Self-Review Exercises 439

] g :rlll j
Section 9,14 Using the this Pointey
« [verv abjece has access to
45 access to its own address thr i 1
ou s

« Anobject’s this pointer is not f ' g'h S

bt e potes e J_r?.rt of the object itself—i.e., the size of the memory occupied by

| i . ; ected in the result of a sizeof operation on the object.
* Ihe this pointer is passed as an imnlic:

) _ F sec asan implicit argument to each non-static member function.
* Objects use the this pointer implicitly

(as we've done 1% i vl o :
data members and member functions to this point) or explicitly to reference their

* The this pointer enables ¢ fu
ables cascaded member-funct; cal in which mulri i
; : -lunctio 2 = =
se Invesked 1 cthe sa i n calls (p. 425) in which ultlp]L nctions

Section 9.15 static Class Members
* Astaticdatam . “ Cr o
ety ,Emher (p. 429) represents “classwide” information (i.e., a property of the class
ared Dy all instances, nor g propercy of a speciﬁc ubiec: of the -:la.ss]'.
* static dara me ave class s
el c' ata members have class scope and can be declared public, private or protected.
* Aclass’s static members exist even when no objects of thar class exist.

* Toaccess i ; . i :
| . da ::ubh € static n:_las; member when no objects of the class exist, simply prefix the class
name and the scope resolution operator (: :} to the name of the A e

. Thr. static keyword cannor be applied to a member definition that appears outside the class def-
1nicGn.

* A member function should be declared static (p. 430) if it does not access non-static data
members or non-static member functions of the class. Unlike non-static member funcrions,
a static member function does not have a this pointer, because static data members and
static member functions exist independently of any objects of a class.

Self-Review Exercises
9.1 Fill in the blanks in each of the following;

a) Class members are accessed viathe _______ operator in conjunction with the name of
an object (or reference to an object) of the classorviathe ______ operator in conjunc-
tion with a pointer to an object of the class.

b) Class members specified as _____ are accessible only to member functions of the

class and friends of the class.

class members are accessible anywhere an object of the class is in scope.
d) ___ can be used to assign an object of a class to another object of the same class.
¢) A nonmember function must be declared by the class as a(n) of a class to have

access to thar class’s private data members.
f) A constant object must be ; it cannot be modified after it's created.

g) Aln) _____ data member represents classwide information.
h) An object’s non-static member functions have access to a “self pointer” to the object

called the pointer.
i) Keyword ______ specifies that an object or variable is not modifiable.

If a member initializer is not provided for a member object of a class, the object's
is called.
k) A member function should be static if it does notaccess _______ class members.

[) Member objects are constructed their enclosing class object.
When 2 member function is defined outside the class definition, the function header

must include the class name and the , followed by the function name ro “tie”

the member function to the class definition.
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lowing and explain how to correct it (them),

3 I :
of the fo d in class Time:

9.2  Find the error(s) in each rype is declare

a) Assume the following prot©
void ~Time(int);

ing prototype is declared in class Employee:
Oy

b) Assume the foll
int Employee(string,
definition of class Example:

string) ;

¢) The following is a

class Example {
public: _
Example(int y = 10) :
int getIncrementedData() const {
return ++data;

}

static int getCount() {
cout =< 'Data is ' << data << endl;
return count;
}
private:
int data;
static int count;

dataly) { }

L

Answers to Self-Review Exercises

9.1 a) dot (.), arrow (-5). b) private c) public. d) Defaule i i

: . : memberwise assignment (pe-
formed by the assignment operator). e) friend. f) initialized. g) static. h) this. i) cr:-ng:t j) dt(ffh
constructor. k) non-static. 1) before. m) : ; scope resolution operator. !

9.2 a) Error: Destructors are not allowed to re

Cﬂm"ﬁﬂﬂ.’ Tﬂ cuﬂ'tct [hE ﬁmt tn—or rem h » i.{ mﬂdiﬁﬂﬁ th.f ijﬂftr
getIncrementedpaty ; ' Hove the const keyword from the definition of
: - [Note: It would alsq be appropriate to I'EHHII]EI:'}'&S mamber Bine
St member fiync tions. ]

ctio : . i
" 9etCount.. This function js declared static

Exercises
73 (Scope Resoly;
I
9.4 KE . % ﬂﬂrﬂm;} wrharas rh
#hancing Clagg 1 ¢ PUrpose of the

t!'.u: time and 102l tine flfa) Provide g

tialize ap object of e Ction
Ctions s

ared j "Tlfmr (ks
In the

s see . : i ++§ i :

httP-UtHﬂr‘eferenc N ﬂcnplmnﬁ of C ard lemr}' header <ctime>—1° e

2. Com, o Smﬂd&l‘d Librax}r headers, classes a

Capable of using the current time fr,m.n ;
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9.5  (Complex Class) C
At
R s oty Comp1 i i ic wi
bers. Write a program o test your class {Zoun]pnl:r;:::tmE F‘JLP*‘-‘T*;:’IH““E Pr SEA
numbers have the form
;
where { is
J-1
Use doubTe variables to represent the
an object of this class 1o be initialize
values in case no initialize
lowing tasks:
a) add—Adds two Complex nu
parts are added together,

b) subt —5
t :a :tzcﬁnmb:llim:;:ls two Complex numbers: The real part of the right operand is sub-
Ty e part o‘f the left o perand, and the imaginary part of the right oper-
Is subtracted from the imaginary part of the left operand.

c) t-::hStﬂ nc,_;-—Returns a string representation of a Complex number in the form (a, b),
where a is the real part and b is the imaginary part.

In Chaprter 10, you'll learn how to overload +, = and << so you can write expressions like a + b and
a-b and‘cnut << a to add, subtract and output Complex objects. [Note: The C++ Standard Library
provides its own class complex for complex-number arithmetic. For information on this class, visit
http://en.cppreference.com/w/cpp/numeric/complex.]

ri : :
clpwl:qte. fiam of the class. Provide a constructor that enables
IS are provided ‘;1“ 1ts declared. The constructor should contain default
- Provide public member functions that perform the fol-

mbers: The real parts are added together and the imaginary

9.6 (Rational Class) Create a class called Rational for performing arithmetic with fractions.
Write a program to test your class. Use integer variables to represent the private data of the class—
the numerator and the denominator. Provide a constructor that enables an object of this class to be
initialized when it's declared. The constructor should contain default values in case no initializers
are provided and should store the fraction in reduced form. For example, the fraction

2

4

would be stored in the object as 1 in the numerator and 2 in the denominator. Provide public

member functions that perform each of the following tasks:
a) add—Adds two Rational numbers. The result should be stored in reduced form.

b) subtract—Subtracts two Rational numbers. Store the result '11:1 reduced form.

¢) multiply—Multiplies two Rational numbers. Store the result in rtdu.OCd form.

d) divide—Divides two Rational numbers. The n:s!.dt should h.e stored in reduced form.
) toRationalString—Returnsa string representation of aRational number in the form

a/b, where a is the numerator and b is the denominator.
r

f) toDoubl e—Returns the Rational num ber as a double.
#, / and << so you can write expressions like a + b,

, how to overload +, - T :
in-(;thf f ]aﬂ: iﬂ:nﬂ I.:e:.j: o & to add, subtract, multiply, divide and output Complex objects

. . ime class of Figs. 9.5-9.6 to include a tick member
9.7 ing Class Time) Modify the Time clas :
Functionfﬁ-'l,ﬁ?zg:icnts the time stored in a Time .;;.bj:ﬂ E l::F one m"?‘ Wmeda ?mﬂ fl:;ii
the t5 ber function in a loop that prints the time in standard format during ! fl]_l :

7 t;{-‘ﬁ ;;ﬂ[:::l, : urst;:::tthg'{ the i ck member function works correctly. Be sure to test the following

Cases: ,
a) Incrementing into the next minute.
w B i i ‘Ec 55 E:;E: ., 11:59:59 PM o 12:00:00 AM).
Incrementing into the next e, 1l _ :
9.8 . ,,:,::' Cidj pate) Modify the Date class of Figs. 9.1 :-J-—‘}‘. 1 Sr::'r E:d;m:; ::::-; ;;Fuh:;ni EE
m:' th 1!:'5'131' ""f] for data members month, day and year. Als0, P
e initializer values fo
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y one. Write 3 program chat tests function nextDay in 4 |,
' 9p th
a

nextDay to increment the day b
i[lustrate that nextDay works correctly. Be sure g,
lesy

prints the date during each ireration t© h
following cases: ’
a) Incrementing into the next month.
b) Incrementing into the next year. :
9.9 (Combining Class Tine and Class pate) Combine the mﬂd[ﬁ{.‘d- Time c]:a__*.:; of Exfl‘cigg
and the modified Date class of Exercise 9.8 into on¢ class called DateAndTime. Modify the tigy Fum;::r

tion to call the nextDay function f the time increments into the nrmu day. hjln.d'& functions t05tay
dardString and tolniversalString sO that each returns a st ng containing the date and Hime
Write a program to test the new class DateAndTime. Specifically, test incrementing the time ingg

next day.
Lass Times set Functions) Modify the set functions ip g,

9.10  (Returning Error Indicators from C i :
. e error values if an attempt s made to sef a data mep,

Time class of Figs. 9.5-9.6 to return appropr ;

ber of an object of class Time to an - valid value, Write a program that tests your new version of clag,
Time. Display error messages when ser functions ret
9.11 (Rectangle Class) Create a class Rectangle with actributes 1ength and width, each of which

defaults to 1. Provide member functions that calculate the perimeter an_d the area of the rectangle
Also, provide ser and get functions fort i dth arcributes. The ser functions should ver-

ify that 1ength and width are each floaring- bers larger than 0.0 and less than 20.0.

urn error values.

he 1ength and w
point num
9.12  (Enhancing Class Rectangle) Create a more snphisticatr:d Rectangle class than the one you

the Cartesian coordinates of the four corners of the

created in Exercise 9.11. This class stores only
four sets of coordinates and verifies tha

rectangle. The constructor calls a set funcrion that accepts
each of these is in the first quadrant with no single x- or y-coordinate larger than 20.0. The ser func
do. in fact, specify a rectangle. Provide member func-

tion also verifies that the supplied coordinates
erimeter and area. The length is the larger of the wo

tions that calculate the Tength, width, p
dimensions. Include a predicate function square that determines whether the rectangle is a square.

9.13  (Enbancing Class Rectangle) Modify class Rectangle from Exercise 9.12 to include a dras
function that displays the rectangle inside a 25-by-25 box enclosing the portion of the first quadrant
in which the rectangle resides. Include a setFillCharacter function to specify the character out of
which the body of the rectangle will be drawn. Include a setPerimeterCharacter function to specify
the character that will be used to draw the border of the rectangle. If you feel ambitious, you might
include funcrions to scale the size of the rectangle and move it around within the designated portion

of the first quadrant.

9.14 (HugeInteger Class) Create a class HugeInteger that uses a 4
store integers as large as 40 digits each. Provide member functions input, output,
For comparing HugeInteger objects, provide funcrions isEqualTo, 1 sNotEqualTo, 1 sGreaterThan
isLessThan, isGreaterThanOrEqualTo and isLessThanOrEqualTo—each of these is 2 “predicat®
funcrion that simply returns true if the relationship holds between the two Hugelntegers and e
curns false if the relationship does not hold. Also, provide a predicate function isZero. If you
ambitious, pr-:-'.rid_: member functions multiply, divide and remainder. In Chapter 10, F'-"“I” o
how Iﬂ.ﬂ?l:rh;:ad input, output, arithmetic, equality and relational operators so that you a
expressions containing HugeInteger objects, rather than explicitly calling member functions:

a mm?lt.‘lﬂ Pm‘grm
nsil:lnll arra¥

0-element array of digits 0
add and subtract:

n writ

9.15  (TicTacToe Class) Create a class TicTacToe that will enable you to write
o F]a}r the game of tic-tac-toe. The class conrains as private data a 3-by-3 rwo-dime
of integers. The constructor should initialize the empry board to all zeros Allow two humat playe™
\Wherever the first player moves, place a 1 in the specified square. Place a 2 wherever the qecond P
er moves. Each move must be to an empry square. After each move, determine whether the g™
has been won or is a draw. If you feel ambitious, modify your P“’S";“ so that the compu™’ &

gt

L
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the maowes lor ange of I.|'|-L'

nlaye
Players. Also, allow

or swecoind, IF vou feal pemen . : the player KT
% Creeptionally ampig, PIayer to specify whether he or she wangs to go first

s, lil"-'::]np a

DC=Tac=T0¢ on a 4-ha-4_ i 4 i
] ‘l_ l'l'* 4 I-"uiil'd_ |r.;w”'.a i program thar will |}|,1:|,- !hr‘-“‘-"djl'l'l'll'ﬂ!\innﬂl
take many weeks of etfor!] ' n: This is an extremely challenging project th Id
: ! ect thar coul
9.16 H"rr'nad;j”"pj Finls:
iplain the : )

described in the rext, . “”n‘:"'(t"hj}“' Explain the negative aspects of friendshi

; endship as

9.17 (Canstructor €) ] ) owWIn
!.'-F?fﬂ:m'm An Ti

CONSITUCEors: g} Cana ime class definition that includes barh of the followi B

Time(int h =

: = s L M - :
Time(); it s -,

be used to default construct 3 Time object? If noe explain
- ] [

9.18  (Constructors a ;

: nd Destructors) Wha happens when a return type, eve is specified

tor a construcrtor or o estructor? Lype, even void, i specine

9.19  (Date Class Modification) Modify
a)  Output the date in

DOD YYYY
MM DD/ Y'Y
lune 14, 1992

why.

: class Date in Fig. 9.18 to have the following capabiliries:
mulriple formats such as

b) Use overloaded constructors to create Date objects initialized with dates of the formars
in part (a).

¢} Create a Date constructor that reads the system date using the standard libra ry funcrions
of the <ctimes header and sets the Date members. See your compiler’s reference docu-
mentation or http://en.cppreference. com/w/cpp/chrono/c for information on the
funcrions in header <ctimes. You mlght also want to check our C++11's chrono libra ry
at hetp: //en. cppreference. com/w/cpp/chrono.

In Chapter 10, we'll be able to create operators for testing the equality of two dates and for com-
paring dates to determine whether one date is prior to, or after, another.

9.20 (SavingsAccount Class) Create a SavingsAccount class. Use a static dara member annual-
InterestRate o store the annual interest rate for each of the savers. Each member of the class con-
tains a private data member savingsBalance indicating the amount the saver n:urn:mlly _ha.s on
deposit. Provide member function calculateMonthlyInterest T_i"“ fﬂlc“];_“-'ﬁht_hf mﬂnwﬂéﬂizﬂﬁ
by multiplying the savingsBalance by &"""“3-”“"—""’“%“_"“"‘1‘:&_b}’ 15 [el:t:;f::lfmt s:ts i
added to savingsBalance. Provide a static n_lcmherl function mud1fﬂ.ntler Aeinrhen
static annual [nterestRate to a new value. Wrice a driver program to ccst class S2ving :

i 1 and saver2, with balances of
i i i of class SavingsAccount, saver
stantiate two different objects e bl

$£2000.00 and $3000.00, rcsPccrivel}r. Set iy ik
: for each of the savers, 1 hen set the

monthly interest and print the new balances : feceresths

fﬂznpcr};;::i:nlculatcprhc next month’s he new balances for eac

9.21 (IntegerSet Class) Create Clﬂs‘In“qeir[SE;

range 0 through 100. Represent she_ set mmm'f};mcw-j X

if integer £ is in the set. Element a[j] 15 Fa“l se i B

iniializes a set to the su-ﬂﬂj[@d “empty sEL, L;, iﬂmmon i
a) Provide member functions for the ¢

i third set that
member function that creates a thi -y

i clement of the result is set T
7 and an element of the result

interest and print ¢
for which each object can hold inl:cgers_ in the
a vector of bool values. Element a[i] is true
not in the set, The default constructor
h all elements contain false.

tions. For example, provide a
is the set-theoretic union of
if thar element is true in

7 L] . ¥ E‘l'
two €Xisting scts (1.€., is set to false if that

cither or both of the existing HL'L;'m e
ement is false in each of the existing

N
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ber function which creates a third set which the

m , :
fSets me e., an element of the result is seg o false

isting sets (i
twio existng s o
: ¢ or both of the existing Scts, and an element of the ,

i i in eithe B

if that element is false in cit ¢ e

s sct to true if tha element is true in €2ch ok E}} csga new integer £ into 3

Provide an insertElement member function that plac function thar deletes i -
7 “:'“ a[k] to true. Provide a deleteElement member functio CIES Integer

Sl ll'lg .

by setting a[m] to false.
d) Provide a toString memb

b} Provide an intersection0
set-theoretic intersecrion ©

er function that returns a set as a string cnnrajnin_g a list of
numbers separated by spaces. Include only those 'ﬂﬂfl‘{?“ :‘i :“;; f;sz:: in the g
(i.e., their position in the vector ha,sla value of true}l, [uI: - , pLy set.

¢) Provide an isEqualTo member function that determines w ether two dts are equal,

f) Provide an additional constructor that receives an array of integers, and uses the armay

to initialize a set object. ‘ 4
Now write a driver program to test your IntegerSet class. Instantiate several Integerset

objects. Test thar all your member functions work properly.

9.22  (Time Class Modification) It would be perfectly reasonable for th_c Time class of Figs, 9.5
9.6 to represent the time internally as the number of seconds since midnight rather than the three
integer values hour, minute and second. Clients could use the same public member functions and
get the same results. Modify the Time class of Fig. 9.5 to implement the time as the number of sec-
onds since midnight and show that there is no visible change in functionality to the clients of the
class. [Note: This exercise nicely demonstrates the virtues of implementation hiding,]

9.23  (Card Shuffling and Dealing) Create a program to shuffle and deal a deck of cards. The
pmg;r;.m should consist of class Card, class Deck0fCards and a driver program. Class Card should
Ffﬂ\rl |
a) Darta members face and suit—use enumerations to represent the faces and suits.
b) A constructor that receives two ENUMEration constants representing the face and suit
and uses them to initialize the dara members,
c) Two static arrays of strings representing the faces and syirs.

d) A toString function that reryr
ns the Card as 3 string in the form “face of suit.” Y
swit.” You
can use the + operator 1o concatenate strings, 2

Class DeckOfCards should contain:

iterate through the array
; deck and swap the two Cards.
¢) A dealCard function thar returns the
A : next Card gh;
f) m:;fards function thar FEturns a bog) value j zgfmt.ﬁlﬁm the deck.
Qting whether there are more Cards

The driver program should creaze
the output should be simila o Fig? ;E;Imfcar'ds object

9.24 (Card wng and Dealin 1
it deals 2 five-card poker hand P MOdify the p
o Dﬂr’"“P;“ :"hﬂhd;rTﬂEll:rL:Lu &n“hmmyrzuﬁ?ﬁnm in Exercise 9.23 so that

:; g’:ﬂm!m ::cr'hu the hangd z:ﬁ: A pair, Plish each of the following:

e ¥hether the han .~ "WO pairs,

d . d co

:;' gﬂﬂ:m{nr whether the han nﬁm :_hra: of a kind (e
mine whether the hand taim ﬂ;: of 2 king it
ng g u-l}l. {

Ishtﬂtd\tmds’ditﬂdﬂfﬂ'msztiﬂkﬂ

‘8.1 three jacks).
B fnur aces),

mn .
i
€+ all five cards of the same suit)-

|

RS VTS 2L Fr R T
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51x of Spades
Queen of Hearts
Three of Diamonds
Four of Spades
Three of Clubs
King of Clubs
Queen of Clubs
Three of Spades
Ace of Spades
Deuce of Spades
Jack of Hearts
Ace of Diamonds
Five of Diamonds

Eight of Spages
Seven of Clubs
Deuce of Clubs
Ace of Clups
Deuce of Hearts
T?“ of Hearts
Eight of Diamonds
King of Diamonds
Four of Diamonds
Eight of Hearts
Seven of Spades
Queen of Diamonds
Ten of Clubs

Si% of Clubs
Nine of Spades
Ace of Hearrs
Seven of Diamonds
Five of Spades
Three of Hearts
Deuce of Diamonds
Nine of Clubs
Seven of Hearts
Five of Hearts
Four of Clubs
Five of Clube

Making a Difference

445

Nine of Hearts
King of Hearts
Ten of Spades
Four of Hearts
Jack of Ddiamonds
5ix of Diamonds
Ten of Diamonds
5ix of Hearts
Eight of Clubs
Queen of Spades
Nine of Diamonds |
King of Spades

Jack of Spades Jack of Clubs {

Fig. 9.31 | Sample card-sh

uffling-and-dealing output.

f) Determine whether the han
values).

9.25  (Project: Card Shuffling and Dealing) Use the functions from Exercise 9.24 to write a pro-

gram that deals two five-card poker hands, evaluares cach hand and determines which is the better
hand.

9.26  (Project: Card Shuffling and Dealing) Modify the program you developed in Exercise 9.25
s0 that it can simulate the dealer. The dealer’s five-card hand is dealt “face down” so the player can-
not see it. The program should then evaluate the dealer's hand, and, based on the quality of the
hand, the dealer should draw one, two or three more cards to replace the corresponding number of
unneeded cards in the original hand. The program should then reevaluate the dealer’s hand.

9.2T  (Project: Card Shuffling and Dealing) Modify the program you developed in Exercise 9.26
so that it handles the dealer’s hand, but the player is allowed to decide which cards of the player’s
hand to replace. The program should then evaluare both hands and determine who wins. Now use
this new program to p]n}r 20 games against the compurter. Who wins more glamcs. you or the com-
puter! Have one of your friends play 20 games against tl'l? computer. Who wins more games? Based
on the results of these games, make appropriate modifications to refine your poker-playing program.
Play 20 more games. Does your modified program play a better game?

d conrains a straight (i.e., five cards of consecutive face

Making a Difference
9.28 ject: Emergency Response Class) The North American emergency response service, 9-1-
L mnncii’?i‘:“ 1o a local Public Service Answering Point EI’SA!"'}- Traditionally, the PSAP would
ask the caller for identification information—including the caller’s address, phone number af'd the
atch the appropriate emergency responders (such as the police, an
Enhariced 9-1-1 (or £9-1-1) uses mmput:nr; a:;: dI:nl::m :il de1-
. ' ¥ . the call to the nearest PSAP, isplays the caller’s
;::'n:'fnﬂ'-c bt::karnz P:*d!';‘r';‘ iﬂdﬁ'iﬁﬁr.cwm Enbanced 9-1-1 provides call takers with
idcntiﬁcal::n information for wireless calls. Rolled out in two F}m,ﬁ' e s pf{ase rcqmm_d .
. . : ber and the location of the cell site or base station transmitting the
e e e s s
- The seco

a GPS), To | about 9-1-1, wisit http://www. fcc.gov/pshs/services/9l1-services/
. 1o learn more “1=ky
ks.com/9-1-1.htm.
Welcome +htal and http:ﬂpmp'l_e.h::rt-:;f;“;;:; mining the class’s atcributes (data members). For
this EEETHN o U}—:s:::ar::ﬂsﬂrl-] services on the Internet. T'hen, design : dml.it:t]i;'ld::r::i-
! m. -
gency thag r,;f:h:x:em::cdr in an ﬂbjrct—nricnr:d 9-1-1 emergency response syste

butes that an object of this class might use to represent the:cmespency. Fow cxample, the cli mighs
t an object ©

nature of the emergency, then disp
ambulance or the fire department).



