






































































































































































































































































































THE TAO OF OBJECTS 

Play_minor_scale 

I 
Keys 

Key..A 

L_ Play_mlnor {plays A, B, C, D, E, Fl, G#} 
l<fiy_C 

l_. Play_mlnor {plays C, D, Eb, F, G, A, B} 

Key_G 

l_. Play_mlnor {plays G, A, Bb, C, D, E, F# } 

Figure 5-1. The message Play_mlnor_scale can be carried out without the sender's 
knowing the specifics of each key's Implementation. 

As with structs (in C++) and records (in Turbo Pascal), new allocates enough 
space on the heap for an instance of the pointer's base type and returns that space's 

address via the pointer. If the dynamic variable contains any virtual methods, you 

must use a constructor to initialize the type before sending any messages to the 

object. You can allocate space and initialize the instance of the type in one call. In 

C++: 

Circ l e *T hi sCirc l e = new Ci rcl e( l40, 75, 50 ); //poin t s and radius 

In Turbo Pascal: 

var 
Ci rel eP tr : "Ci re l e; 

New(CirclePtr.Init(l40,75,50)); { poin ts and radius l 

Dynamic variables are useful because you can add any number of instances of 

them at run time without knowing the exact number of instances at compile time. 
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By delaying system-determining decisions until run time, you disconnect the 

code from a type's details and the system becomes more flexible. A working system 

can be modified and adjusted long after it's "finished." And you can add instances 

of new types to the system without disrupting it. 

Returning to our musical example, you can add a new key to the system by 

deriving it from Keys and let each descendant implement the Play_minor_scale 

behavior in its own way. In C++: 

class Keys { 
public: 

Keys ( ) : { } 
-Keys C): { } 
virtual void Play_minor_scale(); { } II Will be reimplemented 

II by ancestors. 

class Key_F : public Keys { 
public: 

Key_F(); { } 
-Key _F ( ) : { } 
void Play_minor_scale(): II Implement specific play behavior. 

} : 

In Turbo Pascal: 

Keys = object 
constructor Init: 
destructor Done: virtual: 
procedure Play_minor_scale: virtual: 

end: 

Key_F = object(Keys) 
constructor Init: 
destructor Done: virtual: 
procedure Play_minor_scale: virtual; 

end; 

Will be reimplemented 
by descendants. } 
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The next example shows how to create a frame-based expert system and 

maintain it in a linked list of polymorphic types. Frame is just a synonym (in the 

artificial intelligence world) for a type consisting of characteristics and behaviors. 

Expert Systems 
Expert systems lend themselves particularly well to object-oriented program­

ming techniques. These systems let nonexperts do the work of experts, simplify 

complex operations, and automate repetitive processes. 

Through a knowledge base of expert information, they map the input character­

istics and behaviors of a system, problem, pattern, or object. Input characteristics and 

behaviors represent colors, sizes, processes, events, symptoms, and so on. Output 

represents a solution, advice, pattern match, decision, and so on. Figure 5-2 

illustrates this idea. 

Search 

L Knowledge_Base .., 

(consists of BaseFrames 
and descendants) 

Output 

Figure 5-2. Expert systems map the input characteristics and behaviors of a 
system, problem, pattern, or object. 

The information in an expert system's knowledge base is put there by an expert 

who has skill or knowledge in a specific domain. This information is almost certainly 

dynamic- needing to be updated, corrected, and so on. A new expert, for example, 

might contribute new information. The system itself might generate new information 

or even correct itself. What this means for developers is that an expert system should 

be built so that it can evolve easily. 
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An expert system's inference engine can map input characteristics to some 

output behavior in two ways, usually referred to as backward chaining and forward 

chaining. 

A backward-chaining model reasons from known results back toward the 

current state of the world. For example, a set of symptoms might chain back to a 

disease having those symptoms. The system finds a match by selecting a disease and 

asking whether the user has the symptoms of that disease. In an or-based system 

(Symptom] or Symptom2), a single symptom usually produces a match. In an and­

based system (Symptom] and Symptom2), all symptoms must be present to produce 

a match. The system works from a disease back to the symptoms until it finds a 

disease that matches. 

A forward-chaining system reasons from the current state of the world toward 

a result or solution. For example, you might inform the system of your symptoms first 

and ask it to find the correct disease. In this case, the system works from the 

symptoms to the disease. 

In this chapter, we' 11 construct a forward-chaining model whose knowledge base 

consists of frames. We'll use all the key elements of object-oriented programming 

and thus be able to: 

• Create instances of object types at run time 

• Modify a type's behavior and derive new types without disrupting the 

working system 

• Maintain the hierarchy of types in a linked list 

• Modify the mechanisms that manipulate the lists without disrupting the 
types. 

You can, for example, continue to use the list machinery as is and change the 

knowledge base to hold other types of information. The list handler doesn't need to 

know which object types it's sending messages to; it just sends messages and the 

objects handle themselves. Thus, you can let any type determine whether it's the 
correct one in the knowledge base to produce output for the problem. 
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OOP in Al 
Object-oriented programming is used extensively in artificial intelligence 

applications ranging from expert systems to pattern-recognition programs, diagnos­
tic programs, learning programs, natural-language parsers, and neural networks. 

Traditionally, AI work has been done using specialized languages like LISP and 

Prolog. LISP was developed in the 1950s and is based on the manipulation of lists 

of symbols. It doesn't make a distinction between code and data, so programs 

themselves are lists of special symbols that define functions. LISP is considered a 
flexible language, but it's also primitive; it has few built-in types or functions. 

Prolog emerged in the 1980s as the preferred way of doing AI programming in 

Europe. It's based on the idea of logic programming, where programs query or 

manipulate a database of facts and rules. This higher-level language is very good at 

implementing expert systems because it contains a built-in inference engine for 

resolving complex queries. 

Not surprisingly, object-oriented versions of LISP and Prolog have been 

developed. LISP-based languages that have objects include Loops, flavors, XLisp, 
and CLOS. XLisp, one of the most affordable LISP implementations, is freely 

distributed by its author, David Betz, and is available for almost all computers. 

Several object-oriented variations of Prolog are available; the most widely used is 

Prolog++. 

Despite their flexibility for AI applications, LISP and Pro log are not widely used 

outside of research areas. For many programmers, C++ and Turbo Pascal are 

considered more efficient, though perhaps not as flexible, for AI programming. 

Frames vs. Objects 
Some AI languages implement a more flexible type of frame that has many of 

the same characteristics as objects. Think of a frame as consisting of slots that have 
facets. Frames can be used to derive "fuzzy knowledge" based on rules stored in the 

frames themselves. For example, you could describe animals through frames that 
explain some of the default characteristics and provide rules for determining 
information that's not directly stored. 
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In this case, we might have a Marsupial frame that has slots for what it eats and 

where it lives. The facets for these slots could specify that the default values are 

Eucalyptus and In Australia. We could also have a special slot called AK 0 for "a­

kind-of." This could be used to say that a Kangaroo is a kind of Marsupial. This gives 

a kind of inheritance between the Kangaroo and Marsupial frames. In very flexible 

frame-based systems, the rules for evaluating slots and the relationships between 

frames can be changed dynamically at run time. 

Finding the Objects 
Let's begin by envisioning the kinds of types we'll need. When you design a 

system around types, try to think simply first and extend your ideas later. The more 

you can think in the abstract, the better. 

This expert system will consist of a template of characteristics to evaluate (input 

characteristics), an inference engine (rules for mapping input to output), a knowl­

edge base of expert information (which the inference engine will use to infer output), 

and output behaviors (results). 

Let's first create an abstract BaseFrame, the base type for our expert system. 

BaseFrame will consist of a constructor and a destructor and serve as the ancestor 

for the frames derived from it. In C++: 

class BaseFrame { 
public: 

BaseFrame(); {} 
virtual -BaseFrame(); {} 
virtual void input(); {} 

virtual void eval (); {} 

virtual void output(); {} 
} ; 

In Turbo Pascal: 

II Get input characteristics for 
II comparison. 
II Evaluate input 
II characteristics. 
II Determine output behavior. 
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BaseFramePtr : ~saseFrame: 
BaseFrame = object 

constructor Init: 
destructor Done: virtual: 
procedure Input: virtual: 
procedure Eval: virtual: 

procedure Output: virtual : 
end: 

constructor BaseFrame. I nit: 
begin 
end: 

destructor Base Frame. Done: 
begin 
end: 

procedure BaseFrame. Input: 
begin 
end: 

procedure BaseFrame. Eval: 
begin 
end: 

procedure BaseFrame. Output: 
begin 
end: 

Get input. } 
Evaluate input using derived } 
Frame's rule. } 
Determine output. } 

To keep this expert system pertinent, say it contains information about sports 
teams and the behaviors for getting input and determining correct output. The correct 
output might correspond to predictions about how well this team is expected to do 
in its next game. 

Sports Frame, then, is an object type containing information about a sports team. 
lnC++: 

class SportsFrame public BaseFrame { 
public: 

int Total_points; //this team's characteristics 
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int Points_against: 
int Wins: 
int Losses: 
int Cur_Tp: 
int Cur_Pa: 

II input characteristics to compare with 
II this team's characteristics 

} ; 

int Cur_W: 
int Cur_L: 

SportsFrameCint 11, int 12, int 13, int 14) 
II constructor for creating a frame 

{ Total_points = Il: II in-line initialization 
Points_against = 12: 
Wins = 13: 
Losses = 14: 

virtual -Sports Frame(): {} 
void input(): 
void eval(): 
void output(); 

II Get input characteristics for comparison. 
II Evaluate the input characteristics. 
II Determine output behavior. 

In Turbo Pascal: 

type 
SportsFramePointer = ASportsFrame; { a pointer to the frame } 

{ so you can create it dynamically with New } 
SportsFrame = object(BaseFrame) 

Total_points : integer; 
Points_against : integer; 
Wins : integer; 
Losses integer; 
Cur_Tp : integer; 
Cur_Pa : integer: 
Cur_W : integer: 
Cur_L : integer; 
constructor I nit( 11, 12. 13, 

destructor Done; virtual; 
procedure Input; virtual; 
procedure Eval; virtual: 

procedure Output: virtual: 
end; 

{ this frame's characteristics } 

{ input characteristics } 

14 : integer): 
{ Create a SportsFrame. 
{ Destroy a SportsFrame. } 
( Get input. } 
{ Evaluate input using the 
{ SportsFrame's rule. } 
( Determine output. } 
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constructor SportsFrame.lnit(Il, 12, 13, 14: integer); 

begin 
Total_points := 11: 
Points_against ·= 12: 
Wins := 13; 
Losses ·= 14; 

end: 

destructorSportsFrame.Done: 
begin 
end; 

{ constructor implementation 

{ destructor implementation } 

SportsFrame has four characteristics-Total_points, Points_against, Wins, and 

Losses - but you can easily add more, either by adding variables to SportsFrame 
or by deriving a new type from BaseFrame (more on that later). 

The current input (Cur _Tp, Cur _Pa, Cur_ W, and Cur _L) is also encapsulated in 

SportsFrame, allowing each SportsFrame to have its own input. BaseFrame is 

general and could represent anything from a simple lookup system to an advisory 

system to a real-time system that receives input from devices. To create a gauge, for 

example, we might derive Gauge Frame fromBaseFrame with variables to represent 

such characteristics as temperature, pressure, and flow. 

We'll need to decide how to store and access each frame derived from 

BaseFrame. Remember, we want the system to be as flexible as it can be and to grow 

and evolve. The most flexible structure for handling unknown growth is a collection 

(a list, for example). Recall the one we created in Chapter 4. It began with a node 

consisting of pointers to the next node and to an instance of the base type or any type 

derived from the base. Next, we used the node to create a list of nodes. Each node 

on the list could accept a BaseFrame using the Add( BaseFrame ... ) behavior. 

In this example, the base type is BaseFrame. In C++: 
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II Node and List 

II A struct's characteristics are public by default. 

struct Node { 
BaseFrame *Item; 
Node *Next: 

II The list item can be BaseFrame or any 
II class derived from BaseFrame. 

} ; 

NodeCBaseFrame *F, Node 
-Node() {delete Item:} 

class List ( 
Node *Nodes; 

public: 

II Point to next node type. 
*N) : Item= F; Next= N; {} 

II The list of types pointed to by Nodes 
II points to a node. 

Li st(); { Nodes = NULL } 11 constructor 
-List(); II destructor 
void add(BaseFrame *Newitem); II Add item; can be a BaseFrame 

II or a descendant of BaseFrame. 
void input(); 

void report(); 

} ; 

In Turbo Pascal: 

{ Node and List 

type 

II Send input message to 
II BaseFrame. 
II Send report message to 
II BaseFrame. 

{ In Turbo Pascal, an object's behaviors are public by default. 
NodePointer = ANode: 
Node= object The list item can be BaseFrame 

Item : BaseFramePointer: { or any object derived from it. 
Next : NodePointer; { Point to next node type. } 
constructor Init(F BaseFramePointer: N : NodePointer): 
destructor Done; {Delete Item.} 

end: 
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constructor Node.InitCF BaseFramePointer; N NodePointer); 
begin 

Item ·= F; 
Next ·= N; 

end: 

destructor Node.Done; 
begin 
end: 

type 

List= object 
Nodes : NodePointer: 
constructor !nit: 
destructor Done: 
procedure Add(Newltem 
procedure Input; 
procedure Report; 

end; 

The list of types pointed to by } 
Nodes points to a node. } 

Add an item to the list. } 
BaseFramePointer); 
{ Input to items. 
{ List the items. } 

The List method's implementation is shown at the end of the chapter in Listings 

5-1and5-2. 

Again, note that a C++ struct is a class with all its members public by default. 

All members of a class are normally private by default. By using C++'s access 

keywords, you can use struct and class interchangeably. 

The three keys to making this system flexible are inheritance, which lets you 

modify BaseFrame by deriving new types from it; polymorphism, which lets the 

same name represent different behaviors; and dynamic memory allocation, which 

lets you create instances of BaseFrames and types derived from BaseFrame at run 

time. The interface to the different implementations stays the same. In this example, 

List sends a message (Report), which in turn sends a message to each BaseFrame (or 

descendant of BaseFrame) to compare each descendant's characteristics to those 

coming into the system. 

148 



DYNAMIC STYLE 

Report sends an evaluation message to each derived frame, which uses its own 
implementation of eval to decide the input. If the frame can't determine an output 
based on its characteristics, it outputs nothing and Report continues to traverse the 
list of frames derived from BaseFrame. In C++: 

Node* Current= Nodes: 

while (Current !=NULL) 
Current->Item->eval(); 
Current= Current->Next: 

} : 

In Turbo Pascal: 

var 
Current : NodePtr; 

begin 
Current :=Nodes: 

{ Do while we have BaseFrames 
while (Current <> NIL) do 
begin 

CurrentA.ItemA.eval; 
Current := CurrentA.Next: 

end: 
end: 

II Do while we have BaseFrames. 
II Check rule for this node. 
II Point to the next node. 

or descendants. } 

Check rule for this node. 
Point to the next node. } 

The more general an object type, the easier it is to extend. The input, evaluation, 
and output methods for BaseFrame are all virtual, so you can derive new frames and 
reimplement any or all of a frame's behaviors. 

In this example, SportsFrame implements its evaluation behavior in terms of an 
and rule. In other words, a SportsFrame produces an output if two of its existing 
characteristics match the current state of those characteristics. In C++: 

void SportsFrame::eval() { 
if ((Cur_Tp == Total_points) 

} : 

&& CCur_Pa == Points_against)) 
output (): 

II evaluation AND: 
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In Turbo Pascal: 

procedure Sports Frame. Eva l ; 
begin 
if CCCur_Tp = Total_points) 

and CCur_Pa = Points_against)) 
then 

output: 
end: 

{ evaluation AND } 

You can easily derive a new frame from SportsFrame to implement another rule 
(or, for example). In C++: 

class Orframe : public Sportsframe { 
public: 
Orframe(int 11, int 12, int 13, int 14): 

} ; 

SportsFrameCil,I2,I3,14){} 
void eval(); 

void Orframe: :eval() 
if ((Cur_Tp == Total_points) 

} ; 

I I (Cur_Pa == Points_against) 
I I (Cur_W ==Wins) 
I I (Cur_L == Losses)) 
output(); 

In Turbo Pascal: 

type 
OrFramePointer = AQrFrame; 
Orframe = objectCSportsFrame) 

11 lmpl ement OR. 

constructor lnit(Il, 12, 13, 14 integer): 
destructor Done: virtual; 
procedure Eval; virtual; 

end: 

constructor Orframe.lnit(Il,12,13,14 integer); 
begin 

SportsFrame.InitCil,12,I3,14): 
end; 
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destructorOrFrame.Done: 
begin 
end: 

procedure Or Frame. Eva 1 : { I mp 1 ement OR. 
begin 

if ((Cur_Tp = Total_points) 
or (Cur_Pa = Points_against) 
or (Cur_W =Wins> 
or (Cur_L =Losses)) 

then 
output: 

end: 

You can add instances of SportsFrames and OrFrames to a single list (that is, 
a single system) and thus implement both and and or rules simultaneously. The 

following code constructs and adds two SportsFrames and one Or Frame to the same 

list. In C++: 

main() { 
II Declare a list (calls List constructor). 
List AList: 

II Create and add knowledge frames to a list. 
AList.add(new SportsFrame(75. 82. 1. 5)); 
AList.add(new SportsFrame(51. 82. 6. 3)): 
AList.add(new OrFrame(86. 84. 7. 2)): 

In Turbo Pascal: 

var 
AList List: 

begin 

{Declare a list (calls List constructor). } 
Alist.Init: 

{ Create and add knowledge frames to a list. } 
AList.Add(New(SportsFramePointer,Init(75. 82. 1, 5))); 
AList.Add(New(SportsFramePointer,Init(51. 82. 6. 3))): 
AList.Add(New(OrFramePointer.Init(86. 84. 7. 2))); 

end: 
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The following code sends input to SportsFrames and OrFrames on the list. It 

traverses the list, displaying and evaluating the system, to produce specific output. 

InC++: 

II Input to BaseFrames and descendants. 
Alist.input(); 

II Traverse list. display frames in expert system, and evaluate. 
Alist.report(); 

In Turbo Pascal: 

{ Input to BaseFrames and descendants. } 
Ali st.Input: 

{Traverse list. display frames, and evaluate. } 
AL i st. Report: 

Programming for Change 
Programs composed of object types are more powerful and flexible because of 

their built-in capacity for change. Object-oriented design anticipates the evolution 

of real-world systems and programs. Any program of even modest complexity will 

change, so anticipating change is a natural process. 

Change can take two forms. External changes take place in the outside world. For 

the system to continue modeling the outside world accurately, it must be able to 

change. A simple example is adding new printers or graphics terminals to a system. 

Adding desktop publishing features to a word-processing program is more compli­

cated. Most programming systems (particularly structured systems) assume that all 

changes are external. 

Internal changes take place in your understanding of a problem. Nothing has 

necessarily changed in the outside world; rather, your perception of the problem has 

changed. For example, you might rewrite an algorithm to increase its execution 

speed or reorganize code to improve its readability. You might also discover that 

three different types have features in common and decide to create an abstract base 

type from which to derive them. 
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You may discover that you can improve a type you created for a program by 
modifying its design. Most non-object-oriented languages assume you understand 
the system completely before you begin coding and either won't make mistakes or 
won't learn from them. In short, non-object-oriented languages don't adapt easily to 
internal changes. 

Object-oriented languages, on the other hand, provide techniques for creating 
systems that adapt easily to external or internal changes. Object-oriented design uses 
these techniques and thus lets you and your ideas grow with the system. You don't 
need to know everything about the system before you begin to code. Of course, you 
can never know everything about a system, yet that's exactly what most non-object­
oriented languages require. 

Complex projects, such as those associated with artificial intelligence, must be 
explorative, creative, dynamic, and experimental - requirements easily met by 
object-oriented languages. 

Listing 5·1. And/orframe-based expert system In C++. 

#include <iostream.h> 
#include <conio.h> 

II class hierarchy 

class BaseFrame 
public: 

BaseFrame(); {} 
virtual -BaseFrame(); {} 
virtual void input();{} 

virtual void eval(); {I 

virtual void output(); {} 

II for cout 

II Get input characteristics for 
II comparison. 
II Evaluate input 
II characteristics. 
II Determine output behavior. 
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class SportsFrame : public BaseFrame 
public: 

} ; 

int Tota l_poi nts: 
int Points_against: 
int Wins: 
int Losses: 
int Cur_Tp: 
int Cur _Pa: 
int Cur_W: 
int Cur_L; 

SportsFrame(int 11. int 12. int 13, int 14) 
{ Total_points = 11; 

Points_against = 12: 
Wins = 13; 
Losses = 14; 

-SportsFrame(); 
void input(); 
void eval(); 
void output(); 

void Frame::input() 

Cur_Tp = 86; 
Cur_Pa = 84: 
Cur_W 7: 
Cur _L = 2; 

II Display current values. 
cout << "Current_Points =" << Cur_Tp << " ": 
cout << "Current_Against =" << Cur_Pa << " ": 
cout << "Current_Wins = " << Cur_W << " ": 
cout << "Current_Losses = " << Cur_L << "\n": 

void SportsFrame: :output() 

cout << "Match!\n"; 
II Implement specific output here. 

} : 
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void SportsFrame::eval() { 

if ((Cur_Tp == Total_points) 

} ; 

&& (Cur_Pa == Points_against)) 
output(); 

II evaluation AND; 

class OrFrame : public SportsFrame 
public: 

} ; 

OrFrame(int Il. int I2. int 13. int I4): 
SportsFrame(Il.12,I3.14){} 

void eval(); 

void OrFrame::eval() I I Implement OR. 

} ; 

if ((Cur_Tp == Total_points) 
I I (Cur_Pa == Points_against) 
I I (Cur_W ==Wins) 
I I (Cur_L ==Losses)) 
output(); 

II Node and List 

struct Node II The list item can be BaseFrame or any 

} ; 

BaseFrame *Item; II class derived from BaseFrame. 
Node *Next; II Point to next node type. 
Node<BaseFrame *F. Node *N): ltem(F), Next(N) {} 
-Node ( ) { de 1 ete I tern; } 

class List { 
Node *Nodes; 

II The list of types pointed to by Nodes 
II points to a node. 

public: 
List() : Nodes(NULL) {} II constructor 
-List(); II destructor 
void add(BaseFrame *Newitem); II Add an item to the list. 
void input(); II Input to items. 
void report(); II List the items. 

} : 
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II member functions for List class 
List::-List() II destructor 
{ 

while (Nodes) 

} ; 

Node *N =Nodes: 
Nodes = Nodes->Next; 
delete N: 

II until end of list 
II Get node pointed to. 
II Point to next node. 
II Delete pointer's memory. 

void List::add(BaseFrame *Newltem) 
{ 

Nodes= new NodeCNewitem, Nodes): 

void List:: input() 
Node* Current= Nodes: 
while (Current) { 

Current->Item->input(); 
Current = Current->Next; 

void List::report() 
{ 
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Node *Current= Nodes: 
while (Current) 
{ 

II Display Total_points of item in current node. 
cout << "Total_points = u << 
Current->Item->Total_points << u u: 

II Display Points_against of item in current node. 
cout << UPoints_against = u << 
Current->Item->Points_against << u u 

II Display Wins of item in current node. 
cout << uWins = u << Current->Item->Wins << 

II Display Losses of item in current node. 
cout << ulosses = u << Current->Item->Losses << u\n": 
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} ; 

II Evaluate this node. 
Current->Item->eval(); 

II Point to the next node. 
Current= Current->Next: 

II main program 
main() 
{ 

II Declare a list (calls List constructor). 
List AList: 

II Create and add knowledge frames to a list. 
AList.add(new SportsFrame(75, 82, 1, 5)); 
Alist.add(new SportsFrame(51, 82, 6, 3)); 
AList.add(new OrFrame(86, 84, 7, 2)); 

II Input to BaseFrames and descendants. 
Ali st. input(): 

II Traverse list, display frames in expert system, and 
II evaluate. 
AList.report(); 

getch(); II Wait for a keypress. 

Listing 5-2. And/or frame-based expert system In Turbo Pascal. 

{ object hierarchy } 
type 

BaseFramePtr : ABaseFrame: 

Get input. } 

BaseFrame = object 
constructor Init: 
destructor Done: virtual : 
procedure Input; virtual: 
procedure Eval: virtual: Evaluate input using derived } 

frame's rule. } 
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procedure Output: virtual : 
end: 

{ Determine output. } 

SportsFramePointer = ASportsFrame: 
SportsFrame = object 

Total_points : integer: 
Points_against : integer: 
Wins : integer; 
Losses integer: 
Cur_Tp : integer: 
Cur_Pa : integer: 
Cur_W : integer; 
Cur_L : integer; 
constructor Init(Il. 12. 13. 14 integer); 
destructor Done: virtual: 
procedure Input; 
procedure Eval: virtual: 
procedure Output: 

end: 

constructor Base Frame. Ini t: 
begin 
end; 

destructor BaseFrame Done: 
begin 
end; 

procedure BaseFrame. Input; 
begin 
end: 

procedure Base Frame.Ev al : 
begin 
end: 

procedure BaseFrame. Output; 
begin 
end: 
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constructor SportsFrame.Init(Il, 12, 13, 14 integer); 
begin 

Total_points := Il; 
Points_against ·= 12; 
Wins := 13; 
Losses ·= 14; 

end; 

destructor SportsFrame.Done; 
begin 
end; 

procedure SportsFrame.Input; 
begin 

Cur_Tp 
Cur_Pa 
Cur_W 
Cur_L 

:= 86; 
:= 84; 
·= 7; 
:= 2; 

{ Display field values of item in current node. } 
Write('Current_Points = ', Cur_Tp. • '); 
Write('Current_Against = ',Cur_Pa, • '); 
Write('Current_Wins = ',Cur_W,' '); 
Writeln('Current_Losses = • ,Cur_L); 

end; 

procedure SportsFrame.Output; 
begin 

Writeln( 'Match!·); 
{ Implement specific output here. } 

end; 

procedure SportsFrame.Eval; 
begin 

if ((Cur_Tp = Total_points} 
and (Cur_Pa = Points_against)) 

then 
output; 

end; 

{ evaluation AND } 
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type 

OrFramePointer = AQrFrame: 
OrFrame = object(SportsFrame) 

constructor lnit(Il, 12, 13, I4 integer): 
destructor Done: virtual: 
procedure Eval: virtual; 

end: 

constructor OrFrame.lnit(ll.12.I3,14 integer); 
begin 

SportsFrame.Init(ll,I2.13,I4): 
end: 

destructor OrFrame. Done: 
begin 
end: 

procedure OrFrame.Eval: 
begin 

if ((Cur_Tp = Total_points) 
or (Cur_Pa = Points_against) 
or CCur_W =Wins) 
or (Cur_L =Losses)) 

then 
output; 

end: 

{ Node and List } 

type 

NodePointer = ANode: 
Node = object 

Item : BaseFramePointer: 

{ Implement OR. } 

The list item can be } 
BaseFrame or descendants. 
Point to next node type } Next : NodePointer: 

constructor Init(F 
destructor Done: 

BaseFramePointer; N: NodePointer); 
{Delete Item.} 

end: 
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constructor Node.InitCF BaseFramePointer; N NodePointer); 
begin 

Item ·= F: 
Next ·= N: 

end: 

destructor Node. Done: 
begin 
end: 

type 

List= object 
Nodes : NodePointer; 
constructor Init; 
destructor Done: 
procedure Add(Newitem 
procedure Input; 
procedure Report: 

end: 

{ methods for List } 
constructor List.Init: 
begin 

Nodes ·= NIL; 
end; 

destructor List.Done: 
var 

N : NodePointer: 
begin 

while (Nodes <> NIL) do 
begin 

N :=Nodes; 
Nodes := NodesA.Next: 
dispose(N); 

end: 
end; 

The list of types pointed to 
by Nodes points to a node. } 

Add an item to the list. } 
BaseFramePointer); 

{ Input to items. 
{ List the items. 

until end of list } 

Get node pointed to. 
Point to next node. } 
Delete pointer's memory. 
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procedure List.Add(Newitem: BaseFramePointer); 
var 

N : NodePointer: 
begin 

New(N); NA.Item:= Newitem; 
NA.Next :=Nodes; 
Nodes := N: 

end: 

procedure List.Input: 
var 

Current : NodePointer: 
begin 

Current :=Nodes: 
while (Current <> nil) do 
begin 

CurrentA.ItemA.Input: 
Current := CurrentA.Next; 

end: 
end: 

procedure List.Report: 
var 

Current : NodePointer: 
begin 
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Current :=Nodes: 
while (Current<> nil) do 
begin 

{ Display Total_points of item in current node. } 
Write('Total_points = · ,CurrentA.ItemA.Total_points,' '): 

{ Display Points_against of item in current node. } 
Write( 'Points_against = · ,CurrentA.ItemA.Points_against, • '); 

{ Display Wins of item in current node. } 
Write('Wins = ·.currentA.ItemA.Wins,' '): 

{ Display Losses of item in current node. 
Writeln('Losses = · ,CurrentA.ItemA.Losses); 

{ Evaluate this node. 
CurrentA.ItemA.Eval: 
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{ Point to the next node. 
Current := CurrentA.Next: 

end: 
end: 

{ main program } 
var 

Alist : List: 
begin 

{ Declare a list (calls List constructor). } 
Ali st. I nit: 

{ Create and add knowledge frames to a list. } 
AList.Add(newCSportsFramePointer.Init(75. 82. 1. 5))); 
AList.Add(newCSportsFramePointer.Init(Sl. 82. 6. 3))): 
AList.Add(newCOrFramePointer.Init(86. 84. 7. 2))): 

{ Input to BaseFrames and descendants. } 
Alist.Input; 

{ Traverse list. display frames. and evaluate. } 
Alist.Report: 

Readln: 
end. 

{ Wait for a keypress. } 
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CHAPTER 6 

An Object-Oriented 
Neural Network 

If you want to shrink something, you must first allow it to expand. If you 

want to take something, you must first allow it to be given. This is called 

the subtle perception of the way things are. 

-Lao-tzu 

Not even our technological evolution has been a linear movement from 

lower to higher levels, but rather a process punctuated by massive 

regressions. 

- Riane Eisler 

Object-oriented techniques make it easier to represent the world in programming 

models. Ideally, a user-defined type in a program corresponds to a type in the world 

you want to represent. Thus, finding or discovering types is your first task in object­

oriented programming. 

If you describe a problem or system in terms of object types and build programs 

out of those objects, the programs will be easier to maintain and revise. As the 

problem or system changes, you revise or reimplement an object to correspond to 

those changes. The act of revision becomes an act of extension rather than 

reconceptualization. 

In recent years, computers have become the preeminent representational (or 

modeling) tool. An excellent example of how scientists use computers to represent 

an aspect of the world is the neural network, which attempts to capture aspects of how 

we believe the brain works. 
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A neural network is a dynamic system consisting of layers of neurons connected 
to each other. Each neuron's state is determined by the messages sent to it by all the 
neurons connected to it. These messages tell the neuron the state of each neuron 
sending a message and the weight (or strength) of the connection between them. In 
most commercial neural network systems on the PC, the neurons in one layer connect 
only to the neurons in immediately adjoining layers. Neurons within a layer don't 
connect to each other. 

Each layer of neurons can be one of three types: 

• An input layer consisting of a pattern to classify or match, a problem to solve, 
and so on 

• A hidden layer - the network's internal representation of connections 

• An output layer - a resulting classification, pattern, or solution. 

In most neural network models, all the neurons in a single input layer are 
connected to all the neurons in a hidden layer; all the neurons in the hidden layer are 
connected to all the neurons in an output layer (see Figure 6-1). A neural network 
can have more than one hidden layer, but the connection scheme is similar - the 
neurons in the second hidden layer are connected to the neurons in both the first 
hidden layer and the output layer. 

A neuron is always in one of two states: on or off. The combined, weighted states 
of all the neurons connected to a neuron determine its state. The neurons in the input 
layer are connected to sources (devices or a program) outside the network, and the 
initial states of these neurons are determined by the messages sent to them from the 
outside world. 

The states of neurons in the hidden layer are determined by the messages sent by 
neurons in the input layer; the states of neurons in the output layer are determined by 
the messages sent from the hidden layer. These messages are determined by several 
factors: the network model that calculates the weights of inputs, an activation 
function, and a transfer function. Figure 6-2 illustrates how input messages generally 
produce output messages in these neural network models. 
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Input Layer Hidden Layer Output Layer 

Figure 6-1. Connections between layers. 

When messages have been sent to all the output neurons in the network, the 

network has reached a temporary state. The network then evaluates its state (by 

comparing it to some desired state) to determine how much error it contains. The total 

error in the network is equal to the sum of the errors in individual neurons and 

determines what the network does next. 
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Input Layer Output 

Summed Activation Transfer Output 
Messages Function Function Message 

Figure 6-2. Input messages generally produce output messages. 

For example, if a back-propagation network finds the error too large, it sends a 

message back through the network from neuron to neuron (to the hidden layer, back 

to the input layer, forward to the hidden layer, then on to the output layer). The 

message tells every neuron to adjust itself and therefore reduce the total error in the 

network. For more information about specific neural networks, check the reference 

list (Appendix B). 

Once the network has looped back to the output layer, it recalculates its error. It 

eventually settles into a stable state and sends an output message identifying that 

state. This output signal is the solution to the problem the network is trying to solve. 

Neural networks are information processors that are based on mathematical 

models of how we think the brain works. Although they are similar to expert systems 

in that they solve (or classify) a new problem by matching its characteristics to an 

existing problem, they differ in two important ways: Expert systems use rules to 

generate output, while neural networks use examples; expert systems require 
complete information, while neural networks can produce results from incomplete 

information. 
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Because neural network technology is new and still evolving, researchers 

haven't yet agreed on an ideal model. In fact, research takes place all over the world, 

much of it in isolation; different premises and goals and distinct approaches to 

developing models continue to appear and evolve. 

In general, though, these neural network models share many related character­

istics, making them suitable for development using object-oriented techniques. The 

idea is to describe the features of a neural network abstractly and derive new 

networks from the abstract type. 

This chapter describes an abstract neural network to illustrate how complex 

problems in the world can be visualized more clearly as object types, then shows how 

you might use this neural network to derive other networks. 

Neural networks are most often used for applications that involve some form of 

learning through repetition.You can build large networks that learn to repeat patterns 

based on large volumes of input. For example, you could create a neural network that 

predicted stock prices based on certain key economic indicators. If you then fed the 

network large volumes of data on past performance and historical stock prices, it 

would adapt and organize itself so that it could be used to estimate future stock prices. 

Objects and Networks 
First, let's try to find the objects that will describe the characteristics of a neural 

network. At this stage, you should think primarily about the boundaries of the object 

type and the gross interactions between types. The details of the network, such as 

how specific methods will be implemented, should be of less concern. Focus on 

external factors, those that determine the connections and interactions between types 

and the world outside the system. 

Don't be overly concerned about methods at first; just concentrate on the object. 

Look for aspects of the system that might be duplicated, and try to find the smallest 

units first. If you're feeling imaginative, try to visualize how an object type will fit 

into the bigger picture and how it might adapt to change. 
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The smallest unit in a neural network is a neuron, which has a state and the ability 

to send messages to and receive messages from the neurons to which it's connected. 

The state of a neuron is determined by messages from other neurons. Connections 

have weights, and neurons change state by comparing the incoming message to a 

value determined by an activation function. If the message exceeds a certain value, 

the neuron is in an on, or 1, state. If not, the neuron is in an off, or 0, state. 

A neuron's state is determined by its connections to adjoining neurons. Each 

neuron receiving a message turns itself on or off depending on the message. 

Typically, a message consists of a value determined by a function (for example, 

"weight times state"). 

After all the neurons have received messages and changed states accordingly, 

the network asks itself whether its current state is stable. It determines its status by 

comparing it to a value determined by an error function. If its state is within some 

error range, the network sends a message to the system stating that. If its state isn't 

stable enough, the network adjusts it and sends messages back through the network, 

changing the states of neurons until it settles into an acceptable state. 

Each neural network model has its own methods, equations, connection schemes, 

activation functions, and so on for determining its state and stability; however, all 

networks share the characteristics just described. 

Beginning with data, you might ask the following questions: 

• How many patterns will be input to the network? 

• How many neurons will be in each layer? 

• How many layers will there be? 

• How do we describe error, learning rates, and so on? 

• How do we describe connection weights? 
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In C++, the characteristics of any neural network type might look like this: 

class BaseNet 

public: 

} ; 

fl oat Eta. 
Alpha. 
Errorlevel. 
Error; 

int ErrorFreq. 
nlnputNodes. 
nHiddenNodes, 
nOutputNodes. 
nlterations. 
nPatterns. 
nRuns. 
H • 
I. 
J. 
p. 
o. 
R; 

In Turbo Pascal: 

BaseNet = object 

Eta. 
Alpha. 
Errorlevel. 
Error : real: 
ErrorFreq, 
nlnputNodes, 
nHiddenNodes. 
nOutputNodes. 
nlterations. 
nPatterns. 
nRuns. 
H. 

I. 
J. 

II a basic neural network type 
II Includes matrix methods. 

II default learning rate 
II default momentum factor 
II acceptable error level 
II latest sum squared error value 
II error reporting frequency 
II number of input nodes 
II number of hidden nodes 
II number of output nodes 
II number of iterations 
II number of patterns 
II number of runs or input lines 
II index hidden layer 
II index input layer 
II index output layer 
II index pattern number 
II index iteration number 
II index run number 

a basic neural network type 
Includes matrix methods. ) 
default learning rate } 
default momentum factor ) 
acceptable error level } 
latest sum squared error value 
error reporting frequency } 
number of input nodes } 
number of hidden nodes } 
number of output nodes } 
number of iterations } 
number of patterns I 
number of runs or input lines } 
index hidden layer } 
index input layer } 
index output layer } 
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p, 

a. 
R integer: 

end; 

index pattern number } 
index iteration number 
index run number } 

In addition to having those characteristics, a network needs to create itself and 

initialize default values, load weights, and other information (probably from a file), 

iterate itself (for training and problem classification), and delete itself when it's no 

longer needed. 

You need to specify where the information to the network comes from and where 

the network will send its output message (its interactions with the outside world). 

Once the network gets started, it will generate its own messages. 

You must also specify how the network will calculate, store, and update error 

information and other data. Neural networks usually use a matrix to store this 

information. 

Because a few characteristics will differ from one network to another and the 

iteration loop will differ substantially, you should make this loop a virtual method. 

Each network can then implement it as it sees fit. 

The base type for any neural network, with the additions mentioned earlier, 

might look like this in C++: 

class BaseNet II a basic neural network type 
II Includes matrix methods. 

public: 
fl oat Eta. II default learning rate 

Alpha, II default momentum factor 
Errorlevel. II acceptable error level 
Error: II latest sum squared error value 

int ErrorFreq, II error reporting frequency 
ninputNodes, II number of input nodes 
nHiddenNodes, II number of hidden nodes 
nOutputNodes. II number of output nodes 
niterations, II number of iterations 
nPatterns. II number of patterns 
nRuns. II number of runs or input lines 
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H • II index hidden layer 
I. II index input layer 
J. II index output layer 
p. II index pattern number 
a. II index iteration number 
R; II index run number 

FILE *RunFile. II run file 
*Pattern File. II source pattern input file 
*WeightsinFile, II initial weight file 
*WeightsOutFile, II final weight output file 
*ResultsFile, II results output file 
*ErrorFile; II error output file 

char KeyboardRequest; II true when key pressed 
char szResults[40J: II various file names 
char szError[40J; 
char szPattern[40J; 
char szWeights[40J; 
char szWeightsOut[40J; 

II matrix 
II typedefs and prototypes for dynamic storage of arrays 

typedef float *FLOATPTR: II pointer to a real 
typedef FLOATPTR VECTOR; II a vector: one column 
typedef FLOATPTR *MATRIX: II a matrix: two columns 

II network layers 
II arrays for inputs. 

MATRIX OutO; 
MATRIX Outl; 
MATRIX Delta!; 
MATRIX Delwl; 
MATRIX Wl; 
MATRIX Out2; 
MATRIX Delta2; 
MATRIX Delw2; 
MATRIX W2; 

outputs. deltas. weights. and target outputs 
II input layer 

MATRIX TargetOutput; 
VECTOR PatternlD; 

II hidden layer 
II delta at hidden layer 
II change in weight from input to hidden 
II weights input:hidden 
II output layer 
II delta at output layer 
II weights hidden:output 
II weights hidden:output 
II target output 
II identifier for each stored pattern 

II memory allocation methods 
void AllocateVector(VECTOR *Vector, int nCols); 
void AllocateColumnsCFLOATPTR Matrix[]. int nRows. int nCols); 
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} ; 

void AllocateMatrix(MATRIX *pmatrix, int nRows. int nCols): 
void FreeMatrix(MATRIX Matrix, int nRows); 
Ba seNet <): I I constructor 
-BaseNet() (}; 11 destructor 
virtual void Iterate(char Netname) {};II abstract iteration 

II loop for any network 

and like this in Turbo Pascal: 

type 
FLOATPTR Areal; 
VECTOR FLOATPTR: 
MATRIX FLOATPTR; 
MATRIXPTR: AMATRIX: 
VECTORPTR: AVECTOR; 

BaseNet = object 
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Eta, 
Alpha, 
Errorlevel, 
Error : rea 1 : 
ErrorFreq, 
nlnputNodes, 
nHiddenNodes, 
nOutputNodes, 
nlterations, 
nPatterns. 
nRuns, 
H, 
I, 

J. 
p. 
o. 
R : integer: 
RunFile, 
PatternFile, 
WeightslnFile, 
WeightsOutFile, 
Results Fi 1 e, 
ErrorFile : File: 

pointer to a real } 
a vector: one column } 
a matrix: two columns } 
pointer to a matrix } 
pointer to a vector } 

a basic neural network type 
Includes matrix methods. } 
default learning rate } 
default momentum factor } 
acceptable error level } 
latest sum squared error value 
error reporting frequency } 
number of input nodes } 
number of hidden nodes } 
number of output nodes J 
number of iterations J 
number of patterns } 
number of runs or input lines } 
index hidden layer } 
index input layer } 
index output layer } 
index pattern number 
index iteration number 
index run number } 
run file J 
source pattern input file J 
initial weight file } 
final weight output file 
results output file } 
error output file } 
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Key boa rd Request : char; { true when key pressed 
szResults : string[40J; { various file names } 
szError: string[40J: 
szPattern : string[40J; 
szWeights : string[40J; 
szWeightsOut: string[40J; 

matrix } 
network 1 ayers 
arrays for inputs, 

OutO, 
Outl, 
Delta 1, 
Delwl, 
Wl, 
Out2, 
Delta2, 
Delw2, 
W2, 

outputs, deltas, weights, target outputs } 
{input layer} 
{ hidden layer } 
{ delta at hidden layer } 
{ change in weights input:hidden 
{ weights input:hidden } 
{ output layer } 
{ delta at output layer } 
{ change in weights hidden:output 
{ weights hidden:output } 

MATRIX; {target output} TargetOutput 
Pattern ID VECTOR; {identifier for each stored pattern} 

memory allocation methods 
procedure AllocateVectorCAVector: VECTORPTR; nCols integer): 
procedure AllocateColumnsCAColumn : FLOATPTR; nRows integer; 

nCols : integer); 
procedure AllocateMatrix(Pmatrix : MATRIXPTR; nRows integer; 

nCols : integer); 
procedure FreeMatrix(AMatrix: MATRIX; nRows : integer); 
constructor lnit; { constructor } 
destructor Done; { destructor } 
procedure I te rate ( Netname : char) ; vi rtua 1 : 

end; 

{ abstract iteration loop for any } 
{ network } 

The BaseNet constructor initializes a network's default fields. In C++: 

BaseNet::BaseNet() 
Eta 0.15, 
Alpha= 0.075; 

II default learning rate 
II default momentum factor 
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ErrorFreq = 100: 
Errorlevel = 0.04: 

II error reporting frequency 
II acceptable error level 

KeyboardRequest = 0: II true when key pressed 
} ; 

In Turbo Pascal: 

constructor Base Net. Ini t 
Eta := 0.15, 
Alpha := 0.075: 
ErrorFreq := 100; 
Errorlevel := 0.04: 
KeyboardRequest := O; 

end: 

Deriving New Networks 

default learning rate } 
default momentum factor 
error reporting frequency 
acceptable error level } 
true when key pressed } 

The characteristics just described are part of most neural networks. Thus, this 
generic neural network could serve as the base type for a group of related neural 
networks. 

For example, you could derive a back-propagation neural network from this base 
type by reconstructing the base network and implementing a new Iterate method. In 
C++: 

class BackProp : public BaseNet { 
public: 

} : 

BackPropC) l}: 
-BackProp() {}: 
void Iterate(char Netname); 

In Turbo Pascal: 

II back-propagation 
II network 

II specific iteration loop 
II for this network 

l back-propagation network } BackProp = objectCBaseNet) 
constructor !nit; 
destructor Done; virtual : 
procedure Iterate(Netname char>: virtual: 

end: 
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Many other networks can use the characteristics of BaseNet. In general, deriving 

a new network means adding a few data fields and implementing the Iteration 

method. A self-organizing neural network might look like this in C++: 

class SelfOrganizing : public BaseNet { 
int Kohonen_units: II specific units for calculating 
int Grossberg_units: II error in this network 

public: 
SelfOrganizing(): 
-SelfOrganizing(): 
void Iterate(): 

II Construct this neural network. 
II Clean up this network. 
II Implement specific iteration loop. 

} : 

and like this in Turbo Pascal: 

SelfOrganizing = object(BaseNet) 
int Kohonen_units: 
int Grossberg_units: 
constructor !nit; 
destructor Done: virtual: 
procedure Iterate: virtual: 

end: 

Data Lists and Events 

units for calculating error 

Construct neural network. 
Clean up this network. J 

Implement iteration loop. 

In describing a generic neural network, we focused on the network's character­

istics, behaviors, and interactions with the outside world. Its characteristics consist 

of the information it needs to know or remember, its behaviors are what it needs to 
do, and its interactions with the outside world are its responses and stimuli. The 

network's operation consists of the messages exchanged by neurons. 

The base network in this example might not yet be a perfect type, but it's a good 

start. If you see something that needs to be changed, you can change it. The base 
network isn't too large (a good sign) or too complex (another good sign) and is 

abstract enough to allow many kinds of networks to be derived from it. Listing 6-1, 

for example, shows a complete back-propagation neural network derived from the 

BaseNet neural network object. 
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For systems such as this one, a good starting point for discovering object types 

is the data. Other systems might be primarily event-driven or even function-driven. 

The beauty of object-oriented programming is that you can approach the discovery 

of object types from any direction, at any level, depending on the needs of the project. 

The types are more important than the approach. 

Object-oriented programming encourages us to personalize and experiment 

with programs. We write programs by discovering, implementing, and deriving new 

types from existing ones. Maintaining and extending programs is an ongoing 

process, and object-oriented programming makes it easier to do both. 

The next chapter uses the techniques discussed so far to suggest a design 

philosophy that will help you think in object types. Be forewarned, however, that an 

object-oriented philosophy can only be expected to evolve and expand as the world 

and our ideas about the world change. 

Listing 6-1. Back-propagation neural network. 

II C++ object-oriented base neural network and derived back­
// propagation neural network based on the equations in 
II Rummel hart and McClelland's Parallel Distributed 
II Processing and the shareware back-propagation neural 
II network written in C by Eberhart and Dobbins and 
II published in Micro Cornucopia (Jan./Feb. 1990). 

#include <stdio.h> 
#include <stdlib.h> 
#include <math.h> 
#include <conio.h> 
#include <ctype.h> 
#include <string.h> 
#include <iostream.h> 

#define ESC 27 
#define ITEMS 8 

II object types 
class BaseNet { 
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public: 
fl oat Eta, II default learning rate 

Alpha, II default momentum factor 
Errorlevel, II acceptable error level 
Error: II latest sum squared error value 

char KeyboardRequest: II true when key pressed 
int ErrorFreq, II error reporting frequency 

ninputNodes, II number of input nodes 
nHiddenNodes, II number of hidden nodes 
nOutputNodes, II number of output nodes 
niterations, II number of iterations 
nPatterns, II number of patterns 
nRuns, II number of runs or input 1 i nes 
H' II index hidden layer 
I, II index input layer 
J, II index output layer 
P, II index pattern number 
Q, II index iteration number 
R: II index run number 

FILE *RunFile, II run file 
*PatternFile, II source pattern input fi 1 e 
*WeightsinFile, II initial weight file 
*WeightsOutFile, II final weight output file 
*ResultsFile, II results output file 
*ErrorFile; II error output file 

char szResults[40J: II various file names 
char szError[40]; 
char szPattern[40J: 
char szWeights[40J; 
char szWeights0ut[40J; 

II matrix 
II typedefs and prototypes for dynamic storage of arrays 

typedef float *FLOATPTR: II pointer to a real 
typedef FLOATPTR VECTOR: II a vector: one column 
typedef FLOATPTR *MATRIX: II a matrix: two columns 

II network layers 
II arrays for inputs, 

MATRIX OutO; 
MATRIX Outl; 
MATRIX Deltal: 

outputs, deltas, weights, and target outputs 
II input layer 
II hidden layer 
II delta at hidden layer 
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MATRIX 
MATRIX 
MATRIX 
MATRIX 
MATRIX 

MATRIX 
MATRIX 
VECTOR 

Delwl; 
Wl; 
Out2; 
Delta2; 
Delw2; 

W2; 
TargetOutput; 
Pattern IO; 

II change in weights input:hidden 
II weights input:hidden 
II output layer 
II delta at output layer 
II change in weights 
II hidden:output 
II weights hidden:output 
II target output 
II identifier for each stored 
II pattern 

II memory allocation methods 

} ; 

void AllocateVector(VECTOR *Vector, int nCols); 
void AllocateColumns(FLOATPTR Matrix[], int nRows, int nCols); 
void AllocateMatrix(MATRIX *pmatrix, int nRows, int nCols); 
void FreeMatrix(MATRIX Matrix, int nRows); 

BaseNet(); II constructor 
-BaseNet() {}; II destructor 
virtual void Iterate(char Netname) {};II abstract iteration 

II loop for any network 

class BackProp : public BaseNet { 
public: 

II back-propagation 
II network 

} : 

BackProp() {}: 
-BackProp() {}: 
void Iterate(char Netname); II iteration loop for this 

II network 

II BaseNet constructor initializes default fields. 

BaseNet::BaseNet() 
Eta = 0.15, 
Alpha= 0.075: 

} : 
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Errorlevel = 0.04; 
KeyboardRequest = 0: 

II default learning rate 
II default momentum factor 
II error reporting frequency 
II acceptable error level 
II true when key pressed 
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II BaseNet methods 

II implementation of array allocation routines 
II Allocate space for a vector of float cells, a one-dimensional 
II dynamic vector[colsJ. 

void BaseNet::AllocateVectorCVECTOR *Vector, int nCols) 
{ 

if ((*Vector= (VECTOR} calloc(nCols, sizeof(float}}) =;NULL) 
{ 

cout << " Not enough memory!\n": II If not, abort. 
exit(l}; 

II Allocate space for dynamic, two-dimensional matrix[rowsJ[colsJ. 
void BaseNet::AllocateColumns(FLOATPTR Matrix[], int nRows. 

int nCols) 

int i: 
for Ci = 0: i < nRows: i++) 

AllocateVector(&Matrix[iJ. nCols): 

void BaseNet: :AllocateMatrix(MATRIX *Pmatrix, int nRows, 
int nCols) 

} : 

if ((*Pmatrix =(MATRIX) callocCnRows, sizeof(FLOATPTR))) == 
NULL) 

cout << "Not enough memory!\n": 
exit(l): 

AllocateColumnsC*Pmatrix, nRows, nCols): 

II Free the memory used by the matrix. 
void BaseNet: :FreeMatrix(MATRIX Matrix, int nRows) 
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int i : 
for ( i = 0: i < n Rows; i ++) 

free(Matrix[i]); 
free(Matri x): 

II specific implementation of iteration loop for a back­
// propagation network 

void BackProp: :Iterate(char Netname) 
for (R = O; R < nRuns; R++) 
{ 

II Read and parse the run specification line to obtain 
II information about this network. 
fscanf(Runfile, 

"%s %s %s %s %s 
szResults. 
szError, 
szPattern, 
szWeights, 
szWeightsOut, 
&nPatterns. 
&niterations. 

&ninputNodes, 
&nHiddenNodes. 
&nOutputNodes, 
&Eta. 
&Alpha); 

%d %d %d %d %d %f %f", 
II output results file 
II error output file 
II pattern input file 
II initial weights file 
II final weights output file 
II number of patterns to learn 
II number of iterations through 
II the data 
II number of input nodes 
II number of hidden nodes 
II number of output nodes 
II learning rate 
II momentum factor 

II Allocate dynamic storage for nodes and patterns. 
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AllocateMatrixC&OutO, nPatterns, ninputNodes); 
AllocateMatrix(&Outl, nPatterns, nHiddenNodes); 
AllocateMatrix(&Out2, nPatterns, nOutputNodes): 
AllocateMatrixC&Delta2, nPatterns. nOutputNodes); 
A 11 oca teMat ri x (&Del w2. nOut putNodes. nH i ddenNodes + 1) : 

AllocateMatrixC&W2, nOutputNodes. nHiddenNodes + l); 
AllocateMatrixC&Deltal, nPatterns, nHiddenNodes): 
AllocateMatrix(&Delwl, nHiddenNodes, ninputNodes + 1): 
AllocateMatrixC&Wl, nHiddenNodes, ninputNodes + l); 
AllocateMatrixC&TargetOutput.nPatterns, nOutputNodes): 
AllocateVectorC&PatternID, nPatterns); 
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II Read the initial weight matrices. 
if ((WeightsinFile = fopenCszWeights,"r")) ==NULL) 
{ 

cout << " Can't open file \n" << Netname << szWeights: 
exit(l); 

II Read input:hidden weights. 
for CH= 0: H < nHiddenNodes: H++) 

for (I= O; I <= ninputNodes; I++) 
{ 

fscanf(WeightsinFile. "%f", &Wl[HJ[IJ); 
Delwl[HJ[IJ = 0.0; 

II Read hidden:out weights. 
for CJ= O: J < nOutputNodes: J++) 

for CH= 0: H <= nHiddenNodes; H++) 
{ 

fscanf(WeightsinFile, "%f", &W2[JJ[HJ); 
Delw2[JJ[HJ = 0.0; 

fclose(WeightsinFile); 

II Read in all patterns to be learned. 
if ((PatternFile = fopen(szPattern, "r")) ==NULL) 
{ 

cout << "Can't open file \n" << Netname << szPattern; 
exit(!); 

for (P = O; P < nPatterns; P++) 
{ 

for CI = 0; < ninputNodes: I++) 
if Cfscanf(PatternFile,"%f", &OutO[PJ[IJ)!= 1) 

goto AllPatternsRead; 

II Read in target outputs for input patterns. 
for CJ = 0; J < nOutputNodes: J++) 

fscanfCPatternFile, "%f", &TargetOutput(PJ[JJ); 
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II Read in identifier for each pattern. 
fscanfCPatternFile, "%f ", &PatternID[PJ): 
} 

AllPatternsRead: 
fcloseCPatternFile): 

if CP < nPatterns) 
{ 

cout << " Can't open file \n" << Netname << P << nPatterns: 
nPatterns = P: 

II Open error output file. 
if ((ErrorFile = fopen(szError. "w")) ==NULL) 
{ 

cout << " Can't open file \n" << Netname << szError: 
exit(l): 

fprintf(stderr, nlterations > 1? "Training ... \n" 
"Testing\n"): 

II iteration loop 
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for CO= 0: 0 < nlterations: O++) 
{ 

for CP = 0: P < nPatterns: P++) 
{ 

II hidden layer 
II Sum input to hidden layer over all input-weight 
II combinations. 

for (H = 0: H < nHiddenNodes: H++) 
{ 

float Sum= Wl[HJ[nlnputNodesJ: II Begin with bias. 
for CI = O: I < ninputNodes: I++) 

Sum += Wl[H][IJ * OutO[P][I]: 
II Compute output using sigmoid function. 
Outl[PJ[H] = 1.0 I (l.O + exp(-Sum)): 
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II output layer 
for (J = 0: J < nOutputNodes: J++) 
{ 

float Sum= W2[JJ[nHiddenNodesJ; 
for CH= 0; H < nHiddenNodes; H++) 

Sum+= W2[J][H] * Outl[P][H]; 
II Compute output using sigmoid function. 
Out2[PJ[J] = 1.0 I Cl.O + expC-Sum)); 

II delta output 
II Calculate deltas for each output unit for each pattern. 

for CJ= 0; J < nOutputNodes; J++) 
Delta2[PJ[J] = CTargetOutput[PJ[JJ - Out2[P][J]) * 

Out2[P][J] * Cl.O - Out2[PJ[J]); 

II delta hidden 
for CH= O; H < nHiddenNodes; H++) 
{ 

float Sum= 0.0; 
for CJ= 0: J < nOutputNodes; J++) 

Sum+= Delta2[PJ[J] * W2[J][H]; 
II Compute output using sigmoid function. 
Deltal[P][H] =Sum* Outl[P][H] * (1.0 - Outl[PJ[H]); 

} 

II Adapt weights hidden:output 
for CJ= 0; J < nOutputNodes; J++) 
{ 

fl oat Dw; 
float Sum= 0.0: 

II delta weight 

II sum of deltas for each output node for one epoch 
for CP = O; P < nPatterns; P++) 

Sum += Delta2[P][JJ: 

II Calculate new bias weight for each output unit. 
Ow= Eta* Sum+ Alpha* Oelw2[J][nHiddenNodes]; 
W2[JJ[nHiddenNodes] += Dw: 
Oelw2[J][nHiddenNodesJ =Ow; II delta for bias 
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II Calculate new weights. 
for CH= O: H < nHiddenNodes: H++) 
{ 

float Sum= 0.0: 
for (P = O; P < nPatterns: P++) 

Sum += Oelta2[PJ[JJ * Outl[PJ[HJ; 
Ow = Eta* Sum + Alpha* Delw2[JJ[HJ: 
W2[JJ[HJ += Ow; 
Delw2[JJ[HJ = Ow: 

II Adapt weights input:hidden. 
for CH= 0: H < nHiddenNodes; H++) 
{ 

float Ow; II delta weight 
float Sum= 0.0: 
for (P = O; P < nPatterns; P++) 

Sum += Oeltal[PJ[HJ; 

II Calculate new bias weight for each hidden unit. 
Ow= Eta* Sum+ Alpha* Oelwl[HJ[nlnputNodesJ; 
Wl[H][nlnputNodes] += Dw; 
Delwl[HJ[nlnputNodesJ =Ow: 

II Calculate new weights. 
for CI= 0; I < nlnputNodes: I++) 
{ 

float Sum= 0.0: 
for (P = O; P < nPatterns: P++) 

Sum+= Oeltal[PJ[H] * OutO[PJ[IJ: 
Ow= Eta* Sum+ Alpha* Oelwl[HJ[IJ: 
Wl[H][ IJ += Ow: 
Delwl[H][I] = Dw: 
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II Watch for keyboard requests. 
if (kbhit()) 
{ 

int c = getch(); 
• E, ) if ((c = toupper(c)) 

KeyboardRequest++; 
else if (c == ESC) 

break; II End if ESC request. 

II Sum squared error. 
if (KeyboardRequest 11 (Q % ErrorFreq == 0)) 
{ 

for (P = 0, Error = 0.0; P < nPatterns: P++) 
{ 

for CJ = O: J < nOutputNodes; J++) 
{ 

float Temp= TargetOutput[PJ[J] - Out2[P][J]; 
Error += Temp * Temp: 

II Average error over all patterns. 
Error I= nPatterns * nOutputNodes: 

II Print iteration number and error value. 
fprintf(stderr,"Iteration %5dl%-Sd Error %f\r", 

O. nlterations, Error): 
KeyboardRequest = O: 

if CO % ErrorFreq == 0) 
fprintfCErrorFile, "%d %f\n", Q, Error); 

II Terminate when error satisfactory. 
if (Error < Errorlevel) 

break: 

II End iterate loop. 

I I to file 
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II Display error, iterations, etc. 
for (P = 0, Error= 0.0: P < nPatterns: P++) 
{ 

for CJ= 0: J < nOutputNodes: J++) 
{ 

float Temp= TargetOutput[PJ[JJ - Out2[PJ[JJ: 
Error += Temp * Temp: 

II Average error over all patterns. 
Error I= nPatterns *nOutputNodes; 

II Print final iteration number and error value. 
fprintf(stderr, "Iteration %5dl%-5d Error %f\n", Q, 

niterations, Error); I* to screen *I 
fcloseCErrorFile): 

II Print final weights. 
if CCWeightsOutFile = fopenCszWeightsOut,"w")) ==NULL) 
{ 

cout << " Can't write file\n" << Netname << szWeightsOut: 
exitCU; 

for CH = O; H < nHiddenNodes; H++) 
for CI = 0; I <= ninputNodes; I++) 

fprintfCWeightsOutFile. "%g%c". Wl[HJ[IJ. 
1% ITEMS= IT EMS -1 ? ' \ n ' : ' ' ) ; 

for CJ= O; J < nOutputNodes: J++) 
for CH= 0; H <= nHiddenNodes; H++) 

fprintfCWeightsOutFile, "%g%c", W2[JJ[HJ, 
J%ITEMS==ITEMS-1? '\n':' '); 

fcloseCWeightsOutFile); 
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II Print final activation values. 
if CCResultsFile = fopenCszResults,"w")) ==NULL) 
{ 

cout << " Can't write file \n" << Netname << szResults: 
ResultsFile = stderr: 

II Print final output vector. 
for CP = 0: P < nPatterns; P++) 
{ 

cout << ResultsFile << P: 
for CJ = O; J < nOutputNodes: J++) 

cout << ResultsFile << Out2[PJ[JJ; 
cout << ResultsFile << "\n" << PatternID[PJ: 

fcloseCResultsFile); 

II Free memory used for matrix. 
FreeMatrix(OutO, nPatterns); 
FreeMatrixCOutl, nPatterns); 
FreeMatrixCDeltal. nPatterns); 
FreeMatrix(Delwl, nHiddenNodes); 
FreeMatrix(Wl, nHiddenNodes); 
FreeMatrixCOut2, nPatterns); 
FreeMatrixCDelta2. nPatterns); 
FreeMatrix(Delw2, nOutputNodes); 
FreeMatrixCW2, nOutputNodes); 
FreeMatrixCTargetOutput. nPatterns): 
free( Pattern ID): 

fcloseCRunFile): II Close run file. 

II main program: creates and runs a back-propagation network 

void main( int argc, char *argv[J) { 

BackProp Bp; II instance of a back-prop 
II network 

char *Netname = *argv: II Netname is read from 
II argument list. 
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} ; 
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II Read arguments from DOS command line. 
for(; argc > 1; argc-) 
{ 

char *arg = *++argv; 
if (*arg != '-') 

break; 
switch (*++arg) 
{ 

case 'e': 
case 'd': 
default: 

sscanf(++arg, 
sscanf(++arg, 
break; 

if (argc < 2) 
{ 

"%d", &Bp.ErrorFreq); 
"%f", &Bp.Errorlevel ); 

fprintf(stderr, "Usage: %s {-en -df} runfilename\n", 
Netname); 

break: 
break; 

fprintf(stderr, " -en=> report error every n iterations\n"): 
fprintf(stderr, " -df =>done if sum squared error< f\n"); 
exit(l); 

II Open run file for reading. 
if ((Bp.RunFile = fopen(*argv, "r")) ==NULL) 
{ 

cout << "Can't open file \n" << Netname << *argv; 
exit(l); 

II Read first line from run file that contains number of runs 
II and other information for the network. Run file in this 
II example looks like this: 
II training.out training.err training.pat weight.wts } These 
II training.wts 100 100 9 4 2 0.15 0.075 two lines are 
II } on one line 
II } in file. 
II Pattern, weight, and other input files consist of numbers 
II separated by spaces. 
fscanf(Bp.RunFile, "%d", &Bp.nRuns): II Scan for number of 

II runs. 
Bp.Iterate(*Netname); II Iterate a back-prop network. 





CHAPTER 7 

Designing with Objects 

When you have names and forms, know that they're provisional. 

The Tao, like a well, is used but never used up. 

-Lao-tzu 

Any program when running is obsolete. If a program is useful, it will 

have to be changed. Any program will expand to fill all memory. 

-Utz'sLaw 

The Tao of objects is a process for designing programs that evolve in step with 

the world they model. Programs composed of objects are more powerful and flexible 

because of their built-in capacity for change. In this chapter, we '11 reshape the object­

oriented techniques we've discussed so far into a design philosophy. 

Structured design suggests that you stop, think, and work out all the details 

before you start coding. Since most programmers use some form of structured 

design, you may expect an object-oriented design philosophy to be another compli­

cated methodology requiring a long learning curve, excessive self-discipline, 

numerous diagrams and rules, and reams of documentation. It doesn't necessarily 
involve any of those, but it does require a fresh perspective. 

Let's back up a little and briefly review structured design to see the kinds of 

problems software engineers must consider. 
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An Alternative to Chaos 
Programmers often use guidelines to determine the best way to design a 

program. A methodology is a set of guidelines applied sequentially to generate a 

design from a set of specifications. Methodologies are popular because they give a 

step-by-step process for getting from the problem to the solution. 

Structured programming was the first alternative to the lack of structure that led 

to chaos in large programming projects. This style emphasizes the structuring of 

programs into a pyramid shape like that found in the traditional business organiza­

tional chart. The bottom of the pyramid represents the blue-collar workers, the 

managers are at the top, and the middle contains the go-betweens who receive 

general commands from the managers and interpret them into specific commands for 

the workers. 

A structured methodology generates a well-documented system in a model 

that's relatively easy to understand. It takes a system specification (a description of 

what the system should do) and generates a structured design. The methodology 

we '11 examine here was pioneered by Y ourdon, Constantine, and DeMarco and has 

been extended by Ward and Mellor to include real-time and data-driven systems. 

You begin by describing the system (using the system specification, which was 

generated from the system analysis) with a series of data-flow diagrams. A DFD is 

a collection of bubbles and arrows. Each bubble represents a process or transfor­

mation that accepts data (incoming arrows) and produces a new type of data 

(outgoing arrows). Figure 7-1 shows a single bubble. 

An entire system or a subset of a system can be represented by a single bubble. 

The process of arranging a system into a hierarchy of DFDs is called leveling (since 

the system is partitioned into levels of complexity). The DFD modeling process leads 

to a complete set of diagrams representing the system at various levels of complexity. 

Bubbles let you view the system from different perspectives, from overview (a 

single diagram with one bubble and little detail) to fine detail (many diagrams, each 

with multiple bubbles). 
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Process Output 

Bubble 

Figure 7-1. Each bubble in a DFD represents a process or transformation. 

Once you've generated and checked the detailed DFDs, you generate a hierar­

chical structure chart from them (Figure 7-2). You can think of it as the business 

organization chart for the program. 

The chart shows data moving in and out of boxes, which represent the transfor­

mations. It also shows which modules call which other modules. Combined with 
information about the data structures and transformations, the chart lets you code the 

program's components one at a time and independently of other components. Each 

box represents a function, and the data moving in and out of the box represents 

function arguments and return values. 
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Executive 

Input Process Output 

Figure 7-2. Hierarchical structure chart generated from DFDs. 

What's Wrong With This Picture? 
Structured techniques generate a much more maintainable design than anything 

produced with earlier techniques. So what's wrong with them? Easy- complexity, 

exhaustive design, and excessive documentation. But what can we do to improve 

them? 

The high cost of software maintenance prompted the development of structured 

techniques, which are actually a way to generate good documentation for a system. 

Good documentation, of course, allows follow-up programmers to grasp what's 

going on, fix problems quickly, and expand the system. It also lowers maintenance 

costs, up to a point. The system's design may be clear but as restrictive as if the 

programmers had simply started coding. 

How can we take a popular structured technique and apply it to object-oriented 

design? For example, a DFD assumes that data just flows around the system and 
passes through bubbles, where it's processed. DFDs stem from the perspective that 

all memory is a public resource. In this model, data elements are passive, raw 

materials that are acted upon by little processing plants (functional modules) . 
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In an object-oriented design, messages move around the system, but "flow" isn't 

a particularly useful way of thinking about their movement. Objects keep their data 

to themselves and perform operations on their own data, eliminating the potential for 

the wrong functions acting on the right data and vice versa. 

If you think of objects as little programs, the only useful place for DFDs is inside 

the object itself, and that's not very satisfying or helpful. DFDs are inappropriate for 

object-oriented design (ditto for structure charts) for one simple reason - they don't 

provide the kind of information you need. You should approach any object-oriented 

methodology that purports to use them with a healthy dose of skepticism. 

(Beware of methodologies that use the input-processing-output scheme to 

develop the system model, as in "The input to the transmogrification phase is the 

annotated, fully redacted Framis Phase Model. The output is a Smith Perfection 

Chart showing all the completely specified objects and their interrelationships." 

This sort of thinking is part of the evolution from structured to object-oriented 

design. Expect to find it in early methodologies. When the first steam engine was 

installed on a boat, the designers attempted to take the rotary power from the steam 

engine and make it pull a set of oars, pick them up out of the water, move them 

forward, put them in the water, and so on. They dido 't realize that a leap into a new 

methodology was necessary.) 

In addition, the requirement (imposed by procedural languages) that all prob­

lems be massaged until they resemble computers leads to static designs and further 

problems. In other words, we try to make the problem conform to the computer and 

not vice versa. Although the implementation might be well-documented, a design 

change usually requires that we return to the beginning of the series of transforma­

tions that generated the design. Only at the beginning does the representation of the 

system map directly to the problem in the world. 

In other words, the design isn't an accurate representation of the real-world 

system we 're attempting to model. Instead, it represents the solution we build in the 

computer. Thus, it doesn't change easily when the real-world situation changes or 

our understanding of the problem changes. 
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Since a program inevitably changes, and since programmers (and managers) 

don't want to spend the time required to redocument those changes, the program's 

maintainers begin to encroach upon the original boundaries of the design. Eventu­

ally, these boundaries become fuzzy and the clarity of the design is lost-all because 

the design process requires too many transformations and too much documentation 

to support easy changes. In the words of guru Larry Fogg, "Too much magic causes 

software rot." 

In most traditional organizations, change is an enemy or, at best, a mysterious 

entity to be avoided. Consider the plight of many traditional businesses faced with 

changing markets. In the past, changes could be slowly integrated into the company 

after months or years of consideration. Now, things are happening too quickly for 

every change to be propagated all the way to the top of the organization, learned by 

the CEO and the board of directors before it's implemented, and propagated back 

down. 

Management consultants are proposing that individual workers be given the 

power and responsibility to make the adaptations that affect their work. Those who 

are directly affected by something should be able to experiment with it. They see the 

changes first, can see how a system should evolve, and are the first to notice the 

effects of any adaptations. They're in the best position to experiment. In theory, they 

make the best decisions. 

Programmers, too, must be in a position to experiment for both creative and 

practical reasons. Object-oriented design encourages such experimentation. 

If you're using structured design techniques now, you should continue to use 

them with object-oriented programming. Just remember that older structured design 

techniques don't support inheritance or formal reuse, whereas these notions are of 

primary concern when designing object-oriented systems. You must apply a bit of 

careful judgment and ad hoc techniques to solve these problems. 
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Real-time structured design methods (like Ward-Mellor) and entity-relationship 

diagrams are good starting points for object-oriented design. Object-oriented pro­

gramming builds on structured programming; if you 're using good structured 

techniques, you should build on what works but design with a bit more flexibility to 

accommodate reuse. 

Programming for Change 
Consider how you interact with the world. You begin by collecting the best 

information you can and creating a model of the world based on that information. 

(This happens, of course, at brainwave speed.) Then you behave based on that model. 

The model is inevitably flawed, and every moment of your life you gain new 

experience and have new thoughts that modify your model of the world. You 

conceive multiple models to represent various aspects of the world. Many of these 

models are regularly updated (by new technology, new programming techniques, 

how you perceive a compiler's operation, the ways you communicate), while others 

may continue to workjust fine for your purposes and don't need to be updated (the 

nocturnal activities of the African dung beetle, the latest improvements to BASIC). 

You constantly modify your models to adapt to new external and internal information. 

As you use a model of the world, you almost always gain new information from 

it and change the model accordingly. In fact, if a model stops changing, chances are 

you aren't using it. In a sense, the model is a state indicator of the learning process. 

Suppose you move to a new area and need to go to the grocery store. You get a 

map and study it until you discover a way to get there. On the way, you observe your 

surroundings and remember them, making a model in your head. The model 

encompasses only a portion of the area you live in, but if it gets you to the grocery 

store it's extremely functional. As you go new places, you expand your model of the 

area until you can get to many places without consulting a map. 

Let's look at the same example using structured techniques, which require all the 

research up front. You would have to memorize the entire map before you went 

anywhere. What if the map changes or the streets don't correspond to the map? There 
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isn't much allowance for change unless you redraw portions of the map and 

memorize it again. We don't know anyone who works this way, but programmers are 

expected to. 

Suppose you wanted to take up photography. Books on photography are 

plentiful, and you could read indefinitely about how to take pictures, but at some 

point you'd need to get out and take some pictures yourself to relate to the text you 're 

reading. 

The model we create when we build a computer program is similar to the one we 

create when we represent something from the outside world within ourselves. The 

computer expression of the model is more concrete, is in a different medium, and 

takes longer to change, but it still expresses our current understanding of an external 

system. In the same way that we change our models of the world to adapt to new 

internal or external information, we want to change our computer models of the 

world to adapt to exactly the same kind of information. Why not behave as if design 

were a learning process? 
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Here are some object-oriented design guidelines: 

1. You can't know everything about a system before you design it. Don't even 

try. Some things can only be learned when the system is running for the first 

time (or when it's been running for a week or a year). 

2. Your goal should be to get something working as soon as possible and to use 

the model to gain further information about the problem. 

Your first model may be only vaguely like the external system (remember 

how you thought cars worked when you were in kindergarten?), but the ideas 

can be refined and modified as you learn. Object-oriented programming 

supports change, so use that to your advantage. It also prevents "overkill 

programming" - spending too much time creating a program to solve 

problems that will never arise. 
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Use creeping featurism, but add the features as they're requested to allow 

immediate feedback. Object-oriented programming tends to isolate the 

effects of one part of a system from another, so changing one part of a model 

usually doesn't affect other parts. 

3. Plan on changing the design as you go. This doesn't mean "do something 

and throw it away," as previous techniques have suggested, but rather "start 

someplace reasonable and grow as you learn." The goal is not to create a 

static design, so assume from the start that the design will change. 

4. It's OK to make mistakes, but try to make them as early in the process as you 

can. 

The best way to find out if you've made a mistake is to try out your design. 

Your mistake is probably isolated, so you won't throw the entire design 

away; instead, you '11 just modify a section to reflect your new learning. 

One of the old bugaboos of structured programming and design is management's 

desire to measure programmer productivity. Object-oriented programming and 

design increase productivity by providing libraries of objects that can be reused and 

by allowing the production of more generic, easier-to-maintain code. 

Unfortunately, it's very hard to measure the effect object-oriented programming 

has on programmer productivity. Most of the standard metrics are based on 

measuring lines of code written. With object-oriented programming, we want to 

measure lines of code not written; that is, the amount of code reused across other 

applications. We don't have tools that do this today, but perhaps future browsers and 

inspectors will keep track of when we reuse code. For programmer productivity to 

really increase, reuse must be rewarded. 

Object-Oriented System Design 
It would be convenient - but, unfortunately, unrealistic - to expect program­

mers and users to have complete knowledge of the system. First, we can seldom 

delude ourselves into believing we know the system at any given time; second, the 

system we' re designing and the techniques (the compilers, languages, and hardware) 

we 're using are evolving. Most of us approximate and speculate at every tum. 

199 



THE TAO OF OBJECTS 

On the less technical, more personal side, two convenient approximations are 

often made in software design projects: The designer completely understands the 

problem before beginning, and the user reads the manual and thus knows the program 

completely before using it. 

Demanding perfection from users simply isn't practical. Many system designers 

acknowledge that users probably don't read the manual and may at first understand 

only a fraction of what the program is supposed to do. These enlightened designers 

make the system work for the user by anticipating that users will be diverse and 

evolving. The system must allow users to learn (modify their internal models) and 

to adapt the system when their problems change (adapt to external changes). 

Object-oriented design offers a solution: You can design objects anytime, 

whenever the need moves you. Every system is assumed to be in flux; every program 

is assumed to be dynamic. You can create, modify, and delete new objects at run time 

without disrupting the system. 

Say you're designing an editor. You began (sensibly enough) by creating a 

file_ editor type. This type can open a file, read it into a buffer, move a cursor around 

in the buffer, find text, insert and delete text, and so on. As the type definition 

develops, so does the need to test it. You decide that the simplest way to do that is 

to make it aware of the screen. In other words, the type will show you on the screen 

what it's doing off screen. 

To be aware, the file_ editor screen must have some knowledge of how text can 

be displayed. It needs to know where the display starts and ends and where the cursor 

should sit on the screen; in short, how to map the buffer to the screen. You add these 

features and everything works. Now you begin testing the file_ editor's features, one 

by one. 

Two things happen. First, by using the system in a screen editor, you begin to see 

possibilities you hadn't before imagined. Since the text display can vary and be 

controlled, you realize that multiple pieces of text can exist on the screen at one time. 

Second, you now want to use the file_ editor to display everything- multiple files, 
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sections of text for prompting, help screens, even the line at the bottom of the editor 

that prompts for input for text searches and other activities. Thus, the file_ editor type 

is undergoing a reuse test. 

Does the type adapt itself easily to these new situations? After answering "no," 

you begin modifying the type to make it more general and soon run afoul of the 

complexity test. 

With all the files, views, and cursors, one change can create many new problems. 

The file_ editor type is failing the overambitious-object test: It tries to do too much 

and as a result can't be reused. A mature type, especially one that has evolved through 

several redesigns, often becomes too complex for further evolution. Take confusing 

complexity as a sign that an object has a design problem. It may not, but it's worth 

a look. 

In this case, you discover a better design when reusing the file_ editor. You should 

have created a text_buffer type that knows about big chunks of text, how to move 

around in the text, how to insert and delete, and so on. This type can be used for files, 

constant strings, standard input, and one-line user prompts with equal ease. You then 

derive from type text_ buff er a file_ buff er that knows how to read and write files 

(write() is a virtual function in text_buffer). Finally, a text_viewer type contains a 

text_buffer, either a plain one or afile_buffer (since virtual functions are used, it 

doesn't need to know the specifics). 

A text_ viewer knows all about views of the text - starting and ending points of 

the piece being displayed, the display cursor, and so on. It resolves the changes in a 

text_ buffer with the way it appears onscreen. (It also isolates the changes necessary 

when going to a new platform or changing from text-mode to graphics-mode 

displays.) 

The need to design, experiment, and create occurs every time you (the designer) 

interact with the system. It isn't isolated in any of the activities (object discovery, 

object assembly, system construction, system maintenance, and object reuse) 

because you 're always learning new things about the internal and external factors 

and about design itself. 
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Only in the simplest cases will you understand the entire problem and get the 

design correct the first time. It's a koan: To design it you have to build it, but to build 

it you have to design it. In the end, the system grows, so it's important to germinate 

as soon as possible. Start building, and you '11 start designing. 

The Five Stages of Object Design 
Let's look at a way to tackle object-oriented programming. I've used this 

approach successfully and have observed that programmers' attention is held during 

the design process because they can immediately apply the design or imagine how 

it will work in code. The design approach, like object-oriented programming itself, 

thrives on being as close as possible to the end result. 

This technique assumes that type design is driven by system design (you can't 

develop good types in a vacuum), that a type doesn't spring fully formed and perfect 

from the hand of its creator, and that a type is only mature after it has been modified 

a few times to meet the creator's changing external needs and internal understanding. 

Throughout this discussion, remember that the only goal is to define the objects. 

If you see a better approach to your problem, try it! What counts is coming up with 

a good set of objects. The test of your design will be how well it models the situation 

in the real world, not whether you followed the proper steps in producing it. 

You may think it takes years of experience to design types properly and to know 

to put a particular function member or data in a type. To dispel this myth and prevent 

you from wasting too much time on early design decisions, let's look at this five-step 

technique for describing the creation and maturation of types. 
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1. Object discovery 

This is where you try to determine which object types will solve the 

problems your system presents. At this point, you 're more concerned with 

the boundaries and gross interactions between objects than with the details. 

We'll take a closer look at this step shortly. 
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2. Object assembly 

As you start building the objects, you' 11 discover you need data and function 

members to make the internals of the object work properly. You may also 

discover you need other objects, either as members of the type or to work in 

concert with some object in the system. A good way to uncover further type 

requirements during object assembly is to develop test programs for each 

type you create. 

3. System construction 

As you bring objects together in the final program, the system may require 

either new functionality in existing objects or entirely new objects. 

4. System extension 

In object-oriented programming, the dreaded system maintenance becomes 

just another step in the process. And it's not unpleasant - it's exciting 

because making a well-designed system more powerful is so easy. This is 

where you'll discover how well your system is designed. If it isn't as easy 

to extend as you'd like, expect to find weak points in your design. Once you 

find them, you can fix them. 

Note that activities focus on object types, not systems. Maintenance means 

maintaining object types, the discrete subparts of your system. If your object 

types are "clean," building and modifying the system is simple. 

5. Object reuse 

When you build a new program using old object types, your new needs will 

stress the types' design. If the design doesn't easily fit into a new situation, 

here's where it will show up, and you '11 see the parts that need to be changed. 

At each stage, you get new information to guide you in type design. While it 

would be difficult and time-consuming to anticipate this information in a preemptive 

design, the information comes to you naturally as you pass through these stages. 

Although this philosophy of object-oriented design differs from past methodologies, 

implementing it is easy. In fact, many programmers tend to work this way regardless 

of the methodology they're supposed to be following. 
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More on Object Discovery 
The first of the five stages merits a closer look. What criteria do you use to 

discover objects? Here are some guidelines: 

204 

• Look for external factors, those necessary for interactions between objects 

and the world outside the system. You may discover some data members and 

methods at this point, but you'll primarily be discovering the objects 

themselves. 

Look for boundaries in the real world. For example, the boundary between 

memory and disk is often reflected as a boundary in your system. 

• Look for things that are duplicated in a system. In a keyboard, for instance, 

button is an obvious object. A car has four wheels and four doors; an air 

traffic control system deals with planes. If you add new types of planes to 

the air traffic control system, for example, it should still know how to handle 

them. 

• Hunt for the least common denominator in a system (the smallest unit). If 
you 're manipulating text, that could be a character, a word, a line, or a group 

of text with the same attributes, depending on how you intend to use the text. 

• Think of new situations where you might use the type. Does it work? Does 

it adapt easily? Imagine, for example, a very large version of your system or 

your system in a new situation with new requirements or constraints. 

• Separate the actions and characteristics that change from those that stay the 

same. 

List the data your system needs to know about. Look for data that seems to 

belong together. Collect these data elements into an object. 

• Look for data you want to hide or protect from careless modification. Such 

things usually belong inside an object. 

• Look for common interfaces between objects and put them in an abstract 

base type. 
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• Imagine the types you'd need to put the project together right now. Write 

main() as if you had those types to find out the kind of functionality they 

need. 

• Look for initialization and cleanup activities. These should be performed 

inside constructors and destructors. 

An Example 
Consider a sophisticated management system that attempts to solve the problems 

inherent in setting up a video store. Most such stores are an exercise in frustration: 

You know the kinds of movies you want, but you usually don't know the titles you 

want. 

By reading the box containing the video, you see what the movie distributor 

wants you to see ("This movie is Star Wars, Lawrence of Arabia, and Gone With the 
Wind all rolled into one. Every single reviewer loved it!"). You also get a three­

paragraph description of the movie, written by someone who may or may not have 

actually viewed it and who was in any case bound to say positive things. You won't 

find really valuable information. For instance, if all the movie reviewers gave it a 

thumbs-down, no reviewers will be quoted on the box. It won't tell you whether all 

your neighbors hated it or the amount of humor, sex, or violence in the movie. These 

are things you can only find out by renting the movie. 

Now imagine a video store that doesn't have shelves filled with movie cartons. 

Instead, you step up to a computer (or to a person operating a computer) and say: 

"Today I'm in the mood for a movie with a science-fiction theme that's set in the near 

future, that my favorite reviewers liked, and that has moderate levels of nudity and 

low levels of profanity and violence." 

The machine then brings up the titles of movies you haven't seen before and that 

aren't currently checked out and puts them in order according to your personal 

profile. You can get more information about each title, such as the actors and 

directors, reviews, biographies of the people involved in making the movie, and even 

a graphical picture of the box (if you insist). If the movie was never released in 
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theaters and thus was not reviewed, you can get other criteria, such as the results of 

a poll of people who have viewed the movie (including information about gender and 

age group). In short, you get the kind of information you really need to select a movie. 

When you choose a movie, the clerk gets it from the back and uses a bar-code 

reader to enter the number into the computer, which generates a receipt and does all 

the necessary bookkeeping. 

Part of this video-store management system is obviously an elaborate database 

system (which needs to be updated easily at regular intervals and from various 

sources, including the customers themselves). Part of it is the user interface, part is 

the bar-code interface, and part is the bookkeeping system. 

The Object-Oriented Design System 
Before discovering objects, you need to make lists of: 

• Data (information the system needs to know or remember) 

• Events (situations the system needs to respond to) 

• Functionality (what the system needs to do) 

• Obvious objects (anything that leaps out at you). For example, you may 

know from the beginning that you want to use a windowing interface. 

Don't try to make these lists perfect or complete - the act of putting together 

the model (not creating a list) will ensure that the system is complete. The lists only 

act as ticklers to help you find the objects in your system. By looking at the lists, 

you 'II see patterns that suggest objects. When you discover enough objects to 

describe the system without the lists, you'll throw the lists away. 

For some systems, the data list will give you the most information and will be 

the easiest to compile. Other systems will be primarily event-driven (usually referred 

to as real-time systems); for others you may think more easily in terms of what you 

want it to do, so the functionality list will be the easiest. 
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Remember that it's OK to make mistakes or omissions - an object-oriented 

system makes it easy to modify the program when you discover inconsistencies with 

the real world. Because objects keep their data and functions to themselves, changes 

in the system tend to be localized rather than propagated throughout the system as 

in procedural languages. 

When you compile the data list, feel free to group data items that are likely to 

form an object. For example, a person object will probably contain a name, address, 

age, sex, membership number, and list of movies the person has seen, so it makes 

sense to combine those items. 

Events aren't always as obvious as data. A mouse, for instance, is actually an 

event generator. Every time you push a button or the mouse crosses some boundary, 

that's an event. We usually handle events by creating a representation of a state and 

changing that state based on the current state and the current event. We often refer 

to this as a state machine. The rest of the system makes decisions based on the current 

state. 

For example, we can implement a context-sensitive help system with a state 

machine. Every time the user changes context (by making a selection from a menu, 

for example), the help state machine changes state. When the user asks for help, the 

type of help given depends on the state (the context). Looking at a collection of events 

will often help you discover an object. 

(It's interesting to think of the current moment as an external factor while it's 

happening but as an internal factor as soon as it's past. It changes the state of the 

individual. We can think of the individual as a state machine that changes based on 

input from external factors.) 

Keep in mind that this is an iterative process, an approach intended only to give 

you a framework and get you started. The framework may change as you sketch out 

the system, but in the end it's unimportant - the goal is to determine what your 

objects should be. As you fill in the details of your sketch, you' 11 discover new ob­

jects and new relationships between objects. 
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Let's begin by compiling the four lists for our video-store management system: 

Data 
Customer 

Name 

Address 

Customer ID 

List of movies previously checked out 

Preference list 

Profile 

? 
Movie 

Name 

Quantity 

Price Structure 

Evaluation List 

Rental Transaction 

Date 

Customer 

Movie list (What if not all of the movies are returned?) 

Business report 

Date range 

Data list 

Data format 

Calculations 

Events 
Customer asks for range of movies. 

Customer asks for further data on movie. 
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Reviews 

Local opinion 

Box description/pictures 
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Personnel: actors, directors, and so on 

Theater runs and receipts 

Customer checks out movie(s). 

Customer asks for computer-generated movie selection based on 

customer profile. 

Customer asks for best-seller based on overall popularity. 

Customer returns movies (possibly not all), possibly checks out 

more. 

Customer gives opinion of movie. 

New movies arrive. 

New movie data arrives. 

Old movies are discarded/replaced. 

Manager requests report. 

Functionality 
Create new customer profile. 

Create new movie profile. 

Create movie request profile; combine with customer profile. 

Search for appropriate movies. 

Create management report. 

Check out movie. 

Check in movie. 

Update profiles. 

Obvious Objects 
Windows 

Database 

Error handler 

Time and date string 

After putting these lists together, you need to begin discovering objects. By this 

time, you may already have seen some objects (in the data list, for instance, where 

a group of data - customer, movie, rental transaction, and business report -

obviously belongs together). 
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Functionality may require more work. You may want to put it in a block chart 

as shown in Figure 7-3. 

Create New 
Customer Profile 

Check Out 
Movie 

Create New 
Movie Profile 

Check In 
Movie 

Create Movie 
Request Profile 

Create 
Management Report 

Figure 7-3. Block diagram. 

Now take an individual section and begin analyzing it for objects. Think about 

what you want that section to produce. (Will the thing produced be an object? Will 

the producer be an object?) What do you want to be portable, or at least retargetable 

(user interface, other hardware, operating system interface)? Wrap these in an object. 

Does the block diagram suggest any boundaries that reveal new objects? In a 

networking system, for example, the network itself is a boundary; you may need to 

create "transaction objects" to send across the network. 

As you discover objects, consider what those objects need to know. Should they 

maintain this information themselves or get it from another object? Make a note of 

that object, even if it belongs in another section. 
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Notice in the functionality list the recurrence of the word profile. This may 

suggest an abstract concept called profile that you represent in an abstract base type. 

All profiles may then be derived from that type. This is just an early observation, 

however, and in the end may not be appropriate. 

The Complexity Test 
Make sure your objects don't become too complex. Just because you need a 

particular object, that object shouldn't necessarily be part of a single type rather than 

a type hierarchy or composition. Don't fall victim to "premature specification." 

In an earlier example concerning the file-editing type, the type's complexity was 

revealed during code reuse. The type was very difficult to apply to a new situation 

because it was specific to a certain problem. The solution was to factor it into smaller, 

more discrete parts. 

If you have a background in structured techniques, you may recognize the 

complexity test as equivalent to testing for low coupling and high cohesion. This is 

a little harder to judge with objects, since coupling and cohesion have been tests for 

functions. An object that does what you want always looks great; the test of goodness 

comes when you try to reuse it. 

The complexity test is also important during object assembly, when you'll 

discover whether your objects are too complex. As you add and test functions, things 

may get out of hand. Adding new functions will be difficult because the type is 

managing so much by itself. This is an indication that the type needs to be factored 

into smaller sections and assembled through inheritance or composition. 

Factoring results in several types, each of which is easier to implement because 

it's easier to think about. In addition, the objects will probably be easier to reuse. 

OOPand GUI 
One of the areas where object-oriented programming pays off most is in 

graphical user interfaces, such as Microsoft Windows, OS/2 Presentation Manager, 
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and the Macintosh. This is partly due to the inherent complexity of programming for 

GUI systems. 

This might seem paradoxical, considering how easy these systems are for 

application users. If you look under the hood of a GUI application, however, you '11 

find that everything that's easy for the user requires very hard work on the part of the 

programmer. Windows has an Applications Programming Interface of more than 

500 functions that must be called to do things like create a window, select the font, 

invalidate areas of the screen, track the mouse, and so on. OS/2 Presentation Man­

ager is several times this complex. 

Object-oriented programming languages help hide the complexity of GUI 

programming by providing objects that encapsulate access to the API. After all, you 

probably want a window in your application that's just like the standard window 

type, but a little different. With an object-oriented language, you don't need to learn 

and make dozens of function calls to create a window. Instead, you just need to know 

about the predefined object types and then use inheritance to add new behaviors. 

Another, more subtle reason for the link between GUI systems and object­

oriented programming is that most graphical systems are message-based. For 

example, Windows and OS/2 treat user events (such as clicking the mouse or 

pressing a key) as messages sent to the application. In the OOP world, you can send 

these messages directly to the corresponding window object and handle it just like 

any other method in the system. This means less code is required to process user 

events in an object-oriented language. 

Libraries and Frameworks 
Part of the strength of object-oriented programming lies in the creation of 

libraries of reusable objects. We've already seen the beginnings of this with libraries 

such as Turbo Power's Object Professional library for Turbo Pascal, Zinc's Interface 

Library for C++, and others. These provide generic types for user-interface compo­

nents such as windows, dialogs, and, in some cases, data management with linked 

lists and tables. I recommend these libraries both as a way to increase your 
productivity and as examples of good object-oriented programming techniques. 
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If you extend the notion of abstraction one step beyond such visual elements as 

windows and dialogs, you can conceive of generic applications themselves. A library 

that allows you to extend a generic application is known as an application frame­

work.You can think of an application framework as a do-nothing application that can 

be extended to do almost anything. Although programming with an application 

framework may seem unfamiliar at first, it builds on many of the concepts presented 

here to give you an even higher level of productivity. 

Skeptic's Corner 
You may be saying to yourself: "This makes a lot of sense. It's pretty much the 

way I write programs anyway. But what about large projects? Will this technique still 

apply?" 

Remember that object-oriented programming supports systems that change 

throughout their lifetime. The model focuses on the process rather than the goal. 

Your objective, then, should not be to build a system but to "grow" a system. The 

most elaborate garden must be planted; the objects in the garden grow at their own 

rates. At each stage of development, the garden has an effect. It may not be mature, 

but it's functional. 

It's also real- something people can look at, work with, and improve. You can 

see how things work now and imagine a direction to move in the context of the current 

system. If some plants aren't effective in the garden, you pull them out and plant 

something else. Eventually, with time and continuous design, the garden matures 

into a phase in which change consists of only minor adjustments. 

You could design a garden as a finished system and use fully mature plants that 

look exactly the way you want them. This approach is very expensive initially and 

very expensive to change. The fact that you have good plans (good documentation) 

helps you understand the vision of the original designer, but it doesn't take into 

consideration that the requirements of the world may change or that you may 

understand something the original designer dido 't. You'll still have to develop new 
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plans for a major change and tear out some expensive plants. Even minor changes 

(those that don't involve design changes) are expensive because a system like this 

isn't designed to be modified; it's designed with the assumption that it's finished. 

Object-oriented programming lets you start with a small garden and eventually 

increase the acreage, start with a large garden of immature plants (some of which may 

be changed as the garden matures), or start with older, existing plants and add young, 

new ones. Not only can you build programs more quickly, the programs can be 

adapted to the new knowledge and new situations that have been the nemesis of old­

style programming techniques. 

The Art of Software Design 
All this makes object-oriented design sound a lot like art, which isn't a bad 

analogy. Creating software, like art, requires interpretation on the part of the artists; 

calling it "engineering" may be one of the more creative misapplications of that 

word. Getting a group of artists to work together is a difficult process; they focus on 

the product, not the company. There's no physical structure (like a manufacturing 

plant) in a software group to hold it together once the project is complete. 

Can object-oriented programming techniques change this? Probably. One 

person can manage much larger, more complex bodies of code. Reuse of libraries of 

existing code is supported. The compiler controls the integration of a project, so you 

don't rely on tests that may or may not be created and administered. Objects are little 

programs, so each person can have the satisfaction of creating a complete work, even 

if it is later integrated into a larger one. All this helps teams create and work together 

and improves accountability, localization of bugs and changes, learning in a large 

project, and flexibility. 

Structured techniques came about because existing languages couldn't support 

large projects - things broke down when the projects got too big, and a great deal 

of planning was necessary to prevent this breakdown. Using an object-oriented 

language that supports large projects, you can plan a lot less, code sooner, and test 

the real thing (or something close to it) instead of trying to imagine whether or not 
it's what you want. 
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During object assembly, consider the initialization and cleanup of each object. 

Should these activities be part of object discovery and CASE support? Almost 

certainly. 

You're "growing" your objects from the time you start thinking about them. 

Writing them is the rapid phase of growth, but growth nonetheless: You start with 

the type framework, then add and test functions and function bodies. During system 

construction and extension, you may add more to the type. 

Object design occurs in all five stages: object discovery, object assembly, system 

construction, system extension (not maintenance), and object reuse; that is, through­

out the lifetime of a system. We've only pretended we could force design to occur 

in the first phases of a project, and not later, thinking this would make it less 

expensive to maintain. Good documentation helps, but things still change and new 

designs are still required. A rigid design, no matter how well it's documented, 

eventually loses its internal structure in the face of these changes. 

And that's it for this introductory study of object-oriented techniques. I hope you 

can see that the sophisticated techniques in object-oriented programming languages 

help programmers create more productive, creative, flexible programs designed to 

evolve with the real-world problems they model. Object-oriented programming is 

both a method and a philosophy, one that can dramatically narrow the gap between 

the real world and the world of the computer. 

From here on, try to construct your programs out of objects, and check out the 

reference list (Appendix B) if you want to delve further into this fascinating 

methodology. 
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Afterword 

Never make predictions, especially about the future. 

-Samuel Goldwyn 

Samuel Goldwyn may not be an Eastern philosopher, but his words ring true. 

Despite his advice, I'm going to look ahead at the future of object-oriented 

programming. But first, you may be wondering how this afterword came about. 

About two and a half years ago, I spoke with Gary about doing an article on 

object-oriented programming for the now-legendary Micro Cornucopia. Strangely 

enough, I also met Bruce Eckel through the pages of that magazine. His article on 

C++ appeared a few pages after mine, so it's fitting that the three of us meet again 

in print in Gary's book on the philosophy and practice of object-oriented program­

ming. 

I recently had the pleasure of working with Bruce on Borland's OOP World 

Tour, where we taught object-oriented programming in C++ and Turbo Pascal 

around the world. At our final destination, Tokyo, the two of us took a train out to 

the old capital, Kamakura, and explored the variety of temples there. As we walked 

through the exquisite gardens, amidst the statues and trees, Bruce told me about 

Gary's book on the Tao of objects. It sounded like a fascinating way to learn about 

object-oriented programming. After all, programming is part art, part science, and 

certainly part philosophy. One of the areas we talked about was the future of object­

oriented programming. 

The philosophical side of object-oriented programming may well endure be­

yond structured programming and design as well as other programming approaches. 

But as you continue down the path of object-oriented programming seeking your 
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own enlightenment, it's sometimes reassuring to know that the art and science are 
maturing. For this reason, I was asked to look further down the path to see what's in 
store for object-oriented programmers. Along the way I'll discuss the evolution of 
hardware and software, the impact on OOP, tools beyond OOP, and some of the 
myths of object-oriented programming. 

The Evolution of Hardware and Software 
One of the obvious trends that affects object-oriented programming is the 

changing hardware. As I look across my desk to the "computer museum" in the 
comer of my office, I can see the progress hardware has made in the past decade. 
We've gone from 64K Z80 CP/M machines like the Osborne I that ran Ron Cain's 
Small-C and Turbo Pascal 1.0 (and had room to spare!) to my new four-megabyte 
386SX that runs Turbo C++ and Turbo Pascal 6.0. And I'm not at all surprised by 
the fact that the Osborne cost more than the 386. Certainly we '11 see the same level 
of improvements in hardware in the next decade. My 386, barely a month old, is 
already considered old hat by the hardware aficionados touting the latest 486s. Let 
them laugh; I'll catch up with the 586 or perhaps even the 686. 

So what impact does this have on our software? Utz's law, as Gary stated in 
Chapter 7, tells us that "any program will expand to fill all memory." My current crop 
of C++ and Turbo Pascal tools doesn't exhaust all my RAM, but by the time I load 
a few TSRs and Windows 3.0 the ceiling is definitely in sight. 

Utz must have been thinking about graphical environments when he coined his 
law. Much of the hardware horsepower we have achieved in the last 10 years has gone 
toward making powerful, easy-to-use environments like Windows. These envi­
ronments make computing what it should be: easy, powerful, and fun. 

But as any programmer knows, the easier you make things for the user, the harder 
they are for the developer. Programming for today's graphical environments is 
exceedingly difficult using traditional tools. So if Windows is the future, how do 
programmers get there? The answer is, of course, by using object-oriented pro­
gramming. 
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If you look at the development tools used in graphical environments, you '11 see 

that an overwhelming majority are object-oriented. Certainly DOS programmers 

benefit from OOP, but in graphical environments it has become a necessity. 

In some sense, the rapidly expanding hardware field has forced us down the path 

of object-oriented programming. And although there's a learning curve to adopting 

OOP, it's one that's worth overcoming. 

The more you use OOP, the more excited you'll become. As one programmer 

put it, "When I program in OOP, I'm limited only by my imagination." Many 

programmers find that walls of complexity prevent them from building certain kinds 

of applications. With OOP, these barriers come tumbling down, slowly at first, then 

in an avalanche as you learn to create self-contained objects that tackle small 

problems for you. Your job is to piece these objects together into larger programs that 

take us into new application areas. After all, we've got to do something with the extra 

cycles on the 686. 

OOP Horizons 
Object-oriented technology will continue to improve over the next decade. 

Already the current crop of OOP tools from Borland, Zortech, The Whitewater 

Group, and others are in their second or later versions with major enhancements over 

earlier ones. Efforts toward standardization with groups such as ANSI and the Object 

Management Group, combined with the competitiveness of the marketplace, will 

ensure continued improvement in the languages. This means faster compilation, 

better run-time performance, and better tools for browsing, inspecting, and debug­

ging. 

I also expect that we '11 continue to have a wide spectrum of OOP languages. The 

hybrid languages will coexist with pure OOP languages for years to come. And, as 

has happened in the past, newer languages will build on the OOP concepts that exist 

today to create the next generation of programming languages. 

219 



THE TAO OF OBJECTS 

However, more important than improvements in the compilers or languages 

themselves are the enhancements to object libraries. Libraries and frameworks are 

the major leverage point in object-oriented programming because you don't have to 

reinvent the wheel every time you program. Instead, you can inherit automatically 

from libraries included with your compiler or from third-party sources. 

Most of the libraries out there today are foundation libraries. That is, they supply 

generic components such as windows, dialogs, and data-management objects. While 

these are important building blocks, I believe that in the next decade we '11 see the 

emergence of an object-oriented components industry. 

This industry will be a combination of today's hardware components market, 

where generic, off-the-shelf components compete primarily in price and perfor­

mance, and the commercial library market, where packages compete based on 

compatibility and functionality. Ideally, generic software objects will be mass­

produced so that linked-list managers, windowing systems, file managers, and so on 

will be so widely available that no one will everneed to write these things again. Only 

then can a higher-level components industry emerge to supply specialized objects 

for vertical market applications. 

Like the application-specific integrated circuit market, these components will be 

more expensive, but they '11 provide a competitive advantage to buyers. At that point, 

the software market will belong not to the "wizards" who write every piece of 

software from scratch but to those who can work at higher levels, solving appli­

cation problems by combining existing components. 

Organizations will create libraries of objects that embody the operations of their 

business. One can imagine an investment bank creating objects to evaluate the 

investment potential of startup firms. These objects might have behaviors based on 

the knowledge acquired from specialized neural networks or heuristics based on the 

work of experts. Or an insurance company might develop a library of objects for 

transaction processing and risk assessment. No doubt some organizations will 

closely guard the libraries of objects they develop, considering them to be trade 
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secrets as important as the formula for Coca-Cola. Other companies, in an attempt 
to recoup the large software development costs, will sell or license the libraries on 
the open market. 

The ever-increasing cost of software development has made the library market 
a necessary part of our industry's economic survival. Object-oriented programming 
may well be the catalyst that allows us to move beyond our cottage-industry approach 
to an industrial revolution of software development. 

Beyond Programming 
Today, the most accepted way of developing software, even if you 're using an 

object-oriented language, is primitive: You write code in a text editor, compile it, and 
test it. Yet we have created amazingly innovative, visual ways for our users to design 
machines, draw graphs, generate reports, assemble documents, and lay out newslet­
ters. I suspect that once we've developed a sufficiently large base of object libraries, 
we'll need to develop higher-level tools for software development. 

Already some systems, like Asymetrix's Toolbook and the NeXTStep environ­
ment on the NeXT machine, show how we can build applications visually. These 
systems are limited in the range of things that can be done without programming, but 
they fit well with the philosophy of object-oriented programming. The goal, after all, 
is to reduce the software development effort. 

Similarly, many programmers in the mainframe world use CASE diagramming 
tools to analyze and validate their designs before writing a single line of code. Some 
of the integrated CASE systems enable automatic code generation, though mainte­
nance of this code is usually difficult. 

For many types of software development, a visual approach with the right object­
oriented methodology could help eliminate even more of the traditional program­
ming bottleneck. When we have objects as sophisticated as the applications them­
selves, we shouldn't have to write reams of code to combine them into complete 
systems. 
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I'm not saying that programming will disappear; on the contrary, evidence 

supports the belief that programming is a growing market. The growth of program­

mable products (spreadsheets, databases, even word processors) and the booming 

market for low-end programming tools attest to this. And someone will need to 

program these higher-level development systems as well as create libraries of objects 

for visual programming. 

Challenges 
We will face many challenges before reaching the stage of having huge object 

libraries and visual tools. One of these is widespread dissemination of OOP, which 

requires that the skills of legions of programmers be updated. The development of 

easy-to-use OOP languages should make this much easier. However, I often wonder 

how we will ever hope to integrate object-oriented programming concepts into older 

languages like BASIC, COBOL, and RPG. For individual programmers, having 

OOP skills will be an advantage for several years. Beyond that, it will become a 

requirement. 

One of the toughest challenges lies in creating standards for object-oriented 

libraries. Today, most object-oriented languages support a mechanism for persis­

tence that enables us to store and retrieve objects to and from disk. This lets us convert 

object data between languages, but we must take it a step further: We must be able 

to use object libraries from different languages in a given programming project with 

full access to all functionality. 

Today, it's impossible to access objects written in C++ from Turbo Pascal or vice 

versa. In fact, you can't access objects directly between any two object-oriented 

languages without some kind of conversion and loss of functionality. This barrier 

must be overcome before interoperability between development systems can be 
achieved. There's no one perfect programming language, object-oriented or otherwise, 

and we need to be able to select the best language for the job independent of the class 

libraries. Otherwise, we'll either waste our efforts converting libraries between 

languages or lock ourselves into single-language solutions for all applications and 

cripple our productivity. 
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The Object Management Group is working to achieve common standards 

between languages. However, at some stage, object management support must be 

present in the operating system, where it belongs, so that all languages can use a 

common service. 

Myths of OOP 
If you've discussed object-oriented programming with other programmers, 

you've no doubt heard some of the myths. Where they are accepted, they hinder our 

progress in advancing object-oriented programming. 

One myth says that object-oriented programming is a single language. But 

remember that OOP is a philosophy, an approach that can be done in many different 

languages. Don't confuse the limitations of any particular language or compiler with 

those of OOP itself. 

Another myth is that object-oriented programming is inefficient. This is some­

thing I've heard programmers use to dismiss OOP without any investigation. Object­

oriented programming with hybrid languages like C++ and Turbo Pascal proves that 

nothing is inherently inefficient in OOP; even the performance of older languages 

like Smalltalk has improved dramatically in recent years. 

You may hear traditional DOS and mainframe programmers claim that OOP is 

only for graphics applications. However, OOP concepts are general-purpose and 

apply to all programs, graphical or not. 

Yet another myth says that object-oriented programming is incompatible with 

existing languages and libraries. Of course, one of the advantages of using a hybrid 

language like C++ or Turbo Pascal is that you have complete and easy access to all 

your existing libraries. Even the pure object-oriented languages like Actor let you 

access external libraries written in C. 

The final myth of object-oriented programming is that it's just old wine in a new 

bottle. Perhaps, once you get past terms like method, message, polymorphism, and 

inheritance, nothing is going on that can't be done in a traditional structured 
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programming language. It is unfortunate that there are so many new terms, but make 
no mistake - the terms are different. A message is not the same as a function call, 
and inheritance is not the same as copying and pasting code. 

Certainly one can mimic object-oriented programming in procedural languages 
(after all, that's how the earliest C++ compilers worked - by translating object­
oriented code into standard C code), but the difference is one of practicality. Object­
oriented programming languages provide built-in mechanisms that support encap­
sulation, inheritance, and polymorphism so that you can spend your time solving 
application problems rather than fighting with language compilers. 

Going Down the Road 
As you know, learning object-oriented programming is not a trivial task. Its 

concepts are easy-deceptively so. Applying the concepts is more difficult. To learn 
OOP, you must immerse yourself in objects, at least during the initial stages. 
Examine good OOP applications that come with your tools or are available on BBSs. 
And take to heart the examples Gary has presented in these pages. Build on the ideas 
presented here to create object-oriented games, simulations, expert systems, and 
business applications. 

The most important piece of advice anyone can give you is to learn OOP by 
experimenting - first with other programmers' code or design and then with your 
own. If you keep your objects simple, you '11 be amazed at how you can solve 
problems of exponentially increasing complexity with only a linear increase in 
effort. The key is to create objects that solve small pieces of the problem and reuse 
them. Then you can write your own future of object-oriented programming. 
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APPENDIX A 

Glossary 

abstract type 

access specifier 

Actor 

ancestor 

base type 

behavior 

binding (early) 

A specific kind of base type designed to be used strictly as a 

basis for other types. It has no instances and thus can only be 

used to derive new types. It specifies an interlace for all types 

derived from it. You use an abstract type to group common 

code. For example, if you have several collection types, they 

may all inherit from a single abstract type. Also known as a 

formal class in some languages. 

A keyword that controls access to data members and methods 

within user-defined types. C++ has three: private ,protected, and 

public. Friend can give access to external functions. Turbo 

Pascal has one, private. (See the individual definitions for private, 

protected, public, and friend.) 

An object-oriented language for Microsoft Windows. 

The type from which a descendant type inherits characteristics 

and behaviors. Also known as a base type. 

Defines a common interface to a group of descendant types. It 

generalizes the intended uses for a hierarchy of types. In other 

words, it describes the range of messages an object of a type can 

handle. 

Another name for a method declared within a type. 

Resolving a method call at compile time. 
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binding (late) 

browser 

built-in type 

chaos 

characteristic 

class 

composition 

constructor 
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Resolving a method call at run time. When we resolve a method 

call, we insert the code to determine the address (or another 

reference) of the method definition at the point where the 

method is called. 

A software tool for inspecting object hierarchies. 

A type (such as double or char) included in a language. The 

compiler already knows how to handle it and doesn't have to 

learn about it each time it encounters an instance of one. 

Stochastic (or random) behavior occurring in a deterministic 

system. 

Another name for data declared within a type. 

A user-defined type in C++. 

Including user-defined object types as parts of other object 

types, as opposed to derivation (inheritance). 

A special kind of method that initializes a type. In C++, a 

constructor has the same name as its class: 

class Flower 
public: 

Flower(); 
I; 

II constructor 

In C++, the compiler calls a constructor by default whenever 

you define an instance of a class. The constructor will be called 

at the point of definition or during dynamic allocation when you 

use the new operator. A user-defined type (class) can have more 

than one constructor, but none of them can be virtual. 

In Turbo Pascal, a constructor can have any legal name not 

already in use, though the identifier /nit is often used: 



data hiding 

data members 

declaration 

Flower= object 
constructor Init; 

end; 
{ constructor } 

GLOSSARY 

In Turbo Pascal, you must explicitly define and call (send a 

message to) a constructor. A user-defined type can have any 

number of constructors, but they can't be virtual because the 

virtual-method mechanism depends on the constructor to set up 

the link to the Virtual Method Table. 

Removing some data from public view. Also known as data 

abstraction. 

Characteristics of a type. 

A declaration introduces one or more names (object, function, 

set of functions, type, method, template, value, or label) into a 

program without specifying the body (the implementation) of 

methods. A declaration tells the compiler that data or functions 

exist but not where or how they're used. 

For example, the following are declarations in C++: 

extern int x; 
struct s; 
class a; 

These are definitions: 

int a; 
extern canst c = O; 
struct s { int x; int y ) ; 
int behavior( int x) { return x +a; l 

The following are Turbo Pascal declarations: 
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definition 

delete 

derivation 
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PointPtr = APoint: 
Location =object 

Fields; 
Methods; 

end; 

An example of a Turbo Pascal definition is: 

A : integer; 

When we declare a variable, we tell the compiler that space 

exists somewhere for the variable but not how it's implemented. 

We can declare a variable more than once, but we can only 

define it once. 

A function definition looks like a declaration except that it has 

a body. A body is a collection of statements enclosed in braces 

( { } ). Braces indicate the beginning and end of a block of code. 

In C++: 

int behavior(int sex, int age) 
I /* Code here */ I 

When we define a variable, we create space for it: 

int X; 

In Turbo Pascal: 

procedure behavior; 
begin 

{ code 
end; 

AC++ operator that destroys a dynamic instance of an object 

type. It calls the destructor, then releases the memory allocated 

for the instance. 

Another name for inheritance. 



descendant 

destructor 

dispose 

GLOSSARY 

A type that inherits the characteristics and behaviors of another 

type. Also known as a derived type. 

A special type of method that performs cleanup for a user­

defined object type. In C++, a destructor has the same name as 

the class in which it's declared, preceded by a tilde: 

class Insect 
public: 

Insect(): 
-Insect(); 

} ; 

II constructor 
II destructor 

In Turbo Pascal, a destructor can have any legal name not 

already in use: 

Insect = object 
constructor Create; 
destructor Remove: 

end; 

constructor } 
destructor } 

In Turbo Pascal, destructors can be static or virtual, and a type 

can have more than one destructor. A destructor can be inherited 

just like other methods. 

In C++, all destructors in an inheritance hierarchy are called, 

not inherited. Thus, each object type that's dynamic must have 

its own destructor. Memory for static and automatic objects 

(instances of classes) is allocated and deallocated automatically 

by the compiler. Memory allocated for dynamic objects using 
the new operator, however, must be deallocated using the delete 

operator. 

Turbo Pascal procedure for deallocating objects allocated on 

the heap: 
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Dispose(CirclePointer); 

Alternatively (and preferably), you can call the destructor 

inside the Dispose call using the following extended syntax to 

clean up an object: 

PtrMyObject = AMyObject; 
MyObject = object 

constructor Init; 
destructor Done; 

end; 
var 

P : PtrMyObject; 
Dispose(P, Done); Call the destructor to 

clean up properly. } 

dynamic binding Another name for late binding. See binding (late). 

dynamic variable 

allocation 

Eiffel 

encapsulation 

event 

expert system 
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A variable allocated on the heap and manipulated with pointers. 

Creating and destroying variables at run time instead of compile 

time. See binding (late). 

A completely object-oriented language available on UNIX. 

Combining data (characteristics) with the methods (behaviors) 

for manipulating it; organizing code into user-defined types. 

An occurrence that affects a program from the outside world. 

Examples are keystrokes, mouse-button clicks, a character 

from a serial port, and occurrences triggered by the system 

(DOS, BIOS), such as a timer tick. 

Through a knowledge base of expert information, maps the 

input characteristics and behaviors of a system, problem, pattern, 

or object to a specific output system, problem, pattern, or 

object. Input characteristics can represent colors, sizes, 

processes, events, symptoms, and so on. Output represents a 

solution, advice, pattern match, decision, and so on. 



friend 

GLOSSARY 

In C ++, a function or method given permission to access a type 

(class) member. A friend can be a function or a class: 

class Somelnfo 
int X; 
public: 

} ; 

friend void AFriend_function(X*, int); 
II a friend function 

friend class AFriendClass; // a friend class 

hierarchy A group of types derived from a base type. 

hybrid language Incorporates features of both imperative and object-oriented 

languages. 

implementation Describes how a user-defined type works; the interface describes 

how a type works. You can compile, but not link, code with just 

the interface description. Therefore, you can create different 

implementations later and link them in without recompiling the 

rest of the project. By separating the interface from the 

implementation, we isolate bugs and make experimentation 

easier. 

inheritance 

initialization 

inspector 

instance 

interface 

Organizing user-defined types into hierarchies. 

Setting a variable or instance of a type to a specific value. 

A tool for examining the data and methods of an object. 

A variable of a type. Also known as an object. 

In C++, the class declaration; in Turbo Pascal, the object 

definition. The interface says "here's what a type looks like, and 

here are its behaviors," but it doesn't specify how the type 

behaves; that's left to the implementation. The interface de­

scribes what a type does, while the implementation describes 

how the type works. 
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member functions In C++, another name for methods. Throughout this book we 

use methods as the generic term for the behaviors declared 

within a type. 

message 

method 

The name of a method passed to an instance of an object type. 
When you send a message to an instance of an object, you call 
one of its methods. To send a message to an instance of an 

object, you specify the object and the method you want to 

invoke. For example, if AType is an instance of an object and 

/nit is a method, the following sends an /nit message to the 

object. In C++: 

AType. I nit(): 

In Turbo Pascal: 

AType. I nit: 

In C++, a function declared within a class and used to access the 

data within the class. Also called a member fu.nction. In Turbo 

Pascal, a procedure or function declared within an object and 

used to access the data within the object. 

model A mathematical representation of some aspect of the world. 

neural network A neural network maps input to output in a similar manner to an 

expert system (see expert system), with one exception: It uses 

examples instead of rules to produce its output. Expert systems 

require complete information; neural networks can produce 

results from incomplete information. A neural network is 
therefore considerably more powerful than an expert system. It 
can solve problems where if/then rules are either unknown or 
difficult to compile, classify new problems using fuzzy logic, 
and predict (infer) new results from previous trends or patterns. 
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new 

object 

Objective-C 

override 

pointer 

GLOSSARY 

An operator (in C++) or procedure (in Turbo Pascal) for 

allocating space for a type on the heap and initializing the object 

in one operation. In C++, new is invoked with a constructor call: 

Circle *ACircle =new Circle(30,30,30); 

In Turbo Pascal, new is invoked with two parameters, a pointer 

name and a constructor call: 

new(ArcPointer,Init(35,24,35)); 

In C++, an instance of a class (an object type). In Turbo Pascal, 

an instance of an object type; a record (data and methods) that 

can inherit. 

An object-oriented language that combines C and Smalltalk. 

Reimplement, redefine. Used to describe the reimplementation 

of methods by object types. 

Contains the address of a variable. In C++, designated by"*": 

int *intPointer; 

In Turbo Pascal, the pointer is designated by """: 

IntPointer : AJnteger; 

polymorphic type A type that's not known until run time. 

polymorphism 

private 

Single interface, many implementations. Specifically, calling a 

virtual method for a variable whose precise type isn't known at 

compile time. The behavior is established at run time via late 

binding. 

In C++, any members following private can only be accessed 

by methods declared within the same class. In Turbo Pascal, 

any members following private can only be accessed by func­

tions within the same unit. 
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protected 

public 

scope 

Smalltalk 

static instance 

static method 

In C++, any members following protected can only be accessed 

by member functions within the same class or by member 

functions of classes derived from this class. 

In C++, means "anyone can use it." Any members (methods or 

data) following public can be accessed without restriction. In 

Turbo Pascal, all methods are considered public unless private 

is used. 

The lifetime and accessibility of a variable. Defines which parts 

of a program can access specific variables. For example, a 

variable declared within a function is local by default and can 

only be accessed by code within the function. 

One of the earliest object-oriented languages. Developed by 

Xerox Palo Alto Research Center in the 1970s. 

An instance of an object type named in the var declaration (in 

Turbo Pascal) and allocated in the data segment and on the 

stack. In C++, static instances have global lifetimes and are 

initialized before main() and cleaned up after main(). 

A method resolved by the compiler at compile time. See early 

binding. 

strange attractor In phase space, an attractor is a point or limit cycle in a dynamic 

system that draws or attracts a system. In other words, as the 

system changes state, it can reach equilibrium (settle down) to 

a point or a cycle. A strange attractor is one that's broken up or 

fragmented in phase space. It represents a system whose order, 

when plotted in a time series, isn't obvious but shows itself in 

a shape (an order) in phase space. 
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strong vs. weak 
type checking 

structured 
programming 

type 

GLOSSARY 

A strong type-checking system accepts only those expressions 

that it can guarantee to be correct. A weak type-checking 

system will allow potentially unsafe expressions to pass through 

the compiler. 

Combines two ideas: structured program flow (in other words, 

the flow of control of a program is determined by the syntax of 

the program code) and invariants (assertions that hold every 

time control reaches them). 

The type of a variable tells us the range of values (or states) it 

can assume and the operators we can apply to it. Type is 

everything we can know about a class of objects that a variable 

or instance can represent. 

type extensibility The ability to add functionality to code. You derive new types 

(through inheritance) and add or modify behaviors and 

characteristics to suit your needs. 

unit In Turbo Pascal, a collection of constants, data types, variables, 

procedures, and functions that are compiled separately. If data 

members in a type are declared after the keyword private, any 

function, method, or procedure within a unit can access them 

but nothing outside the unit can. 

user-defined type A single structure containing the characteristics and behaviors 

for the type. In C++, we call a user-defined type a class; in Turbo 

Pascal, we call it an object. The compiler treats it like a built­

in type. Throughout this book, we use user-defined type and 

object type interchangeably. 
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virtual method 

Virtual Method 

A method resolved by the compiler at run time. See late binding. 

In C++, you declare a virtual method by preceding the method 

name with the keyword virtual: 

virtual void Show(); 

In Turbo Pascal, you declare a virtual method by adding the 

keyword virtual after the method: 

procedure Show; virtual: 

Table In Turbo Pascal, each type (object) has a VMT that contains 

information about the type, including its size and a pointer to the 

code implementing each of its virtual methods. When an in­

stance of a type sends a message to a constructor, the constructor 

establishes a link to the VMT automatically. 

with 
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Each type has one VMT; each instance of a type links to the type 

VMT. (Caution: Don't send a message to a virtual method 

before calling its constructor!) Turbo Pascal allows you to use 

the {$R +} switch to check for the proper construction of an 

instance of a type sending a message to an object type. If the 

instance hasn't been properly initialized (via a constructor), a 

range-check error occurs. 

TheC++equivalentofthe VMTiscalleda VTABLE. The pointer 

that points to the VT ABLE is called the VPTR. 

Turbo Pascal keyword. You can access a type's data members 

byusingadot(forexample,AType.Member)orawithstatement: 

with AType do 
begin 

X:= 2: 
Y:= 3; 
Z:= 4; 

end: 



APPENDIX B 

References and 
Resources 

If you want more information about C++, Turbo Pascal, modeling, chaos theory, 

or neural networks, the following books are worth looking into. They 're only a 

sampling of the many works available on these subjects, but they reflect what I have 

on my shelves. Most of them have in some way contributed to my understanding of 

these tough topics. 

In addition, a number of computer-related journals publish excellent articles on 

object-oriented programming (usually C++ and Turbo Pascal) in most issues: AI 
Expert,CGazette,ComputerLanguage,C++Report,Dr.Dobb'sJournal,Journal 
ofObject-OrientedProgramming,MidnightEngineering,Programmer'sJournal, 
and PC Techniques. I recommend all of these for up-to-date information on tech­

niques and the latest happenings in object-oriented programming. 

Abraham, Ralph, and Christopher Shaw. Dynamics: The Geometry of Behavior 

(four volumes). Santa Cruz, Calif.: Aerial Press, 1984-1989. 

A great introduction to and study of dynamics using pictures. If you really want to 

get a feel for chaos theory, look into this one. Starts with periodic behavior and works 

toward the harder stuff: chaotic and bifurcation behavior. Great personalized 

drawings. 

Casti, John L. Alternate Realities: Mathematical Models of Nature and Man. 
New York, N.Y.: John Wiley & Sons, 1989. 

A thorough mathematical discussion of modeling. Chapters on formal representation, 

cellular automata, catastrophe theory, chaos, and the relationship of modeling to the 

way we view the world. 
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Eberhart, Russel, and Roy Dobbins. Neural Network PC Tools: A Pracncal 
Guide. San Diego, Calif.: Academic Press, 1990. 

A good, practical starting point for learning how to code a back-propagation neural 

network. Russ and Roy show you how to implement a neural network in C (code 

included) and present several excellent neural network case studies. Also discusses 

neural network implementation on a transputer-based hardware system. 

Eckel, Bruce. Using C++. Berkeley, Calif.: Osborne/McGraw-Hill, 1989. 

Not surprisingly, my favorite book on C++ programming; 600 pages of code, 

descriptions, and ideas about C++. It precedes the Turbo C++ compiler, so examples 

are developed around Zortech' s C++ compiler but are easily adaptable to Turbo C++. 

Goes into some advanced topics I haven't covered: operator overloading, multiple 

inheritance, references, debugging, passing objects in and out of functions, and so 

on. A good book to explore and study if you want to get to the heart of C++. 

Ellis, Margaret, and Bjarne Stroustrup. The Annotated C++ Reference Manual. 
AT&T, 1990. 

This is currently the last word on C++ terminology and language description. If you 

want to know exactly how Bjame defines C++, get a copy. Not for the faint-hearted, 

though, and certainly not light reading- as the title says, it's really a reference. 

Gleick, James. Chaos: Making a New Science. New York, N.Y.: Viking Press, 
1987. 

The already classic introduction to chaos theory. Very easy, fun reading. Focuses as 

much on the people who rediscovered chaos as on the theory itself. Anyone interested 

in chaos should start here. 

Hofstadter, Douglas, and Daniel Dennett. The Mind's I. New York, N.Y.: 
Bantam Books, 1981. 

Like all of Hofstadter's books, this one really gets you thinking. A collection of 

stories and essays about self-reflection, self-consciousness, recursion, machines 

with souls, scientific speculation, and other mind-stretching ideas. 
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Meyer, Bertrand. Object-oriented Software Construed.on. Englewood Cliffs, N.J.: 

Prentice-Hall, 1988. 

A good discussion of the issues and principles of software design using object­

oriented techniques. Outlines the path leading to object orientation and generally 

aims to convince the reader to program with objects. The second half of the book 

(unfortunately forC++ and Turbo Pascal programmers) focuses entirely on Meyer's 

language, Eiffel, making it less useful than it could have been. Worth a look, though. 

Mitchell, Stephen. Tao Te Ching. New York, N.Y.: Harper & Row, 1988. 

This is the translation of Lao-tzu' s wise book that I used to write this book. Highly 

recommended. "The master observes the world, but trusts his inner vision. He allows 

things to come and go. His heart is open as the sky." 

Object Professional User's Manual. Scotts Valley, Calif.: Turbo Power Software, 

1990. 

These three volumes of object-oriented, Turbo Pascal-style discussion accompany 

the fine Turbo Power object library for Turbo Pascal 5.5 and later. Complete source 

code for the library is included, so this package makes an excellent in-depth resource 

for ideas about object-oriented programming. Turbo Pascal programmers, in particular, 

should check out this library. 

O'Brien, Tim. Turbo Pascal, The Complete Reference. Berkeley, Calif.: Borland­

Osborne/McGraw-Hill, 1989. 

This Turbo Pascal reference includes a good introductory chapter on object-oriented 

programming, Turbo Pascal-style. 

Rumelhart, David, and James McClelland. Parallel Distributed Processing. 
Cambridge, Mass.: MIT Press, 1987. 

The classic introduction and reference to the ideas and mathematics of neural 

networks. 
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Sethi, Ravi.Programming Languages: Concepts and Constructs. Reading, Mass.: 

Addison-Wesley, 1989. 

An excellent study of the development, design, and content of modem programming 

languages. Contains several fine chapters on object-oriented programming and good 

discussions of Modula-2, C++, and Smalltalk. Chapters on encapsulation, inheri­

tance, functional programming, and logic programming and several tough, advanced 

chapters on interpreters and lambda calculus. Highly recommended if you're 
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mapping, Lorenz and Henon attractors, and fractals. 
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Logic Programming Associates Ltd., 1990. 

One of those rare creatures: a programming manual that really shines. Besides 

showing you how to program in Prolog++, the object-oriented version of Prolog, it 

compares object-oriented languages and discusses the key features of OOP. Available 

from Quintus Computer Systems in Mountain View, Calif. 
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Prentice-Hall, 1979. 
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An excellent OOP-style discussion (and implementation) of event-driven software, 
part of a two-volume manual that accompanies the Zinc Interface Library for C++. 

Zinc has implemented a good event-driven interface that you can use to derive more 

elaborate interfaces. 
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I also recommend the following software package: 

NeuroSym Neurocomputing Library. Houston, Texas: NeuroSym Corp., 1990. 

The most complete C library of neural networks I know of. Includes a dozen neural 

networks (back-propagating; self-organizing, etc.) that you can call from your C 

code. An object-oriented version is in the works. 
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APPENDIX C 

A Concise Comparison of 
C ++, Turbo Pascal, and 
Smalltalk 

C++ 
C++ was developed by Bjarne Stroustrup at AT&T Bell Laboratories. It's a 

strongly typed hybrid object-oriented language that gives you the option of using 

user-defined types (classes) as well as functions and ordinary data structures. It 

includes the three key features of object-oriented programming - encapsulation, 
inheritance, and polymorphism-and allows multiple inheritance (a descendant can 

have more than one immediate ancestor) and operator overloading (any operator can 

have new functionality within any user-defined type). It also specifies a pure abstract 

method. 

In addition, C++ lets you implement methods in-line, thus avoiding the overhead 

of a function call. In-line methods replace parameterized macros, as follows: 

class Withlnline 
int a: 

public: 
void AMethod() { a= O; } 

} ; 
II in-line 

C++ constructors and destructors share the type name: 

class AnyClass 
public: 

} ; 

AnyClass(); 
-AnyClass(); 

II constructor 
II destructor 
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Constructors and destructors can be called automatically (by default) by the 

compiler. (See the glossary for more information.) 

In C++, any method declared as virtual remains virtual through all derived 
classes. 

Turbo Pascal 
Turbo Pascal is another strongly typed hybrid object-oriented language incorpo­

rating both object-oriented techniques and traditional structured techniques. You 

have the option of using user-defined types (objects) in a hybrid language, but you 
can still use functions and ordinary data structures. 

Although Turbo Pascal implements the key features of object-oriented pro­

gramming, it doesn't have all the features of C++. In particular, it only allows single 

inheritance (a descendant type can have only one immediate ancestor) and has a 

different approach for limiting access to its members from outside an object type. 

Turbo Pascal only allows data encapsulation to be enforced using the keyword 
private, limiting access to objects, functions, and procedures declared within the 
same unit. 

Constructors and destructors can be any unused legal name and must be 

explicitly called: 

AnyObject = object 
constructor Init: 
destructor Cl eanUp: 

end: 

constructor } 
destructor } 

In Turbo Pascal, any method declared as virtual must be declared virtual in all 
subsequent derived objects: 

BaseObject = object 
constructor Setup: 
procedure AMethod: virtual; 
destructor Finish; 

end; 
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Derived = object (BaseObject) 
constructor Setup; 
procedure AMethod; virtual; 
destructor Finish; 

end; 

In Turbo Pascal, as in C++, memory management is left to the user. 

Smalltalk 
Smalltalk, the granddaddy of object-oriented languages and descendant of 

Simula-67, was developed at Xerox's Palo Alto Research Center. Because this 

language effectively treats everything in its system as an object, it's sometimes 

called a pure object-oriented language. 

The Smalltalk environment usually features editing, windowing, menuing, 

mouse handling, and browsing. It exhibits the key features of object-oriented 

languages, and every object in the Smalltalk system inherits from the root object. 

Like other object-oriented languages, Smalltalk distinguishes between objects 

and classes. An object is an instance of a class. All instance variables of a Smalltalk 

class are by default private to that object; thus, it strongly enforces data encapsula­
tion. It also includes a built-in memory management system, sometimes known as 

garbage collection. 

Several other languages also have object-oriented features: Actor (OOP for 

Windows), Objective-C (a portable, Smalltalk-like syntax added to C), and Eiffel (a 

software-engineering language described in Bertrand Meyer's Object-oriented 

Software Construction). 
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