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ITC313 - Lesson 06

Fundamentals of programming
Learning C++: from beginner to beyond

Dominique Ginhac
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Lesson 06
Indirection: Pass by Value, Pointer* &Reference

In this lesson, students expand their knowledge of functions by
learning about parameters and return values to make functions
more flexible and powerful. They learn how to define and call

functions that accept parameters and return values when the
function has completed.




A first real-life case study

Suppose you want to update a todo from the todos list.

Title: Buy Beer Water
S S S -

Category: Personal
TODO

Due Date: 05/11/2020

Priority: Normal

So, you need to write some methods to get the todo

"“Buy Beer"” from the todos list and then update its
title with “Buy Water"”




Updating a todo

class Todos {

= public:
3 Todo find(std::string title) ;
= void update(Todo todo, std::string title);
I
odo Todos::Tind(std::string title) {
auto 1t = std::Tind_1f(_todos.begin(),_todos.end(),[title]( Todo& obj) {
return obj.title() == title;
g 1)
x return *it;
e
3 |
- void Todos::update(Todo todo, std::string title) {

todo.setTitle(title);
}

-— void GenericTodo::setTitle(std::string title) {
_title = title;

}




Updating a todo

int main() {
todo::Todos todos;
todo::Todo todol("Play piano", Category::Personal, HIGH, date::Date(2020,11,10));
todos.add(todol) ;
todo::Todo todo2("Write report", Category::Work, NORMAL, date::Date(2020,11,1));
todos.add(todo2) ;
todo::Todo todo3("Buy beer", Category::Personal, NORMAL, date::Date(2020,11,5));

todos. adc (tOdO3) > o0©® BB lesson06 — -zsh — 64x19

+ lesson®6 make -f Makefile.todos

todo::Todo todo4("Prepare keynote", Categor ciang++ -std=c++11 -MMD -c date.cpp
todos. adc (t0d04) o clang++ -std=c++11 -MMD -c todos.cpp
* )

clang++ -std=c++11 -MMD -c todos-main.cpp
clang++ -std=c++11 -MMD -c todo.cpp
clang++ -std=c++11 -0 todos date.o todos.o todos-main.o todo.o

to_update = todos.find("Buy beer"); + lesson@é ./todos
" " TODO: Play piano (HIGH) - 2020/Nov/10
std::cout << to_update << "\n"; TODO: Write report (NORMAL) — 2@28/Nov/1
" TR TODO: Buy beer (NORMAL) - 2020/Nov/5
todos. update(to_update, Buy water ) ) TODO: Prepare keynate (LOW) - 20828/Dec/20
std::cout << tOdOS’ . TODO: Buy beer (NORMAL) - 2020/Nov/5
return 0; Updating a todo

TODO: Play piano (HIGH) - 2028/Nov/10

} does not Work! TODO: Write report (NORMAL) - 20286/Nov/1

TODO: Buy beer (NORMAL) - 2828/Nov/5

TODO: Prepare keynote (LOW) - 20208/Dec/20
BUt Why ? <+ lesson@é I




todos.cpp

Updating a todo

void Todos::update(Todo todo, std::string title) {

StcC
ToC

StcC

cicout << " Inside and before update : " << todo.title() << std::endl;
o.setTitle(title);
c:cout << " Inside and after update: " << todo.title() << std::endl;

90 ©® B lesson06 — -zsh — 71x21

+ lesson®6 make -f Makefile.todos-test
clang++ -std=c++11 -MMD -c date.cpp
clang++ -std=c++11 -MMD -c todos.cpp
clang++ -std=c++11 -MMD -c todos-test.cpp
clang++ -std=c++11 -MMD -c todo.cpp
clang++ -std=c++11 -0 todos date.o todos.o todos-test.o todo.o
+ lesson®6 ./todos

TODO: Play piano (HIGH) - 2828/Nov/16
TODO: Write report (NORMAL) - 2020/Nov/1
TODO: Buy beer (NORMAL) - 2028/Nov/5

TODO: Prepare keynote (LOW) - 2020/Dec/28

Todo to update: TODO: Buy beer (NORMAL) - 2020/Nov/5
Inside and before update : Buy beer

Inside and after update: Buy water

TODQ: Play piano (HIGH) - 2828/Nov/1@
TODO: Write report (NORMAL) - 2028/Nov/1
TODO: Buy beer (NORMAL) - 2828/Nov/5
TODO: Prepare keynote (LOW) - 2020/Dec/20
+ lesson@o6 I



Objects In Memory

Todo Todos::find(std::string title) const {
_todos auto it = std::find_1if(_todos.begin(),_todos.end(),
[title] (const Todo& obj) {return obj.title()==title;});
return *it;

¥
void Todos::update(Todo todo, std::string title) {

todo.setTitle(title);

todos.cpp

¥

todos.update(todos.find("Buy beer"), "Buy water");

todos.find("Buy beer"”) does not return the todo (“Buy beer") but a copy of
the original todo and that copy is stored in a different memory cell

This copy is then copied and passed to the todos.update() function.
The original data todo (“Buy beer") in the _todos vector is never modified.

o



—

» lesson0@6 /todos

Ox7tfc391405830 TODO: Play piano (HIGH) - 2020/Nov/10
Ox7tc391405868 TODO: Write report (NORMAL) - 2020/Nov/1
Ox71fc3914058a0 TODO: Buy beer (NORMAL) - 2020/Nov/5
Ox71fc3914058d8 TODO: Prepare keynote (LOW) - 2020/Dec/20

How can we pass / return
objects to / from functions?

MacBook Pro




Passing arguments to functions




Passing arguments to functions




Passing by values

void foo(int x) {

std::cout << " Inside foo, x = " << x << '"\n';

std::cout << " Inside foo, @x = " << &x << '\n';

X = 6;

std::cout << " After update i1nside foo, x = " << x << '"\n';

} // y 1s destroyed here
int main() {
int x = 5;

std::cout << "Inside main, before foo, x = " << x << "\n';
std::cout << "Inside main, before foo, &x = " << &x << '"\n';
foo(x)
std::cout << "Inside main, after foo, x = " << x << "\n';
return 0© ; XX B lesson06 — -zsh — 76x9
» lessonBé clang++ -std=c++11 passing-by-values.cpp -0 passing-by-values
} + lessonBé ./passing-by-values

Inside main, before foao, x = 5

Inside main, before foo, &x = Ox7ffeedec99d8
Inside foo, X = 5
Inside foo, @x = @x7ffeedec9%ac
After update inside foo, x = 6

Inside main, after foo, x = 5

» lessonBé I
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Arguments passed by value can be any "Pass by Values” makes always a copy of all
type (values, var, expr, objects, ...) the arguments into the function parameters
Arguments are never changed, which Copying complex objects or large arrays can
prevents side effects lead to a significant performance penalty

So use “Pass by values” when there is no
need to modify parameters

Rule: When the function does not need to change the arguments, "PASS BY
VALUE" Is FLEXIBLE, SAFE, and EFFICIENT In the case of fundamental types.



Passing arguments to functions




Passing arguments to functions




What i1s a reference?

A REFERENCE Is a type of C++ variable that acts as an ALIAS to another
object or value. A reference acts identically to the value it's referencing.

int value = 5; // value 1s 5

int &ref = value; // reference to variable value
value = 65 // value 1s now 6

ref = 7; // value 1s now 7

You can access to the value with the variable or the reference.
A reference must ALWAYS BE INITIALIZED when created.

Once Initialized, it CAN'T BE CHANGED to reference another variable.



References and functions

References are most often used as FUNCTION PARAMETERS.

The reference parameter acts as an alias for the argument, and NO
COPY of the argument is made.

A function that uses a reference parameter Is able to MODIFY THE
ARGUMENT passed in.

void (int &y) {

std::cout << " Inside foo, vy = " <K y << '"\n';
y = 6;
std::cout << " After update inside foo, vy = " << y << '"\n';

} // y is destroyed here



Passing by reference

909 i lesson06 — -zsh — 56x14 |

- lesson®6 clang++ -std=c++11 passing-by-reference2.cpp
-0 passing-by-reference2

void foo('int& y) { -+ lesson@é ./passing-by-reference?2
std::cout << "Inside 'FOO, Y = M <KL Y << '\r Inside main, before foo(z), x = 5
. Inside main, before foo(z), z =5
y++) Inside foo, vy = 5
std::cout << "After update inside foo, y = After update inside foo, y = &
] Inside main, after foo(z), z = 6
} // Y 1S destroyed here Inside main, after foo(z), x = 6
. . Inside foo, y = 6
1Nt man n() { After update inside foo, y = 7

Inside main, after foo(x), x 7

mnt x =5 - 1esson06l

5
int& z = x; // create a reference
std::cout << "Inside main, before foo(z), x

" << x << "\n';

std::cout << "Inside main, before foo(z), z = " << z << '"\n';
foo(z); // Call foo with the reference z

std::cout << "Inside main, after foo(z), z = " << z << "\n';
std::cout << "Inside main, after foo(z), x = " << x << "\n';
foo(x); // Compiler automatically creates a reference on x
std::cout << "Inside main, after foo(x), x = " << x << "\n';
return 0;



Value vs Reference

void fooRef(int &y) { YK B less0n06 — -zsh — 51x9 k
std: :cout << "fooRef: ad (y) = << &y << ! \n' X + lesson@6 clang++ -std=c++11 value-reference.cpp
. -0 value-reference
yt+; + lesson@6 ./value-reference
} main: ad(x)=0x7ffeea92c9d8
) ) fooVal: ad(y)=@x7ffeea%2c%ac
void fooVa1(1 Nt y) { main: after fooVal, x=180
fooRef: ad(y)=@x7ffeea%92c?d8
o o " . — 1 I I o
std::cout << "fooVal: ad(y)=" << &y << '"\Nn'j; hain: after fooRef, x=11
y++; > lessoneé [
int main() {
int x = 10;

std::cout << "main: ad(x)=" << &x << '"\n';
fooVal(x);

std::cout << "main: after fooVal, x=" << x << '"\n';
fooRef (x) ;

std::cout << "main: after fooRef, x=" << x << '"\n';
return 0;



Returning multiple results

void swap (int &x, 1nt &y) {
int tmp = Xx;
X=Ys
y=tmp;

}

int main() {
int a =2, b= -3;

std::cout << "Before, a=" << a << " = pb=" <K< b << "\n';
swap(a,b);
std::cout << "After, a=" << a << " - b=" <K< b << '"\n';
return 0;
} 900 Bl lesson06 — -zsh — 51x5

» lesson®6 clang++ -std=c++11 swap.cpp -0 swap
+ lesson@6 ./swap

Before, a=2 - b=-3

After, a=-3 - b=2

» lesson@é I
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References allow a function to change the
value of an argument

References can be used to return multiple
values from a function

"Pass by reference” is fast
1i ) .
So use "Pass by reference” when there iIs

a need to modify parameters or when
passing complex objects.

\

\- g/
o

It can be hard to tell whether an argument
passed as a reference is an input, an output
or both

In the body of a function, it's not possible to
make the difference between a value and a
reference

Rule: Use PASS BY REFERENCE instead of pass by value for CLASSES and

other expensive-to-copy types.



Reference to const value

References used as function parameters can also be CONST.

You can access the argument without making a copy, while guaranteeing
that the function will NOT CHANGE THE VALUE being referenced.

References to const values are particularly USEFUL as function
parameters to efficiently pass arrays or complex objects.

It combines the ADVANTAGES of "Pass by value”" and "“Pass by
reference”.



Using reference to const value

int (std: :vector<int> data) { int (std: :vector<int>& data) {
int s=0; it=data. (); 1Nt s=0; 1t=data. OF
while (it != data. ()) { while (it != data. )) {
s+= *it; s+= *1t;
++it; ++1t;
} }
return s; return s;
} }
int (const std::vector<int>& data) {
int s=0; it=data. OF 3 different ways to pass a
while (it != data. ()) { vector to a function
S+= *7t;
It Prefer reference to const if

} you do not have to modify the
return s; values inside the function



todos.h

todos.cpp

Updating a todo using references

class Todos {
public:
Todo Tind(std::string title) const;
void update(Todo todo, std::string title);

I

odo Todos::find(std::string title) const {
auto 1t = std::Tind_1f(_todos.begin(),_todos.end(),[title] (const Todo& obj) {

return obj.title() == title;
})s
return *it; What code needs
}
void Todos::update(Todo todo, std::string title) { tO be updated?

todo.setTitle(title);
}




Updating a todo using references

class Todos {
public:
Todo& find(std::string title) const;
void update(Todo& todo, std::string title);

todos.h

}s

We have to use A REFERENCE each time we call a
_todos Todo object as an argument of a function

o\

Todo& to_update = todos.find("Buy beer");
todos.update(to_update, "Buy water'");

\ 4

todos.update(todos.find("Buy beer"), "Buy water");




todos.h

todos.cpp

Updating a todo using references

class Todos {

public:
Todo& find(std::string title) X Use A REFEREN‘CE for
void update(Todo& todo, std::string title); each Todo object as
}; an argument of a
function
odo& Todos::Tind(std::string title) {
auto 1t = std::Tind_1f(_todos.begin(),_todos.end(),[title]( Todo& obj) {
return obj.title() == title;
})s

return *1t;

}

void Todos::update(Todo& todo, std::string title) {
todo.setTitle(title);

}



Updating a todo using references

, , o0 ® B lesson06 — -zsh — 44x20
Nt rna1r1() 1 + lesson®é make -f Makefile.todos
todo::Todos todos; clang++ —-std=c++11 -MMD -c date.cpp
.. " . " .. clang++ -std=c++11 -MMD -c todos.cpp
todo::Todo todol("Play piano", Category::Personal, HIGH, | J ng++ —std=c++11 <MMD —c todos—main.cpp
todos.add(todol) ; clang++ —-std=c++11 -MMD -c¢ todo.cpp
b/
. o " g " v clang++ -std=c++11 -0 todos date.o todos.o
todo::Todo todo2("Write report", Category::Work, NORMAL, | 8 @ i  fodo.o
todos.add(todo2) ; + lesson@6 ./todos
todo: :Todo todo3("Buy beer", Category::Personal, NORMAL, |T0DO: Play piano (HIGH) = 2028/Nov/10

TODO: Write report (NORMAL) - 2820/Nov/1

todos.add (todo3) ; TODO: Buy beer (NORMAL) - 2020/Nov/5
todo: :Todo todo4("Prepare keynote", Category::Work, LOw, [TOPO: Prepare keynote (LOW) - 202@/Dec/2@
todos.add(todo4) ; TODO: Buy beer (NORMAL) - 20820/Nov/5
std::cout << todos << "\n"; ,

. B ) " . TODO: Play piano (HIGH) - 20626/Nov/10
todo::Todo& to_update = todos.find("Buy beer"); TODO: Write report (NORMAL) — 202@/Nov/1
std::cout << to_update << "\n'"; TODO: Buy water (NORMAL) - 2020/Nov/5

- . . TODO: Prepare keynote (LOW) - 20206/Dec/20
todos.update(to_update, "Buy water"); » lessonoé
std::cout << todos;
return 0;

} It works now with the same
code for todos-main.cpp




Passing arguments to functions




Passing arguments to functions




The concept of pointers

Pointers are one of the most distinct
and exciting features of C/C++

languages 430

Ot
Pointers are used to ACCESS AND Ox2Z46C pOmter
MANIPULATE the memory using Ox2M6% value
ADDRESSES

ox 2464

Pointers are variables that store
adresses



The concept of pointers

DECLARING a pointer (Type*)

// Declares a pointer on an integer and 1nit the pointer to null
intx ptr = nullptr; // int *ptr = nullptr;

// Makes ptr point to the integer variable ptr
// using the address-of operator (&)
int value = 42; ptr = &value; // 1ntx ptr = &v;

// prints the address of value and ptr Ox7/ffeeedcc9d8 - Value
std::cout << "&v=" << &value << std::endl;

std::cout << "ptr=" << ptr << std::endl;

DEREFERENCING a pointer (operator *) Tptr

XX Bl lesson06 — -zsh — 43x8 ‘
[+ lesson@®6 clang++ -std=c++11l pointers.cpp]

// prints the variable value

std::cout << "v=" << value << std::endl; -0 pointers
. [+ lesson@6 ./pointers ]
// updates the value using ptr ARG SRR e
*ptr = 1337, ptr=0x7ffeeb17c9f8
. . . V=42
// prints the value that ptr 1s holding M

std::cout << "xptr=" << *xptr << std::endl; » lesson@é6 |



Allocating memory

DYNAMIC MEMORY ALLOCATION high
aqadress command-line arguments

refe I'S tO perfOrming memOry and environment variables
allocation during runtime

Dynamically allocated memory Is
allocated on the HEAP whereas
static variables get memory
allocated on the STACK

initialized to zero
by exec

uninitialized

data(bss)
C++ has two operators NEW and Talze? —
DELETE that perform the task of T

allocating and freeing the memory



Low-level memory management

int main() {
Tnt*x pa = ; pPa = new 1nt; *xpa = 42;
std::cout << "pa: " << pa << " xpa: " << *pa << std::endl;

TNnt* pb = nNew _Int(666); rxxi ! 06 h — 33x18
o o " ° " " ° " o o s i .
std::cout << '"pb: << pb << *pb: << *pb << std: ‘+ lessonB6 clang++ -std=c++11 all

intx pc = pb; // No allocation of memory locating-pointer.cpp -o allocatin

std::cout << "pc: " << pc << " %pc: " << *pc << std::g-pointer
[+ lesson@6é6 ./allocating-pointer |

pa: Ox7fb0d7405780 *xpa: 42

intx pd = new 1nt[666]; pb: Bx7Tb@d7405790 *pb: 666
for ( I=0;1<666;1++) pc: @x7fb@d740579@ %pc: 666
*(pd+i) = ] pd+@: Ox/fbéd/809800 *pd+@: ©
: , , pd+1: Ox7fb0d7809804 xpd+1: 1
for ( 1=0;1<666;1++) 0d+2: Ox7fb0d7809808 %pd+2: 2
std::cout << "pd: " << pd+i << " Kxpd+" << pd+3: Ox7fb0d780980c *pd+3: 3
me M : . o . pd+4: 0x7fb@d7809810 *pd+4: 4
<< << x(pdt1) << std::endl; pd+5: Ox7fb0d7809814 *pd+5: 5
delete pa; delete pb; // no delete pc; pd+6: Ox7fbed7809818 *pd+6: 6
delete |[] pd; pd+7: Ox7fb@d780981c *pd+7: 7
return O: pd+8: 0x7fbed7809820 xpd+8: 8
g pd+9: Bx7fb0d7809824 xpd+9: 9

} pd+10: Ox7fb0d7809828 %pd+10: 10



Low-level memory management

#include "todo.h"
using todo::Todo;

int main()

{
Todo todol("Play piano", Category::Personal,
HIGH, date::Date(2020,11,10));
Todox todo2 = new Todo("Buy beer",
Category::Personal, NORMAL,
date::Date(2020,11,5) ) ; ,

( 11,3))5 Use ‘->" instead '’ to
std::cout << todol.title() << std::endl; accessto;nenﬁmws
std::cout << todo2->title() << std::endl: unctions
delete t0d02; XX Bl lesson06 — -zsh — 93x5

. + lesson®6 clang++ -std=c++11 allocating-object.cpp todo.cpp date.cpp -0 allocating-object |
return G? [+ lesson®6 ./allocating-object ]
} Play piano

Buy beer
+ lesson@é I



Memory leaks

Memory leaks occur when new memory
IS allocated dynamically on heap but
NEVER DEALLOCATED

Memory leaks are particularly SERIOUS ISS

The problem with memory leaks is that the
accumulate over time and, if left unchecked,
may cripple or even CRASH a program

Rule: For every "new," you should use
a "delete" so that you free the memory
you allocated



Memory leak

int main() {
// No memory leak
float* marksl = new float [30]; // Allocate 30 float to store marks.
delete [] marksl; // Clear those 30 float and make ptr to null.
marksl = nullptr;
// Memory leak 1: forget delete
float* marks2 = new float [30];
// Memory leak 2: reallocate a ptr that is not free
floatx marks3 = new float [30];
marks3 = new float [30]; // Give marks another memory address
delete [] marks3; // Delete only the last allocation
marks3 = nullptr;
// Memory leak 3: move a ptr that i1s not free
floatx marks4 = new float [30];
floatx marks5 = new float [30];
marks5 = marks4; // The first 30 float are impossible to free
delete [] marks4;
marks4 = nullptr;
//delete [] marks5; // Error: access violation
marks5 = nullptr;
return 0;




Dangling pointers

Dangling pointers are pointers that POINTING TO A
MEMORY LOCATION that has been FREED.

Dangling pointers arise when an object is deallocated,
without modifying the value of the pointer, so that the

pointer still points to the memory location of the
deallocated memory.

The system may reallocate the previously freed
memory and UNPREDICTABLE BEHAVIOR may result as
memory may now contain completely different data.




Dangling pointers

#include <i1ostream>

int main() {
intx pa = new 1nt;
xpa = 2;
std::cout << "pa=" << pa << " - xpa=" << *pa << std::endl;

delete pa;
std::cout << "pa=" << pa << " - *pa=" << *pa << std::endl;

pa = nullptr;
it (pal=nullptr)

std::cout << "pa=" << pa << " - xpa=" << *pa << std::endl;
[7. ® Bl lesson06 — -zsh — 61x5
return 0; -+ lesson@6 clang++ dangling-pointer.cpp -o dangling-pointer
} - lesson@6 ./dangling-pointer

pa=0x71t2402c@5798 - *xpa=2
pa=@x7t2402c@5798 - *xpa=2
» lesson@é I



High-level memory management

'Raw’ C++ pointers are extremely powerful and dangerous (memory leaks,
dangling pointers, unpredictable behavior, ...)

The problem: Every dynamically allocated object must be followed by a
manual deallocation. This forces you to mentally keep track of what you
have allocated

MyObjectx object = new MyObject;
object->doSomething() ;
delete object; // Just do 1t once

MyObject*x array = new MyObject|[10];

for ( 1=0; 1<10; 1++ )
(array+i)—>doSomething() ;

delete [] array; // Just do 1t once



High-level memory management

Smart pointers provide automatic memory management: when a smart
pointer Is no longer in use, the memory iIs deallocated automatically.

C++11 has introduced three types of smart pointers:
« std::unique_ptr owns a dynamically allocated resource

» std::shared_ptr owns a shared dynamically allocated resource. Several
std::shared_ptrs may own the same resource and an internal counter
keeps track of them

o std::weak_ptr is like a std::shared_ptr, but it doesn't increment the
counter

Smart pointers always should be preferred over ‘raw’' pointers


https://www.internalpointers.com/post/beginner-s-look-smart-pointers-modern-c

High-level memory management

A std::unique_ptr owns of the object it points to and no other smart
pointer can point to It.

When the std::unique_ptr goes out of scope, the object is deleted. This Is
useful when you are working with a temporary, dynamically-allocated
resource that can get destroyed once out of scope.

std: :unique_ptr<MyObject> (new MyObiject)
std: :unique_ptr<MyObject[]> (new MyObject[10]);

// std::make_unique requires ct++14
std: :unique_ptr<MyObject> smart_ptr2 = std::make_unique<MyObject>():
std: :unique_ptr<MyObject[]> smart_array2 = std::make_unique<MyObject[]>(10):;



High-level memory management

class Data {
private:
int _data;
public:
Data() : _data(0) {}
int data() { return _data;}
void data(int d) {_data = d;}
~Data() {std::cout << "Destroy Data " << std::endl;}

int main() {
std: :unique_ptr<bData> smart_ptr(new Data); o0 @ Bl lesson06 — -zsh — 46x12 "l
std: :unique_ptr<Datal[]> smart_array(new Data[5]); [» 1lesson@é clang++ -std=c++14 unique-ptr.cpp |

- . -0 unique-ptr
smart_ptr->data(666) ; [+ lesson@6 ./unique-ptr ]

std::cout << smart_ptr->data() << std::endl; 666
for (auto 4=03; 9<5; d++ ) é‘*t7 19013
. . estro ald
smart_array[i].data(3*x1+1); Destmz Data
for (auto 1=0; 1<5; 1++ ) Destroy Data
. . n n. Destroy Data
std::cout << smart_array[i].data() << X S
std::cout << std::endl; Destroy Data

} + lesson@é I



High-level memory management

A std::unique_ptr can't have multiple references to its dynamic data

std: :unique_ptr<MyObject> (new MyObject);
// Error because unique_ptr does not have a copy constructor
std: :unique_ptr<MyObject> smart_ptr2 = smart_ptr;

A std::shared_ptr owns the object it points to and cave have multiple
references to its dynamic data. A special internal counter Is decreased
each time a std::shared_ptr goes out of scope (reference counting). When
the last one Is destroyed (counter goes to zero), the data is deallocated

std: :shared_ptr<MyObject> (new MyObject)
std: :shared_ptr<MyObject> smart_ptr4 = smart_ptr3;



High-level memory management

class Data {

private:
int _data;
public:
Data() : _data(0) {}

int data() { return _data;}
void data(int d) {_data = d;}
~Data() { std::cout << "Destroy Data " << std::endl;}

int main() {

std::cout << smart_ptr2->data() << std::endl;
std: :shared_ptr<Data> smart_ptr3(new Data); rY X B lesson06 — —zsh — 46x9
std: :shared_ptr<Data> smart_ptr4 = smart_ptr3; [+ lesson@6 clang++ -std=c++14 shared-ptr.cpp |
smart_ptr3->data(666); -0 shared-ptr
[+ lessan@6 ./shared-ptr ]
std::cout << smart_ptr3->data() << std::endl; 666
std::cout << smart_ptr4->data() << std::endl; 666
smart_ptr4->data(1337); igg;
std::cout << smart_ptr3->data() << std::endl; Destroy Data
std::cout << smart_ptr4->data() << std::endl; » lessones i



Passing by pointer

Passing an argument by pointer involves PASSING THE RAW POINTER or
PASSING THE SMART POINTER on the argument variable rather than the

argument variable itself.

The function have to DEREFERENCE the pointer to access or change the
value being pointed to.

void (intx y) Argument explicitly declared as an address

*y = 10; Using dereferencing operator to modify the argument



Passing by pointer

voild foo (int* data, 1nt new_value) {
xdata = new_value;

}
int main() {
int x = 42;
int y = 666;
intx b_ptr = new int (42); XX B lesson06 — -zsh — 43x10
[+ lessonB6 clang++ passing-by-pointer.cpp |
std: :cout << "Address" << std::endl; -0 passing-by-pointer
. .. . [+ lesson@6 ./passing-by-pointer |
std::cout << x << std::endl; AT
foo (&x, Vy); 42
std::cout << x << std::endl; 666
Raw pointer
42
std::cout << "Raw pointer" << std::endl; 666
std::cout << *xb_ptr << std::endl; + lessones |

foo (b_ptr, y);
std::cout << xb_ptr << std::endl;
return 0;



Passing by smart pointer

void foo2 (std::unique_ptr<int> data, int new_value) { *xdata = new_value; }
void foo3 (std::unique_ptr<int>& data, int new_value) { *data = new_value; }
void foo4 (std::shared_ptr<int> data, int new_value) { *xdata = new_value; }
void foo5 (std::shared_ptr<int>& data, int new_value) { *xdata = new_value; }

int main() {
std::cout << "Unique
std: :unique_ptr<int>

smart pointer" << std::endl;
u_ptr(new 1nt(42));

std::cout << *u_ptr << std::endl;
foo2(std::move(u_ptr), 666);

// up 1s now a hollow object

// std::cout << *u_ptr << std::endl;

std::cout << "Unique
std: :unique_ptr<int>
std::cout << *ur_ptr
foo3(ur_ptr, 666);

std: :cout << *ur_ptr
std: :cout << "Shared
std: :shared_ptr<int>

smart pointer with reference" <<
ur_ptr(new 1nt(42));
<< std::endl;

<< std::endl;
smart pointer" << std::endl;
s_ptr(new 1int(42));

std::cout << *s_ptr << std::endl;

foo4(s_ptr, 666);

std::cout << *s_ptr << std::endl;

std::cout << "Shared
std: :shared_ptr<int>
std::cout << *sr_ptr
foo5(sr_ptr, 666);
std::cout << *sr_ptr
return 0;

smart pointer with reference" <<
sr_ptr(new 1nt(42));
<< std::endl;

<< std::endl;

std::endl;

std::endl;

[~
-0
[+
Uni
42
Uni
42
666
Sha
42
666
Sha
42
666

-
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lesson®6 clang++ passing-by-smartpointer.cpp |

passing-by-smartpointer
lesson®6 ./passing-by-smartpointer
que smart pointer

que smart pointer with reference
red smart pointer

red smart pointer with reference

lessonBé I

|


https://www.internalpointers.com/post/move-smart-pointers-and-out-functions-modern-c
https://www.modernescpp.com/index.php/c-core-guidelines-passing-smart-pointer

References vs Pointers

Reference must be initialized when it Pointers can be created and

IS created Initialized any time

Once Initialized, we cannot reinitialize Pointers can be reinitialized any

a reference number of times

References can never be NULL Pointers can be nullptr

Reference Is automatically * is used to dereference a pointer

dereferenced



When should | use references, and when should
| use pointers?

THE RULE: Use references when you can,
and pointers when you have to

References are usually preferred over
pointers in C++, whenever you do not nee
"reseating”

Use pointers only if there is no other
choice

Prefer smart pointers rather than raw
pointers




todos.h

todos.cpp

Updating a todo using pointers

class Todos {

public:
Todo& find(std::string title) X
void update(Todo& todo, std::string title);
Fs
odo& Todos::Tind(std::string title) {
auto 1t = std::Tind_1f(_todos.begin(),_todos.end(),[title]( Todo& obj) {
return obj.title() == title;
})s
return *it; What code needs
} ?
void Todos::update(Todo& todo, std::string title) { tO be updated’

todo.setTitle(title);
¥




Updating a todo using pointers

We have to replace reference by pointer each time we call a Book object
as an argument of a function.

The Rule: Use smart pointers if you want to manipulate the smart pointer
itself, use raw pointers if you just need a handle to the underlying object.

Todos {
< .
§ Todox (std::string title) ;
S void (Todo* todo, std::string title);
I
§ Todo* to_update = todos. ("Buy beer");
= todos. (to_update, "Buy water');
©
S



Updating a todo using pointers

class Todos {

3 public: Use A POINTER f
S Todo* find(std::string title) ; >€ ‘ or
= void update(Todo* todo, std::string title); each Todo object as
};3 an argument of a
function
Todox Todos::find2(std::string title) {
auto 1t = std::Tind_1f(_todos.begin(), _todos.end(),
[title] (const Todo& obj) {
o return obj.title() == title;
Q .
: 1) ;
§ int index = std::distance(_todos.begin(), it) ;
< return &_todos.at(index) ;

¥
voild Todos::update2(Todo*x todo, std::string title) {

todo->setTitle(title);
}



Updating a todo using pointers

-int ma‘in() { [l. ® Bl lesson06 — -zsh — 43x15 ]
. d . [+ lesson®6 clang++ -std=c++11 todos.cpp to]
todo: ! lodos to 0S, dos—-main.cpp todo.cpp date.cpp -o todos
todo::Todo todol("Play piano", Category::Personal, [ 1lesson@é ./todos )
TODO: Play piano (HIGH) - 2020/Nov/10
todos.add (todol) ; TODO: Write report (NORMAL) - 2820/Nov/1

. o " . " . . TODO: Buy beer (NORMAL) - 2820/Nov/5
todo::Todo todo2("Write report", Category::Work, NU;igpo: prepare keynote (LOW) — 2820/Dec/20

todos.add(todo2) ;

todo::Todo todo3("Buy beer'", Category::Personal, N

. TODO: Play piano (HIGH) - 2820/Nov/10
todos. adc (t0d03) ) TODO: Write report (NORMAL) - 2820/Nov/1

todo::Todo todo4d("Prepare keynote'", Category: :Work , T0D0: Buy champagne (NORMAL) - 2028/Nov/5
" ToDO: Prepare keynote (LOW) - 2820/Dec/20
todos.add(todo4) ; + lessoneé |
std: :cout << todos;

todo::Todox +to_update = todos.find("Buy beer”);

std::cout << *to_update << "\n";

todos.update(to_update, "Buy champagne') ;

std: :cout << todos;

return 0;

TODO: Buy beer (NORMAL) - 2820/Nov/5




4 #06

Take Home Message

C++11 provides different ways to pass arguments
to a function

Choosing call-by-value, call-by-reference or call-by-pointer depends
on what you want to do.

 If you want to change the object passed, call by reference or use a
pointer

» If you don't want to change the object passed and it is big, call by
const reference

« Otherwise, call by value



Next Lectures

Lesson 07: Templates

Lesson 08: Exceptions
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So let's go on C++ training wi
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