Introduction

C++ Unleashed is a survey of advanced topics in C++. The goal of this book is to pro-
vide a focused examination of each of these topics, covering the essential information
you need to fully exploit the power of the C++ language.

Many of the topics in this book deserve a book in their own right. Because it is not pos-
sible, given the available space, to cover every aspect of some of these subjects, the
chapters in this book explain only what is most necessary for you to gain a working
understanding of the technologies they describe. Often, you will find that the informa-
tion provided here is sufficient for your immediate needs. Even if that is not always the
case, these chapters provide a useful foundation in these advanced issues that will allow
you to quickly gain a more comprehensive understanding of them with further study.

What Is Covered
Part |, “Object-Oriented Programming”

We begin with a comprehensive introduction to object-oriented analysis and design. It is
my view that C++ is best used to implement a well-designed object-oriented model,

rather than to bang out quick-and-dirty code. The significant advantages of object-orient-
ed programming can only be realized once you have done the necessary analysis and put
the time in to design a well-conceived product. Chapter 1 will get you started on the dif-
ficult but rewarding path of object modeling. Along the way, I'll teach you the funda-
mentals of the Unified Modeling Language (UML)—the emerging industry standard.

In Chapter 2, you'll learn how to implement your object model in C++. This mapping,
from design model to code, is essential if you want to use C++ to its fullest potential as
an object-oriented programming language.

Chapter 3 continues this theme, focusing on how C++ supports inheritance and polymor-
phism. This detailed examination of the intricacies of polymorphism will lay the ground-
work for creating high-quality commercial C++ applications.

Part Il, “Implementation Issues”

In Chapter 4, we discuss advanced memory management techniques. We’'ll consider
advanced issues with pointers and references and we’ll discuss auto pointers and smart
pointers. In Chapter 5, we’'ll discuss application frameworks and, within that context,
we'll consider such advanced topics as multi-threading.
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Also in Part Il, we'll offer an in-deth introduction to the Standaifemplae Library.
Chapter 6 bcuses on the STL containdagses and Clpger 7 bllows with a discussion
of STL itertors and algrithms. In Chater 8,we move on to one of the mest aures
of ANSI C++—namespaces—andveonsider h@ namespaces can helpwavoid
name tashes asgu use thid-paty libraries.

In Chapter 9,we focus on untime type identi€ation and the ng@ ANSI-style casting
opestors. Fnally, in Chapter 10,we’ll consider hav you tune pur gplicaion perbr-
mance to optimie for speed or code &z

Part Ill, “Manipulating Data”

Part 11l opens Chater 11—a discussion of eahced telaniques usingeacussion. In
Chapter 12,we discuss sting algorithms,and in Chater 13,we discuss object-@nted
seaching. This discussion isounded out in Chater 14 with a considation of hashing
and pasing tetiniques.

Part IV, “Object Persistence and Encryption”
Chepter 15 considerobject pesistence and demonates hav to write your objects to
disk and hw to mange memoy with pesistent objects. Clpéer 16 etuns to the ppli-
céion framevorks and considerODBC and MFC D@base connections. Qpizr 17
extends this discussion to consider objecs@dence usingetational ddabasesand
Chapter 18 discusses objectiemted déabases. ally, in Chapter 19,we discuss
enciyption induding Diffie, Hellerman,Hoffman,and Caesar ciph&rpubic encryption
and popular engption gproades sub as Petty Good Pivagy; and DES and Clipper

Part V, “Distributed Computing Topics”

Chapter 20 considesr CORB\, and Chater 21 povides an in-dpth introduction to
COM. Hnally, Chagter 22 @amines the ditrences beteen dva and C++ and consider
whether these diérences ar signifcant.

What You Need To Know Already

C++ Unleashedassumesqu hare read & least one god pimer (sut asSamsTeat
Yourself C++ in 21 Dgs) and/or hae been psgramming in C++ ér & least six months.
More expelienced pogrammes will find detail on subjects thienay not hare consid
ered bebre; less gpelienced pogrammes will find a host of n& ideas,nformation,

and best pactices.
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What Software You Need

All of the programs in this book can beeaed and un with MicrosoftVisual C++ or
ary ANSI-compliant 32-bit compileWhile the &kample pograms in the kapters on the
MFC will only compile on aVindows madine (Windows 95 oWindows NT), just
about all the other mgrams in the book will compile on propegting system.

You need no other sofase—just an editgrcompilet and linker. If you use an inggated
development evironment suls asVisual C++,you ae all setWhile we've endegored
to test all the pgrams in this book on aumber of compiles, we do knev tha it all
works in MicrosoftVisual C++,and thus & recommend thtacompiler if you dont
alread/ have another

How To Read This Book

Think of this book as a ges of“white pgers” on adranced topics in C++.del free to
jump apund among thehgpters, dipping into those &as vhich intrigue you.Again,
remember thawe made notéempt to be‘comprehensie” on eab topic; ether, our
goal was to povide detailed intvductions to these adnced topics. E&cof these topics
is the subject of one or nmad/anced books. Ouragl heke is to povide theessential
informaion necessarfor you to either staryour futther stug or to obtain a quicand
useful averview.

One god way to read this book is as Humpty Dumptyvésid:begin a the bginning,
proceed to the en@nd then stopAs an altendive, you might vant to ead theifst
three tgpters and then plcand dioose among those topichish ae of most integst
to you.

In ary caseenjoy and please let us kwohow we did You can ead me Jesse Libey,
on the Intenet 4 jliberty@libertyassociates.com . Ther is suppdrfor the book &
the Sam&Veb site (http://samsplishing.com) as wll as & my own Web site
(http:/mww.libertyassociates.com )—click the books andessouces link.
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C++ was ceaed as a lidge betveen\object-orented pogramming and Cthe world’s
most popular pigramming languge for commecial software developmentThe gal
was to povide object-oiented design to aét,commecial software development
platform.

C wasdeveloped as a mile gound betveen high-lgel business pplications languges
sut asCOBOL and the pedal-to-the-methigh-perbrmance but difficult-to-use
Assemlter languge. C was to endrce “structured” programming in which problems
were “decomposedinto smaller units ofepedable actvities calledprocedues

The pogramswe’re wiiting at the end of the 1990s&afar moe comple than those
written & the bginning of the decadd’ograms ceded in pocedual languges tend to
be dificult to mange, had to maintainand impossile to ectend Graphical user inter
facesthe Intenet,digital telephory, and a host of e technolagies hae damadically
increased the comptiy of our piojects athe \ery same time thiaconsumer xpecta
tions for the quality of the user int@ideare 1ising.

In the face of thisncreasing complety, developes took a long haklook & the stée of
the industy. What they found was dishedening at best. Softwre was lde, broken,
defective, bug ridden,unreliable, and expensve. Piojects putinely ran over budget and
were delvered lae to maket. The cost of maintaining andiitdding onthese pojects vas
prohibitive, and a temendous amount of moneas being \asted

Object-orented softvare development dfers a p¢h out of the byss. Object-dented po-
gramming languges luild a stong link betveen the da stuctures and the methods tha
manipulde tha daa. More impotant,in object-orented pogramming you no longr
think aout daa stuctures and maniputang functions; pu think insteagbout objects.
Things.

The world is populaded ty things:cars, dogs, trees,clouds,flowers. Things. Eahb thing
has hamacterstics (fast,friendly, brown, puffy, pretty). Most things hae behsior (move,
bark, grow, rain, wilt). We dont think eout a dg’'s dda and hav we might manipulee
it—we think dout a dg as a thing in the ovld, what it is like andwhat it does.

Building Models

If we ae tomanae compleity, we nmust ceae a model of the unérse The gal of the
model is to ceade a meaningfullastraction of the eal world. Sud an dstraction should
be simpler than theeal world but should also accaely reflect the eal world so tha we
can use the model toqdtict the behdor of things in the &al world.
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A child’s globe is alassic modelThe model isrt’the thing itself; ve would never con
fuse a bild’s globe with the E#n, but one mas the other @il enough thawe can lear

about the Eah by stud/ing the globe > 8
>3

There ak, of coursg significant simplifcations. My daughtes globe neer has ain, gg E)'
floods,globe-quaks and sodtth, but | can use her globe toqatict hav long it will take G;’ z 2
me to fy from my home to Indianaolis should | ger need to come in andp@ain g ?.n
(w)

myself to the Sams senior mayement vhen thg ask me ey my marusciipt was lde
(“You seel was doing ged, but then | @t lost in a metahor and it took me hosito gt
out”).

A model thais not simpler than the thing being modeled is notimuse There is a
StevenWright joke aout just sub a thing:“l have a m@ on which one int equals one
inch. | live & E5”

Object-orented softvare design is laout huilding good models. It consists of basignii-
cant piecesamodeling languge and a prcess.

Software Design: The Modeling
Language

The modeling languge is the least impdant aspect of objectiented anajsis and
design; undrtunaely, it tends to gt the most teention.A modeling languge is nothing
more than a corention br hav we’'ll draw our model on paer. We can easjl decide
that we’'ll draw our dasses asiingles,and thawe’ll draw the inheitance elaionship
as a dotted lindf so, we might model agranium as shen in Fgure 1.1.

Ficure 1.1.
Genealization/ Flower
specializaion.

A

Geranium
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In the fgure, you see thiaa Geanium is a special kind of RAer. If you and | gree to
draw our inheitance (g@nealizaion/specializéion) disgrams like this,we’ll undeistand
ead other peréctly. Over time we'll probably want to model lots of complerelaion-
ships,and so w’ll develop our evn complicéed set ofdiagramming comentions and
rules.

Of coursg we'll need to &plain our comentions to eeryone else with Wwom we work,
and eah nev emplo/ee or colldorator will have to lean our corention.We mg inter-
act with other companies thiaave their avn corventions,and we’ll need to allav time
to negotiate a common corention and to compentgafor the in@itable
misundestandings.

It would be moe comvenient if @eryone in the indusyragreed on a common modeling
languaye. (For tha mater, it would be cowmenient if @eryone in the wrld agreed on a
spolen languge, but one thing a time) Thelingua francaof software dezelopment is
UML—T he Uniied Modeling Languge. The job of the UML is to anger questions
like, “How do we drew an inheitance eldionship?"The geranium dewing shavn in
Figure 1.1 would be dawn as shan in Fgure 1.2 in UML.

FIGURE 1.2.
UML drawing of
specializéion.

Flower

Geranium

In UML, classes a diawn as ectanglesand inheitance is dawn as a line with an
arowhead Interestingy, the arowhead points fsm the moe specialied dass to the
more geneanl dass.The diection of the aow is countetintuitive for most blks, but it
doesnt mater nmuch; once ve all gree the system wrks just fhe.

The details of the UML arrather staightforward. The diggrams ae not had to use or
undestand and Il explain them as & o along in this bapter and thoughout the book,
rather than tying to teab the UML out of conte. Although it is possile to wite a
whole book on the UMLthe tuth is tha 90 pecent of the timgyou use ont a small
subset of the UML notin, and th& subset is easil leamed

Software Design: The Process

The procesf object-orentedanal/sis and design iaf moe compl& and fir moe
important than the modeling langye So of couse it is wha you hear &r less bout.



Object-OientedAnalysis and Desigr

CHAPTER 1

11

Tha is because the Hae @out modeling langwges is petty much settled; as an indus
try, we've decided to use the UMIhe ddae &out pocess ages on.

A methodolgist is someone Wwo develops or studies one or neomethodsTypically,
methodolgists deelop and pulish their avn methodsA methodis a modeling lan
guage and a mcessThree of the leading methoddgjists and their methodseaGrady
Boodh, who developed the Bodtmethod Ivar Jacobsonwho developed object-aented
software engneeing, and AmesRumbaughwho dereloped Object Modeling
Tedhnology (OMT). These thee men hee joined tgether to ceae Objector, a method
and a commeial product fom Rational Software, Inc. All three men a& emplyed a
Rational Software, where the are afectiondely knowvn as theThree Amigos.

This chapterloosel follows Objectory. | won't follow it rigidly because | dohbelieve
in slavish adheence to academic thger-I’'m much moie inteested in shipping pduct
than in adheng to a methodOther methods wva something to éér, and | tend to be
edectic, picking up bits and pieces as ¢ glong and stitting them tgether into a \ork-
able framevork.

The pocess of softare design isterative. Tha means thiaas we develop softvare, we
go through the enti piocess epededly as we stive for enhanced undstanding of the
requirmentsThe design dicts the implementian, but the details una@red duing
implement#ion feed bak into the design. Most imptamt,we do not ty to develop ary
sizeble project in a singleordetly, straight line; ether, we iteiete over pieces of the pr
ject, constanty improving our design ancefining ourimplementéon.

Iterative development can be distinguishearin waterfall development. Inwaterfall
developmentthe output fom one stge becomes the input to thexheand thee is no
going bak (see kgure 1.3). In a wterfall development pocessthe equirements a
detailed and the tents sign of (“Y es,this is wha | want”); the equiements a then
passed on to the designset in stoneThe designer edes the design (and eowder to
behold it is) and passes iff & the pogrammer viho implements the desighhe po-
grammerin tum, hands the code to a QA gen who tests the code and therterases it
to the customeiGrea in theory, disaster in pactice

FIGURE 1.3. N
The vaterfall Analysis
method

Design

Implementation

NoISAQ
ANV SISAIYNY
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In iterative design.the visionay comes up with a conpeand then w begin to work on
fleshing out theaquirementsAs we examine the detailghe vision mg grow and
evolve. When vwe hare a god star on the equirmentswe bein the designknowing
full well tha the questions thalise duing design mg cause moditations bak in the
requirrmentsAs we work on designwe beagin prototyping and then implementing the
product.The issues thaiise in deelopment €ed bak into designand mg even influ-
ence our undstanding of theequirements. Most impoant, we design and implement
only pieces of the full mduct,iterating over the design and implemetitan phases
repededly.

Although the stps of the pocess & repeded itegtively, it is nealy impossilte to
descibe them in sug a gclical mannerTherefore, | will desciibe them in sequence:
vision, anayssis, design,implementéion, testing rollout. Dont misundestand me—in
reality, we un thiough eah of these stgs man times duing the couse of the deelop-
ment of a single @duct.The itestive design prcess is just hdrto pesent and under
stand if wve g/cle through eah step; so Il descibe them one after the other

Here ae the stpsof the itegtive design pucess:
Conceptualizaion

Analysis

Design

Implementéion

SARET I A

Testing
6. Rollout

Conceptualizdion is the"vision thing” It is the single sentence thdescibes the ged
idea.Analysis is the pocess of undstanding theequirements. Design is thegwess of
creaing the model of gur dassesfrom which you will genegte your code
Implementéion is wiiting it in C++; testing is making sertha you did it ight, and oll-
out is getting it to your customes. Piece of cak All the rest is details.

CONTROVERSIES

There are endless controversies about what happens in each stage of the itera-
tive design process, and even about what you name those stages. Here’s a
secret: it doesn’t matter. The essential steps are the same in just about every
process: Find out what you need to build, design a solution, and implement
that design.
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Although the newsgroups and object-technology mailing lists thrive on splitting

hairs, the essentials of object-oriented analysis and design are fairly straightfor- > Q
ward. In this chapter, I'll lay out a practical approach to the process as the o =
. . . . . [

bedrock on which you can build the architecture of your application. In the rest B30
of the book, we’ll focus on the details of implementing your design in C++. @ ; 2
=z

The goal of all this work is to produce code that meets the stated requirements 5 m
w)

and that is reliable, extensible, and maintainable. Most important, the goal is to
produce high-quality code on time and on budget.

The Vision

All gred software stats with a vision. One indidual has an insight into aqutuct he or
she thinks wuld be god to liild. Raely do committees ede compelling visionsThe
vely first phase of object-mnted anajsis and design is to paure this vision in a single
sentence (ortanost,a shot paiagraph). The vision becomes the guidingrmipal of
developmentand the team tha@omes tgether to implement the vision ought &far
bad to it—and updte it if necessgr—as it gpes brward.

Even if the vision st@ment comes out of a committee in the kating dgpatment,one
person should be desigreal as thévisionary.” It is his or her job to be theskper of the
saced light.As you progress,the iequirements will @olve. Scheduling and time-to-mar
ket demands nyamodify what you ty to accomplish in therkt iteration of the pogram,
but the visionay must keegp an ge on the essential ide@, ensue tha whatever is po-
duced eflects the caz vision with high idelity. It is this uthless dedid#on, this pas
siondge commitmenttha sees the pject though to completion. If gu lose sight of the
vision, your pioduct isdoomed

Requirements Analysis

The concptualizdgion phasein which the vision is drculated, is very brief. It may be
no longer than alash of insight éllowed Ly the time it taks to wite dovn what the
visionay has in mind Often,as the object-éented &pett, you join the poject after the
vision is alead atticulated

Some companies confuse the visioriesteent with theequirementsA strong vision is
necessas; but it is not suficient. To move on to analsis,you nmust undestand hav the
product will be usedand hev it must perbrm. The gal of the anaisis phase is to tic-
ulate and cpture theseequirmentsThe outcome of th&nalysis phase is the pduc
tion of a equirements documenthe first section in theaquirements document is the
use caseanaysis.



14

Object-Oiented Pogramming

PART |

Use Cases

The diving force inanaysis, design,and implementgon is the use cases.use casés

nothing moe than a high-leel desciption of hav the poduct will be usedUse cases

drive not ony the anajsis, they drive the desigrthey help you find the tassesand thg
are especiajl important in testing the pduct.

Creding a obust and comm@hensie set of use cases ynbe the single most impi@nt
task in analsis. It is hee tha you dgpend most healy on your domain gpetts; the
domain epeits hare the most irdrmation eout the isiness equirements pu ae trying
to capture.

Use cases pdittle attention to user inteaice and thg pay no dtention to the interals
of the system gu ae huilding. Any system or peson who interacts with the system is
called anactor.

To summaize, here ae some défhitions:

e Use caseA desciption of hav the softvare will be used

* Domain experts: Peoplewith expettise in thedomain(area) of lusinessdr which
you ae ceding the poduct.

» Actor: Any personor system thiainteracts with the systemoy ae developing

A use case is a degation of the inteaction betveen an actor and the system itsEtfr
pumposes of use-case aysik, the system is éded as dblack box.” An actor“sends a
messge” to the systemand something lppens:information is retumed the stée of the
systemis changed, the spaceshiphangs diection,whatever.

Identify the Actors

It is impottant tonote tha not all actos ae people Systems thanteract with the system
you ae huilding ae also acta. Thus,if we were kuilding an automizd teller makine
the customer and the banler& can both be acter—as can the mtyage-tradking sys
tem.The essentiall@mmacterstics of actos ae as bllows:

e They are extemal to the system
e They interact with the system

Getting statied is often the hdest patr of use-case anais. Oftenthe best \ay to et
going is with a‘brainstoming” session. Simplwrite dovn the list of people and sys
tems thawill interact with your nev system. Remember thahen we discuspeople
we really meanroles—the bank terk, the manger, the customerand sdforth. One per
son can hee moe than oneaie.
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For theATM example just mentionedve can gpect sub a list to intude the bllowing
roles:

e The customer

e The bank pesonnel

« A badk-office system

e The peson who fills the ATM with money and supplies
There is no need togbeyond the olious list 4 first. Genegting even thee or bur
actos mg be enough toet you stated on g@negting use cases. Haof these acter

interacts with the system in dérent ways. We’ll want to cature these intexctions in
our usecases.

Determine the First Use Cases

Let’s stat with the customerale. We might bainstom the bllowing usecasesdr a
customer

e Customer bheds his or her balances

e Customer dgosits mong to his or her account

e Customer withdaws mong from his or her account
e Customer tnsers mong between accounts

e Customer opens an account

» Customer Ibses an account

Should ve distinguish beteen“Customer dposits mong in his or her bedking
account’and“Customer dposits mong in his or her sangs account,or should ve
combine these actions (agwlid in the peceding list) intd'Customer dposits mong to
his or her account?l'he anwver to this question lies intlvether this distinction is mean
ingful in the domain.

To detemine whether these actionseaone use case ordawou nust ask viaether the
medtanismsare different (does the customer do something siggauittly different with
these dposits) and \wether theoutcomesre different (does the systereply in a difer
ent way). The ansver to both question®f the dgosit issue iSno”: The customer
deposits mong to either account in essentiathe same way, and the outcome is @ity
much the same; thATM responds Y incrementing the balance in thppopriate
account.

Given tha the actor and the system bedand espond ma or less identical] regard-
less of vihhether the deosit is made to theheding or the seings accountthese tw use

NoISAQ
ANV SISAIYNY
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16

Object-Oiented Pogramming

PART |

cases a actual a single use caskater, when we flesh out use-case sceioa;we can
try the two variations to see Wether thg male ary difference aall.

As you think dout eab actor you mg discover adlitional use casesytasking these
guestions:
¢ Why is the actor using this system?

The customer is using the system b gashto male a deosit,or to chedk an
account balance

¢ Wha outcome does the actoant fom eab request?
Add cash to an account oegcash to maka puchase
¢ Wha hgopened to cause the actor to use this system? no
He or she marecenty have been paid or mabe on the ay to male a puchase
e Wha must the actor do to use the system?
Put anATM cad into the slot in the maine
AhalWe need aise casedr the customer lgging in to the system.
« What information must the actor mvide to the system?
Enter a Rersonal ID rumber
AhalWe need use casex fobtaining and editing thedfsonal ID rumber
« What information does the actor hope tetgrom the system?
Balancesand so on.
You can often carirfd additional use casesylfocusing on thettributes of the objects in
the domainThe customer has a naneePIN and an accountumber; do v hae use

cases to mamge these objects®n account has an accountimber a balanceand a
transaction histyr, have we catured these elements in the use cases?

Once ve've explored the customer use cases in detiad, next st in fleshing out the
list of use cases is towkdop the use casegrfeat of the other actsr The fllowing list
shavs a easonhble first set of useasesdr theATM example:

e Customer heds his or her balances

e Customer dposits mong to his or her account

e Customer withdawvs mong from his or her account

e Customer @nsers mong between accounts

« Customer opens an account

e Customer Ibses an account

e Customer Igs into his or her account
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Customer beds recent tansactions

Bank derk logs into special magament account

o

¢ Bank derk makesan adjustment to a custonsdccount :5 2
. g Oz 9

* A badk-office system updas a uses account based omtemal actvity B30
Q» D

e Changes in a uses account a reflected in a bdcoffice system = > 0
=

« TheATM signals it is out of cash to dispense °g

The bank telenicianfills the ATM with cash and supplies

Create the Domain Model

Once yu hae a frstcut & your use casegpu can bgin to flesh out pur requiements
document with a detailed domain modeghe domain modeis a document thagptures
all you knaw about the domain (thedid of business gu ae working in). As pat of your
domain modelyou cieae domain objects thaescibe all the objects mentioned iloyr
use cases. Saif theATM example intudes these objectsustomerbank pesonnel,
bad-office systemschedking accountsavings accountand so érth.

For eat of these domain objectse want to cature sut essential da as the name of
the object (6r example customeraccountand so on)whether or not the object is an
actor the object piincipal atributes and behéor, and so érth. Mary modeling tools
suppot cgoturing this information in “class”desciptions. Hgure 1.4 shws hawv this
information is cgtured with Rational Rose

FIGURE 1.4. “ 2%
. General | Detail | Operations | Attibutes | Relations | Nes 4 | ¥
Raional Rose [E==1] ' | |
Hame: Customer Parent: Logical
ey
Type: Class <
Stereotype: [Aotor -

Export control
& Puyblic la " Implementation

Documentation:

The customer iz any patron of the bank who has oneor |
more accaunts. The customer uses the ATM 1o deposit

money, ansher between accounts, check. his balance and

to get cash,

£
oK Ear\:e\| Apply |gmwse-| Help |

It is impottant to ealize tha wha we ae desdbing hee ae not design objectshut
rather objects in the domaifhis is document@n of hav the world works, not docu
mentdion of hav our system will vark.
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We can digram the elaionship among the objects in the domain of A1 example
usingthe UML—uwith exactly the same dgramming cowmentions ve’ll use laer to
descibe the elaionships amonglasses in the domaiithis is one of thergd strengths
of the UML: We can use the same tootseely stagge of the poject.

For example we can cpture the &ct tha chedking accounts and geigs accounts ar
both specializtions of the mag geneal concgt of a bank accountybusing the UML
cornventions br dasses andenealization relaionships,as shan in Hgure 1.5.

FIGURE 1.5.

Specializgion. Domain object

) . Bank Account
Generalization

Checking Account Savings Account

In the digram in Fgure 1.5,the bxes epresent the arious domain object@nd the line
with an arowhead indictes gnealizaion. The UML speciies tha this line is dawn
from thespecializdclass to the mar geneal “base” class.Thus,both Cheking
Account and SangsAccount point up to Bankccount,indicaing tha ead is a spe
cialized form of BankAccount.

NoTE

Again, it is important to note that what we are showing at this time are rela-
tionships among objects in the domain. Later, you may decide to have a
CheckingAccount  object in your design, as well as a BankAccount object, and
you may implement this relationship using inheritance, but these are design-
time decisions. At analysis time, all we are doing is documenting our under-
standing of these objects in the domain.

The UML is a rch modeling languge, and thee ae ary number of elaionships yu
can cature. The pincipal relaionships cptured in anajlsis, however, are genealization
(or specializéion), containmentand assocteon.
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Generalization

Genealization isoften equged with“inheritance” but thee is a shgr and meaningful

distinction betveen the tw. Genealization descibes the eldionship; inheitance is the
programming implementéon of genealizaion—it is hav we manigest genealizaion in
code

Genealization implies thathe deived objectis asubtype of the base objethus,a
cheking accounis abank accountThe elaionship is symmettal: Bank accoungen
eralizesthe common belvéor and dtributes of bedking and sdings accounts.

During domain angisis,we seek to qature theseeldionshipsas thg exist in the eal
world.

Containment

Often,one objecis composed of mansubobjects. & example a car is composed of a
steeing wheel,tires,doors, radio,and so érth. A chedking account is composed of a
balancea transaction histgt a customer IDand so onWe sg tha the dieding
accounthasthese items; containment models kzs arelaionship.The UML illustrates
the containmentelaionship ty drawing a line with a diamond dim the containing
object to the contained objeats shavn in Fgure 1.6.

FIGURE 1.6.

Containment.
Checking Account

<«—— Aggregation

Balance

The diagram in Hgure 1.6 sugests thathe Cheking Account“has a’BalanceYou can
combine these digams to she a fairly complex setof relationships (seeigure 1.7).

The digram in Fgure 1.7 stges tha a Che&ing Account and a SéngsAccount ae
both BankAccounts,and tha all BankAccounts hae both aBalance and @ransaction
History.

NoISAQ
ANV SISAIYNY
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FIGURE 1.7.
Object elation- ) )
ships. Checking Account Savings Account
Y
Bank Account

Balance Transaction History

Association

The thid relaionshipcommony captured in the domain angis is a simple assotian.
An assocition sugyests thatwo objects knav of one another and ththe objects inter
act in some ay. This demition will become nuch moe piecise in the design gf@ but
for anaysis,we ae sugesting ony tha ObjectA and Object B intexct, but the neither
contains the other and neither is a specititineof the otheiWe shev this associdon in
the UML with a simple s#ight line betveen the objectss shavn in Fgure 1.8.

Ficure 1.8.

Associdion. )
Object A Object B

Association

The diaram in RHgure 1.8 indictes tha ObjectA associes in some ay with Object B
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Establish Scenarios

Now tha we have a preliminaly set of use cases and the tools witkicl to diaggram the > o
relaionship among the objects in the domaiw, ae read/ to formalize the use cases £ m
and dve them moe depth. E% a

O n
Ead use case can beoBen into a sées of scenans. A scenaio is a desdption of a <z
specifc set of cicumstances thalistinguish among theavious contingnt elements of & @

the use casdor example the use cas&ustomer withdaws mong from his or her
account’might have the bllowing scenabs:

« Customer equests a $300 withalwal from dheding, puts the cash in the cash slot,
and the system jmts a eceipt.

» Customer equests a $300 withawal from dheding, but his or her balance is
$200. Customer is infmed tha there is not enouglash in the lseking account
to accomplish the withdwal.

e Customer equests a $300 withalwal from cheding, but he or she has alad/
withdrawn $100 todg and the limit is $300 per glaCustomer is irdrmed of the
problem, and he or shehooses to withdw only $200.

» Customer equests a $300 withalwal from dheding, but thee is no pper in the
receipt oll. Customer is indrmed of the psblem, and he or shehmoses to jr
ceed without aeceipt.

And so brth. Eat scenap explores a waiiation on the aiginal use caseOften,these
valiations ae exception conditions (not enough mona accountnot enough monein
madine, and so on). Sometimethie \arations eplore ruances of decisions in the use
case itself (¢r example did the customer ant to tanser mong before makingthe
withdrawal).

Not every possile scendo must be gplored We ae looking br those scenins thd
tease outequirements of the system or details of the mtépnwith the actor

Establish Guidelines
As pat of your methodolgy, you will want to ceae guidelinesdr documenting edc
scenaio. You cature these guidelines irour requitements documentypically, you'll
want to ensue thd ead scenap includes the dllowing:

e Preconditions—wa must be tue for the scenam to beagin

« Triggers—what causes the scemato begin

* Wha actions the actsrtale

* What results or banges ae causedythe system
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Wha feedbak the actos receve
Whether thez ae repeding actvities, and what causes them toondude

A desciption of the Igical flow of the scenéo

* Wha causes the scenmaito end

« Postconditions—Wa must be tue when the scenar is complete

In addition, you will want to name edicuse caseand eah scenap. Thus,you might

have the bllowing situdion:

Use Case:
Scenaiio:
Preconditions:
Trigger:
Desciiption:

PostConditions:

Customer withdaws cash

Successful cash witharal from dedking
Customer is arad/ logged in to system
Customer equestswithdrawal”

Customer hooses to withdw cash fom a tieking
accountThere is suficient cash in the accourthere is
sufficient cash andeceipt paer in theATM, and the
network is up andunning TheATM asks the customer
to indicée the amount of the withdwal, and the cus
tomer asksdr $300,a legal amount to withdw & this
time. The madine dispenses $300 andris a eceipt,
and the customer tak the moneand the eceipt.

Customer account is Hited $300and customer has
$300 cash.

This use case can be showith the incedidy simple digram gven inFigure 1.9.

FiGure 1.9.

Use casaliagram.

Customer

Actor

/ Use Case

Withdraw Cash

AN

Association

Thetre is little information catured hee except a high-leel ebstraction of an inteaction
between an actor (the customer) and the systdmns. diggram becomes slightimore
useful when you shav the inteaction among use cases. Yy gmly slightly more useful
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because therae only two intelactions possie: «uses» and«extends» . The«uses»
steleotype indictes tha one use case is a suparof anotherFor example it isn’t possi

ble towithdraw cashwithout firstlogging on We can shw this relaionship with the Zg S

diagram shevn in Fgure 1.10. o2 g

53¢ 0O

D n I

FiGure 1.10. <z

=

The«uses» stereo O m
type Withdraw Cash

Customer

Figure 1.10 indictes thatheWithdraw Cash use caseses”the Lag In use casand
thus fully implements Lg In as parof Withdraw Cash.

The«extends» use case &s intended to indita conditional elaionships and some
thing akin to inhatance but thee is so mich confusion in the object-modeling coram
nity about the distinction bet@en«uses» and«extends» tha mary developes hare
simply set asideextends» , feeling thaits meaning is not sfiiently well undestood
Personaly, | use«uses» when | would otherwise copand paste the engiruse case in
place and | useextends» when | onl usethe use case under ta&n defnable
conditions.

Interaction Diagrams

Although thediagram of the use case itself ynhe of limited alug there ae diagrams
you can assode with the use case thean damdically improve the document®n and
undestanding of the intactions. Br example we knawv tha theWithdraw Cash sce
natio represents the intactions among theoflowing domain objectscustomerched-
ing accountand the user inteate We can document this intestion with an inteaction
diagram,as shan in FHgure 1.11.

The inteaction digram in Fgure 1.11 cptures details of the scenartha may not be
evident by reading the tet. The objects thiaare intelacting ae domainobjects,and the
entirr ATM/UI is treaed as a single objeatjith only the specit bank account called
out in ary detail.
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Ficure 1.11. User-Interface Checking
Customer (ATM) Account

UML interaction

diagram.
1: Request Withdrawal

'
'
'

» '

>

'

'

2: Show options

<
<
3: Indicate amount and account :

»

>
+ 4: Check Balances, status, etc.

' >
>

5: Return Authorization

-
<«

6: Debit $300

7: Dispense cash

A

8: Request receipt

Y

9: Print Receipt

A

This rather simpleATM example shws onl a fanciful set of inteactions,but nailing
down the specits of these intactions can be a perful tool in undestanding both the
problem domain and theequirements of gur nev system.

Create Packages

Because gu generte maly use casef ary problem of signifcant complaity, the
UML allows you to goup your use cases in peages.

A padageis like a diectory or a blder—it is a collection of modeling objectdgsses,
actoss, and so érth). To mange the compleity of use casesjou can ceae pakages
aggregated by whaever chaacteistics male sensedr your poblem. Thus,you can
aggregate your use casesylaccount type (eerything afecting diedking or saings), by
credit or déit, by customer typgeor by whaever dhamacteistics male sense togu. Mo
important,a single use case cappear in a amber of diferent pakages,allowing you
gred flexibility of design.

Application Analysis

In addition to creaing use caseshe equirments document will géure your cus
tomers assumptiongonstaints,and equirements bout hadware and opeting
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systemsApplicaion requitements & your particular customers prerequisites—those
things thayou would nomally detemine dummg design and implemerian but tha

your dient has decidedof you. > 8
m

> O

The gplicaion requitements a often diven by the need to inteafce with &isting gg E)'
(legagy) systems. In this casendestanding wat the eisting systems do and Wahey G;’ z 2
work is an essentialomponent of gur anaysis. z FZ.H
(w)

Ideally, you'll analyze the poblem, design the solutiorand then decide lich plaform
and opegting system besité your designTha scenao is as ideal as it isare. More
often, the dient has a standingvestment in a pécular opeating system or haware
platform. The dient’s husiness plan geends on gur software munning on the xésting
systemand you nust cgture theseequirements edy and design accdingly.

Systems Analysis

Some softvare iswritten to stand alonenteracting ony with the end use©Often,how-
ever, you will be called on to inteice to anydsting systemSystems angsisis the
process of collecting all the details of the systems whichvyou will interact. Will y our
new system be a segr, providing sevices to the xisting systemor will it be a dient?
Will you be &le to ngotiate an interice betveen the systemsy must you adat to an
existing standai?Will the other system be i@, or must you contirually hit a mwing
target?

These andealaed questions ost be ansered in the angkis phasgbefore you beajin to
design wur nev system. In adition, you will want to ty to cgture the constints and
limitations implicit in inteacting with the other systemalill they slov down the
responsieness of gur system®Vill they put high demands oroyr new systemcon
suming esouces and computing time?

Planning Documents

Once yu undestand vha your system mst do and hwe it must behwe, it is time to

take a frst std a creding a time and bdget document. Ofterthe timeline is dictid,
top-dowvn, by the dient: “You have 18 months toej this doné Ideally, you'll examine
the requirrments and estintethe time it will tak to design and implement the solution.
Tha is the ideal; the pctical eality is tha most systems come with an imposed time
limit and cost limit,and the eal tick is to figure out hav much of the equired function
ality you can lild in the allotted time—andt &he allotted cost.

Here ae a couple guidelines t@® in mind when you ae ceding a poject hudget and
timeline:
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* If you ae gvena rangg, the outer nomber is pobably optimistic

 Liberty’s Lawv staes tha everything tales lon@r than pu expect—een if you tale
into account Libey’s Law.

Given theseealities,it is impeitive thd you piioritize your work. You will not fnish—it
is tha simple It is impotant th&, when you un out of timewha you have works and is
adequée for a irst releaself you ae huilding a bidge and un out of timeif you didnt
get a hance to put in the bjcle pah, that is too bad; bt you can still open the lage
and starcollecting tolls. If ypu mun out of time andgu're onl half way acioss theiver,
that is not as god

An essential thing to ko about planning documents is thithey are wrong This ealy
in the pocessit is virtually impossithe to ofer a eliable estimae of the duation of the
project. Once gu hare the equirmentsyou can @t a @od handle on he long the
design will tale, a fair estimae of hav long the implementan will take, and a eason
able guesstimi of the testing timérhen you must allawv yourself & least 20 to 25 per
cent“wiggle room; which you can tighten asog move forward and leam moe.

The inclusion of “‘wiggle room” in your planning document is not an excuse to
avoid planning documents. It is merely a warning not to rely on them too much
early on. As the project goes forward, you’ll strengthen your understanding of
how the system works, and your estimates will become increasingly precise.

Visualizations

The fnal pieceof the equilements document is the visuatipa. The visualizéion is
just a Bingy name 6r the digrams,pictures,screen shotsprototypesand ay other visu
al representions ceaed to help pu think though and design theaphical user inter
face of yur poduct.

For mary large piojects,you ma develop a full pototype to help gu (and pur cus
tomes) undestand hav the system will behe. On some teamshe pototype becomes
the living requirements document; thfeeal” system is designed to implement the func
tionality demonstitedin the pototype

Artifacts

At the end ofead phase of angsis and designjou will creae a seies of documents or
“artifacts” Table 1.1 shavs some of the &facts of the angkis phaseThese documents
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are used P the customer to maksue thd you undestand vinat the customer needsy
end uses to dve feedbak and guidance to thegject,and ly the ppject team to design

and implement the cod&lary of these documents alscopide maerial crucial both to > S

. . m
your document#on team and to Qualitssuance to tell them o the systenoughtto QE 9
behae. a2
TaBLE 1.1. ARTIFACTS CREATED DURING THE ANALYSIS STAGE OF PROJECT DEVELOPMENT © @

Artifact Desciiption

Use caseeaport A document detailing the use casse=snaios, steeotypes,
preconditionspostconditionsand visualiziions

Domain analsis Document and dgrams desébing the elaionships
among the domain objects

Analysis colldoration digrams  Collaboration diagrams desdbing intemactions among
objects in the mhlem domain

Analysis actvity diagrams Activity diagrams desdbing intelactions among objects in
the poblem domain

Systems angbis Report anddiagrams desdbing low-level and hadware
systems on Wwich the poject will be luilt

Applicaion anaysis document  Report and digrams desdbing the customes’ require-
ments spedit to this paticular pioject

Opertional constaints eport Report descibing perbrmance bamacteistics and con
straints imposed Ythis dient

Cost and planning document Report with Gantt and Ert chatts indicding projected
scheduling milestonesand costs

Design

Analysis focusen undestanding the mblem domainwhereas designdtuses on er
ating the solutionDesignis the pocess of @nsbrming our undestanding of the
requirements into a modelhich can be implemented in sofive. The esult of this
process is the pduction of a design document.

The design document isvitiled into two sectionsClass Design andrchitectual
MechanismsThe Class Design sectioim, tum, is divided into stéc design (vhich
details the &rious dasses and theielaionships and ltaracteistics) and gnamic design
(which details hav the dasses intexct).
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TheArchitectual Medhanisms section of the design documenvioles details laout
how you will implement object psistenceconcurengy, a distibuted object systenand
so forth. The est of this bgpter focuses on thelass design aspect of the design docu
ment; other bgpters in the est of this bookxplain hav to implement grious
architectue medanisms.

What Are the Classes?

As a C++ pogrammey you are used to @aing dasses. Brmal design methododyy
requires you to sparte the C++ tass fom the designlass,though thg will be inti-
maely relaed The C++ tass yu wiite in code is the implemeritan of the ¢ass yu
designedThese a& isomophic: eat dass in yur design will carespond to alass in
your codebut dont confuse onedr the otherlt is cetainly possilke to implement gur
design tasses in another langye and thesyntaxof the dass dehitions might be
changd

Tha said most of the time w talk dout these lasses without distinguishing them,
because the dirences a highly abstract.When you sy tha in your model pur cat
class will have ameow() method undestand thathis means thayou will put ameow()
method into pur C++ dass as wll.

You capture the mode$ dasses in UML digrams and gu cature the C++ lasses in
code vhich can be compiledrhe distinction is meaningfuley subtle

In ary casethe bigyest stumbng block for mary novices is inding the initial set of
classes and undganding viha males a vell-designed lass. One simplistic tboique
suggests witing out the use-case sceioarand then @aing a dass br every noun.
Consider thdollowing use-case scenar

Customer chooses to withdiwv cashfrom cheding. Ther is suficient cash in the
account, sufficient cash andeceiptsin the ATM, and thenetwork is up and un-
ning. TheATM asks the customer to indiesanamount for thewithdr awal, and
the customer askeff $300,a legal amount to withdaw at this time The machine
dispenses $300 andipts a eceipt,and the customer tak themoney and the
receipt.

You might pull outof this scenao the bllowing dasses:
e Customer
e Cash
* Cheking
e Account
« Receipts
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ATM
Network
Amount
Withdrawal
Machine
Money
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might thereggregate the synoyms to cede this list,and then erae dassesdr
ead of these nouns:

Customer

Cash (mong amountwithdrawal)
Cheding

Account

Receipts

ATM (madine)

Network

This is not a baevay to stat as &r as it @es.You might then g on to digram the obi-
ous elaionships among some of thedasses as sk in Fgure 1.12.

FiGure 1.12.
Preliminal
vy Account Network
classes.
A
1
1
1
1
Checking Account Customer ATM
- Dispenses
Dispenses
Cash Receipt
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Transformations

Wha you beyanto do in the peceding section &s not so mch to etract the nouns
from the scen#@r as to bgin transbrming objects fom the domain angsis into objects
in the designTha is a fne first stg. Often,mary of the objects in the domain will ba
surrogatesin the designAn object is called a stogate to distinguish beteen the actual
physical receipt dispensedytanATM and the object inqur design thiais meely an
intellectual ®dstraction implemented in code

You will likely find tha mostof the domain objects ki@ an isomahic representéion in
the design—thiais, there is a one-to-one caspondence beten the domain object and
the design object. Other timdswever, a single domain object iggresented in the
design ly an entie seres of design object&nd & times,a seres of domain objects ga
be epresented Y a single desigobject.

In Figure 1.11 note tha we hare alead/ cgptured the &ct thad CheckingAccount  is a
specializéion of Account . We didnt set out toihd the gnealizaion relaionship,but
this one vas self-gident,so we catured it. Similaty, we knev, from the domain angl
sis,tha theATMdispenses botbash andReceipts , SO We catured tha information
immediaely in the design.

The elaionship betveencustomer andCheckingAccount  is less oliious.We knav that
there is sub a eldionship,but the details @& notobvious,so we hold of.

Other Transformations

Once yu hae transbrmed the domain objectgou can bgin to look for other useful
design-time object® good stating place is with integces. Edt interface betwen yur
new system and anexisting (legacy) systems should be eq=salaed in an intedce
class. If you will interact with a dtebase of ay type this is also a god candidge for an
interface tass.

These intedice tasses der encasuldion of the interdce potocol and thus shieldoyr
code fom changes in the other system. Intacke tasses allev you to dhang your ovn
design,or to accommoda changes in the design of other systemdhout bieaking the
rest of the codéAs long as the tev systems contire to suppdrthe @reed-on interdice
they can mee indgendenty of one another

Data Manipulation

Similarly, you will crede dassesdr daa manipuléion. If you have to tansbrm dada
from one érma into anotherdrmat (for example from Fahrenheit to Celsiugyr from
English to Metic), you mg want to encpsulde these manipul@ns behind a da
manipuldion dass.You can use this thoique wen messging dda into equired
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formats for other systems oof transmission eer the Intemet—in shot, any time you
must manipulge dda into a speciéd format, you will encgsulde theprotocol behind a

data manipuléion dass. > 8
: o2 g
Views 2350
O n

Every “view” or “report” your system gnegtes (orif you geneete maly reports, every = > 0
set of eports) is a candida for a dass.The wles behind theegport—both hav the infor- o @

mation is gethered and hw it is to be displged—can be mductively encgsulded
inside a vigv class.

Devices

If your systeminteracts with or maniputas deices (sub as pinters, modemsscannes,
and so 6rth), the specits of the deice piotocol ought to be enpaulded in a tass.
Again, by creaing dassesdr the interace to the dece, you can plug in ng devices
with new protocols and not leak ay of the est of your code; just @ae a nev interface
class thasuppots the same inteste (or a déved interbice),and of you g.

Static Model

Once yu hae estdlished your peliminaly set of ¢tassesit is time to bgin modeling
their relaionships and intactions. IBr puiposes of larity, this chapter irst explains the
staic model and thenxplains the gihamic model. In the actual desigropessyou will
move freely between the stic and g/namic modelfilling in details of both—andn
fact,adding nev classes and gitching them in asqu .

The stéic model bcuses on tiee aeas of concer. responsibilitiesattributes,and ela
tionships.The most impdant of these—and the onewyfocus on if st—is the set of

responsibilitiesdr ead dass.The most impdant guiding pincipal is this:Each dass
should be esponsike for one thing

Tha is not tosay tha ead dass has oglone methodFar from it; mary classes will
have dozns of methods. But all these methodsstrbe coh@nt and cohege; thd is,
they must all elae to one another and cabtite to the tasss aility to accomplish a
single aea of esponsibility

In a well-designed systengad object is an instance of alirdefined and vell-under
stood tass thais responsike for one aea of concer. Classes typicalldeleate extrane
ous esponsibilities to otherelated dasses. By @ding dasses thiahave only a single
area of concar, you piomote the @dion of highly maintaindle code

To get a handle on thesponsibilities of gur dassesyou my find it beneicial to begin
your design wrk with the use of CRC cds.
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CRC Cards

CRC standg$or ClassResponsibilityand Colldoration. A CRC cad is nothing mos
than a 4x6 indeca. This simple low-tech device allovs you to work with other pee
ple in undestanding the pmary responsibilities of gur initial set of tassesYou assem
ble a stak of blank 4x6 ind& cads and meet aund a corgrence tale for a seles of
CRC cad sessions.

How to Conduct a CRC Session

Ead CRC sessioshould be #iended ideally, by a goup of thee to six people; an
more becomes unwiejdYou should hee afacilitator, whose job it is to & the ses
sion on tadk and to help the ptcipants cature wha they lean. There should beta
leastone senior softare achitect,ideally someone with sigridant expeilience in object-
oriented anajlsis and design. In ddion, you will want to indude d least one or to
“domain &peits” who undestand the systenequirements and to can povide expett
advice in hav things ought to wrk.

The most essential ingdient in a CRC session is the conspicudiseace of marnyers.
This is a cedive, free-wheeling session thanust be unencumbed Ly the need to
impress ones bossThe goal hee is to &plore, to take lisks,to tease out theesponsibi
ities of the tasses and to unddand hav they might inteact with one another

You bajin the CRCsession ® assemling your goup aound a cordrence tale, with a
small stak of 4x6 inde cads.At the top of eas CRC cad you will write the name of a
single dass. Daw a line davn the center of the adiand wite Responsibilitie®n the

left andCollaborationson the ight.

Begin by filling out cads for the most impdant dasses gu've identifed. For eat cad,
write a one-sentence or dvwsentence defition on the bak. You ma also cature wha
other dass this tass specialies if thd is olvious a the time ypu're working with the
CRC cad. Just wiite Supeclass: belov the dass name andlifin the name of the lass
this dass dewves flom.

Focus on Responsibilities

The point of theCRC session is to identify thresponsibilitieof ead dass. Ry little
attention to the tiributes,cgpturing only the most essential andvobus dtributes as gu
go. The impotant work is to identify the @sponsibilities. Ifin fulfilling a responsibility
the dass nust delgate work to another lass,you cgture thd information undercollab-
orations

As you piogress.kegp an g/e on your list of esponsibilities. If yu run out of bom on
your 4x6 cad, it may make sense to ander vhether pu're asking thislass to do too
much. Rememberadh dass should beesponsike for one gnerl area of work, and the
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various esponsibilities listed should be cohesand cohent—tha is, they should vork
together to accomplish theverall responsibility of the lass.

o

At this point,you donotwant to bcus on elaionships,nor do yu want to wrry about g%
the dass interace or viich methods will be pulr and which will be piivate. The focus Eg a
is only on undestanding vha ead dassdoes G;’ z 2
: . g5
Anthropomorphic and Use-Case Driven °g

The ley feaure of CRC cads is to mak them antlopomophic—tha is, you atribute
human-lile qualities to edctdass. Hee's haw it works: After you have a peliminaly set
of classesretum to your CRC scenéaws. Divide the cads apund the thle arbitarily,
and valk through the scenar together For example let’s retum to the 6llowing sce
naio:

Customer hoosego withdraw cash fom ceding. There is suficient cash in the
accountsufiicient cash andeceipts in théTM, and the netark is up and un-
ning. TheATM asks the customer to indiesan amountdr the withdewal, and
the customer askeff $300,a legal amount to withdaw at this time The madine
dispenses $300 andipis a eceipt,and the customer tak the moneand the
receipt.

Assume ve have five paticipants in our CRC sessioAmy, the facilitator and object-
oriented designer; Bay, the lead ppgrammer; Chdre, the dient; Doris, the domain
expett; and Eda programmer

Amy holds up a CRC cdirepresentingCheckingAccount — and s&s “l tell the customer
how much mong is available. He asks me toige him $300. | send a megsato the dis
penser telling him toige out $300 cashBary holds up his carand sgs “I'm the dis-
penser; | spit out $300 and sehithy a messge telling her to deement her balanceyb
$300.Who do | tell thathe mabine nav has $300 less? Do el trad of tha?”
Chatie says, "l think we need an object teekp tradk of cash in the médmine” Ed sgs,
“No, the dispenser should kwchow much cash it has; th'a pat of being a dispensér
Amy disggrees:“No, someone has to catinae the dispensing of cashhe dispenser
needs to knw if there is cashailable and if the customer has enough in the account,
and it has to count out the mgnand knev when to @ose the dawer. It should delgate
responsibility br keeping tradk of cash on hand; some kind of intael accountWhoever
knows aout cash on hand can also notify thekbaifice when it is time to beefilled.
Otherwiseg that’s asking the dispenser to do toach”

The discussion contires. By holding up cds and inteacting with one anothgthe
requirements and opptunities to delgate ae teased out; eadass comes alg, and its
responsibilities a darified. When the goup becomes lgged davn in design questions,
the facilitator can malk a decision and help theogp mwe on.
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Limitations of CRC Cards
Although CRC cats carbe a paverful tool for getting stared with designthey have
inherent limitaions. The irst pooblem is tha they dont scale vell. In a \ery comple

project,you can be werwhelmed with CRC cais; just leeping tradk of them all can be
difficult.

CRC cads also dort’capture the interelaionship among lassesAlthough it is tue tha
collaborations ae notegthe naure of the collaoration is not modeled ®ll. Looking d
the CRC catls,you cant tell whether tasses ggregate one anothewho cieaes whom,
and so érth. CRC cadls also dort’cgpture dtributes,so it is dificult to go from CRC
caids to codeMost impotant, CRC cads ae stdic; although ypu can act out the inter
actions among thdassesthe CRC cais themseles do not gature this inbrmétion.

In shot, CRC cads ae a @od stat, but you need to mee the tasses into the UML if
you ae to huild a mhust and complete model obyr designAlthough the tansitioninto
the UML is not teribly difficult, it is a one-vay street. Once gu move your dasses into
UML diagrams,there is no tuning bad; you set aside the CRC darand dort’come
bad to them. It is simpl too difiicult to keg the two models synleronized with one
another

Transforming CRC Cards to UML

Eah CRC cad can be translaed diectly into a dass modeled with the UML.
Responsibilities & translded into ¢éass methodsand whatever dtributes yu hae ca-
tured ae adled as wll. The dass dehition from the bak of the cad is put into the
class documentmn. Fgure 1.13 shws the eldionship betveen thecheckingAccount
CRC cad and the UML tass ceded fomtha caid.
Class Ched&ingAccount
SuperClass:Account
Responsibilities
Trad curent balance
Accept deposits and ansers in
Write cheds
Transgr cash out
Keep curent dg’s ATM withdrawal balance
Collaborations:
Other accounts
Bad-office systems
Cash dispenser
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Ficure 1.13. <<Abstract>>
CRCecard. Account

NoISAQ
ANV SISAIYNY
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Checking Account

Balance : int
DaysATMWithdrawal : int

GetBalance() : int

Deposit(int amount)() : void
TransferIn(int amount)() :bool
TransferOut() : int
WriteChecks(int amount)() : bool

Class Relationships

After the dassesare in the UML,you can bgin to tum your dtention to the elation-
ships among theavious dassesThe pincipal relaionships yu’'ll model ae these:

e Genealizaion
e Associdion
e Aggregation
e Composition

The Genalizaion relaionship is implemented in C++ thugh pullic inheiitance From
a design pespectve, however, we focus less on the miegnism and meron the seman
tics: Wha implies.

We examined the Genalizaion reldionship in the angbis phasgbut nav we tumn our
attention not just to the objects in the domduut, also to the objects in our design. Our
efforts nav are to“factor out’common functionality inelaed dasses into baselasses
tha can encpsulae the shard esponsibilities.

When you “factor out’common functionalityyou move thd functionality out of the spe
cialized dasses and up into the neogenenl dass.Thus,if | notice thd both ny ched-
ing and ny savings account need methods fransering mone in and out)’ Il move
theTransferFunds()  method up into the account basass.The moe you factor out of
the deived dassesthe moe polymorphic your design will be.

One of the cpabilities available in C++,which is not &ailable in Jva, is multiple inher
itance (although ava has a similaif limited, capability with its multiple interfaces.
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Multiple inheiitance allavs a tass to inhdat from moe than one baséass,bringing in
the membes and methods of wvor moe dasses.

Expeience has shen tha you should use aitiple inheitance judicioust because it can
complicae both yur design and the implemetitan. Mary problems initially solved

with multiple inheitance ae todg solved using ggregation. Tha said multiple inhei-
tance is a pwerful tool,and your design marequire thd a single tass specialiezs the
behaior of two or moe other classes.

Multiple Inheritance Versus Containment

Is an object the suf its pats? Does it mak sense to modelar object as a special
ization of Steeringwheel , Door, andTire , as shan in Hgure 1.147?

FIGure 1.14.

False inheitance ) )
Steering Wheel Door Tire

Car

It is impottant to comébadk to the fundamental®ulic inhertance should alays
model gnerlization. The common gression ér this is thainheitance should model
is-a reldionships. If ypu want to model théas-a elaionship (br example a carhas-a
steeing wheel),you do so with ggregation, asshavn in FHgure 1.15.

The digram in Fgure 1.15 indic&es tha a car has a stérg wheel,four wheels,and
2-5 doos. This is a moe accuate model of theealaionship betveen a car and its fgar
Notice tha the diamond in the dimam is notifled in; this is so becauseenae model
ing this eldionship as anggregation, not as a composition. Compositionplies con
trol for the lifetime of the objec®lthough the cahastires and a doopthe tires and door
can «ist bebre the are pat of the car and can contia to ist after thg are no longer
pat of the car

Figure 1.16 modelsomposition.This model sgs thd the bog is not ony an aygrega-
tion of a headtwo ams,and two legs, but tha these objects (headms, legs) ae
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creaed when the boyl is creded and disapear vihen the bog disgppeas. That is, they
have no indpendent eistence; the badis composed of these things and thiéatimes

- : o
are intetwined >x
Zm
02 3
w w
FIGURE 1.15. 2o g
Aggregation. <> O
Car % —
m
o
1 4
2.5
Steering Wheel Door Tire
Ficure 1.16.
Composition.
Body
1 2
2
Head Arms Legs

Discriminators and Powertypes

How might you design thelassesequired to eflect the \arious model lines of a typical
car manifactuer? Suppose thgou've been hied to design a systerarfAcme Motos,
which curently marufactues fve cas: the Pluto (a sl, compact car with a small
engne), theVerus (a burdoor sedan with a mitle-siz2d engne), the Mas (a spar
coupe with the compa&is biggest enine, engneeed for maxinum perbrmance)the
Jupiter (a minvan with the same et as the spts coupe bt designed to shiftta
lower RPM and to use its per to mee its geder weight),and the Eah (a stéion
wagon with a small enge kut high RPM).
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You might starby creding subtypes otar tha reflect the arious modelsand then @
ate instances of eaanodel as theroll off the assenlly line, as shan in Fgure 1.17.

FiGure 1.17.
) Car
Modeling sub
types.
A
Earth Jupiter Mars Venus Pluto

How are these modeldifferentided?As we sav, they are differentiaed ty the engne
size, body type and perbrmance barmcteistics. These arious disciminating chaacter
istics can be mied and miched to ceae various modelsWe can model this in the
UML with the discriminator steeotype as shan in Fgure 1.18.

FIGURE 1.18.
. Car
Modeling the
discriminator. engine * A + performance
body
High Power Sedan Coupe Family Car
Low Power Sports Car

The digram in kgure 1.18indicaes tha classes can be deed from car based on mix
ing and mé&ching three disciminating atributes.The siz of the enipe dictdes hav
powerful the car isand the pedrmance bafacteistics indicée hav spoty the car is.

Thus,you can hee a peverful and spdy staion wagon, a lov-power family sedanand
so forth.

Ead atribute can be implemented with a simpleieeetor. Thus,the bog type might
beimplemented with theollowing staement in code:

enum BodyType = { sedan, coupe, minivan, stationwagon };
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It may tum out,however, tha a simple alue is insuicient to model a pécular discim-
inator. For example the perbrmance baracteistic may be iether compl&. In this casg

the disciminator can be modeled as &gs,and the disémination can be engesulaed :g S
in an instance of thaype QE 5
. s . 28" NO]

Thus,the car might model the perfmance baracterstics in aperformancetype which T ; 2
contains inbrmation about where the enme shifts and he fast it can tur. The UML g ?.n
w)

stereotype br a dass thaencasulaes adisciiminator, and tha can be used to ede
instanceof a dass €ar) tha are logically of different types (@r example SportsCar

versusLuxuryCar ) IS «powertype» . In thiscasethe Performance class is gowertype
for car When you instantiée car, you also instanti@ aPerformance object,and you
associte a gvenPerformance Object with a gvencar, as shan in Hgure 1.19.

Ficure 1.19. car
A disciminator as engine * * performance:PerformanceCharacteristics
<<powertype>>
a powertype body Performance Characteristics
shift Point
max RPM
| High Power | Sedan | Coupe Family Car accelerate

T

| Family:PerformanceCharacteristics |
Low Power Sports Car

| Sport:PerformanceCharacteristics |

Powertypes let ypu creae a \aiiety of logical types without using inh#&ance You can
thus mange a lage and compbe set of types without the combiogal explosion you
might encounter with inh&ance

Typically, youimplementhe pavertype in C++ with pointes. In this casehecar class
holds a pointer to an instancerafformanceCharacteristics class (see igure 1.20).

I'll leave it as an xercise to the ambitiousader to corert the bog and engme discim-
inators into pavertypes.

Class Car : public Vehicle
{
public:
Car();
~Car();
/I other public methods elided
private:
PerformanceCharacteristics * pPerformance;

3

As a fnal note powertypes allev you to cede nev types(not just instances)t auntime
Because edrlogical type is diferentiged onl by the dtributes of the assodid
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powertype these #Hributes can be pametes to the pwertype’s constuctor This means
tha you cansat runtime crede nev typesof carss on-thefy. Tha is, by passing diferent
engne sizs and shift points to the \pertype, you can diectively crede nev perfor-
mance barmcteistics. By assigning thosénamacteistics to \arious cas, you can dec
tively enlage the set of types of aat runtime

Ficure 1.20. Performance Characteristics
The relationship

shift Point
beFmeen acar Car max RPM
object and its
poNertype engine * A accelerate

body
High Power Sedan Coupe

Low Power

Dynamic Model

In addition to modeling the elationships among thdassesit is ciitical to model hav

they interact. For example the CheckingAccount , ATM andReceipt classes mainteract
with the customer in fulfilling the “Withdraw Cash”use casé/Ne retum to the kinds of
sequence dgrams frst used in angsis, but nowv flesh out the details based on the meth
ods ve've developed in the lassesas shavn in FHgure 1.21.

This simple inteaiction diggram shavs the inteaction among aumber of designlasses
over time It suggests thatheATMmclass will delgate to theCheckingAccount  class all
responsibility br manaing the balancewhile thecCheckingAccount  will call on theatm
to mange displa to the user

Interaction digrams comes in tavflavors. The one in kyure 1.20 is called aequence
diagram Another viev on the same infmation is piovided ty the collaboration dia-
gram The sequence djgam emphasis the sequence ofaents wer time; the collao-
ration diagram emphasis the inteactions among thdassesYou can gneete a colld®-
oration disgram directly from a sequence dajeam; tools lile Rdional Rose autona this
task & the pess of a btton (see Fure 1.22).
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FiGure 1.21. Checking )
Sequence Customer ATM Account Receipt o
diagram. : : : : Zg Igr;
+ 1: Check Balances ' . I_?,:E )
_< 1
5 ' ' (2NN E)
. ' . . 003
' ' 2:GetBalance ' Zy 0
' f > . z 5
' ' [ . Om
' ' ' . o
. . 3:Display Balance , .
[l ' —————--—--i '
: 4 : Withdraw cash ' '
' 5 : Dispense ' '
' ' ' 6: Print '
. . . >
1: Check Balances
FIGURE 1_.22. -~
Collaboration usiomer | e,
diagram. —

4 : Withdraw cash )
3: Display Balance

5 : Dispense 2: Get Balance

Receipt 6: Print

State Transition Diagrams

As we come taundestand the interctions among the objectsg hare to undestand the
various possile staesof eat individual objectWe can model thednsitions among the
various stées in a sti diggram (or stée transition digram). Fgure 1.23 shws the \ari-
ous sttes of thecustomerAccount  class as the customeme into the system.
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FiGure 1.23. Solid bullet = start
Customer account /
state. Start State transition

@

/ State
Not Logged In /

Getting Account Info l /Guard

X [Valid Account ID]

1

Getting Password

]

y
Logged In

®

Evely stde diaggram bgins with a singletart  stae and ends withezo or moe end staes.
The indvidual stdes ae namegand the @nsitions mg be ldbeled Theguard indicaes a
condition tha must be stsfied for an object to mee from one st toanother

Bullseye = end

\

Super States

The customer carhang his mind & ary time and decide not todgan. He can do this
after he wipes his cat to identify his account or after he estbis passord. In either
casethe system mst accpt his equest to cancel andtum to the“not logged in stée”
(see kgure 1.24).

As you can sedn a moe complicéed diggram,the Canceled stae quikly becomes a
distraction.This is paticulady annging because canceling is axceptional condition
tha should not beigen pominence in the dgtam.We can simplify this digram by
using asuper stée, asshovn in Hgure 1.25.

The diagram in Fgure 1.24 povides the same infmation in Fgure 1.23 lot is much
cleaner and easier tead From the time pu stat logging in until the systemirializes
your login, you can cancel the peess. If yu do cancelyou retumn to the stte “not
loggedin.”
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FIGURE 1.24. Start
User my cancel.

Not Logged In

CHAPTER 1

NoISAQ

[Getting Account Info

[ Canceled ]

Y

[ Getting Password ]—)[ Canceled ]

Y

Logged In

®

FIGURE 1.25. Start
Super stte.

l Not Logged In |

A

l Canceled l(—

@®

Summary

r

N

\

Cancelable

Getting Account Info

(Getnamcrame)

A

! Getting Password l

y

J

This chapter povided an intoduction to the issuesvialved in object-dented analsis
and designThe essence of thigpproad is to anajze hav your system will be used (use
cases) and hoit must perbrm, and then to design théasses and model thegléion-

ships and intexctions.

ANV SISAIVNY
A3LN3IIFHQO-L93rd0
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In the old dgs, we sletched out a quicidea of vha we wanted to accomplish and
began wiiting code The poblem is tha comple projects ae never finished; and if thg
are finished they are uneliable and bittle. By investing up font in undestanding the
requirrments and modeling the desigig ensue a fnished poduct thais corect (tha
is, it meets the design) and tha robust, reliable, and etensible.

Much of the est of this bookdcuses on the details of Implemeida. Issueselating to
Testing and Rollout arbeyond the scope of this boodxcept to mention thiayou want
to plan your unit testing asgu implementand tha you will use yur requilements doc
ument as theounddion of your test plan por to rollout.
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Now you have read Chater 1,"Object-OtientedAnalysis and Desigh,and leaned hav
to represent pur ideasproblems,and solutions in a &ll-organized and undstandale
manner i using the Unied Modeling Languge (UML). You can nav shav your object
designs to ayone in the indusyt and tha person will undestand &actly wha you mean.

The net st is toimplement pur designs and tarthem into a wrkable solution.That
is the bcus of this hgpter:transbrming the \arious models gu have developed dung
anaysis and design into C++ cad8peciically, this dagpter discusses theatnisbrmation
of the Pllowing UML diagrams into C++ code:

e Class digrams

* Interaction digrams (coll®oration digrams and sequence diams)
e Stae transaction digrams

* Activity diagrams

Translating Class Diagrams
Into C++

Class digramssewe two puiposesto represent the ste stee of dasses and toxeloit
the elationships betwen thoselasses. In the elgrstayes of the softare development
life g/cle, it is impottant to note thiathe dass digram model #empts not onyl to defne
the pultic interface br ead dass lut to defne the associ®ns, aggregations,and
genealizaions defned betveen the indiidual dassesAlthough deining a stong set of
classes is impaant in huilding a founddion of tools to use in therfal goplication, it is
equaly important to undestand hav ead dass inteacts with otherlasses so thgou
can work toward providing a complete solution.

In the bllowing sectionsyou lean how to transbrm the most common elemeraba
class digram into C++ code

Standard Classes

As descibed inChapter 1,classes & represented ¥ three patitioned rectangleswith
the dasss unique name speigtl in the top pdion, attributes in the midle, and opea
tions in the bottom. iGure 2.1 shws a dass digram.

The tansbrmation from the tass digram in Fgure 2.1 to a C++lass is a tlee-st@
process:
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FIGURE 2.1. CheckingAccount
A dchedking

account tass @ Balance: int

diagram. @ DaysA TMWithdrawal: int

QGetBaIance(): int: int
Q Deposit (amount: int): void
QTransferln (amount: int): bool
Q TransferOut(): int

WriteChecks (amount: int): bool

1. Give the tass a name based on the name in thedofangle of thelass digram:
CheckingAccount . Remember to abla constuctor and destictor for the dass.

2. Add the d#tributes (fom the midile rectangle of the dgram) to the lass as pvate
member arables.Although the arables do not necesshr have to be pvate,
making them prate promotes engasuldion. In the case ofifure 2.1,those
attributes becomealance andbDaysATMWithdrawal

3. Transbrm the opegtions (in the bottomactangle of the dgram) to pulic mem
ber functionsThe functions become the gighinterface to the lass. In the case of
Figure 2.1,those opations becomesetBalance() , Deposit() , Transferln()
TransferOut() , andWriteChecks()

Listing 2.1 shavs thecomplete tass defaration for CheckingAccount

LisTING 2.1. A C++ REPRESENTATION OF A UML CLASs

class CheckingAccount

{

public:
/I Construction / Destruction
CheckingAccount ();
~CheckingAccount ();

/I Public operations
int GetBalance ();
void Deposit (int amount);
BOOL Transferln (int amount);
int TransferOut ();
BOOL WriteChecks (int amount);
private:
/I Private attributes
int Balance;
int DaysATMWithdrawal,
h

NI N9IS3Q SSV1D)
ONILNIATTAIN|
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Template Classes

Templde dasseswhich are also eferred to apparameteized dassesare geneic classes
tha cannot be used until there instantited Because the thatypes used in a tempda
class ae not detenined until the kass is instantiad, you can wite a generc Stack

class once; the items pushed on thekstaw popped 6the stak can \ary from one
instantidion of the ¢ass to anotheilhat singlestack class can be usedifa stak of
integers, floats, or ary other pedefned or usedefined types.

Class digrams epresent templa dasses in the sameaywas nomal dasseshut they
have a dottedactangle in the uppeight comer tha specifes the aguments to be used
in theclass (see igure 2.2).

FIGURE 2.2.

Astack templde
class digram.

StackType

Stack

Q Pop(): <StackType>
Push (item: <StackType>): void

The C++ implement&on of a templée dass coresponds to the C++ tempdadass type
You transbrm Hgure 2.2 into a C++lass in the sameay you do a standdrdass—
with the exception of the templi@ dass speci€s:

1. Preface the lass delaration with the leyword template and deine a substitution
type for the ¢ass:<class StackType>

2. For eat instance in Wich you use the ariable type in questiorsubstitute the
variable type with the lass namedilowed ly the substitute type elosed in angle
bradkets: Stack<StackType>

Listing 2.2 shavs the C++ implementi®n of the ¢ass digram shavn in Fgure 2.2.

LisTING 2.2. A C++ TEMPLATE CLASS

template <class StackType>
class Stack
{
public:
/I Construction / Destruction
Stack ();
Stack (const Stack<StackType>& right);
~Stack ();

/I Assignment operator
const Stack<StackType>& operator = (const Stack<StackType>& right);
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/I Comparison operators
int operator==(const Stack<StackType> &right) const;
int operator!=(const Stack<StackType> &right) const;

/I Public Interface
Stack<StackType>& Pop ();
void Push (const Stack<StackType> &right);

Utility Classes

A utility classis aclass thacontains gouped functionality bt no pesistent de&a mem g z
bers (datributes).Although utility dasses a not pat of standad C++,some pogrant @
mers like to ceae them; the UML thesfore offers supparfor them.The pupose of a U<
utility class is to ta& a set of functionality (sticas tigonometic mah functions) and g3
group them tgether in a commonlass.There is no need to eee an instance of this ; &

class because dadunction in the lass is delaredstatic  : You simpy use the functions
contained in thelass ly fully qualifying the desed function nameFor example the
trigonometic class m§ contain thecosine() , Sine() , andTangent() functions thacan
be called nary time by ary class.The dass digram notdon suppots utility dasses
prefacing the ass name witk<utility>> . The dass digram for the

TrigMathFunctions class is shan in FHgure 2.3.

FIGURE 2.3. <<Utility>>
The TrigMathFunctions

TrigMathFunctions
utility class
diagram.

@ Cosine (angle: float): float
Sine (angle: float): float
QTangent (angle: float): float

To represent a utility lass in C++gad opestion must be delared asstatic —there
will only be one instance of daéunction br all objects of thislass. Futhemore, utili-
ty classes h& no constictor or destrctor because theris no dea to initializz or pe-
sewre. Listing 2.3 shars the C++ implement@n of theTrigMathFunctions  class.

LisTING 2.3. THE CLASS DECLARATION FOR A UTILITY CLASS

class TrigMathFunctions

{
static float Cosine (float angle);
static float Sine (float angle);
static float Tangent (float angle);

3
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Associations

Associgionsrepresenta relaionship betveen tassesAn assocition can be as simple as
a 1:1 elaionship betveen two dasses and as compglas an N:N elaionship betveen
three or moe dassesAn assocition can be @presented ¥ a named or unnamed line
between ¢asses or ypan entie associgon dass.The llowing sections adiess edt

type of associ#on and povide examples thashould qualify thelefinitions.

1:1 Associations
An unnamed 1:1 assotian is a eldaionship betveen tvwo dasses (seeifure 2.4).

FIGURE 2.4.
An unnamedlass
associaion.

Class One Class Two

Although an unnamed assadiim tells us thathele is a elaionship betveen two dass
es,it does not tell us the hae of the elaionship.To defne this elaionship,we can
place anamed lael eove the line (seeiure 2.5).

FIGURE 2.5. Person Reads
A named lass
associaion.

Book

You m@ a 1:1 associmn into C++ code Y defning an instance of eh@ssocited
class inside the othetass and pviding an interce br accessing thanformation.
Listing 2.4 contains>eelpts from the tass delaration for theperson class; Listing 2.5
contains gceipts fom the delaration for the Book class.

LISTING 2.4. THE Person CLASS DECLARATION

#include “Book.h”

class Person

{

public:
Person();
~Person();

/1## Association: Reads

/1## Role: Person::<the_Book>

const Book get_the_Book() const;
void set_the_Book(const Book value);
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private:
Book the_Book;
h

inline const Book Person::get_the_Book() const

{
}

return the_Book;

inline void Person::set_the Book(const Book value)

{
}

the_Book = value;

CHAPTER 2

LISTING 2.5. THE Book CLASS DECLARATION

#include “Person.h”

class Book

{

public:
Book ();
~Book ();

/1## Association: Reads

/1## Role: Book::<the_Person>

const Person get_the_Person() const;
void set_the_Person(const Person value);

private:
Person the_Person;

k

inline const Person Book::get_the_Person() const

{
}

return the_Person;

inline void Book::set_the_Person(const Person value)

{
}

the_Person = value;

As you can segheperson class has ddared an instance of tteok class with the
namethe_Book and povided the member functiongt_the_Book()  and
set_the_Book()  to access the book object. Simijathe Book class delares an instance

of theperson class with the namee_Person

and povides the member functions

51
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get_the_Person() andset_the_Person() to access theerson object. Note thiathe
named assodi@n Reads is used onf in the dass digram and is not dafedin the C++
code other than as a comment.

The other type of 1:&ssocition involves naming theoles of the assodian & ead
end In this way, the C++ tass naming carention can easilidentify the elaionship
between the tw dassesTake an &ample of aRenter t0 anApartment associéion: The
Renter Views theApartment as his or herwelling; theApartment views theRenter as
its tenant. So theamed oles br the assoct@n awe Tenant anddwelling (see ko-

ure 2.6).

FIGURE 2.6. Renter Tenant Dwelling
A named ole
classassocigion.

Apartment

To creae a C++ tass fom a 1:1 namedbte associdgon, the two dasses in question
must both hae a \ariable of the other lasss type In Listing 2.6,theRenter class has a
private member ariable bwelling  Of type Apartment . This variable representsto the
renter the gatment in vhich he or sheVies (thais, his or her @velling). Futhemore,
theRenter class povides a pulic interface to modify itowelling through the tw pub
lic member functionget_Dwelling() andset_Dwelling() . Similally, the Apartment
class has a prate member &iable Tenant of typeRenter and two member functions
tha access thepartment 'SRenter : get_Renter()  andset_Renter() . Listing 2.6 sha/s
the dass defaration for theRenter class. Listing 2.7 shws the tass delaration for the
Apartment  class.

LISTING 2.6. THE Renter CLASS DECLARATION

#include “Apartment.h”

class Renter

{

public:
Renter ();
~Renter ();

II## Association: Unnamed

/1## Role: Renter::Dwelling

const Apartment get_Dwelling() const;
void set_Dwelling(const Apartment value);

private:
Apartment Dwelling;
k
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LISTING 2.7. THE Apartment CLASS DECLARATION

#include “Renter.h”

class Apartment

{

public:
Apartment ();
~Apartment ();

/I## Association: Unnamed

II## Role: Apartment::Tenant

const Renter get_Tenant() const;
void set_Tenant(const Renter value);

private:
Renter Tenant;
h
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N:1 and 1:N Associations

An N:1 or 1:N assoction—also eferred to as a one-to-mgmelationship,existswhen
one object canxast for multiple instances of the another objdmif the other object can
exist only once br the oiginal object. An example of this type of assotian exists
between a tenant and apatment liilding: A tenant can ha only one paitment luild-
ing, but an @atment lilding can house nitiple tenantsThe dass digram notdion for
a one-to-may assocition is to place the name of thele of the associmn above the
associéion line and to list the type of assdiia belav the line Table 2.1 shas the
notaion for associaon multiplicity.

TABLE 2.1. ASSOCIATION MULTIPLICITY

Notation Associgion

1 Only one

0.1 Either 2ro or one
0.* Zero or moe

1.% One or moe

* Zero or moe

M..N Many to mary

Figure 2.7 shwris a ¢assdiagram of the assodi@n between arenant and an
ApartmentBuilding
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FIGURE 2.7. Tenant Houses Lives at
A one-to-man
classassociaion.

ApartmentBuilding

0..* 1

TheTenant to ApartmentBuilding associéion is represented in C++ in the sameynas
a 1:1 assocteon: TheTenant class has a prate dtributeLives_at  tha is of type
ApartmentBuilding . The ApartmentBuilding to Tenant relaionship,however, is moiwe
complicaded Recall th&anApartmentBuilding can housee&o or moe Tenants . TO
facilitate this type of assodian, a collection offenants is maintained inside the
ApartmentBuilding class. (he dass delaration in Listing 2.9 uses a tempéadass of
type UnboundedSetByValue  to hold all its esidents.) Listing 2.8 sk the tass delara-
tion for theTenant class. Listing 2.9 shws the tassdedaration for the

ApartmentBuilding class.

LISTING 2.8. THE Tenant CLASS DECLARATION

/I ApartmentBuilding
#include “AprtmntB.h”

class Tenant

{
public:
Tenant ();
~Tenant ();
II## Association: Unnamed
/[## Role: Tenant::Lives at
const ApartmentBuilding get_Lives_at() const;
void set_Lives_at(const ApartmentBuilding value);
private:
ApartmentBuilding Lives_at;
3

LISTING 2.9. THE ApartmentBuilding CLAss DECLARATION

/I Tenant
#include “Tenant.h”

class ApartmentBuilding

{

public:
ApartmentBuilding();
~ApartmentBuilding();

/[## Association: Unnamed
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II## Role: ApartmentBuilding::Houses
const UnboundedSetByValue<Tenant> get_Houses() const;
void set_Houses(const UnboundedSetByValue<Tenant> value);

private:
UnboundedSetByValue<Tenant> Houses;
h

N:N Associations

An N:N assocition is a elaionship tha exists betveen two dasses Were z2ro or moe
instances of onelass ae associted with 20 or moe instances of anothelass.An
example of this type of assotian is the elaionship betveen a contictor and a compa
ny: A compary can emplg mary contictoss, and a contictor can simltaneous} work
for mary companies (seeidure 2.8).

FIGURE 2.8. Contractor | Employees Works for
A mary-to-mary
classassocidion.

Company

0..* 0..*

The C++ implement&n of this assoct#n is similar to the patment lilding example
in the pevious sectionThe Company maintains a pvate set ofContractor S named
Employees , and theContractor  maintains a set afompanys he vorks for named
Works_for . The fllowing listings mange these collections using the tenipldass
UnboundedSetByValue . Listing 2.10 shas the tass delaration for theContractor

class. Listing 2.11 shws the tass defaration for the Company class.

LisTING 2.10. THE Contractor ~ CLASS DECLARATION

/I Company
#include “Company.h”

class Contractor

{

public:
Contractor ();
~Contractor ();

/I## Association: Unnamed

II## Role: Contractor::Works for

const UnboundedSetByValue<Company> get_Works_for() const;
void set_Works_for(const UnboundedSetByValue<Company> value);

private:
UnboundedSetByValue<Company> Works_for;
h
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LISTING 2.11. THE Company CLASS DECLARATION

/I Contractor
#include “Cntrctor.h”

class Company

{

public:
Company ();
~Company ();

[I## Association: Unnamed

/I## Role: Company::Employees

const UnboundedSetByValue<Contractor> get_ Employees() const;
void set_Employees(const UnboundedSetByValue<Contractor> value);

private:
UnboundedSetByValue<Contractor> Employees;

3

Aggregations

An aggregation implies arelaionship betveen two dasses in \Wwich one tass has a mer
important ole in the elaionship than the otheFhe most commorofm of aggregation
is the elaionship ofcomposition In this elaionship,one dass actuayl contains the
other ¢ass.An example of this elationship waspresented in Chaer 1,“Object-Otiented
Analysis and Desighwhere aBankAccount contained @alance and a

TransactionHistory

Containments represented in alass digram by drawing a line betwen the tw
classes with a solid diamond on the side of tlasth&contains the otherass (see
Figure 2.9).

FIGURE 29 BankAccount
A composition
class digram. / \
Balance TransactionHistory
TheBalance andTransactionHistory classes maintain a&ference to their

BankAccount S, but ale contained within thBankAccount class itself; theankAccount
class cedes pivate instances of thBalance andTransactionHistory classes.
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Listing 2.12 shws the tass delaration for theBankAccount class.The BankAccount
class has a prate member &iable the_Balance Of typeBalance and a pivate member
valriable the_TransactionHistory of type TransactionHistory . Listing 2.13 shws the
class delaration for theBalance class. Listing 2.14 shes the tass delaration for the
TransactionHistory class.

LISTING 2.12. THE BankAccount CLASS DECLARATION

/I TransactionHistory

#include “TrnsctnH.h”
/I Balance

#include “Balance.h”

o _
> <
class BankAccount 2 EI
{ ok
public: o Z
BankAccount (); sz %
~BankAccount (); =@
/1## Association: Unnamed
/1## Role: BankAccount::<the_Balance>
const Balance get_the_Balance() const;
void set_the_Balance(const Balance value);
II## Association: Unnamed
/l## Role: BankAccount::<the_TransactionHistory>
const TransactionHistory get_the_TransactionHistory() const;
void set_the_TransactionHistory(const TransactionHistory value);
private:
Balance the_Balance;
TransactionHistory the_TransactionHistory;
h

LisTING 2.13. THE Balance CLASS DECLARATION

/I BankAccount
#include “Bnkccunt.h”

class Balance

{

public:
Balance ();
~Balance ();

contirues
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LisTING 2.13. CONTINUED

II## Association: Unnamed

/I## Role: Balance::<the_BankAccount>

const BankAccount get_the_BankAccount() const;
void set_the_BankAccount(const BankAccount value);

private:
BankAccount the_BankAccount;

3

LISTING 2.14. THE TransactionHistory CLAss DECLARATION

/I BankAccount
#include “Bnkccunt.h”

class TransactionHistory

{
public:
TransactionHistory ();
~TransactionHistory ();
[I## Association: Unnamed
/I## Role: TransactionHistory::<the_BankAccount>
const BankAccount get_the_BankAccount() const;
void set_the_BankAccount(const BankAccount value);
private:
BankAccount the_BankAccount;
h
Generalization

Genealization is used to epresent a gneanl-to-speciic relaionship betveen tvwo dass
es. In C++ tans, this relaionship is efered to asnheritance For example a dhedking
account and a sangs account & both moe speciic types of bank accounts.
Genealization is represented in alass digram by drawing an arow from the speci€
class to the gnenl dass (see igure 2.10).
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In C++, genealization is represented Y sufixing the dass delaration of the specit
class with a colondllowed ly the name of theamerl dass. In Listing 2.15the
Checking class is inhdted from theAccount class in the stementclass Checking :

public Account . TheSavings class is inhdted from theAccount class in the stament
class Savings : public Account . Because thaccount class has no knadedge of
either thechecking or Savings class,its dass delaration has been omittedlisting 2.15
shows the tass delaration for thechecking class. Listing 2.16 shes the tass delara-
tion for thesavings class.

FIGURE 2.10.
o Account

A genealization @) =
class digram. 53
@
/ \ o
m m
w Zz
® d
Checking Savings z %

z

LISTING 2.15. THE Checking CLASS DECLARATION

/I Account
#include “Account.h”

class Checking : public Account

{
k

LISTING 2.16. THE Savings CLASS DECLARATION

/I Account
#include “Account.h”

class Savings : public Account

{
h
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Class digrams also suppbthe concpt of multiple genealization—in C++ tems, mul-
tiple inheiitance Multiple inhertanceis represented in alass digram ty drawing
arrows from the specializd dass to edt of its genemnl dasses. Consider théass
Derived that takes the #ributes of both the baséassBaseA and the basel@ssBaseB
(see kgure 2.11).

FIGure 2.11.

A multiple gener
alization dass

diagram. \ /

Derived

BaseA BaseB

In the dass digram in Fgure 2.11the genealizaion arows ae drewn to both base
classesTo represent mltiple genealization or nultiple inheitance in C++poth base
classes a placed in thelass defaration staement,comma delimitedafter the colon of
the deived dasss dedaration. TheDerived class inheits from bothBaseA andBaseB in
the stéementclass Derived : public BaseA, public BaseB . Listing 2.17 shass the
class delaration headerdr theDerived class. BecausBaseA andBaseB do not hae ary
knowledge of theDerived class,their listings hae been omitted

LISTING 2.17. THE Derived CLASS DECLARATION

/I BaseB
#include “BaseB.h”

/I BaseA
#include “BaseA.h”

class Derived : public BaseA, public BaseB

{
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Translating Interaction Diagrams
iInto C++

There ae two types ofinteraction digrams:collaboration disgrams and sequence dia
grams. Colldoration diagramsdisplay the inteaction betveen objects dm a Iaistical
perspectve—they shav how objects a@ aranged with espect to one anothé&equence
diagrams,on the other handlisplay only the inteaction without cang aoutthe
arangement of the objects.

Both colldoration and sequence djgams hae their benéfs and dawbads. A collabo-
ration diagram allavs you to visualiz the arangement of objects as thénteract,but as
the rumber of inteactions inceasesthe moe comple and unead#le the digram
becomes. Ftinemore, the model does not haally shav you the oder in which inter
actions occyrso inteactions nust be mmbeed

Sequence dgramsrepresent object intaction in a ery organized fashion and note the
relaive oder of inteactions,but they eliminae the undestanding thhaccompanies visu
alization.

Chapter 1 discusses the design of iat#ion digrams based on the aypsis of a system.
After the design is completand the objects in an intation digram hae been associ
ated with dasses défied in dass digrams,the implementdon in C++ is &irly straight
forward. There ae four pimary goals of acollaboration disgram:

¢ |ldentify system user inteates

* Refine eab classs pullic interface

e Detemine which objects will inteact with one another

< Undesstand the sequence ofemts th&occus gven cetain stirruli
First, you nmust incoporate into the systera’user intedce all allovable user intesic
tions. Actors represent user intactions.The messges the act@ send to system objects

must be gthered from the user inteaice and disgehed to the system objects; astalo
not typically interact dilectly with the systenobjects.

Secondyou nmust male eab messge genested by an inteaction digram object cae-
spond to theasultant objec$ pubic interface If objectA requests seice X from object
B, object B nust hae a sevice X opeetion pubicly available to objectA.

Third, you nust allav objects thainteract with one another to accessteather If
object C sends a meggato object Dobject D nust be visite to object CThis is paf
ticulady important when consideng the system implemertian.

++)
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Finally, you nmust male eat messge sequence tharives & an object and is dispizned
by tha object epresent aneent tha occus within tha object. If object Eeceves mes
sage | and dispihes messge J then the sefice in object E thiareceves messge |
must disp&ch messge J bebre it teminaes.

Implementing Collaboration Diagrams and
Sequence Diagrams in C++

Collaboration diagramsand sequence djeams ae intechangéle. As a mdter of refer-
ence modeling tools sutas R&onal Rose suppbthe diect cowersion fom one to the
other Recall fom Chater 1 the gample of a hedking accounATM withdrawal trans
action.The paticulars of the design of both the cdilaration disgram and sequence dia
gram hae alead/ been discussetiut they are displged in kgures 2.12 and 2.13,
respectiely.

FIGURE 2.12.

The collaboration

diagram br an 1. Check Balance
ATM withdrawal
transaction.

3. Display Balance
2. Get Balance
4. Withdrawal Cash

5. Dispense

| Receipt: Receipt I I Checking Account: Checking Account |

6. Print

Before we stat implementing asses dr these digrams,let’'s defne the objects msent
in the digrams.The objects in these djeamsare listed hee:

e ATM

* CheckingAccount

* Receipt

* Userlnterface
Theuserinterface  Object is @ing to kepresent theverson ’s actions because tRerson
never directly interacts with ag of the other objects.

First, let's adiress the system user inté The Person in Figures 2.12 and 2.13 has
three inteactions with system objects:



Implementing Class Design in C+t+

63
CHAPTER 2
FIGURE 2.13.
The sequence
diagram br an . ;
. . Checking Account: Receipt:
ATM withdrawal ATM: ATM Checking Account Receipt

transaction.

Check Balance

Get Balance

Y

Display Balance

<
<

U
;

Withdrawal Cash

Y
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Dispense

A

-1

2
-

Print

e ThepPerson object carncheckBalances from theaTmobject.
e ThePerson object canwithdrawCash from theCheckingAccount — Object.

e Theperson object eceves cash as theneckingAccount  objectDispense S cash to
the Person .

Theuserinterface  Object nust povide theperson object with thecheckBalance and
WithdrawCash options,and nust povide a vay to gve thererson cash dispenseddm
the CheckingAccount . We have all been to aATM, so the user inteate to withdaw
cashis familiar.

Theuserinterface  Object can beegpresented Y a dass delaration similar to the one in
Listing 2.18.This dass will be &panded in thedilowing discussionbut let's adi the
pubic interfacenow.
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LISTING 2.18. THE Userlnterface CLASS DECLARATION

class Userlnterface

{
public:
/I Public Interface
char * CheckBalance ();
BOOL WithdrawCash ();
h

NoTE

All balances in these examples are represented as character strings. This is an
implementation preference and has been done to eliminate integer limitations
and floating-point rounding.

To refine eab dasss publlic interface a coresponding member functionust be aded
to eat dass tharecevves a mesg in the inteaction digram. In this gample the ATM
class eceves thecheckBalance andDisplayBalance — messges,the CheckingAccount
class eceves theGetBalance andwithdrawCash messges,and theReceipt class
receves therrint messge.

Listing 2.19 shass the pubc interface br theATmclass,Listing 2.20 shars the pubc
interface br theCheckingAccount  class,andListing 2.21 shws the pubc interface br
theReceipt class.

LISTING 2.19. THE PuBLIC INTERFACE FOR THE ATMCLASS

class ATM

{

public:
/I Public Interface
char * CheckBalance ();
char * DisplayBalance ();

LISTING 2.20. THE PuUBLIC INTERFACE FOR THE CheckingAccount  CLASS

class CheckingAccount

{

public:
char * GetBalance ();
BOOL WithdrawCash ();
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LISTING 2.21. THE PUBLIC INTERFACE FOR THE Receipt CLASS

class Receipt

{
public:
BOOL Print ();

Now tha the pultic interface has beerxegacted fom the inteaction digrams and
enteed into the lass delarations,the net ste is to implement the visibility of the indi
vidual dasses. In thisxample the Userinterface  class comranicaes diectly with the
ATMand thecheckingAccount  classesThe implementidon & this point is aplication

. o_
dependent; pu hare seeral options: o S
wn
. . . n o=
¢ An instance of both thatmclass and theheckingAccount  class can be instantia oZ
ed within theuserinterface  class. Do this if th@serinterface  class needs 2
direct access to both th@mclass and the€heckingAccount  class. ==
zZ

e Ead dasscan be instanttad in the global system spaead a pointer to eaccan
be passed to theserinterface  class. Do this if thelass instances of therm
class andcheckingAccount  class equire pesistence bgond tha of the
Userinterface  class.

« Looking ahead to thdasses thamust be visille from theaTmclass,the
CheckingAccount  class object can be instartgd within theaTmclass and an inter
face to thecheckingAccount  can be povided

Thete is no carect implementdon decision hes; it dgoends on the other inttion dia
grams and other design corasiits sub as the stage metanism or the
CheckingAccount  (for example the CheckingAccount S mgy be stoed in a dtebase and
only one instance nyabe visile and &ailable inside theaTmobject).

For this kample the CheckingAccount ~ will be an object instantiad within theatm
object,and theaTmobject will be instantiged within theuserinterface  object. Listing
2.22 shwvs theuserinterface  class defaration with theaTmattribute adled as the pr
vate member arable the_ ATM.

LISTING 2.22. THE Userlnterface CLASS DECLARATION WITH THE CONTAINED ATMOBJECT

class Userlnterface

{

public:
/I Public Interface
char * CheckBalance ();
BOOL WithdrawCash ();

contirues
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LISTING 2.22. CONTINUED

private:
/I Private Attributes
ATM the_ATM;

J

Next, the ATMobject inteacts with ony the CheckingAccount  0bject angdas mentioned
in the pevious discussionwill contain an instance of theneckingAccount  object.
Because it contains theheckingAccount  object,it is responsike for comnunicaing
with the CheckingAccount  on behalf of thesserinterface . Listing 2.23 sha's the
updaedATmclass delaration with the containedheckingAccount — object:
the_CheckingAccount . It also has a puis member function
WithdrawCashFromCheckingAccount() that interacts with thecheckingAccount  object
for theuserinterface class.

LISTING 2.23. THE ATMCLASS DECLARATION WITH CONTAINED CheckingAccount

class ATM

{

public:
/I Public Interface
char * CheckBalance ();
char * DisplayBalance ();

/I CheckingAccount interface
BOOL WithdrawCashFromCheckingAccount ();

private:

/I Private Attributes

CheckingAccount the_CheckingAccount;
h

The CheckingAccount  classdoes not contain grclasses of itswn. TheReceipt  class
could be contained within theheckingAccount  class because theis comnanicaion

with it, but it will not be because e#ing aReceipt 0bject within thecheckingAccount
does notdllow logically. This is another implemerttan decision and as made because
aReceipt Object is not spedif to acheckingAccount  object and thexfore does not ar-
rant making it parof theCheckingAccount  object.

TheReceipt class does not a to communicae with ary class in the intexction
diagram, so it has nolasses visile to it.

The inal st is to fnd eat opestion tha receves a mesgge and disp@hes a mesge
and implement the disgh. The easy &y to accomplish this is taflow the arows in
the inteaction digram.



Implementing Class Design in C+t+ 67

CHAPTER 2

The frst messge sentCheckBalance |, is from theuserinterface  object to theaTm
object.The net messge sentGetBalance |, is from theaTMto theCheckingAccount
object.This adls the estiction tha the ATM::CheckBalace() ~ function rrust call the
CheckingAccount::GetBalance() function bebre it teminates.The implementaon of
the ATM::CheckBalance() ~ function is shwn in Listing 2.24.

LISTING 2.24. THE ATMCLASS IMPLEMENTATION OF CheckBalance()

char * ATM::CheckBalance

{

/I Perform other check balance functionality
O_
/I Call the CheckingAccount::GetBalance function N
szBalance = the_CheckingAccount.GetBalance (); & EI
0L
/I Return the balance ®Z
; o=
return szBalance; Z >
} @

The net messge, DisplayBalance , iS from theCheckingAccount  object to theaTm
object.The CheckingAccount  object nust theefore call theaTMm::DisplayBalance()
member function inside itsetBalance() memberfunction. Listing 2.25 shes the
implement#éion of theCheckingAccount::GetBalance() member function.

LISTING 2.25. THE CheckingAccount  CLASS IMPLEMENTATION OF GetBalance()

char * CheckingAccount::GetBalance()

{
/I Look up the Balance from the database
/I Call ATM::DisplayBalance() to fire the next message
/I GetParent() returns a pointer to our parent ATM class
GetParent()->DisplayBalance ();
/I Return the balance to the caller
return szBalance;
}
The Userinterface::WithdrawCash() function is deived in a similar manngand its

implement#ion is displged in Listing 2.26.
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LISTING 2.26. THE UserInterface::WithdrawCash() FuNcCTION
BOOL Userlnterface::WithdrawCash()
{
/I Return the value that ATM::WithdrawCashFromCheckingAccount returns
return the_ ATM.WithdrawCashFromCheckingAccount();
}

Listing 2.27 shars theimplementéion of CheckingAccount::WithdrawCash()

Examindion of the inteaction digrams shws thd this function g@nestes two events:
UserlInterface::Dispense() andReceipt::Print() . Userinterface::Dispense() dis-
penses cashdm theATM macdine to the customgandReceipt::Print() prints a
receipt br the customeihe assumption made in this listing isttBatParent() is a
function tha exists in eah dass and thiait retums a pointer to its pant. Futhemore,
the assumption is made thhere is a functionGetReceipt() , that exists in the
Userinterface  Object tharetuns the systerreceipt object.This functionality is all
developer dpendent and can be implemented iy dasiable (yet functional) vay.

LISTING 2.27. THE CheckingAccount::WithdrawCash() FuncTiON

BOOL CheckingAccount::WithdrawCash()
{

/I Perform cash withdrawal functionality

/I Fire Dispense message to the UserInterface object
GetParent()->GetParent()->Dispense

/I Fire the Print message to the receipt object
GetParent()->GetParent()->GetReceipt()->Print();

/I Return result
if (fSuccess)
return TRUE;
else
return FALSE;

Translating State Transition
Diagrams into C++

Interaction digramsdisplay the inteaction betveen \arying objects bt stde transition
diagrams displg the danges tha occur within a single objecA stae transition digram
shaws all stées deihed inside an object and thansitions thaexist between stees.
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Stae transition digrams should be eeted for all objects thiahave the bllowing chamc
teristics:

« Multiple staes thathe object hanges betveen
» Specifc actions thamust be accomplished beten the stas

If certain events nust hgpen between stees,stae transition digrams gedly aid the
proper implementgon of your designs. In a detransition digram,the Start  stae rep-
resents the lginning of the tansition,usually represented Y the star of a member func
tion tha contains tharansition.The End stae represents the completion of the tetéran
sition and mg or may not corespond to the end of this functidrhe stées intemixed
within the object a represented P applicaion-dependent ariables. For example a traf-
fic light object has thae stées (geen,yellow, and ed) tha can be epresented Y a stae
integer. Although the implementen of the actual &nsition is gplicaion degendent,
once thestart  stae has been inittad the actions thamust be accomplishedeadeary
defined and the implemerttan should be saightforward.

Recall thecustomerAccount  class &ample pesented in Chaer 1. kgure 2.14 shwos
the stée transition digram for thisclass.

FIGURE 2.14.
The
CustomerAccount
stae transition
diagram.

Not Logged In

I Canceled |<_

®

Cancelable

Getting Account Info

Getting Password

NI N9IS3Q SSV1D)
ONILNIATTAIN|
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Wha this diagram transldes to in pogramming tems is thathe object (qrin the case of
C++,theclasg must povide an interéce to allev a user to Ig in. More speciically, the
class nust someha prompt the userdr his or her account iafmaion
(GettingAccountinfo() ), prompt for his or her pasgord (GettingPassword() ), and
change the stte of the object fim NotLoggedin  to Loggedin —all the while allowing the
user to cancel the omtion & ary point Cancelable ). These stgs can be implemented
in one member function or in a set of functions; the implentientés gplicaion and
developer dpendentThis example uses the membfeinctionLogin  to accomplish this
goal.

The CustomerAccount  class maintains a Booleaniyate member &iable m_fLoggedin
that holds the customes’login staus. This variable is heded by all member functions
that perform ary action tharequires the customer to be connectemt @kample
GetBalance()  Or WithdrawCash() ). The CustomerAccount class delaration is shown in
Listing 2.28.

LISTING 2.28. THE CustomerAccount CLASS DECLARATION

class CustomerAccount

{

public:
/I Construction / Destruction
CustomerAccount();
~CustomerAccount();

/I Public Interface
BOOL LoglIn();
BOOL LogOut();
char *GetBalance();

private:
/I Private State Data
BOOL m_fLoggedIn=FALSE;

/I Private Data
char *m_szBalance;

The CustomerAccount  classconstuctor initializes them_fLoggedin  member arable to
false S0 tha no function will tyy to perbrm an online action hile offline. The destc-
tor ches the lgged-in staus and Igs the customer bbefore teminating if necessar
TheLogout() function simpy setsm_fLoggedin to false

TheLogin function perbrms the actions speifl in the stee transition digram: It
first pompts the customeof an accountumber and st@s it inszAccountNumber .
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A real-world implement#on of this object wuld involve moe sophisticeed cancella
tion methodolgies, but to impess on gu the notion thiathis action can be cancelede
account mmber is compa&d toCancel before contiruing. The customer is then @mpt
ed for his or her pasgord. Again, this response is compad tocancel . If the customer
has entexd both an accounumber and a pas®rd, the \alues a& compaed ty another
functionvalidPassword()  that probably does some dabase lookups and compsons.
After all of this,the stée of m_fLoggedin is changed totrue . If any event is canceled
the stée of m_fLoggedin remainsfalse and the tansition does not occuristing 2.29
shavs the implement&n of the CustomerAccount  class.

LISTING 2.29. THE CustomerAccount  CLASS IMPLEMENTATION g =
#include “CustomerAccount.h” =
o
m m
CustomerAccount::CustomerAccount() g Z
{ zZz
m_fLoggedin = FALSE; z©

}

CustomerAccount::~CustomerAccount()

if (m_fLoggedIn)

LogOut();
}
BOOL CustomerAccount::LoglIn()
{

char szAccountNumber[32];
char szPassword[32];

/I Getting Account Info
printf (“Enter Account Number:”);
scanf (“%s”,szAccountNumber);

/I Event is cancelable
if (!strcmp (szAccountNumber, “Cancel”))
return FALSE;

/I Getting Password
printf (“Enter Password:”);
scanf (“%s”, szPassword);

/I Event is cancelable
if (Istrcmp (szPassword, “Cancel”))
return FALSE;

contirues
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LISTING 2.29. CONTINUED

/I Some auxiliary function to validate the password

if ('ValidPassword (szAccountNumber, szPassword))
return FALSE;

else
/I Valid password — Log the customer in
m_fLoggedIn = TRUE;

/I Success
return TRUE;
}

BOOL CustomerAccount::LogOut()
{

}

m_fLoggedIn = FALSE;

char *CustomerAccount::GetBalance()
{
/I Check logged in status
if(!m_fLoggedIn)
return NULL,;

/I Return the balance
return m_szBalance;

Translating Activity Diagrams
Into C++

An actiity diagramis a special type of detransition digram tha represents action
staes and tnsitions theoccur & the completion of opetions.Activity diagrams can be
used to epresent synieronous stie transition digrams in viich all or most of thewents
in the diggram iepresent the completion of intally genested opestions.When asyn
chronous gents occyruse stte transition digrams to desdoe the model.

The implementton of actvity diagrams is ery similar to the implementi®n of stae
transition digrams:Thestart  stae represents the lginning of an opation, and the
End stae represents the colhgsion. Because awgtty diagrams ae syntironous,once the
opegtion stats, all actions ae deatly defined

Consider the aatity diagram in Rgure 2.15.
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FIGURE 2.15. Customer ATM Checking Account
AnATM cash

withdrawal activi-
ty diagram.

I Withdraw Cash I

Y

Process Request p =

7 B %

@

Authorize Transaction Funds Available ng %
w Zz

® d

\ / zz

I 2 ®

Y

Debit Account

g

The diagram in Hgure 2.15 shais thiee objects intercting with eals other:Customer ,
ATM andcCheckingAccount . The digram stats when theCustomer tries to
WithdrawCash . The withdrawCash activity triggers two sinultaneous actities:

AuthorizeTransaction andProcessRequest  (owned ly theATM object).
ProcessRequest  transitions taCheckingAccount 'S FundsAvailable  activity. Both
AuthorizeTransaction andFundsAvailable  transition to thexTmMobject’s

DebitAccount —the DebitAccount — activity cannot occur until both pceding actiities
have completedWhenDbebitAccount  completesit transitions tReceiveCash , and the
actiity diagramteminates.

When ceding or reviewing an actiity diagram,focus yur dtention on the eerall
procedue being implementedlthough the actiity diagram in Fgure 2.15 contains
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information tha could be implemented as object iatetions,the boundar of an actvity
diagram is limited to modeling a pcedue. In this example the pocedue being moe
eled is a cash withdwal transaction; the actual implemetiba of the object opetions
are supetiuous to the implementian of the cash withdwal transaction pycedue.

Listings 2.30,2.31,and 2.32 shw the dass delarations for thecustomer , ATM and
CheckingAccount  classesrespectiely. The heatr of the actvity diagram is implement
ed in the tw functionswithdrawCashTransaction() andProcessRequest() 1IN

Listing 2.33.

The withdrawCashTransaction() function frst calls the opetion
Customer::WithdrawCash() . After this actvity has completedt calls both the
Customer::Authorize Transaction() opewtion and theProcessRequest()  function.
TheProcessRequest()  function calls thexTM::ProcessRequest() opegtion, followed

by the CheckingAccount::FundsAvailable() opegtion. The necessity of placing these
opeition calls in a searate function is substantied ty the dual dpendeng on the
ATM::DebitAccount() opem’tion. ATM::DebitAccount() function cannot stauntil both
Customer::AuthorizeTransaction() and CheckingAccount::FundsAvailable() have
completedAt this point,the last emaining stps ae to callCustomer::ReceiveCash()

and toteminate the function.

LisTING 2.30. THE Customer CLASS DECLARATION

class Customer

{

public:
/I Construction / Destruction
Customer();
~Customer();

// Public Interface

BOOL WithdrawCash();
BOOL AuthorizeTransaction();
void ReceiveCash();

LisTING 2.31. THE ATMCLASS DECLARATION

class ATM

{

public:
/I Construction / Destruction
ATM();
~ATM();
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/I Public Interface
BOOL ProcessRequest();
void DebitAccount();
h
LISTING 2.32. THE CheckingAccount  CLASS DECLARATION
class CheckingAccount
{
public:
/I Construction / Destruction
CheckingAccount();
~CheckingAccount();
/I Public Interface
BOOL FundsAvailable();
}
LISTING 2.33. THE WithdrawCashTransaction() AND ProcessRequest() ~ FUNCTION
IMPLEMENTATIONS
void WithdrawCashTransaction
{
I Active Classes
Customer myCustomer;
ATM myATM;
CheckingAccount myCheckingAccount;
/I * Start State
/I Start First Activity
myCustomer.WithdrawCash();
/I Now that the first transaction is complete, start the next two
if (myCustomer.AuthorizeTransaction() && ProcessRequest())
{
/I Now that both actions have completed, continue processing
myATM.DebitAccount();
myCustomer.ReceiveCash();
}
/I * End State
}
BOOL ProcessRequest ()
{

myATM.ProcessRequest();
return myCheckingAccount.FundsAvailable();

75
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Summary

This chapter has discussed the impleméiota of some of the merpopular UML design
models in C++You leaned moe aout dass digrams,interaction digrams (coll@ora-
tion disgrams and sequence diams),stae transaction digrams,and actiity diagrams.

The Uniied Modeling Languge (UML) provides some pweerful tools to aid softare
engneess in both anaisis and design. In some casib® realizdion of these designs into
C++ code is systentig; in other casest will be applicaion degpendent—ht in ary case
a solid bundaion of the tebniques used terliz these designs is iméve to the suc
cess of the mject. Seeral tools «ist to aid deelopes in the modeling pcessThe
Raional Rose toolywhich was used tlmughout this bapter, can gneste C++ codedr
some of the digrams and canven cowert diagrams fom one érm to anotherAfter
reading this khapter, you should gpeiiment with some of these autoted tools to see
whether thg geneete the C++ codeqgu would expect them to.
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The aility to discover patems and eldionships among things in ourvéronment is not
just something humanseagood d&—it is something w ae impelled to dowe inheited
it from our ancient ancestonho used it to mdict the behaor of otherwise dangous
animals. If thg discovered tha animals with shdrhair, long daws, and big teeth are
known to ed the neighbas, they treaded big cés with deérence

The smater ones wided being €an for long enough toeproduce and naural selee
tion weeded out thoselw weren't ary good d discorering patems.

One of the gncipal relaionships ve discoer & aout thee yeas of ae is theis-arela
tionship.“Look Mommy, that is afruit. That is acar” We do this long befre we hare
the languge to press it; ny three-yearold pointed to aife engne and saidbig red
car’

One of the gea contibutions of object-aented anafsis is to hae found a pactical use
for phenomenolgy. Like Hegel and Kantwe nmust ask'Wha is a car®ha males a
car diferent from a tuck, from a peson,from a pck?”

From one pespectie, a car is the sum of its garsteeing wheel,brakes,seds, head
lights. Fom a second pspectie, equally true a Car is a type dfehide. By sging tha
a Car is a type dfehide, we ae using a shdihand ich in meaning

Because a Cas aVehide, it moves and it cares thingsTha is the essence of being a
Vehide. Cas inherit the darmcteistics movesandcarries thingsfrom their“parent”
type:Vehide. We also knav tha Cais specializ Vehides. They are a speciakind of
Vehide, one tha meets the Igal speciications for automobiles.

We model thiselaionship with gnealizaion, and we implement it in C++ witlinheri-
tance

Benefits of Inheritance

There ae two grea beneits to inheitance Frst,we can specialg existing dasses
(types) and wite only the code thiais changed In this way, we can euse our@sting
classes (as bastasses) and gitalize on the wrk alread/ done We no longr hare to
“copy and pastetode Copying and pasting is paculafdy problemdic becausel@angs
in one section of the codeust be eplicated in another—a daegus and dilure-prone
model. Insteadby using specializéon, we can mak cdhanges in the basdass thaaute
mdically updde all the dewed dasses.

The second sigridant benef of inheitance is thait allows us to tea the deived
objects pofmormhically. Poly meansmary, momph means érm; polymomphismmeans the
ability to take mary forms.
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Perhgs the most commamse of pagymorphism is in windaing goplications. The
Microsoft Founddion Classes ara @od example Virtually all the onsaen“widgets”
derive directly or indirectly from cwindow, which enc@sulaes a common inteate of
functionality for all onsceen objectscwindow offers methods sutasupdatewindow()
BeginPaint() , GetWindowText() , and so 6rth.

Ead of these methods can beegidden in ay of the dasses thiadeiive from cwindow.
These deaved dasses inlcide CButton , CRadioButton , ClListBox , and so érth. When
you callupdatewindow() On CButton , it redraws itself When you call updatewindow()
oncListBox , the list ba also edraws itself The details of Wa CButton andcCListBox
dowhen thg updde themseles ae \ery different,but these details arencasulaed
behind theupdatewindow() interface pesentedy cwindow.

Object-Oriented Linked Lists

To illustrate thepower of poymorphism,let’'s examine an object-@gnted linked list.As
you pobably know, a linked list is a d&a stucture designed to steran indetaninate
number of objectsYou can,of couise just stoe objects in an aay, but arays ae of
fixed siz. If you dont know in adrance hav mary objects pu’ll need arrays ae not a

gred choice If you male the aray too lage, you waste memay; if you male it too % S =

small,you un out of pom.What you want is an aay tha can &pand; dinked list is a Qé T

good stating point. S 9 g

oI =

- - - . m o m
Designing the Linked List & =

A linked list istypically implemented as a stg of nodes Ead node points to one
object (your dda) and alsopotentiall, to the ne&t node in the list. If theris no net
node in the listthe node points tauLL (see kgure 3.1).

FIGURe 3.1.
Linked list. Node Node Node

We want eab node to hee a speci€t and detailed functiorso we will creae thiee spe
cialized typesLinkedList , TailNode , andinternalNode . ThelLinkedList provides the
client with an enty point into the listTheTailNode acts as a semtrand maks the end
of the list. Fnally, thenternaiNode s holds the actual ta

Y

Null
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We'll factor out the common behar of these thee types into a bas@de class,which
suppots two methodsinsert)  andshow() . Insert() ~ takes a d&a object and puts it in
the list,andshow() displays the alue of the di& objects in the lisiThe relaionship
among these objects is stroin Hgure 3.2.

FIGURE 3.2.
Node inheitance Node
hierarchy.
+Insert() : Node*
+Show() : void

A

LinkedList InternalNode TailNode

-myNext : Node
-myNext : Node -myData : Data*

ThelLinkedList node and thenternalNode  ead has alode * member ®ariable named
myNext . This pointer is used tanfd the n&t node in the listThis is,as you can seea
singly linked list,which means thawhile eat node points to the renode in the listit
does not point bacto the pevious node

Now all we need is something to put in the list;datiede abata class.The ony func
tionality we require of Data is tha it have some ®lue (we’ll use an intger) and a
method allaving two Data objects to comparthemselgs and decide lich is“greder”
so tha we can put them in der We'd also lile thebata object to be ble to disply
itself so thawe can gamineits value

NoTE

In this design, we are saying that the LinkedList is really just a special kind of
node, one responsible for presenting an interface to clients of the linked list.
Does this violate the mandate that inheritance represents the is-a relationship?
Not at all; a LinkedList  is a node, a special node that marks the beginning of a
list. The list itself is a virtual construct, an abstraction. The LinkedList ~ object
represents, essentially, a handle to the list.
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Implementing the Linked List
When theLinkedList  nodeis creaed, it immedidely creaes arailNode :

LinkedList::LinkedList()
{

}

Thus,an empty list consists of just theseotabjectstheLinkedList — and the
TailNode —ther ae nointernalNode s holdingbata (see fgure 3.3).

nextNode = new TailNode;

FIGure 3.3.

An empty list.
Py TailNode

LinkedList

23_
. . 52z
When you inset dada intoLinkedList , theLinkedList node hands the tato whaever 82 =
its ovn nextNode pointer points to. Initiayl, this will be TailNode : o9 3
o
z
Node * LinkedList::Insert(Data * theData) g % ®
{ ="
nextNode = nextNode->Insert(theData); -
return this;
}

Wheninsert()  is called orrailNode , TailNode knows thd the object passed in is the
smallest object in the lisind sorailNode insets the n& node into the listight bebre
itself.

If the nev object is theifst object insded, it is by defnition the smallest object in the
list, but ary object ariving a the tailmustbe the smallestr it would alead/ have been
inseted by another nodehigher up in the list.

How does theraiiNode inset the nev daa object? It just instanties a nes

InternalNode . The constuctor to the ne InternalNode ~ takes two agumentsa pointer
to the dé&a, and a pointer to hietever node oeaed it (in this casgheTailNode ). The
new node then assigns itsvo dda pointer to the da,and its @vn nextNode pointer to
the node it vas gven,like this:
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Node * TailNode::Insert(Data * theData)
{

InternalNode * dataNode = new InternalNode(theData, this);
return dataNode;

}

The nav InternalNode  points to the da and also to theailNode . TheTailNode
retums to the calling object a pointer to theweode it ceaed In this frst casethe
TailNode retums a pointer to the meinternalNode  to theLinkedList

LinkedList ~ assigns itswn nextNode pointer to the &tum value flom nextNode-
>Insert() . Thus,LinkedList IS now pointing to thenew InternalNode , @s shavn in
Figure 3.4.

FIGURE 3.4.

After adiing a InternalNode TailNode
node

|
The net time thiough,LinkedList ~ again passes the t#ato whatever itsnextNode point

er is pointing toput in this casgthe pointer is pointing not to thrilNode but to an
InternalNode

LinkedList

When annternalNode  gets aData object,it compaes its evn dda with the d&a from
the nev node like this:

Node * InternalNode::Insert(Data * theData)

{

int result = myData->Compare(*theData);

Either the ne object is smaller than theisting node or it isr’ If it is smaller the
InternalNode  just passes theata object along to Wetever node its wn NextNode daa
member points torha is, the nev Data object is passed along to thexheodein the
list:

case kilsSmaller:

nextNode = nextNode->Insert(theData);
return this;



(1%

Inheritance Polymomphism,and Code Reus 83

CHAPTER 3

Ead InternaiNode  in tum examines the da. If the nev daa is the smallest in the list,

it will eventualy run into theTaiiNode and be inseed as the last node in the list. On the
other handif the nev Data object uns into annternalNode ~ with data tha is smaller

than the ne daa, thenthat InternalNode  insets the ner data into the list.

In this casetheinternalNode  does just Wat theTailNode did: It credes a ne
InternalNode ~ and tells the ne InternalNode  to point toit (tha is, the nev
InternalNode ~ points to thanteralNode  tha creaed it). This efectively insets the
new object into the list just befe the curentinternalNode . The curent node then
retums a pointer to the menode so thiawhoever calledinsert)  can nav link to the
New InternalNode

case klsSame: // fall through
case kisLarger: // new data comes before me

{

InternalNode * dataNode = new InternalNode(theData, this);
return dataNode;

NoOTE

>
This sample code implements the design decision that objects of the same size 5 o=
. A q 0 < I
as the current object are treated as if they were larger. You can easily rewrite 8 Zm
this code to reject duplicates or to handle them in another way. = % 3
DIZ
m n
G
m

After the daa is in the listwe ask the useof the n&t object.The pogram contimes
until the user signiés tha he or she is done enitey dda. At that point,we tell the
LinkedList ~ to shav the d&a. TheLinkedList node passes this command thaever its
NextNode daa member points to:

virtual void Show() { nextNode->Show(); }

If the list is emptyLinkedList ~ points toTailNode . TailNode 'S Show() method does
nothing so nothing is displeed Much more common is thaLinkedList ~ points to an
InternalNode . InternalNode 'S Show() method is vinere the action is

virtual void Show() { myData->Show(); nextNode->Show(); }

Ead internalNode  instructs its déa object to pint its valug and then passes thgow()
command along to aever node is nd in the linked list. Thus,ead Data object’s
show() method is called in tar Eventuall, the TailNode 'S Show() method isreaded
and the disphais completed
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When it is time to delete the lighe dient has to delete opltheLinkedList node In
theLinkedList ~ destuctor, we delete the ne node in the listlike this:

~LinkedList() { delete nextNode; }

Ead node in tun deletes the mé node in the list until th&ailNode is readed at which
point the deletions stop. Note the oneneed leg tradk of hav mary nodes a in the
list. DeletingLinkedList is like tipping oer the frst domino:Eac knodks over the ngt
as it flls until the entie list has been tardown.

Listing 3.1 shws hav the whole pogram hangs tgether I've stipped the code den to
reveal just the essentials.

LisTING 3.1. OBJECT-ORIENTED LINKED LisT

#include <iostream.h>
enum { kSmaller, kLarger, kSame},

class Data
{
public:
Data(int val):dataValue(val){}
virtual ~Data(){}
virtual int Compare(const Data &);
virtual void Show() { cout << dataValue << endl; }
private:
int dataValue;

h
int Data::Compare(const Data & theOtherData)
{
if (dataValue < theOtherData.dataValue)
return kSmaller;
if (dataValue > theOtherData.dataValue)
return kLarger;
else
return kSame;
}
class Node // abstract data type
{
public:

Node(){}
virtual ~Node(){}
virtual Node * Insert(Data * theData) = 0;
virtual void Show() = 0;
private:

h
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class InternalNode: public Node

{
public:
InternalNode(Data * theData, Node * next);
~InternalNode(){ delete nextNode; delete myData; }
virtual Node * Insert(Data * theData);
virtual void Show() { myData->Show(); nextNode->Show(); }
private:
Data * myData;
Node * nextNode;
h

InternalNode::InternalNode(Data * theData, Node * next):
myData(theData),nextNode(next)

{
}
Node * InternalNode::Insert(Data * theData)
{
int result = myData->Compare(*theData);
switch(result)
>
{ z3 -
case kSame: // fall through ?) =
case kLarger: // new data comes before me o % E
{ R
InternalNode * dataNode = new InternalNode(theData, this); ? E =
return dataNode; cgm
(%2}
} s
case kSmaller:
nextNode = nextNode->Insert(theData);
return this;
}
return this;
}
class TailNode : public Node
{
public:
TailNode(){}
~TailNode(){}
virtual Node * Insert(Data * theData);
virtual void Show() { }
private:
h

contirues
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LisTING 3.1. CONTINUED

Node * TailNode::Insert(Data * theData)

{
InternalNode * dataNode = new InternalNode(theData, this);
return dataNode;

}

class LinkedList : public Node
{
public:
LinkedList();
~LinkedList() { delete nextNode; }
virtual Node * Insert(Data * theData);
virtual void Show() { nextNode->Show(); }
private:
Node * nextNode;

h
LinkedList::LinkedList()
{
nextNode = new TailNode;
}
Node * LinkedList::Insert(Data * theData)
{
nextNode = nextNode->Insert(theData);
return this;
}
int main()
{
Data * pData;
int val;
LinkedList II;
for (;;)
{
cout << “What value do you want to add to the list? (O when done):
o«
cin >> val;
if (tval)
break;
pData = new Data(val);
Il.Insert(pData);
}
cout << “\n\n”;
I.Show();
cout << “\n\n”;
return O;
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Ead object has a singleea of esponsibilityand eah object teds all nodes pgimor-
phically. Yet, we can tak adiantage of the specializeon of LinkedList , InternalNode S,
andTailNode to crede a \ety decentalized gplicaion, which enhances enpauldion
and thus mads the code easier noaintain.

The most impdant pat of this codefrom the pespectve of undestanding pafmor-
phism,is the point awhich eaf Node calls nextNode->Insert() . Every node other than
theTailNode knows onl tha it has a pointer to the xienode in the list; it does not
know whether thainode is annternalNode ~ Or aTailNode , but the stéic type males all
the diference ExamineinternalNode::Insert() andTailNode::Insert() —these
functions ae signifcantly different. The object making the call doeskhow which is
being calledbut theright thing hgpens.

In the same ay, when You tell the nodes to shwothemseles,the light thing hapens.
Tha is, theLinkedList  tells the n&t node to shw itself, ead InternalNode  shows its
daa and then passes the command alonts ttext node; therailNode acts as theen
try, stopping the leain.

Abstract Classes

TheData class ve hare been wrking with in the frst pat of this dagpter is quite simple
It may be tha in your gplicaion, you anticipée needing adv different, but related,

data dasses. It wuld be useful to bebée to tred these objects pgormphically, allow-
ing the linked list to manipul Data classes without kneing or caing about the
specifcs of the indvidual deived types.

In anticipdion of this,you might decide tolang theData class to be aAbstract Ddaa
Type (ADT).To do soyou would gve it one or mag pue virtual functionsas shavn in
Listing 3.2.

LisTING 3.2. DATA CLASS AS AN ABSTRACT DATA TYPE

class Data
{
public:
Data(int val):myVal(val){}
virtual ~Data(){}
int Compare(const Data &);
virtual void Show() = 0;
protected:
int myVal;
L
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The semantics of thdedaration ate thad Data is anADT, and thato creae a conagte
Data class,you nust override theshow() method and fvide a non-pug virtual (impue
virtual?) methodThe impotant idea is thiathe designer abata is requiring delived
classes toeeride theshow() method and to povide a concgte implementzon. You
would do this to erdrce the semantics of this object—tlitais éstact and thiaall con
crete objects déred from it will shav themseles in vhatever way is gopropriate. You
are, in essencesaying “every Data objectcanshaow itself, but thee is no common
implement#ion for doing sd.

At this point,you can cedae deived dasses thiaspecializ hav they display the \alue
For this contived example let’'s ciede two sut dassesintegerData , which displa/s
the dda as an intger, andGraphicData , which displa/s the alue as a simplergph.
Listing 3.3 shws these lasses.

LisTING 3.3. CONCRETE DATA TYPES

class IntegerData : public Data

{

public:
IntegerData(int val) : Data(val) {}
virtual ~IntegerData() {}
virtual void Show();

private:

k

class GraphicData : public Data

{

public:
GraphicData(int val) : Data(val) {}
virtual ~GraphicData() {}
virtual void Show();

private:

3

Ead of these lasses werides theshow() method Her’s haw integerData  doesit:

void IntegerData::Show()

{
}

cout << “The value of the integer is “ << myVal << end|;

Here's hav the GraphicData  classoverides theshow() method:

void GraphicData::Show()
{

cout << “(* << myVal << “): %;



Inheritance Polymomphism,and Code Reus

(1%

89

CHAPTER 3

for (inti=0; i< myVal; i++)
cout << “:
cout << endl;

}

You can nw use theselasses in gur souce codeand decidet runtimewhich deived
type to instantige. The calling code need not kmavhich show() method will be called;
by the paver of poymorphism,the corect method is voked asdemonstated by
Listing 3.4.

LisTING 3.4. PoLymoRPHIC DATA TYPES

#include <iostream.h>
enum { kSmaller, kLarger, kSame},

class Data

{

public:
Data(int val):myVal(val){}
virtual ~Data(){}
int Compare(const Data &);
virtual void Show() = 0;

>
protected: z5_
: O =2z
int myVal; 03I
18 0%
ll o (e} :|
m3 >
o
class IntegerData : public Data P % 5
{ G ="
public: m
IntegerData(int val) : Data(val) {}
virtual ~IntegerData() {}
virtual void Show();
private:
h
void IntegerData::Show()
{
cout << “The value of the integer is “ << myVal << end|;
}
class GraphicData : public Data
{
public:
GraphicData(int val) : Data(val) {}
virtual ~GraphicData() {}
virtual void Show();
private:

contirues
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LISTING 3.4. CONTINUED

h

void GraphicData::Show()

{
cout << “(* << myVal << “): “;;
for (inti=0;i<myVal; i++)
cout << ",
cout << endl;
}

int Data::Compare(const Data & theOtherData)

{
if (myVal < theOtherData.myVal)
return kSmaller;
if (myVal > theOtherData.myVal)
return kLarger;
else
return kSame;
}
class Node // abstract data type
{
public:
Node(){}
virtual ~Node(){}
virtual Node * Insert(Data * theData) = 0;
virtual void Show() = 0;
private:
h
class InternalNode: public Node
{
public:
InternalNode(Data * theData, Node * next);
~InternalNode(){ delete nextNode; delete myData; }
virtual Node * Insert(Data * theData);
virtual void Show() { myData->Show(); nextNode->Show(); }
private:
Data * myData;
Node * nextNode;
h

InternalNode::InternalNode(Data * theData, Node * next):
myData(theData),nextNode(next)
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}
Node * InternalNode::Insert(Data * theData)
{
int result = myData->Compare(*theData);
switch(result)
{
case kSame: // fall through
case kLarger: // new data comes before me
{
InternalNode * dataNode = new InternalNode(theData, this);
return dataNode;
}
case kSmaller:
nextNode = nextNode->Insert(theData);
return this;
}
return this;
}

class TailNode : public Node
{
public:
TailNode(){}
~TailNode(){}
virtual Node * Insert(Data * theData);
virtual void Show() { }

3sN3y 300D ANV
‘INSIHAHOWATOd
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private:
h

Node * TailNode::Insert(Data * theData)

{
InternalNode * dataNode = new InternalNode(theData, this);
return dataNode;

}

class LinkedList : public Node
{
public:
LinkedList();
~LinkedList() { delete nextNode; }
virtual Node * Insert(Data * theData);
virtual void Show() { nextNode->Show(); }
private:
Node * nextNode;

3

contirues
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LISTING 3.4. CONTINUED

LinkedList::LinkedList()
{

}

nextNode = new TailNode;

Node * LinkedList::Insert(Data * theData)

{
nextNode = nextNode->Insert(theData);
return this;

}

int main()

{
Data * pData;
int val;
int whichData;
LinkedList II;

for ()
{
cout << “[1] Integer, [2] Written, [0] Quit: *;
cin >> whichData;
if ('whichData)
break;
cout << “What value do you want to add to the list? *;
cin >>val;
if (whichData == 1)
pData = new IntegerData(val);
else
pData = new GraphicData(val);
Il.Insert(pData);
}

cout << “\n\n”;
I.Show();
cout << “\n\n”;
return O;

The linked list isunchanged from the edier version in this tigpter, but this timemain()
asks the user fich type of object he or sheants to use to sterthe walue Once the
user has ented the dta, the call toshow() invokes the carect methodThe node knas
only tha it has some sbof Data object; it does not ko or cae whether it is an
IntegerData ~ OF aGraphicData 0Object. Eab node can hee a diferent objectand et the
comrect method is called
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Overriding Pure Virtual Methods

Although conceteclassesnustprovide an implement#n to all the pue virtual func
tions, the dstract dda typemay provide one as wil. Data is free to povide an imple
mentdion of show() , and if it doesdeiived dasses can uoke it by using the scope
opeketor.

The aility to provide an implementi&n to pue virtual methods allws @stact daa
types to povide coe functionality vhile still requiiing deived dasses to mvide a spe
cialized implementtion. Note thathe dass emains astract if the function is deared
as pue virtual (=0),even if you piovide an implement&n. Thus,thebata class might
look like this:

class Data

{

public:
Data(int val):myVal(val){}
virtual ~Data(){}
int Compare(const Data &);
virtual void Show() = 0;

protected:
int myVal;
Y Zo_
¥
void Data::Show() 8 <0
{ R85
cout << “\nThis is your data. Any questions?\n”; ) f =
} cem
& <
@ :

Even though th®@ata class povides an implementi®n of Show() , the method is still
pure virtual, and the [ass is still @stract. Deived dasses thawant to hae instantiéed
objects nust still override show() and povide their avn implementton. If the deived
classes w@nt to mak use obata’s show() method they must plicitly access it with
the scope opeior (:: )

void GraphicData::Show()

{

Data::Show(); // invoked using the scoping operator
cout << “(* << myVal << ) “;;
for (inti=0;i<myVal; i++)
cout << **7;
cout << endl;
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Virtual Destructors

Not only is it common ér the destuctor to be vitual, it is impetive if you ae ging to
use the lass poymormphically. If, in Listing 3.4,we had not made the dasttor vitual,

then when the objects in the liekl list were destoyed we’d have had memar leaks in
theData objects. Remember ththeNodes do not knw what kind of daa object thg're
dealing with; thg just delete the object as paf theirown destuctor:

~InternalNode(){ delete nextNode; delete myData; }
Note thda myData is dedared in theinternalNode  class asdllows:
Data * myData;

If the Data objects destuctor is not vitual, then thebata pat of theintegerData  is
deleted but the emainder of the dered object is not. BecauseegerData  does not
add ary member wiiables in this simpliied example this won’t matter nuch; but if
IntegerData  had member atfiables,there would be a memgrleak.

Polymorphism Through Method
Overloading

A second érm of polymomphism does notely on inheitance:lt is accomplishedyo
overloading a tasss methodsThe most common method teesload is,of couise the
constuctor. The constuctor, like ary method other than the desttor, can be wer-
loaded ly changng either the amber of paametes or their types.

Let's exkamine a simplelass to &plore the \arious methods gu might decide tover-
load Listing 3.5 shwis a simple set oflasses to gt us stared

LisTING 3.5. MEMBER OVERLOADING

#include <iostream.h>

class MyPoint
{
public:
MyPoint (int X, int y):myX(x), myY(y) {}
~MyPoint(){}
int GetX() const { return myX; }
void SetX(int x) { myX = x; }
int GetY() const { return myY; }
void SetY(inty) { myY =vy;}
private:
int myX;
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int myY;
h
class MyRectangle
{
public:
MyRectangle(MyPoint upperLeft, MyPoint lowerRight):
myUpperLeft(upperLeft),
myLowerRight(lowerRight)
&
~MyRectangle(){}
int GetWidth() { return myLowerRight.GetX() - myUpperLeft.GetX(); }
int GetHeight() { return myLowerRight.GetY() - myUpperLeft.GetY(); }
private:
MyPoint myUpperLeft;
MyPoint myLowerRight;
h
int main()
{

MyPoint ul(0,0);
MyPoint Iw(20,30);
MyRectangle myRect(ul,lw);

cout << “This rectangle measures *“; )z> E)U —
cout << myRect.GetWidth(); = 5% %
g o OZm
cout << “hy o % )
cout << myRect.GetHeight() << endl; = 2 3
return 0; DIZ
} M wm
G-
@ :

As you can seeaRectangle class consists of a pair of poinead of which maks an
opposite camer of the ectangle The point,in tum, consists of an x and a y caoanate,

as if on a gd. You ceae aRectangle by passing in a pair of points. It is @&tal mater
to overoad the constrctor so thayou can cede aRectangle not by passing in a pair of
points,but by passing in the x and y cabinaes of the uppeleft and laver-right comers
of the ectangleasshawn in Listing 3.6.

LisTING 3.6. OVERLOADED CONSTRUCTOR

#include <iostream.h>

class Point

{

public:
Point (int x, int y):myX(x), myY(y) {}
~Point(){}

contirues
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LISTING 3.6. CONTINUED

int GetX() const { return myX; }
void SetX(int x) { myX = x; }
int GetY() const { return myY; }
void SetY(inty) { myY =vy; }

private:
int myX;
int myY;
h
class Rectangle
{
public:

Rectangle(Point upperLeft, Point lowerRight):
myUpperLeft(upperLeft),
myLowerRight(lowerRight)
{

Rectangle(int upperLeftX, int upperLeftY, int lowerRightX, int
O lowerRightY):
myUpperLeft(upperLeftX,upperLeftY),
myLowerRight(lowerRightX,lowerRightY)
&

~Rectangle(){}
int GetWidth() { return myLowerRight.GetX() - myUpperLeft.GetX(); }
int GetHeight() { return myLowerRight.GetY() - myUpperLeft.GetY(); }

private:
Point myUpperLeft;
Point myLowerRight;

int main()
{
Point ul(0,0);
Point Iw(20,30);
Rectangle myRect(ul,lw);
Rectangle otherRect(0,5,20,30);

cout << "myRect measures “;
cout << myRect.GetWidth();
cout << “ by “ << myRect.GetHeight() << endl;

cout << “otherRect measures “;
cout << otherRect.GetWidth();
cout << “ by “ << otherRect.GetHeight() << endl;

return 0O;
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It is impottant to note thiathe default constuctor isnotthe constuictor povided by
default, but rather is ay constuctor tha takes no paametes. It tuns out thathe com
piler provides a dedult constactor for you if you have detared no other constictors.
Because & have, in fact,explicitly dedared constuctors for this dass,we curently
have no dedult constuctor and mst povide one

There ae thee other methods ththe compiler povides Pr you if you dont dedare
one:the destuctor, the cojy constuctor, and the assignment opir.

These thee methodsalong with the defult constuctor, are called theeanonical meth
odsof ary cass. It is god pogramming pactice to &plicitly dedare these methodsif
ary nontivial class.You will find tha I'll leave these out in some simpleagnple po-
grams in the boolhut | never leave them out oEommecial software.

The needdr these methods becomesan dearer when the @ass mangesmemoy.
Let’s rawrite theRectangle class to lee its points on the hpaas shan in Listing 3.7.

LisTING 3.7. MEMBERS ON THE HEAP

class Rectangle

{

public: JZ> o _
Rectangle(Point upperLeft, Point lowerRight): O -C’Z) z
myUpperLeft ( new Point(upperLeft)), 8 =m
myLowerRight(new Point(lowerRight)) 9 % g
i DI Z
cgm

Rectangle(int upperLeftX, int upperLeftY, int lowerRightX, int 7 -

lowerRightY):
myUpperLeft(new Point(upperLeftX,upperLeftY)),
myLowerRight(new Point(lowerRightX,lowerRightY))
{

~Rectangle(){ delete myUpperLeft; delete myLowerRight;}
int GetWidth() { return myLowerRight->GetX() - myUpperLeft->GetX(); }
int GetHeight() { return myLowerRight->GetY() - myUpperLeft->GetY(); }

private:
Point * myUpperLeft;
Point * myLowerRight;

I'm happy to report that nothingelse in the pygram has to lsange; the stasge meba
nism of therpoint member is entaly encgsulaed within theRectangle class. Note tha
the destuctor must nav delete theoint s, and the constictor nrust initialize them on
the hea. Also, although | nomally set pointes toNuLL after deleting them,don’t do so
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in the destuctor because theris no tiance of the pointer being usaghin (the object is
about to wink out of gistence).

NoOTE

I normally eschew inline methods, especially inline methods with more than one
line of instruction, but for the purposes of this book, inline instructions make
tighter, smaller examples that are perhaps more easily understood.

Memory Management

Once yur dass ismanging memaoy, you must ensug thd your copy constuctor and
assignment opator ale making deg, not shallev, copies.The copy constuctor and
assignment opators piovided by the compiler mad bitwise that is shallav, copies.
Tha means thg copy the pointer bt not the object pointed to.

When you pass an objectybsalue either into a function or as a functisnétum value a
tempoary copy of tha object is madelf the object is a usatefined object (sut as a
Rectangle object flom the @ample in the last discussioitihat classs copy constuctor
is called to ceae the tempaty object.

All copy constuctors tale one paameter:a constantaference to an object of the same
class.The de&ult cofy constuctor, provided by the compilercopies ede member bit
bit. Thus,if you passed Rectangle into a function i valug a copy is made wose
pointess point to the same menyoas the dginal. Listing 3.8 shas a hand-witten copy
constuctor tha acts like the constrctor povided by the compilerDo not dtempt to un
this code—it ma crash.The point of this xercise is to ma& eplicit the poblems with
a shallev copy constuctor.

LisTING 3.8. ExpLiCIT SHALLOW CopY CONSTRUCTOR

#include <iostream.h>

class Point

{

public:
Point (int x, int y):myX(x), myY(y) {}
~Point(){}
int GetX() const { return myX; }
void SetX(int x) { myX = x; }
int GetY() const { return myY; }
void SetY(inty) { myY =vy; }
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private:
int myX;
int myY;
h

class Rectangle
{
public:

Rectangle(Point upperLeft, Point lowerRight):
myUpperLeft ( new Point(upperLeft)),
myLowerRight(new Point(lowerRight))
&

Rectangle(int upperLeftX, int upperLeftY, int lowerRightX, int
O lowerRightY):
myUpperLeft(new Point(upperLeftX,upperLeftY)),
myLowerRight(new Point(lowerRightX,lowerRightY))
&

Rectangle( const Rectangle & rhs ):
myUpperLeft(rhs.myUpperLeft),
myLowerRight(rhs.myLowerRight)

{
cout << “In Rectangle’s copy constructor...\n”;
>
} z3 -
o=z
03I
~Rectangle() o0
o 95
m3 >
o
cout << “\nIn destructor...” << endl; ? I %
. wm
delete myUpperLeft; % <

delete myLowerRight;
}
int GetWidth() { return myLowerRight->GetX() - myUpperLeft->GetX(); }
int GetHeight() { return myLowerRight->GetY() - myUpperLeft->GetY(); }

/I private:
Point * myUpperLeft;
Point * myLowerRight;
h

void SomeFunction( Rectangle );

int main()

{
Point ul(0,0);
Point Iw(20,30);
Rectangle myRect(ul,lw);

cout << “myRect measures “;

contirues
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LiSTING 3.8. CONTINUED

cout << myRect.GetWidth();
cout << “ by “ << myRect.GetHeight() << endl;

cout << “myRect address: “ << &myRect << endl;
cout << “myRect->myUpperLeft: “ << myRect.myUpperLeft << endl;
cout << “&myRect.myUpperLeft: “ << &myRect.myUpperLeft << endl;

SomeFunction(myRect);
cout << “Back from SomeFunction”;

return 0O;

}

void SomeFunction ( Rectangle r)

{

cout << “r measures “;
cout << r.GetWidth();
cout << “ by “ << r.GetHeight() << endl;

cout << “r address: “ << &r << endl;
cout << “r->myUpperLeft: “ << r.myUpperLeft << endl;
cout << “&r.myUpperLeft: “ << &r.myUpperLeft << end|;

cout << “Returning from SomeFunction!”;

Here’s the output fvm the pogram in Listing 3.8:

myRect measures 20 by 30

myRect address: 0x0012FF6C
myRect->myUpperLeft: 0x00421180
&myRect.myUpperLeft: 0x0012FF6C
In Rectangle’s copy constructor...

r measures 20 by 30

r address: 0x0012FF48
r->myUpperLeft: 0x00421180
&r.myUpperLeft: 0X0012FF48
Returning from SomeFunction!

In destructor...

Back from SomeFunction

In destructor...

This program povidesa copy constuctor tha mimics the simple bitwise (shall) copy

constuctor povided ty the compilerNote tha | have made the membearables pultic
so tha we can gamine them mmmain() . Her’s haw it works: In main() , we dedare a
rectangle namestyRect . We initialize the ectangle andepott its siz. We then eport
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the adiress of theactangle itselffollowed Ly the adiress of the object held/b
myUpperLeft and then the attess of thapointer

We then pass thectangleby value toSomeFunction() . Note th&a messge is pinted
indicaing tha we're passing tlmugh the cop constuctor as gpected We then pint out
the same irdrmation for the ectangle fom within SomeFunction() . The citical thing to
note is thathe adlress of thenyupperLeft Point member of (the lectangle in
SomeFunction() ) IS the same as thedrdss of thenyUpperLeft Point member of
myRect .

When we retum from SomeFunction() , the destuctor is irvoked as pu would expect.
When we then it main() , the destuctor for myRect is also calledUnfortunéely,
becausenyRect’s myUpperLeft  pointer points to the same objectras, we nav have a
problem—r was destyed and theoint is no longrthere. Oops.

Figure 3.5 illustetes wha has hppened

FIGURE 3.5. 0x00421180
Two objects shar A Point
ing memoy due to Object
shallow copy. >
Rectangle / \ Rectangle % E)U —
= 2
o3I
025
-myUpperLeft : Point * -myUpperLeft : Point * 0935
-myLowerRight : Point * -myLowerRight : Point * m 3 >
DIZ
m ®» m
Free Store G-
&

When the copis deletedthe memoy is maked as fee When the dginal object is
deletedyou ae deleting an atrad/ deleted pointeif you ae ludky, you will crash rght
away. Not good

The solution to thisigly and embaassing situion is to wite a coy constuctor tha
does not just copthe pointerbut copies the object pointed tagbre 3.6 shws what
we hope to accomplisland Listing 3.9 demonstes one implementian of the nav
copy constuctor.

LisTinGg 3.9. Deep Cory

class Rectangle

{
public:
Rectangle(Point upperLeft, Point lowerRight):
myUpperLeft ( new Point(upperLeft)),

contirues
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LISTING 3.9. CONTINUED

myLowerRight(new Point(lowerRight))
{t

Rectangle(int upperLeftX, int upperLeftY, int lowerRightX, int
lowerRightY):
myUpperLeft(new Point(upperLeftX,upperLeftY)),
myLowerRight(new Point(lowerRightX,lowerRightY))
{

Rectangle( const Rectangle & rhs ):
myUpperLeft(new Point(*myUpperLeft)),
myLowerRight(new Point(*myLowerRight))
{

}

cout << “\nln Rectangle’s copy constructor...\n”;

~Rectangle()

cout << “\nin destructor...” << endl;
delete myUpperLeft; delete myLowerRight;
}

int GetWidth() { return myLowerRight->GetX() - myUpperLeft->GetX(); }
int GetHeight() { return myLowerRight->GetY() - myUpperLeft->GetY(); }

/I private:
Point * myUpperLeft;
Point * myLowerRight;

h
FIGURE 3.6. 0x00421180 Some other address
Result of deg A Point Another Point
copy. Object Object
Rectangle / Rectangle
-myUpperLeft : Point * -myUpperLeft : Point *
-myLowerRight : Point * -myLowerRight : Point *

Free Store

Here's the output ftm the evised pogram in Listing 3.9:

In Point’s copy constructor
In Point’s copy constructor
In Point’s copy constructor
In Point’s copy constructor
myRect measures 20 by 30
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myRect address: 00x0012FF6C
myRect->myUpperLeft: 0x00421180
&myRect.myUpperLeft: 0x0012FF6C

In Point’s copy constructor

In Point’s copy constructor

In Rectangle’s copy constructor...
r measures 1962613862 by 881745716
r address: 0x0012FF34
r->myUpperLeft: 0x004211E0
&r.myUpperLeft: 0X0012FF34
Returning from SomeFunction!

In destructor...

Back from SomeFunction!

In destructor...

We hare modifed the Rectangle 'S cOpy constuctor to ceae a na Point  object.This
chang allocaes memoy for the n&v copy, and the outputefiects this.The adiress of
myRect->myUpperLeft  is now different fom the adress ofr->myUpperLeft , and this
code doesiot ciash.

Issues in Overloading Other

>
Z —
Operators S
0% f
Although you canoveroad aly method overloading opegtors causes the most confu i§ J_Z>'
sion—even for expelienced pogrammes. The tick in undestanding opetor overdoad i g_r?
I'UI'I) 5

ing is tha the compiler @nsldes an opetor (sud as+, =, ++) into a method (surcas
myClass::operator=() )

Opeiators come in thee favors: unay (++, -- ), binawy (+, - ) andtemairy (?). Thearity of
the opeator is detemined ly how mary tems or &pressions a involved With a unay
opestor, only one tem is involved (for example x++, y-- ). With abinaty opegtor, two
terms ae involved (for example a=b , x+y). Ther is ony one tenary opegtor: the
conditional opeator ? (for example x ? true : false ).

You ae free to @erload vittually ary of the lilt-in opertors, but you cannot @ae new
opetors of your avn. Therefore, although yu can gve your dass an ina@ment opex
tor (++), you cannot adae a squard opeator. Although you can @eroad these opetors
to do aiything you want, it is good pogramming pactice br them to ma& senseYou
canhave the++ opemtor decement,but it would be dopg to do so.
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Assignment Operator

The single mosimportant opeator to overdoad is the assignment optar. The same
issue of deg versus shalles copies aplies to the assignment ogtar as it does to the
copy constuctor. The assignment opator is abinary opesetor -- . Two teims paticipate:
the left side and thaght side Suppose ttayou wiite the bllowing staement:

myRect = otherRect;

You knav tha the compiletturns this code into theoflowing:

myRect.operator=(otherRect);

Tha is, the compiler tuns the assignment into a method call on the object on the left
side of the assignment optar, and passes in the object on tight side as a pameter

Note tha this assignment will woke the compilecreaed defult assignment opator if
you have not witten your ovn. Again, the defult assignment opator does a simple bit
wise copy, and the esult is a ash vhen the coyp is destoyed You can sole this pob-
lem by writing your ovn assignment opator the provides a dege copy—but watch out!
Ther is a subtleisk!

Here is a easonhle first dtempt @ creaing an assignment ogtor. It has a hg in it;
see vihether pu can iind it befre reading the angsis:

Rectangle & Rectangle::operator=(const Rectangle & rhs)

{
delete myUpperLeft;

delete myLowerRight;

myUpperLeft = new Point(*rhs.myUpperLeft);
myLowerRight= new Point(*rhs.myLowerRight);
return *this;

}

Note tha this assignmentpetor caefully deletes the aginal member aiiables bebre
creding new values,avoiding the olious potential ér a memoy leak.There is still a
problem, however. If, in your code you wiite your assignment so ththe object is
assigned to itselfyou will have a bit of a psblem.

If you ae passingaferences ayund it is possilke tha you will end up witing some
thing like this:

myFirstRect = myOtherRect;
In fact,under some conditionthe two namesnyFirstRect ~andmyOtherRect Will really
point to the same objedVhen tha hgppensthe member ariables myupperLeft and

myLowerRight Will be destoyed, and when it is time to do the cgpthere will be no
valid dda to assign!
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You piotect yourself from this admittedl unlikely scenaio by first dhedking to male

sure thd you've not assigned tooyrself. Listing 3.10 demonsites a warking model.
Again, I've tempoarily provided pullic access to the membeaiiables so theimain()

can pove thd the adiresses of the twobjects a distinct.

LisTING 3.10. CHECK FOR ASSIGNMENT TO SELF

#include <iostream.h>

class Point
{
public:
Point (int x, int y):myX(x), myY(y) {}
Point (const Point & rhs):
myX(rhs.myX),
myY(rhs.myY)
{

cout << “In Point’s copy constructor\n”;
}
~Point(){}

int GetX() const { return myX; }

void SetX(int x) { myX = x; } >

. o

int GetY() const { return myY; } g o =

void SetY(inty) { myY =vy;} o § T
private: So 2

int myX; m 3 z

int myY; ? % Q
h G-

@ :

class Rectangle
{
public:
Rectangle(Point upperLeft, Point lowerRight):
myUpperLeft ( new Point(upperLeft)),
myLowerRight(new Point(lowerRight))

{

Rectangle(int upperLeftX, int upperLeftY, int lowerRightX, int
O lowerRightY):
myUpperLeft(new Point(upperLeftX,upperLeftY)),
myLowerRight(new Point(lowerRightX,lowerRightY))

{

Rectangle( const Rectangle & rhs ):
myUpperLeft(new Point(*myUpperLeft)),
myLowerRight(new Point(*myLowerRight))

contirues
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LisTING 3.10. CONTINUED

cout << “\nln Rectangle’s copy constructor...\n”;

}
~Rectangle()

cout << “\nIn destructor...” << endl;
delete myUpperLeft; delete myLowerRight;
}

Rectangle & operator=(const Rectangle & rhs);

int GetWidth() { return myLowerRight->GetX() - myUpperLeft->GetX(); }
int GetHeight() { return myLowerRight->GetY() - myUpperLeft->GetY(); }

/lprivate:
Point * myUpperLeft;
Point * myLowerRight;
h

Rectangle & Rectangle::operator=(const Rectangle & rhs)

if (this == &rhs) // protect againsta = a
return *this;

delete myUpperLeft;

delete myLowerRight;

myUpperLeft = new Point(*rhs.myUpperLeft);
myLowerRight= new Point(*rhs.myLowerRight);
return *this;

}

int main()
{
Point ul(0,0);
Point Iw(20,30);
Rectangle myRect(ul,lw);
Rectangle otherRect(0,30,50,50);

cout << “\nmyRect measures “;
cout << myRect.GetWidth();
cout << “ by “ << myRect.GetHeight() << endl;

cout << “myRect address: “ << &myRect << endl;
cout << “myRect->myUpperLeft: “ << myRect.myUpperLeft << endl;
cout << “&myRect.myUpperLeft: “ << &myRect.myUpperLeft << endl;

cout << “\notherRect measures “;
cout << otherRect.GetWidth();
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cout << “ by “ << otherRect.GetHeight() << endl;

cout << “otherRect address: “ << &otherRect << endl;
cout << “otherRect->myUpperLeft: “ << otherRect.myUpperLeft << endl;
cout << “&otherRect.myUpperLeft: “ << &otherRect.myUpperLeft << endl;

cout << “\nAssigning myRect = otherRect...\n";
myRect = otherRect;

cout << “\notherRect measures *;
cout << otherRect.GetWidth();
cout << “ by “ << otherRect.GetHeight() << endl;

cout << “otherRect address: “ << &otherRect << endl;

cout << “otherRect->myUpperLeft: “ << otherRect.myUpperLeft << endl;
cout << “&otherRect.myUpperLeft: “ << &otherRect.myUpperLeft << endl;

return O;

Overloading the Increment Operators

The incement pefix and postk operators have caused enorous confusioner the
yeass, even though the implemerian is staightforward when you consider theeman
tics of the two variants.The pefix opetor's semantics ar‘increment,and then étch.”
The postix opertor's semantics ar‘fetch, and then ina@ment.

Consider thedllowing staements:

int a=0, b=5;

a = b++
After these st@ments & executeda is 5 andb is 6. Tha is, a was assigned thealue in
b (5) and then thealue inb was incementedTo suppor this, the incement opeator
must be pepared to etumn the \alue tha was oiginally in b, but must also sei’s value
to 1 geder.

This is most easilseen with anxample Frst,we nust decide \wether the in@ment
opewtor has meaning to outass.Wha might it mean to in@ment &Rectangle ?We
can,of course assign ay meaning v want—we're free to use the inement opeator to
retum the position of the uppéeft comer’s coodinates:

Point upperLeft = myRect++; // return the current upper left via
[J operator++
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That is legal C++,but if you worked for me it would be the last line of C++oy wiote
in my emplg. The old line &out this languge is tue: C++ males it hader to shoot
yourself in the bot, but when you do,you dow your whole lgy off.

Cleaty, the incement opetor (++) should be used to irement. Havever, it isn’t obvi-
ous wha it means tdincrement arectangle¢’ and | wouldn't use the in@ment opeator
in this way. Is it meaningful to in@ment aoint ? I'd sg this is a badeldine condition;
you coulddecide thaincrementing a&oint increases both the x and y cdorae by 1,

but tha is (padon me) setching thepoint . Listing 3.11 illustates hav you might pio-

vide sut an incement opeator.

LisTING 3.11. INCREMENT OPERATOR

#include <iostream.h>

class Point
{
public:
Point (int x, int y):myX(x), myY(y) {}
Point (const Point & rhs):
myX(rhs.myX),
myY (rhs.myY)
{

cout << “In Point’s copy constructor\n”;
}
~Point(){}

int GetX() const { return myX; }
void SetX(int x) { myX = x; }
int GetY() const { return myY; }
void SetY(inty) { myY =vy; }

const Point & operator++();

Point operator++(int);

const Point & operator--();

Point operator--(int);
private:

int myX;

int myY;

const Point & Point::operator++()
{

++myX;

++myY;

return *this;
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Point Point::operator++(int)

{
Point temp(*this); // hold the current value
++myX;
++myY;
return temp;
}

const Point & Point::operator--()

{
--myX;
-myY;
return *this;
}
Point Point::operator--(int)
{
Point temp(*this); // hold the current value
--myX;
-myY;
return temp;
}
>
z S
ez
o3I
class Shape o % E
{ RIS
public: OIZ
m »n m
Shape(){} G <!
~Shape(){} m -
virtual Shape * Clone() const { return new Shape(*this); }
h
class Rectangle : public Shape
{
public:

Rectangle(Point upperLeft, Point lowerRight):
myUpperLeft ( new Point(upperLeft)),
myLowerRight(new Point(lowerRight))
{

Rectangle(int upperLeftX, int upperLeftY, int lowerRightX, int
lowerRightY):
myUpperLeft(new Point(upperLeftX,upperLeftY)),
myLowerRight(new Point(lowerRightX,lowerRightY))

{

Rectangle( const Rectangle & rhs ):

contirues
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LisTING 3.11. CONTINUED

myUpperLeft(new Point(*myUpperLeft)),
myLowerRight(new Point(*myLowerRight))
{

}

cout << “\nln Rectangle’s copy constructor...\n”;

Shape * Clone() const { return new Rectangle(*this); }

~Rectangle()

{
cout << “\nIn destructor...” << endl;
delete myUpperLeft;
delete myLowerRight;

}

Rectangle & operator=(const Rectangle & rhs);
void Expand() { —(*myUpperLeft); ++(*myLowerRight); }

int GetWidth() { return myLowerRight->GetX() - myUpperLeft->GetX(); }
int GetHeight() { return myLowerRight->GetY() - myUpperLeft->GetY(); }

private:
Point * myUpperLeft;
Point * myLowerRight;

h
Rectangle & Rectangle::operator=(const Rectangle & rhs)
{
if (this == &rhs) // protect againsta = a
return *this;
delete myUpperLeft;
delete myLowerRight;
myUpperLeft = new Point(*rhs.myUpperLeft);
myLowerRight= new Point(*rhs.myLowerRight);
return *this;
}
int main()
{

Point ul(10,10);
Point Iw(20,30);
Rectangle myRect(ul,lw);

cout << “\nmyRect measures “;
cout << myRect.GetWidth();
cout << “ by “ << myRect.GetHeight() << endl;

myRect.Expand();
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cout << “\nmyRect measures *;
cout << myRect.GetWidth();
cout << “ by “ << myRect.GetHeight() << endl;

return O;

Note tha the postifk operators cagture the curent stée of the object in a tempany
before updaing their intenal member arables. In this vay, they can etum the orginal
stae while still updding themseles.

The opeators which creae a tempaary must,of couise retun by values becauseou
cant retumn a eference to an objectlich is going out of scopeEven when we're
retuming a eference totthis , however, we retum aconstantreference This is so tha
you cannot wite something lik the bllowing:

Point a=7;
at++++;

Because this syntax is not alled in the hilt-in classeswe dont allow it here.

Virtual Copy Constructors

In addition to theconstuctors, destuctor, copy constuctors, and assignment oyztor,
consider ceding a“virtual cofy constuctor” for your dass.Although C++ does not sup
port the idea of vitual constuctors, you often need to bebke to retum a copy of an
object thais an eact duplicge, even when teding the object pgimorphically.

The common anger to this situion is to ceae aclone method thasimply retuns a
pointer to an object of the same typmagine thd Rectangle deilives flom Shape. The
Shape class might intude thisdedaration:

virtual Shape * Shape::Clone() const { return new Shape(*this); }
Rectangle , in tum, might override this method aflows:

virtual Shape * Rectangle::Clone() const { return new
[ Rectangle(*this); }

Note tha | retum ashape * in both casesThe nev ANSI standad sa/s thd | can,in
fact,retum a diferent type in edt overide; sorectangle would be fee to etun a
Rectangle pointer Unfortunaely, few compiles hare caught up with the standaas of
this wiiting.
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Multiple Inheritance

One of the cpabilities available in C++,which is not &ailable in Jva, is multiple
inheritance (although ava has a similar if limited gability with multiple interfaces.
Multiple inheitance allavs a tass to inhdat from moe than one baséass,bringing in
the membes and methods of twor moe dasses.

Expeience has shen tha multiple inheitance should be used judiciousDften,the
problem sohed with multiple inheitance can be better selt with agregation or with
the use of temptas. May development systems ta a had time déugging methods of
multiply inheiited objectsand the ent& piogram becomes mercomple as ¢asses
become intedwined

Tha said multiple inheitance is a pwerful tool,and thee is no eason to set it aside
What is impotant is to use it Wwen it is neededut not as an end in itselfrom the
design pespectie, it is impottant to undestand viha multiple inheitance modelsthe
idea of a tass shang the tamacteistics and behaor of two, perhas unelaed other
classes.

In simple nultiple inheitance the two base lasses & unelaed (see kgure 3.7).

FIGURE 3.7.
Simple raltiple Lion Eagle
inhertance
EatMeat() Squawk()
Roar() Fly()
Griffin

In this simple illustation, the Grifiin ~ class inheits from bothLion andeagle . Thus,a
Griffin ~ canEatMeat() , Roar() , Squawk() , andFly() .You implement this in C++yb
listing the baselassessearated by commas. Listing 3.12 demorats the implementa
tion of the dasses modeled inigure 3.7.
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LISTING 3.12. IMPLEMENTING MULTIPLE INHERITANCE

#include <iostream.h>

class Lion
{
public:
void EatMeat();
void Roar();
protected:
private:

h

class Eagle

{

public:
void Squawk();
void Fly();

h

class Griffin : public Lion, public Eagle

{
3

This code is intentionallspase—Ive left out constrctors, destuctors, and so on to > D
simplify the pesentdion and mak the pointTheGrifiin  class deives pulticly both o 8 z
fromLion and fom Eagle , therefore it specializs both thesel@sses and implements our g% 3
model tha aGrifin  is aLion and alsds ankagle . ;§ J_Z>'
) ) ) T2
Problems in Multiple Inheritance ik

A problem aises whenbothLion andeagle shae a common baséass,for example
Animal . Suppose thanimal has a memberaviable age of typeint , and an accessor
GetAge() , tha retums the alue of theanimal 'sage. Figure 3.8 shw/s what the model
looks like in UML.

Listing 3.13 shars hav this model is implemented in C+Again, I've left out all it the
essential methods to illuate the points ogered in this discussion. In @al pogram, of
coursg you'd want to ad constuctors, destuctors, and sdforth.

LisTING 3.13. Two CLASSES WITH A COMMON BASE CLASS

#include <iostream.h>

class Animal

{

public:
Animal():age(1){}
void Sleep(){}

int GetAge() const { return age; }
contirues
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LisTING 3.13. CONTINUED

private:
int age;

k

class Lion : public Animal
{
public:
void EatMeat(){}
void Roar(){}
protected:
private:

k

class Eagle : public Animal
{
public:
void Squawk(){}
void Fly(){}
h

class Griffin : public Lion, public Eagle

{
k

int main()

{
Griffin g;
cout << g.GetAge(); // ambiguous! Won't link!
return O;

This common basdass,animal , now has a memberaviable tha Grifin ~ will inherit
twice. When you ask br theage member aiiable, the compiler does not necesbar
know which objects aje you mean and will issue anrer along thesénes:
‘Griffin::GetAge’ is ambiguous, could be the ‘GetAge’ in base ‘Animal’ of

base ‘Lion’of class ‘Griffin’ or the ‘GetAge’ in base ‘Animal’ of base
‘Eagle’ of class ‘Griffin’.

Your compiler is ying to tell you tha it doesnt know which Animal ’'s age to eet: the
onegGrifin  inheiits throughLion or the onecrifiin -~ inhelits thrpughEagle . As the
designer of th&riffin  class,you must emain avare of theseelaionships and be pr
pared to sole the ambiguities tlyecreae. C++ facilitates your task ly providing virtual
inheiitance asdemonstated in Listing 3.14.
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FIGURE 3.8.

Two dasses shar Animal Animal

ing a common

base tass. age : int age : int
Sleep() Sleep()
GetAge() GetAge()

Lion Eagle

EatMeat() Squawk()
Roar() Fly()

1

Griffin

Z
SQe=
LISTING 3.14. VIRTUAL INHERITANCE 02 I
(@) )
#include <iostream.h> 9 _C;é 3
nIZ
class Animal cz-
wn
{ B :
public:

Animal():age(1){}

void Sleep(){}

int GetAge() const { return age; }
private:

int age;

h

class Lion : virtual public Animal

{
public:
void EatMeat(){}
void Roar(){}
protected:
private:

h
class Eagle : virtual public Animal

contirues
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LisTING 3.14. CONTINUED

{
public:
void Squawk(){}
void Fly(){}
h
class Griffin : public Lion, public Eagle
{
h
int main()
{
Griffin g;
cout << g.GetAge();
return O;
}

The dang hee is tha when thebaseclasses ofsriffin -~ (tha is, Lion andEagle )
derive from Animal , they do so with the & word virtual . Fgure 3.9 shws this nav

model.
FIGURE 3.9.
Modeling vitual Animal
inheritance
Age :int
Sleep()
GetAge()
T {Virtual}
Lion Eagle
EatMeat() Squawk()
Roar() Fly()

1 ]

Griffin




Inheritance Polymomphism,and Code Reus

(1%

117

CHAPTER 3

With virtual inheitance Griffin  inheiits just one cop of the membex of Animal , and
the ambiguity isesolhed The poblem with this solution is thébothLion andeagle
must knav tha they may be involved in a nultiple inheitance eldionship; thevirtual
keyword must be ortheir dedaration of inheitance not tha of Griffin

Note also thaif Animal needs initializéion (for example if the age variable is passed as
a pammeter)thenLion andeagle must initialize it (as usual) it Griffin ~ alsoinitial-
izesAnimal . This is \ery unusual,but it is the ony way to resole the ambiguity ofion
initializing to one walue andtagle initializing to another

Listing 3.15 illustetes hav you might initializ the baselass in eal of the vitually
derived dasses.

LisTING 3.15. INITIALIZING BASE CLASSES WITH VIRTUAL INHERITANCE

#include <iostream.h>

class Animal

{

public:
Animal(int theAge):age(theAge){}
void Sleep(){}

>
int GetAge() const { return age; } S o =
1 L
private: 02 z
int age; 952
5
13 m3z
DIZ
. . . . 2 am
class Lion : virtual public Animal o] £<-
{
public:

Lion(int theAge, int howManyCubs):Animal(theAge),
numCubs(howManyCubs){}

void EatMeat(){}

void Roar(){}
protected:
private:

int numCubs;

h

class Eagle : virtual public Animal
{
public:
Eagle(int theAge, int theWeight):Animal(theAge), weight(theWeight){}
void Squawk(){}
void Fly(){}
private:
int weight;

contirues
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LisTING 3.15. CONTINUED

h

class Griffin : public Lion, public Eagle
{

public:

Griffin(int theAge, int theWeight, int howManyCubs):
Lion(theAge, theWeight), // initialize base class Lion
Eagle(theAge, howManyCubs), // initilize base class Eagle
Animal(theAge){} /I initilize virtual base class

Animal!
h

int main()
{

int hisAge = 5;

int hisWeight = 7;

int litterSize = 4;

Griffin g(hisAge, hisWeight, litterSize);

cout << g.GetAge();

return O;

}

Multiple Inheritance Versus Containment

How do you knaw when touse rultiple inheitance and \Wwen to &oid it? Should a car
inheiit from steeing wheel,tire, and doos?

You could implementar as shan hee:

class SteeringWheel

{
k

class Door

{
3

class Tire

{
3

class Car : public SteeringWheel, public Door, public Tire

{
k

Although this code compilethe model it implements is badbroken,asshavn in
Figure 3.10.
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Ficure 3.10.

The wiong way to SteeringWheel Door Tire
model with inhar

tance T y

>

Car

It is important to come bdcto the fundamental®ulbic inheiitance should &lays
model specializ@on. The common xpression ér this is thainheitance should model
is-a relaionships.If you want to model théas-arelaionship (br example a carhas-a
steeing wheel),you do so with ggregation. In C++,aggregation is implemented with
member ariables. Tha is, you gve your car class a memberaviable Steeringwheel

class SteeringWheel

{
3

class Door

{
k

class Tire

{
3
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class Car

{
public:

private:

SteeringWheel s;

Door d[2];

Tire t[4];
h
So,is a car asteeing wheel,or does ithave a steeing wheel?You might ague tha a car
is a combintdon of a steéng wheel,a tire, and a set of doerbut this isnot modeled in
inheiitance However, a car is not a specialitan of these things—it is arggregation of
these thingsA carhasa steeing wheel,it hasdoors, and ithastires.You diagram these
relaionships in the UMLusing the ggregation symbol shan in FHgure 3.11.
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FIGURE 3.11.
Modeling with Car
aggregation.

SteeringWheel Door Tire

The open diamond on tlwar class indictes thathecar objecthaswhaever is on the
other side of the connecting linka this casgthe car hasat least one steirg wheel,
door, and tile. We can maé this dewing mole piecise ly adding multiplicity—that is, by
indicaiing hav mary of ead object thecar might have (see kgure 3.12).

FIGURE 3.12.
The UML desig Car
nation of multi-

plicity.

SteeringWheel Door Tire

The digram in Fgure 3.12 indictes th& acar has &actly onesteeringwheel and bur
tires {ehicle s with a diferent rumber of ties ae notcars), and fom two to five doos
(coupes hee two doos, hachbadks hare thieg sedans hze four, and minvans hae five
doors).

Summary

Polymorphism is a paerful tool for C++ pogrammes. It can be accomplished tlugh
method and opetor overdoading—allaving the dient grea flexibility in its interaction
with the sever objectAn even moe paverful implementtion of poymomphism can be
accomplished Y overriding virtual methods in dered dasses. Ente hiearchies of
classes can beubt, eat specializing the implemeriian of virtual methods.
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Multiple inheiitance and containmentgaide tools br creaing powverful polymorphic
objects,but is impotant to bcus less on the implemetitan and moe on the design and
semantics of gur model. If yu undestand the design ofoyr dass,the implementgéon
follows naurally.
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In my expetience of tealsing C++ to liteally more than 10,000 studentspth in peson
and onlineI’ve found thathe single hatest concptual aea ismemoy mangement.
Even eperienced C++ psgrammes become confused in their unskanding of pointer
andreferences. | belige thd one of the gncipal causes of this confusion is tisa mawy
primers teat pointes medanicaly (“here is hav you use them”)ather than conqeu-
ally (“here is what they are”).

Once yu undestand fully and in yur coe, tha a pointer isnothing moe than a wari-
able tha holds an adress.the est becomes uth easierThe implicdions of this under
standing ag listed hee:

* The pointer itself is aariable, and thus has an drss of its wn.

* The pointer contains the @ess of the objectou cae @out.

* You cet to the objectgu cae eout by deeferencing the pointer

¢ Thenew opegtor retums an adress; a pointer is aogd place tkee tha address.

All of this becomesomavha more complicéed when you adl referencesbecause the
are, essentialf, automaically deeferenced pointes. The ticky thing with eferences is

tha they alwaysrefer to the object thereference and ner to themsels. Hee’s a god
quick test of yur undestanding of eferences:

#include <iostream.h>

int main()

{
intx=7;
int & ref = x;
ref = 8;
inty =10;
ref=vy;
cout << “x = “ << x;
cout<<*y="<<y;
cout << “ref =" << ref << endl;
return O;

}

The question isywhat will this print? Stop eading heg until you knav theansver. Did
you ansver this vay:

x =8,y =10, ref =10

If so, you made the most common misaklont feel badit’'s a tick question). Redr
again to this steement:

ref=vy;

This staement didnot pointref to y—insteadit was eactly as if | hadwritten this:
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X=y,
Thus,her is the caect ansver:
x =10,y =10, ref=10

Finally, pointeis and eferences pesent a speddf and dificult challenge in the &ce of
exceptions.Whenan eception is thown, the stak is unwound and local atiables ae
destoyed but pointes ae not.

This dhapter discusses hoto mange pointes and eferences to ensarthd your pio-
gram has no memypreaks—een in the pesence of ungdictale exceptions.

Memory Management and
Pointers

There ae two ways to allocée memoy for variables in C++:0n the stak and on the
heg. When \aiiables ae allocded on the stdg their constuctor is called gallocaion
and their destrctor is called \wen the objectaes out of scopdhe most common ay
for an object to g out of scope isofr the function toetum as shan in Listing 4.1.

LISTING 4.1. ALLOCATING MEMORY ON THE STACK

#include <iostream.h>

class myClass

{
public:
myClass(int val=0):myValue(val)

{
}

myClass(const myClass & rhs):myValue(rhs.myValue)

{

cout << “In myClass constructor\n”;

cout << “In myClass copy constructor\n”;
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~myClass() { cout << “In myClass Destructor\n”; }
int GetValue() const { return myValue; }

private:
int myValue;

3
int someFunction(myClass c);
int main()

contirues
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LISTING 4.1. CONTINUED

{

cout << “In main, ready to create object(3)...\n"<< endl;

myClass object(3);

cout << “In main, object’s value is: “ << object.GetValue() << endl;

cout << “In main, passing object (by value) to someFunction...\n” <<
Oendl;

someFunction(object);

cout << “In main, returned from someFunction. Exiting...\n” << endl;

return O;
}
int someFunction(myClass c)
{
cout << “In someFunction, c’s value is: “ << c.GetValue() << endl;
cout << “Exiting someFunction...\n” << endl;
return c.GetValue();
}

Here is the outpufrom the pogram in Listing 4.1:

In main, ready to create object(3)...

In myClass constructor
In main, object’s value is: 3
In main, passing object (by value)to someFunction...

In myClass copy constructor
In someFunction, c’s value is: 3
Exiting someFunction...

In myClass Destructor
In main, returned from someFunction. Exiting...

In myClass Destructor

In this simpleexample we crede an object on the stam main() and then pass ityb
value tosomeFunction() . Passing ly value cedes a cop in the scope of the
someFunction()  function.When tha copy goes out of scopehe destuactor is called
When the object imain() goes out of scopehe destuctor for the oiginal object is
called

The second ay to crede an object is on the hgausing thenew opeitor, as shwn in
Listing 4.2.Thenew opestor allocdes an (unnamed) object on the head etums the
address of thaobject,which can then be sted in a pointer
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LISTING 4.2. ALLOCATING MEMORY ON THE HEAP

#include <iostream.h>

class myClass

{
public:
myClass(int val=0):myValue(val) { cout << “In myClass constructor\n”;
}
myClass(const myClass & rhs):myValue(rhs.myValue)
{
cout << “In myClass copy constructor\n”;
}
~myClass() { cout << “In myClass Destructor\n”; }
int GetValue() const { return myValue; }
private:
int myValue;
h

int someFunction(myClass c);
int someFunction(myClass *pc);

int main()
{

cout << “In main, ready to create object(3)..."<< endl;

myClass * pObject = new myClass(3);

cout << “In main, pObject’s value is: “ << pObject->GetValue() <<
Oendl;

cout << “In main, passing pObject (by value) to someFunction...” <<
Oendl;

someFunction(*pObject);

cout << “In main, returned from someFunction(*object).”;

cout << “Calling someFunction(object)...” << endl;

someFunction(pObject);

cout << “In main, returned from someFunction(object). “

cout << “Deleting pObject...” << endl;

delete pObject;

return O;
}
int someFunction(myClass c)
{
cout << “In someFunction, c's value is: “ << c.GetValue() << endl;
cout << “Exiting someFunction...” << endl;
return c.GetValue();
}

int someFunction(myClass * c)

{

contirues
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LISTING 4.2. CONTINUED

cout << “In someFunction(myClass *), c's value is:
cout << c->GetValue() << endl;

cout << “Exiting someFunction...” << endl;

return c->GetValue();

Here is the output &m the pogram in Listing 4.2:

In main, ready to create object(3)...

In myClass constructor

In main, pObject’s value is: 3

In main, passing pObject (by value) to someFunction...
In myClass copy constructor

In someFunction, c's value is: 3

Exiting someFunction...

In myClass Destructor

In main, returned from someFunction(*object). Calling
someFunction(object)...

In someFunction(myClass *), c’s value is: 3

Exiting someFunction...

In main, returned from someFunction(object). Deleting pObject...
In myClass Destructor

This time we allocae the object on the hpawith this call:
myClass * pObject = new myClass(3);

The constuctor is called as asult.We pass the objebly value (dereferencing the
pointer) toSomeFunction()  with this stéaement:

someFunction(*pObject);

The cojy constuctor is then calledAn object is nav creaed on the stdg which is
destoyed when the functionatums (note the call to the desttor).

We then pass thebject to the wedoadedsomeFunction() by reference like this:

someFunction(pObject);

This time the coy constuctor is not called because no gap creaed The object efer-
enced in this function is the same objectedsrenced immain() . When this method
retums,the destuctor isnot called At this point,we ae read/ to exit main() but must
remember xplicitly to calldelete . Every call tonew must be meched ly a call to
delete or we'll cregde a memoy leak.
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Memory Leaks

The tem memoy leakis quite popular in the industrbut it isn't often explained Her's
the idealf you allocde memoy usingnew and fil to redaim tha memoy using

delete ,the memoy is irretrievably lost until your program ends. It is as if the menyor
“leaked out”of your program.

If you male this mistak in a function thiaallocaes a lot of memagr(a few big objects
or lots of small objectsgnd you call this functionepededly, it is entirely possile to
crash yur piogram (or slev it down tremendougl) because gu will run out of &ailable
memoy. C++ has no autontia memoy retrieval (“garbaje collection”) as doesada.
You nrust edaim the memoy yourself.

Allocating Arrays

If you allocde an aray of memoy, you nmust iemember to use the spedcialkte[]
opetor. If you forget to use theelete]] opeitor and instead caflelete  (with no
bradets),you will deallocde only the frst objectand the est of the memgrwill be
lost. Listing 4.3 illustates hov thedelete]]  opetor is used

LISTING 4.3. USING delete]]

#include <iostream.h>

class myClass

{

public:

myClass(int val=0):myValue(val) { cout << “In myClass constructor\n”;
o}

myClass(const myClass & rhs):myValue(rhs.myValue)

{

cout << “In myClass copy constructor\n”;

~myClass() { cout << “In myClass Destructor\n”; }

int GetValue() const { return myValue; }

void SetValue(int theVal) { myValue = theVal; }
private:

int myValue;
h

void someFunction();
int main()
{

cout << “In main, ready to call someFunction...” << endl;

contirues
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LISTING 4.3. CONTINUED

someFunction();
cout << “In main, returned from someFunction.” << endl;
return O;

}

void someFunction()
{
const int arraySize = 5;
myClass * pArray = new myClass[arraySize];
for (inti=0; i< arraySize; i++)
pArrayl[i].SetValue(i);

for (intj = 0; j < arraySize; j++)
cout << “pArray[* << j << “]: “ << pArray[j].GetValue() << endl;

delete [] pArray;

Here is the output &fm the peceding listing:

In main, ready to call someFunction...
In myClass constructor

In myClass constructor

In myClass constructor

In myClass constructor

In myClass constructor

pArray[0]: O

pArray[1]: 1

pArray[2]: 2

pArray[3]: 3

pArray[4]: 4

In myClass Destructor

In myClass Destructor

In myClass Destructor

In myClass Destructor

In myClass Destructor

In main, returned from someFunction.

This is anothesimple example th&explains hav memoy allocaion works with an aray
of objects on the h@aThe call tonew allocaes fve objects on the hpawhich ae then
assigned alues.This call causes eh®f the objects to be desyed in tun:

delete [] pArray

For eficiengy, thedelete opemtor (without squag biaces) assumes thgou want to
delete on} a single objeciThedelete ]  opeltor (with squae braces) tells the
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compiler to use the count of objecéxoded when you allocae the aray. The corect
number of objects arthen destiyed preventing a memarleak.

Stray, Dangling, and Wild Pointers

If you delete a pointer thaas alead/ been deleted/ou lisk crashing ypur piogram.To
ensue thd this does not h@pen,make it a pactice to set all deleted poinseloNULL It
is sak and lgal to delete aull pointer, as shavn in Listing 4.4.

LISTING 4.4. DELETING A NULL POINTER

#include <iostream.h>

class myClass

{
public:
myClass(int val=0):myValue(val) { cout << “In myClass constructor\n”;
o}
myClass(const myClass & rhs):myValue(rhs.myValue)
{
cout << “In myClass copy constructor\n”;
~myClass() { cout << “In myClass Destructor\n”; }
int GetValue() const { return myValue; }
void SetValue(int theVal) { myValue = theVal; }
private:
int myValue;
h
int main()
{
myClass * pc = new myClass(5);
cout << “The value of the object is “ << pc->GetValue() << endl;
delete pc;
pc =0;
cout << “Here is other work, passing pointers around willy nilly.\n";
cout << “Now ready to delete again...” << endl;
delete pc;
cout << “No harm done” << end|;
return O;
}

The fllowing is the output fsm Listing 4.4:

In myClass constructor
The value of the object is 5
In myClass Destructor
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Here is other work, passing pointers around willy nilly.
Now ready to delete again...
No harm done

Of course this exkampleis ebsud becausequ would never delete the same pointer twice
in a single methadrhe poblem, of cousse is tha you often pass pointeintoand out

of methodsmaking copies asoy @. In a complicted pogram, it is easy to lose aick

and accidentayl delete an atrad/ deleted pointeiMaking sue thd you set deleted
pointess toNULL (0) protects pu from this eror. It also enswes thaif you try to use tha
pointer you get an immediee crash ether than a subtle and fidult-to-find bug. If you

are going to fil, you want to il with a bangnot a vhimper—tha is, you want to il
predictaly (so tha you can ind the lug) and yu want tofail where the lng is not laer

in the pogram.

const Pointers

You can use thkeyword const for pointes bebre the typeafter the typeor in both
placesdepending on W& you ae trying to accomplish.

In the bllowing stdement,pone is a pointer to a constant igex. The \alue being point
ed to cart be hanged:

const int * pOne; // pointer to a constant integer

In this next stéementpTwo is a constant pointer to an igex The inteyer can be
changed but pTwo cant point to agthing else:

int * const pTwo; // constant pointer to an integer

In this thid stdementpThree is a constant pointer to a constant geteThe \alue being
pointed to cart’be dangd andpThree cant be danged to point to aything else:

const int * const pThree; // constant pointer to a constant integer

The tick to keeping this staight is to lookto the ight of the keyword const to find out
what is being delared constant. If thgypeis to the ight of the leyword, the \alue is
constant:

constint * p1; // the int pointed to is constant
If the variable is to the ight of the lkeyword const , the pointer arable itself is constant:

int * const p2; // p2 is constant, it can’t point to anything else

const Pointers and const Member Functions

When a member functias dedaredconst , the compiler fiags as an eor ary atempt
by tha function to ©iang dda in the object to tich it belongs.



Memor Management
y Mand 135

CHAPTER 4

When you detare an object to beonst , you ae in efect detaring tha thethis pointer
is a pointer to @aonst object.A const this  pointer can be used gnlith const mem
berfunctions.

Passing By Reference

Ead timeyou pass an object into a function Wmlug a copy of the object is madd&eath
time you retun an object fom a function ¥ value another cop is made

These objects arcieaed on the stdg copying them consumes @eessing time and sys
tem memoy. For small objectssudh as the bilt-in integer values this is a tivial cost.

However, with larger usercreaed objectsthe cost is geaer. The siz of a usecreaed
object on the st&cis the sum of edicof its member ariables. These in tum, can eah
be usercreaed objectsand passing shica massie stucture by copying it onto the stdc
can be ery expensve in perbrmance and memprconsumption.

When the tempary object is destiyed which hgpens wen the functionatums, the
objects destuctor is calledIf an object isetumed ly valug a coyy of tha object will
be ceaed anddestoyed as well.

Passing a const Pointer

Although passing pointer is ma¥ eficient than passing an object talue it is also
more dangrous because itxposes the object tdhang and defds the potection
offered in passingyvalue

Passing ly value is like gving a nuseum a photwaph of your mastgiece instead of
the eal thing If vandals mdq it up,no ham is done to the @inal. Rassing ly reference
is like sending gur home adress to the mseum and witing guests to comever and
look & the eal thing

The solution is to passcanst pointer Doing so pevents calling ay nonconst method
and thus dbrds you the potection of passingybvalue while preseving the eficiengy of
passing i reference Once gain the guests arirvited toyour home but the at is
behind lulletproof glass.
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Passing a constanéference can ige you the same &€iengy without forcing you to use
the ether cumbesome syntax of deferencing pointes. A constant eference is eally a
reference to a constant objecefgrences themseds ae alvays constant). By passing a
reference to a constant objetite object cannot bénanged hut no coly constuctor is
called
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You can pass a constapfarence ony when you knav the object will not bewuLL
Remember thaalthough it is possle to cede a eference to avuLL object,doing so
rendes your programinvalid. It may crash,it may work just fine, butit isn’t legal C++
and the esults a@ unpedictale.

Don’t Return a Reference to an Object That
Isn’t in Scope

After C++ piogrammes leamn to pass Y reference they have a tendencto go hag-wild.
It is possilte, however, to overdo it. Remember tha reference is alays an alias to
some other object. Ifou pass aaference into or out of a functiobge sue to ask gur-
self, “What is the object I'm aliasingand will it still exist every time it's used?”

Listing 4.5 illustetes etuming a eference to a tempary object. Please note thsome
compiless won't let this passpthess will. In ary casethis piogram will almost cerinly
crash on recution.This pirogram isnotvalid.

LISTING 4.5. RETURNING A REFERENCE TO A TEMPORARY OBJECT

#include <iostream.h>

class myClass
{
public:
myClass(int val=0):myValue(val) { cout << “In myClass constructor\n”;
0}
myClass(const myClass & rhs):myValue(rhs.myValue)

{

cout << “In myClass copy constructor\n”;

~myClass() { cout << “In myClass destructor\n”; }

int GetValue() const { return myValue; }

void SetValue(int theVal) { myValue = theVal; }
private:

int myValue;

k

void SomeFunction();
myClass &WorkFunction();

int main()

{
SomeFunction();
return O;

}

myClass & WorkFunction()
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myClass mc(5);
return mc;

void SomeFunction()

{

myClass &rC = WorkFunction();

int value = rC.GetValue();

cout << “rC’s value: “ << value << endl;
}

Here is the output &m Listing 4.5:

In myClass constructor
In myClass destructor
rC’s value: 1245036

WorkFunction() ~ credesan object on the stk@and etums a eference to itwhich is
assigned to a locaéference {c ) in SomeFunction() . Unfortunaely, rc now refers to an
object tha has @ne out of scoperhus,the eference is imalid, andthe piogram itself is
invalid.

You might be tempted to s@\this poblem by having workFunction()  creae the object
on the hep. Thus,when the functionetums,the object will contine to &ist:

#include <iostream.h>
class myClass

{
public:
myClass(int val=0):myValue(val) { cout << “In myClass constructor\n”;
o}
myClass(const myClass & rhs):myValue(rhs.myValue)
{ <
cout << “In myClass copy constructor\n”; JZ> Z
} €3
~myClass() { cout << “In myClass Destructor\n”; } o %
int GetValue() const { return myValue; } E 2
void SetValue(int theVal) { myValue = theVal; } =
private:
int myValue;
h

void SomeFunction();
myClass &WorkFunction();

int main()

{

SomeFunction();
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return O;
}
myClass & WorkFunction()
{
myClass * pC = new myClass(5);
return *pC;
}
void SomeFunction()
{
myClass &rC = WorkFunction();
int value = rC.GetValue();
cout << “rC’s value: “ << value << endl;
}

The following is the output:

In myClass constructor
rC’s value: 5

This revised code sobs the ppblem introduced in Listing 4.5hut & the cost of intr-
ducing amemoy leak. Hav is the memar allocaedin workFunction()  to be ecov-
ered?You canof course delete it inSomeFunction() , like this:

#include <iostream.h>

class myClass

{
public:

myClass(int val=0):myValue(val) { cout << “In myClass constructor\n”;
o}

myClass(const myClass & rhs):myValue(rhs.myValue)

{

cout << “In myClass copy constructor\n”;

}

~myClass() { cout << “In myClass Destructor\n”; }

int GetValue() const { return myValue; }

void SetValue(int theVal) { myValue = theVal; }
private:

int myValue;
h

void SomeFunction();
myClass &WorkFunction();

int main()

{
SomeFunction();
return O;
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myClass &WorkFunction()
{

myClass * pC = new myClass(5);
return *pC;

}

void SomeFunction()

{
myClass &rC = WorkFunction();
int value = rC.GetValue();
cout << “rC’s value: “ << value << endl;
myClass * pC = &rC; // get a pointer to the memory
delete pC; // oops, now rC is a reference to a null object!

}

The output isas Dllows:

In myClass constructor
rC’s value: 5
In myClass Destructor

In this ekample you crede a pointer to the mempon the hep (by taking the adress of
the eference) and thenou delete thiaobject.This works; the object is delete@he
problem is tharc is nav a reference to aluLL objectand thd is not lgal. On may
compiless, this program will compile link, and work. Do not be deceed; your piogram
is not \alid, and it iscettainly not potable.

Pointer, Pointer, Who Has the Pointer?

When your piogramallocaes memoy on the fee stoe (the hep), a pointer is etumed
It is impestive tha you kegp a pointer to tHamemoy, because once the pointer is lost,
the memoy cannot be deleted and becomes a mgrsak.

As you pass thislbck of memoy between functionssomeone willown” the pointer
Typically, the \alue in the ock is passed usingferencesand the function thecreded
the memoy is the one thiadeletes it. But this is aegeal rule, notan iron-dad one

It is dangrous Pr one function to @ae memoy and another to ée it,however.
Ambiguity ebout who owvns the pointer can lead to one obtproblems:forgetting to
delete a pointer or deleting it twicEither eror can cause seus poblems in your pio-
gram. It is sadr to luild your functionsso tha they delete the memyrthey creae.
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Tip

If you are writing a function that has to create memory and then pass it back to
the calling function, consider changing your interface. Have the calling function
allocate the memory and then pass it into your function by reference. This
moves all memory management out of your program and back to the function
that is prepared to delete it.

Pointers and Exceptions

Memoly mangiementof objects on the hpabecomes especiglproblemdic in the pes
ence of gceptions. Consider thexample shan in Listing 4.6.

LisTING 4.6. HEAP OBJECTS AND EXCEPTIONS

#include <iostream.h>

class myException

{
public:
char * errorMsg() { return “Oops.”; }
h
class Point
{
public:
Point (int x, int y):myX(x), myY(y)
{
cout << “Point constructor called’<< endl;
}
Point (const Point & rhs):
myX(rhs.myX),
myY (rhs.myY){ cout << “Point copy constructor called” <<
Oendl;}
~Point(){ cout << “Point destructor called” << endl;}
int GetX() const { return myX; }
void SetX(int x) { myX = x; }
int GetY() const { return myY; }
void SetY(inty) { myY =vy;}
private:
int myX;
int myY;
h

class Rectangle
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{
public:
Rectangle(Point upperLeft, Point lowerRight):
myUpperLeft ( new Point(upperLeft)),
myLowerRight(new Point(lowerRight))

¢

Rectangle(Point * pUpperLeft, Point * pLowerRight):
myUpperLeft ( new Point(*pUpperLeft)),
myLowerRight(new Point(*pLowerRight))

{

Rectangle(int upperLeftX, int upperLeftY, int lowerRightX, int
O lowerRightY):
myUpperLeft(new Point(upperLeftX,upperLeftY)),
myLowerRight(new Point(lowerRightX,lowerRightY))
&

Rectangle( const Rectangle & rhs ):
myUpperLeft(new Point(*myUpperLeft)),
myLowerRight(new Point(*myLowerRight))

{
~Rectangle()
{
cout << “In Rectangle’s destructor” << endl;
delete myUpperLetft;
delete myLowerRight;
}

int GetWidth() { return myLowerRight->GetX() - myUpperLeft->GetX(); }
int GetHeight() { return myLowerRight->GetY() - myUpperLeft->GetY(); }

void DangerousMethod() { throw myException(); }

private:
Point * myUpperLeft;
Point * myLowerRight;

h
int main()
{

try

{

cout << “Begin round 1...” << endl;

CHAPTER 4

ININIOVYNY A
AMOWIA

contirues
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LISTING 4.6. CONTINUED

Point * pUL = new Point(0,0);

Point * pLR = new Point(20,30);

Rectangle myRectangle(pUL, pLR);

int w = myRectangle.GetWidth();

int h = myRectangle.GetHeight();

cout << “the Rectangle is “ << w << *“ by “ << h << end|;

delete pUL;
delete pLR;
}
catch ( myException & e')
{
cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
}
try
{
cout << “Begin round 2...” << endl;
Point * pUL = new Point(0,0);
Point * pLR = new Point(20,30);
Rectangle myRectangle(pUL, pLR);
int w = myRectangle.GetWidth();
int h = myRectangle.GetHeight();
cout << “the Rectangle is “ << w << “ by “ << h << end];
myRectangle.DangerousMethod();
delete pUL;
delete pLR;
}
catch ( myException & e )
{
cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
}
return O;

}

Here is the outpuproduced ly this code:

Begin round 1...

Point constructor called
Point constructor called
Point copy constructor called
Point copy constructor called
the Rectangle is 20 by 30
Point destructor called

Point destructor called

In Rectangle’s destructor
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Point destructor called

Point destructor called

Begin round 2...

Point constructor called
Point constructor called
Point copy constructor called
Point copy constructor called
the Rectangle is 20 by 30

In Rectangle’s destructor
Point destructor called

Point destructor called
caught exception: Oops.

In this simple gample you ceae a pair ofPoint  0bjects and then use themgaing a
copy) to creae a ectangleYou then deletéhe Point  0objects.The second time tbugh,
you callbangerousMethod() , which throws an &ception.

Count the constictors and destrctors. In ound 1there is an dfsetting destictor for
evety call to a constrctor This is not tue in ound 2. Because the@eption is thown,
thedelete stadements a& never rraded and we have creded a memor leak.

Notice tha in both pundstheRectangle ’'s destuctoris called Local objects (on the
stak) are destoyed when «iting anexception, but pointes ae notdeleted

We can ix this buggy program ly adding thedelete staement to theatch block. Note
tha we have to pull the pointer out of the scope of the block so thécatch can see
them,as shan in Listing 4.7.

LISTING 4.7. DELETING POINTERS IN catch BLOCKS

int main()

{
Point * pUL = 0;
Point * pLR =0;
try
{

cout << “Begin round 1...” << endl;
pUL = new Point(0,0);

pLR = new Point(20,30);

Rectangle myRectangle(pUL, pLR);

int w = myRectangle.GetWidth();

int h = myRectangle.GetHeight();

cout << “the Rectangle is “ << w << “ by “ << h << endl;
delete pUL;

contirues

143
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LISTING 4.7. CONTINUED

delete pLR;
}
catch ( myException & e )
{
cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
}
try
{
cout << “Begin round 2..."” << endl;
pUL = new Point(0,0);
pLR = new Point(20,30);
Rectangle myRectangle(pUL, pLR);
int w = myRectangle.GetWidth();
int h = myRectangle.GetHeight();
cout << “the Rectangle is “ << w << “ by “ << h << end];
myRectangle.DangerousMethod();
delete pUL;
delete pLR;
}
catch ( myException & e )
{
cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
delete pUL;
delete pLR;
}
return O;
}
int main()
{
Point * pUL = 0;
Point * pLR =0;
try
{

cout << “Begin round 1...” << endl;
pUL = new Point(0,0);

pLR = new Point(20,30);

Rectangle myRectangle(pUL, pLR);

int w = myRectangle.GetWidth();
int h = myRectangle.GetHeight();
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cout << “the Rectangle is “ << w << “ by “ << h << endl;

delete pUL;
delete pLR;
}
catch ( myException & e)
{
cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
}
try
{
cout << “Begin round 2...” << endl;
pUL = new Point(0,0);
pLR = new Point(20,30);
Rectangle myRectangle(pUL, pLR);
int w = myRectangle.GetWidth();
int h = myRectangle.GetHeight();
cout << “the Rectangle is “ << w << “ by “ << h << end|;
myRectangle.DangerousMethod();
delete pUL;
delete pLR;
}
catch ( myException & e)
{
cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
delete pUL;
delete pLR;
}
return O;

Here’s the outpufrom this evised pogram:

Begin round 1...

Point constructor called
Point constructor called
Point copy constructor called
Point copy constructor called
the Rectangle is 20 by 30
Point destructor called

Point destructor called

In Rectangle’s destructor
Point destructor called

Point destructor called

Begin round 2...

Point constructor called
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Point constructor called
Point copy constructor called
Point copy constructor called
the Rectangle is 20 by 30

In Rectangle’s destructor
Point destructor called

Point destructor called
caught exception: Oops.

Point destructor called
Point destructor called

Although this evised code wrks, it is ugly and doesn’scale vell. Copying thedelete s
into all thecatch blocks is not a god long-tem solution; it maks br code thais had
to maintain and mme to eror. To really solve this poblem, we need an object thaits
on the stak but tha acts like a pointeWe need a smapointer and the Standdr
Templae Library offers exactly wha we needauto_ptr

Using Auto Pointers

The Standat Templde Library offers theauto_ptr  class.An object of this ass is
intended to act li& a pointer bt to sit on the st&cso tha it is destoyed when an rcep-
tion is thiown. The dass vorks by stashing way the eal pointer and deleting thpoint
er in its avn destuctor.

Listing 4.8 shws hav you would rewrite the eample fom Listing 4.7 usingwto_ptr

LISTING 4.8. USING auto_ptr

#include <iostream>
#include <memory>

using namespace std;

class myException

{
public:
char * errorMsg() { return “Oops.”; }

3

class Point

{

public:
Point (int x, int y):myX(x), myY(y)
{

}

cout << “Point constructor called’<< endl;
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Point (const Point & rhs):
myX(rhs.myX),
myY (rhs.myY){ cout << “Point copy constructor called” <<
Oendl;}
~Point(){ cout << “Point destructor called” << endl;}
int GetX() const { return myX; }
void SetX(int x) { myX = x; }
int GetY() const { return myY; }
void SetY(inty) { myY =vy; }
private:
int myX;
int myY;
h

class Rectangle
{
public:
Rectangle( Point upperLeft, Point lowerRight ):
myUpperLeft(new Point(upperLeft)),
myLowerRight(new Point(lowerRight))

¢

Rectangle( auto_ptr<Point> pUpperLeft, auto_ptr<Point> pLowerRight ):
myUpperLeft (new Point(*pUpperLeft)),
myLowerRight(new Point(*pLowerRight))

{

Rectangle(
int upperLeftX,
int upperLefty,
int lowerRightX,
int lowerRightY ):
myUpperLeft(new Point(upperLeftX,upperLeftY)),
myLowerRight(new Point(lowerRightX,lowerRightY))

& <
zZ

z
Rectangle( const Rectangle & rhs ): (:?) E
myUpperLeft(new Point(*myUpperLeft)), m O
myLowerRight(new Point(*myLowerRight)) E 2

{ S

~Rectangle(){ cout << “In Rectangle’s destructor” << endl; }
int GetWidth() { return myLowerRight->GetX() - myUpperLeft->GetX(); }
int GetHeight() { return myLowerRight->GetY() - myUpperLeft->GetY(); }

void DangerousMethod() { throw myException(); }

contirues
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LISTING 4.8. CONTINUED

private:

auto_ptr<Point> myUpperLeft;
auto_ptr<Point> myLowerRight;

h
int main()
{
try
{
cout << “Begin round 1...” << endl;
auto_ptr<Point> pUL(new Point(0,0));
auto_ptr<Point> pLR(new Point(20,30));
Rectangle myRectangle(pUL, pLR);
int w = myRectangle.GetWidth();
int h = myRectangle.GetHeight();
cout << “the Rectangle is “ << w << *“ by “ << h << end};
}
catch ( myException & e)
{
cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
}
try
{
cout << “Begin round 2...” << endl;
auto_ptr<Point> pUL(new Point(0,0));
auto_ptr<Point> pLR(new Point(20,30));
Rectangle myRectangle(pUL, pLR);
int w = myRectangle.GetWidth();
int h = myRectangle.GetHeight();
cout << “the Rectangle is “ << w << “ by “ << h << end|;
myRectangle.DangerousMethod();
}
catch ( myException & e )
{
cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
}
return O;
}

Here's theoutput flom the pogram in Listing 4.8:
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Begin round 1...

Point constructor called
Point constructor called
Point copy constructor called
Point copy constructor called
Point destructor called

Point destructor called

the Rectangle is 20 by 30

In Rectangle’s destructor
Point destructor called

Point destructor called

Begin round 2...

Point constructor called
Point constructor called
Point copy constructor called
Point copy constructor called
Point destructor called

Point destructor called

the Rectangle is 20 by 30

In Rectangle’s destructor
Point destructor called

Point destructor calledcaught exception: Oops.

This time the destuctors ae called popety withoutyour hasing to call them gall from
within main() , either in thecatch staéement or notTheauto_ptr manaes the memagr
for you; you just pass in a pointer to the object andathe ptr  does theest.

Note tha ther is a subtlelny in this pogram; | will discuss it in a moment.

As you can seeauto_ptr S simplify memoy mangement,and thg can be used meror
less like nomal pointes. Consider thisxample:

int GetWidth() { return myLowerRight->GetX() - myUpperLeft->GetX(); }

There is no bang in hav we call theGetx() method:You use the points-to of@or on
theauto_ptr  just as ypu would with a egularpointer

Copying auto_ptr S
Wha hgopens viienwe male a coy of anauto_ptr  ?

ININIOVYNY A
AMOWIA

There ae two ways to cause a pointer to be copi@tie frst gpproad is to irvoke the
copy constuctor:

Point * ptrOne = ptrTwo;

The second ay to copy a pointer is to call the assignment @per.

Point * ptrOne;
ptrOne = ptrTwo;
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In either casgthe author of thauto_ptr  templae dass has tteechoices:

* Make a shallw copy
« Make a dep copy
e Transkr avnership

If a shallav copy is madewe hare the usual mblem: If the copy goes out of scopét
deletes the object pointed to and the other pointerdvbe a wild pointerdf we male a
dee copy, we biing the werhead of conaticting and destiying every cop/—a pretty
expensve opeation and inppropriate for a templée dass br a gneal library. Although
this limitation caused the STL autloto doose the thd pah, it doesnt mean thamak
ing a dep copy is the wong solution ér you.You mg want to cede your ovn

auto_ptr  class thadoes a dgecopy.

In ary casethe Standat Templde Library implementéion of auto_ptr  transkrs ovner
shipwhen a pointer is assigneSuppose thayou wiite the bllowing staement:

auto_ptr<Point> newAutoPtr = pUL;

In this ekample puL no longer onvns thepoint  object,and theroint  object’s destuctor
is not called vmenpuL goes out of scopdn fact,you should tea puL as a pointer to
NULL For this easonyou nmust bevery careful when passinguto_ptr s to functions 1
value

This discussion limgs us bak to the pogram in Listing 4.8 and its subtleip Let's adl
some code toxamine theroint s We cieaed after ceding theRectangle

int main()

{

try
{
cout << “Begin round 1...” << endl;
auto_ptr<Point> pUL(new Point(0,0));
auto_ptr<Point> pLR(new Point(20,30));
Rectangle myRectangle(pUL, pLR);
int w = myRectangle.GetWidth();
int h = myRectangle.GetHeight();
cout << “the Rectangle is “ << w << “ by “ << h << endl;
cout << “the upper left point x is “ << pUL->GetX() << endl;
cout << “the lower right point x is “ << pLR->GetX() << endl;
}

catch ( myException & e)

{

cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
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return 0O;

}

The output fom this evised potion of the pogram in Listing 4.8 ishavn hek:

Begin round 1...

Point constructor called

Point constructor called

Point copy constructor called

Point copy constructor called

Point destructor called

Point destructor called

the Rectangle is 20 by 30

the upper left point x is —-572662307
the lower right point x is -572662307
In Rectangle’s destructor

Point destructor called

Point destructor called

We've simplified main() by removing the secondy /catch block, and we've adiedtwo
lines to pmt out the contents of thmint s. They are garbaye: -572662307 (your
mileage ma valry). This is because @wve passed theuto_ptr S into theRectangle 'S
constuctor by value; avnership was tansemred to the interal coy made ly the copy
constuctor When we contirue to tiy to use the aginal auto_ptr S, they have whatever
garbaje hapens to be in memgar

The fix is frighteningl simple Just pass theuto_ptr s by reference All that has to
chang is the single member methodrattangle
Rectangle( auto_ptr<Point>& pUpperLeft, auto_ptr<Point>& pLowerRight ):

myUpperLeft (new Point(*pUpperLeft)),
myLowerRight(new Point(*pLowerRight))

{

By making this small kangg—the adition of two ampesands—no copis made of the
auto_ptr S and thuswnership is not tansered This time theroint  objects hae valid
values:

Begin round 1...

Point constructor called
Point constructor called
Point copy constructor called
Point copy constructor called
the Rectangle is 20 by 30
the upper left point x is 0

the lower right point x is 20
In Rectangle’s destructor
Point destructor called

Point destructor called
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Point destructor called
Point destructor called

Wait a mirute! It sue lookslike the cop constuctor is being called in thelffowing
staement:

myUpperLeft (new Point(*pUpperLeft)),

Isn’t tha an eplicit call to the cop constuctor of theauto_ptr  ? No. Hee’s what hgp-
pens:Theauto_ptr is passed inyreference In the initializdion, it is deeferenced
retuming the pointed-to object (tlmint ) which is then used to initialzanew

auto_ptr —calling not the cop constuctor ut the constuctor tha takes a pointer to a
Point object.

Reference Counting

In Chapter 3,“Inheritance Polymomphism,and Code Reusewe reviewed why it is
important to wite your avn copy constuctor and assignment opgor. The gal is to
ensue thd you ae ceaing dee copies ather than bitwisgor shallav, copies. Ceding
dee copies potects wpu from cieaing wild pointes, but it comes ta pice.

After your de@ copy is completedyou nav have two objects taking up mempto hold
the same irdrmaion. If you ae wiiting astring  class,and you ae passing sings
among functionsyou can end up with mgrcopies of the same #tg. This is wasteful
and also prne to eror. It is easy to lose @k of who ovns the memarand thus \wo
must delete edrccopy.

Reference-countedbjects @ercome these limitéons.A reference-countedlass legps
only one object in memgy but it kegps tiladk of how mary pointes ae referring to it.
When no one has aference the object deletes itselfhis gproad is dean,elegant,
and eficient.

Writing a reference-counted object is nottibty difficult, but generlizing the tass to
act as a basdass br all objects thiamight want to be eference counted does &k bit
of thought. Réher than making owstring  class inheit from a baselass
ReferenceCounted , we will have thestring class contain a prate dass delaration for
acCountedString . Thus,the interfice tostring does not gpose theeference counting;
after all,the dients dont care hav String  manaes its memoy.

The intenal dassCountedString ~ delives flom ReferenceCounted — and thus inhéits all
the details of marmging the eference countThe CountedString  class simp} specialies
this, adding the &ility to manae a (hidlen) C-style sing tha is the actual memygr
whose eferences a counted!
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The fllowing stdementcredes a sing:
String s1(*hello world”);

When you cede a sting, the sting’s constuctor initializes its intenal countedString
pointer initializing a nev countedstring  object on the hega The intenal
countedString  pointer is a smapointer so thiathe sting doesnt have to knav ary-
thing @out incementing or deementing theaferences.

Thus,the sting is responsike for sting-like methods surcas poviding an inde into the
stiing. ThecountedString  class is esponsike for manaing the sting’s memoy. It
inheiits its reference-counting flity from its base lassReferenceCounted

Thesting keeps a smdrpointer tocountedString , delegating responsibility br calling
AddRef() andReleaseRef() to the smarpointer:

class String

{
public:

String(const char * cString = *);
char operator[](int index) const;
char& operator[](int index);

...

private:
struct countedString : public ReferenceCounted
{
char * cString;
countedString( const char * initialCString);
countedString( const countedString & rhs);
~countedString();
void initialize(const char * initialCString);
1 :§
<=
friend class RCSmartPointer<countedString>; a %
5 =2
=

RCSmartPointer<countedString> rcString;

h
The baselass br countedString S ReferenceCounted , Which is responsite for man
aging the eference counts and deletitize memoy when it is no longr referenced:

class ReferenceCounted

{
public:
void addRef();
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void removeRef();

void markNotShareable();
bool isShareable();
bool isShared();

protected:
ReferenceCounted();
ReferenceCounted(const ReferenceCounted& rhs);
ReferenceCounted& operator=(const ReferenceCounted& rhs);
virtual ~ReferenceCounted();

private:

int referenceCount;

bool shareable;
h
This dass legps areference count and a Booleaalwe dout whether the memgrcan
be shaed The piotocol is thathe object stas out shageble and can be set to nonsiar
able by the avning dass accadting to its evn rules.

sting  mariks its memoy nonshagable whenever it retums a nonconstaneference
through theindex opeutor. This piocess is knon as“copy on wiite,” in tha we male
a copy of the sting the frst time thee is ary chance thathe memoy will be overwrit-
ten.The dient, of courseg is oHivious to the &ct tha we ae shaing the memoy, and
may want to wite into on one of the copiesiot all of them. Becauseencant tell
when the memaris overwritten, we just mak a copy ary time we're ging to male
writing possilte:

char & String::operator[](int index)

{
if ( rcString->isShared())

{
rcString->removeRef();
rcString = new countedString(rcString->cString);

}

rcString->markNotShareable();
return rcString->cString[index];

}

If the sting is maked not shagable, it can neer ajain be maked shaeable; thee is no
offsetting themarkshareable()  method We can neer again knav it is sag to shae this
memoy, so we dont.

The key methods aAddRef() andRemoveRef() . Someone mst call these methods
ead time a cop is madeWe'd rather not bothestring  with this duty so we creae a
smat pointer br reference counted objectB¢SmartPointer ) which owns thisresponsi
bility:
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template<class T>
class RCSmartPointer

{

public:
RCSmartPointer(T* ptrToRC = 0);
RCSmartPointer(const RCSmartPointer& rhs);
~RCSmartPointer();

RCSmartPointer& operator=(const RCSmartPointer& rhs);

T* operator->() const;
T& operator*() const;

private:

T * pRC;

void initialize();
h
The smatrpointer is initializd with a pointer to gnreference-counted object—in our
casestring . It is the sméarpointers job to incement theeference count Wwen a ne
reference is aded and to deement theeference count Wwen the pointer is deleted
Because the smigpointer nust incement the pointerof both of its constrctors, it does
so thoughtheinitialize() method:

template<class T>
void RCSmartPointer<T>::initialize()

if (pRC==0)
return;

if ( pRC->isShareable() == false )

{
pRC = new T(*pRC);

}
pRC->addRef();
}

This is the essence of objeciemted designdelegation of responsibilityand euse
Listing 4.9 shws the entie program.

LISTING 4.9. DELEGATION OF RESPONSIBILITY

#include <iostream.h>
#include <string.h>

template<class T>
class RCSmartPointer

{

contirues

155
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LISTING 4.9. CONTINUED

public:
RCSmartPointer(T* ptrToRC = 0);
RCSmartPointer(const RCSmartPointer& rhs);
~RCSmartPointer();

RCSmartPointer& operator=(const RCSmartPointer& rhs);

T* operator->() const;
T& operator*() const;

private:
T *pRC;
void initialize();

k

template<class T>
void RCSmartPointer<T>::initialize()

{ if (p)RC==0)
return;
if ( pRC->isShareable() == false )
{ pRC = new T(*pRC);
LRC->addRef();
}

template<class T>
RCSmartPointer<T>::RCSmartPointer(T* ptrToRC):

pRC(ptrToRC)
{

initialize();
}

template<class T>

RCSmartPointer<T>::RCSmartPointer(const RCSmartPointer& rhs):
pRC(rhs.pRC)

{

}

initialize();

template<class T>
RCSmartPointer<T>::~RCSmartPointer()
{
if (pRC)
pRC->removeRef();
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template<class T>
RCSmartPointer<T>& RCSmartPointer<T>::operator=(const RCSmartPointer& rhs)

{
if (pRC ==rhs.pRC)
return *this;

if (pRC)
pRC->removeRef();

pRC = rhs.pRC;

return *this;

}

template<class T>
T* RCSmartPointer<T>::operator->() const

{
}

return pRC;

template<class T>
T& RCSmartPointer<T>::operator*() const

{
}

return *pRC;

class ReferenceCounted
{
public:
void addRef() { ++referenceCount; }
void removeRef() {
if (--referenceCount==0)
delete this;

}

void markNotShareable() { shareable = false; }
bool isShareable() { return shareable; }
bool isShared() { return referenceCount > 1; }

ININIOVYNY A
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protected:
ReferenceCounted():referenceCount(0), shareable(true) {}
ReferenceCounted(const ReferenceCounted& rhs):
referenceCount(0),
shareable(true)
{
ReferenceCounted& operator=(const ReferenceCounted& rhs) { return
O *this; }
virtual ~ReferenceCounted(){}

contirues
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LISTING 4.9. CONTINUED

private:
int referenceCount;
bool shareable;

class String

{
public:

String(const char * cString = “"):rcString(new
[ countedString(cString)){}

char operator[](int index) const { return rcString->cString[index]; }
char& operator[](int index);
operator char*() const { return rcString->cString; }

void ShowCountedStringAddress() const { rcString->ShowAddress(); }

private:
struct countedString : public ReferenceCounted

{

char * cString;

countedString( const char * initialCString)

{
}

countedString( const countedString & rhs) {
Oinitialize(rhs.cString); }
~countedString()

initialize(initialCString);

delete [] cString;

void initialize(const char * initialCString)

{
cString = new char[strlen(initialCString) +1];
strepy(cString,initialCString);

}

void ShowAddress() const { cout << &cString; }

friend class RCSmartPointer<countedString>;

8

RCSmartPointer<countedString> rcString;

k

char & String::operator[](int index)
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if ( rcString->isShared())
{
rcString->removeRef();
rcString = new countedString(rcString->cString);
}
rcString->markNotShareable();
return rcString->cString[index];

int main()
{
String s1(*hello world”);
String s2 = s1; // copy constructor
String s3(“bye”);
s3 =82; /I assignment

cout << “sl:*<<sl<<**
s1.ShowCountedStringAddress();
cout << “\ns2: “<<s2 <<
s2.ShowCountedStringAddress();
cout << “\ns3: “<<s3 <<
s3.ShowCountedStringAddress();

cout << endl;
return O;

| added theshowAddress() method to pove thd the eference counting is arking.
Here’s the output ftm running the pogram in Listing 4.9:

s1: hello world 0x0042118C
s2: hello world 0x0042118C
s3: hello world 0x0042118C

As you can seeall three stings hae the same alless in memat Perfect.

Here’s hav it works. On theifst line ofmain() , we clede astring object. Put this in
your déougger. You'll find tha this innocuous line will bng you into the hearof all of
these asses. Most intestingl, you'll see the eference counterinvoked automtcally.
Here ae the stps:

String s1(“hello world”);
We creae astring 0bject on the stdc Steoping in bings us to thestring  constuctor:

String(const char * cString = “”):rcString(new countedString(cString)){}

159
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In the initializagion of the memberariable rcString , we enter the e opegtor and
then the constictor for countedString

countedString( const char * initial CString) { initialize(initial CString); }

Before we enter the bodof the constuctor, we enter the (implicit) initializgon of the
base tass,in which the membevariable ReferenceCount is initialized to zro:

ReferenceCounted():referenceCount(0), shareable(true) {}

Why zero and not 17? It tuns out to be easier and safo let the deved dass set this to
1. While we're heg, we initialize thereferenceCounted  0bject to be shaeble—the
default. We then enter the bgdf countedString  ’s constuctor, which brings us to the
initialize member method afountedString  (passing in the aginal cString  as a
paameter):

void initialize(const char * initialCString)

In the bog of this initializaion, a nev character aray is creaed on the hga and its
address is stad in the memberariable cString

cString = new char[strlen(initialCString) +1];
strepy(cString,initialCString);

Remember thawe ae still initializing thestring classs membercstring , which is an
RCSmartPointer , SO We enter the constctor for RCSmartPointer , whete the intenal
pointer is set to point to threferenceCounted  Object allocged on the hgaand
RCSmartPointer 'Sinitialize() method is imoked:

template<class T>

RCSmartPointer<T>::RCSmartPointer(T* ptrToRC):

pRC(ptrToRC)
{

}

Theinitialize() method beds to see wether the pointer aNULL, in which case
no action is neede®therwiseit chedks whether thereferenceCounted  0bject is shas
able. If not, new memoy is allocded; otherwisgethe eference counter i;icremented:

if (pRC->isShareable() == false )
{

initialize();

pRC = new T(*pRC);
}
pRC->addRef();
This causes the baskgsaddref() method to be woked:

void addRef() { ++referenceCount; }
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At the contusion of this stiing of events,memoy has been allotad on the hgg and

this memoy is manged ty a reference-counted object after thefarence count has been
initialized Wha looks like a stak-based object actuglinan@es eference-counted
memoy on the hep—the best of botlworlds.

WHERE’S THE CorPY CONSTRUCTOR AND ASSIGNMENT OPERATOR?

In the preceding discussion, we are copying String objects, and String objects
have pointers. Don’t we need a copy constructor and an assignment operator?
Well, we have one—the compiler-generated default. Although the default copy
constructor does produce a bitwise copy, that is okay; when it copies the mem-
ber rcString , the RCSmartPointer ’s copy constructor or assignment operator is
invoked, and it will ensure that a deep copy is made—one that uses reference
counting. String has fully delegated responsibility to its rcString  member.

Counted Rectangles

After you hare aReferenceCounted base tass,and you hase the smarpointer working,
you can cawy this design justtzout alywhere. We can easyjl transbrm ourRectangle
class to be aeference-countedlass—andhe interbice doesr’change & all, as shan
in Listing 4.10.

LisTING 4.10. RerFeEReNCE COUNTING THE Rectangle CLASS

Counted Rectangles

#include <iostream>
#include <memory>
#include <string>

using namespace std;

class myException

ININIOVYNY A
AMOWIA

{
public:

char * errorMsg() { return “Oops.”; }
3

template<class T>
class RCSmartPointer

{
public:
RCSmartPointer(T* ptrToRC = 0);

contirues
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LisTING 4.10. CONTINUED

RCSmartPointer(const RCSmartPointer& rhs);
~RCSmartPointer();

RCSmartPointer& operator=(const RCSmartPointer& rhs);

T* operator->() const;
T& operator*() const;

private:
T *pRC;
void initialize();

k

template<class T>
void RCSmartPointer<T>::initialize()

{ if (p)RC==0)
return;
if ( pRC->isShareable() == false )
{ pRC = new T(*pRC);
i)RC->addRef();
}

template<class T>
RCSmartPointer<T>::RCSmartPointer(T* ptrToRC):

pRC(ptrToRC)
{

initialize();
}

template<class T>

RCSmartPointer<T>::RCSmartPointer(const RCSmartPointer& rhs):
pRC(rhs.pRC)

{

}

initialize();

template<class T>
RCSmartPointer<T>::~RCSmartPointer()
{
if (pRC)
pRC->removeRef();
}

template<class T>
RCSmartPointer<T>& RCSmartPointer<T>::operator=(const RCSmartPointer& rhs)
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if (pRC ==rhs.pRC)
return *this;

if (pRC)
pRC->removeRef();

pRC = rhs.pRC;

return *this;

}

template<class T>
T* RCSmartPointer<T>::operator->() const

{
}

return pRC;

template<class T>
T& RCSmartPointer<T>::operator*() const

{
}

return *pRC;

class ReferenceCounted
{
public:
void addRef() { ++referenceCount; }
void removeRef() {
if (—referenceCount==0)
delete this;

}

void markNotShareable() { shareable = false; }
bool isShareable() { return shareable; }
bool isShared() { return referenceCount > 1; }

protected:
ReferenceCounted():referenceCount(0), shareable(true) {}
ReferenceCounted(const ReferenceCounted& rhs):
referenceCount(0),
shareable(true)
{
ReferenceCounted& operator=(const ReferenceCounted& rhs) { return
O *this; }
virtual ~ReferenceCounted(){}

private:

CHAPTER 4

contirues
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LISTING 4.10. CONTINUED

int referenceCount;
bool shareable;

class Point

{

public:
Point (int x, int y):myX(x), myY(y)
{

}
Point (const Point & rhs):
myX(rhs.myX),
myY (rhs.myY){ cout << “Point copy constructor called” <<

cout << “Point constructor called"<< endl;

Oendl;}
~Point(){ cout << “Point destructor called” << endl;}
int GetX() const { return myX; }
void SetX(int x) { myX = x; }
int GetY() const { return myY; }
void SetY(inty) { myY =vy;}
private:
int myX;
int myY;
h

class Rectangle
{
public:
Rectangle( Point upperLeft, Point lowerRight ):
rcRect(new countedRect(upperLeft, lowerRight))

{

Rectangle( Point * pUpperLeft, Point * pLowerRight ):
rcRect(new countedRect(*pUpperLeft, *pLowerRight))
{

Rectangle(
int upperLeftX,
int upperLeftY,
int lowerRightX,
int lowerRightY ):
rcRect(new countedRect(new Point(upperLeftX,upperLeftY),
new Point(lowerRightX,lowerRightY)))
&

~Rectangle(){ cout << “In Rectangle’s destructor” << endl; }



Memory Management

CHAPTER 4

int GetWidth()

{ return rcRect->myLowerRight->GetX() - rcRect->myUpperLeft->GetX();
i}nt GetHeight()

{ return rcRect->myLowerRight->GetY() - rcRect->myUpperLeft->GetY();
}

void DangerousMethod() { throw myException(); }
private:

struct countedRect : public ReferenceCounted
{

char * cString;

Point * myUpperLeft;

Point * myLowerRight;

countedRect( const Point * ul, const Point * Ir) {
Oinitialize(ul,Ir); }

countedRect( Point ul, Point Ir ) { initialize(&ul, &Ir); }

countedRect( const countedRect & rhs)

{
initialize(rhs.myUpperLeft, rhs.myLowerRight);
~countedRect()
{
delete myUpperLetft;
delete myLowerRight;
}
void initialize(const Point * ul, const Point * Ir)
{
myUpperLeft = new Point(*ul);
myLowerRight = new Point(*Ir);
}

friend class RCSmartPointer<countedRect>;

J

RCSmartPointer<countedRect> rcRect;

int main()

{

contirues
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LisTING 4.10. CONTINUED

try
{
cout << “Begin round 1..."” << endl;
Point pUL(0,0);
Point pLR(20,30);
Rectangle myRectangle(pUL, pLR);
int w = myRectangle.GetWidth();
int h = myRectangle.GetHeight();
cout << “the Rectangle is “ << w << “ by “ << h << end|;
myRectangle.DangerousMethod();
cout << “You never get here.\n” << endl;
}
catch ( myException & e )
{
cout << “caught exception: “ << e.errorMsg() << “\n\n” << endl;
}
return O;

Here’s theoutput flom the pogram in Listing 4.10:

Begin round 1...

Point constructor called
Point constructor called
Point copy constructor called
Point copy constructor called
Point copy constructor called
Point copy constructor called
Point copy constructor called
Point copy constructor called
Point destructor called

Point destructor called

Point destructor called

Point destructor called

the Rectangle is 20 by 30

In Rectangle’s destructor
Point destructor called

Point destructor called

Point destructor called

Point destructor called
caught exception: Oops.

This is a patable solution thaican be used in gmumber of cicumstances. It &rs the
twin beneits of using less memgrand peventing memaoy leaks. Notice thiaeven when
the eception is thown from DangerousMethod() , the stak is unwound and no memgpr
is lost—the smarpointes decement,and theallocaed memoy is destoyed
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Summary

The tick with memoy mangement is to undstand &plicitly wha memoy you ae
allocaing, and where you hare a pointer to thtamemoy. Either you nmust keep tradk of
those pointes and enswr thd the memoy is retumed when you ae done with itor you
must intoduce @rbage collection in thedrm of smat pointes.

Although smatrpointes have their limitaions,they do help potect your code fom
memoy leaks and & especiayl important in the &ce of &ceptions. If your piogram is
to be phust,it must be sarpulous in its dbrts to mange resouces and not alle mem
ory to be lost.
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The gea, unrealizzd pomise ofobject-orented pogramming is codeause The idea of
OOP vas to cede dasses thiacould seve as thedunddion on which nev programs
could be hilt. Components could be plged into a ne architectue like electonics ae
plugged into a cicuit boad. By and lage, however, things haen't worked out tha
way—with one signiicant exception: applicaion framevork libraries.

The \ast majoity of successful pplicaion framevork libraiies ae those thiafacilitate
the ceaion of gplicaions in a windwing ervironment sule asWindows NT or X
Window. By far the mossuccessful sutlibrary is the Micosoft Founddion Classes
(MFC); this dgpter focuses on the MFC as axeenple of viha sud anApplicaion
Framevorks library can povide.

NoOTE

The MFC is large and powerful and necessarily complex. No single chapter can
fully introduce all its functionality—Ilet alone provide a comprehensive tutorial.
The intent of this chapter is not to teach you how to use the MFC, but rather to
dip into the MFC here and there to examine some of the universal issues com-
mon to all such application frameworks. For a detailed and comprehensive
introduction of the MFC, take a look at Professional MFC Programming, by Mike
Blaszczak (published by Wrox Press).

The Microsoft Foundation Classes

The Microsoft Founddion Class libary (calledthe MFQ is an gplication frameavork
that provides a sticture and a set oflasses with \wich you can hild an gplicéion for
Windows. The MFC povides standak userinterface implementéons of windaving
classesas vell as a set of utilitylasses to assisby in the manipulkéon of cetain kinds
of objects sulg asstring andTime.

Getting Started

The MFC ges bgondproviding a set of pplicaion-level dasses and actuglprovides
a framevork within which you can use thesdassesYou can see the p@r of this
approach when you use the wizals tha facilitate the cedion of Windows gplications.
Figure 5.1 shws hav a nav project can be @aed using thé pplicaion Wizard.
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After you stat theApplication Wizard, it asks a sées of questions to helpy design
your gplication within the Document/d¥w architectue. Figure 5.2 shwss the irst ques
tion: Are you huilding a Single Document Intex€e (SDI) or Multi-Document Inteate
(MDI) applicaion, or do you just need a simpldialog-based intedce?

2
FIGURE 5.1. M
S Files  Projects | Workspaces | Other Documents
The Application |
Wizard S ATL COM Appwizard = win32 Static Library Project name:
zard. | =] Cluster Resource Type Wizard (NLEASHED
|7 Custom Appw/izard
3 Databiase Project Eocation
35 D evStudio Addin wizard D-\Frogram Files\DevStudoites . |
34 E stended Stored Proc Wizard
154PI Extension Wizard
oo Malefile @ Ceale new warkspace
& MFL Activei: Controlwizsrd c
37 MFC Appwizard (] r
MFE Appiwizard (sxe] - 0
| Mew Dalabase Wizard
T4 Utiity Project
&) win32 Application
[~ iwinaz Console Application Efgj";sz
] Win32 Dpnamic-Link Library "
lef ] il
Conce
7
FIGURE 5.2. 7]
. ) N
What kind of ‘What type of application would pou like to create?
1 o
view? Single document

& Muliple documents
€ Didlog based

¥ DocumentYiew architecture support?

Wihat Jsnguage would you like your resources in?

[Englich [United States] (sPPWZENUDLL |

cBack | Mew> | Erh | Cancel

Subsequent seens of the wizarask yu to cioose amongarious optionsdatabase
suppot, COM suppot, suppot for Intemet accessand so érth. After theApplicaion
Wizard has un,a rumber of tasses a cieaed tha constitute the initial amevork for

your gplicaion (see kyure 5.3).
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FIGURE 5.3.
Classes pyduced
by the wizad.

[ESkunicashed classes!
E__.'I: CAboutDIg
r-- @ CAboutDIg()

E__

E__

E__

E__

E__

-- Q DoDataExchange(CDataExhange*p
BT cchildFrame

-~ Q Assertvalid()

-- @ CchildFrame

-- Q ~cchildFrame

-- Q Dump(CDumpContext & dc)

- Q PreCreateWindow(CREATESTRUCT
.'I: CMainFrame

-- Q AssertValid()

-- Q CMainFrame

-- Q ~“CMainFrame

- Q Dump(CDumpContext & dc)

Pe- Q OnCreate(LPCREATESTRUCT ipCrea
F-- Q) PreCreateWindow(CREATESTRUCT
E" '@Q m_wndStatusBar

- @Q m_wndToolBar

.'I: CUnleashedApp

-- Q CUnleashedApp
-- Q Initinstance()
=== Q OnAppAbout()

.'I: CUnleashedDoc

-- Q AssertValid()

- -ﬁ?& CUnleashedDoc()

-- Q ~“CUnleashedDoc()

-- Q Dump(CDumpContext & dc)
[ Q OnNewDocument()

T Q Serialize(CArchive & ar)
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it Tl Bttt il Blid

e
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.'I: CUnleashedView

-- Q AssertValid()

-- Q CUnleashedView()

-- Q “CUnleashedView()

mo- Q Dump(CDumpContext & dc)

i-- Q GetDocument()

T 'ﬁ?& OnBeginPrinting(CDC*pDC, CPrintinfo
r-- Q OnDraw(CDC*pDC)

r-- Q OnEndPrinting(CDC*pDC, CPrintinfo

- '@Q OnPreparePrinting(CPrintinfo*pinfo)
--- Q) PreCreateWindow(CREATESTRUCT

=== b ialitie Rl Bl St

T
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Note tha eat dass contains aumber of standarmethods. Ofterthese methhods @r
vide simple boileplate code and then indimawhere your customizing code should be
added as shwn in thissample output &m theApplicaion Wizard:

BOOL CUnleashedDoc::OnNewDocument()

{
if ({ICDocument::OnNewDocument())
return FALSE;
/Il TODO: add reinitialization code here
/I (SDI documents will reuse this document)
return TRUE;
}

At times,the code povided by the wizad is extensie; it can see you signifcant derel-
opment time and simplifygur intelaction with the ma comple aspects oWindows
programming suhb as setting up COMof inteiprocess commmicaion. Listing 5.1
shaws thelnitinstance method gnested by thewizard.

LisTING 5.1. WizarRD GENERATED CODE

BOOL CUnleashedApp::Initinstance()
{

AfxEnableControlContainer();

/I Standard initialization

/I If you are not using these features and wish to reduce the size
/I of your final executable, you should remove from the following
/I the specific initialization routines you do not need.

#ifdef _AFXDLL

Enable3dControls(); /I Call this when using MFC in a shared
ODLL
#else
Enable3dControlsStatic();  // Call this when linking to MFC
[ statically
#endif

/I Change the registry key under which our settings are stored.

/I 'You should modify this string to be something appropriate

/I such as the name of your company or organization.
SetRegistryKey(_T(“Local AppWizard-Generated Applications”));

LoadStdProfileSettings(); // Load standard INI file options
0 (including MRU)

/I Register the application’s document templates. Document templates
/I serve as the connection between documents, frame windows and
Oviews.

SHYOMINVY
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CMultiDocTemplate* pDocTemplate;
pDocTemplate = new CMultiDocTemplate(
IDR_UNLEASTYPE,
RUNTIME_CLASS(CUnleashedDoc),
RUNTIME_CLASS(CChildFrame), // custom MDI child frame
RUNTIME_CLASS(CUnleashedView));
AddDocTemplate(pDocTemplate);

/I create main MDI Frame window

CMainFrame* pMainFrame = new CMainFrame;

if ({pMainFrame->LoadFrame(IDR_MAINFRAME))
return FALSE;

m_pMainWnd = pMainFrame;

/I Parse command line for standard shell commands, DDE, file open
CCommandLinelnfo cmdinfo;
ParseCommandLine(cmdIinfo);

/I Dispatch commands specified on the command line
if (IProcessShellCommand(cmdinfo))
return FALSE;

/I The main window has been initialized, so show and update it.
pMainFrame->ShowWindow(m_nCmdShow);

pMainFrame->UpdateWindow();

return TRUE;

The pogram in Listing 5.1 isead/ to run, without your adling a line of custom codé
compiles,links, and eecutesThe code gnegted ty theApplicaion Wizard provides
you with the &ility to creae and tse windavs and ceaes a standdrhutton bar and
meru right out of the br. This framavork then becomes the base thigh you adl your
own custombehaior and user intedce

Other Wizards

In addition to the Application Wizard, the MFC povides wizads tha crege and manipu
late dasses and the methods and memloéithose lassesas vell as wizads tha hook
up methodsdr responding to user actions suas litton dicks. The MFC also pvides
wizards tha interact with d@abases and thaise COMA host of nev wizards is being
developed gen aghis is witten.
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Gaining Perspective

The best wy to gpproad the MFC is to distinguish beeen the pplication aichitectue
(that is, the gplicaion, threads manajing commandsand so 6rth) and the
document/vier architectue (for example cwnd cview, and so érth).

Application Architecture

MFC gplicaions consist of a singlewinApp class and one or mecwinThread S.AS
you might guessgwinApp represents themplicaion (or piocess) and theavious
CWinThread S implemenmultithreading When the pplicaion stats, ther is ony one
thread:the primary thread New threads a& ceaed and destiyed but when the pplica
tion endsijt is the pimaty thread thaends.

Messa@e piocessing-tha is, responding toents—is manged by theccmdTarget
classesthe most impdant of which is cwnd Window classes a and nust be
CCmdTarget delivatives because winge ae the pimary objects tharespond to user
actions suk as ticks and men choices.Threads also dare from cCmdTarget S0 tha
messges can be sent to the ¢lads and the thads canaspondo requests asyico-
nousy.

The achitectue of the MFC is lage and comple and this bapter does notteempt to
explain it all in detail. Instegdhis chapter focuses on asiv medanisms thiaare of
value because the kwtedge extends bgond the spedifs of the MFC. Br example we
will f ocus on har the MFC implements aitithreading and tlead sadty because these
issues pply when you wiite C++ code irany ervironment.The details myavary, but the
tasks andequirements & invarable.

Multithreading

The MFC povidesa set of tassesdr manging multithreading Although the spedits
of how the MFC implements theséasses madiffer from haw, for example the XOpen
libraries handle niltithreading the essential tasks and objees ae unversal.

The tem threadis shothand br thread of &ecution The Windows opesating system
(and most moderopekrting systems) allws your gplicdion to hae moe than one
thread of &ecution in a single pgram. Itappeass as though gur piogram were unning
two or moe tasks Bone time although most often  is really hgppening is thiathe
computer is witching among the tleadsoffering the illusion of siraltaneity As a ma-
ter of fact, this is exactly haw the illusion of nultiprocessing is accomplished/hen you
run your word processing pigram,your Intenet bowser and your speadsheeprogram,
the piocessor justwitches among them.

175
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A program epresents a mcessand eah process mg have moe than one tlead The
principal difference betwen a pocess and a tbad is théoverhead’of ead—it takes
more time to witch among pocesses than it does twikch among theadsThis is why
threads a& sometimeseferred to adightweightprocesses

The theadcontext is the inbrmation the computer needs to neathe svitch among
threads.The thead contet consists of a stkqfor tempoary variables and theatum
addresses of subutines),a kemal sta& (to hold adlressesdr interupt sevice retums),
and a set ofegisters. In the egisters, there ae, among other thingshe instuction point
er and the st&cpointer The instuction pointer tells the CPUlvere to fnd its next
instruction (as it vrks its way through your souce code)and the stdcpointer tells the
CPU wher it canstore or etiieve the ngt local \ariable.

The CPU is ather dumb; it just wrks its way through the codelhe opeating system
(in this caseWindows) tells the CPU Wen to effect a thead or pocess witch. The
opemting system is said to magatime slicing—affording eab thread its an little
“slice of time”in which to eecute

NoTE

Multitasking indicates doing more than one thing at a time. An operating sys-
tem can be said to be a multitasking system if it can manage more than one
process (running program) at a time. A single process is multithreaded when
there is more than one thread of control within the same process.

Cooperative Versus Preemptive Multithreading

Programmes familiar with Windows 3.x or with the Mac myahave been ®posed to a
form of multithreading calledcoopestive mnultithreading This pimitive form of multi-
threading allavs for more than one tlead but ead thread nust \oluntaily release con
trol of the pocessor péodically to allov other theads toun.

The poblem with coopeative nultithreading is thea single thead carthog” the
processarcausing all other tieads toun \ery slowly. Worse the thead carthang’
causing the entr gplication togrind to a halt.

Preemptve nultithreadingtakesadvantaye of the CPs aility to signal when it is time
to switch among theads.This moe sophisticeed mebanism iwvolves coopeation
between the opeting system @r example Windows NT) and the CPUhip (for exam
ple, the Rentium) to ensue thd eat thread is allocted a peset amount of pcessor
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time (typicaly measued in milliseconds)The opeating system apidly switches among
threadsallocaing a“slice” of time based on the #ads piority.

The adantage of peemptve multithreading is thino thiead can consume a dispor
tionae shae of the system pressing time—and if a thad hangghe emaining theads
can contimie working.

Issues in Preemptive
Multithreading

Creding programstha run in a nultiprocessingernvironment sule aswindows is fairly
straightforward: You wiite your piogram as if yu had uncontested access to the CPU
the disk,the ddabase and so 6rth. You leae it to the opeating system to &g every-
thing staight—you just plav ahead as thouglhours was the ont program unning

Writing a nultithreadedapplicéion is someha more complicéed Actually, it is alot
more complicéed because sdénly your code can be interpted & ary time (which is
always true). Moe impotant, more than one tlead carreenteryour code so thighe
same code can barming in tw different theads.This can hppen if functions in tw
different theadsead call into your code

Multithreaded pplicaions can gt dicey; if your code isrt’'threadsaé, one thead ma

be caefully setting up alues ér your ddabase vhile another thead is tampling wer
the same alues,rendemg them meaningles$his is not a god thing—and can be one
of the most dfficult bugs to ind.

For examplg assume gu hare a function waich takes a ecod out of a debase upddes
it, and wites it ba&. Here is the pseudocode:

int Updater()

getARecord();

updatelt();

writeltBack();
}

Assume wu also hee a functionjuncl , in thread 1 and anothéunction,func2 , in
thread 2,.eat of which callsupdater()

funcl() is running and it call&pdater() . Updater() now begins to n in the contet
of thread 1 and it ets a ecod; but bebre it updaes it,the thead is intetupted and
thread 2 uns.

SHYOMINVY
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func2() now callsupdater() which runs @ain, this time in the conte of thread 2. It
gets the sameecod (coincidental}), upddes it,and wites it ba& before being inter
rupted

Now, thread 1 esumesandupdater() resumes Wwere it was,with the ecod it original-
ly got out of the dibase It will now updde tha recod and wite it bad, corupting the
updde adievedin thread 2.

This is one gample among manwhere nultithreading can coupt dda if your methods
are not thead sad.

The shor advice on rultithreading is thislf you can goid writing multithreaded code
do so. Dort use nultithreading unless and untiby hare no doice It makes your code
more comple& and fr hader to maintain. It aamaically increases the léihood of
bugs—and most of the timé decieases pedimance After all, it takes time to stash
away the thead contet and to witch threadsAdd enough theads,and the CPU spends
a signifcant potion of its time just witching among them—and q@pottionally less time
getting aty useful work done!

Suppose thayou have a pogram tha takes a lot of dia in, calculaes the sum of the
data, and then uses thaum in a second eqtimn. “Aha!” you sg, “Two tasks! Il creae
two threads. The poblem is tha the second tlead cart begin until the frst thiead is
done vorking. Even if you could calculee them“at the same timg if you cant use the
data until both a@ donewhy not let themun in seies iether than in palel? Running
the tasks tgether luys you nothing and the cosof switching between the tasks mebe
high.

So whendo you use mltithreading?The dassic scen& is one in viich one task will
take a long time and the second task doaslepend on theifst. Suppose thigou nust
save dda to disk and also displat onsceen.You'd hae to wait for the d#a to be seed
before you can put it on the seen—after allwriting to disk can ta a vhile. Why not
put the*write it to disk”task into a gearte thiead and gt on with the mar impotant
job of intelacting with the user®hy not, indeed

A Brief Case Study

| wrote anapplicaion tha makes phone calls—not unkkthose anngng telemaketing
calls you cet just as gu ae sitting devn to dinnerThe diference vas th&a my program
made calls ol to people o wanted to eceve them (honest!)yvas fully automaed
and tred not to call adinner time

A given computer could call 72 &igrent people aone time After eat call, the pogram
would stashwaay the esults of the call angberiodically, would updée the déabase with
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these esults At the same timgit kept a cabe of umbes to call so thiait was neer
idle. This poject cied out br multithreading

The design of this piject was some&ha comple, but for our puposes it came am to
this: | ran one thead br eat calling line €caller ) for a total of 72 theads if all 72
lines were actve. | also ceaed one thead to mange the gporting functionality
(Creporter ) and another tlead br manaing the cabe of calls vaiting for an open line
(CLocalcallQueue ). Fnally, there was the main tlead thamanaed all the other and
that owned the user inteaite (a contl panel br watching the pogress of the calls).
Thus,this gplicaion ran 75 theads!

Tha's a lot of theads put on a easonbly sophisticeed mabine (awindowvs NT
Workstaion running on a Bntium PC with 128MB of RAM) itan quite quikly and
gave the illusion of all the tlads unning sinultaneous}. In adlition, the aplicéion
itself was not on} multithreaded it was multiprocessedbecause therwere adlitional
calling madines and therwere adlitional components in otherqaesses (and on other
madines!) esponsike for sdheduling jobs and mageg the déabase

Let’'s focus on some of the kinds of issued e in sub anernvironment.

Creating Threads

The irst task,of course is to cede a thead Therr ak, in fact,two distinct vays of ce-
ating and manging threads.The first is gpropriate for use with widets (typicaly win-
dows) thd have to un as a thead Imagine an object thishas methodsut tha opeetes
independenty from all other theads.This is the ifrst type of thead and it deives fom

CWinThread .

The second type of thad is maog gpropriate to use Wwen you want a function toun in
its own thread This type of thead is eferred to as avorker thread

Using CWinThread Objects

You cledae aCwinThread Object just as gu cieae ary other objectYou deive from
CwinThread itself or from some kass th&in tum deives flom CwinThread . When you
instantide your CwinThread -detived objectyou donot spavn a thead; to span a
thread you must callCreateThread()  on thd object.

Creaing your cwinThread oObject is &irly straightforward. You detare a ¢ass dewed
(directly or indirectly) from cwinThread and you instantige an object of thaype on the
he®. You then inoke CreateThread()  on thd object and ensarthd the methodatums
true (meaning thathe thead vas ceaed). The code mightook like this:

CMyClass * pThread;
pThread = new CMyClass;
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if (! pThread->CreateThread() )
{

MessageBox(“Thread Creation Failed!\n");
Delete pThread;

There is some confusion about terminology. Is pThread (or more accurately, the
object pointed to by pThread ) a thread or is it running in a thread? Technically,
it is a CwinThread object running in its own thread. It is convenient, however, to
say that it is a thread—a shorthand way to say “this is a CwinThread object that
runs in its own thread and that manages that thread.”

Managing Messages

One signifcantadvantage of using mesggs is thathe nev object (pointed to Y
pThread ) not onl opegtes in its avn thread it can also eceve messges ly using
::PostThreadMessage() . In fact,the thead caneceve messges &en if it is not assoei
ated with ay onsceen widgt or windav!

Given a pointeto acwinThread object on the hgayou can send thahread a messg
from ary other thead as shan hee:

pThread-PostThreadMessage(MY_MESSAGE_CONSTANT, wParam, IParam);

wpParam andiParam are \estigal names left wer from 16-bit ppgramming In 16-bit
Windows, IParam is 32 bits loit wParam is only 16 bits (vindicaes aword—16 bits on a
16-bit opeating system)Today, Windows is a tue 32-bit systemand these pametes
are both 32 bits (as is tha ).

The irst pammeter is either a system-oiefd or a usedefned constaniThe maping
between this mesge 1D and the method thés invoked is handledyo
OnThreadMessage() , wWhich in tum isdefined in the mesgg ma for your CwinThread
Object.

In the nultithreaded pplicaion discussed eker, ead calling thead deived from
CWinThread :

class CCaller : public CWinThread

{

public:
bool CallCompleted(bool isConnected = true);
bool RestoreRoute();
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...

/I board manipulation

int Call 0;
void HangUp 0;
...
/I lifetime
virtual BOOL Exitinstance 0;
virtual BOOL InitInstance 0;
/...
void MakeCalls 0;
void ReceiveCalls 0;
protected:

DECLARE_MESSAGE_MAP()
DECLARE_DISPATCH_MAP()
DECLARE_INTERFACE_MAP()
IVoice* m_pVoicel;

...

private:
...

k

I've leftout most of this lass’dedaration to shav only the most elevant methodsThe
DECLARE_MESSAGE_MA®acio sets up the mesgamaping for messge disp&ch. In the
implement#on file, we use adw more macos to tie mesgges to methods:

BEGIN_MESSAGE_MAP(CCaller, CWinThread)
I{{AFX_MSG_MAP(CCallClientApp)
/I NOTE - the ClassWizard will add and remove mapping macros here.
/I DO NOT EDIT what you see in these blocks of generated code!
IMAFX_MSG_MAP
/I Standard print setup command
ON_THREAD_MESSAGE(WM_PLACE_CALLS,CCaller::MakeCalls)
ON_THREAD_MESSAGE(WM_RECEIVE_CALLS,CCaller::ReceiveCalls)
/...
END_MESSAGE_MAP()

Note tha ccaller is shavn as a lass immeditely delived fom CwinThread in thefirst
line, and th&two messges ae being mpped WM_PLACE_CALL& maped to the method
MakeCalls() , andwM_RECEIVE_CALL$ maped toReceiveCalls()

The detaration for these constants is in a global header f

const int WM_PLACE_CALLS = WM_USER + 1;
const int WM_RECEIVE_CALLS = WM_USER + 2;
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The details of the mesgamaping macos ae beond the scope of this discussidmg
you can see that is fairly straightforward to cede thecwinThread object,to set it spin
ning in itsown thread and then to use thabjects methods either dictly (from within
its ovn thread) or indiectly (by posting messges to it).

Now other objects théehave a pointer to gur object can send it megssand hae those
messges handled in the blaground

Managing Windows

ThecwinThread objectis designedamong other thinggp manae windavs (and other
derived widgets) tha require their avn threadsAssociding a windav with your
CWinThread Object is staightforward: simply have initinstance() crede the windav
(or widget) and etain a pointer to itYour cwinThread 0bject then becomes a apper
for the windav.

To facilitate this,MFC allowvs you to assign thavindow to thecwinThread objects
m_pMainwnd memberThis causes the meggadispach code inCwinThread to mange
that window exclusively.

Note tha you nav have thiee objects toégp stiaight:

e ThecwinThread object
e The thead itself
e The windav your CwinThread Object manges

Remember thacreding thecwinThread object does not ede the thead You do tha by
calling CreateThread() . Similaly, when you destoy the thead the CwinThread object
lives onYou can bang this ly setting the membermviable m_bAutoDelete 10 true (it
is false by default). This setting tell®Vindows to desimy your CwinThread object when
its thread isdestoyed

The Alternative: Worker Threads

If you simpl want a method of one obyr dasses to opete “in the ba&ground™—tha
is, in its avn thread—you can ceae a worker thiead To do this,you use
AfxBeginThread() . AfxBeginThread() IS actualy overloaded so thayou can use itdr
this pupose; yu can also use it to magethreads with asses déved from
CwinThread . Here we ae concemed ony with the frstovedoad of AfxBeginThread()

CWinThread * AfxBeginThread()

(
AFX_THREADPROC pSomeThreadFunction,
LPVOID pParamter,
int nPriority = THREAD_PRIORITY_NORMAL,
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UINT nStackSize = 0,

DWORD dwCreateFlags = 0,

LPSECURITY_ATTRIBUTES IpSecurityAttributes = NULL
)

Because thdrfst two paametes ae the most signifant, I’ |l discuss them last.

nPriority IS an intger value tha deines the initial piority of the thead; yu can set it
t0 THREAD_PRIORITY_HIGHEST THREAD_PRIORITY_BELOW_NORMAN so érth to contol
the elative piority of eat of your theadsAs shown, the debult is
THREAD_PRIORITY_NORMAL

The fourth paameteynStackSize IS aUINT. A UINT is an unsigned inger; this paame
ter sets the initial sezof the theads stak (eat thread has itswen sta&). The defult
valug zero, causedVindows to allocée the same stlcsize for thenew thread as did the
thread thaspavned it.

The ffth parameteydwCreateFlags , iS aDWORIa doulbe word). Again, this siz is \estk
gial; it indicaes a 32-bit unsigned irger. The cedion flags can be set teem (the
default) or tocREATE_SUSPENDED hese fags allav you to cede the thead lut nothave
it run until you call::ResumeThread()

The sixth paameter is the sedty attributes stucture. You can sadly ignore this paa-
meter and leze it & its defult NULL setting If you needVindows NT secuty, you can
creae and initializ your ovn secuity structure and then inseit using this paameter

Not let’s retumn to the frst two paametes: The frst paameter is the functionop want
to run in its evn thread (ve call this thehread-contolling functior). The second par
meter is a strcture containing all the pametes you want to send to theontmolling
function.

Here’s wha the MFC helpife has to sg about the thead-contolling function:

The contolling function deines the thead When this function is ented, the
thread stass; when it «its, the thead teminaes.This function should hee the
following prototype:

UINT MyControllingFunction( LPVOID pParam );

Let's be tear dout teminology. Your nev contolling function will be ivoked by some
other functionwhich we’'ll refer to as thénvoking function The invoking function com
municaes with the contlling function ly the singleLPvoID paameterWhatever nmust
be passed to the coaliing function nust be paked into thasingle paameterThis is
not as hat as it soundsrou simpy creae a stucture, load it with the alues yu want
to pass incast it toLPvOID, and pass the engirstucture into the conlling function
usingAfxBeginThread()

183
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Some books suggst making the cordling function a global function; | digeee You'll
adhieve better engasuldion (and thus hze easieto-maintain code) if gu male the
function a stdic member function of a pcular dass.

Note tha you have nothis pointer in your staic member functionso you rmust pass in
thethis pointer as a pameter to the function.of example you might delare your
member methodke this:

class myClass

{
public:
static UINT myThreadFunc(LPVOID pMe);
...

h
And you would wiite the implement#on like this:

UINT myClass:: myThreadFunc (LPVOID ptheThisPointer)

{
myClass * pmyThis = (CClientManager *) pMyThisPointer;
ASSERT (pmyThis);
pmyThis->SomeClassMethod();
return O;

}

You then inoke usingAfxBeginThread()  , passing in thelasssthis pointer as the sec
ond paameter:

AfxBeginThread(myClass:: myThreadFunc,(LPVOID) this );

An altemdive is to male the function driend of the dass.

Synchronization

Now tha yourthread is up andunning you confont the issue of tlad synhroniza
tion. The MFC povides a mmber of objects to help with this tasiitical sectionssem
aphores, mutexes,and &ents.

Your thiead can lce the stéus of eah of these objects (other tharitical sections) to
see vihether the object is signaled or unsignaled (often calésded). When a synlaro-
nizaion object is signaledt indicates tha your thead ma have access. Until the object
is signaledyour thread“waits” When a thead is vaiting, it is doing nothing and is
blocked

Critical Sections

Critical sections athe simplesteasiest to us@nd most limited of the syhoonizaion
objects.Your thiead obgs a simpleule: When it wants to toul an aea of code to be
syndronized it first asks ér a lodk on itscriticalSection object. It then locks
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execution of its thead until thecriticalSection object can be Id@d If another thead
has alead/ locked the objectyour thiead vaits until the other tlead unloks the
CriticalSection . The CriticalSection thus synbronizes access to the spéetf aea
of code Here is hav a citical section might be used bracet code vhich changes a
value:

m_CS.Lock();

s.Format(“Current value: %d”, m_Value);

m_Value++;
m_CS.Unlock();

Here the object has twariables: m_value (an inteyer) andm_cs(a CcriticalSection ).
The citical section is loked, the \alue is incementedandthe citical section is
unlodked

Mutexes

Critical sectionsare ged. For mary pumposesthey are all you needThey are fast,light-
weight,and easy to us&hey are, unfortunéely, also limited Their biggest limitaions
are thd they are viside only in one pocessand thayou cannot it a specied amount
of time for them to unlok.

A more sophisticeed synbtironizaion device is the mitex. The word mutex is deived
from the vords mutually exclusive, with the implicdion thd if two (or moe) objects
shae a nutex, they have mutually exclusive access to aever tha mutex controls.

A mutex is very similar to a dtical section:Either you ovn it (and can access thesar
of code it potects) or pu do not (and gu nust wait). Unlike a citical sectionhowever,
a mutex can be sha&d acoss pocesses; qur code can also specifywdong to wait for
the mutex to become \ailable bebre you “time out” Here is hav you might use a
mutex to contol access to code thehangs a alue:

CSingleLock theLock ( &m_myMutex );

if (theLock.Lock(WAIT_TIME) )
{

s.Format(“Current value: %d”, m_Value);
m_Value++;
theLock.Unlock();

}

else

AfxMessageBox(“Lock on Mutex failed. No increment!”);

}

break;

Here’s hav a nutex works.You stat by initializing aLock object. If you ae waiting
only for one object @r example the nutex) you can use&singleLock . To wait for more
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than one object to becomeadlable, you usecMultiLock . You initialize the lo& with the
object you want to wvait for.

When you ae read/ to access the ptected codeyou lodk theLock object and pass in
how long you want to vait, measued in millisecondsThe de&ult value iSINFINITE —
meaning thayou want to wait until the sun ges nea and the Edh is destoyed

Events

Event objects aruseful br waiting for an @ent to occurEvent objects a unsignaled
until some other object sets them to be signdlaceads can Wit for an &ent to become
signaled allowing you to sg to a thead“start running when this gent occus’

Typically, you ceae an gent in the unsignaled seaand then tell one or n®theads to
wait for tha event to become signaledou might set sutan &ent to notify theads
when pimting is completewhen a fle has been denloaded when thee is a messg in
the queugeand so o6rth.

Events hae a membevariable, bmanualReset , which detemines what hgppens vhen
you callsetevent() on thetvent object. IfbManualReset s false , then all waiting
threads ag released Wwen you callsetevent() . If you want the gent to be eset
(retumed to unsignaledy,ou must callResetEvent()

If, on the other hanmanualReset is true , then ony one wvaiting thread is eleased
and theevent is once gain automécally reset to unsignaled

If you have a manal reset gent pManualReset IS true ), you can elease all the aiting
threads § calling PulseEvent() . Doing so also autortiaally resets thewent. Thus,
PulseEvent()  allows you to tea your mamal reset gent as if it vere anauto-eset
event.

An Example

Listing 5.1 uses rumber of the syrfwonizaion devices desdbed in the peceding sec
tions. It is intentionalt simplistic to allev you to focus on har the synaronizaion
objects inteact. This MFC aoplicaion draws a simple dialg box as shan in Fgure 5.4.

When you dick the Star Thread 1 btton in the dialg bax, a worker thiead is spaned
This worker thiead incements and dispya a \alue stoed in the dialg bax. (Nomally,
you would stoe these &lues in the documertiyt in the MFCS dial@ gpplicaion, there
is noDocument object.)This thread then \its a \ariable amount of time up to one sec
ond and epeds. Documents and wies ae eplained in detail lger in thischapter.

When yu dick the StarThread 2 lntton in the dialg bak, a second wrker thiead is
spavned This thiead also in@ments and dispja the samevalue stoed in the dialg
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box. If you let these tev threads un for a while, you'll see thathe rumbes ae adled to
the list b out of oder because the #mds a& competingdr the sameasouce

FIGURE 5.4. = 8
A simple dialg D;:rr::qwaluews -]

Current valus: 16
box. Curent valus: 17
Current valus: 13
Current valus: 13
Current value: 21 Start thizad 3
Current valus: 20
Current valus: 22
e Synchronization
Current valus: 24 & Hone
Current valus: 26
Current valus: 25
Current valus: 28 £ Mutes
Current valus: 27

Current valus: 23

Current value: 30 S

Fause

iLL

" Critical Section

Thiead 2 running

Done

When you dick the Star Thread 3 ltton in the dialg bax, a nev cwinThread -deilived
object is ceaed The dialg bax then sends thanewn thread object a mesgato star
work, and thathread also bgins incementing the alue held in the diapbax. Now all
three theads a& incementing the samealue (see igure 5.5).

FIGURE 5.5. = Ei
. Output
Awl ng \ﬂl ues Current value: 80 d
without synbro- P
nizai n Current value: 82
Ci t wvalue: B5
on. Curent vahue 8

Cunent value: 85
Current value: 87

Current value: 89 Synchronization
Current value: 3 & Mone
Current value: 91
Current value: 30
T3 End: Sep 17 1998 11:53:44 &M © Mutex

" Critical Section

T3 - Duration 5 seconds
T3 Current valug: 74
T3 Stah: Sep 17 1993 11:53:448M

Fause

Thiead 3 running

Done

Note tha the \alues ag out of oder:

Current value: 10
Current value: 12
Current value: 11
T3 Current value: 9
Current value: 14
Current value: 13

This is a diect esult of thee theads competingof a single alue thais not under syn
chronizaion contol.
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If you dick the Citical Section adio hutton in the dialg bax, the gplication accesses
that value under contd of acCcriticalSection . As you might epect,the citical see
tion causes theumbes to be listed in ater Clicking the Mute radio utton causes
these alues to be accessed under the abmif thecMutex object and sets a timeout
peliod for access to thealue Once gain, this causes thealues to be listed in the cor
rect oder.

The Rause bitton is induded to allev you to easil examine the ater of thevalues dis
played; otherwisgthey scioll by very quicly.

| added acEvent object th& stats out unsignaledNhen the dialg baox is initialized, this
object cedes a thead thadisplays a mesgge to the usebut tha thread vaits for the
event to be signaled\s eat of the thee usecontolled thieads is @aed a counter is
incrementedWhen all the theads a& running the event is signaled and the megeas
displayed as shavn in Fgure 5.6.

FIGURE 5.6. = ]
. . Output
The event is sig
T3 - Duration 1 vl -
naled %gur%nvﬂdwu;?sgs:w 53:084M =
tart: |
Curent valae: 19

Current value: 20

Current valus: 20 |

Current value: 22

Curent value: 23 x|
Current value: 21

Curent value: 24 \

e e g s 1Y Allee thiesd: se row ing
13- Duration 1 seconds

T3 Current value: 19
T3Start: Sep 17 1998 11:54: 0K
Current value: 25
Current value: 20 5|
Pause

Done

This is a sily use of thecEvent , but it does illustate hawv it is used The worker thiead
that displays this messge eits when you dick OK, thus teminaing the thead

A detailed &amindion of the code shes hav these syraronizaion objects a& used
When | ceaed this gplicaion, | told MFC (by way of the wizad dialags) tha | wanted
a dialg-based pplicaion rather than a single-document or aliitrdocument interdice
as shwn in FHgure 5.7.The complete gplication is induded on the CD-RM tha
accompaniethis book.

Building a dial@-based pplicaion means thial have a simpler pplication, but tha | do
not hare acbocument class in vhich | can stog nmy stee varables. The dialg example
uses thebialog class as a quicand-dity solution to the @dion of the plicaion.
The constuctor for CDocument senes toinitialize these sta variables:
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FIGURE 5.7. 2] ]
Wzard dialog.

\what type of application would you like to create?

" Single document
" Multiple documents

& Dialog based

-

‘what language would you like pour resources in?

[English [United States] (SFPWZENU.OLL =

< Back ‘ Next> | Einigh | Cancel |

CThreadsUnleashedDIg::CThreadsUnleashedDIg(CWnd* pParent /*=NULL*/)
: m_Value(0),
m_Paused(false),
m_MTC(0),
m_numThreads(0),
m_AlIRunningEvent(false,true, NULL,NULL),
CDialog(CThreadsUnleashedDlg::IDD, pParent)

II{{AFX_DATA_INIT(CThreadsUnleashedDlIg)

m_RadioButtonValue = 0;

IMAFX_DATA_INIT

/I Note that Loadlcon does not require a subsequent Destroylcon in
0Win32

m_hlcon = AfxGetApp()->Loadlcon(IDR_MAINFRAME);

}

In this codem_value is thevalue Il be incementing m_Paused is a fag indicaing tha
the user haslicked the Ruse btton; it is initializd tofalse . m_MTds a pointer to a
MyThreadClass object,which is ceaed when the userlicks the StarThread 3 btton.
m_NumThreads kegys count of hev mary userrequested tleads a& unning and
m_AllRunningEvent IS theEvent object thais signaled Wwen all thee userequested
threads ag running

NoTE

Some code is called out in bold to draw your attention to a particularly interest-
ing aspect or to show what we’ve added or changed.

The st of this method as ceaed by theApplicaion Wizard.
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| creage my new thread inOninitDialog() , as shwn hee:

BOOL CThreadsUnleashedDIg::OnlInitDialog()

{
CDialog::OnlInitDialog();

/I ... unimportant details elided...
AfxBeginThread(ThreadsNotification,(LPVOID)this);

return TRUE; // return TRUE unless you set the focus to a control

}

The call toAfxBeginThread(ThreadsNotification,(LPVOID)this) spavns the verker
thread thais implemented in the methadreadsNotification() . The st of the
Applicdion Wizard code has been left out because it is bolids:.

The ThreadsNotification() methodlooks like this:

UINT CThreadsUnleashedDIg::ThreadsNotification(LPVOID pParam)
{

CThreadsUnleashedDlg * pThis = (CThreadsUnleashedDIg*) pParam;
WaitForSingleObject(pThis->m_AllRunningEvent,INFINITE);

AfxMessageBox(“All three threads are now running”);

return O;

}

This very simple method unpée the paameter and casts it into a pointer to the
CThreadsUnleasedDlg  Object th&invoked this methodThis gproad is necessgr
because the evker thiead function rast be sttic; it cannot hee athis pointer We then
use thehis pointer to access theEvent object passed twaitForSingleObject() ,and
we tell the code to ait forever. This instuction Hocks the thead andeleases its time
slice When the eent is signaledhis thread is eleased and displa its messge bo.
The inal ling retun 0, causes the function tetum and the thead to ®it.

The dialg bax is nav displayed and is quiescent until atton is dicked When the user
clicks Stat Thread 1,a messge is sent to the diajpbax which is catured in the mes
sage ma:

ON_BN_CLICKED(IDC_BUTTON_START_T1, OnButtonStartT1)

This invokes the methodnButtonStart1()

void CThreadsUnleashedDlg::OnButtonStartT1()

{
CButton * pB = (CButton*)GetDIgltem(IDC_BUTTON_START_T1);
pB->EnableWindow(false);
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m_Threadl = AfxBeginThread(ThreadFunction,(LPVOID)this);

CStatic * pStatic = ( (CStatic *) (GetDIgltem(IDC_STATIC_STATUS)));
pStatic->SetWindowText(“Thread 1 running”);

CountThreads();

}

We creae a pointer to the dtton etumed flom GetDigitem()  and use thiapointer to dis
able the lutton (endeing it gray, shaving tha it cant be pessed gain).

We then ceae a n&v thread ly invoking AfxBeginThread()  , passing in the attess of a
stdic function tha retums auINT, and a single pameterThis is the equired syntax dr
AfxBeginThread() . Because & want to pass in thgis pointer we just cast it to
LPvOID (which transldes tovoid ** ).

This action spans a n& thread andetums immeditely. We then gt a pointer to the
Cstatic  object on the dialp bax and updte thd to display Thread 1 running . Finally,
we callCountThreads()

We'll explore wha hgppens in the bodof the nev thread in a moment.ifst, let’s tale a
quick look & CountThreads()

void CThreadsUnleashedDlIg::CountThreads()
{

if ( InterlockedIncrement(&m_numThreads) >= 3)
m_AlIRunningEvent.SetEvent();

}

The gal of this method is to inement the count oinning theads; vinen it hitss, it
sets theallRunningEvent  event so thathe notifcation thread can beeteasedBecause
we want to ensie thd the \ariable m_numThreads is under synleronizaion contol, we
can tale adiantaye of theinterlockedincrement() method This method tas a pointer
to a long intger (4 kytes) andncrements it under tead contol.

NoTE

Under Windows NT, this approach reliably returns the newly incremented value;
under Windows 95, however, it does not. Thus, the code as shown is specific to

Windows NT. If you must run this code under Windows 95, increment the value
and then test it separately.

The worker thieads do a simple job of irmenting then_value member of the
dialog bo:
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UINT CThreadsUnleashedDIg::ThreadFunction(LPVOID pParam)
{

CListBox * pLB = ((CListBox*)(pThis->GetDIgltem(IDC_LIST_OUTPUT)));
CString s;
int offset;

srand( (unsigned)time( NULL ) );

for (5;)

{
if (pThis->m_Paused )
{
Sleep(500);
continue;
}

switch ( pThis->m_RadioButtonValue )
{

case sSNONE: // None
s.Format(“Current value: %d”,pThis->m_Value);
Sleep(rand() % 1000);
pThis->m_Value++;
break;

case SCRITICAL_SECTION: // Critical Section
pThis->m_CS.Lock(); // no timeout possible
s.Format(“Current value: %d”,pThis->m_Value);
Sleep(rand() % 1000);
pThis->m_Value++;
pThis->m_CS.Unlock();
break;

case SMUTEX: // Mutex
CSingleLock theLock ( &(pThis->m_myMutex) );
if (theLock.Lock(WAIT_TIME) )

{
s.Format(“Current value: %d”,pThis->m_Value);
Sleep(rand() % 1000);
pThis->m_Value++;
theLock.Unlock();
}
else
AfxMessageBox(“Lock on Mutex failed. No increment!”);
}
break;

}

offset = pLB->AddString(s);
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pLB->SetToplndex( offset );

}

return O;

}
The frst job of this section of code is to cast the pointer:
CThreadsUnleashedDlg * pThis = (CThreadsUnleashedDIg*) pParam;

Because the tead is implemented in a samember functionyou must pass in a cgp
of thethis pointer which must be used fglicitly) to access the memiseiBecause
however, thisis a member methqdt does hae access to the ipete member &iables of
the dass.

We immedigely enter aforever loop,grabbing the alue and in@menting it until the
thread is destiyed Ead time though the loopywe ched the \alue of the dialg’s
m_Paused Boolean member to seenether ve should pause long enough to let the user
review the pogress sodr:

if ( pThis->m_Paused )

{
Sleep(500);
continue;

}

We then look aithe adio luttons. Note thiawe dont examine the contid, but rather the
member arable m_RadioButtonValue

switch ( pThis->m_RadioButtonValue )

This member aiiable was ceaed ly the ClassVizard and is assodied with the adio
buttons.All the radio huttons contained in the@up bx are recgynized as a single
mutually exclusive set of boices.To crede a sdes of adio huttons,you mak only the
first kutton as heing the stylé'group” (do not mak ary of the othes in this vay). You
can thenihd tha radio tutton in the Clas8Vizard’'s MembeNariable teb and can @dae
an intgyer “value” member ariable to corespond to thiabutton. The integer is set to the
zero-based déet of the htton selected; in thisxample None has thealueo, Critical
Section has thealue1, and Muta has the &lue2. The code to mathese bttons to
these wluesis geneeted ly the wizad:

DDX_Radio(pDX, IDC_RADIO_NONE, m_RadioButtonValue);

While the wizad was unning | also m@ped ealk radio hutton to a methadso tha
when the userlicks one of theadio huttons,the associgd method is called:
ON_BN_CLICKED(IDC_RADIO_NONE, OnRadioNone)

ON_BN_CLICKED(IDC_RADIO_MUTEX, OnRadioMutex)
ON_BN_CLICKED(IDC_RADIO_CRITICAL_SECTION, OnRadioCriticalSection)
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For example when the userlicks the Mute radio tutton (DC_RADIO_MUTEY, the
methodonRadioMutex() IS invoked, as shan hee:

void CThreadsUnleashedDlg::OnRadioMutex()

{
UpdateData();

CsStatic * pStatic = ( (CStatic *) (GetDIgltem(IDC_STATIC_STATUS)));
pStatic->SetWindowText(“Using Mutex”);

}

The irst thing this method does is upeldhe associad \ariable (m_RadioButtonNone )
and then gdnt a stdus messge to the sts line

Let’s retum to ThreadFunction()  ; after we detemine we ae not pausedve switch on
the alue of them_RadioButtonvalue ~ membeywhich as yu nav know coresponds to
the adio lutton dhosen ly the userTo test theswitch staement,| use an emmested
constant:

enum synch { SNONE, sCRITICAL_SECTION, sMUTEX, seEVENT};

This males the intent of the code a bit easier to decigh#re \alue issNone (zero), the
first tutton None vas diosenand | simpy print the \alue ofm_value and incement it.

If either the Citical Section or Mute radio lutton was selectedhen | badet the call to
the incement function with code to magethe synbronizaion device.

In the case of the @ical Section adio hutton being selected lock the dialg box's
critical section ariable m_cs print and updee the \alug and then unldcit:
case sCRITICAL_SECTION: // Critical Section

pThis->m_CS.Lock(); // no timeout possible

s.Format(“Current value: %d”,pThis->m_Value);

Sleep(rand() % 1000);

pThis->m_Value++;

pThis->m_CS.Unlock();

break;

In the case of the Muteradio hutton being selected have a bit moe contol. | creae a
CsingleLock  Object,passing in the alfess of the mtex. | then equest a Idg specify
ing a timeout alue If the nutex is loked within the allotted timd go ahead and pt
and updte the alue If the nutex is not aailable within the allotted timethen | fil,
print a waming messge, and tale no other actiorilhis prevents the thgad fom hangng
indefnitely, waiting for a mutex tha may never become ailable.

When the userlicks Stat Thread 3,a somaha different sequence ofvents is initided:

void CThreadsUnleashedDlg::OnButtonStartT3()

{
CButton * pB = (CButton*)GetDIgltem(IDC_BUTTON_START_T3);
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pB->EnableWindow(false);
if (!'m_MTC)

{
m_MTC = new CMyThreadClass(this);

BOOL bRc = m_MTC->CreateThread();
if (! bRc)
{

CString msg(“Unable to start thread'\n”);
AfxMessageBox(msg);
/I ILTODO: post quit message

}
m_MTC->PostThreadMessage( WM_START_WORK, 0, 0);

CountThreads();

}

Once gain, we dim the hbtton, but this time ve dhedk to see wether the membeiav-
able tha points to oucwinThread -delived object isNULL Assuming thait is, we ae
read/ to crede a n& instance of the tlead ¢ass.

While it is nomally important to diek whether the pointer iSULL, in this code e
know it is not,and so the staement can beawritten USINGASSERT

ASSERT (! m_MTC);

Because w dim the htton,it isn't possile for this thead to alkead/ exist. | wrote it this
way to allawv for a time in the immedia futue when we can ceae and then desty
these thead objects will-nilly.

The gal is to instantig an object of typeMyThreadClass . This dass is ddwed from
CwinThread and thus islale to mange aWindows thiead:

class CMyThreadClass : public CWinThread

Creding the thead is a tw-stg process. In theiffst stg, thethreadobjectis instantided:
m_MTC = new CMyThreadClass(this);

In the second spethe thead itself is czaed:
BOOL bRc = m_MTC->CreateThread();

Note the diference When we ciede an instance usingw, we cieae the object bt we
do not ceae theWindows thead The thead is ceaed with the call tareateThread()
We talk dout the object and the tad as if thg were the samgbut they are distinct.

After the thead is unning we want it to stairwork, but we donotwant to call its
startwork() ~ method diectly. If we did we would hang until thamethod etums (which
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it never does). Insteadve want to send a meggaasynbronousy to thd thread and tell
it to stat work. We do th&using itsPostThreadMessage() ~ method—which retums
immedidely:

m_MTC->PostThreadMessage( WM_START_WORK, 0, 0);

This staement posts a usdefined messge with the aluewm_START_WORtO the
thread This walue is also dé@fed in ourconstants.h ~ file as shwn hee:

const int WM_START_WORK = WM_USER + 1;

When the thead detects thanessge, it maps it to a member method of thiass ly the
dispach map:
BEGIN_MESSAGE_MAP(CMyThreadClass, CWinThread)
I{{AFX_MSG_MAP(CMyThreadClass)
/I NOTE - the ClassWizard will add and remove mapping macros here.

IMAFX_MSG_MAP
ON_THREAD_MESSAGE(WM_START_WORK,OnStartWork)

END_MESSAGE_MAP()

Note tha | add my own ON_THREAD_MESSAdiBe after the AFX_MSG_MAProtected code
but bebre theEND_MESSAGE_MAP(@Nacio. Anything betvween these twrlines can be
overwriitten by the wizads, but the code Ve adled is sad:

I{{AFX_MSG_MAP(CMyThreadClass)

IMAFX_MSG_MAP

This ma simpl dictaes tha when thewm_START_wOmRRessge is keceved the method
OnStartWork() IS to be iwvoked:

void CMyThreadClass::OnStartWork()
{

CStatic * pStatic = ( (CStatic *) (m_pDIlg->GetDIgltem
O (IDC_STATIC_STATUS)));
pStatic->SetWindowText(“Thread 3 running”);

ClListBox * pLB = ((CListBox*)(m_pDIlg->GetDIgltem(IDC_LIST_OUTPUT)));

srand( (unsigned)time( NULL ) );
CString s;
CString status;
for (;;)
{
if ( m_pDlg->IsPaused() )
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Sleep(500);
continue;

}

int val;

switch ( m_pDIg->m_RadioButtonValue )
{

case sNONE: // None
val = m_pDIlg->GetValue();
s.Format(“T3 Current value: %d”,val);
Sleep(rand() % 1000);
m_pDIg->SetValue(++val);
break;

case sCRITICAL_SECTION: // Critical Section
m_pDIg->m_CS.Lock(); // no timeout possible
val = m_pDIg->GetValue();
s.Format(“T3 Current value: %d”,val);
Sleep(rand() % 1000);
m_pDIg->SetValue(++val);
m_pDIg->m_CS.Unlock();

break;
case SMUTEX: // Mutex

CSingleLock theLock ( &(m_pDIg->m_myMutex) );
if (theLock.Lock(WAIT_TIME) )

{
val = m_pDIg->GetValue();
s.Format(“T3 Current value: %d",val);
Sleep(rand() % 1000);
m_pDIg->SetValue(++val);
theLock.Unlock();

}

else

{
AfxMessageBox(“Lock on Mutex failed. No increment!”);

}

break;

}

int offset = pLB->AddString(s);
pLB->SetToplndex( offset );
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Not suprisingly, this method is quite similar to th@readFunction() methodwe just
examined The signifcant diference is thiathis isnota stdic method of the diakyp dass,
but is a simple member method of theetldl ¢ass.The thead ¢ass can maintain itsam
stae and caneaspond to tlead mesgges.

To ensue poper synbronizaion, this thiead nust use the sameutex as is usedybthe
dialog dass’threads. Remembgnowever, tha thecmMutex can be namedo do thiswe
initialize the nutex in the constuctor to the dialg:

CThreadsUnleashedDlg::CThreadsUnleashedDIg(CWnd* pParent /*=NULL*/)
: m_Value(0),
m_Paused(false),
m_MTC(0),
m_numThreads(0),
m_AlIRunningEvent(false,true, NULL,NULL),
m_myMutex(false,”"m1”),
CDialog(CThreadsUnleashedDIg::IDD, pParent)

We then cede another mitex as a member of the tad:

class CMyThreadClass : public CWinThread

{
/...

private:
CThreadsUnleashedDlg * m_pDlg;
CMutex m_Mutex;

3
Then we initialize this nutex with the same name:

CMyThreadClass::CMyThreadClass(CThreadsUnleashedDlg * pDIg):

m_pDIg(pDlg),
m_Mutex(false,"m1”)

{
}

We can nw modify the code in the thad object toafer to its evn mutex, which is a
reference to the nmex object held i the diala:

CSingleLock theLock ( &m_Mutex );
if (theLock.Lock(WAIT_TIME) )
{

}

/...
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Utility Classes

The MFC povides aseiies of utility dassessome of vhich we've seen in action aad.
These tasses a adled ly Microsoft to the dunddion dasses to makpiogramming
easier—vhich frees yu from having to do so gurself. With the adent of the Standdr
Templde Library, mary of these lasses a nav somevha redundantbut to dae
Microsoft has simpl folded the STL bdcinto its avn library.

The most impdant and useful utility lasses a thecstring class(for manipuléing
chamcter stings) and thecTime classesor manipuléing ddes,times,and timespans.

String Manipulation Classes

Perhags theutility class vhich you will use most fquenty is CString . This simple
stiing dass fcilitates using tet stings: creding, formétting, copying, passing as par
metes, and so érth.

The constuctor for cstring  is overloaded to ta& no paametes (the dediult constuctor)
or to tale an aisting Cstring object (the cop constuctor) or to tak a umber of alter
naives,perhgs the most useful ofvich simply takes a C-styleluLL-terminated string.

After your Ccstring  object &ists,you can condande it with anothecstring . This code
initializess3 with the sting “Hello world”
CString s1(“Hello”);

CString s2 (* world”);
CString s3 = s1+s2;

You can usestring for sophisticted stimmg manipuléion, such as seahing for sub
strings and the lik. One of the most peerful methods isormat() , which takes a sing
not unlike tha used ly printf() and which uses the same spéei§ asprintf()

You've seercstring.Format() in action thoughout thisand other hapters.

Time Classes

Another popular setdf utility classes pvided ky the MFC assist with manipuiag
time. TheANSI standad provides Dr atime_t daa type thathe MFC waeps with the
CTime class.This dass epresents antzsolute time and de within the ange Jaruary 1,
1970 to aruary 18,2038,inclusive. The CcTime class intudes utility functions to corert
to and fom Gregorian ddes and beteen 12-hour and 24-houlocks. Additional meth
ods assistqu in etracting the gar month,day, hours, minutes,and so érth from a
given timevalue

199

SHIOMIANV YA

35 O] MOH



200

Implement#on Issues

PART I

The cTimeSpan classprovides eldive time \aluestha is time spansiVhen onecTime
object is subtaicted fom anotherthe esult is acTimeSpan object.You can ad and sub
tractCTimeSpan objects fom CTime objects to a@ae nev CTimeSpan objects.The mnge
of daes yu can thus manipulaisabout 68 gars.

We can put thislass to use to meaguthe inteval between tvo events. Lets modify the
CMyThreadClass shawn ealier, so tha when it is not under syheoonizdion contol, it
pauses aandom inteval between 1 and 5,000 milliseconds (5 secondé.can measer
the duation (in seconds)ytaking the cuent time athe star of the work and gain &
the end of the wrk, and themmeasuing the diference betwen them:

CTime start, end;
CTimeSpan len;

start = CTime::GetCurrentTime();

rightNow = start.Format(“T3 Start: %b %d %Y %I:%M%p”);
offset = pLB->AddString(rightNow);

pLB->SetToplIndex( offset );

val = m_pDlIg->GetValue();
s.Format(“T3 Current value: %d”,val);
Sleep(rand() % 5000);
m_pDlg->SetValue(++val);

end = CTime::GetCurrentTime();

rightNow = end.Format(“T3 End: %b %d %Y %l:%M%p”);
offset = pLB->AddString(rightNow);

pLB->SetToplndex( offset );

len = end - start;

duration.Format(“T3 - Duration %d seconds”,len.GetSeconds());
offset = pLB->AddString(duration);

pLB->SetToplndex( offset );

ThecTime variable start  is set to the cuent time befre we bajin working. The CTime
variable end is set to the cuent time vihen we ae doneThe timesparen is set to the

difference

We can gtract and pint the curent time ly calling Format() on theCTime objects; ve
can pimt the duation by using thecTimeSpan member methodetSeconds()

The output fom the peceding code looks léthis:

T3Start Jul 28 1998 05:02:39PM
T3End Jul 28 1998 05:02:44PM
T3 Duration 5 seconds
T3Current value: 10

T3Start Jul 28 1998 05:02:44PM
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T3End Jul 28 1998 05:02:48PM
T3 Duration 4 seconds
T3Current value: 11

T3Start:Jul 28 1998 05:02:48PM
T3End Jul 28 1998 05:02:51 PM
T3 Duration 3 seconds
T3Current value: 12

T3Start: Jul 28 1998 05:02:51PM
T3End: Jul 28 1998 05:02:55 PM
T3 Duration 4 seconds

Documents and Views

Of coursg dialog boxes and theads ag& not the hearand soul of the MFCThe eal ea
son Pr the &istence of the MFC is to helpy mange the cedion and manipulégon of
windows—onsceen vievs of your dda. To do this,the MFC uses documents (to mgea
daa) and vievs (to mange windavs and contrls).

The MFC5s document/vier designpatem is a simplifcation of the
Model/\View/Contoller (MVC) design ptiem originally used to hild user interdces in
Smalltalk-80. In MVC you cleae an object tharepresents gur dda; this object is
called themodel You then assignesponsibility br viewing tha daa to \ariousviews,
and decouple viging from the esponsibility r contolling or manipuléing the d#a,
which is assigned to theontollers.

Microsoft’s variant on theMVC design pt&em is the someha simpler Document/Mw
patem. In Microsoft’s goproad, the daéa (document) is still g@am@ted from the viev, but
the viev and the contller ale meged Document/New is so intmsic to the Micosoft
Founddion Classes that is sometimes ahallenge to wite programs thaignore this
patem.

It is impottant to note thiain both the MVC and the Documeniéw patems,the mode)
or documentis ary daa your piogram uses. Documents need not lwedaprocessing
documents—thecan be collections okrous,tables,or amophous d&a structures.

Views

The vievs inthe MFC ae represented as windes andwidgets or contols. The dass
cwhndis the baselass br all the vievs, including dialay boxes,CFramewnd (which marn
ages the fame of a windw), andcmbDIChildwnd (which manges multidocument-
interface windavs—thd is, multiple subwindavs within a single fame as gu might see
by opening moe than one document in MasoftWord). cwndis also the basdass to
cview, as vell as the base to all the casl sud asCButton , CListbox , and so on.
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The cDocument andcview classes engasulae the Document/idw design ptem and
work with thecwndderived dasses to displathe contents of theDocument. The Cview
class can bex¢ended in may powerful ways, and the MFC pvides you with a &imily
of deiived dasses inluding cScroliview  (for scolling through lage documents),
ceditview (for huilding text documents)cRicheditview  (for creaing documents with
rich text suc asFORMATTING, bold, italic, and so on)cFormview (for creaing onsceen
forms), CRecordview (for working with ddabases)andcTreeview (for creding stiuc
tured vievs of hiearchical dda).

Cview is the paent dass of all these dived vievs, and it povides a mmber of vitual
functions br your deived dass to oerride. The most impdantcview functions ae
probably OninitialUpdate() , OnUpdate() , andonDraw() .

OnlnitialUpdate() is called the if st time the vier upddes itself Every time a docu
ment hianges, it notifies all the viers curently atached to it. MFC calls
OnlnitialUpdate() the frst time and call®nupdate() onall subsequent calls.

The deéult behsior for the updte methods is to iralidate the windav and then to
invoke onbraw() . This gproad dves you tremendousléxibility in how you render pur
view, but also povides boileplate code thiacan be used to implement deft diawing
functionality.

Form Views

One \ery popularuse of the MFC is to este comple forms for gatheling information
from a userTher ae two common method®of implementing sutan gplicaion: as a
simple dialg bax and with the n@ CFormview. The CFormview combines the
Document/\ew architectue with the ease of use of a diglbax. We'll explore the brm
view in some dpth hek, to provide a moe geneal lesson in he sud gplicaions can
be huilt using vitually ary applicaion framevork library.

The sample mgramwe’ll implement looks lile what is shavn in Fgure 5.8.

This gplicaion presents adrm for use ly a cedit ayengy. It gathers informaion from
the user § way of a umber of fexible contols. Among the contrls we'll explore ae
edit contols (for example Last Name)radio tuttons (br example Spending)drop-
down lists (or example Salay Range), slider contols (for exkample Credit Limit), and
spin contols (for example Member Since)We'll also plore popety sheetsinvoked
here by selecting Rufile, but which are often seen inpplications as a déce for gather
ing user peferencesAs an @ample of a popety sheetfFigure 5.9 shas the popety
sheet fom MicrosoftWord.
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Ficure 5.8. = _Iolx]
View Help
Sampledrm view 7|
application.

I CashAdvances
I Check \Witing

Frofile
Member since:  |1997 5:'

LatName: [ FutMame: [ Spending

@& Mo Profile
" Small Spender

Address |
Cie [ State: | =] 2 £ B sbancer
Credit Card Type
@ Wisa " Master Card VISA
[ Wisa Club Salary Range: ,—L|

Credit Limit: ,07

Fleady
FiGure 5.9. 2]
Track Changes | UserInformation | Compatiiity | File Locations |
Propetty sheet view | Gereral | Edt | Print | Save | Speling & Grammar |
fromWord. Page Layout view aptions
Show
F Drawings 7 Highlight
I™ object anchors I™ Bookmarks
I™ Text boundaries I™ Fisld codes
I™ Picture placsholders Field shading:
¥ Animated text wwhen selected hd

¥ sersenTips

Honprinting characters

I Tab characters I~ optional hyphens
I Spaces ¥ Hidden kext
I Paragraph marks ral

Window
W Status bar W Horigontal scrol bar
¥ ertical ruler ¥ Yertical scroll bar

As you can seea piopety sheet is a ay to mange a seies of dialg-based drms, giv-
ing the user 'Tedom to mee among the s as neededhe popely sheet w'll imple-
ment in this gample looks like the one in igure 5.10.This is a som&ha simpler g&am
ple than the MiarsoftWord propety sheethut it afords us an opptunity to xaming

in detail,how propety sheetsare implemented

Getting Started with Form Views

To et stated fire up a nev SDI poject and poceed though the wizads in the usual

way. Just bebre we confrm the flenameswe highlight the vies
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(ccontrolsUnleashedview ) and dang its type (baselass) fom Cview to CFormview,
as shan in FHgure 5.11.

FiGure 5.10. B
Our example work | income | Credit |
propetty sheet. Please tell us about your work

‘what kind of work do you do hd
Mame of your employer.

“Years Employed 0
Previous Employer
aK Cancel
FIGURe 5.11. (1]
i X Appwizard creates the following classes for you
Changng the viev =
to FormView . o

ChainFrame
CChildFrame
CControl:UnlzashedD o

Class name: Header fie:

[CContiolzUnleashed  [ControlsUnizashedyi

Base class Implementation fle

[cFomvien | [Contollrleschedyi

< Back Einish Cancel
| | |

After the goplicaion is huilt, we open theasouce editor and kggn to kuild the initial
form. Eat of the contls should be &brded a meaningful namand then & invoke
the ClasdVizard to assign &riables coresponding to thealue of eal of thecontmwls,
as shevn in Hgure 5.12.

For some of the comits sut asiIbC_COMBOSalaryRange , we clede two variables: one
holds the alue (n_SalaryRangevalue ) and oneeapresents the cortf itself
(m_ComboSalaryRange ).

By having a \arable tha holds the contl itself, we can wite this simplestaement:
m_ComboSalaryRange.GetCount();

If we didnt have sut a \anable, we'd have to wite this:

CComboBox * pBox = (CComboBox *) GetDlgltem(IDC_COMBOSalaryRange);
pBox->GetCount();
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2
FIGURE 5.12. 2]
. . . Mezcage Maps  Member Variables Automation Actived! Events Clazs Info

Assigning ari- | ! | |

Project Class pame Add Class.
ables br ea Contioknleashed =] [CConbokUnleashedview | e

- hddVaristle

Control . D\ AContolsl nleashedview.h, ControlsUnleashedyiew.cpp

Control |Ds: Type Member Delete Variable

|DC_BUTTONPofile CButton m_ButtonProfile

IDC_CHECKAdy BOOL m_Checkady alue

IDC_CHECKCheckMwiiting EOOL m_CheclWiting' alue

IDC_CHECKYizaClub CButtan m_Check¥izaClub

|DC_COMEDOptions int m_CCOptionYalue

IDC_COMEOOptions CComboBox rr_CCOptions

IDC_COMBOS alayRange inl m_SalaryRangeValue

IDC_COMEDS slaryR ange CComboBox rr_ComboSalanRangs

IDC_COMEDState CSting m_State

IDC_EDIT_MEMBER_SINCE int r_EditSince

IDC EDITAddiess CSting m Addiess ﬂ

Description: map to CButton member

When you expect to access the cooltitself, using a Clas8Vizard—geneeted member
variable is simpler and easier to maintain.

When all the érm contols hare coresponding &lues.the Clasdizard geneetes the
code to ensurthd these ariables ae updéed with the alues in the condis. We'll
explore haw this works, but note thathese ariables ae membes of theCFormview, not
of the document. If gu want to ensue thd the daa is stoed in a cental locdion (which
is what you will want if moe than one vig will display or inteiact with this d&), you
will have to ceae coresponding ariables in the document and maeathe tanser
between the vier and the document maally.

Managing Data

To et the d&a into and out of theariables of the vigy, you invoke UpdateData() . If
you pass in the pametertalse , you initialize the contols with the dta in the viev. If
you pass no pameterthe deéult value oftrue indicates tha you want to updte the
varables with the contents of the cools.

UpdateData() ~ Will, eventuall, invoke DoDataExchange()  (do notinvoke this method
directly!), which was ceaed ly the ClasdVizard (although pu can ceae it by hand if
you want).DoDataExchange()  lookslike this:

void CControlsUnleashedView::DoDataExchange(CDataExchange* pDX)

{
CFormView::DoDataExchange(pDX);
I{{AFX_DATA_MAP(CControlsUnleashedView)
DDX_Control(pDX, IDC_COMBOSalaryRange, m_ComboSalaryRange);
DDX_Control(pDX, IDC_SPIN_MEMBER_SINCE, m_MemberSinceControl);
DDX_Control(pDX, IDC_STATICVISAPIc, m_VisaPic);
DDX_Control(pDX, IDC_STATICMCPic, m_MasterCardPic);
DDX_Control(pDX, IDC_SLIDERCredit, m_CreditSlider);
DDX_Control(pDX, IDC_RADIOVisa, m_VisaButton);
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DDX_Control(pDX, IDC_BUTTONProfile, m_ButtonProfile);
DDX_Control(pDX, IDC_EDITCreditLimit, m_CreditLimitControl);
DDX_Control(pDX, IDC_COMBOOptions, m_CCOptions);
DDX_Control(pDX, IDC_CHECKVisaClub, m_CheckVisaClub);
DDX_CBIndex(pDX, IDC_COMBOOptions, m_CCOptionValue);
DDX_CBString(pDX, IDC_COMBOState, m_State);

DDX_Text(pDX, IDC_EDITAddress, m_Address);

DDX_Text(pDX, IDC_EDITCity, m_City);

DDX_Text(pDX, IDC_EDITFirstName, m_FirstName);
DDX_Text(pDX, IDC_EDITLastName, m_LastName);
DDX_Radio(pDX, IDC_RADIONoProfile, m_RadioProfile);
DDX_Radio(pDX, IDC_RADIOVisa, m_VisaButtonValue);
DDX_Text(pDX, IDC_Zip, m_Zip);

DDX_Check(pDX, IDC_CHECKAdv, m_CheckAdvValue);
DDX_Check(pDX, IDC_CHECKCheckWriting, m_CheckWritingValue);
DDX_Text(pDX, IDC_EDIT_MEMBER_SINCE, m_EditSince);
DDV_MinMaxInt(pDX, m_EditSince, 1990, 2005);

DDX_Text(pDX, IDC_EDITCreditLimit, m_EditCreditLimitValue);
DDX_CBIndex(pDX, IDC_COMBOSalaryRange, m_SalaryRangeValue);
IMAFX_DATA_MAP

}

Ead of thesebDx_macosensues thathe daa will be talen from the conwl and
inseted into the ariable in the rght format (for example corverting from stings to

int S as necessgr In adlition, the macos povide an oppdunity for automéed ange
cheking. For example them_EditSince  vatiable is set to bed the intger value entezd
to ensue thd it is a \alue betveen1990 and2005. When you examine this ariable in
the ClassVizard, you have theoppotunity to set these limits (seégkre 5.13).

7
FiGure 5.13. 2%
Message Maps  Member Variables | Automation | Active Events | Class Info
The Clas3Mzard. ‘ | | |
Project: Class name: Add Class..
Control:Unleached ] [cControlsUnleachedvien = i
D\ AControksUrlsashedyiew h, CortrolsUnlsashedvisw cop ﬁ
Control D Type Merber Delete Varable |
TOC_BUTTONPralle TButton m_BuitonProfie =
IDE_CHECKAdy BOOL m_Checlédyalie
IDE_CHECK Checkiriting BOOL m_Checkwitingv'alue
IDE_CHECK isaChub CBuiten m_CheckWisaClub
IDE_COMBODptons int m_CCOptioralue
IDE_COMBOOptans CComboBex  m_CCOplians
IDE_COMBOS alanFangs int m_SalaryRangsbalus
IDC_COMBOS alanFiange ClomboBox  m_ComboSalayFlange
IDC_COMBOStale CSiting m Gtate

t m_EditSince
IDC EDITAddress CSting m Address ﬂ

Descriptior: it with validation
Minimum Value: 1590
Magimum Valie 2005

Cancel

When the userteempts to lege the dialg ba, if the value selected is not within the
limits, the user is irdrmed of this eror and is etumed to theiéld to male the necessar
updde (see kgure 5.14).
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FIGURE 5.14. x|
Cheding \alues. 3 Please enter an integer between 1930 and 2005
oK

Normally, this cdhed is done vhen the userlicks the OK loitton, but I've modiked the
code to ensurthd the ded is done after the user less the ield. | did this ly asking
the ClassVizard to cede a methoddr theEN_KILL_FOCUsmessge—which is called
when you ta out of the ield (see kgure 5.15).

FiGure 5.15. il
Cheding \alues Message Maps | MemberVariables | Automation | ActiveX Events | Classlnfo |
. Project: Class name: Add Class.. ™
when leaing ControkUnleached =] [cContolUnleachedvien -]
fields D\ ACanhokLInleachedvien b, ControlslUnleashedview. cpp g
' Object IDs: Messagss: Delete Funtion |

TOC_CHECKAdY =]
IDE_CHECK Checkiwiting

EM_CHANGE a
EN_ERRSFACE j E oo

Member functions

W OnHScroll ON_wM_HSCROLL -]
Y Onnitislpdate

W OnkillfocusEDITCrediLimiON_IDE_EDIT CrediLimitEN_KILLFOCUS

W OnRADIOMasterCard  OM IDC RADIOMasterCard BN CLICKED |

Descriptior: Indicates the edit control is losing the input facus

Cancel

In the implementigon of this methodl simply call updateData() , which forces the dia
validaion:

void CControlsUnleashedView::OnKillfocusEditMemberSince()
{

}

UpdateData();

Event-Driven Programming

The most commomessges to espond topf couise are button-push messges,which
are manged in much the same &y as messges gneeted by other contols. For exam
ple, when theVisa or Master Calrbuttons ae dicked, we want to tiang the bitma dis
played and alter thehed box choices sailable. We clede anonrADIOVisa() method to
be invoked when the btton is dicked:

void CControlsUnleashedView::OnRADIOVisa()
{

UpdateData();

if( m_VisaButtonValue==0)

SHYOMINVY
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m_CCOptions.ResetContent();
m_CCOptions.AddString(“Visa Card");
m_CCOptions.AddString(“Visa Card Gold”);
m_CCOptions.AddString(“Visa Card Platinum”);
m_CCOptions.SetCurSel(0);
m_CheckVisaClub.EnableWindow(true);
m_VisaPic.ShowWindow(SW_SHOW);
m_MasterCardPic.ShowWindow(SW_HIDE);

else

m_CCOptions.ResetContent();
m_CCOptions.AddString(“Master Card Gold");
m_CCOptions.AddString(“Master Card Platinum”);
m_CCOptions.AddString(“Master Card Premium”);
m_CCOptions.SetCurSel(0);
m_CheckVisaClub.EnableWindow(false);
m_VisaPic.ShowWindow(SW_HIDE);
m_MasterCardPic.ShowWindow(SW_SHOW);

}

As you can seghis method beds the alue of the adio hutton selected and then sets
the contents of the dp-dawn list gopropriately. The method also hides the pictusf
Master Cad andshaws the pictue ofVisa (or vice ersa).

The onRADIOMasterCard() method simpt invokesonRADIOVisa:

void CControlsUnleashedView::OnRADIOMasterCard()
{

}

Usess find it quite impessie when thg select aadio tutton and other pts of the drm
respond—een though implementing thiesponse is stightforward. We can tie other
contols tagether as wll. For example the Cedit Limit field is tied to the slider cork
benedh it. Moving the slider updasthe cedit limit field and vice ersa.

ONRADIOVisa();

We updée the slider fom the Cedit Limit field by caching the kill focus messge and
setting the position of the slider based on theerircontents of the ediefd:

void CControlsUnleashedView::OnKillfocusEDITCreditLimit()
{
UpdateData();
m_CreditSlider.SetPos( m_EditCreditLimitValue / 1000 );
UpdateData(false);
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When the slider is me&d we can cpture the hozontal scoll notification and updee
the edit feld:

void CControlsUnleashedView::OnHScroll(UINT nSBCode, UINT nPos,
[0 CScrollBar* pScrollBar)

{
CSliderCtrl* p_Slider= dynamic_cast<CSliderCtrl*> (pScrollBar);
if ('p_Slider)
TRACE(“Not really a CSliderCtrl\n”);
else
{
int value=p_Slider->GetPos();
CString temp;
temp.Format(“%ld”,value * 1000);
(GetDlgltem(IDC_EDITCreditLimit))->SetWindowText(temp);
}
CFormView::OnHScroll(nSBCode, nPos, pScrollBar);
}

Notice tha we nust frst ensue thd the view is receving this hoizontal scoll notifica-
tion from the slider itseliwhd is passed in is just a pointer t@scroliBar . Because
thecsliderctrl  class deives flom CScroliBar , we can use the meANSI
dynamic_cast opeitor to ensue tha we have a \alid csliderCtrl  objectbefore imple
menting the upde.

Finally, we tie in the Salgrcombo ba. Changng the salay should set a defilt Credit
Limit, and this in tun should upd& the slider:

void CControlsUnleashedView::OnCloseupCOMBOSalaryRange()

{
UpdateData();
m_EditCreditLimitValue =

O m_ComboSalaryRange.GetltemData(m_SalaryRangeValue);
m_CreditSlider.SetPos( m_EditCreditLimitValue / 1000 );
UpdateData(false);

}

This code is slighyl tricky. We ae setting then_EditCreditLimitvalue to theitem daa
associted with the combo bo Windows did not povide this assoct@an; we did in the
dialog bax initialization:

/I associate an initial credit limit with each salary range

for(int offset=0; offset<=m_ComboSalaryRange.GetCount(); offset++)

{

switch(offset)

{
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case 0O:
crLimit=5000;
break;
case 1:
crLimit=15000;
break;
case 2:
crLimit=40000;
break;
case 3:
crLimit=80000;
break;
case 4:
crLimit=100000;
break;
default:
crLimit=0;

m_ComboSalaryRange.SetltemData(offset,crLimit);

}

This code assodiesthe \alues000 with the frst enty in the b, the \value15000 with
the second engrand so érth. Retuning toOnCloseupCOMBOSalaryRange() , when the
user ©iooses a Salgrwe pidk up the boice use it to &tract the assodiad item déa,
and then place thaalue in the edit ba Fnally, we use the edit bos value to set the
slider This males br a d/namic and intgrated usedinterface:Setting the salgrsets the
default cedit limit.

Radio Buttons

The radiobuttons within the ghup b are recanized by Windows as aelaed goup.
You nust helpwindows by ensuing tha the td order is corect. The ley is thd the hut-
tons ae all in sequential taorder, and thathe frst kutton has the Gup style set. In
addition, the first contol tha is not in the goup b must also hee its Goup style set to
let Windows knaw it has eadied the end of theadio tutton goup (see igure 5.16).

NoTE

The tab order controls the order in which the user will move among the con-
trols. You set the tab order in the resource editor by pressing Ctrl+D and then
clicking each control in the order you want them invoked.
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Notice tha the huttons in the Grdit Cad Type goup ae sequentiaMisa has its Gyup
attribute setand theVisa bitma pictue (DC_STATICMCPic )—which is net in the td
order—hasgts group dtribute set to signal thd maiks the end of theadio button goup.

FIGURE 5.16.
P Bl O B
Setting the Goup .. (W EEIDME
=es mall Spendsr
style WMy O 03— ..
Hw,,., @
]

22 FRESYS B range: ﬁﬂ—i‘

ach Advances

R i vwiiing R B
rrm
Profile
Pickirs Bropeities

@ F  Gereral ‘ Stles | Extended Styles |

3 W ;S
[l(DC_STATICMCPiG =] Tepe:  [Bimap -]
I™ Vigible W Group Image:  [DE_BITM&F2 -
™ Disabled ™ Tabstop ,—_‘

™ HelpID

Spin Controls

The MFC allavs youto mary an edit ba to a spin contl, as you can see with the
Member Since contt in Fgure 5.17.

FIGURE 5.17. L a
Spin contol. Member since: |1997 = |

If you examine the dialg contols in the esouce editoryou’ll find they are quite dis
tinct (see kyure 5.18).

By setting theAuto-Budly style you associg the spin contd with the edit contil
immediaely before it in the td order (Another eason to lsedk your teb order!) You
must also set Set-Bdgl-Integer if you want the edit contl to be manipuled by the
spin contol, as shan in Hgure 5.19.
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FIGURe 5.18.
Memb