
Lecture 25: C++ part X

Suggested Literature



RECAP: Class Inheritance
Virtual Base Class

Code now runs no problem



RECAP: Class Inheritance

Abstract Base Class

Abstract base class 
cannot be created, 
only dynamically 
cast from derived 

class



RECAP: Operators in C++
Prefix and postfix operators 

are interesting (and a bit weird) 
to overload

Why does the postfix need an 
integer dummy variable?

Choice of the original C++ 
designers

https://stackoverflow.com/a/12740593/2472169
https://stackoverflow.com/a/12740593/2472169


RECAP: Class Inheritance
It is best for some operators to be 

a normal global function (not 
member functions).

But how can a normal function 
access the private data of a class? 

Typically, it can’t.

However, this limitation can be 
overridden with the friend 

keyword

https://stackoverflow.com/a/1145635/2472169
https://stackoverflow.com/a/1145635/2472169
https://stackoverflow.com/a/1145635/2472169


r-value references 
(brief introduction)



r-value references 
bind to r-values

On intrinsic types, it 
makes little sense to 

use l-value of r-value 
references

Just pass by value and 
use tuples to have 
multiple returns

r-value references



But on expensive types 
(classes) to be copied, 

there are good 
applications for l-value 

references, r-value 
references, and copy-by-

value

Example: std::move()

r-value references



Can r-value references 
bind to l-values? No.

We need to convert l-value 
to r-value with std::move()

This (std::move()) has real-
life consequences. The l-
value variable does not 
store the data anymore

r-value references



When should the 
different 
function 

overloading 
types be used?

Nice explanation 
from 

StackOverflow

r-value 
references

https://stackoverflow.com/a/37953536/2472169
https://stackoverflow.com/a/37953536/2472169
https://stackoverflow.com/a/37953536/2472169


C++  Classes Part III



new/delete
C and C++ have different 
ways to allocate memory 

to the heap

malloc / free deal with 
bytes

new / delete deal with 
objects (so no need to tell 

byte size)



Memory Management
If a member variable is 

allocated via new operator 
(C++ version of malloc), how 
can we avoid memory leaks?

Answer: RAII (Resource 
Acquisition is Initialization)

https://stackoverflow.com/q/2321511/2472169


https://web.stanford.edu/class/archive/cs/cs106l/cs106l.1192/lectures/lecture15/15_RAII.pdf 

https://web.stanford.edu/class/archive/cs/cs106l/cs106l.1192/lectures/lecture15/15_RAII.pdf


https://web.stanford.edu/class/archive/cs/cs106l/cs106l.1192/lectures/lecture15/15_RAII.pdf 

https://web.stanford.edu/class/archive/cs/cs106l/cs106l.1192/lectures/lecture15/15_RAII.pdf


Memory Management
If a member variable is 
allocated via the new 

operator (C++ malloc), how 
can we avoid memory leaks?

Answer: RAII (Resource 
Acquisition is Initialization)

https://stackoverflow.com/q/2321511/2472169


Memory Management
Adoption of the new operator 
creates difficulties in copying 
class instantiations (objects)

Answer: copying the pointer 
is not the same as copying the 

underlying data



Memory Management
If using new / delete operators 
explicitly (bad idea!), then we 
need to teach the class how to 

copy (and move) the data

How? Answer: copy and move 
(new concept) constructors 
(and assignment operators).



Memory Management

There are nuances in defining 
assignment operators. 

Usually adopted strategies based 
on the copy constructor (copy-

and-swap idiom)

https://stackoverflow.com/a/3279550/2472169
https://stackoverflow.com/a/3279550/2472169
https://stackoverflow.com/a/3279550/2472169
https://stackoverflow.com/a/3279550/2472169
https://stackoverflow.com/a/3279550/2472169


Memory Management
There are nuances in defining 

assignment operators. 

If you code instead Base b = a; 
(assignment on initialization), the 

compiler may call the copy 
constructor instead



Memory Management

Finally, can I prevent a class 
from having an instance 

copied? Yes

We can delete the copy 
constructor and assignment 

operator



Memory Management

Finally, can I prevent a class 
from having an instance 

copied? Yes

We can delete the copy 
constructor and assignment 

operator



How do you teach a class how 
to move their data to another 

object?

Move constructors

Move constructors

No copy to arg Base other



If you don’t define the constructors, the compiler 
does it for you. 

If you use STL containers, no memory leaks (safe).

If you define any constructor (even with the default 
keyword), that will cause the compiler to stop 

creating other default constructors.

E.g., user-defined copy constructor disables the 
default move constructor. If you don’t understand 

move semantics at a high level, this may be a good

Why the rule of 5?



Why 
the rule 
of 5?



If there is no move 
constructor, then std::move is 
equivalent to copy (expensive)

Remember: no default move 
constructor with user-defined 
copy constructor (Rule of 5)

The Rule of 5



The Rule of 5

If there is no move 
constructor, then 

std::move is 
equivalent to copy 

(expensive)
If this is what you 

want, use the default 
keyword even when 
the copy constructor 

is trivial



Lambda function (again)



C++ Lambdas
Capture this pointer vs 

*this
First case: copy the pointer 
this, a lambda can change 
the state of all variables in 

the surrounding class
Second case (*this): copy 
the object. Lambda cannot 

change the state of the 
surrounding class



C++ Lambdas

Capture this pointer vs 
*this

Careful when capturing by 
reference, especially if you 
return the lambda from a 

member function



smart pointers



C++ Smart Pointers
When using C pointers, we learned that we need to 

employ RAII to make sure memory is deleted

Smart pointers are an 
upgraded version 

(more powerful and 
equally convenient) of 

RAII trick.

There are 3 types of smart pointers: unique_ptr 
(unique pointer), shared_ptr (shared pointer), 

weak_ptr (weak pointer)



C++ Smart 
Pointers

Unique Pointer 
(unique_ptr) 

uniquely own its 
resource and 

deletes it when the 
object is destroyed



C++ Smart Pointers

No memory leak with unique_ptr. We have tried a 
similar exercise in C and got disastrous memory leak



C++ Smart 
Pointers

Why unique_ptr is 
called unique pointer?

Because only one 
unique_ptr can hold 
the data (so no copies 
allowed! Move is ok!)



C++ Smart Pointers

only one unique_ptr can hold the data (so no copy 
allowed! Move is ok!)



C++ Smart Pointers (preview classes)
Smart Pointers 
and the GSL 

library 
Can smart 

pointers wrap C 
pointers with a 

complicated API 
for deletion? 

YES, with a few 
caveats (and help 
from Templates)



Can smart pointers wrap 
C pointers with a 

complicated API for 
deletion? 

YES, with a few caveats 
(and help from 

Templates)

C++ Smart Pointers



Homework I
The goal: turn a C-style linked list into C++-style range-based for loops. 
1. Create a LinkedList class with a private inner struct Node (holds int data and Node* next). 

Add head_, size_, a constructor, and push_front(int). Use malloc to allocate (remember it 
returns void*, so you need static_cast<Node*>). Unlike new, malloc doesn't call 
constructors, so manually set the fields after allocation (if you are comfortable with the new 
operator, you can use new instead of malloc).

2. Write a destructor. Every malloc needs a free. Walk the list and free every.
3. Create an inner class Iterator that wraps a Node*. This is the core of the exercise. Remember 

how you traverse in C: p->data gets the value, p = p->next advances, p != NULL checks if 
you're done. Your iterator does the exact same three things, just spelled as C++ operators
1. Create operator*() that returns the current node's data. Same as p->data.
2. Create operator++() that advances to the next node and returns *this. 
3. Create operator++(int) the int is a dummy parameter that distinguishes post-increment 

(it++) from pre-increment. Save the old state, advance, return the old state. Think about 
why: *it++ should give you the current value and THEN move forward.

4. Create operator!=(): compares two iterators by comparing their internal pointers.
4. Add begin() and end() to LinkedList. begin() returns an Iterator wrapping head_. end() 

returns an Iterator wrapping nullptr. These two functions are what the range-based for loop 
calls behind the scenes.

5. Test it. Create a list, push some values, and use for (int x : list). Also, try using explicit 
iterators with both ++it and it++ to see the difference between pre- and post-increment.



Homework II
1. Create a class Sensor with a constructor that prints "Sensor created", a 

destructor that prints "Sensor destroyed", and a read() const that 
returns a double. Allocate one with new, call read(), then delete it. 
Verify the destructor runs.

2. Write a function process(Sensor* s) that returns true or false 
depending on whether s->read() is above a threshold. In main(), 
allocate a Sensor with new, call process, and if it returns false, print an 
error and return 1 early. Run the program with a value that triggers the 
early return. Observe: the destructor never prints. The memory leaked.

3. Fix it by adding delete before every return. Now add a second early 
return (e.g., another validation check). And a third. Notice how every 
exit path needs its own delete. This is the fundamental problem: the 
more complex your function gets, the easier it is to forget a delete on 
one path.



Homework III
1. Write your own class SensorGuard that takes a Sensor* (from HW II) 

in its constructor and calls delete on it in its destructor.
2. In main(), write SensorGuard guard(new Sensor());. Call the same 

read process that has an early exit. Verify that the Sensor is destroyed 
automatically when the guard goes out of scope.

3. Replaces the SensorGuard wrapper by std::unique_ptr


