscendingOrder method gets the value of fAscendingOrder. The search tree

class can be used to build either an ascending order tree or a descending order tree.
The consumer isn’t allowed to change the order once it’s established unless he or she
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clears the tree. Clear frees the existing nodes and reinitializes the tree object to
empty. We can respecify whether nodes are to be stored in ascending or descending
order by passing true or false to Clear.

The binary search tree class also overrides TObject.Clone and TObject.Free to take
care of the whole tree. Clone must clone not only the tree object but also all of its
nodes, just as in TLinkedList.Clone. Free has to free the tree nodes and then call
inberited Free to free the tree object.

Traversing a Tree

TBinarySearchTree comes with several methods for traversing the tree to perform
actions on its nodes. All of the traversal methods use recursion—for example, to
traverse the tree inorder, the traversal method would

1. Call itself recursively to traverse the left subtree (the current node’s left
children, grandchildren, and so on)

2. Perform an action on the current node
3. Call itself recursively to traverse the right subtree

TBinarySearchTree has three traversal methods. PreorderTraversal visits each node
in the tree before visiting the node’s children. InorderTraversal visits each node in
the tree between visits to the node’s left and right children. PostorderTraversal visits
each node in the tree after visiting both its left and right children. Here’s
InorderTraversal:

procedure TBinarySearchTree.InorderTraversal (node: TNode; a: TTraversalAction);
begin
{ Recursive base case--last node has no left or right child }
if node <> nil then
begin
{ Traverse the left subtree }
self.InorderTraversal(node.LefiOf, a);
{ Visit the node and perform action.Dolt }
a.Dolt(node);
{ Traverse the right subtree }
self.InorderTraversal(node.RightOf, a);
end;
end; { TBinarySearchTree.InorderTraversal }

The DisplayTree method is based on the traversal methods. It takes one parameter,
of the enumerated type TraversalOrders. Depending on the parameter passed,
DisplayTree calls PreorderTraversal, InorderTraversal, or PostorderTraversal, pass-
ing to the method a TDisplayTraversal object that sends each node’s data object a
Display message.
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PreorderTraversal is special in that the consumer can use it to display a staggered
diagram of the tree with depth. Figure 25-5 shows two views of the same tree: a con-
ventional view, with the root at the top and its children hanging down, and the in-
dented view produced by the method call DisplayTree(preorder). PreorderTraversal
uses the method PRIVATEDispiayLevel to indent displayed data values. We can turn
the indenting off by setting PreorderTraversal’s level parameter to 0. We can also
subclass the tree and override the PRIVATEDisplayLevel method to change the
amount of indenting, make the display more graphic, and so on. See the definition of
PreorderTraversal in file UBinarySearchTree.p on the code disk.

Format from DisplayTree(preorder):

34 Root node’s value
27 Root’s left child
24 Root’s left child’s left child
25 Root’s left child’s right child
45 Root’s right child
40 Root’s right child’s left child

38 Root's right child’s left child’s left child
40 Root’s right child’s right child

Figure 25-5.
A conventional tree view and the indented notation form accomplished by
DisplayTree(preorder).

Other Tree Featlures

TBinarySearchTree also implements optional locking, optional freeing of the con-
tained data when the tree is freed, and optional type screening. These are imple-
mented very much as they were in TList, so we won't go into the details. See the file
UBinarySearchTree.p in the folder Binary Tree, Ch 25 on the code disk.

Example Program: Tree Demo

The folder Binary Tree, Ch 25 on the code disk contains the source code for classes
TNode and TBinarySearchTree. The folder also contains code for a number of
TTreeSearchKey and TTraversalAction classes. The sample program, Tree Demo,
simply puts the binary search tree class through its paces, adding nodes, deleting
nodes, displaying, traversing, clearing, and so forth. Figure 25-6 shows the compila-
tion order for the files in that program.
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E[[==—— BinTree.n HIE
Options _ File (by build order)  Size (&
: Runtime.lib 18222 5
Interface.lib 10106 [
[CINl¥ R Objintf.px 448
[DI[N]v R URandomStream.p 876
[DI[Nl¥ R UErrorHandler p 1666
[DIN]¥ R ULockable.p 542
[BINl¥ R Ulnteger p 328
[BINl¥ R UNodep 2680
[DINlY R UBinarySearchTreep 5108
[D[N] ¥ R TreeDemo.p 5678
ol Cods Bins 45654 | |
&
« EE
Figure 25-6.
Compilation order for binary search tree demo program.
About the files

You should be familiar by now with Runtime.lib, Interface.lib, and ObjIntf.px (my
modified version of the ObjIntf.p file that comes with the THINK Pascal package).

URandomStream.p contains the random number—generator class we used in Chapter
6 to generate random auto parts. This file is on the disk in the folder Auto Parts, Ch 6.
We use it here to generate random integers to store in the tree.

UErrorHandler.p is the error-handling mechanism we’ve been using all along. We
covered a basic version in Chapter 8, and a fuller version is embedded in the struc-
ture of PicoApp. This file is on the code disk in the folder Common Units.

UNode.p contains class TVode, which lets objects be nodes.

UBinarySearchTree.p provides class TBinarySearchTree, which, like a list manager
object, manages an underlying binary search tree composed of TNode objects. You
can add to the tree, delete from it, traverse it to accomplish various tasks, and so on.
You can also subclass it to build fast lookup tables.

TreeDemo.p is a simple, non-PicoApp test program designed to put the tree through
its paces.

To compile the Tree Demo program, you’ll need to create a THINK Pascal project
that duplicates the list of files by the build order shown in Figure 25-6.

Open Array Parameters

While we’re on the general subject of data structures, let’s deal with a perennial
shortcoming of standard Pascal: the problem of array of Char parameters in pro-
cedures and functions that require array bounds. The following solution for provid-
ing “open” array parameters should make writing generic procedures easier.
(Actually, we'll look at two solutions, both of which rely on polymorphism.)
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Suppose we have a procedure that needs to loop through an array of Char for some
purpose— perhaps to make a copy, or perhaps to search for a key. In Pascal, formal
parameters need to be specific array types, declared complete with array bounds.
This makes writing a general Search routine difficult because we might want to call
it for Char arrays of a variety of lengths. Standard Pascal requires us to write a sepa-
rate Search procedure for each array length, but the Search function procedure
heading might look like this in Pascal’s descendant, Modula-2:

PROCEDURE Search(s: ARRAY OF CHAR; key: ARRAY OF CHAR): INTEGER;

An array of Char of any size could be passed for either parameter. Such parameters
are called open array parameters. They specify the type of the array but not its
length. For instance, arrays of the following sizes could be passed to the same func-
tion in Modula-2:

TYPE StringType = ARRAY[1..256] OF CHAR;
KeyType = ARRAY[1..15] OF CHAR;

Inside function Search, how can the function tell how long its s and key actual pa-
rameters are? How can it loop through the s array looking for key? The loop would
look something like this in standard Pascal:

for i := 1 to 222 do { What's the upper bound? }
if s[i] = ...
How can the function determine the upper bound of the for loop? In Modula-2, a

built-in function, HIGH, can tell the upper bound of any array such as s or key, so
the loop inside Search would look like this in Modula-2:

FOR i := 1 TO HIGH(s) DO - { Using the HIGH function }
IF s[i] = ... THEN
END;

END;

Could we arrange to do something remotely similar in Object Pascal? Let’s find out.

An Array Object Class

In Object Pascal, the only way to come close to Modula-2’s open array parameters is
with the same kind of object-type parameter we’'ve been using for other purposes,
such as searches on keys and traversal actions. A parameter might be of type
TArray, for instance. Then, with polymorphism and runtime binding, any descen-
dant of TArray could be passed in the parameter.

That has important consequences for arrays, though. We still can’t pass ordinary Pas-
cal arrays of different lengths. We’ll have to pass them as array objects.
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What’s an array object? It’s a Pascal array encapsulated inside a manager object that
manages access to the array. The array object contains both the array and methods
to put data into the array, take data out of the array, and find out how big the array is.
Of course, using such an encapsulated array will feel and look different from using
an ordinary array.

But like an ordinary array, a particular array object class will be able to handle only
an array with a fixed element type and a fixed size (although we’ll look at an alterna-
tive shortly). Here’s a possible T20CharArray class, for instance:

type
T20CharArray = object{TObject)

fArray: array[1..20] of Char;
fHigh: Integer;

procedure 120CharArray;
procedure Put (c: Char; at: Infeger);
function Get (from: Integer): Char;
function High: Integer;

end; { Class T20CharArray }

This array object class manages an array of fixed size (20) and type (Char). The ini-
tialization method sets the value of fHigh to 20. The High method simply returns
that value—the array’s upper bound, which can be used in loops. It shouldn’t be
difficult to generalize T20CharArray to a whole hierarchy of Char array classes. At
the top would be class TCharArray, whose Put, Get, and High methods would be
complete and functional but which would have a stub for its initialization method.
All Char array objects with specific lengths would descend from TCharArray.

Here's function 720CharArray.High:

function T20CharArray.High: Integer;
begin
High := self.fHigh; { Simply reads the fHigh instance variable }

end; { T20CharArray.High }
Of course, in Pascal we can have an array of any other element type—integer, real,
enumerated, record, pointer, object reference, set—even of other array object ele-
ments. And an array can be indexed by other types besides integer—for example,

forc:='a'to'z do ..
This array object scheme is not completely general, so we do need a superclass for
each type we might want to put into an array: one for integers, one for characters,

and so on. (And we might want classes in which, say, fHigh is of type Char, or even
type TFruit.)
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Here’s some code that creates, initializes, and uses a 20-element array object:

var
anArray: T20CharArray;

New(anArray);
anArray.120CharArray; { Set array object's fHigh field to 20 }

fori=1to anArray.High do  { Use High method }
anArray.Put{Chr(i + 32), i); { Use Put method }

for i := 1 to anArray.High do
WritelanArray.Getli), ', '); { Use Get method }
Writeln;

The code creates an array object, sets its upper bound information to 20 with
120CharArray, uses High to extract the upper bound for use in the for loops, puts
ASCII characters into the array with Put, and writes out the values obtained from the
array with Get.

Writing a Procedure with Open Array Parameters

Recall that the whole purpose of designing array objects was to generalize passing
array parameters so that we can write procedures and functions (or methods) gen-
eral enough to handle, say, any one-dimensional array of Char. Our example will be
a procedure to display one-dimensional arrays of Char of any size. This procedure
helps us out with the open array problem by saving us from having to write as many
different display procedures for Char arrays as there are lengths of - Char arrays.
Here’s the display procedure (which could be a method for some class):

procedure DisplayArray(a: TCharArray); { Polymorphic parameter }
const
rowlength = 10;
var
i: Integer;
begin
for i := 1 to a.High do
begin
if (i mod rowlength = 0) then
Writeln;
Writela.Getli), ', ');
end; { for }
Writeln;
end; { DisplayArray }
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By using a parameter of type TCharArray, the procedure can accept actual parame-
ters of any array descendant of TCharArray—hence, any Char array of any size.
Inside the procedure, we ask the array object for its size by sending it the High
message.

We could just as easily pass a parameter of type T80CharArray or T256CharArray.

What About Multidimensional Arrays?

Arrays with two, three, or more dimensions can be handled by extending the
mechanism.

A two-dimensional array, for instance, would have two upper bound fields, fHigh
and fHigh2. It would also need two functions on the order of High, one to extract
the first dimension’s upper bound from fHigh and the other to extract the second
dimension’s upper bound from fHigh2. Alternatively, one method could serve for
both, by taking a parameter indicating which dimension was needed and returning
the upper bound value for the correct dimension:

function High(whichDim: Integer): Integer;

A Dynamic Array Class

I hinted earlier at an array object approach that doesn't have to specify an upper
dimension. Thus, instead of creating a class for T33CharArray, say, we could create
a TCharArray class and specify its maximum size at runtime by means of a param-
eter. How?

We developed a TDynamicArray class in Chapter 21, although we didn’t spend much
time on it. A class like TDynamicArray manages an underlying array implemented
as a dynamic data structure based on a handle. At runtime, we allocate a handle of
the desired size and treat it as a handle to an array of TObjects (or possibly to some-
thing else).

When you try to add an item to a TDynamicArray instance that is already full, the
array accommodates the new data by growing.

LengthOf reports the index value of the highest slot that currently has non-#il data in
it—the upper bound of the current logical array. HighOf is analogous to the High
function we’ve developed in classes like T€harArray. It returns the number of allo-
cated slots, hence the upper bound of the current physical array. Depending on our
needs, we could use either LengthOf or HighOf in procedures and methods to get
the effect of Modula-2’s HIGH function. In most cases, LengthOf would be the
more efficient.
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Put and Get are used to put data into the array and take it out. For each, we specify
which slot by index value. If we’re putting non-object data into the array, we have to
typecast. For example, to put a Macintosh handle into slot 3, we’d call

if anArray.Put{TObject(aHandle), 3) then ...
and to take the handle out, we'd do this:
h := Handle(anArray.Get(3)); { Uses a typecast }

DoToFach lets us traverse the array, doing some action to each object (or non-
object) in it. The approach is one we covered in Chapter 23. You can see the code for
TDynamicArray in the file UHandleArray.p in the folder List, Part 3 on the disk.

Can We Use TDynamicArray
as an Open Array Parameter?

Sure. We can use TDynamicArray to provide open array parameters. To use it for
open arrays, we make a parameter of type TDynamicArray. Inside the procedure,
we call the array’s HighOf or LengthOf method to get the upper bound.

What about Char arrays for the open array parameter type instead of TObject arrays?
There are two basic approaches. One is to rewrite TDynanticArray to hold Chars in-
stead of TObjects. That might not be a bad idea (and it’s one proposed as a project in
Chapter 21). The other approach is to derive a TDynamicCharArray class from
TDynamicArray by importing. TDynamicCharArray would use a TDynamicArray
as the underlying data structure, calling its methods to implement the Put and Get
methods to store and retrieve Chars as TChar objects. We could create similar
classes for other useful array types, as we did in Chapter 24 for stacks.

One topic we haven't covered so far is input/output. As it turns out, even files aren’t
protected from our desire to abstract and to see the whole world as objects.

Figure 25-7 shows an abstract stream sequence. The term “stream” refers to a se-
quence of data items. Thus a file is-a stream. You can look at a file—or any other
stream—on two levels. At the lower level, a file is a sequence of raw bytes. At a
higher level, it’s a sequence of data items: integers or characters or personnel
records. If you look at the Macintosh File Manager, of course, what you'll see are rou-
tines for reading and writing bytes. If you want to create your own file at some
higher level, you can either use the Pascal file types, such as File of Char or File of
PersonnelRecord, or you can use more primitive File Manager calls, such as FSRead
and FSWrite. For instance, you might call something like

err := FSRead(refNum, SizeOf(Integer), data);

to implement a procedure that reads an integer.
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Current position End of
in stream stream

Head of
stream

I
Length of stream

—
Direction of reading and writing

Figure 25-7.
An abstract stream structure. A stream can be read only, write only, or read-write,
and a stream can be empty.

It's possible, éertainly, to write object classes that represent files. TCL does just that
with its CFile and CDataFile classes.

But our goal is even more abstract and general. We want an abstract stream class,
plus several more specific stream subclasses, to represent streams of data at a higher
level than the file. We’'d like streams of Imtegers, streams of Chars, streams of
PersonnelRecords, streams of objects, and even mixed streams. We’d like to put an
item into the stream or get an item from the stream without thinking about the
messy details.

Non-file streams

An extra motivation for that goal is that there are other data structures besides files
that fit the stream abstraction. First, as Wilson (1990) points out, the stream ab-
straction fits nicely with data buffers— pointers or handles to some data in memory
that you want to “read” or “write” just as if you were doing so with a file. Wilson pre-
sents a stream subclass for “handled” data, calling it THandleStream (something like
our THandleArray). You can get the next data item from such a stream, put a new
data item into the stream, and so forth, just as you can with a file. At the abstract
level, there’s no real difference between a block of handled data and a disk file.

As a second non-file stream example, consider the design for the TRandom class,
which we've already characterized as a “stream” of random numbers. At any point,
we can get the next item from the stream. Of course, this stream is read only. Other
streams might be write only or might allow both reading and writing, as direct-
access files do.

The Goal

Our goal is to create a hierarchy of stream classes that embody everything from files
to handled buffers to random number generators to whatever. As long as something
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has streamlike structure and behavior, we’d like it to be a subclass of an abstract
TStream class. Any source or sink of data items can qualify.

Much of this work has been done already. For three excellent treatments of stream
classes, see Wilson, et al. (1990), who present a set of stream classes for MacApp; the
example programs that come with Turbo Pascal 5.5 for MS-DOS; and the stream
classes in Turbo Vision, the application framework that comes with Turbo Pascal 6.0
(Keller 1990).

Those sources present complete stream designs, so we’ll simply refer to Wilson here.

One other useful operation we can perform on a stream is to “filter” it. We can set up
a mechanism that lets us filter out all but a certain kind of item when writing to or
reading from the stream. We might, for instance, filter a random stream so that it
produces only odd random integers, throwing even random integers away.

A filter object tests a piece of data passed to it to see whether the data meets some
criterion. The filter object lets “good” items pass and filters out “bad” ones. The fil-
ter’s Good method returns true if the data passes the test; false, otherwise.

Class TFilter

Here’s what TFilter looks like. Notice how similar the filter object is to search key
and traversal objects.

type
TFilter = object{TObject)

{ Add data variables here }

{ Add an initialization method here }
function Good: Boolean; { Override this method }

end; { Class TFilter }

To use the TFilter class, we subclass it, building in an instance variable(s) of the
type(s) we want to test. We also write an initialization method that sets the values of
the variable(s). And we override Good to do the test.

When we instantiate our TFilter subclass,

B We install the TFilter object in a target stream object, using the stream’s instal-
lation method, probably called SetFilter

B The stream calls the filter’s initialization method to load data into the filter’s in-
stance variables

B The stream calls the filter’s Good method to test the data
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Example: filtering a stream
For example, here’s a TFilter subclass that filters a stream delivering integers so that
the stream delivers only odd integers. The subclass can filter any stream of integers.

type
TOddFilter = object(TFilter)
fint: Integer;

procedure Init (i: Integer);
function Good: Boolean;
override;

end; { Class TOddFilter }

Now, let’s install an instance of TOddFilter in a TRandomStream stream (two
methods of which deliver integers) so that the stream will deliver only odd random
integers:
var
anOddFilter: TOddFilter;
aRandStream: TRandomStream;

aRandStream. SetFilter(anOddFilter);

num := aRandStream.Get; { Delivers an odd random }
In the stream

Inside TRandomStream, the Get method tests to see whether its filter object is nil. If
it is, the stream is unfiltered and Get simply gets the next item from the stream. If the
stream is filtered, Get repeatedly gets an item and initializes the filter with the item
until the item passes the Good test:

{ Inside TRandomStream.Get... }

if self fFilter <> nil then { Test whether stream is filtered }
repeat
rand := Random; { This does the siream's job }
self fFilter.Init{rand); { This sets up the filtering }
until self.fFilter.Good; { This does the filtering }
else
rand := Random; { If stream is unfiltered }
Get := rand;

* Any stream’s Get and Put method (or whatever we call them) should be set up along
these lines so that the stream can use filter objects.
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Inside a TFilter instance
All TOddFilter.Init does is to assign its parameter to the fInt instance variable.

TOddFilter.Good looks like this:
function TOddFilter.Good: Integer;

override;
begin

Good := Odd(fint);
end; { TOddFilter.Good }

Filters and Streams Together

The stream’s accommodations to filtering are

B Providing an instance variable of type TFilter to hold a filter object
B Providing a method, SetFilter, to set that instance variable

B Providing the mechanism to use the filter, inside the stream’s Get and Put
methods

Of course, the kind of filter object we install in a stream must be compatible with the
stream’s data type. But we can install a filter for any kind of data the stream gets or
puts. For example, given a stream of personnel objects, we could install a personnel
filter that would pick out only the personnel of executive rank, or all personnel with
salaries in a certain range. We could also use complicated filter tests with multiple
Boolean conditions, just as in search key objects.

Other Kinds of Filter Objects

To complete our consideration of filters, let’s look at two rather different ideas for fil-
ter classes.

The filter design we’ve done installs a filter object in a stream. Then, when our code
calls the stream object, the stream calls its filter’s methods to test its data. If the data
passes muster, the stream delivers the data normally. The filtering action is hidden
inside the stream. It’s still the stream that we call, and our calls to it are the same
regardless of whether it’s filtered; the stream still generates the same kind of data.

But here’s another problem we can address with filters. Suppose our stream delivers
characters, one at a time. And suppose that we’d like to filter the stream so that it
delivers words or tokens rather than individual characters. Clearly, the design we've
done won'’t do that job.

As long as we install the filter in the stream and then call the stream, we can’t get the
stream to deliver words or tokens. A character stream delivers a character.

But suppose that we reverse relationships and install a stream in a filter. We’d create
a filter object that knows how to call a stream to get characters, say. Then we'd
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create a character stream and install it in the filter object and make our calls to the
filter, not to the stream. Every time we called

aToken := aFilter.Get;
the filter would call
ch := aStream.Get;

enough times to get a complete token in a string. Then the filter would pass back the
token. Figure 25-8 shows both the first approach we looked at and this new filter
approach.

Stream calls filter

Stream
object object
ReadX

Does X match ReadBytes

filter's criteria?

Filter calls stream ReadBytes Disk file

Stream
object
ReadX

Figure 25-8.
Two filter schemes.

Would this design make a better general filter? In other words, would it also do the
tasks for filters we looked at earlier, such as filtering a stream to get only odd random
integers? It would. We'd use a filter designed to call a stream for integers and weed
out the even integers. Then we’d install a stream in the filter so that the filter could
call the stream.

But let’s not throw out the original design. There’s no reason at all not to have both
kinds of filter objects in our class library. Then we’d have a variety of approaches
suitable for all sorts of circumstances—and that’s exactly what we want for our
class library.

One other kind of filter we've briefly noted is the one postulated in Chapter 14 for
working with an Undo mechanism. When a user makes an undoable change to a
view, the data involved in the change is saved in some alternate data structure rather
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than in the normal one for the view. This preserves the view’s previous data so that it
can be redrawn if the user chooses Undo. The purpose of a filter object in this case
is to maintain the alternate data and draw it to the view instead of the data that’s in
the view’s normal data structure. By filtering, we draw the data without changing
the real data structure. We can leave the implementation of such a filter for those
who choose to implement Undo in PicoApp.

Summary

In this chapter, we added several more items to the class inventory, at least in rough
or theoretical form: tree classes; 2 new node class that can be used in lists, trees, and
other data structures; array classes for open array parameters; various kinds of
stream classes; and several kinds of filter classes.

Of course, these are only a few illustrations drawn from a vast range of possibilities.
Anything we can conceive of as an entity can be represented as an object, and, as
we've seen, whole applications can be built from objects.

Our ultimate goal is to have at our disposal a full shelf of easy-to-use, easy-to-modify
software components, built with objects, that we can plug into our object-oriented
application framework to produce software more quickly, cheaply, reliably, and
maintainably than before. And, feeding that shelf of components, we can hope to see
one day soon a whole industry supplying our needs with high-quality, well-tested,
reusable components. Here’s to that aim.

Projects
B Flesh out a collection of character array classes.
B Build a simple string class, on the order of TInteger.

B Build a dynamic string class. It might use some of the same techniques that
TDynamicArray does, basing the string on a resizable handle. (See the projects
for Chapter 21.)

B Build a collection class—an ordered collection—based on the binary search
tree that we developed in this chapter. Note that the tree uses linked objects
descended from the class TNode. Even so, the tree should fit easily into the
TCollection framework developed in Chapter 24.

B Make the binary search tree an AVL tree, or height-balanced tree, for better
efficiency.

B Build a general set class using hashing. You might have the user provide a hash
object that defines a hashing function suitable to his or her data. Your set code
would call the hash object’s Hash method.

B Build an ordered collection class based on your set.

W Build a general hash table with collision resolution. You might use a dynamic
array of lists, putting duplicates into the list for the particular array element.
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Build more kinds of trees: B-trees, B*-trees, a general tree (a tree whose nodes
can have any number of children).

Read Wilson (1990), and implement classes TStream, TFileStream, THandle-
Stream, and TRandomsStream for PicoApp. (And take a look at Wilson’s
TCountingStream.)

Implement some form of object persistence, or “storability.” You might try
adding the appropriate methods to TObject.

Implement a few potentially useful TFilter subclasses. You might develop one
that calls a character stream and builds tokens. Or another that delivers words.
Or one that delivers ASCII codes for the characters it reads. Use your
imagination.

Enjoy OOP.
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PORTING TO
OTHER PASCALS

The code examples throughout the book were written and compiled using
Symantec’s THINK Pascal 3.0, so you'll usually need to make a few changes if you
want to compile the code under Apple’s Macintosh Programmer’s Workshop (MPW)
using either MPW Pascal or TML Pascal. And if you have version 2.0 of THINK, you
might need to change a few things.

The Pascals Available

The choices for doing object-oriented programming in Pascal on the Macintosh are,
at this writing, limited to Apple’s MPW Pascal, TML Pascal (no versions later than
version 3.1—discontinued in 1990), and Symantec’s THINK (formerly Lightspeed)
Pascal. MPW Pascal has been object oriented all along. Both TML and THINK
became object oriented with their second releases.

Both MPW Pascal and TML Pascal run under Apple’s Macintosh Programmer’s
Workshop. If either is your Pascal of choice, you'll need to be familiar with your
compiler’s option switches, compiler directives, and segmentation techniques. In
addition, if you're going to develop real Macintosh programs, you’ll need to be able
to work with other tools, such as Apple’s Resource Editor, ResEdit, and one of the
resource compilers available: RMaker or Rez. You'll also need to use the linker once
you've compiled your code into object modules.

THINK Pascal uses its own development environment, which—although less
flexible and extensible than MPW —features fast turnaround and easy project man-
agement with transparent linking, easy segmentation, and a standard Mac user inter-
face. (MPW programmers work mostly with a command-line interface embedded in
a Mac interface. That command line will be familiar to Unix users.) In THINK Pascal,
you'll still need to use ResEdit and a resource compiler such as RMaker or a stand-
alone version of Rez called SARez, which comes with THINK, but you won't have to
deal with a separate linking process. '
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On the whole, THINK is the better environment for beginners, and MPW for full-
scale commercial software development. A great many developers use both—
THINK for the rapid prototyping its quick turnaround promotes, and MPW for the
finished product. Porting code between the two environments is not exactly simple,
but it is nevertheless straightforward. The main areas of incompatibility involve dif-
ferent segmentation techniques and different compiler directives. All three Pascals
support an identical Object Pascal syntax and semantics.

At this writing, both MPW Pascal and TML Pascal will compile Apple’s MacApp ap-
plication framework—a collection of units containing Object Pascal classes. THINK
supports MacApp as of version 3, although you have to make a few adjustments to
the MacApp source files.

Porting to THINK Pascal 2.0

Version 2 was the earliest version of THINK Pascal to support object-oriented pro-
gramming and is the earliest version of THINK Pascal you can port this book’s
programs to. Areas that might require changes include

B Compiler directives and segmentation
B Set constants

B L-value function calls

Compiler Directives That Might Need Changing

Some of the code in the book uses the compiler directive $S, a segmentation direc-
tive like MPW’s. This directive was added to THINK Pascal with version 3.

Where to Get Them

MPW, MPW Pascal, and MacApp are available—each as a separate product—
from the Apple Programmers and Developers Association (APDA):

Apple Computer, Incorporated
20525 Mariani Avenue
Cupertino, CA 95014-6299.

- APDA membership is (currently) $20 per year, and anyone can join. You get ac-
cess to a catalog of Apple and third-party Mac and Apple IIGS products and
documentation and eligibility to sign up for one of several developer support
plans (at extra cost). ’

THINK Pascal is available through APDA, Apple dealers, software retailers,
and mail-order houses.
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Versions of THINK Pascal earlier than version 3 allowed you to segment a project
only file by file, by means of the segmentation view in the project window. Version 3
also provides the $S directive, which, like MPW’s §S, lets you put individual pro-
cedures and method bodies in the same file into different segments. See the docu-
mentation for THINK Pascal 3.

We used $S mainly with PicoApp. To eliminate it, you might have to do some serious

“revision of the code. For instance, we used $S to put an UnloadSegments method
into the main segment because you can't call UnloadSeg on a segment from the seg-
ment itself. You might have to put the whole file containing the UnloadSegments
method into the main segment.

Set Constants That Might Need Changing

Somewhere in the book’s code, you might find uses of the set constants that are
allowed as of version 3. For example, you can declare a constant of a set type:

const
letters = ['a'..'z", 'A'..'Z"];
That wasn't allowed in versions of THINK Pascal earlier than version 3. In the
unlikely event that you find a set constant, change it to a variable and initialize it

properly.

L-Value Function Calls That Might Need Changing

As of version 3 of THINK Pascal, you can use function and method calls in “l-value”
contexts:

B On the left side of assignment statements
HeadOf*.next := nil;
B As arguments to with statements
with MyFunction do
B As method calls
itsDoc := TWindow(GetWRefCon(FrontWindow)).DocumentOf;

See the documentation for THINK Pascal 3. I've tried to use this feature only
sparingly in the book’s code, but you will certainly encounter it, particularly in the
PicoApp code.

To replace function and method l-values, use auxiliary variables to get the l-value
items on the right-hand side of the assignments:

head := HeadOf;

head”.next := nil;

x = MyFunction;

with x do
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theRefCon := GetWRefCon(FrontWindow);
winObj := TWindow{theRefCon);
itsDoc := winObj.DocumentOf;

Other New Features of THINK Pascal 3.0 Not Used

I didn’t use any of the other new features of THINK Pascal 3 (except the formerly
undocumented univ qualifier for parameters): other compiler directives, new
packed types, new Toolbox interfaces, segments greater than 64KB, indexing of
string constants, qualified sizeof function calls, typecasting to a different size (except
as allowed with polymorphic objects), new predefined functions.

Porting to MPW Pascal

As of version 3, THINK Pascal has become quite compatible with Apple’'s MPW
Pascal, but, as always, there are some differences between the two Pascals. The main
areas of difference to watch out for are

B Compiler directives

W Initialization of the Macintosh Toolbox managers
B Standard units and wuses clauses

m I/O

and

B Comments

B Packing of files, records, and arrays

B Some predefined functions

You'll definitely have to consider the items in the first group. You might have to con-
sider the items in the second sometime, but these areas won't be a problem for you
in porting the book’s code to MPW.

Compiler Directives

MPW Pascal and THINK Pascal don't agree entirely when it comes to compiler direc-
tives. THINK now supports the same $S segmentation directive as MPW. Other
directives either aren’t supported in both environments or have different meanings
in MPW and THINK. The $I directive, which means “include” in MPW and “initial-
ize” in THINK, is a good example.

THINK’s documentation recommends that you consider all compiler directives to be
nonportable and either remove or change them before you port your THINK code.

The main compiler directive we've used that might cause problems is the $7 direc-
tive, which we’ll talk about. In general, we've used very few compiler directives.
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Toolbox Initialization

By default, THINK Pascal initializes the Macintosh Toolbox managers for us by mak-
ing these calls:

InitGraf(@thePort);
InitFonts;
InitWindows;
InitMenus;
TElnit;
InitDialogs(nil);
SetApplLimit(current valve of A7 — Run Options stack size);
MaxApplZone;
fori ;=110 10 do
MoreMasters;

You can make the calls yourself if you precede them with the {$I-/ compiler directive
that turns off THINK’s automatic initialization. To make our code more portable,
we've done just that with PicoApp (in our PicoApplications Crapgame and Pico-
Sketch). In the main program file of any PicoApplication, a {$I-/ directive and a call
to the InitTheMac procedure appear. To port the code to MPW Pascal, just be sure to
remove the $I- directive.

Our non-PicoApp code doesn't use §I-, so you'll have to add specific initialization
code yourself. You can imitate the code in the InitTheMac procedure, found in file
UPARoutines.p on the code disk.

Uses Clauses and Standard Units
Most MPW Pascal programs begin with this uses clause:

uses
MemTypes, QuickDraw, OSIntf, Toollntf, Packintf;

THINK predefines most of the declarations in those units, so the book’s uses clauses
omit those units. You'll need to set up an MPW uses clause. For MPW compatibility,
THINK does provide a set of unit interfaces for MemTypes, QuickDraw, OSIntf,
ToolIntf, and Packlntf, but we've prepared the book’s projects in THINK style rather
than MPW style, so you will have to make some changes:

B Add these files to your MPW project: MemTypes.p, QuickDraw.p, OSIntf.p,
Toollntf.p, and PackiIntf.p.

B Where the book’s THINK projects include the THINK libraries Runtime.lib
and Interface.lib (which MPW lacks), the files you've just added to your MPW
project provide the same imports, so drop Runtime.lib and Interface.lib.

B Add the following units to the book’s uses clauses: MemTypes, QuickDraw,
OSIntf, ToolIntf, and Packlntf. Use these in addition to your own units already
listed in your wuses clauses.
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Input/Output

None of the book’s code relies on any odd features of 1/0, with one exception: Some

of the book’s example programs use THINK's Text and Drawing windows. Look for

calls to ShowText, ShowDrawing, SetTextRect, SetDrawingRect, GetTextRect, and

GetDrawingRect. You'll need to provide replacements for these handy built-in win-

dows. But setting up a window for the code to draw into is not terribly difficult. Most
. of the examples don’t require scrolling or other fancy features.

THINK and MPW recognize both { } and (« *) as comment delimiters. MPW treats the
two delimiters differently to allow nested comments. THINK doesn't distinguish be-
tween the two delimiters, so nested comments result in an error. THINK requires
that a comment within a single set of comment delimiters not run over multiple
lines. MPW allows multi-line comments, so anticipate no problem with the book
code’s THINK-style comments.

Packing Files, Records, and Arrays

The MPW and THINK compilers use different packing methods, which could create
difficulties in porting. We've used no packing in the book’s code at all except for a
packed array of Char in the fourth project in Chapter 21, and that should be portable.

We've avoided nonstandard and nonportable functions and procedures in the book’s
code. You should have no trouble on this score.

Porting to Other Pascals

The four top Macintosh Pascal compilers are THINK, MPW, TML (discontinued in
1990), and Turbo. Any advice on porting from THINK to MPW also applies to port-
ing from THINK to TML.

Turbo Pascal for the Macintosh doesn’t support objects at this writing, so you can’t
port the book’s code to Macintosh Turbo. If Borland ever does introduce objects into
its Macintosh Turbo, it’s quite possible that its Mac version of Object Pascal will re-
semble its MS-DOS version rather than Apple’s Object Pascal. Turbo Pascal 5.5/6.0
for MS-DOS borrows many features from C++ and is in many ways unlike Apple’s
specification for Object Pascal. A good deal of our code might not be portable to
a future Borland Macintosh Object Pascal.

Similarly, the current Pascal '9x project at Apple might, in a year or two, lead to a
new Pascal++. This successor to today’s Object Pascal will retain a Pascal syntax but
incorporate many C++ features. Most likely, porting from Object Pascal to Pascal++
will be a big job.
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Other Languages

Our ideas, if not our code, might be adaptable, not only to other Object Pascals, but
also to other languages. Modula-2, sometimes called the “Son of Pascal,” is similar to
standard Pascal in many ways, and at least one object-oriented version of Modula-2
has been developed. Called pl Modula-2, developed by Mindware (formerly
Gesellschaft fiir Informatik G.m.b.H.) in Germany, and distributed by the MacApp
Developers Association, this Modula-2 implements objects compatible with MPW
Pascal. You can also program with pl Modula-2 and MacApp. Porting our code to pl
should resemble porting to MPW Pascal, with some changes from Pascal to Modula-2
syntax: keywords in all caps, explicit END delimiters for IF statements, WHILE
loops, and so on.

Symantec’s THINK C implements objects in a way that seems to be modeled more
on Object Pascal than on standard C++. THINK C supports both MacApp and its
own C version of the THINK Class Library (TCL). Even so, translating our code to
THINK C might be a pretty complex operation.

There are, of course, numerous other object-oriented languages: LISP, Objective-C,
Smalltalk, Prograph, C++, and more. Ideas and components similar to ours should be
implementable in all of those languages. Porting might not be feasible.

Naturally, many parts of the book’s code are Macintosh specific, relying on the Mac
environment, its Toolbox calls, and its way of doing business with windows, menus,
icons, and the like. Those parts of the code, of course, are not portable to other com-
puters. Many of the book’s ideas, however, could well be implemented on other
computers: Turbo Pascal or Microsoft QuickPascal under MS-DOS could be used to
create a DOS-style imitation of PicoApp. (Turbo already has an application frame-
work, called Turbo Vision.) And much of the TList and other non-PicoApp code
could be translated into one of those MS-DOS Object Pascal variants.

So far, the two main Object Pascals for non-Mac programming are Borland’s Turbo
Pascal 5.5/6.0 and Microsoft’s QuickPascal. QuickPascal’s syntax is much more like
Apple Object Pascal’s than it is like Turbo Pascal’s C++-like syntax. Except for the dif-
ferences in environments, much of our code should be acceptable syntactically
under QuickPascal.

At this point, no other non-Mac Pascal is object oriented.
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BOOKS
AND ARTICLES
ABOUT OOP

Object-oriented programming is a big subject, and a lot has been written about it
already. The books and articles in this bibliography helped make my transition to
OOP and to the idea of an application framework a little easier. They might help
you, too.

I was influenced early on, pre—Object Pascal and practically pre-objects, by Grady
Booch’s Software Components with Ada, and later, of course, by his Object-Oriented
Design: With Applications.

I found Brad Cox’s Object-Oriented Programming: An Evolutionary Approach,
about Objective-C, to be an especially good treatment of the idea of “consumers” of
“software ICs.” Bertrand Meyer’s Object-Oriented Software Construction, about
Eiffel, is another standout, with an excellent discussion of the relative merits of
inheritance and other techniques for achieving similar effects.

Some object-language vendors have had the wit to engage the services of talented
writers, and the manuals for their object-oriented language products are especially
noteworthy additions to the literature on OOP. Philip Borenstein and Jeff Matson’s
THINK Pascal: Object-Oriented Programming Manual was especially useful. Jeff
Duntemann’s Object-Oriented Programming Guide for Borland International’s
Turbo Pascal 5.5/6.0 (for MS-DOS) accompanies a Pascal closer to C++ than to the
Apple Object Pascal model, but Duntemann’s elucidation of principles is a great
service to the OOP neophyte. Robert Keller wrote the very fine manual for Turbo
Vision, Borland’s MS-DOS application framework for Turbo Pascal 6.0.

Not surprisingly, the literature on application frameworks is small. Before I came
across Keller’s manual for Borland, Apple furnished me with the Apple Programmers
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and Developers Association’s beta draft of their Introduction to MacApp 2.0 and
Object-Oriented Programming. 1 went from that brief overview of Object Pascal,
OOP, and MacApp to the best book yet on MacApp, Programming with MacApp by
David A. Wilson, Larry S. Rosenstein, and Dan Shafer. But my first real introduction
to the whole subject was Kurt Schmucker’s Object-Oriented Programming for the
Macintosh, which covers MacApp and includes a chapter on Object Pascal. Both the
Keller manual and the Wilson, Rosenstein, and Shafer book provide particularly
helpful explanations of streams.

A great many magazines run OOP articles. Among the most fruitful to read regularly
are BYTE, Dr. Dobb’s Journal, Computer Language, Programmer’s Journal, PC
Techniques, Journal of Object-Oriented:Programming, and Journal of Pascal, Ada,
and Modula-2. Apple-specific magazines for programmers include Apple’s own De-
velop; MacTutor, the most widely read Mac programming journal; and Frameworks,
the excellent journal of the MacApp Developers’ Association. MacTech Journal
(formerly MacTech Quarterly) stopped publication in March 1991 but published a
number of good OOP articles before it did, notably those by Howard Katz.

Many of the titles in the list below treat other OOP languages or OOP in general. The
entries for titles that treat Object Pascal specifically are marked with asterisks. To
move quickly to all the entries that deal with a major OOP language or version of a
language, see the entry under that language or version (Actor, C++, MPW Pascal,
Objective-C, QuickPascal, Smalltalk, THINK Pascal, Turbo Pascal).

Abbott, R. J. 1983. “Program Design by Informal English Descriptions.” CACM,
November, 882. The application design method featured in Chapter 10 grew out
of Abbott’s article with an assist from Grady Booch and William Lorenson.

Actor. See Duff, Franz.

Apple Computer, Incorporated. 1984—. Inside Macintosh, Volumes I-V. Reading,
Mass.: Addison-Wesley. The standard reference for Macintosh developers.

———. 1989. Introduction to MacApp 2.0 and Object-Oriented Programming.
Beta Draft, APDA# M0300LL/A. Cupertino, Calif.: Apple Computer. A brief over-
view of Object Pascal, OOP, and MacApp.

—— 1990. ResEdit Reference. Reading, Mass.: Addison-Wesley. The official
documentation for Apple’s Resource Editor application, version 2.0b2. Consider it
a “beta” document—it documents a beta product. Useful for all Mac program-
ming, including PicoApp programming.

Ayers, Kenneth E. 1989. “An Object-Oriented Logic Simulator.” Dr. Dobb’s Journal,
December, 72. An OOP example in Smalltalk.

Bailey, Stephen C. 1989. “Designing with Objects.” Computer Language, January, 34.
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Berry, John. 1988. The Waite Group’s C++ Programming. Indianapolis: Howard W.
Sams. An introduction to C++ for C programmers.

Bianchi, Curt. 1989. “Memory Management with MacApp.” Dr. Dobb’s Macintosh
Journal, Fall, 23. An extremely helpful article on MacApp memory management
that influenced the development of PicoApp. Echoes MacApp documentation on
memory management (or vice versa).

Booch, Grady. 1987. Software Components with Ada: Structures, Tools, and Subsys-
tems. Menlo Park, Calif.: Benjamin/Cummings. My introduction to the idea of ob-
jects, before Object Pascal. Technically, Ada doesn’t support objects, but you can
achieve a considerably object-oriented style with Ada’s packages and generics.

*—————. 1991. Object-Oriented Design: With Applications. Redwood City, Calif.:
Benjamin/Cummings. A solid software engineering approach to application
design. Real developers should read it. Has one fair-sized MacApp-based example.
in Object Pascal.

*Borenstein, Philip, and Jeff Mattson. 1990. THINK Pascal: Object-Oriented Pro-
gramming Manual. Cupertino, Calif.: Symantec Corporation. The THINK guide
to using the THINK Class Library, with some discussion of object-oriented
programming.

Bulman, David M. 1989a. “An Object-Based Development Model.” Computer Lan-
guage, August, 49. Bulman’s ideas about OOD are considerably more rigorous
than those I presented in Chapter 10. Especially good reading for more serious
developers.

———. 1989b. “Objects Don't Replace Design.” Computer Language, August, 151.
Bulman says that the object should replace the function as the principal unit of
modularity in software design. In Chapter 8, I argue for the object hierarchy
instead.

BYTE Staff. 1989. “Object-Oriented Resources.” BYTE, March, 270. Languages, data-
bases, and related products. '

C++. See Berry, Dlugosz, Gibbons, Goodwin, King, Koenig, Langowski, Miller,
Mullin, Stevens; Treister, West, K. Williams.

Chernicoff, Stephen. 1985a. Macintosh Revealed: Volume 1, Unlocking the Toolbox.
Hasbrouck Heights, N.J.: Hayden. The first of four volumes. Volume 1 presents the
key Macintosh programming concepts: memory, ports, QuickDraw, resources,
code segments, fonts. The series is an excellent introduction to programming the
Mac for Pascal programmers.

——— 1985b. Macintosh Revealed: Volume 2, Programming with the Toolbox.
Hasbrouck Heights, N.J.: Hayden. The second of four volumes. Volume 2 focuses
on programming the Macintosh user interface: events, windows, menus, TextEdit,
controls, dialog boxes, files.
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———. 1989. Macintosh Revealed: Volume 3, Mastering the Toolbox. Hasbrouck
Heights, N.J.: Hayden. The third of four volumes. Volume 3 shows how to custom-
ize QuickDraw, windows, controls, and menus; how to write device drivers; how
to implement printing; how to generate and play sounds; and how to write desk
accessories. Unlike Volumes 1 and 2, Volume 3 covers advanced topics.

———. 1990. Macintosh Revealed: Volume 4, Expanding the Toolbox. Hasbrouck
Heights, N.J.: Hayden. The fourth of four volumes. Volume 4 covers features of the
Toolbox added with the Mac SE and the Mac II: MultiFinder, color pixels and
ports, color windows, styled TextEdit.

Constantine, Larry L. 1990. “Objects, Functions, and Program Extensibility.” Com-
puter Language, January, 34. Constantine’s thesis is that OOP doesn't necessarily
replace structured programming, and his article shows how to mix the two.

Cox, Brad. 1986a. Object Oriented Programming: An Evolutionary Approach. Read-
ing, Mass.: Addison-Wesley. Required reading for a thorough OOP background.
Cox’s focus is pretty theoretical, and the book is about Objective-C, not Object
Pascal, but Cox’s ideas are the most advanced on software components, managing
OOP libraries, documenting classes, and training object-oriented software
engineers.

Cox, Brad, and Bill Hunt. 1986b. “Objects, Icons, and Software-ICs.” BYTE, August,
161. Technical, the article is a concise explanation of the software-IC concept.

*Curtis, David B. 1988. “Menus as Objects in TML Pascal.” MacTutor, June, 85. This is
the one TML-specific article I've seen—on a very inventive and useful example.
TML Systems has dropped its Pascal product.

Dawson, Joseph. 1989. “A Family of Models.” BYTE, September, 277. Object-oriented
databases vs. relational databases.

Dlugosz, John M. 1989a. “Better C++ Code Generation.” Programmer’s Journal,
September/October, 56. Improving the code generation of current C++ compilers
(on IBM PCs).

. 1989b. “Object-oriented Programming for C.” Computer Language,
August, 103. Three OOP C hybrids: C_Talk, Complete C, and C+O.

. 1989c¢. “The Secret of Reference Variables.” Computer Language, August,
83. About reference variables in C++.

Dodani, Mahesh, Charles E. Hughes, and J. Michael Moshell. 1989. “Separation of
Powers.” BYTE, March, 255. Objects and user interfaces in Smalltalk. This article
is the origin of Chapter 17's discussion of the model-view-controller (MVC)
approach to software architecture.

Duff, Charles B. 1986. “Designing an Efficient Language.” BYTE, August, 211. The
design philosophy of the creator of the Actor language.



B: BOOKS AND ARTICLES ABOUT OOP

*Duntemann, Jeff. 1988. Turbo Pascal: Object-Oriented Programming Guide. Scotts
Valley, Calif.: Borland International. Despite major differences between Turbo
and Apple brands of Object Pascal, an excellent introduction to using objects. It
gave me quite a boost.

*———— 1989a. “Admitting Objects to Pascal.” Dr. Dobb’s Journal, September, 128.
A comparison of Turbo Pascal’s and Microsoft QuickPascal’s objects.
*———1989b. “Dodging Steamships.” Dr. Dobb’s Journal, July, 128. An early look

at Turbo Pascal 5.5 with objects.

Dye, Rob. 1989. “Visual Object-Oriented Programming.” Dr. Dobb’s Macintosh Jour-
nal, Fall, 30. Writing OOP graphically with LabView.

*Ezell, Ben. 1990. Object-Oriented Programming in Turbo Pascal 5.5. Reading,
Mass.: Addison-Wesley.

Fernhout, Paul D. 1989. “Simulating Interacting Intelligent Objects in C.” Al Expert,
January, 38. Doing OOP in plain old ANSI C. See also Jeffery.

*Fleener, Kevin. 1989. “Object-oriented Pascals: The Next Generation.” Computer
Language, August, 91. Turbo Pascal and QuickPascal for MS-DOS.

*Floyd, Michael. 1989. “Turbo Pascal with Objects.” Dr. Dobb’s Journal, July, 56.
Turbo Pascal 5.5 reaches the marketplace.

Franz, Marty. 1989. “Writing Filters in an Object-Oriented Language.” Dr. Dobb’s
Journal, December, 28. An example in Actor.

Gabriel, Richard P. 1989. “Using the Common LISP Object System.” Computer Lan-
guage, August, 73. Objects with Common LISP. See also Guillon, Lange, Shalit.

Gibbons, Bill. 1989. “MPW Extensions to C++.” APDALog, Fall, 10. Apple’s C++.

Glassey, C. Roger, and Sadashiv Adiga. 1989. “Conceptual Design of a Software
Object Library for Simulation of Semiconductor Manufacturing Systems.” Journal
of Object-Oriented Programming, November/December, 39. Building a library of
reusable objects for research in real-time resource allocation.

*Goldsmith, David. 1987. “A MacApp Text Editor.” MacTutor, February, 43.

Goodwin, Mark. 1989. User Interfaces in C++ and Object-Oriented Programming.
Portland, Oreg.: Management Information Source Inc. Very little OOP discussion,
but does develop a full windowing system for IBM PCs using C++. Excellent infor-
mation on PC video services.

Greenberg, Ross M. 1989. “Faces of Unix.” PC Magazine, September 12, 143. Graphi-
cal user interfaces for Unix.

Guillon, Didier. 1988. “LISP Objects: Ford vs. Chevy.” MacTutor, April, 92. Objects
with Common LISP. See also Gabriel, Lange, Shalit.
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Guthery, Scott. 1989. “Are the Emperor’s New Clothes Object Oriented?” Dr. Dobb’s
Journal, December, 80. Extremely provocative essay about OOP limitations—in
particular, the difficulties of using OOP in multi-programmer teams. Read!

Hayes, Frank, and Nick Baran. 1989. “A Guide to GUIs.” BYTE, July, 250. Overview
of 12 of the top graphical user interfaces, including the Mac’s and Microsoft
Windows.

Jeffery, David. 1989. “Object-Oriented Programming in ANSI C.” Computer Lan-
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GLOSSARY

In addition to defining terms, this glossary includes a few useful orgamzatzons and
publications of interest to OOP programmers on the Mac.

abstract class A class from which you will normally not make any instances. Such a
class appears high in the object hierarchy, primarily to pass down facilities and
capabilities to its descendant classes. TObject is the best-known example.

abstract data type (ADT) A data type plus the permitted operations on that type.
Type Integer, for example, allows operations such as addition, subtraction, multipli-
cation, and division. You can declare an ADT in standard Pascal code, but an object
class is a better vehicle. Any standard Pascal code or any object class whose essence
is the declaration of a single type and that provides all necessary operations on that
type can be considered the implementation of an abstract data type.

ancestor A class higher in the object bierarchy than a given class. In Object Pascal,
class X can have one and only one immediate ancestor, but that ancestor’s ancestors
are X’s ancestors, t0o. A class inherits all the instance variables and methods of all
its ancestors (except those methods it overrides).

APDA The Apple Programmers and Developers Association, now maintained by
Apple Computer. APDA supplies tools, documentation, and information about prod-
ucts for Apple computers, including APDALog, a quarterly technical journal and
catalog. Anyone can join (currently for $20 annually) by contacting APDA at

Apple Computer, Incorporated
20525 Mariani Avenue, Mail Stop 33G
Cupertino, CA 95014-6299

Phone: 1-800-282-2732 in the U.S.
AppleLink: APDA
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application framework A class library that provides basic application functionality
through a group of interrelated classes. An application framework usually provides
menu and window creation and handling, event handling, memory management,
and the like. To build upon the framework and create a working application, you
subclass the classes provided by the application framework and add classes of your
own. The best-known Macintosh application frameworks are MacApp and the
THINK Class Library (7CL). This book’s PicoApp is an application framework.

base class The single class that serves as the base in a polymorphic data structure.
The most usual way to visualize the base class is paradoxically as the topmost class
whose instances can be added to the data structure. Given an array of TObject, for
example, you can put TObject instances or instances of any descendant class of
TObject into the array. TObject is thus the base class.

binding The compiler’s making a connection between a procedure, function, or
method call and the code the call invokes. The connection takes the form of the

" code’s address. Binding can occur at compile time, the normal case for ordinary pro-
cedures and functions, or at runtime, for methods of polymorphic objects.

browser A facility that lets the programmer see the structure of a program’s class
hierarchies. Most good OOP compilers include some kind of browser that lets the
programmer move around within the hierarchy, examining and editing classes.

C++ A variant of the C language that includes object-oriented constructs and facili-
ties. Apple has endorsed C++ as one of the major OOP languages for application
development. Turbo Pascal for MS-DOS is derived as much from C++ as it is from
Object Pascal. The Pascal++ under development at Apple will be closer to C++ than
to Object Pascal.

class A kind of template for making objects. A class defines the instance variables
and methods of the objects that will be created, or instantiated, from it. We can con-
sider the class of cats, for instance, of which Tippy, Striper, and Sydney are specific
instances or members. The class TCat could define instance variables for color,
weight, and personality, and methods for eating, sleeping, and playing with yarn. In
Object Pascal, classes are implemented as special object types and they look much
like Pascal record types.

class hierarchy. See bierarchy.

class library A collection of object classes that can be used together in programs.
MacApp and TCL are examples. Also see library.

class link A means of locating information about a class and its methods. Classes are
simply templates that the compiler uses when it constructs actual object instances in
the heap, dynamically, at runtime. The heap block for an object contains its i#n-
stance variables, but it can’t contain all the method code. So the compiler puts in a
class link. The program uses the class link at runtime to find the right code for a
method. Also see method dispatch table, polymorpbism, runtime binding.
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data field. See instance variable.

descendant A subclass of a higher class. Class B is a descendant of class 4 if B has
been subclassed from A—in other words, if B has declared 4 in its beritage spot.
Descendants inherit instance variables and methods from their ancestors and can
have their own descendants as well.

encapsulation A kind of information hiding. Objects are, or should be, encapsu-
lated. Their instance variables should not be accessed directly. Instead, you should
access them only by means of the object’s methods.

framework. See application framework.
Frameworks. See MADA.

heritage spot In a class declaration, the position after the keyword object in which
you specify the class’s immediate ancestor in parentheses. The declaration of an
ancestor in the class declaration’s heritage spot informs the compiler of the relat1on-
ship between the classes.

hierarchy The ancestor-descendant relationships among a group of related classes.
Often called the object hierarchy or the class bierarchy. The form of the hierarchy is
a tree of which the nodes are classes and the root node is an ancestor of all the
others. In Object Pascal, each node in the hierarchy can have one and only one
immediate ancestor node but can have many or no descendant nodes.

immediate ancestor The class declared in the beritage spot of a class declaration,
the class from which the current class is directly descended. A class can have many
ancestors above it in the bierarchy, but it can have only one immediate ancestor.

inheritance A valuable way to derive one object type from another with minimal
code duplication. A descendant class automatically contains the instance variables
and methods of its ancestor class. The descendant thus doesn’t have to (and can’t)
name those items again in its own declaration—it simply adds new instance vari-
ables and methods it needs or overrides its ancestors’ methods in order to distinguish
itself from its ancestors. Inheritance, along with runtime binding, also makes
Dpolymorpbism possible. Also see subclassing.

Inside Macintosh The authoritative Macintosh programming documentation, writ-
ten by Apple Computer and published by Addison-Wesley. At this writing, Inside
Macintosh consists of five volumes that document all the Macintosh Toolbox rou-
tines and data structures used in programming windows, menus, dialog boxes, and
other standard Macintosh user interface items.

instance An actual object, as opposed to the class from which the object is instanti-
ated. Emerson and Buji, very real cats, are instances of the class TCat, for example.
Each instance is implemented as a block in the heap, with storage for its own
instance variables and a class link to its method code and to its immediate ancestor
class. Classes are represented as types in Object Pascal, and instances are repre-
sented as variables.
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instance variable A data field, similar to a field in a Pascal record, that stores a
piece of data representing some aspect of an object’s state. Field declarations take
the form of variable declarations, as in records, and each object instance has its own
copies of the fields declared by its class: hence, “instance” variables.

instantiate To create an actual object from its class template. To instantiate an
object, you declare a variable of the class type and then call Pascal’s New procedure,
passing the variable as the parameter. You then usually need to initialize the object
instance by sending it an initialization message.

library In its broadest sense, a compiled group of procedures, functions, data
types, and perhaps classes that can be called upon from an application by means of
an interface file. Also see class library.

MacApp The best-known and most powerful of the object-oriented application
frameworks for the Macintosh. MacApp is a class library of classes that can manage
Mac windows, menus, events, and so forth. To learn more about MacApp, see the
books and articles listed in Appendix B or contact Apple Computer through APDA.

MacTech A quarterly technical magazine for Macintosh programmers that stopped
publication in March 1990. MacTech back issues contain information at all levels, on
all topics, but much is geared to skilled programmers and object-oriented program-
mers specifically.

MacTutor A monthly technical magazine for Macintosh programmers. A subscrip-
tion is currently $30 in the U.S. To order, contact

MacTutor

1250 N. Lakeview, #0
Anaheim, CA 92807
Phone: (714) 777-1255

MADA The MacApp Developers Association, which promotes MacApp program-
ming and provides various products and services to its members, including Frame-
works, an excellent bimonthly technical journal. Anyone can join (currently for $75
annually in the U.S.) by contacting

MacApp Developers Association
P.O. Box 23

Everett, WA 98206

Phone: (206) 252-6946

Fax: (206) 259-2154

AppleLink: MADA

message A call to a method of the same name. To cause an object to do something
useful, you “send it a message.” Messages have the general form

objectName.MessageName(parameters);

which resembles a cross between record-access dot notation and a procedure or
function call. “Sending a message” and “calling a method” are more or less synony-
mous. Also see method.
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method A procedure or function declared as part of an object class declaration.
Methods are the means by which a class’s instances operate on themselves and
other objects. Syntactically, methods behave much as ordinary procedures and func-
tions do. To invoke a method from outside an object, send the object a message with
the same name as the method, including any parameters the method requires. To
invoke a method from inside another method of the same object, send a message to
self. You can perform almost any operations with methods that you can with ordi-
nary procedures and functions, including recursion. (You can’t pass method names
as actual procedural parameters to a procedure.) Also see message.

method dispatch table A table that contains method addresses for various classes.
Because of polymorphbism, the compiler must wait until runtime to bind method
calls to actual method code (see binding, polymorphism, runtime binding). At run-
time, the compiler extracts a class link from an-object instance, traces the link to
find the method dispatch table, locates the correct method address in the table, and
jumps to that address to execute the method. Such tables can be implemented in a
variety of ways, and they are subject to change between versions of a compiler.

MPW Macintosh Programmer’s Workshop. A product of Apple Computer that pro-
vides a complete programming environment with both a Macintosh user interface
and a Unix-like command line. You can use a variety of programming languages in
MPW, including MPW Pascal, which is object oriented. MPW includes powerful
scripting and toolmaking facilities.

object An instance of some class of similar instances. Perhaps best viewed as a soft-
ware counterpart of some real-world object. Viewed as little capsules containing
data (in instance variables) and operations on the data (methods), objects can be
created and used dynamically in a variety of powerful and useful ways. Also see
class, encapsulation, polymorphism.

object class. See class.
object hierarchy. See hierarchy.
Object Pascal Standard Pascal plus a few object-oriented extensions.

object reference An object variable, a variable of an object type, or class. An object
reference is implemented as a Macintosh handle, which uses double indirection to
point to the object’s block in the heap. In effect, an object reference is also the
object’s name.

object type. See class.

Objective-C A variant of the C language that provides object-oriented extensions to
C. Objective-C is an alternative to C++, at least on some computers. Objective-C is of
interest primarily for its use on the NeXT computer.

overriding Including an inherited method’s declaration in a subclass, following it
with the override keyword, and writing a new implementation of the method. When
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you write a subclass of some existing class, the new class automatically inherits its
ancestors’ instance variables and methods. If a particular method doesn’t suit your
needs, you can override it. The ancestor class still has its version of the method, but
the new descendant now has a version of its own. In the code of the overridden
method, you can revise what the method did, replace what the method did, “stub
out” the method so that it does nothing, or use the keyword inberited to call the
ancestor’s version of the method.

polymorphism The ability to send the same message to instances of different
classes and have each respond in its own way, by invoking its own corresponding
method. You can send a Display message to all the obyjects stored in a linked list, say,
even if they are of different types. Polymorphism also means that an instance of
subclass B can be assigned to a variable of an ancestor class A. And when you send a
message to the 4-type object, the B-type object “contained” within the A-type vari-
able will respond by invoking its B-type method. Whole data structures can be
polymorphic—an array of TObject, for example, can contain at the same time in-
stances of any classes that are descendants of TObject—all of one type or of varying
types. Runtime binding is the essential mechanism that makes polymorphism pos-
sible. Also see runtime binding.

QuickPascal Microsoft’s version of Object Pascal for MS-DOS computers. Unlike its
chief competitor, Borland’s Turbo Pascal, QuickPascal follows the Apple standard
for Object Pascal fairly closely. Also see Turbo Pascal.

reference. See object reference.

runtime binding Having the compiler make the connection between a procedure,
function, or method call and the operation’s code at runtime rather than at compile
time. Because object variables can be polymorphic, the compiler can’t bind their
method calls until runtime. The compiler has no way of knowing that, at runtime, a
variable of type A, for example, will actually contain an object of the subclass B. So,
at runtime, the compiler generates code to check the actual object instance, follow
the object’s class link to look up the right method address in a method dispaich
table, and use that address to jump to the correct method code—all on the fly. Also
see binding, method dispatch table, polymorpbism.

self A pseudovariable by which a particular object instance can refer to itself. The
object can use self when it needs to send itself a message or access its own instance
variables, or it might pass a reference to itself to some other object. When a metbhod
is called, the compiler implicitly passes self along with the method’s parameters,
giving the method the ability to use self.

sending messages. See message.

Smalltalk An early OOP language developed by Xerox at its Palo Alto Research
Center (PARC) in the 1970s. Smalltalk is a “pure” OOP language: totally object-
oriented, not hybrid as Object Pascal or C++ is. In Smalltalk, everything, even an
integer, is an object. Apple’s interest in Smalltalk led to the development of
Object Pascal.
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subclass A new class that is a descendant of an existing class. Subclasses can add to
what they inherit from their ancestors and override the methods of their inberi-
tance. They can extend or customize what their ancestors did.

subclassing The process of deriving a new class from an old one. Also see inberi-
tance, overriding, subclass.

superclass An ancestor class. Each class can have one and only one immediate
ancestor, hence only one immediate superclass. Any class on up the hierarchy is
also a superclass. Also see ancestor, descendant, bierarchy, subclass.

TCL The THINK Class Library. TCL is an application framework, or a collection of
object classes that together provide a rather complete Macintosh user interface, with
menus, windows, event handling, and so forth, onto which you can graft your own
application features, using OOP techniques, to produce a complete program. TCL is
a newer and therefore somewhat less robust cousin of Apple’s MacApp (but, in my
view, a cousin with a cleaner design). MacApp is suitable for industrial-strength
application development, and TCL is presently more suitable for smaller applica-

. tions. Our own PicoApp is a cousin to both TCL and MacApp but suitable only for
learning about application frameworks. Also see application framework, class li-
brary, MacApp.

THINK Pascal A Pascal compiler and programming environment produced by Sy-
mantec Corporation. THINK Pascal has the same Object Pascal features as MPW
Pascal, a good class browser, and a wonderful integrated, source-level debugger.

TML Pascal A product of TML Systems, one of the first companies to produce a
good Pascal compiler for the Mac as an alternative to Apple’s MPW and Lisa Pascals.
With its second version, TML Pascal became object oriented and was changed to run
under the MPW environment. Most of what we say about MPW Pascal is also appli-
cable to versions 2 and later of the now-discontinued TML.

TObject The usual name for the topmost class of an object class bierarchy. TObject
is simple, providing the ability for any one of its descendants to clone itself or free
itself. Also see base class.

Toolbox A wealth of routines and data structures for managing windows, menus,
dialog boxes, and memory, editing text, and performing a variety of other tasks, built
into the Macintosh ROM. (Technically, the ROM contains both the Toolbox traps and
the operating system traps, but we’ll lump them here.) Toolbox code is the most
primitive code on the Mac, and your programs, including the methods of your
objects, will frequently call Toolbox routines to do their work. Toolbox routines are
documented in the (currently five) volumes of Apple’s Inside Macintosh.

Turbo Pascal Although Turbo Pascal for the Macintosh is not (at this writing) object
oriented, its cousin for MS-DOS is, as of version 5.5. Turbo Pascal implements objects
quite differently than Apple’s Object Pascal standard does, borrowing heavily from
C++ as well as from Object Pascal. With version 6, Turbo Pascal also has its own
application framework, called Turbo Vision. Also see QuickPascal.
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reusability issues, continued
design and 231-33
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