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Computers and Programming
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1.5.1 ClassDiagrams

1.6 Summary

1.7 Beyondthe Basics

We begin this text by describingthe fundamentalaspects of computersand programs,
and we presentcomputer programming as a three-stepprocess:

1. designingan architecture

2. de¯ning the classesthat comprise the architecture

3. writing the Java instructions that realize each class.

1.1 What is a Computer?

Electronic computerscan be found almost everywhere,but in generalterms, a com-
puter is any entit y that can follow orders,more speci¯cally, that can executeinstruc-
tions. This classi¯cation includeshumans (who are imperfect computers) as well as
pocket calculators,programmabledisc players,and conventional \PC"s.

This text is concernedwith conventional computers,which must possess(at least)
thesetwo components:

² one (or more) processors. A processorexecutesinstructions (e.g., arithmetic
calculationsor instructions to draw colorsand shapes).

² primary storage(alsoknown as\memory," \random accessmemory," or \RAM").
Primary storage acts as an electronic \scratch pad" that holds the instruc-
tions that the processorreadsand executesand holdsnumbersand information
(\data") that the processorcalculatesupon|primary storageis like the scratch
pad that an accountant (a human \pro cessor")uses.
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Most computershavealsosecondarystoragedevices|in ternal disk drive(\hard drive"),
compact disk drive, and diskette drive (\°opp y drive")|whose data must be copied
into the primary storagecomponent beforeit canbereadby the processor.Secondary
storageis designedfor portabilit y (e.g., diskettes that can be carried from one com-
puter to another) or for holding massive amounts of data, much like an accountant's
¯ling cabinet can hold more information than the accountant's scratch pad.

The ¯ling cabinet analogyjust mentioned hasgeneratedsomestandard computer
terminology: A ¯le is a collectionof instructions or data; ¯les are themselvesgrouped
into folders (also known as directories). Directories are normally kept in secondary
storage,their contents copiedinto primary storagewhen neededby the processor.

Finally, a computer usually has several input-output devices (such as the display,
keyboard, mouse,printer), which let a human supply information to the computer
(say, by typing at the keyboard or clicking a mouse)and receive answers (by reading
it on the display or from the printer).

If a computer can executeinstructions, what kind of instructions can it execute?
This depends|a conventional notebook computer of coursecannot executethe in-
structions written in a cookbook, nor can it follow the instructions for driving a
car from Chicagoto Manhattan. (But there are special-purposecomputersthat can
attempt the latter.)

The processorinside a typical computer performs a limited range of arithmetic-
like instructions|n umeric addition and subtraction and text copying. But to do
even thesesimple tasks,numbersand text must be coded in sequencesof 1's and 0's,
called bits. This technique of writing numbers, text, and instructions to a computer
is calledbinary coding. The collection of binary-coded instructions that a computer's
processorcan readand executeis called the computer'smachinelanguage. By using
binary codings, a computer can compute with letters as well as numbers. Images
(with colors,brightness,and shapes)can alsobe coded with binary codings.

Exercises

1. If a computer is indeed any entit y that can follow orders, then give examples
from real life of \computers."

2. List all the input-output devicesthat are attached to the computer you will use
for your programming exercises.

3. Hand-held calculatorsare computers. What are the input-output devicesfor a
calculator?

1.2 Computer Programming

Programming is the activit y of writing instructions that a computer can execute.For
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Figure 1.1: a program for baking \lemon cake"

1. Squeeze the juice from one lemon into a large bowl.
2. Cut the lemon's rinds into small pieces and add them to the bowl.
3. Mix three eggs, one cup of sugar, two tablespoons of flour,

and one cup of milk into the bowl.
4. Pour the mixture into a square cake pan.
5. Heat an oven to 350 degrees Fahrenheit.
6. Insert the pan into the oven and wait 40 minutes.

the moment, forget about conventional computers|if your spousecan read and can
operate an oven, then when you write instructions for baking a cake, you are \pro-
gramming" your spouse|the instructions are a program, and you are a programmer.

The point here is that a program (in this case, for baking a cake) is a list of
instructions written in a precisestyle wheredeclarative verbs(\cut," \p our," \heat")
statecomputational actions,andnouns(\egg," \°our," \b owl") statedata with which
computation is performed;seeFigure 1 for an example.

A sequenceof declarative instructions for accomplishinga goal, like that in Figure
1, is calledan algorithm. The term computerprogram, is usedto describean algorithm
that is written preciselyenoughsothat a computerprocessorcanreadand executethe
instructions. For historical reasons,the writing of computer programsis sometimes
called coding, and the program itself is sometimescalled code.

A computer program is almost always saved asa ¯le on secondarystorage.When
someonewants the processorto executethe program's instructions, the programmer
starts the program|this causesthe programto be copiedinto primary storage,where
the processorreadsthe instructions and executesthem. Starting a program might be
donewith a mouseclick on a program's icon (its picture on the display) or by typing
sometext with the keyboard.

Unfortunately, computerprocessorsexecuteinstructions written in machine language|
the languageof binary codings|and humans¯nd this languagealmost impossibleto
write. For this reason,other languageshave been designedfor programming that
are easierfor humansto use. Examplesof such high-levelprogramming languagesare
Fortran, Cobol, Lisp, Basic, Algol, Prolog, ML, C++, and Java. Many of theselan-
guageslook like the languageof secondary-school algebraaugmented with a carefully
de¯ned set of verbs,nouns,and punctuation symbols.

In this text, we useJava as our programming language.
When one writes a program in Java, there remains the problem of making the

computer's processorunderstand the program. This problem is solved by the Java
designersin two stages:

1. First, a translator program,calleda compiler, is usedto translate Java programs
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into another language,calledJava bytecode, which is almost machine language.
The programmerstarts the compiler and tells it to translate her Java program
to byte code. The resulting byte code is deposited, as a ¯le, on secondary
storage.

2. Next, when the programmerwishesthe byte code executed,shestarts a second
program, the Java interpreter (alsoknown asthe Javavirtual machineor JVM).
The interpreter copiesthe byte code to primary storage and works with the
processorto executethe machine-code versionsof the byte-code instructions.

Programming languageslike Java are useful for programming thesekinds of ac-
tivities:

² scienti¯c and mathematical calculations, such as calculating the roots of a
quadratic equation, drawing the curve for a polynomial, or printing a table
of monthly payments for varying interest rates on a mortgage.

² information processing, such as editing and typesetting a letter, printing a ¯le
of paychecks, or drawing pictures on the console.

² simulation, such as imitating the cockpit of an airplane, simulating the next
¯v e days' weather, or playing a card game.

This text intends to show you how to usethe Java languageto program theseactivi-
ties. Along the way, you will learn practical and formal aspects of writing programs
in good style.

Exercises

1. Locate a cookbook and study one of its recipes. Mark the declarative verbs,
nouns, and precisequantities. Also, circle any instructions in the recipe that
appear to you to be imprecise.

2. Arithmetic is often called the \¯rst programming language." Pretend that this
expressionis a program

(3 + 2) - 1 + (6 + 5)

and pretend that you are a computer. List the stepsyou take with your pencil
to executethe instructions in this program. (That is, compute the answer to
the expression,onestep at a time.)

3. Algebra is a programming language.List the stepsyou take to solve the value
of x in this \program":

3y - x = 3 + 2x
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Figure 1.2: the computing environment

DISKSDISPLA Y

KEYBO ARD OTHER COMPUTERS

USER EXECUTING PR OGRAM (in primary storage)

(Hint: the ¯rst step is to add x to both sidesof the equation, producing the
new equation, 3y - x + x = 3 + 2x + x.)

4. Here is a small fragment of a Java program:

int x = 3 + 2;
int y = x + 1;
displayOnTheConsole(y);

Which parts of this program appear to be verbs? nouns?adjectives?algebraic
expressions?

5. Proposea programming languagefor drawing coloredbubblesand squareson
a sheetof paper. What verbs will you include (e.g., \dra w," \trace")? nouns
(\circle," \red")? adjectives(\large," \dark")?

1.3 Programs Are Ob jects

When a computer program is executing (that is, the program has beencopied into
primary storage,and the processoris executing its instructions), the program does
not \liv e" in isolation; it is surroundedby an environment consistingof a keyboard,
display, disks,and even other computers. Figure 2 pictures such an environment. We
usethe term, object, asa genericterm for each of the components in a computing en-
vironment. The EXECUTING PROGRAM is itself an \ob ject," as is the computer's
USER (a human being), who interacts with the machinery. Indeed, a program can
itself consistsof multiple objects (smaller programs).

An \ob ject" is meant to be a generalization of a \p erson"|an object has an
\identit y," it knows somethings, and it is able to do somethings.

We use the term, method, to describe an object's skill or abilit y or activit y|a
thing that an object can do. For example,an executingword-processingprogram is
an object that has methods for inserting words, moving words, correcting spelling
errors, and typesettingdocuments. An executingprogram that calculatesretirement
savings is an object with methods for calculating rates of savings, interest rates,
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payment schedules,etc. And a graphicsprogram is an object that has methods for
drawing lines and geometric¯gures, painting the ¯gures, moving them, and so on.

Similarly, a keyboard is an object that hasmethodsfor typing letters and numbers,
and a display is an object that hasmethods for displaying text, colors,and shapes. A
user has methods for typing text at a keyboard and reading answers on the display.
(Users also have methods for eating, sleeping,etc., but theseare not important to
computer programming.)

Objects \communicate" with each other|one object can ask another to perform
oneof its methods. This is calledsendinga message. The arrows in Figure 3 indicate
the directions in which messagesare sent. For example, a USER might wish to
know the squareroot of a number, so she types the number on the KEYBO ARD,
in e®ectsending a messageto the KEYBO ARD object. The KEYBO ARD is the
receiver of the message.(The USER is called the client.) The KEYBO ARD reacts
to the messageby using one of its methods to convert key taps into a number, and
it sendsa messagecontaining the number to the EXECUTING PROGRAM. The
EXECUTING PROGRAM receives the messageand usesits methods to compute
the number's squareroot. The EXECUTING PROGRAM then communicates the
squareroot to the DISPLAY, which shows number, assymbols, on the screensothat
it reachesthe USER's eyes.

In this way, computation is performed by a seriesof communications between
objects. A complexexecutingprogram might itself be a collection of interconnected
objects|p erhaps computing the square root of a number is completed only after
several internal communications betweenthe program's own executingsubobjects.

Hereis somecommonlyusedterminology: When a human suppliesinformation to
a computerprogram,say, by typing on a keyboardor moving a mouse,the information
is called input to the program. (Another term is input events.) Input can also be
supplied to a program from information on a disk. When the program calculatesa
result or answer and this answer is displayed or saved on a disk, this is called the
program's output. Programs are often called software, which is a pun on the term,
hardware, which of coursedescribesphysical devicessuch asprocessors,displays, and
disk drives.

1.4 Op erating Systems and Windo ws

When a computer is ¯rst started, its processorlooks on the computer's disk drive
for a program to place ¯rst into primary storage to execute; the program it ¯nds
is called the operating system. An operating system is the computer's \controller
program"; by displaying information on the display and by receivingmessagesfrom
mouseand keyboard, the operating systemhelps the computer's user executeother
programs. Often, a user's requestto executea program is little more than a mouse
movement and a click, or it might be the typing of text within a command window
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Figure 1.3: a multi-window display

(or command-prompt window).
Prior to the 1980s,an operating systemusedthe computer's display as one large

command window. Programs were started by typing within the window, and the
program would read its input data from the window and would display its output
within the samewindow. All input and output were text|w ords and numbers.

Of course, modern operating systemscreate multiple windows on the display,
where the windows might be command windows or windows created by executing
programs. Figure 3 shows a display that holds three distinct windows: a command
window, a window createdby a word-processingprogram, and a window createdby a
Web-browsingprogram. Thesewindowswerecreatedwith the behind-the-sceneshelp
of the operating system. The user interacts with the window by moving the mouse
into it, typing, clicking, or reading. Icons appear along the left sideof the display.

The point of Figure 3 is that the multiple windows that appear on the display
are themselves distinct objects. The crude picture in Figure 2 suggestedthat the
DISPLAY was one object, but modern operating systemsmake it possible for an
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executingprogram to communicate with multiple window objects. In a similar way,
the multiple foldersand ¯les that residein secondarystoragearealsodistinct objects.

Exercise

Use a computer to start a program, like a game or a word processor. List all the
windows that are createdby the program, list the ways you give input information
to the program, and list the ways the program displays output.

1.5 Soft ware Arc hitecture

The previoussectionstated that a typical computing environment contains many ob-
jects: keyboard, windows, executingprogram, ¯les on secondarystorage,etc. When
we do somecomputing, we do not build objects like keyboardsfrom scratch|w e use
the one we bought. And we buy programs and use them as well. But this text is
about building programsrather than buying them|ho w do we do this?

Becoming a good programmer is not unlike becoming a good novelist, bridge-
building engineer,or architect|time and e®ortmust be investedin studying standard
examplesof the genre,disassembling and modifying them, learning basic techniques
of composition/construction, and working plenty of exercises.

In novel writing, bridge construction, and housebuilding, a beginner is tempted
to start on the ¯nal product without ¯rst investing time in a design. A professional
knows better. Consider housebuilding: A modern house'sdesign is speci¯ed by a
blueprint. A blueprint possessesa \st yle" or architecture. A housecanhave a simple,
one-room architecture, or it can have a multi-ro om, split-level, architecture, or it
might even be multiple housingunits connectedby passageways and stairways.

The housebuilder usesthe blueprint to construct a physical structure with walls,
°oors, electrical wiring, and plumbing. Almost no one would buy a housethat was
not constructedfrom a blueprint|the housewould not be trustworthy.

Builders read blueprints; most do not designthem. The highly trained individual
who designsand draws the blueprint is an architect. A well trained architect knows
about mathematics,physics,and art as well as houseconstruction.

Machines,such ascars,automatedbank tellers, and computers,alsohavearchitec-
tures (seeFigure 2), and so do computer programs. Writing a computer program in-
volvesmorethan merelywriting instructions in Java|one must designthe program's
architecture, specify the architecture's components, and write Java instructions for
each component. Here are the crucial steps:

² First, a program's architecture is speci¯ed by drawing a picture called a class
diagram. The classdiagram indicatesthe components, calledclasses, that form
the entire program, much like a blueprint shows the roomsthat form a house.
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² Next, each classis designedas a collection of methods.

² Finally, each method is written asa sequenceof Java instructions, and the coded
methods for each classare saved as a ¯le in secondarystorage.

When the computer program is started, objects in primary storageare createdfrom
the classesin secondarystorage,forming the executingprogram.

This text relies heavily on one particular architecture, called the Model-View-
Controller (MV C) architecture, so we must acquire someintuition about it. To do
so, we consideran automated bank teller machine (ATM), which is a machine built
in MVC style.

When you usean ATM, you stand in front of a video screenand buttons. This
is the view of the machine. When you insert your bank card and press buttons,
you activate the ATM's controller, which receivesyour bank card and button presses
and relays them into the bank, where your account is kept. The accounts inside
the bank are the model, where information about your bank account is held. The
model computesthe transaction you requestedand relays it back to the view|money
appears.

In summary, the ATM has thesecomponents in its architecture:

² A view object|it presents the appearanceof the ATM to its human user,and it
possessesmethods that receive requests(\messages")from the userand display
results.

² A controller object|it has methods that control the transfer of information
within the ATM by sendingmessagesto the other components.

² A model object|its methods compute answers in responseto messagessent to
it by the controller.

Many appliancesarebuilt with MVC architectures (e.g.,pocket calculators,video
games, radios), and the MVC architecture adapts well to computer programs as
well|ha ve you ever played a computer game,where the game'sview was projected
on the consolescreen,the mousemovements activated the game'scontroller, and the
computer computed the mousemovements and showed them on the screen? The
computer gameis a program with MVC architecture.

1.5.1 Class Diagrams

Real programs consist of thousandsof instructions and are too huge to be written
as one long ¯le. As noted in the previous section, a program must be divided into
manageably-sized̄les calledclasses. Each class'sinstructions arethemselvesgrouped
into meaningfulsubcollections,calledmethods|w e usethe term, \method," asin the
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section,\Programs Are Objects": A method is a speci¯c computing activit y that can
be activated when a messageis sent to it.

Begin footnote: More precisely, when the classesare copiedinto primary storage,
they becomeobjects, and the objects sendmessagesthat requestthe other objects to
executethe methods. End footnote

The classes,methods and the manner in which they communicate are drawn asa
classdiagram.

A classdiagramspeci¯esan architecture from which a programcanbeconstructed.
For example, if we designa program with an MVC architecture, the classdiagram
displays a classthat serves as the view, a classthat serves as the controller, and a
classthat servesas the model.

Figure 4 displays a classdiagram for a simple word-processingprogram in MVC
architecture. The components|classes|are annotated with the methods that each
possesses;for example,classMODEL owns an insertText method, so insertText -
messagescanbesent to the MODEL. When MODEL receivesan insertText -message,
the instructions within the insertText method execute.

Arrows show the direction in which messagesare sent. (Connections without
arrow headssuggestthat messagesmight be sent in both directions; comparethis to
Figure 2.)

Hereis an informal explanationof the behavior of the architecture: When a human
userinteracts with the executingword-processingprogram, her inputs are transferred
from the mouseand keyboard to the INPUT VIEW|p erhapsmouseclicks generate
getRequest messagesto the INPUT VIEW, and text typed into the edited document
generategetText messages.

As in the ATM example,messagesreceivedby the INPUT VIEW areforwardedto
the CONTROLLER component, which sendsan appropriate messageto the MODEL
component. The MODEL is responsible for \mo delling" the document the user is
editing, so the MODEL has methods for editing and altering the document. (For
example, a getText messageto the INPUT VIEW causesthe CONTROLLER to
be contacted, which sendsan insertText messageto the MODEL. In this way, the
representation of the document within primary storagegetsupdated.)

The CONTROLLER also sendsmessagesto the OUTPUT VIEW, telling it to
redisplay its presentation of the edited document on the display or to print the docu-
ment whenrequested.(To display or print the document, the OUTPUT VIEW must
sendthe MODEL a contentsOf message,askingfor the current contents of the edited
document.)

Of course,this explanation of the word processor'ssoftware architecture is infor-
mal, and additional designwork is neededbeforeJava instructions can be written for
the methods and classes.

The programming exampleswe encounter in the next chapter have simple one-
and two-classarchitectures, likeone-room or two-room houses,but programsin subse-
quent chaptersriseor fall on their complexdesigns,and we must rely on architectures
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Figure 1.4: a classdiagram of a word processor
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and classdiagramsto guide our way.

1.6 Summary

Each chapter will concludewith a summaryof the terms, concepts,and programming
examplesthat will be neededfor later work. Hereis the relevant material for Chapter
1:

New Terminology

² computer: an entit y that executesinstructions

² processor: the part of an electroniccomputer that executesinstructions

² primary storage: the part of an electroniccomputer that holds the instructions
and information that the processorreadsto do its work. Also known asmemory,
random accessmemory, and RAM.

² secondary storage: the parts of an electroniccomputer that archivesadditional
instructions and information. Examplesare the internal \hard" disk, diskettes,
and compact disks. For the processorto read the information on secondary
storage,it must be copiedinto primary storage.

² input device: a mouseor keyboard, which suppliesinformation to a computer

² output device: a display screenor printer, which presents information to a com-
puter's user

² ¯le : a collection of related information, typically saved on secondarystorage

² folder: a collection of ¯les, typically saved on secondarystorage
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² bit: the \atomic" unit of information within a computer|a \1" or a \0"

² binary code: a sequenceof bits, read by the processoras instructions or infor-
mation.

² machinelanguage: the speci¯c format of binary codereadby a speci¯c processor

² algorithm: a sequenceof declarative instructions (\orders") for accomplishinga
task.

² computer program: an algorithm written speci¯cally for a processorto execute.

² code: traditional namefor a computer program

² programming language: a languagedesignedspeci¯cally for writing computer
programs

² compiler: a computer program, that when executed,translates computer pro-
gramsin oneprogramming languageinto programsin another language

² interpreter: a computer program, that when executed,helps a processorread
and executecomputer programsthat are not written in machine language

² Java byte code: the compiler for the Java programming languagetranslates
programswritten in Java into programsin Java byte code

² Java virtual machine(JVM) : the interpreter for Java byte code

² object: a basicunit of an executingcomputer program

² method: an abilit y that an object possesses

² message: a communication that oneobject sendsto another

² client object: an object that sendsa messageto a receiver

² receiver object: an object that receivesa messagesent by a client

² input: information given to a computer program for computation

² output: the answerscomputedby a program

² hardware: the physical components of a computer, e.g.,processorand primary
storage

² software: computer programs

² operating system: the controller program that starts when a computer is ¯rst
switched on
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² commandwindow: a position on the computer display wherea human can type
instructions to a computer

² software architecture: the overall designof a computer program; analogousto a
house'sblueprint

² classdiagram: a graphical presentation of a program's architecture

² class: a ¯le containing a component of a computer program

² Model-View-Controller (MV C) architecture: a standard software architecture

Poin ts to Remem ber

² Computer hardware and software are constructedfrom communicating objects.
Examplesof objects are the keyboard, the display, the windows on the display,
¯les, and the executingprogram itself.

² Objects have methods, which are abilities that can be performed on request.
Objects communicate requeststo other objects to perform their methods by
sendingmessagesto them.

² A computer program is saved in a ¯le in secondarystorage.When the program
is started, it is copied into primary storage, and the processorexecutesthe
instructions. We say that the program is executing.

² Programs written in the Java languageare saved in ¯les called classes;each
classis a collectionof methods. When a Java program is started, the program's
classesare copied into primary storage; when a class is copied into primary
storage,it becomesan executingobject. In this way, an executingprogram is
a collection of objects that sendmessagesto oneanother.

1.7 Bey ond the Basics

1.7.1 StepwiseRe¯nement

1.7.2 Object-Oriented Designand Re¯nement

1.7.3 ClassesGenerate Objects

1.7.4 Frameworksand Inheritance

In this section and in the similarly named sections in subsequentchapters,wepresent
material that wil l enhance your programmingskills. This material is optional and can
be skipped on ¯rst reading.
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1.7.1 Stepwise Re¯nemen t

In the cooking world, Figure 1 is a \method" for baking lemon cake, and an Italian
cookbook of is a collection, or \class," of such methods.

How do we write a method from scratch? A classicmethodology for method
writing is stepwisere¯nement (also known as top-downdesign), which is the process
of writing an outline of a method and then re¯ning the outline with more and more
precisedetails until the completedmethod is the ¯nal result.

For example,perhapswe must write a method for making lasagna.We beginwith
an outline of the basicsteps:

1. preparethe sauce

2. cook the pasta

3. placethe pasta and saucein a dish; cover with topping

4. bake the ¯lled dish

Although many detailsaremissing,wehavea solid, \top level" design|an algorithm|
that we can re¯ne.

Next, we insert details. ConsiderStep 3; its re¯nement might read as follows:

² 3.1 Take a medium-sizeddish.

² 3.2 Cover the bottom of the dish with sauce.

² 3.3 Next, placea layer of pasta noodleson top of the sauce.

² 3.4 Repeat steps3.2 and 3.3 until the dish is ¯lled.

² 3.5 If the cook desires,then sprinkle grated cheeseon the top.

The re¯nement introducesspeci¯cs about ¯lling the dish with pasta and sauce. In
particular, notice the useof the words \Repeat ... until" in Step 3.4; this is a clever
and standard way of saying that the step of layering pasta noodles can be repeated
until a speci¯c stopping point is reached. Similarly, Step 3.5 usesthe words \if ...
then" to indicate a statement that may or may not be performed, basedupon the
situation at the time the recipe is executed.

The other stepsin the recipe are similarly re¯ned, until nothing is left to chance.
If we were writing a method in the Java language,we would begin with a top-

level design,like the onejust seen,and apply stepwisere¯nement until all instructions
werespelledout asstatements in the Java language.Weapply this techniqueto many
examplesin the chapters than follow.
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Exercises

Usestepwisere¯nement to write algorithms for the following:

1. how to journey from your hometo the airport

2. how to make your favorite pizza

3. how to changea °at tire on an automobile

4. how to add two fractions

5. how to perform the long division of one integer by another

6. how to calculatethe salestax (value-addedtax) for a purchasein your commu-
nity

1.7.2 Ob ject-Orien ted Design

A good programmer will rely on standard architectural patterns, like the MVC ar-
chitecture seenin this chapter, as much as possible. But occasionallya part of an
architecture (e.g., the MODEL portion of Figure 4) or even a completenew architec-
ture must be designedspecially. We encounter such situations in Chapter 7 onwards.

Object-oriented design can be used to design an architecture. Object-oriented
design solves a problem by treating it as a simulation|a re-creation of reality|
inside the computer. For example, gamesare simulations: When a child pretends
to be a doctor or a ¯reman, sheis creating a simulation. War gameslike chessand
\battleship" are alsosimulations, and it is no accident that such gamesare available
as computer programs.

Indeed, computers are excellent devicesfor conducting simulations. Executing
programs can create representations of people, televisions, airplanes, and even the
weather. Computer simulations have proven valuable for studying tra±c circulation
in cities, predicting climate changes,and simulating the behavior of airplanesin °ight.
Somepeoplearguethat all computing activities are simulations, becausea computer
itself is a \simulation" of how a human being behaveswhen shecalculates.

What is the relationship of simulation to program design? A simulation has
actors or \ob jects" (e.g., peopleor pawns or battleships) who play roles. Each actor
has abilities or \methods," and the actors communicate and interact to enact the
simulation.

To gain someintuition about simulations, here an example. Say that you are
hired as a consultant to help someentrepreneursstart a new Italian restaurant, and
you must designan operating plan for the the restaurant and its personnel.

To solve this nontrivial problem, you simulate the restaurant and its personnel.
The simulation is formed by answering several basicquestions:
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Figure 1.5: architecture of a restaurant
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² Components: What are the forms of object oneneedsto solve the problem (in
this case,to operate the restaurant)?

² Collaborators: What will be the patterns of communication between the ob-
jects? (Who talks with whom in the restaurant?)

² Responsibilities: What methods must each object have so that appropriate ac-
tions can be taken when there is communication? (What will the sta®do when
asked?)

The answers you give to these questionsshould lead to an appropriate operations
plan|an architecture|for the Italian restaurant.

For the restaurant, one imaginesthe need for cooks, waiters, cashiers,and pre-
sumably, customers. (We will not worry about tables, chairs, pots, and pans, etc.,
for the moment.) A diagram of the components, responsibilities, and collaborations
appearsin Figure 5.

Basedon the diagram,wespeculatethat a WAITER initiates activit y by sendinga
giveOrder messageto the CUSTOMER (that is, the WAITER asksthe CUSTOMER
what shewants to eat). The CUSTOMER's reply causesthe the WAITER to senda
messageto the COOK to cook the appropriate dish, e.g., cookLasagna. In response,
the COOK cooks the order, which is returned to the WAITER, who gives the food
to the CUSTOMER.

Begin Footnote: An arrow, such as WAITER--> COOK, states that the WAITER
can senda messageto the COOK. The COOK is allowed to \reply" to the message
by answering with food. The point is, the COOK doesnot initiate messagesto the
WAITER; it merely repliesto the messagesthe WAITER sendsit. End Footnote

When the CUSTOMER is ¯nished, she sendsa calculateCheck messageto the
WAITER to receive the check, and a receiveMoney messageis sent to the CASHIER
to pay the bill.

Computer programscan be designedthis way as well, and it is easyto imagine
how a computer gamemight be designed|consider an \Italian-restaurant computer
game"|but even mundane information processingprograms can be designedwith
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Figure 1.6: model part of a more realistic word processor
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object-oriented design. For example, the MODEL portion of the word-processor
architecture in Figure 4 is simplistic and can be replaced by one developed with
object-oriented design;seeFigure 6.

The Figure presents the model asconsistingof a DOCUMENT component, which
has the responsibility of holding the typed text and managing insertions and dele-
tions. To help it with its responsibilities, the DOCUMENT sendsmessagesto a
FORMATTER, which managesfont and line-length information. A third component,
the CLIPBOARD, handlescut-and-pasteactions. It takesonly a little imagination
to seethat the DOCUMENT, FORMATTER, and CLIPBOARD are behaving much
like the CUSTOMER, WAITER, and COOK seenearlier|actors communicating and
interacting to accomplisha task.

In this manner, we can employ object-oriented design to creatively organize a
program into distinct components with distinct responsibilities.

Exercises

Useobject-oriented designto model the following:

1. a hamburger stand

2. a grocery store

3. an airport

4. a computer program that calculatesspreadsheets

1.7.3 Classes Generate Ob jects

The classdiagram in Figure 5 presented an architecture for an Italian restaurant.
If we constructed a real restaurant from the diagram, however, we would certainly
employ more than one waiter and one cook and we would certainly hope for more
than one customer. From the designer'sperspective, multiple waiter \ob jects" can



18

be \constructed" from just the one classof waiter. If we review Figure 5, we note
that the four classes(WAITER, COOK, CASHIER, and CUSTOMER) can be used
to createa real restaurant with many customerobjects, waiter objects, cook objects,
and cashierobjects. But regardlessof the number of objects built, the responsibilities
and collaboration patterns remain as indicated in the classdiagram.

In addition, oncewe de¯ne a class,we can reuseit. For example,if yesterday we
designeda vegetablemarket, and the vegetablemarket usedcashiers,then the cashier
classthat we designedfor the vegetablemarket can be reusedto \build" cashiersfor
the Italian restaurant project.

We use the above analogy to emphasizethat classesgenerate objects: When we
designa Java program, we draw a classdiagram that indicates the classesand their
collaborations. Next, for each classin the diagram,we write a ¯le of Java instructions
that code the methodsof the class.When the programis started, oneor moreobjects
are created from each of the classes,and the objects are placed in primary storage.
The processorexecutesthe instructions within the objects.

1.7.4 Framew orks and Inheritance

If we ¯nd ourselvesdesigninglots of markets and restaurants, we might develop a set
of classesand a basicarchitecture that can be used,with minor variations, over and
over again. Such a collection is called a framework.

Frameworks often depend on inheritance to do their job. Inheritance lets us add
minor customizationsto a class.For example,our designof a basicCASHIER might
need some customization to ¯t perfectly into the Italian restaurant, say, perhaps
the cashier must speak Italian. We customize the CASHIER classby writing the
new method, speakItalian , and inventing new name,say, ITALIAN CASHIER, for
the customizedclassthat possessesall the methods of the CASHIER plus the new
method. The situation we have in mind is drawn like this in class-diagramstyle:

speakItalian
Italian Cashier Cashier

receiveMoney

The ITALIAN CASHIER inherits (or \extends") the CASHIER class, becauseit
has all the methods of the original plus the additional customizations. The large
arrowheadin the diagram denotesthis inheritance.

The attractiv e feature of inheritance is that the customizationsare not inserted
into the original classbut are attached as extensions. Thus, several peoplecan use
the oneand only original classbut extend it in distinct ways. (For example,the basic
CASHIER classmight be extendedinto an Italian restaurant cashierand extended
also into a bank cashier. For that matter, a restaurant might be built to have one
CASHIER object (who doesnot speak Italian) and one ITALIAN CASHIER object
(who does)).
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We employ inheritance in Chapter 4 to generategraphicswindows.
Another standard way of explaining inheritance is in terms of the \is-a" relation-

ship, e.g., \An Italian-restaurant cashier is a cashierwho can speak Italian." Such
examplesof inheritance abound in zoology, and here is one informal example:

² A mammal is an animal that is warm-blooded.

² A feline is a mammal that is cat-like.

² A tiger is a feline that hasstripes.

² A lion is a feline that hasa mane.

² A gira®eis a mammal that hasan extremely long neck.

If we must write a simulation of a jungle, it makessenseto designone basic animal
class,designa mammalclassthat inherits it, designa feline classthat inherits it, etc.
This gives us a coherent and economicaldesignof the jungle animals. Also, if we
wish to add birds, zebras,and other new animals later, we can easily integrate the
new classesinto the design.


