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A linked list

+ The biggest issue with a linked list in the previous example is that
the user has access to p_list_head
+ Classes allow the user to prevent honest programmers from
accessing its member variables
class Linked_list {
private:
Node *p_list_head_;
1

* The user can now create an instance of this linked list:
int main() {
Linked_list my_list;

// Do something with it...

return 9;

Outline

* In this lesson, we will:
— Create a linked list class
— Implement numerous member functions
— Explain how to step through a linked list

iy S0

Initialization and constructors

+ First, we must ensure that p_list_head_ is properly initialized:
— It must be set to nullptr

» A class is associated with a constructor
— This is a function that is automatically called when an instance
is created
class Linked_list {
public:
Linked_list();
private:
Node *p_list_head_;
}

Linked_list::Linked_list():

p_list_head_{nullptr} {
// If something else needs to be done, it can be
// done here...
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Initialization and constructors

+ First, we must ensure that p_list_head_is properly initialized:

class Linked list { The constructor has the same

public: . identifier as the class identifier
Linked_list(); - .
private: — The constructor is declared
Node *p_list_head_; in the class definition
}; - - - — Constructors have no return

values ever
Linked_list::Linked_list():
p_list_head_{nullptr} {
// If something else needs to be done, it can be
// done here...
} Each member variable is
The Linked_list:: indicates to }nlt'lallze.d in the order l,t ;
the compiler that the constructor is listed in the class definition
Linked_list() is associated -If the]x;e are ‘,“‘ffle f[h‘ff one
with the class Linked_list gil]msg‘e/a;l:ate?’ thisis
— This is the constructor’s definition P

Linked_list::empty()

*  How does the user interact with this linked list?

— Through functions written by the author of the class
class Linked_list {
public:
Linked list(); The member function
bool empty()

bool empty() const; .
’ is declared here

private: .
Node *p_list_head_; The keyword const says that
_list_head_; . - .
b this member function cannot
’ assign to any member variable

bool Linked_list::empty() const {
return ( p_list_head_ == nullptr );

3 The Linked_list:: indicates to the compiler
that the member function bool empty() is associated
with the class Linked_list
— This is the member function’s definition
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Initialization and constructors

Each time memory is allocated for a linked list, the compiler ensures
that the constructor is called—the programmer needs to do nothing
int main() {
// The constructor is called immediately after the
// memory is allocated for 'my_list' on the stack
Linked_list my_list{};

// This just assigns a local variable the value 'nullptr'
Linked_list *p_another_list{nullptr};

// The constructor is called immediately after the

// memory is allocated on the heap *before* the address
// is returned and assigned to 'p_another_list"'
p_another_list = new Linked_list{};

// Do something with 'my_list' and 'p_another_list'
delete p_another_list;

return 0;

Linked_list::empty()

We can now use this member function just like we access member
variables:
int main() {
Linked_list my_list{};
std::cout << "Empty: " << my_list.empty() << std::endl;
Linked_list *p_another_list{ new Linked_list{} };
std::cout << "Empty: " << p_another_list->empty()
<< std::endl;
delete p_another_list;

Output:
Empty: 1
t 0;
} return Empty: 1



Linked_list::size()

* Here is another member function:
— This returns the number of items in the linked list
class Linked_list {

public:
Linked_list();
bool empty() const;
std::size_t size() const;

private:
Node *p_list_head_;

};

Linked_list::size()

* We can now use this member function just like we access member

variables:
int main() {
Linked_list my_list{};
std::cout << "Empty: "

Linked_list *p_another_list{ new Linked_list{} };
<< p_another_list->empty()

std::cout << "Empty:
<< std::endl;
std::cout << "Size: "
<< std::endl;

delete p_another_list; Output:
return 0; E?EZY:
} Empty:
Size:

<< my_list.empty() << std::endl;
std::cout << "Size: " << my_list.size() << std::endl;

<< p_another_list->size()

(SR

Linked_list::size()

» This is the definition of this member function:
— This returns the number of items in the linked list
std::size_t Linked_list::size() const {
std::size_t count{@};

for ( Node *p_current_node{ p_list_head_ };
p_current_node != nullptr;
p_current_node = p_current_node->p_next_node_

) A
++count;
¥ The identifier p_list_head_
refers to the member variable of
return count; the object on which this member
} function was called.

Linked_list::push_front(..)

» Next, let us start inserting objects into the linked list:
class Linked_list {
public:
Linked_list();
bool empty() const;
std::size_t size() const;

void push_front( double const new_value );

private:
Node *p_list_head_;
¥
This function must modify the class
member variables, so the function
cannot be declared const
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Linked_list::push_front(..)

‘We must now implement this function:
void Linked_list::push_front( double const new_value ) {
p_list_head_ = new Node{new_value, p_list_head_};

The identifier p_list_head_
refers to the member variable of
the object on which this member
function was called.

Linked_list::push_front(..)

Let’s see how this works:
int main() {
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

return o;

Memory is allocated on the stack
and the constructor is called

oxfffff8 0x000000 | p_list_head_  list

void Linked_list::push_front( double const new_value ) {
p_list_head_ = new Node{new_value, p_list_head_};

¥
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Linked_list::push_front(..)

* Let’s see how this works:
int main() {
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

return 90;

void Linked_list::push_front( double const new_value ) {
p_list_head_ = new Node{new_value, p_list_head_};

¥

Linked_list::push_front(..)

» Let’s see how this works:
int main() {
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

return 0;

oxfffff8 0x000000 | p_list_head_  list

void Linked_list::push_front( double const new_value ) {
p_list_head_ = new Node{new_value, p_list_head_};

¥



Linked_list::push_front(..)

Let’s see how this works:
int main() {
Linked_list list{};

list.push_front( 5.56 );
. ox5fe250 5.56 value_
list.push_front( 7.62 );
0x000000 | p_next_node_
return 9;
¥ .
Memory is allocated on the heap for the new

node and the member variables are initialized

oxfffffs p_list_head_ 1list

void Linked_list::push_front( double const new_value ) {
p_list_head_ = new Node{new_value, p_list_head_};

¥

Linked_list::push_front(..)

+ Let’s see how this works:
int main() {
Linked_list list{};

list.push_front( 5.56 );
j ox5fe250 5.56 value_
list.push_front( 7.62 );

0x000000 | p_next_node_
return 0;

oxfFFff8 p_list_head_ 1list

void Linked_list::push_front( double const new_value ) {
p_list_head_ = new Node{new_value, p_list_head_};

¥
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Linked_list::push_front(..)

* Let’s see how this works:

int main() {
Linked_list list{};

list.push_front( 5.56 );
. ox5fe250 5.56 value_
list.push_front( 7.62 );
0x000000 | p_next_node_
return 90;
¥ o
The returned address is assigned to the

p_list_head_ member variable of 1ist

p_list_head_ list

OxFFEFF8

void Linked_list::push_front( double const new_value ) {
p_list_head_ = new Node{new_value, p_list_head_};

¥

Linked_list::push_front(..)

» Let’s see how this works:

int main() {
Linked_list list{};

list.push_front( 5.56 );
ox5fe250 5.56 value_

list.push_front( 7.62 ); 0x000000 | p_next_node,

return 0;

oxbadofe 7.62 value_
0x5fe250 | p_next_node_

p_list_head_ list

OxFFFFF8
void Linked_list::push_front( double const new_value ) {
p_list_head_ = new Node{new_value, p_list_head_};

¥



-

Linked_list::push_front(..)

* Let’s see how this works:
int main() {
Linked_list list{};

list.push_front( 5.56 );

. ox5fe250 5.56 value_
list.push_front( 7.62 );

0x000000 | p_next_node_

return 9;

@xbadofe 7.62 value_

0x5fe250 | p_next_node_

OXFEFFF8

p_list_head_ list

void Linked_list::push_front( double const new_value ) {
p_list_head_ = new Node{new_value, p_list_head_};

¥

Linked_list::push_front(..)

*  Now, if we have two lists:
— Each time you call push_front(..) on list:
« The member function updates 1ist.p_list_head_
— Each time you call push_front(..) on data:
« The member function updates data.p_list_head_
int main() {
Linked_list list{};
Linked_list data{};

list.push_front( 1.5 );
list.push_front( 7.2 );

data.push_front( 8.3 );
oxfFEffo

OxFFFFFB

p_list_head_ data
p_list_head_  list

return 9;

-

Linked_list::push_front(..)

* Let’s see how this works:
int main() {
Linked_list list{};

list.push_front( 5.56 );

. ox5fe250 5.56 value_
list.push_front( 7.62 );

0x000000 | p_next_node_

return 90;

oxbadofe 7.62 value_
@x5fe250 | p_next_node_

OxFFEFF8

p_list_head_ list

void Linked_list::push_front( double const new_value ) {

¥

p_list_head_ = new Node{new_value, p_list_head_};

Linked_list::front()

+ Suppose you want to know what the first entry is?
— This would be implemented as a member function:
class Linked_list {
public:
Linked_list();
bool empty() const;
std::size_t size() const;
double front() const;

void push_front( double const new_value );
private:

Node *p_list_head_;
¥
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Linked_list::front()

+ Ifthe list is empty, we will return a default double:
double Linked_list::front() const {
if (empty() ) {
return 0.0;
} else {
return p_list_head_->value_;

+ Alternatively, we could perform an assertion...
— A failed assertion would terminate the program

T
Linked_list::pop_front()

*  We described this in the last set of slides:
void Linked_list::pop_front() {
if ( lempty() ) {
Node *p_current_head{ p_list_head_ };
p_list_head_ = p_list_head_->p_next_node_;
delete p_current_head;

p_current_head = nullptr; // avoids a dangling

pointer

OxFFFFFB

Assume the two push operations were successful

Linked_list::pop_front()

Suppose we want to remove the first entry:

class Linked_list {
public:
Linked_list();
bool empty() const;
std::size_t size() const;
double front() const;

void push_front( double const new_value );
void pop_front();

private:

Node *p_list_head_;
I

X
Linked_list: :pop_front()

0x5fe250 5.56 value_
0x000000 | p_next_node_

int main() {
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

oxbadofe 7.62 value_
list.pop_front(); ox5fe250 | p_next_node_
list.pop_front();

return 0;

void Linked_list::pop_front() {
if ( lempty() ) {
Node *p_current_head{ p_list_head_ };
p_list_head_ = p_list_head_->p_next_node_;
delete p_current_head;
p_current_head = nullptr;

p_list_head_  list
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OxFEFFF8

oxFFFFF8

Linked_list::pop_front()

Call pop_front()
int main() {
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return 9;

0x5fe250 5.56 value_

0x000000 | p_next_node_

oxbadofe 7.62 value_

0x5fe250 | p_next_node_

void Linked_list::pop_front() {

if ( lempty() ) {
Node *p_current_head{ p_list_head_ };
p_list_head_ = p_list_head_->p_next_node_;
delete p_current_head;
p_current_head = nullptr;

p_list_head_  list

Linked_list::pop_front()

Store the current head of the linked list

int main() {
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return @;

@x5fe250 5.56 value_
0x000000 | p_next_node_

oxbadofe 7.62 value_

@x5fe250 | p_next_node_

void Linked_list::pop_front() {

p_current_head

p_list_head_  list

if ( tempty() ) {

Node *p_current_head{ p_list_head_ };
p_list_head_ = p_list_head_->p_next_node_;
delete p_current_head;

p_current_head = nullptr;

OXFFFFF8

OxFFFF8

Linked_list::pop_front()

Check it is not empty
int main() {
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return 9;

0x5fe250 5.56 value_

0x000000 | p_next_node_

@xbadofe 7.62 value_

0x5fe250 | p_next_node_

void Linked_list::pop_front() {

if ( tempty() ) {
Node *p_current_head{ p_list_head_ };
p_list_head_ = p_list_head_->p_next_node_;
delete p_current_head;
p_current_head = nullptr;

p_list_head_  list

Linked_list: :pop_front()

Update the head pointer
int main() {
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return 0;

0x5fe250 5.56 value_
0x000000 | p_next_node_

oxbadofe 7.62 value_

0x5fe250 | p_next_node_

void Linked_list::pop_front() {

p_current_head

p_list_head_  list

if ( tempty() ) {

Node *p_current_head{ p_list_head_ };
p_list_head_ = p_list_head_->p_next_node_;
delete p_current_head;

p_current_head = nullptr;
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Linked_list::pop_front()

Delete the previous list head

int main() { ox5fe250 5.56

value_

Linked_list 1list{}; ©x000000

p_next_node_

list.push_front( 5.56 );
list.push_front( 7.62 );

oxbadofe

list.pop_front();
list.pop_front();

return 9;

void Linked_list::pop_front() {
if ( lempty() ) {

p_current_head

Node *p_current_head{ p_list_head_ };

Linked_list::pop_front()

* Avoid a dangling pointer

int main() { ox5fe250 5.56

value_

Linked_list 1list{}; ©x000000

p_next_node_

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return 9;

void Linked_list::pop_front() {
if ( lempty() ) {
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OxFEFFF8

p_list_head_  list delete p_current_head;

p_current_head = nullptr;

Linked_list::pop_front()

We now call pop_front() a second time

int main() { ox5fe250 5.56

Linked_list list{}; 0x000000

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return @;

void Linked_list::pop_front() {
if ( lempty() ) {

p_list_head_ = p_list_head_->p_next_node_;

value_

p_next_node_

p_current_head
OxFFFFF8

p_list_head_  list

Node *p_current_head{ p_list_head_ };
p_list_head_ = p_list_head_->p_next_node_;
delete p_current_head;

p_current_head = nullptr;

Linked_list: :pop_front()

» Thelist is still not empty

int main() { ox5fe250 5.56

value_

Linked_list list{}; ©x000000

p_next_node_

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return 0;

void Linked_list::pop_front() {
if ( tempty() ) {

Node *p_current_head{ p_list_head_ }; Node *p_current_head{ p_list_head_ };
p_list_head_ = p_list_head_->p_next_node_;

oxFFFFF8

p_list_head_  list delete p_current_head;

p_current_head = nullptr;

OxFFFF8

p_list_head_  list

p_list_head_ = p_list_head_->p_next_node_;
delete p_current_head;
p_current_head = nullptr;



Linked_list::pop_front()

*  We store the current list head
int main() { 0x5fe250 5.56 value_
Linked_list list{ }; 0x000000 | p_next_node_

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return 9;
}
void Linked_list::pop_front() {
if ( lempty() ) {
head Node *p_current_head{ p_list_head_ };
p_current_hea p_list_head_ = p_list_head_->p_next_node_;
oxfffffg p_list_head_ list delete p_current_head;

p_current_head = nullptr;

gy g
Linked_list::pop_front()

» Delete the old list head
int main() { @x5fe250
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return 0;
}
void Linked_list::pop_front() {
if ( lempty() ) {
Node *p_current_head{ p_list_head_ };
p_current_head p_list_head_ = p_list_head_->p_next_node_;
oxfffffg p_list_head_ list delete p_current_head;

p_current_head = nullptr;

Linked_list::pop_front()

» Update the list head
int main() { 0x5fe250 5.56 value_
Linked_list liSt{}; 0x000000 | p_next_node_

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return 9;
}
void Linked_list::pop_front() {
if ( lempty() ) {
Node *p_current_head{ p_list_head_ };
p_current_head p_list_head_ = p_list_head_->p_next_node_;
oxfffffg p_list_head_ 1list delete p_current_head;

p_current_head = nullptr;

T
Linked_list: :pop_front()

Set the local variable to nullptr to avoid a dangling pointer
int main() {
Linked_list list{};

list.push_front( 5.56 );
list.push_front( 7.62 );

list.pop_front();
list.pop_front();

return 0;
¥
void Linked_list::pop_front() {
if ( lempty() ) {
Node *p_current_head{ p_list_head_ };
p_current_head p_list_head_ = p_list_head_->p_next_node_;
oxfffffg p_list_head_ 1list delete p_current_head;

p_current_head = nullptr;

2019-11-21
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Linked_list::pop_front() Linked_list::clear()
* We are finished, and the list is empty * Suppose we want to remove all entries:
int main() { class Linked_list {
Linked_list list{}; public:
Linked_list();
list.push_front( 5.56 ); bool empty() const;
list.push_front( 7.62 ); std::size_t size() const;

double front() const;
list.pop_front();

list.pop_front(); void push_front( double const new_value );
void pop_front();
return 0; void clear();
}
void Linked_list::pop_front() { private:
if ( lempty() ) { 14
Node *p_current_head{ p_list_head_ }; Node *p_list_head_;
p_current_head p_list_head_ = p_list_head_->p_next_node_; }
oxfffffg p_list_head_ list delete p_current_head; ’
p_current_head = nullptr;
}
}
- -
ed
Linked_list::clear() Linked_list::clear()
+ This is easy to implement: » Thus, before we exit, we could clear the linked list:
void Linked_list::clear() { — This code has no memory leak:
while ( lempty() ) { int main() {
pop_front(); Linked_list list{};
}
} for ( unsigned int k{@}; k <= 100; ++k ) {
list.push_front( @.1*k );
* You could make it more complex, but why bother... }

list.clear();

return 0;

11



Memory leaks

+  What happens if the user forgets to clear the linked list?
void collect_analyze_data() {

Linked_list list{};

while ( sensor_ready() ) {
list.push_front( sensor_read_datum() );

}

// Analyze the data...
// - forget to call clear--memory leak

return 9;

+ This will cause memory leaks
— Users should be protected from this

i

Linked_list::~Linked_list()

» The destructor has no arguments

class Linked_list { Recall that ~ is the bitwise not
public: operator, so ~Linked_list() is
Linked_list(); not the constructor...

};

~Linked_list();
bool empty() const;
std::size_t size() const;
double front() const;

void push_front( double const new_value );
void pop_front();
void clear();

private:
Node *p_list_head_;

Destructor

* Recall that the compiler automatically calls the constructor when
memory is allocated for an instance of the class?
— The compiler can also automatically schedule a call to a destructor
just before the memory for the class is deallocated
void collect_analyze_data() {
Linked_list list{};

while ( sensor_ready() ) {

list.push_front( sensor_read_datum() );

}
// Analyze the data...

return 9;
// Memory for 'list' is just about to be deallocated...

i Sl

Linked_list::~Linked_list()

+ This is even easier to implement:
Linked_list::~Linked_list() {
clear();

}

 If the list is already empty, nothing happens
+ If something is left, it is removed

2019-11-21
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Accessing the nth entry

Accessing the kth entry

+ To access the kth entry in the linked list, you could write a function *  Wouldn't it, however, be more convenient to be able to use this?
such as for ( std::size_t k{@}; k < 5; ++k ) {
double at( std::size_t k ) const; std::cout << list[k] << std::endl;
}
* And then you could use this as follows:
int main() { » This is possible: C++ allows you to specify how operators interact
Linked_list list{}; with instances of classes

list.push_front( 3.1 ); — Every operator is associated with a function that looks like:
list.push:ﬁ‘ont( 5.4 ); double Linked_list::operator[]( std::size_t const n );
list.push_front( 2.9 );

for ( std::size_t n{@}; n < 5; ++n ) {

std::cout << list.at( n ) << std::endl;
¥

return 0;

N

Operator overloading

N e

Operator overloading

b

+ It is important to remember that operators are just functions in + Suppose you had Matrix class and a Vector class:
disguise: — You could write member functions such as:
— Instead of writing a + b + ¢, one could write
add(add(a, b), c) // Return this vector multiplied by 's’

— Instead of writing a + bc — d, one could write Vector Vector::operator*( double const s ) const;

subtract( add( a, multiply( b,c),c),d)

// Calculate the inner product of this vector and 'v

. double Vector::operator*( Vector const & ) const;
» The Maple programming language even allows you to do:

+(a,b,c) // Calculate Mv for this matrix and the given vector 'v
=("+(a, ™ (b,c)c)d) Vector Matrix::operator*( Vector const & ) const;

* The C++ programming language allows operator overloading by
converting operators to function calls

13



Operator overloading

In this example, the class definition would have the following
function definition:
class Linked_list {
public:

bool empty() const;

std::size_t size() const;

double front() const;

double operator[]( std::size_t const n ) const;

// Other member functions
private:
// The private member variables

};

Operator overloading

The following two are consequently equivalent:
for ( std::size_t n{@}; n < 5; ++n ) {
std::cout << list[n] << std::endl;
std::cout << list.operator[]( n ) << std::endl;

The compiler converts the 1list[n] into the corresponding function

call for you double Linked_list::operator[]( std::size_t const n ) const {

> . double k{0};
— You don’t have to do anything o5 *p_current_node{ p_list_head_ };

while ( p_current_node != nullptr ) {
if (k=n){
return p_current_node->value_;

¥

4k
p_current_node = p_current_node->p_next_node_;

¥

// We are beyond the end of the linked list: return 0.0
return 0.0;

}

2019-11-21

Operator overloading

The member function definition is identical to that of member
functions:
double Linked_list::operator[]( std::size_t const n ) const {
std::size_t k{@};
Node *p_current_node{ p_list_head_ };

while ( p_current_node != nullptr ) {
if (k==n){
return p_current_node->value_;

++k;
p_current_node = p_current_node->p_next_node_;

// We are beyond the end of the linked list: return 0.0
return 0.0;

Converting a linked list to a string

Suppose we want to convert a linked list to a string

— Such a string could be printed
class Linked_list {
public:
bool empty() const;
std::size_t size() const;
double front() const;
std::string to_string() const;
double operator[]( std::size_t const n ) const;

// Other member functions
private:
// The private member variables

}

14



Converting a linked list to a string

*  We can use the string class:
std::string Linked_list::to_string() const {
std::string str{"head -> "};

for ( Node *p_current{ p_list_head_ };
p_current != nullptr;
p_current = p_current->p_next_node_

) 1

str += std::to_string( p_current->value_ ) +

>
return str + "0";

» Notice the std::string class, too, uses operator overloading for
string concatenation

How does std::cout work?

*  You may be wondering now how std: : cout works with <<
— First:
std::cout is of type std: :ostream
std::cinisof type std: :istream

— The standard library defines two functions:
std::ostream &operator<<( std::ostream &out, double x );
std::istream &operator>>( std::istream &in, double &x );

* Each time the compiler finds a left- or right-shift operator, it
examines the types of the operands
— If the operands are integer data types, the appropriate bit-shift is
performed
— If the operands match the declarations above, the corresponding
functions are called

2019-11-21

Accessing the kth entry

* You could use this as follows:
int main() {
Linked_list list{};

list.push_front( 3.1 );
list.push_front( 5.4 );
list.push_front( 2.9 );

std::cout << list.to_string() << std::endl;

return 0;

Output:
head -> 2.9 -> 5.4 -> 3.1 -> 0

Finding an entry

+ Finally, suppose you wanted see if a specific value is in a linked list

— Such a string could be printed
class Linked_list {
public:
bool empty() const;
std::size_t size() const;
double front() const;
std::string to_string() const;
std::size_t find( double const datum ) const;
double operator[]( std::size_t const n ) const;

// Other member functions

private:
// The private member variables

}
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. . .
Finding an entry Error checking
* Here is an implementation: * Notice: we did not check what new returned
std::size_t Linked_list::find( double const value ) const { - Thefollowingensures
std::size_t index{@}; bool Linked_list::push_front( double const new_value ) {
// If the 0S could not find memory, ‘nullptr' is returned
for ( Node *p_current; Node *p_new = new(std::nothrow) Node{new_value, p_list_head_};
p_current != nullptr;
current = cur‘r’en;:—> next node // Return ‘'false' if no memory was found,
P P P - - // otherwise update 'p_list_head' and return 'true’
) A if ( p_new == nullptr ) {
if ( p_current->value_ == value ) { return false;
return index; } else {
} p_list_head_ = p_new;
return true;
++index; ¥
}
}

Returns size() if the item is not found.

return index;

Linked lists

* Hereisour Linked_list class so far: * New features:
Ei:zz ’L“‘::Eed Lists — Member functions can access private member variables
— Users cannot access private member variables
class Linked_list {
public: — The constructor and destructor have no return type ever
Linked_list(); // Constructor « The only member functions not to have return types

~Linked_list(); // Destructor e e .
bool empty() const; — The constructor must first initialize all member variables

:"’;i“;e—t ?2“0 const; — The constructor and destructor are automatically called immediately
ouble front const; . . . .
std: string to_string() const; after memory is a}located, and immediately before memory is
std::size_t find( double const datum ) const; deallocated, respectively

double cperator[]( std::size t const n ) const; — Operators can be overloaded, and they are implemented as function
void push_front( double const new_value ); calls

bool pop_front(); « The compiler converts operator notation into function calls

void clear();

private:
Node *p_list_head_; // Pointer to head node
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Summary

» Following this lesson, you now
— Know how to create a simple linked list class

— Understand how member functions can implement most of the
operations in question

— Know how to step through a linked list

Colophon

These slides were prepared using the Georgia typeface. Mathematical
equations use Times New Roman, and source code is presented using
Consolas.

The photographs of lilacs in bloom appearing on the title slide and
accenting the top of each other slide were taken at the Royal Botanical
Gardens on May 27, 2018 by Douglas Wilhelm Harder. Please see
https://www.rbg.ca/
for mor

e information.
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