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Administrivia

+» Exercise 9 released today, due Friday
= First submitted Makefile!

» Homework 2 due next Thursday (4/26)

= File system crawler, indexer, and search engine

= Note: libhwl.a (yours or ours) and the .h files from hwl
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

[ #ifndef POINT H_
#define POINT H

class Point {
public:
[a,Point(const int x,

private:
int x ; // data member

#endif // _POINT H_
\_

const iInt
. int get_x() constt{ return X_;
W int get_ y() const { return y_;

¥ 'Q:?double Distance(const Point& p)-const; // member function
>voild SetLocation(const int x, const int y);\// member function

int y;FLJQLJEﬂzLﬂfmber
}; // cTass Point naming
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Class Member Definitions ( . cc file)

Point.cc

o R
#include <cmath> \/| 1T
#include ""Point.h" BP\D 'S" \LJ"

i ; ) ) nsed here on pur()ose

Point: :Point(const Int x, const iInt y) {

X = X; ecku"l\jo\\'en’\' +O y~ = Y)
this->y ‘= y; // "this->" is optional unless name conflicts
} t“ﬂ\;g" is o (Port ™ onst) makes "this' & ( const Poict ¥ «ns'*)

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 iIn a member
// Tunction of the same class. 6~&WW“M+'b p-X-
doublle distance = (xX_ - p.-get xQ) * (x_ - p-get xO);
distance += (y_ - p-y_) * (y_ - p-Y_);
return sqgrt(distance);
ks cont be  (onst \becwlfc
WR G mutatin g Hhig
void Point::SetLocation(const int x, const iInt y)v{
X_ = X;
Y_=Y;
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Class Usage (.cc file)
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usepoint.cc

[ #include <iostream>
#i1nclude "'Point.h"

using namespace std;

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

cout << ""pl is: (" << pl.get xO) << ', ";
cout << pl.get y(O << ")" << endl;

cout << "p2 is: (" << p2.get xQQ << ', ";
cout << p2.get y() << )" << endl;

cout << "dist : " << pl.Distance(p2) << endl;
\_/__V\/
return O; \ \
} At notatin” wsed for member fonctons

j

ca\ls defined
Cov\s+ vvd\v

~\
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struct vs. class

)

L)

In C, 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 public in a struct and
default private in a class

Common style convention:
= Use struct for simple bundles of data
= Use class for abstractions with data + functions
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Constructors

= A constructor (ctor) initializes a newly-instantiated
object
= A class can have multiple ctors 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::Point(const Int x, const Int y);

= C++ will automatically create a synthesized 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 {
public:

// no constructors declared!

int get x() const { return x_; } // inline member function

int get y() const { return y_; } // inline member function
double Distance(const SimplePoint& p) const;
voild SetLocation(const Int x, const iInt y);

private:
int x_; // data member | M ek o allocates  Space (cvh%c!
int y ; // data member/f&ﬁi\ CTor JusT alo(@Iel ¢ ¢
¥; /7 class SimplePoint SimplePoint.h
<

)

\
[ #include "SimplePoint_h" SHTmﬂePOHﬁLCC\

. // definitions for Distance() and SetLocation()

int main(int argc, char** argv) {
SimplePoint x; // invokes synthesized default constructor
SimplePoint y(X);
y = X,
return 0;
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Synthesized Default Constructor

X,

void foo() {
SimplePoint X;

SimplePoint y(1, 2);

¢

[ #include “"SimplePoint._h"

// defining a constructor with two arguments
SimplePoint::SimplePoint(const Int x, const Int y) {

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

// works: i1nvokes the 2-i1nt-arguments
// constructor

10
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Multiple Constructors

( #include “SimplePoint.h"

// default constructor
SimplePoint::SimplePoint() {

- we now  indiaize +» 2e(0

// constructor with two arguments
SimplePoint::SimplePoint(const iInt x, const Int y) {

void foo() { st onstend esdh demest of the Qrvay
SimplePoint Xx; // invokes the default constructor
SimplePoint a[Sﬁ; // invokes the default ctor 3 times
SimplePoint y(1, 2); // invokes the 2-int-arguments ctor

3

11
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Initialization Lists

+» C++ lets you optionally declare an initialization list as
part of your 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;

} J

_——Con be eXpression 3
N

\.

(// constructor with an initialization list

Point::Point(const Int X, const Inty) : X (X), Y. (V) {
std::cout << "Point constructed: (" << x_ << ",";
std::cout << y << ")" << std::endl;

J )

12
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Initialization vs. Construction

(class 3DPoint { Fi FFESTI I d\
public: Irst, initialization list 1s applied.
// constructor with 3 Int arguments \ 2 (X
3DPoint(const Int x, const Int y, const Iint z2)C: vy (V), x_é{
é}e\ Next, constructor body Is executed.
private:
int )@ )@ ZC?; // data members

\}; // class 3DPoint )

= Data members are initialized in the order they are defined, 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

13
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Copy Constructors

» C++ has the notion of a copy constructor (cctor)

= Used to create a new object as a copy of an existing object

CSE333, Spring 2018

[ Point::Point(const int x, const int y) : x (X), v (y) {1}
N to \
// copy constructor éﬁ’m¥wece hjed of same class
Point: :Point(const Point& copyme) {
X_ = copyme.X_;
} Yy = copyme.y ., 63""{3@
A L)J<
o o
void foo() {
Point x(1, 2);” // invokes the 2-int-arguments constructor* bt
CORSTACT MG Tvorn
Point y(X // invokes the copy constructor ‘z‘”b°%ft
// could also be written as "Point y = x;";;;ﬁ;gf
} [

k o (fh)' mufr be JcQUeé«
becanse the object didpk

ex st Prev‘o\xs \y.

15
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When Do Copies Happen?

+» T he copy constructor Is invoked If:

" You initialize an object from

another object of the same
type:

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

" You return a non-reference
object from a function:

CSE333, Spring 2018

[ Point X;:
Point y(Xx);
Point z = y;

\,

// default ctor
// copy ctor
// copy ctor

Point y;
foo(y);

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

// default ctor
// copy ctor

P&SS—E\/-\/&LAQ 6(’ Mé})&j\’

[ Point foo() {
Point y;
return y;

;s

// default ctor
// copy ctor

~\

16
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Compiler Optimization

+» 1 he compiler sometimes uses a “return by value
optimization” or “move semantics’ to eliminate

A
. L(,ar\ mﬁd on VYor OOV
unnecessary Coplies e 'm‘\'e«':fg‘\'ej\y

= Sometimes you might not see a constructor get invoked when
you might expect i1t

(Point foo() { h
Point y; // 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?
L J

17
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Synthesized Copy Constructor

+ |f 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

= Sometimes the right thing; sometimes the wrong thing

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

int main(int argc, char** argv) {
SimplePoint X;
SimplePoint y(x); // invokes synthesized copy constructor
y = X,
return O;

}

. J

18
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Assignment != Construction

" I1s the assignment operator

= Assigns values to an existing, already constructed object

(Point w;

Point x(1, 2);
Point y(X);
Point z
y = X,

default ctor

CSE333, Spring 2018

two-i1nts-argument ctor

copy ctor
copy ctor

assignment operator

i yy\e:oné\ Ofero:h)r =(C 3



Overloading the “=" Operator

% You can choose to overload the “=" operator

= But there are some rules you should follow:

Point&)Point: :operator=(const Point& rhs) {
1T (thisn)= &rhs) { // (1) always check against this

— wportart  Lhen  dealing Wit
X rhs.x_; n&:rfw.‘cﬁ\k/ al\ocated Mewy}t)
Yy = rhs.y ;
+
return ; // (2) always return *this from =
1 ~ telurns  reference to  dass okjec\’ a\lows for C\'\(Aiv\ih‘
Point a; // default constructor
a=>b = c; // works because = return *this
a= (b =2o0); // equiv. to above (= i1s right-associative)
(a =Db) =c; // "works' because = returns a non-const

)

w UNIVERSITY of WASHINGTON L11: C++ Constructor Insanity CSE333, Spring 2018
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Synthesized Assignment Operator

+» |f you don't overload the assignment 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 X;
SimplePoint y(X);
Yy = X; // 1nvokes synthesized assignment operator
return O;

}

. J

22
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Destructors

» 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!)

%ZPIace 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” (RAII)

’NAQ —\ v} q)ara»\d‘eo

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

}

. J

24
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Peer Instruction Question

+» How many times does the destructor get invoked?

" Assume Point with everything defined (ctor, cctor, =, dtor)

= Assume no compiler optimizations

A.
B. 2

22

D. 4

(Point PrintRad(Point& pt) {
Point origin(0, 0); /® ctor clled

C

double theta = atan2(pt.get y(), pt-get x(O);

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

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

return pt; /(9 Wdd rehins an ojed, s0 cctor is aled 1o oredea
} //@ while c\eo\nirﬁ b»r) or?sir\ 'S destyund

int main(int argc, char** argv) {
Point pt(3, 4); /® chr wled

return O; //®r€‘\w\ \ralv\e ac Pn\fd'm itjy\orﬁd\}' +ew\p 19

L} // @ Wnle Cle&n‘mﬁ wp, P'\' \S( Aeﬁ’f\"dea )

E. We're lost...

double r = origin.Distance(pt); // Ditme ke ref s O\Qeclr\)of

[ . Prrst Rod ulkes ref, o pt is BT copedt
PrintRad(pt); / A P @&@

g 2018

\oie&

"YemP

25
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Rule of Three

+ If you define any of:
1) Destructor
2) Copy Constructor
3) Assignment (operator=)

% T hen you should normally define all three
= Can explicitly ask for default synthesized versions (C++11):

(class Point {

public:

Point() = default; // the default ctor
~Point() = default; // the default dtor
Point(const Point& copyme) = default; // the default cctor

Point& operator=(const Point& rhs) = default; // the default "="

26
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Dealing with the Insanity

C++ style guide tip:

= |f possible, d|sable the copy construgcor and assignment
operator by declarlnq as private and not defining them

.

Point.h
(class Point { B
public:
Point(const Int X, const Inty) - X (X)), vy (y) {} // ctor
private:
Point(const Point& copyme); // disable cctor (nho def.)
Point& operator=(const Point& rhs); // disable "=" (nho def.)

}; // class Point

Point w; // compiler error (no default constructor)
Point x(1, 2); // OK!
Point y = w; // compiler error (no copy constructor)

Yy = X; // compiler error (no assignment operator)

27
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Disabling in C++11

+» C++11 add new syntax to do this directly
=" This is the better choice in C++11 code

Point  2011.h

2018

.

r

class Point {
public:
Point(const Int X, const Int y) - X X)), Y (y) { } // ctor

Point(const Point& copyme) = delete; // declare cctor and ''=" as
Point& operator=(const Point& rhs) = delete; // as deleted (C++11)
private:

}:; // class Point

Point w; // compiler error (no default constructor)
Point x(1, 2); // OK!
Point y = w; // compiler error (no copy constructor)

y = X; // compiler error (no assignment operator)

28
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CopyFrom

» C++11 style guide tip

= |f you disable them, then you should instead probably have an

explicit “CopyFrom” function .
Point.h
[ class Point { 1
public:

Point(const Int X, const Inty) : X (X, vyY.(y) {} 7/ ctor
void CopyFrom(const Point& copy from me);

Point(Point& copyme); // disable cctor (no def.)
Point& operator=(Point& rhs); // disable "=" (nho def.)
private:

}:; // class Point

\. S

sanepoint.cc

Point x(1, 2); // OK
Point y(3, 4); // OK
X.CopyFrom(y); // OK

29
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Extra Exercise #1

+» Modify your 3DPoint class from Lec 10 Extra #1

= Disable the copy constructor and assignment 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

30



W UNIVERSITY of WASHINGTON L11: C++ Constructor Insanity CSE333, Spring 2018

Extra Exercise #2

» Write a C++ class that:
= |s 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

31



