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Administrivia

+ Exercise 10 released today, due Monday

= Write a substantive class in C++!

+» Homework 2 due next Thursday (2/6)

" File system crawler, indexer, and search engine

"= Note: 1ibhwl . a (yours or ours) and the . h files from hw1l need
to be in right directory (~yourgit/hwl/)

" Note: use Ctrl-D to exit searchshell, test on directory of small
self-made files
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Class Definition (. h file)

Point.h

r#ifndef POINT H Hais const means Thot his famction is nah 6 |l owed “o change ‘Pke
#define POINT H ohjed on which His alled (the imphert s psitec)

OB \
class Point { Ngm5wé
public:
Point (int x, 1ntﬂ¥y{///i;/ U//// constructor
{a>int get x const™{ return x_ ; }‘% // inline member function
} //

()
S . . .
NQM&D int get y() const { return y ; inline member function
Ik\_qdouble Distance (const Point& p) “const; // member function
p
>void SetLocation(int x, int y); // member function
: . Compi\f’r my Choose Yo e\(p{m&
p]?lvate : inline (ke vh«cro) inglead pn an
int x_; // data member actaal Huncton aal)
int v N\ // data member

}; // class Point Nowning convendon for clag; dodi merbecs
(C‘JObjle C-H— 5-|'\/le 3\»‘}@

#endif // POINT H
\. J




W UNIVERSITY of WASHINGTON L11: C++ Constructor Insanity CSE333, Winter 2020

Class Member Definitions (. cc file)

Point.cc

(#include <cmath> Kéfxt> :ST\(LJE_ h

#include "Point.h"
U\Sgb\ \’\QVC on Pur(’ose

Point::Point (const int x, const int y) {

X = X; / ec‘m\m\t’n‘\' +o Y* = y)

this—>y_\é yv; // "this->" is optional unless name conflicts
} t“’rki}" is o (Poit ™ (onsh) makes “this’ & <C°"°’* Poirck ¥ (w—r)l

double Point::Distance(const Point& p) const
// We can access p’s x and y variables either through the
// get x(), get y() accessor functions or the x , y private
// member variables directly, since we’re in a member
// function of the same class. 6‘&NW@M+'b p-X—
double distance = (x_ - p.get x()) * (x - p.get x());
distance += (y - p.y ) * (y - p.v );
return sqgrt (distance) ;

} contt be (o§5* }fxg&g:
( WR G mulwling T Thig
vold Point::SetLocation(const int x, const int y)v{
X = X;
Y_ =Yi
J )
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Class Usage (.
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cc file)

usepoint.cc

(#include <lostream>
#include <cstdlib>
Hinclude "Point.h"

using namespace std;

cout << "pl is: ("
cout << pl.get y ()

cout << "p2 is: ("
cout << p2.get y ()

cout << "dist : "

int main(int argc, char** argv) {
Point pl (1, 2); // allocate a new Point on the Stack ca\ls defined\
Point p2(4, 6); // allocate a new Point on the Stack

<< pl.get x() <«<

<< ")" << endl;

<< p2.get x() <<

<< ")" << endl;

<< pl.Distance (p2)
return EXIT SUCCESS; “— -

“dot natation” wsed for member fonctons

w

Co'\6+ mc:\\)r

] n .
l4 4

] n .
I I

<< endl;

F£m+* 0;

P~>3e‘l'_><())'

> (o). qet_x();
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]

‘zlﬁj
-
m

—
~o--

structvs.class

%+ InC, a struct can only contain data fields

®" No methods and all fields are always accessible

% In C++, struct and class are (nearly) the same!

= Both can have methods and member visibility
(public/private/protected)

= Minor difference: members are default publicin a struct and
default privateina class

+» Common style convention:
= Use struct for simple bundles of data < ple vf“e; "l’i:be"x““%
. . .o %
" Use class for abstractions with data_+ functions

\ pr;\.o:l‘c Aotz mem beds Lfth
nomes like X~, Y-
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Constructors

+» A constructor (ctor) initializes a newly-instantiated object

= A class can have multiple constructors that differ in parameters
- Which one is invoked depends on how the object is instantiated

« Written with the class name as the method name:

Point (const int x, const int vy);
creafed for zeco-anmument
= C++ will automatically create a synthe5|zed default constructor if

you have no user-defined constructors

- Takes no arguments and calls the default ctor on all non-“plain old
data” (non-POD) member variables

- Synthesized default ctor will fail if you have non-initialized const or
reference data members
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Synthesized Default Constructor

(class SimplePoint { B
public:
// no constructors declared!
int get x() const { return x ; } // inline member function
int get y () const { return Vay } // inline member function
double Distance(const SimplePoint& p) const;
void SetLocation(int x, int vy);
private: > Pr'.m?"tNCS: just allocate space (garboge)
int x ; // data member} de‘faul‘\' loeh o r
—7 > ob; : [t construact
int y ; // data member 7 ob)ec,‘l's. detau
\}; // class SimplePoint SimpIePoint.h)
#include "SimplePoint.h" SimpIePoint.cc
// definitions for Distance () and SetLocation|()
int main(int argc, char** argv) {
SimplePoint x; // invokes synthesized default constructor
: return EXIT SUCCESS; (main) X (x-@ Y~@(

\
9
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Synthesized Default Constructor

+ If you define any constructors, C++ assumes you have
defined all the ones you intend to be available and will

not add any others

(#include "SimplePoint.h"

X = X;
Y_ =Yi
)
void foo () {

SimplePoint Xx;

SimplePoint y (1, 2);

U

// defining a constructor with two arguments
SimplePoint: :SimplePoint (const int x, const int y) { ddo\e&) 0 o

//
//
//

//
//

-J %ﬁh&aACk*éhf

compiler error: 1f you define any
ctors, C++ will NOT synthesize a
default constructor for you.

works: 1nvokes the 2-int-arguments
constructor

CSE333, Winter 2020
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Multiple Constructors (overloading)

r#include "SimplePoint.h" A
// default constructor
SimplePoint: :SimplePoint () {z
x_ = 0; added, $ now Thee is a def. cor
y_ = 0; j
)
// constructor with two arguments
SimplePoint: :SimplePoint (const int x, const int y) {
X = X;
Y =Yi
)
void foo () {
SimplePoint x; // invokes the default constructor
SimplePoint y (1, 2); // invokes the 2-int-arguments ctor
SimplePoint al[3]; // invokes the default ctor 3 times
J )
int - a sz 717

.Sfmp\e Powt O lﬁ@ Y-@ ]X.La Y‘E\ lx-@ \/.@l

11
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Initialization Lists

C++ lets you optionally declare an initialization list as part

of a constructor definition

" |nitializes fields according to parameters in the list
" The following two are (nearly) identical:

rPoint::Point(const int x, const int y) {

X_:X;

Y =Y

std::cout << "Point constructed: (" << x << ",";
std::cout << y << ")" << std::endl;

I

J

// constructor with an initialization 1ist

Point: :Point (const int x, const int y T X (x) Y (y)
Uﬂﬂcwﬁ_§§ std: :cout << "Point constructed: (" << X‘X (i ;
\ﬁemﬁy std::cout << y << ") " << std: endl

3 ) member names
.

N\

CSE333, Winter 2020

/—COv\ bc expresyohs

12
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Initialization vs. Construction L

(class Point3D {
public:

// constructor with 3 int arguments \ Dset y-  Dset x_ @(Selff.-)
Poiniﬂiiconst int x, const int y, const int z)C: vy (y), x (%) Ig4e
}@ set 2- \ Next, constructor body is executed.

privatf:
. 3L %2 =
int x, v , ;L; // data members

}; // class Point3D
~ Y

First, initialization list is applied.

= Data members in initializer list are initialized in the order they are
defined in the class, not by the initialization list ordering (!)

Data members that don’t appear in the initialization list are default
initialized/constructed before body is executed

" |nitialization preferred to assignment to avoid extra steps
- Real code should never mix the two styles

13
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| ]
X [x- STY.LE
Copy Constructors : I
Y |x & \/-@l \V
— T
C++ has the notion of a copy constructor (cctor)
= Used to create a new object as a copy of an existing object
[ Point::Point (const int x, const int y) : x (x), v _(y) { } ]
// copy constructor referance T chjed of sme class
Point::Point (const Point& copyme)
X = copyme.X ; ////?
y = copyme.y ; 3
A
) W\v*
void foo () {
Point x(1, 2);” // invokes the 2-int-arguments constructor% .,
COnSTARCT NG Ty
Point vy (X) ; // invokes the copy constructor i:gwj&ff
// could also be %%Eteﬁgxs "Point y = X; "\w g;xf
} i
i becwée ‘H\e oL)QC*' di I \’ J

ex st pre\fo\xs ly.

" |nitializer lists can also be used in copy constructors (preferred)

15
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—

now P°i"1’
> 1o the |

|
‘Hn'mg.
‘/— some

+ If you don’t define your own copy constructor, C++ will
synthesize one for you

= |t will do acopy of all of the fields (i.e. member variables)

of your class (cen be prodemactrc with pointers )

Synthesized Copy Constructor

= Sometimes the right thing; sometimes the wrong thing

[ #include "SimplePoint.h"
. // definitions for Distance () and SetLocation ()

int main(int argc, char** argv) {
SimplePoint Xx;
SimplePoint y(x); // invokes synthesized copy constructor

return EXIT SUCCESS;

)

16
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When Do Copies Happen?

+» The copy constructor is invoked if:

" You initialize an object from
another object of the same

type:

" You pass a non-reference
object as a value parameter
to a function:

" You return a non-reference

object value from a function:

CSE333, Winter 2020

Point x;
Point vy (x)

Point z = y;

// default ctor

// copy ctor
// copy ctor

\.

Point vy;
foo (y) ;

I

(void foo(Point x) { ... }

// default ctor
// copy ctor

\

P(ASS—L\/—VJ\LA& 6(' an Ao'ec?\"

J

Point y;
return y;

[ Point foo() |

// default ctor
// copy ctor

~\

17
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Compiler Optimization

%+ The compiler sometimes uses a “return by value
optimization” or “move semantics” to eliminate
u?necessary coples T ton resd wp on Your OO

Unnamed Tem ofay T intececte A
= Sometimes yJu might not see a constructor get invoked when you

might expect it

(Point foo() { b
Point vy; // default ctor
return y; // copy ctor? optimized?
}
Point x (1, 2); // two-ints-argument ctor
Point y = x; // copy ctor
Point z = foo(); // copy ctor? optimized?
. J

Mai\

2(‘&3—\,/
oo i @’ (irened

\ ’
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Assignment != Construction

+» “="is the assignment operator

= Assigns values to an existing, already constructed object

[ Point W ; // default ctor B
Point x(1, 2); // two-ints-argument ctor
Point y(x) ; // copy ctor
z 30 not exisT—Bpoint z = W ; // copy ctor
yeuwk——(Y'= Sy // assignment operator )

i method  operdor=C )

20
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]
. STY.LE
Overloading the “=" Operator I

010 |

x-U y-

+ You can choose to define the “=" operator 4(’_’
l

" But there are some rules you should follow: 4. 7%\

PointC)Point::operator (const Pointé& rhs)
if (this\l!= &rhs) { // (1) always check against this
X = M re IW‘POF+QA+ \.NL\CI\ Aea\m b\.té'l,\
— A\ln&ww\”\/ allocgted \v\emo\ry
Y_
}
return ; // (2) always return *thl from O£=
} ~— re'ium; C erenc,e‘h) d«ss o)eC\' ia\lomﬁﬂ[or Alnin 3)
Point a; // default constructor
a =>b = ¢c; // works because = return *this
a = (b = c) // equiv. to above (= is right-associative)
(a = b) = c; // "works" because = returns a non-const

> Q. Opem’{'w = ( b. opera‘f’or =( c)>

21
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Synthesized Assighment Operator

+ If you don’t define the assighment operator, C++ will
synthesize one for you

= |t will do a shallow copy of all of the fields (i.e. member variables)
of your class

= Sometimes the right thing; sometimes the wrong thing

[ #include "SimplePoint.h"
. // definitions for Distance () and SetLocation ()

int main(int argc, char** argv) {
SimplePoint Xx;
SimplePoint y(x);
Yy = X; // invokes synthesized assignment operator
return EXIT SUCCESS;

22
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Destructors

2 C++ has the notion of a destructor (dtor)

" |nvoked automatically when a class instance is deleted, goes out
of scope, etc. (even via exceptions or other causes!)

& Place to put your cleanup code — free any dynamic storage or
other resources owned by the object

= Standard C++ idiom for managing dynamic resources

- Slogan: “Resource Acquisition Is Initialization” (RAIl)

‘ﬂUe——\\ JfMO?Mwékd

. S .
Point::~Point () { // destructor
// do any cleanup needed when a Point object goes away
// (nothing to do here since we have no dynamic resources)

}

. J

oxecded in rewse oder as ctor: @ body of dor
@ destnd mewbers in reverse omgler & dec\orodttove

24
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Polling Question

clor e op= A
7 o >

How many times does the destructor get invoked?
= Assume Point with everything defined (ctor, cctor, =, dtor)

= Assume no compiler optimizations

o

mulv\) +
T "fn‘ (@

(Distance) )p

Pt Rod ;Zz
ovri gi'\ \

( D{gﬁ',ncc

“A.
B.

s

D.
E

P IWIN

2

test.cc

Point pt (3, 4);
PrintRad (pt) ;
return O0O;

U

int main(int argc,

— . ;
Point PrintRad (Point& pt) {

char** argv)
7/ (® dor wlled

/) Pt Radh tokes re‘F $o P* is Nor (op‘edx

~

CSE333, Winter 2020

Point origin(0, 0); /® cor cled

double r = origin.Distance (pt) //D\S'hm(ﬁ ﬁ\\ces re‘FSo o\q«l”{’r

double theta = atan2 (pt. get_y(), pt.get x()); cpeied

cout << "r = " << r << endl;

cout << "theta = " << theta << " rad" << endl;

return pt; /(O Padlsd (ehuns Gn oljed, so 5 (aVled Yo orede & [lemp
} //@) while C\eaminj e, origin is@

//@re‘\wv\ walue of PeidRod l(:)v\orﬁd\ +ew~p \)(&ef‘md“@

// D u\,\/\c Cjteamn_g \n(J ; P'\' \S( Aeﬁ ED

. We're lost...

25
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Extra Exercise #1

+» Modify your Point3D class from Lec 10 Extra #1

"= Disable the copy constructor and assighnment operator

= Attempt to use copy & assignment in code and see what error the
compiler generates

= Write a CopyFrom () member function and try using it instead
- (See details about CopyFrom () in next lecture)

26
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Extra Exercise #2

+ Write a C++ class that:

Is given the name of a file as a constructor argument

Has a GetNextWord () method that returns the next
whitespace- or newline-separated word from the file as a copy of
a string object, or an empty string once you hit EOF

Has a destructor that cleans up anything that needs cleaning up

27



