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@ PO" EveryWheI‘e pollev.com/cse333sp

Where are you so far on Homework 2?

mmooOw>

Working on Part A (File Parser)
Working on Part B (File Crawler and Indexer)

. Working on Part C (Query Processor)

Done!
Prefer not to say
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Relevant Course Information

+ Exercise 6 actually released today, due next Monday
(4/24)

Werite a substantive class in C++ (uses a lot of what we will talk
about in previous and this lecture)

Testable material on midterm, but will count as a “bonus” w.r.t.
exercise grading; can be used to replace low score up to ex7

+» Homework 2 due next Thursday (4/27)

File system crawler, indexer, and search engine

Note: 1ibhwl . a (yours or ours) and the . h files from hw1 need
to be in right directory (~yourgit/hwl/)

Note: use Ctrl-D to exit searchshell

Tip: test on directory of small self-made files
Partner confirmation by 4/20 @ 11:59 PST; No exceptions!
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Constructors

+» A constructor (ctor) initializes a newly-instantiated object
= A class can have multiple constructors that differ in parameters

= A constructor must be invoked when creating a new instance of
an object — which one depends on how the object is instantiated

« Written with the class name as the method name:

Point (const int x, const int y);
created Fero-a vguM en"l'

] ] for yon i
|
C++ will automatlcaIIY create a syntheglzed 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 Example

[ class SimplePoint { B
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 SimplePointé& p) const;
void SetLocation (int x, int y);
private: > primitives : just allocate space (mystery Adra)
b /) date membef}aefwvf OO, objects: default wnstruct
int y ; // data member
}; // class SimplePoint SimplePoint.h
" y,
[ #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 IX-@ Y-@{
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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"

// defining a constructor with two arguments
SimplePoint::SimplePoint (const int x, const int vy) {} A(Mc&) a9

xX_ = % &/nﬂ\eg-zq) d{" dof
Y = Ys

}

void Foo () {
SimplePoint x; // compiler error: 1if you define any

// ctors, C++ will NOT synthesize a
// default constructor for you.

SimplePoint y(1, 2); // works: 1invokes the 2-int-arguments
// constructor
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Multiple Constructors (overloading)

(#include "SimplePoint.h" B
// default constructor
SimplePoint::SimplePoint () {
x_ = 0; added, s now Thee is o det. CoC
y_ = 0U; j
}
// constructor with two arguments
SimplePoint::SimplePoint (const int x, const int y) {
X = X;
Y = Ys
}
volid Foo () {
SimplePoint x; // invokes the default constructor
SimplePoint y(1, 2); // invokes the 2-int-arguments ctor
SimplePoint a[3]; // invokes the default ctor 3 times
U y,

in*: o [7{7]7

Stmple Pont . G lfl r\]x,@\%ﬁ\l )’9]\,,5\{




YW UNIVERSITY of WASHINGTON L11: C++ Constructor Insanity (cont’d)

Initialization Lists

CSE333, Spring 2023

+» 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 = ¥Ys

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

J

_——Con be eXpression S

[ // constructor with an initialization list

Point::Point (const int x, const int y) : x (x),,y (y)
UﬂY‘w\—~§ std::cout << "Point constructed: (" << x° <<{1,";
\nemﬁy std::cout << y << ")" << std::endl;
T 'k ) member names
\. J

N\
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Initialization vs. Construction r

[(class Point3D { . e e L .
First, initialization list is applied.

public:
// constructor with 3 int arguments @set v- Dset x_ CkJ?—
Poiniﬁchonst int x, const int y, const int z): vy (v), x_(x):%'32;§
) set =- \ Next, constructor body is executed.
prlvatfa 22 a3

int x , vy, Z ; // data members
\}; // class Point3D

J

= 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

10
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Foo ]
Copy Constructors g ST
Y |« y-@l NV

—_

% 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), y (y) { }
£ to  obied e\
// copy constructor reerence bjed of same class
Point::Point (const Pointé& copyme) {
X = copyme.x ;
y = copyme.y ; 5&&&
} \o'\“h‘S c>/<
~,
void Foo () {
Point x (1, 2);” // invokes the 2-int-arguments constructor
Cohb‘}m d"mﬁ 'Fvum
Point y(Xx):; // invokes the copy constructor existitg objed
// could also be writte s "Point y = X'S'D'M'\m_n‘e
a.d@-mwﬁﬁx.@ﬂﬂﬁ .—/ﬁ g dyyldnn
{ } e conse the o\;)ed)f didnk |

ex st Prev’ou\s ')’ .

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

12
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— N

Synthesized Copy Constructor L‘;';%’ﬁf’ﬁf;f

+ 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 (can be pridemacrc with Poin’fers)
= 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

return EXIT SUCCESS;
}

13
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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:

—_——

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

Point x;
Point y(x);
Point z = y;

(void Foo (Point x) { ... } 1
Point vy; // default ctor
Foo (V) ; // copy ctor

.

\

PaSS—E\/—\/alw& G\L an Jo‘ec?\"

[ Point Foo() |
Point y;

// default ctor
// copy ctor

k} J

return y;

14
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Compiler Optimization

+» The compiler sometimes uses a “return by value

optimization” or “move semantics” to eliminate

unnecessary copie Can o6 1 on your 09
UAnoume()_ Tempomv aojed' i infecected .
= Sometimes you might not see a constructor get invoked when you

might expect it

(Point Foo () { R
Point vy; // default ctor
return y; // copy ctor? optimized?
— }
maim
x| @ \‘,@\ int main(int argc, char** argv) {
N 5 C Point x (1, 2); // two-ints-argument ctor
‘/lL@_}[;@_‘ Point y = x; // copy ctor
Point z = Foo(); // copy ctor? optimized?
z | -6 y-B) \
\ \

(Foo ddor L Ator
k yl X ljo Y- @‘U\ E’@/‘l‘@A

(unnmed)

15
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Assignment != Construction

+» “="is the assignment operator

= Assigns values to an existing, already constructed object

[ Point w; // default ctor
Point x(1, 2); // two-ints-argument ctor
Point vy (x); // copy ctor
z 90 not exist—Bpoint 7z = w; // copy ctor
quwk——ty = X; // assignment operator

Z“memo\ operator =C )

CSE333, Spring 2023

17
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Overloading the “=" Operator \
)x-U y-U\ 4
+ You can choose to define the “=" operator Kﬂ

|

" But there are some rules you should follow: 4. )

PointC)Point::operator=(const Point& rhs) {

if (this\M= &rhs) { // (1) always check against this
More Impor Gn-l/ LheA &ea\m witha
a\jr\c\»nw\”\/ alocated MeMOry

X = rhs.x ;
y = rhs.y ;
}

return ; // (2) always return *thl from op=
} ~— returns e’%/rer\c,e‘h) d«ss o)eC\’ ia\lav& or 5ainih 3)
Point a; // default constructor
La = b = c; // works because = return *this
a= (b =c); // equiv. to above (= 1is right-associative)
(a = b) = c; // "works" because = returns a non-const

> Q. O()ero\’{'o\r = ( b. operator = (c))

18
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Synthesized Assighment Operator

+ If you don’t define 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
Wsually wvong whenever class owns a resource (e-g. y dynamrca‘ly allbeate=d dato)

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

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

19
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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!)

<}£ 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)

‘HAG —\ (‘v\o @amhdeo

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

}

\. J

exected in revene order o5 ctor: @ bod y K o
@ destud mewbers in reverse oger g declarodon

21
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Destructor Example

(class FileDescriptor ({ B
public:
FileDescriptor (char* file) { // Constructor
fd = open(file, O RDONLY) ;
// Error checking omitted A adb“d?dW’°b““ﬂb
) / f5r The user!
~FileDescriptor () { close(fd ); } // Destructor
int get fd() const { return fd ; } // inline member function
private:

int fd_; // data member
}; // class FileDescriptor
FileDescriptor. h)

#include "FileDescriptor.h"

int main(int argc, char** argv) {
FileDescriptor fd("foo.txt");

return EXIT SUCCESS; _ destrudt °§)'~‘d whea @ fulls oxt of sc
} N (hece, then ve return) i

22
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@ PO" Evel‘yWheI‘e pollev.com/cse333sp

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

= Assume no compiler optimizations

test.cc
rPoint PrintRad (Pointé& pt) { )
Point origin (0, 0);
double r = origin.Distance (pt);
double theta = atan2(pt.get y(), pt.get x());
cout << "r = " << r << endl;
cout << "theta = " << theta << " rad" << endl;
l\. return pt;
}
B' 2 int main(int argc, char** argv) {
C 3 Point pt(B, 4),’
° PrintRad (pt) ;
D. 4 return EXIT SUCCESS;
\J )

E. We're lost...

23
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int get x() const™{ return x ;
y@”& int get y() const { return y ; // inline member function
Q:?double Distance (const Pointé& p) const, // member function
>void SetLocation (int x, int y); // member function

C++ Constructor Insanity (cont’d) CSE333, Spring 2023

Class Definition (from last lecture)

Point.h

(#ifndef POINT H
$define POINT H

class Point {
public:
{A,Point(lnt X, int yV;

private:
int x ; // data member

#endif // POINT H_
\_

int nglfjl_déggﬂffmber
}; // class Point Noming conventon for clasy datn membecs

Hais Const means that this fanction is nat 6 llowed T change Ahe
(J\DJEC‘F on LJ\'CL\ 4‘5 CC\“E’A (H"‘C’- ‘-""‘PI‘Cf‘l" 'H'n.‘“ Pmn‘hr)

“é\“

d_q_‘(’ Tk
&//?/ constructor
// inline member function

Compi|fr mavy Choose To eyl and\
m\me (Hcc (3 rhacro) mr|veoA Dn AN

actoal functon @l

(GO@&I@ (++ 5+Yfe yée

24



W UNIVERSITY of WASHINGTON L11: C++ Constructor Insanity (cont’d) CSE333, Spring 2023

@ PO" Evel‘yWheI‘e pollev.com/cse333sp

+ How many times does the destructor get invoked?

Mo -
ctor op= dtor (m p (
(?mﬂo& P'f A
Y O 3 Distance) )p____——
Peivtt Rok
test.cc origin \
[ Point PrintRad (Pointé& pt) { ) (sz,-\ec
Point origin(0, 0); /O clor caled \
double r = origin.Distance (pt); // Distmie takes ref 5o o\éf&'\’?;
double theta = atan2(pt.get y(), pt.get x()); P
cout << "r = " << r << endl;
cout << "theta = " << theta << " rad" << endl;
return pt; //O Peact ok rd\msanol,;edf $0 s (aVled Yo forede & Temp
} //C) while C\emmr\j b—r) orsir\ 'S é\@ h»d"e,
int main(int argc, char** argv) {
Point pt (3, 4); //Q cfor Co\\\eo\_r st A
PrintRad (pt) ; //Privt Rod fakes ref, so pt is WOT cope
return EXIT SUCCESS; N® relun wlve o Prt R pored; demp | ‘
L} //D 0 e Clecmm_g wp, P'\ 1S Aeﬁ 25
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Preview for Next Lecture

(class FileDescriptor ({
public:
FileDescriptor (char* file) { // Constructor
fd = open(file, O RDONLY) ;
// Error checking omitted

}

~FileDescriptor () { close(fd ); } // Destructor
int get fd() const { return fd ; } // inline member function
private:

int fd_; // data member
}; // class FileDescriptor
FileDescriptor. h)

#include "FileDescriptor.h"

int main(int argc, char** argv) { 5“5,( copies At m@Mbers(ﬁ‘L)

FileDescriptor fdl(foo.ﬁleﬁz///

FileDescriptor f£fd2 (fd) ;% // Invokes synthesized cctor
return EXIT SUCCESS; < What happeus whew we return
} - ond destruct our objects?

(This won't crash the proagram, but what if we were using heap allocation instead of file descriptors?) 26
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Extra Exercise #1

+ Write a C++ program that:

" Has a class representing a 3-dimensional point
"= Has the following methods:
- Return the inner product of two 3D points
- Return the distance between two 3D points
- Accessors and mutators for the x, y, and z coordinates

CSE333, Spring 2023

27
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Extra Exercise #2

+ Write a C++ program that:

" Has a class representing a 3-dimensional box

- Use your Extra Exercise #1 class to store the coordinates of the
vertices that define the box

- Assume the box has right-angles only and its faces are parallel to the
axes, so you only need 2 vertices to define it

= Has the following methods:
- Test if one box is inside another box
- Return the volume of a box
- Handles <<, =, and a copy constructor
- Uses const in all the right places

28



W UNIVERSITY of WASHINGTON L11: C++ Constructor Insanity (cont’d) CSE333, Spring 2023

Extra Exercise #3

+» Modify your Point3D class from Extra Exercise #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
- (See details about CopyFrom () in next lecture)

29
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Extra Exercise #4

+ Write a C++ class that:
= |s given the name of a file as a constructor argument

" Hasa 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

30



